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Good science always demands independent replication of new thoughts and
experimental results and desertion of accepted or the so-called theories in
light of more and more reliable evidence. Failure to comply with this trend
leads to a tremendous damaging bad science, as with the falsely claimed
association/relations between facts, observations, and results. The progress of
good science also often requires providence, to make discoveries by accident
and prudence of things not sought. Work on the pentraxin proteins, like
C-reactive protein (CRP) since the 1970s, has benefited from abundant scien-
tific serendipity, leading to modern-day routine clinical use of CRP measure-
ments and the ongoing diverse research projects to explore the
pathophysiological role of CRP in various diseases, be it cardiovascular dis-
ease, prominently different cancers, rheumatoid arthritis, infectious diseases,
and many others. Some emerging progress has been evolving to extrapolate
the role of CRP in new field of disease biology. Works are published regard-
ing the role of CRP in mumps, testicular diseases, and different damaging
conditions and some other works that need some prominence also. CRP is a
very renowned old molecule. It is the age-old practice to add some more
dimensions to its function or importance in clinical medicine. Also targets
have always been there for adding new concepts by providing models with
CRP being a new therapeutic target, a new drug, a new in-house antibody, and
in nanoscience and other fields as a promising molecule of pharmaceutical
integrity. The research works are expanding and continuously new bubbles of
work on CRP are added in the sea of CRP science. So CRP is always a hot
topic.

CRP since its discovery in 1974 is known as a classical acute phase plasma
protein which increases in concentration manyfold completely nonspecifi-
cally in response to most forms of tissue injury, burn, trauma, infection, and
inflammation. In 1994, a new report in the New England Journal of Medicine
revealed the prognostic significance of even a minor increase in CRP concen-
tration/values in severe unstable angina patients. Later, aftermath works
observed the prognostic significance for coronary heart disease of increased
baseline CRP values in patients with angina as compared to general popula-
tion. These findings shoot up an inundation of interest in CRP in cardiovas-
cular disease. The consequence is the subsequent propositions of various
thoughts in the functionality of CRP in myocardial infarction, coronary heart
disease, ischemia, and others. The field is also very controversial. But for the
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sake of best or better scientific tradition, the accumulation or the avalanche of
robust evidence coming out will eventually and most probably quite soon
settle the disputed (if any) issues by establishing reproducibly valid actual
relationships, the genuine pathophysiological effects of CRP, and the clinical
utility of its measurement values in disease biology. Thus, the clinical context
of CRP in clinical medicine is ever expanding. Meanwhile, the media has
also taken it up enthusiastically. Articles are coming out where CRP was
pointed as a real cause of heart attacks propounding the thought that CRP
could be more dangerous than cholesterol. Thereafter, peer-reviewed papers
about CRP were just hyping from prominent researchers contributing the
relation or contradiction between CRP and cholesterol. Many researchers
were tempted to rename CRP from a nonspecific inflammatory marker to a
cardiac risk marker.

But various published works reassign or confidently reassure that CRP is
not more dangerous than cholesterol. Still in experimental models, CRP can
exacerbate the ischemic tissue damage of stroke and acute myocardial infarc-
tion. Through rigorous reproducible evidence, emerging and extinguish erro-
neous beliefs are coming out. The causal role of CRP should be validated by
its epidemiological relationship between baseline CRP values and cardiovas-
cular disease risk. At present, immunoassays and techniques were encour-
aged for the now universal use of CRP assays in screening for different
organic diseases and in monitoring disease activity and response to therapeu-
tic approaches and also for detection of intercurrent infection.

However, measurement of this very sensitive but completely nonspecific
biomarker of inflammation and tissue damage is thoroughly useful across the
field of clinical medicine, but its baseline values are not that helpful for
assessment of cardiovascular disease risk. There are so many compelling evi-
dences that CRP contributes to the pathogenesis of atherosclerosis as CRP is
known to bind to low-density and very-low-density lipoproteins.

Commercially available protein preparations used for immunochemical
assays are routinely shipped with sodium azide, a potently toxic bacterio-
static compound, added to CRP to prevent bacterial growth. Furthermore,
CRP expressed by recombinant bacteria are inevitably contaminated with
bacterial endotoxin, lipopolysaccharide, and other potentially bioactive bac-
terial during pharmaceutical production. These commercially produced CRP
preparations containing sodium azide and endotoxin definitely produce var-
ied stimulatory and toxic effects on cell culture, which may be wrongly
ascribed to CRP during experiments, whereas authentic pure human CRP
itself does not produce any of these effects.

Our goal should be now to project CRP in optimizing some drugs with
clinical testing in the hope that this therapeutic approach will provide signifi-
cant cardioprotection after AMI and in acute coronary syndrome, potentially
reduce tissue damage after trauma, confer neuroprotection after stroke, and
act as a protective molecule in a wide range of infectious and inflammatory
diseases.

Our passions run high in this field when our laboratory published in 2003
that CRP is a glycosylated molecule [Das et. al. 2003]. It breaks the age-old
myth that CRP was glycosylated. There was a furious response from some
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quarters of research. CRP was differentially glycosylated in different diseases
or acute inflammatory conditions encompassing nearly sixteen diseases [Das
et al 2004a; Das et. al. 2004b]. We were all bubbling with new thoughts to
explore. We explore the immunomodulatory role of CRP in malaria, tubercu-
losis, and visceral leishmaniasis. These three diseases are not only a problem
in India, but the burden of these diseases is increasing worldwide. The effect
of CRP on parasitized erythrocytes, on different complement receptors of
erythrocytes, helping in clearance of damaged erythrocytes through the circu-
lation is modulated by its glycosylated moiety [Ansar et. al. 2006; Ansar et.
al. 2009a; Ansar et. al. 2009b]. Within the short span of this book, we tried to
just touch and grease some of the aspects of CRP and its relevance in health
and diseases. In the greater hypervolume of CRP, there is so much to enlist or
describe, but so little is done. This is our first endeavor to express the multi-
tude facets of this “dynamic biomarker protein” or “constant relevant preva-
lence (CRP)” in diseases and other acute conditions. We hope to extend our
thoughts with more research findings, updates, and experiments in the pro-
cess of giving birth to our second brainchild in the womb of clinical
medicine.

Kolkata, West Bengal, India Waliza Ansar
Bhubaneswar, Odisha, India Shyamasree Ghosh

The original version of the affiliation of Prof Ghosh on page iv was corrected. An erratum
can be found at DOI 10.1007/978-81-322-2680-2_12.
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Abstract

In the daily life of a healthy individual, microorganisms are encountered at
random, causing diseases only occasionally. The defense mechanisms
mostly detect these microbes and destroyed them within minutes or hours
through mechanisms of innate immunity. Adaptive immunity acts through
antigen-specific lymphocytes to culminate pathogens. Both the innate and
adaptive immune systems, to recognize pathogens, distinguish between
self and nonself particles. The innate immunity discriminates very suc-
cessfully between host cells and pathogens, providing earlier defenses and
also induces adaptive immune responses. Defects in the components of
innate immunity, in very rare cases, can lead to amplified susceptibility to
infection, even in the presence of an intact adaptive immunity.

Keywords
Immune system ¢ Innate * Adaptive * Lymphocytes * Macrophages ¢ T cell
* B cell » Antigen * Antibody ¢ Phagocytosis

4. Cells of the immune system also locate and
remove injured, dead or malignant cells.

. The immune system has evolved through the
involvement of as complex mesh of mole-
cules, cells, secretory products and organs to
defend against various pathogenic microbes.

. The immune system also defends against non-
infectious foreign substances.

. The immune system helps the host in protec-
tion, maintains tissue homeostasis, regulates
tissue repair and also screens cell surface
expression of specific molecules.

. Immune cells are derived from different hema-

topoietic stem cells, circulate in the fluidic
blood and lymph medium, form complex
aggregation in particular lymphoid organs and
infiltrate virtually all tissue.

. Host defense and host protection is achieved

by two interdependent and closely interlinked
types of immunity, innate and adaptive.

. The older system is the innate immune system,

the first line of defense, is present in all verte-
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brates, mediates nonspecific protection and is
widely conserved in species.

8. A diverse set of cells, like monocytes, macro-
phages, dendritic cells, natural killer (NK)
cells, eosinophils, basophils, neutrophils and
mast cells along with a variety of chemical
mediators, including complement system,
acute phase reactants and cytokines, amplifies
inflammatory responses to prevent tissue
invading pathogens.

9. The highly specific adaptive mechanisms are
the immediacy of the responses which is
highly effective against microbial invasion
through cell mediated and humoral responses
by T and B lymphocytes.

1.1 Introduction

Diseases caused by infections agents like viruses,
fungi, bacteria, protozoa, worms, and toxins—is
kept at bay by the physiological role of the
immune system. A broader definition of the
immune system would be its ability to identify
self and thus recognize nonself. The self—-nonself-
recognition is relatively primordial: ctenophores
also have the capacity to recognize and react to
nonself. The immune system in humans is often
challenged by nonself, including pathogens,
organs transplanted from unrelated donors.
Protection from these is carried by complex and
destructive processes, the understanding of which
forms the basis of immunology.

From our own everyday experience, we can
easily understand concepts of immunity and
infection. For example, exposed tissues are sub-
jected to infection and loss of physical barriers
lowers immunity. We also know that some infec-
tions are easily combated by the immune system,
while others are not.

We consider the newborn, old-age people, or
pregnant women to be at overall greater risk of
infection, i.e., they have less immunity as com-
pared to adult individuals. Childhood infections
like chicken pox leave us immune against further
infection. On the other hand, having had chicken
pox would not stop a child catching mumps.
Thus, conclusively, we are born with some immu-
nity and the rest may be acquired or adapted dur-

Immune System: Freedom from the Burden of Diseases

ing our lifetime. Immune responses can be highly
specific for a pathogen: it may be learned and
retained in an “immunological memory” or may
be generalized at first hand.

1.2  Immune System and Its

Branches

The human immune system has evolved as a mul-
tifaceted network of cells, molecules, and organs
to protect against pathogenic microbes and non-
infectious foreign antigens. In addition to its
function in host protection, it controls tissue
repairing and homeostasis by selecting cell sur-
faces for the expression of specific molecules.
Cells of the immune system recognize and elimi-
nate malignant cells or some injured, dead, apop-
totic, or necrotic cells. An immune cell derived in
the bone marrow from hematopoietic stem cells
matures and is anatomically organized in special-
ized lymphoid organs, circulates in both blood
and lymph, and infiltrates the tissues. Host
defense is pronounced by two types of immunity,
basically the innate and adaptive system. These
two arms of the immune system are not only
dependent on each other but are also closely
interlinked.

1. Innate immunity

Immunity which is inborn, i.e., present at
birth, is termed innate. The innate immune sys-
tem is the early first-stroke resistance against
invading organisms. Innate immunity is without
any specificity and lacks memory, and character-
istically it is present throughout the life. But still,
there are some protective antibodies that babies
acquire from their mothers (Box 1.1).

2. Acquired immunity

In contrast, there is an immune response
which is not present at birth but is gained or
acquired by as part of adaptations during our
growth and development. The acquired or spe-
cific immune response is the antithesis of innate
immunity, which increases with age and has
specificity and memory; hence, it may also be



1.2 Immune System and Its Branches

Box 1.1: Functions of the Innate Imnmune
System

The major functions of the vertebrate
innate immune system include:

e Recruiting immune cells to sites of
infection

e Through the production of chemical
factors, including specialized chemical
mediators, called cytokines

e Activation of the complement cascade
to identify bacteria

* Activation of cells and promotion of
clearance of dead cells or antibody
complexes

* Identification and removal of foreign
substances present in organs, tissues,
blood, and lymph, by specialized white
blood cells

* Activation of the adaptive immune sys-
tem through a process known as antigen
presentation

termed adaptive. To distinguish pathogens, both
the early innate and late adaptive immune sys-
tems can discriminate between self- and nonself-
entities, but they always differ in their modus
operandi (Table 1.1).

Innate immunity functions via a restricted
number of receptors and soluble factors that are
scripted in the germline and that identify some
generalized molecules to many pathogens. In
contrast, adaptive immunity uses an enormous
range of antigen receptors that are proficient in
discriminations between closely associated mol-
ecules generated due to somatic cell gene rear-
rangement. The innate immune system provides
initial protection and also contributes to the intro-
duction of adaptive immune responses. Paralysis
of one component of either of these two forms of
immunity can have a profound effect on the host
defense against infection. The importance of
innate immunity remains in the fact that fallacies
in its components, which are quite rare, can lead
to aggravated vulnerability to infection, even in

Table 1.1 Basic differences between an innate and adaptive immunity (Janeway et al. 2001)

Properties Innate Adaptive

Definition First line of defense Specific reaction to each infectious
agent

Memory Lacks memory Keeps memory of the infectious
agent and can prevent disease
later, e.g., measles, kala-azar,
diphtheria

Cells NK cells, macrophages, dendritic cells, T lymphocytes

granulocytes
Soluble mediators

B lymphocytes

Protects from

Recognition

Receptors

Specificity of receptors

Receptor rearrangement
Self-nonself-discrimination

Action time
Distribution

Cytokines, chemokines,
Pentraxins, complement, etc.

Bacteria, fungi, worms

Conserved pattern molecules on
pathogen
(LPS, mannans, phosphorylcholine)

Germline-encoded receptors

Specificity of each receptor is genetically
predetermined

Rearrangement is not necessary
Selected over evolutionary time

Immediate, fast
Non-clonal (all cells of a class identical)

Cytokines, chemokines
Antibodies

Bacteria, intracellular infection,
viruses, and protozoa

Detailed molecular structure
(proteins, peptides, carbohydrates)

Receptors are not encoded in the
germline

Not predestined to recognize any
particular antigen; extremely
diverse repertoire of receptors is
generated randomly

Rearrangement necessary

Selected in individual somatic
cells

Delayed, slow
Clonal (all cells of a class distinct)



the attendance of an intact adaptive competent
immune system.

Innate immunity has three components,
namely, the physicochemical, the humoral, and
the cellular barriers.

Physical barriers are the skin and mucosae;
some secretions, which continually wash and
cleanse mucosal surfaces; and cilia, which help
the removal of debris and foreign matter from the
body. Immunologically active factors/molecules
present in blood, in mucosal secretions, and in
the cerebrospinal fluid (the humors) are known as
humoral. The most important of these is the com-
plement and the mannan-binding lectin, as well
as other opsonins (an opsonin aids digestion of
bacteria by neutrophils), such as C-reactive pro-
tein, and proteolytic enzymes (like lysozyme).
There are some generalized components of innate
immunity (Box 1.2). Cellular components are the
neutrophil, the eosinophil and the mast cell, as
well as the NK cell (Table 1.2, Box 1.3). The
functions of NK cells are tabulated in Box 1.4.

The innate immune system is represented by
the handling of a restricted number of germline-
encoded receptors that is familiar with diverse
antigens which are attacking the host. The
immune system in invertebrates is a bit different
from that of the vertebrate system (Box 1.5). The
immune system has actually first (physical and
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biochemical), second (inflammation), and third
(adaptive) lines of defense system (Box 1.6).
This type of immune system pinpoint a set of
molecular structures that are deprived from host
cells which nevertheless are inimitable to
microbes and communal by diverse pathogens.
The immune system is capable of initiating auto-
immune responses by identifying the pathogen-
specific patterns. C-reactive protein is also a
pattern recognition molecule. Its function as a
family member of pentraxin is tabulated in
Box 1.7.

The different receptor classes exploited during
phagocytosis, apart from the pattern recognition
receptors, are tabulated in Box 1.8. The chief
functions of phagocytosis include pattern recog-
nition of microbes through surface pattern recog-
nition receptors, secretion and synthesis of
cytokines or the chemokine network, initiation of
the process of phagocytosis by binding and
engulfment of particles, intralysosomal digestion
and killing of digested particle, and antigen pre-
sentation to lymphocytes and chemotaxis.
Phagocytosis or cellular ingestion of particles is
of two types—opsonic and non-opsonic phago-
cytosis. In non-opsonic phagocytosis there is
direct engulfment of particles through pattern
recognition molecules, and the process is quite
slow, limited, and inefficient. In opsonic phago-

Box 1.2: Components of Innate Immunity

Components of Innate Immunity

Physical/Chemical barriers

Nonspecific chemical factors

Inflammation

- Intact skin, epithelial layer, cough, fever

- Antimicrobial peptides and fatty acids, gastric pH, lysozyme

- phagocytes (engulf & digest microbes)

- proinflammatory factors (cytokines, complement proteins)
Natural killer cells (nonspecific cytotoxic cells)

Interferon (produced by virus-infected cells and induces
anti-viral state in neighboring uninfected cells)
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Box 1.3: Leukocytes

e All white blood cells (WBC) are
known as leukocytes.

e Leukocytes are different from other
cells of the body.

* Not tightly associated with a particu-
lar organ or tissue.

e Function similar to independent,
single-celled organisms.

* Leukocytes are able to move freely
and interact with and capture cellular
debris, foreign particles, or invading
microorganisms.

* Unlike many other cells in the body,
most innate immune leukocytes can-
not divide or reproduce on their own
but are the products of pluripotent
hematopoietic stem cells present in
the bone marrow.

* The innate leukocytes include natural
killer cells, mast cells, eosinophils,
basophils, and phagocytic cells
including macrophages, neutrophils
and dendritic cells and function
within the immune system by identi-
fying and eliminating pathogens that
might cause infection.

Box 1.4: NK Cells

Natural killer cells, or NK cells, are a
component of the innate immune system.
NK cells attack host cells that have been
infected by microbes but do not directly
attack invading microbes.

NK cells attack and destroy tumor cells
and virus-infected cells, through a pro-
cess known as “missing self.”

“Missing self’—cells with low levels of
a cell surface marker called MHC I
(major histocompatibility complex)—a
situation that can arise in viral infections
of host cells.

They were named ‘“natural killer”
because of the initial notion that they do
not require activation in order to kill
cells that are “missing self.”

1
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Box 1.5: Host Defense in Invertebrates

e Invertebrates do not possess lympho-
cytes or an antibody-based humoral
immune system, and it is likely that a
multicomponent, adaptive immune sys-
tem arose with the first vertebrates.

* Nevertheless, invertebrates possess
mechanisms that appear to be precur-
sors of these aspects of vertebrate
immunity.

* Pattern recognition receptors are pro-
teins used by nearly all organisms to
identify molecules associated with
microbial pathogens. Toll-like receptors
are a major class of a pattern recognition
receptor that exists in all coelomates
(animals with a body cavity), including
humans.

* The complement system is a biochemi-
cal cascade of the immune system that
helps clear pathogens from an organism
and exists in most forms of life. Some
invertebrates, including various insects,
crabs, and worms, utilize a modified
form of the complement response
known as the proPO system.

» Antimicrobial peptides are an evolution-
arily conserved component of the innate
immune response found among all
classes of life and represent the main
form of invertebrate systemic immunity.
Several species of insect produce anti-
microbial peptides known as defensins
and cecropins.

cytosis engulfment of complement-coated or
antibody-coated particles takes place through
complement receptors (CR) or antibody recep-
tors (FcR), and the process is rapid and very effi-
cient. Neutrophils, one of the eminent professional
phagocytes, initiate the process of phagocytosis
through respiratory burst, degranulation, and for-
mation of neutrophil extracellular traps.
Phagocytosis may be through an oxygen-
dependent (production of reactive oxygen and
reactive nitrogen intermediates) mechanism or
oxygen-independent (production of lysosomal
hydrolases, lysozyme, lactoferrin, defensins, acid
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Box 1.6: Three Lines
Immunity

of Defense of

— First line of defense
* Innate resistance
* Physical (skin/epithelial layer, GI
and resp. tract) and mechanical
(cough, sneeze, vomit, cilia action in
the trachea)
¢ Biochemical barriers (antimicrobial
peptides, lung secretions, mucus,
saliva, tears, earwax)
— Second line of defense
e Inflammation—vascular response—
dilation, histamines increasing vessel
leakage, WBC action, cytokines, leu-
kokines, and fever. Usually redness
and heat with swelling
— Third line of defense
* Adaptive (acquired)
antibody production

immunity—

Box 1.7: Pentraxin as a Pattern
Recognition Molecule

Pentraxin

— Members include:
e Serum amyloid protein (SAP)
* C-reactive protein (CRP)

— Recognizes phosphorylcholines on
microbes

— Functions as an opsonin

— Binds to Clq and activates the classical
complement pathway

pH) mechanisms. Macrophages are another
group of potent phagocytic cells whose functions
are tabulated in Box 1.9.

Some molecules like lipopolysaccharide
(LPS), many bacterial lipoprotein, the peptido-
glycan (PGN), lipoteichoic acid (LTA), and also
double-stranded RNA (dsRNA) are primarily
synthesized by viruses or bacteria, but not by the
host cells. Furthermore, carbohydrate entities
like N-acetylglucosamine and mannose on the
external surface of pathogens are also symbol-
ized targets for recognition.

Box 1.8: Different Receptors Exploited
by Macrophages for Identification of
Microbes

Phagocytic cells have a variety of receptors

on their cell membranes through which

infectious agents bind to the cells. These
include:

1. Fc receptors—bacteria with IgG anti-
body on their surface have the Fc region
exposed, and this part of the Ig molecule
can bind to the receptor on phagocytes.
Binding to the Fc receptor requires prior
interaction of the antibody with an anti-
gen. Binding of IgG-coated bacteria to
Fc receptors results in enhanced phago-
cytosis and activation of the metabolic
activity of phagocytes (respiratory
burst).

2. Complement  receptors—phagocytic
cells have a receptor for the third com-
ponent of complement, C3b. Binding of
C3b-coated bacteria to this receptor also
results in enhanced phagocytosis and
stimulation of the respiratory burst.

3. Scavenger receptors—scavenger recep-
tors bind a wide variety of polyanions
on bacterial surfaces resulting in phago-
cytosis of bacteria.

4. Toll-like receptors—phagocytes have a
variety of toll-like receptors (pattern
recognition receptors or PRRs) which
recognize broad molecular patterns
called PAMPs (pathogen-associated
molecular patterns) on infectious
agents. Binding of infectious agents via
toll-like receptors results in phagocyto-
sis and the release of inflammatory
cytokines (IL-1, TNF-alpha, and IL-6)
by the phagocytes.

1.2.1 Recognition of Microbes

by the Innate Imnmune System

The nonspecificity of the innate immune system
is diverse and mediated by cells and soluble
mediators and different from the adaptive
immunity where the specificity of lymphocytes



Box 1.9: Macrophages: Removal of Dead

Cellular Debris

* Removal of necrotic cellular debris in
the lungs in chronic inflammation, as
the early stages of inflammation are
dominated by neutrophil granulocytes.

* Handled by fixed macrophages at the
lungs, liver, neural tissue, bone, spleen,
and connective tissue.

* Ingesting foreign materials such as
pathogens, recruiting additional macro-
phages if needed.

e The pathogen becomes trapped in a,
which then fuses with a lysosome.

» Within the phagolysosome, enzymes
and toxic peroxides digest the pathogen.

e Some bacteria, such as Mycobacterium
tuberculosis, have become resistant.

* As secretory cells, macrophages are
vital to the regulation of immune
responses and the development of
inflammation.

* They produce an amazing array of pow-
erful chemical substances (monokines)
including enzymes, complement pro-
teins, and regulatory factors such as
interleukin-1.

* At the same time, they carry receptors
for lymphokines that allow them to be
“activated” into single-minded pursuit
of microbes and tumor cells.

were found. The constituents of innate immu-
nity distinguish structures/molecules that are
shared by diverse classes of pathogens and are
not simultaneously present on host cells. Each
component of innate immunity may perhaps be
acquainted with many bacteria, or viruses, or
fungi. For example, phagocytes convey recep-
tors for bacterial external lipopolysaccharide
(LPS), which is also known as endotoxin, which
is present as the components of cell wall of
many bacteria but not in the mammalian cells.
Other receptors of phagocytes recognize termi-
nal mannose residues which are specific for
bacterial glycoproteins but not for the mamma-
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lian glycoproteins. Phagocytes distinguish and
counter to double-stranded RNA (present in
viruses, not in mammalian cells) and to unmeth-
ylated CpG oligonucleotides (present in micro-
bial DNA, not in mammalian DNA).

The microbial molecules which are the targets
of this immune system are known as pathogen-
associated molecular patterns. The receptors of
innate immune pathways that identify these struc-
tures are known as pattern recognition receptors.

Some components of the innate immune sys-
tem are able to bind with the host cells but are pro-
hibited from activation by these cells. For example,
if plasma proteins are deposited on host cells, the
activation of these complement proteins is uncre-
ative by dictatorial molecules on host cells.

The constituents of the innate immunity net-
work have evolved to identify structures of patho-
gens that are often indispensable for the infectivity
and survival of these microorganisms. The prop-
erties of the innate immune system make it an
exceedingly effective defense mechanism because
microbes can’t able to elude innate immunity by
mutating themselves. The receptors of the innate
immunity are encoded in the germline factors and
are not essentially produced by the somatic
recombination of genes. The germline-scripted
pattern recognition receptors have evolved as a
defending adaptation against potentially detri-
mental microbes. The innate immune system also
does not react against the host.

The incapability of this innate immune system
to retort against an individual’s “self-"cells and
molecules is due to the inherent specificity for
pathogen structures and various regulatory mole-
cules, articulated by mammalian cells that avert
innate immune reactions. The innate immune
mechanism responds in the same way with simulta-
neous repeated attacks by the microbe, whereas the
adaptive immune network responds more effi-
ciently to each successive encounter with a microbe.

1.2.2 The Complement Cascade
The complement system is a series of some 20

proteins, which generates one of the triggered
enzyme systems, found in plasma in addition to
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blood clotting fibrinolysis and kinin formation,
and these pathways produce a rapid, amplified
response to a stimuli. They are secreted by the
hepatocyte cells of the liver. There are three such
types, namely, the classical pathway, the alterna-

Enhancement of
immunologic memory

tive pathway, and the lectin pathway. The func-
tion of the complement system includes
enhancement of phagocytosis, helps in lysis of
microorganism directly, and induces peptide
fragment that regulates inflammation and immune
responses (Fig. 1.1).

Among the three equivalent preliminary com-
plement pathways, each stimulates the final com-
mon pathway (Fig. 1.2). Due to the evolutionary
changes, the pathways are evolved with new fea-
tures, such as the “alternative pathway” which is
moderately primitive and becomes a part of the
innate immune system. The “classical pathway”
is rather recent and binds with an antibody to
commence activation, and therefore, it is an
appendage to the acquired immune system. The
“mannose-binding lectin pathway” interacts with
the pathogen directly and becomes a part of innate
immune system, but structurally it possesses the
primitive components of the classical pathway.



The classical pathway is started with an inter-
action between the antigen and antibody by form-
ing an “immune complex.” Antibodies are
capable of binding or fixing complements only
after reacting with the antigen. This complex
leads a conformational change in the antibody
molecule which closes the binding site of the first
complement component C1. C1 is a multimeric
compound which is composed of six molecules
known as Clq, two each of Cls and Clr. Clq, an
elongated protein, is a rodlike stem that is made
up of a triple helical structure and a globular
head. This globular head helps to bind an anti-
body. Six C1q molecules assemble themselves in
a “bunch” and the four C/r and Cls molecules
affix in a calcium dependent interaction. Clr is
cleaved to give an active molecule after the bind-
ing of an antibody with two or more heads of
Clqg. This active molecule cleaves Cls which
continues the activation process by cleaving the
next complement components C4 to C4b (extend-
ing the reaction process) and C4a (other biologi-
cal properties). Stable C4b binds to C2 in a
magnesium-dependent reaction. The C2 is then
cleaved by Cls to form C4b2b, which is known
as the C3 convertase. Next C3 is cleaved to form
smaller C3a (having powerful biological proper-
ties) and larger C3b which show the labile bind-
ing site. The last enzyme of classical pathway,
C4b2b3b (C5 convertase), generates due to the
proximity of C3b to C4b2b and then cleaves a
component of the membrane attack pathway, C5.

The mannose-binding lectin or MBL is acti-
vated by binding to microbes and closely resem-
bles Clq in structure. It also forms a “bunch of
tulips” structure and allows two serine proteases
for binding to the stalks (MBL-associated serine
proteases 1 and 2, MASP-1 and MASP-2). This
activates the MASPs, which undergo to stimulate
C4, and the leftovers of the classical pathway
extend as described above.

The alternative pathway is started with the
activation of C3 by PZ complex (properdin—
zymosan complex). PZ functions as proteinase
and cleaves C3 to smaller C3a and larger C3b.
C3b then binds to carbohydrate moiety on the
cell surface of microbes or autologous cell. Then
the factor B binds to C3b to form C3bB, which is

Immune System: Freedom from the Burden of Diseases

stabilized by factor P. Factor D cleaves the C3bB
complex and releases C3 cleavage enzyme
C3bBb (C3 convertase). This activated C3bBb
splits C3 into C3a and C3b. The C3b is either
deposited on the surface of microbes or interacts
with factor “B” and “D.” C3b may activate C5
and enters into the classical pathway.

The membrane attack complex forming path-
way is the final and common complement path-
way which forms a Dbiologically active
component, C5, as well as a “killer molecule” of
the system that is known as the “membrane
attack complex” or “MAC complex.” It facili-
tates membrane damage. The cleavage of C5
forms the smaller C5a and larger C5b by the clas-
sical and alternative pathway convertases. This
C5b then binds to C6 and stirs it up to express a
labile reactive site for C7. As this C5b67 com-
plex is highly lipophilic, it binds to membranes
where it remains as a high-affinity receptor for
C8. C8 is composed of three chains; among
them, one inserts into the membrane for anchor-
ing the C5b678 complex. This complex binds
and polymerizes C9 for the formation of MAC,
the ultimate component of complement cascade.
Twelve to fifteen C9 molecules may huddle
around one C5b678 complex.

1.2.3 Mechanism of the Innate
Immune System

The innate immune recognition is accomplished
by three different mechanisms. They are the lec-
tin—complement pathway, the toll-like receptor
pathway, and the cytoplasmic pattern recognition
receptors. The summary of the different recogni-
tion mechanisms of innate immunity is tabulated
in Box 1.10.

The lectin—complement pathway is primarily
mediated by different lectins and circulatory
complement proteins which are secreted/released
into the extracellular space. When a lectin binds
to a microbe, a chain of reaction triggers, on the
facade of that microbes which causes the demoli-
tion/cell lysis or “opsonization” of that microbe.
The toll-like receptor (TLR) network (Box 1.11)
is intervened by transmembrane receptors on the
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Box 1.10: Different Recognition System
of Innate Immune System

Toll-like receptors:

Bacterial cell wall components and viral
nucleic acids

Collectins and mannose receptor:
Distinctive cell surface polysaccharides
Alternative pathway of complement:
Cell surfaces lacking protective anti-
complement proteins

Antimicrobial peptides:

Acidic phospholipids outside of the
membrane

Interferon induction:

Double-stranded RNA (replication of
viral genome)

Virus replication-induced cell stress:
Induction of apoptosis and expression
of stress-induced molecules that alert
NK cells

n

innate immune phagocytic cells like macro-
phages and dendritic cells (DCs). When TLRs
reveal microbes, the cells become activated to
fabricate chemokines and pro-inflammatory
cytokines to stir up inflammation and to conscript
immune cells to the infection site.

This pathway can able to provoke maturation
of DCs to inculcate and satisfactorily stimulate
acquired immunity. The cytoplasmic pattern rec-
ognition receptors are intervened by cytoplasmic
pattern recognition receptors that perceive viruses
and bacteria that have lucratively attacked cells.

The lectin—complement pathway is an impera-
tive mechanism in a mammalian innate immune
system for identifying a wide variety of patho-
gens present at the outer surface of the host cells.
This pathway is intervened by a number of
proteins which are concealed into the host serum.
This pathway possesses carbohydrate recognition
with the help of mannose-binding protein (MBL)
and ficolins. These MBL and ficolins explicitly
distinguish N-acetyl-D glucosamine (GIcNAc),

Box 1.11: Toll-Like Receptors and Recognition of Pathogens (Takeda et al. 2003)
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TLR1 TLR2 TLR6 T R2 TLR3
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mannose, and fucose but don’t interrelate with
D-galactose or sialic acid present on mammalian
cells. As soon as the MBL and ficolins bind with
microbial carbohydrates, they activate the MBL-
associated serine protease (MASP) family on the
bacterial cell surface. By forming a complex with
MBL, MASPs (enzymes) smite the complement
components for activation of complement path-
way. This cleavage proceeds to the direct destruc-
tion of the invading bacteria or leads to their
opsonization and facilitates phagocytosis by
macrophages.

In humans the deficiency of MBL leads to
augment susceptibility to a wide range of infec-
tious diseases. Among all MASPs, MASP-2
helps in activation of C2 and C4, which are
accountable for the formation of C4bC2a enzyme
complex. This complex furthermore acts as a C3
convertase which cleaves the C3 for generating
the ultimate products that can destroy bacteria. In
disparity to MASP-2, MASP-1 is capable of
cleaving C3 directly. The lectin—complement
pathway plays a pivotal role in distinguishing

Type of pathogen

microbes in the host bloodstream as well as in the
extracellular space.

1.3  Adaptive Immunity

How can we remain healthy, for the whole of our
life, when we have to survive amid an environ-
ment clouded with infectious and opportunistic
microbes, potential carcinogens, and allergens?
The secret lies within our immune system that is
boosted to protect us, against all pathogens
(Fig. 1.3). It is therefore worthwhile to under-
stand the organization of the immune machinery,
which is specifically characterized by its two
arms: innate and adaptive.

The innate immunity provides the early first
line of defense against invading infection, a set
of disease-fighting mechanisms that are not
very specific to a particular intruding pathogen
but identify a pattern of molecules expressed
extracellularly by frequently encountered
pathogens.

s T

Baceria | —
parasite

Eririzl Disease
Measles virus Measles
Herpes virus Herpes
Polio virus Polio
Vibrio cholerae Cholera
Mycobacterium leprae Leprosy

Leishmania donovani

Leishmaniasis

Protozoa —) .
Plasmodium vivax Malaria
Ascaris lumbricoides Ascariasis

Worms —— ; - T
Wuchereria bancrofti Filariasis

Candida albicans

Systemic candidiasis

- ) Epidermophyton floccosum

Ringworm

Fig.1.3 Diversified pathogens and their role in the immune system
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Antigen

INNATE

= Generalized
= Early, limited specificity
= First line of defense

m Receptors recognize pattern-
associated molecules
= I[mmediate (hours)

e Barriers -skin, tears

® Phagocytes -neutrophils,
macrophages

o NK cells and mast cells

e Complement and other proteins
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ADAPTIVE

= variable
m Later, highly specific
= Remembers infection

m Receptors recognize a specific
structure unique to that pathogen
m Slower (days)

e APCs present Ag to T cells

e Activated T cells provide help to B
cells and kill abnormal and infected
cells

® B cells -produce antibody
specific for antigen

Both systems “cross-talk” to modulate immune response

Fig. 1.4 Cross talk between an innate and adaptive immunity

The specific component, adaptive immunity
(also called specific or acquired immunity),
comes into the scenario when the organism faces
an antigenic challenge. The nonspecificity of the
innate immune system is counterbalanced by the
high degree of specificity of the adaptive immune
response which works on the remarkable prop-
erty of “memory” (Fig. 1.4).

The adaptive immune system is extraordi-
narily complex, involving a meshwork of cells,
cytokines, and other compounds at its different
levels. In fact, immunologists are still working
out on many of its unrevealed secrets. In this
chapter, we will first cover the general strate-
gies the adaptive immune response uses to
eliminate invading microbes encompassing var-
ious cells and molecules. This will be followed
by development of the immune system, concen-
trating on how the cells involved in adaptive
immunity gain the specificity required to
respond to enormous, diverse, and ever-chang-
ing cocktails of microbes. We will also describe
some of the mechanisms used by the adaptive
immune system to build tolerance against few
relevant diseases.

Cell Network and the
Immune System

14

The cells of the immune system consist of
lymphocytes including B, T, and NK cells,
antigen-presenting cells (APCs), and effector
cells including macrophage, granulocyte, etc.
(Box 1.12).

Lymphocytes are the only cells that produce
specific receptors for antigens and are thus the
unique mediators of adaptive immunity.
Lymphocytes though extremely heterogeneous in
lineage, phenotype, and function are morphologi-
cally similar and are capable of varied complex
biologic responses. Lymphocytes are distinguish-
able by surface proteins or CD (cluster of differ-
entiation) (Box 1.13) that may be identified by
anti-CD monoclonal antibodies.

1. B lymphocytes are the mediator of humoral
immunity through the production of antibod-
ies. Soluble antigens or microbial surface
antigens may bind to B-lymphocyte antigen
receptors (B-cell receptor or BCR) and educe
humoral immune responses.
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Box 1.12: Cell Network of the Adaptive
Immune System

1. Antigen-presenting cells (APCs)
— Dendritic cells; follicular dendritic
cells, macrophages, and B cells
— Capture, process, and present anti-
gens to lymphocytes for recognition
2. Lymphocytes
— T and B lymphocytes and NK cells
— Cells with specific receptors for
antigens
— The key component of adaptive
immune responses
3. Effector cells
— Lymphocytes, neutrophils, eosino-
phils, and macrophages
— Help in eliminating pathogen

Box 1.13: Cluster of Differentiation

By Definition

* Leukocyte surface molecule, expressed
on cells of a particular lineage (or
“differentiation’)

» Recognized by a group (or “cluster”) of
monoclonal antibodies which is called a
member of a cluster of differentiation
(CD)

e CD markers (or CD antigens) are:

e Identified by numbers (e.g., CD4,
CDS, etc.)

» Used to classify functionally distinct
subpopulations of leukocytes (e.g.,
helper Ty cells are CD4 +CDS-)

Anti-CD antibodies are used to:

* Identify and isolate leukocyte subpopu-
lations and particular cell populations

» Study different functions of leukocytes

2. T lymphocytes are the cells of the cell-
mediated immune system. The antigen recep-
tors of most T lymphocytes (or T-cell
receptors) (Fig. 1.5) only identify different
peptide fragments of various protein antigens

Immune System: Freedom from the Burden of Diseases

that are bound to the major histocompatibility
complex (MHC); the specialized peptide dis-
plays molecules (Fig. 1.5, Box 1.14) on the
surface of specialized cells called antigen-
presenting cells (APCs).

Among T lymphocytes, helper T cells (Ty) or
CD4+ T cells help B lymphocytes to produce
antibodies and help different phagocytic cells to
destroy ingested microbes. Regulatory T lym-
phocytes are a specialized CD4+ T subset that
limits or prevents immune responses. Cytotoxic,
or cytolytic, T lymphocytes (CTLs) are CD8+ T
lymphocytes because they lyse or kill cells dock-
ing intracellular microbes (Figs. 1.6 and 1.7).

The differentiation of T cells from either CD8+
or CD4+ lineage depends on definite selection
process B and T lymphocytes mature in the gen-
erative lymphoid organs, namely, the bone mar-
row and thymus, respectively (Figs. 1.8 and 1.6).

Mature and developed lymphocytes leave the
generative lymphoid organs and enter the body
circulation and the allied peripheral lymphoid
organs, where they may come across the antigen
for which they express definite and specific
receptors (Fig. 1.9).

3.Natural killer (NK) cells are termed after their
ability to kill infected host cells, but they do
not express or represent any kinds of clonally
distributed antigen receptors like what T
cells and B cells do. All lymphocytes develop
from stem cells in the body’s bone marrow
by the process of hematopoiesis (Fig. 1.10).

1.4.1 Antigen-Presenting Cells
Antigen-presenting cells (APCs) are located in
the epithelium of the common entry portals for
microbes (the skin, respiratory and gastrointesti-
nal tract), capture the antigens, transport them to
peripheral lymphoid tissues, and display them to
lymphocytes (Box 1.15).

1. Dendritic cells, a specialized APC, capture
the antigen and present it to T lymphocytes by
its long processes for antigen recognition.
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e Structurally similar to Inmunoglobulins (similar to
a single F,, fragment).

¢ One T cell expresses only one specific type of TCR.

e Composed of two glycoprotein chains (o/p or
v/8). Most mature T cells have TCRs composed of
tan o chain and a f chain (o/B T cells).

e Similar to an antibody light chain, each chain has a
constant region and a variable region.

e« A TCR recognizes small (8-13 aa) peptide epitopes
presented on MHC.

e A TCR complex is composed of one heterodimeric
TCR (usually o/p ), and a CD3 complex which helps
in activating the cell signalling for T cell activation.

* Binding of antigen/MHC to the TCR stimulates
CD3. CD3 then sends an activation signal to the
inside of the T cell.

Fig. 1.5 T-cell receptor (TCR)
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TCR: Antigen recognition(Epitope binding site)
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Variable
region cD3 cD3
Constant —A— —r—
region

g 0 €
Transmem - INI |_ ——
region
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Cell signaling

Box 1.14: Location, Structure, and Functions of MHC

HLA-A, B, C
HLA-E, F, G, H, J, X
HLA-D region

Human MHC=Human Leukocyte Antigen (HLA)
a. MHC Class |, Il and lll genetic loci (short arm of chromosome 6)

DP (A1, A2, B1, B2), DQ (A1, A2, B1, B2, B3), DR (A, B1, B2, B3)
Diverse (non-antigen presenting functions)

Locations of MHC:
Class | MHC found on all
nucleated cells (all cells need to
be prepared to be killed in case
of a viral take-over or
tumorigenic transformation).

Human MHC structure
Peptide binding cleft Peptide bifiding cleft
OLp 04 0y

o3 B5-microglobin ¢,

S, ==

Class | MHC Class Il MHC

MHC classes | and Il have an almost identical 3-D
structure.

Class Il MHC found only on
antigen presenting cells (cells
that present antigen to CD4+ T
cells --> Macrophages, activated
B-cells, dendritic cells.

Functions of MHC:

class | MHC:
Displays peptides derived from antigen
originating inside the cell (endogenous
antigen).
Important in cytotoxic responses (eg, CD8*-
killing of virus-infected cells).

Class Il MHC:
Displays antigen derived from ingested
antigens (exogenous antigen).
Important in humoral (antibody) responses as
well in fighting as some intracellular parasites
(eg. Mycobacterium tuberculosis and M.
leprae)



T CELLS:
- Main coordinators and effectors of cellular immunity.
Development in the thymus and contains a T-cell receptor (TCR)
complex.
Two main types:
1. CD4*: Stimulate other immune cells.

TCR 2. CD8'T cytotoxic cells: Kill cells with intracellular pathogen.
activation ‘ » . .
by APC CD4*T cells of two major types :

1. Ty1: Inflammatory T cells -Stimulate macrophages and
promote inflammatory responses.

2. Ty2: Helper T cells-Stimulate B-cells to produce antibodies.

3. Ty3:Promote IgA production.

Regulatory T Based on function, there are three
cells: suppress IL-2, IFN-y L 1S types of T cells:
thelfanclioniof Macrophage activation General z;ctivation
Th1/2 cells B-cell activation, of B cell to helper T cells — start the immune
and production make antibodies response
of opsonizing
antibodies such as IgG1 cytotoxic T cells — kill the body’s

abnormal

cells, like virus-infected cells and cancer
cells
- suppressor T cells — suppress the
activities

of other T cells, helping to end the
immune response

Fig.1.6 T-cell differentiation to Th1 and Th2 subset (Parham P. The immune system, Garland Science, 3rd edition, 2009)

* Two main types of T cells:
1. CD4*: Stimulate other immune cells.
2. CD8* Cytotoxic T cells: Kill intracellularly-infected cells.

* Two major types of CD4+ T cells:

1. T,1: Inflammatory T cells -- Stimulate macrophages and
promote inflammatory responses.

2. T,2: Helper T cells -- Stimulate B-cells to produce
antibodies.

Class | MHC Class Il MHC aptigen presenting cell

cD8 cD4

target cell

CD8" T cell CD4* T cell
TCR complex TCR complex

MHC / T cell interactions:The MCH/peptide-TCR interaction is facilitated by the
CD4 or CD8 co-receptor.

Fig. 1.7 T-cell and MHC interaction
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Fig.1.9 Origin of lymphocytes

2. Invading epithelial microbes are phagocytosed
by another APC, the macrophages, which are
also capable of presenting protein antigens to
T cells. These APCs apart from displaying and
presenting antigens to T lymphocytes are able
to trigger T-cell responses. The prototypical
professional APCs are dendritic cells, but

T cell progenitors migrate to thymus and generate T cells

B cell progenitors reside in bone marrow to make naive B cells

macrophages and a few other cell types may
serve the same function.

. Effector cells: lymphocytes and other leuko-

cytes are called effector because these cells
can eliminate microbes differentially
(Fig. 1.11). The elimination of microbes by
effector cells often requires the participation
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. hematopoietic =Stem cells:
stem cell =1. Self renewal
= 2. Totipotency
1 *They are in bone marrow
I‘;m'";::'d f:;:::?d" after fetal development.
prngenltor progenitor
=*They make all myeloid
and lymphoid immune
cells and RBCs
NK/T cell ‘::::loc = unknwn
precursor ?mwmr prarior =T cell progenitors migrate
Karyocyls arythrobl tothymus and generate T
/ \ i 4 cells
‘Q l *B cell progenitors reside
TR in bone marrow to make
B cell Tcell nemro il basophil mbnocyte o naive B cells
@ pl;telets erythrocyte
eosinophil l
Tar @
plasma  effector NKcell dendriticcell macrophage mast cell
cell Tcell

Fig.1.10 Hematopoiesis generates immune cells
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Fig.1.11 Recognition modules of adaptive immunity
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Box 1.15: Antigen-Presenting Cells
* Three types of APCs are found in the
lymph nodes:

— Dendritic cells—constitutively
express MHC I and MHC II (can
stimulate both CD4* and CD8* T
cells) as well as B7 (the co-stimula-
tory signal). Antigen presentation
appears to be the sole purpose of
dendritic cells, and these cells can be
infected by a wide variety of viruses.
Dendritic cells are not phagocytic.
They can present some viral pep-
tides on their MHC II and contribute
to the induction of an antibody
against viruses. They are very effi-
cient at stimulation of cytotoxic
responses.

of other nonlymphoid leukocytes, such as
granulocytes and macrophages. These leuko-
cytes are effector cells of both the immune
system. In an innate immune system, some
granulocytes and macrophages directly recog-
nize pathogens and eliminate by phagocyto-
sis, whereas in an adaptive immune system,
the end products of lymphocytes in concoc-
tion with other leukocytes are activated to kill
microbes.

1.5  Adaptive Inmunity

at a Glance

The third line of human defense system is the
adaptive (acquired) immunity or adaptive immune
response. Once the body’s external barriers have
been confronted and inflammation of innate
immunity has been stimulated, the adaptive
immunity comes into scenario. It propagates
more slowly and specifically than nonspecific
inflammatory response and has memory. Thus, it
serves two major purposes: destroying infectious
pathogens that are resistant to inflammatory cas-
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— Macrophages—resting macrophages
express little MHC II or B7 but have
receptors for bacterial cell wall com-
ponents which, upon binding, acti-
vate the macrophage to express high
levels of B7 and MHC II. Once acti-
vated, macrophages are efficient at
stimulating CD4* T cells, both for
inflammatory responses and helper
(antibody) responses.

— B cells—B cells express high levels
of MHC 11, but not B7. Microbial cell
wall components can induce B7
expression by B cells (like macro-
phages). Once induced to express B7,
B cells can activate helper T cells. B
cells can take up a soluble antigen
through their Ig receptors (unlike
dendritic cells or macrophages).

cades and providing highly sensitive long-term
protection against future microbial exposure to
the similar microorganism.

The function of the adaptive immune system
is to destroy attacking pathogens and any released
toxic molecules produced by it. The fundamental
feature of the adaptive immune system is to dis-
tinguish the foreign from the self-molecules.
When the system fails to make this difference, it
reacts viciously against the host’s own molecules
ushering to a fatal autoimmune disease.

Adaptive immune responses function through
white blood cells (or lymphocytes). Adaptive
immune responses work bilingually through either
antibody responses or cell-mediated immune
responses. These are carried out by different sets
of lymphocytes, known as B cells and T cells,
respectively. In antibody responses, B cells are
stimulated to secrete some functional proteins
which are called immunoglobulins or antibodies.

The antibodies circulate in the blood and pen-
etrate the body fluids, where they bind with mul-
tiple specificities (polyclonal antibodies) to the
foreign exposed antigen that stimulated their pro-
duction. Binding of antibody inactivates toxins
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Fig.1.12 Pathways of successive immune responses through the humoral and cellular pathway

(such as tetanus toxin) and microbes by inhibiting
their ability to recognize and bind to receptors on
host cells. This is the clinical basis of many pres-
ent-day diagnostic kits which have been imple-
mented to detect antigen-specific serum antibodies
Antibody binding also tags invading pathogens to
different phagocytic cells of the innate immune
network to ingest them. Thus, components of
innate resistance and adaptive immune response
complement or supplement each for complete
protection against infectious disease.

Cell—cell contact mediated by T lymphocytes
is the prerequisite for cellular immunity. T cells
express the T-cell receptor (TCR) which recog-
nizes short peptides (derived from self- or micro-
bial proteins, allergens, or tumor-specific
proteins) presented by major histocompatibility
complex (MHC) expressed on the cell surface of
antigen-presenting cells (APCs) (Fig. 1.11). In
addition, natural killer (NK) cells (a separate
group of lymphocytes) are the key molecule for
immunity against tumors and also in “antibody-
dependent cell-mediated cytotoxicity” (ADCC).

Finally, the achievement of an adaptive
immune response depends on both the function-
ing of cellular and humoral responses (Fig. 1.12)
and their proper interactions, and along with it
the specialized functions of memory cells, which
are capable of remembering the specific antigen,
respond more efficiently and rapidly against
probable infections.

1.6 Different Modes of Adaptive
Immunity: Active

and Passive Inmunity

Adaptive immunity can be of two kinds, active or
passive, which may be either long-lived or tem-
porary. Active acquired immunity or active immu-
nity is produced by any subject after natural
exposure to antigens via environment or through
immunization, whereas in passive acquired
immunity (passive immunity), preformed anti-
bodies or T cells produced by an individual
(donor) in response to antigens are transferred
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directly from the donor to a recipient who can act
against an antigen without stimulating its own
immune response. Passive immunity can occur
naturally during the pregnancy period when
maternal antibodies cross the placenta to the fetus
to evade against a specific disease. The donor’s
antibodies or T cells are eventually destroyed;
thus, it is always a temporary response.

1.7  Characteristics of Adaptive

Immunity

For proper effectiveness of adaptive immune
responses, several properties are crucial for com-
bating infections:

1. Diversity and its association with specificity

The adaptive immune system is capable of ana-
lyzing millions of different antigens from portions
of antigens. Specificity for many different antigens
toward the total lymphocyte repertoire is extremely
diverse. The lymphocyte diversity means that very
few cells (~one in 100,000 lymphocytes) are spe-
cific for any one antigen. To carry effective defen-
sive mechanism against microbes, these few cells
have to proliferate profusely to generate a large
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number of cells capable of combating the
microbes. Thus, remarkable expansion of the lym-
phocyte pool specific for an antigen after encoun-
tering the antigen, few positive feedback loops that
amplify the immune responses, and selection
mechanisms (memory cells) that preserve the most
useful lymphocytes form the total effective pack-
age for adaptive immunity.

The basis of these diversities lies in the under-
lying mechanism of clonal selection.

2. Clonal selection

When lymphocytes are activated by diverse
antigens, they undergo a proliferation process,
generating many thousands of mature lympho-
cytes (B cells) which bear extracellular receptors
for many antigens even before encountering these
antigens. A clone refers to a population of
lymphocytes with identical antigen receptors and
specificities, and all these cells are presumably
derived from one precursor cell. Each antigen
selects a preexisting clone of specific lympho-
cytes and thus stimulates the proliferation and
differentiation of that unique clone. B lympho-
cytes give rise to the clone of antibody-secreting
effector cells, and also T lymphocytes follow the
same principle (Fig. 1.13).
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3. Memory

The effectiveness of the immune system
increases more and more with repeated expo-
sures to the same antigen. The response to the
first antigen exposure is called the primary
immune response, which is mediated by naive
lymphocytes, as they are seeing an antigen for the
first time. Subsequent encounters with the same
antigen lead to responses; usually more rapid,
larger, and better than the primary responses are
called secondary immune responses (Fig. 1.14).
Secondary responses are the result of the activa-
tion of long-lived memory lymphocytes, which
were induced during the primary immune
response. Immunologic memory optimizes the
ability of the immune system to combat persis-
tent and recurrent infections, because after each
microbial encounter, more memory cells are acti-

vated than the previously generated memory
cells. A vaccine has long-lasting protection
against infections due to activation of memory
cells.

1.8 Primary and Secondary

Immune Responses

There are two phases of immune responses to
antigens—the primary and secondary
responses—that are demonstrated by measuring
most easily the values of circulating antibody
concentrations over time (Fig. 1.14).

1. After the first initial exposure to most anti-
gens, there is a latent period (or lag phase),
during which the antigen is processed and
B-cell differentiation and proliferation occur.
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Then the circulating IgM antibody is detected
after approximately 57 days. This lag phase
is necessary for the process of clonal selec-
tion. This is the primary immune response,
typically characterized by initial production
of IgM followed by equal to or less amount
(titer) of IgG antibody against the same anti-
gen. If no further exposure to the antigen
occurs, the circulating antibody is catabolized
(broken down) and the titer (measurable
amount) falls.

2. A second exposure by the same antigen results
in the secondary immune response, which is
characterized by a more rapid production of
larger quantities of antibodies than the pri-
mary response. The rapid response of the sec-
ondary immune response is due to the action
of memory cells that do not require further
differentiation. These memory cells are
already activated during the clonal selection
of the primary immune response. In the sec-
ondary immune response, there may be pro-
duction of IgM, but IgG production is
increased considerably. During vaccination or
natural infection, in response to these anti-
genic challenges, the level of protective IgG
may remain elevated for decades.

1.9  Antigens or Immunogen

Any foreign substances that react with molecules
of the immune system (antibodies, receptors on T
and B lymphocytes) are called antigens (Fig. 1.3).

Antigens may be infectious microbes (e.g.,
bacteria, viruses, fungi, or parasites), on a nonin-
fectious environmental component (e.g., pollens,
foods, or bee venoms), or toxins, drugs, vaccines,
and transfused and transplanted elements.

1. Immunogens are antigen molecules that will
induce an immune response. So theoretically,
all immunogens are antigens but not all anti-
gens are immunogens. Generally, large
molecular (above 10,000 Da) antigens, such
as carbohydrates, proteins, and nucleic acids,
are mostly immunogenic.
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2. Antigens that induce an allergic response are

also called allergens. Thus, the immunogenic-
ity of an antigen depends on its larger size, its
proficient quantity, and its foreignness to the
host. These qualities will pave for the devel-
opment of vaccines, highly immunogenic and
protective immune responses against infec-
tious pathogens.

. Many low-molecular-weight hapten mole-

cules are too small to be immunogenic by
themselves but become immunogenic after
combining with larger molecules that act as
carriers for hapten. A very high or low amount
of antigens, in some cases, may induce a state
of tolerance rather than immunity. Other fac-
tors also may pose for immunogenicity of an
antigen. For example, the route of antigen
entry or administration (intravenous, intra-
peritoneal, intranasal, subcutaneous, and oral)
has clinical implications. Each route preferen-
tially stimulates either cell-mediated or
humoral immune responses. A vaccine turns
out to be effective if administered through a
definite route but may prove ineffective in
another route.

4. Adjuvants are substances that stimulate the

immune response when administered along
with an antigen and convert the antigen to an
immunogen.

. Haptens are a low-molecular-weight molecule

that is not immunogenic by itself in nature but
when coupled to a carrier can elicit anti-hapten
antibodies. For example, dinitrophenol (DNP)
is a common hapten. Finally, an individual’s
immune response to an antigen can also be
affected by its genetic constitution, age, nutri-
tional content, or reproductive capability or a
background of exposure to trauma, recurring
diseases, and immunosuppressive status.

. A self-antigen normally does not elicit an

immune response because it is not foreign to
the host. Thus, most individuals are tolerant to
their own antigens. Some pathogens
successfully mimic self-antigens and avoid
induction of an immune response. In contrast,
in autoimmune diseases, a breakdown of tol-
erance occurs that leads to an individual’s
immune system attacking its own antigens.
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Box 1.16: Antibody Diversity and the

Number Dilemma

» Millions of different types of Ag react
with only about a trillion different
antibodies.

e Only about 30,000-60,000 genes code
for all our proteins of our entire body,
most of which are not Ab.

* So there cannot be one coding gene for
one antibody!

Antibody Variability

* Different combinations or recombina-
tions of heavy and light chains which
are encoded by different genes.

Antibody Genes
Genes for antibodies aren’t like most
other genes—they come in pieces

(“‘gene-lets”):

* Variable segments (V)—many different
versions.

* Diversity segments (D)—several differ-
ent versions.

e Joining segments (J)—a few different
versions.

* Constant segments (C)—a few different
versions that are nearly identical; each B
cell combines these gene segments to
make an Ab chain like shuffling a deck
of cards.

* V,D, andJ are joined to C for the heavy
chain; V and J are joined to C for the
light chain.

1.10 Antibodies (or
Immunoglobulin)

An antibody (immunoglobulin) (Ig) is a serum
glycoprotein produced by plasma cells of B lym-
phocytes (or B cells), in response to an antigen.
An immunoglobulin is a generalized term used
for all antibodies, whereas the term antibody

Immune System: Freedom from the Burden of Diseases

refers to a particular set of immunoglobulins with
known antigenic specificity. There are five classes
of immunoglobulins (IgG, IgM, IgA, IgD, and
IgE), which are characterized by differences in
structure and function (Table 1.3). The huge vari-
ety of antigens encountered by few thousands of
antibodies leads to antibody diversity (Box 1.16).

1.11 Antibody: Molecular

Structure

G. M. Edelman and R. R. Porter were awarded the
Nobel Prize (1972) for discovering the structure of
the antibody molecule. Generally, all immuno-
globulins have a similar Y-shaped overall structure
consisting of two polypeptides: heavy chain
(higher molecular weight) and light chain (lower
molecular weight). Typically, an antibody mole-
cule is composed of two heavy and two light chains
that are held together by both covalent (disulfide
bonds) and non-covalent forces. There are two
types of light chains, ¥ (kappa) and A (lambda),
and five types of heavy chains, o (alpha), 8 (delta),
€ (epsilon), y (gamma), and p (mu) (Fig. 1.15).

In a single Ig molecule, one type of heavy
chain is associated with either light chain but
never both. The five classes of human immuno-
globulins are grouped depending on the type of
heavy chain they bear (Table 1.3). IgG and IgA
are further subdivided into subclasses depending
on minute differences in the amino acid. The
serum concentration of each antibody varies both
in normal and diseased conditions. Each heavy
and light chain can be further divided into con-
stant and variable regions. The antigen-binding
pocket of different immunoglobulins is flexible
and represented by the first 110 amino acids
which differ in their sequence in each Ig type.
The sequence variability from different immuno-
globulin shows three hypervariable regions or
complementarity determining regions (CDR),
within the variable region. In contrast, there is not
much variability in the “constant region” of anti-
body molecules. To form the heavy and light
chain, there is profuse gene rearrangement
(Box 1.17, and 1.18).
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Antibody: Molecular Structure
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another view

Fig.1.15 Immunoblogulin [Mike Clark, www.path.cam.ac.uk/~mrc7/]

Box 1.17: Immunoglobulin Gene

Rearrangement

e Ig rearrangement occurs before antigen
exposure.

e Allelic Exclusion: only one of two
parental alleles of Ig is expressed on a B
cell.

» Light chain isotype exclusion: either
or A light chain is expressed by a B cell.

e Heavy chain rearranges before light
chain.

e First D-J joining followed by V-DIJ
joining.

* Production of p heavy chain: rearrange-
ment of one allele inhibits rearrange-
ment on other allele.

» If rearrangement on the first allele is
nonproductive, then rearrangement on
the second allele is stimulated.

* Thus, in any antibody-producing B cell,
one allele is productively rearranged,
and the other is either not rearranged or
is aberrantly rearranged.

Depending on the action of papain enzyme to
digest IgG, an antibody molecule was fragmented
into two parts—the antigen-binding fragments

(Fab) named on its ability to bind an antigen and
the other crystallized fragment termed the crys-
talline fragment (Fc). The Fab portions contain
the sites (receptors) to bind for specific antigen.
The Fc portion is responsible for most of the bio-
logic functions of antibodies. The junction of Fab
and Fc is represented by the hinge region whose
flexibility is maintained by disulfide linkages
between the heavy chains. The precise area of the
molecule (a few amino acids or sugar residues)
that is recognized by an antibody is called its epi-
tope (or antigenic determinant), and the match-
ing portion on the antibody is sometimes referred
to as the paratope (or antigen-binding site). The
antigen—antibody lock and key fit reaction depend
on the chemical nature of the particular amino
acids in the CDRs and the shape of the binding
site. The number of functional binding sites on a
molecule is called its valence which differs
among different antibody classes.

1.11.1 Generalized Function
of Antibodies

The functions of antibodies in antibody-
mediated immune response or AMI including the
host defenses against pathogenic microbes, are
summarized below.
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Box 1.18: Steps in Immunoglobulin Gene Rearrangement at Which the Cell Can Be Lost
(Elsevier Science, 1999)

Early pro B-cell

late pro B-cell

pre B-cell

Immature B-cell

Heavy chain gene
rearrangement

Heavy chain gene
rearrangement

Light chain gene
rearrangement

Rearrangement
ceases

V-DJ rearrangement
on first chromosome
)

V-DJ rearrangement
on second chromosom
o\

¥

Cell loss

Allelic
exclusion

@ Productive join
g Non-productive
join

1. Opsonization: antibodies (IgG and IgM)
enhance phagocytic engulfment of microbial
antigens by binding with the antigen and
develop a cytophilic affinity toward phago-
cytes. Bacteria and viral particles are ingested
with increased efficiency.

. Toxin neutralization: toxin-neutralizing anti-
bodies (antitoxins) react with a soluble bacte-
rial toxin and block the interaction of the toxin
on a specific target cell or a substrate in the
host.

3. Agglutination and precipitation: antibodies

agglutinate or precipitate microorganisms or

soluble antigens or aggregates of neutralized

toxin by combining with its surfaces. Thus, a

number of infectious antigens are more read-

ily phagocytosed due to the clumping of par-
ticles being larger in size.

Cell expresses p:k

A gene rea'angement

on first chromosome
i\

Cell expresses p:A

on second chromosom

K gene rearrangement
on first chromosome
o\
¥
K gene rearrangement
on second chromosom
7\
(N
[l

A gene rearrangement

= IgM

¥

Cell loss

Isotypic exclusion |

. Steric hindrance: antibodies block or prevent
the attachment of microorganisms to their sus-
ceptible cells or mucosal surfaces by combin-
ing with their surface components. Thus, viral
infectivity may be reduced by blocking the
viral component of the virus to attach to sus-
ceptible host cells. Secretory IgA can block
the attachment of pathogens to mucosal
surfaces.

5. Antibody-dependent cell cytotoxicity (ADCC):

IgG can bind with antigen and opsonize it and
thus help certain cells like natural killer (NK)
cells, monocytes, and neutrophils to recognize
and kill the target antigen.

6. Activation of complement. antibodies com-

bined with the surface antigens (opsonization)
of microbes and activate the complement cas-
cade during the inflammatory response
(Fig. 1.16).
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Fig.1.16 Activation of complement cascades

1.12 Antigen-Antibody

Interaction

The interaction of the antigen with the antibody

by

1.

nature is basically of three types:

Lock and key concept: like the lock and key
model of an enzyme-substrate reaction, the
epitopes of the antigen bind with the hyper-
variable region of the heavy and light chain of
the Fab segment of a specific antibody. This
interaction was confirmed by X-ray crystallo-
graphic analysis where the antigen acts as a
key that fits into the lock, i.e., the antibody.

Non-covalent bonding: for an effective and
specific antigen—antibody interaction, the
closeness of the antigen and antibody is a pre-
requisite. Due to this closeness, an antigen can

interact with an antibody through non-
covalent bonding like hydrogen bonds, ionic
bonds, van der Waals bonds, electrostatic
bonds, and hydrophobic interactions.

3. Reversible: the antigen—antibody interaction

is mostly reversible in nature.

1.12.1 The Antigen-Antibody

Interaction Is of the Following
Types:

1. Antibody affinity: the affinity of an antibody

for an antigenic determinant (epitope)
describes the strength of binding of a single
copy of the antigenic determinant to a single
antigen-binding site (idiofope), and it is inde-
pendent of the number of antigen-binding
sites. The reversible binding reaction between
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an antigen (Ag) and an antibody (Ab) can be
expressed as

Ag+Ab<> Ab—-Ag

The equilibrium point depends both on the con-
centrations of Ab and Ag and on the strength of
their non-covalent interaction. A larger fraction
of Ab will become associated with Ag as the con-
centration of Ag increases. The strength of the
interaction is generally expressed as the affinity
constant (Ka), where

Ka=[AgAb]/[Ag] [Ab] (the square brackets
indicate the concentration of each component at
equilibrium).

One can determine the affinity constant (or
association constant), by measuring the concen-
tration of free Ag required to fill half of the
antigen-binding sites on the antibody. When half
the sites are filled, [AgAb]=[Ab] and Ka=
1/[Ag].

Thus, the reciprocal of the antigen concentra-
tion that produces half the maximum binding is
equal to the affinity constant of the antibody for
the antigen.

2. Antibody avidity: Most antigenic macromole-
cules have many different antigenic determi-
nants and are said to be multivalent; if two or
more of the determinants are identical (as in a
polymer with a repeating structure), the anti-
gen is said to be polyvalent. Even a bivalent
IgG molecule can bind at least 100 times more
strongly to a polyvalent antigen if both
antigen-binding sites are engaged than if only
one site is engaged. The total binding strength
of a bivalent or polyvalent antibody with a
polyvalent antigen is referred to as the avidity
of the interaction. If the affinity of the antigen-
binding sites in an IgG and an IgM molecule
is the same, the IgM molecule with ten bind-
ing sites will have a much greater avidity for a
polyvalent antigen than an IgG molecule
which has two binding sites. This difference
in avidity, often 10*-fold or more, is important
because antibodies produced early in an
immune response usually have much lower
affinities than those produced later. Because

of its high total avidity, [gM—the major Ig
class produced early in primary immune
responses—can function effectively even
when each of its binding sites has only a low
affinity.

3. Cross-reactivity: the antigen—antibody reac-
tion is very specific, but sometimes a few anti-
gens show cross-reactivity with some
unrelated antibodies. Cross-reactivity occurs
when two different antigens share an identical
epitope or a specific antibody can bind with
other antigens with more or less similar epit-
opic structure.

4. Precipitation reaction: the interaction between
a soluble antigen with an antibody in an aque-
ous solution forms a lattice which ultimately
develops a visible precipitate. The reaction is
time dependent. Antibodies which can pre-
cipitate an antigen are called precipitin. The
valency of the antigen and antibody helps in
the formation of Ag—Ab lattice.

1.13 Antibody-Mediated Immune
Response (Humoral
Response)

B cells are developed in the bone marrow of
humans and mice and in the bursa of Fabricius of
chickens (B cells derive its name from here)
(Fig. 1.9).

B cells generate a humoral response, i.e., pro-
duce antibodies against a specific antigen. Each
B cell expresses a unique antigen-binding recep-
tor (or BCR) on its cell surface. Naive B cells are
circulating B cells that have not been previously
exposed to antigens but in due course get acti-
vated upon binding with an antigen with its
BCR. Activated B cells/APCs can internalize
antigens, digest them, and present peptides
derived from these antigens together with MHC
molecules to T cells. Activated T cells induce the
expression of cell surface proteins (e.g., CD40L)
and secrete cytokines which in turn stimulate the
activated B cells to divide rapidly and differenti-
ate into plasma cells and memory B cells. The
whole process occurs in germinal centers of
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lymph nodes or the spleen. Increase in the num-
bers of germinal centers in lymph nodes and the
spleen has a positive correlation with an active
humoral response. Plasma cells or effector B
cells secrete large numbers of immunoglobulin
molecules (~ more than 2000 Ig/s). IgM was the
first immunoglobulin to be secreted in this
response which subsequently instruct B cells via
a stimulation by different cytokines to secrete dif-
ferent classes of Ig (IgG, IgA, and IgE), with the
same antigenic specificity. Memory cells have a
longer life span and they respond quickly upon a
second exposure to the same antigen.

1.13.1 Cell-Mediated Immunity (CMI)

Cell-mediated immunity is mainly comprised of
antigen-specific T cells and a network of other
immune cells. Itis of two types—T-cell-dependent
immune responses and T-cell-independent
immune responses. Both these two types are
mediated through an activation phase and an
effector phase (Box 1.19).

Box 1.19: Cell-Mediated
Response (CMI): A Quick Look

Immune

CMI are responsible for resistance to:
— Intracellular pathogens
— Fungal and protozoal infections
— Tumors

Mediated by:
— T-cytotoxic cells
— Natural killer cells
— Activated macrophages

Functions by:

1. Activating antigen-specific cytotoxic T-
lymphocytes that are able to induce
apoptosis in body cells displaying epit-
opes of foreign antigen on their surface
(e.g., virus-infected cells, cancer cells
displaying tumor antigens)
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2. Activating macrophages and natural
killer cells, enabling them to destroy
intracellular pathogens

3. Stimulating cells to secrete a variety of
cytokines that influence the function of
other cells involved in adaptive immune
responses and innate immune responses

Roles in some harmful conditions:

— Hypersensitivity reactions type IV (con-
tact dermatitis)

— Graft rejection

— Autoimmune diseases

T-cell-dependent immune responses:

A. Processing and presentation of endogenous
antigen via the MHC class I pathway (endog-
enous pathway):

L. Activation Phase

1. Anintracellular antigen (viral protein or an
abnormal cellular protein) is ubiquitinated,
degraded, hydrolyzed, and processed to
peptides in a proteasome (a barrel-shaped
protein complex composed of 28 subunits)
and is transported to the endoplasmic retic-
ulum via TAP (transporter associated with
antigen processing).

2. MHC 1 proteins are synthesized and
assembled in ER and associated with TAP
with the help from calnexin chaperone.

3. MHC 1 proteins bind peptides, vesicles
fuse with plasma membrane, and MHC 1/
peptide complexes are expressed on the
cell surface and presented to CDS8 cells
(also called cytotoxic T cells, Tc, or CTL).

4. MHC I cannot leave ER without loaded
peptides.

5. In the absence of infection, self-peptides
are presented on MHC but do not activate
T cells.

6. MHC class I molecules present antigens
to CD8* Tc cells.

7. Co-stimulatory signals from infected
cells cause Tc cells to proliferate and
clones of Tc cells are produced.
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II. Effector Phase

1.

CD8* T cells need the CD28 signal from
APCs at the priming stage to become
effector CD8* cells

But effector CD8" cells don’t need the
CD28 signal (at the effector stage) to kill
target cells by apoptosis.

. Tc-cell receptors again recognize MHC

I-presented peptides and started releasing
a perforin or Fas receptor on the target
cell.

The target cells are lysed by degranula-
tion by a perforin or granzyme and/or
Fas-induced apoptosis.

The cytolytic activity of CTL is promoted
by IL-2, IL-12, and IFNy.

This pathway is also responsible for graft
rejection as Tc cells can identify both
self- and nonself-endogenous antigens.

B. Processing and presentation of an exogenous
antigen via the MHC class Il pathway (exog-
enous pathway):

L. Activation Phase:

1.

Professional antigen-processing cells
internalize antigens during phagocytosis
and are degraded in phagolysosome.

Antigens are internalized into endo-
somes and degraded into peptide
fragments.

. MHC class II proteins are synthesized in

ER, and the peptide binding site is pro-
tected by Ii (invariant chaperone; CLIP
region of Ii protects the site).

Exocytic vesicles (from Golgi) contain-
ing MHC 1I proteins fuse with endo-
some containing peptides.

Ii is degraded, and CLIP is removed by
HLA-DM protein.

MHC II proteins bind peptides, vesicles
fuse with the plasma membrane, and
MHC II/peptides are expressed on the
cell surface and presented to CD4 cells.
Certain pathogens (e.g., mycobacteria),
when engulfed, prevent the fusion of

1L

III.

10.
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phagosomes and lysosomes and persist
in phagosomes.

. MHC class II molecules present anti-

gens to CD4+ Ty cells.

. A T-cell receptor recognizes processed

and MHC
peptides.

Cytokines released by Ty and IL-1 cyto-
kines released by macrophages stimu-
late Ty cells to produce clone of B cells.

II-presented  antigen

Effector Phase:

1.

These B cells started differentiating into
plasma cells.

. Plasma cells start secreting specific anti-

bodies against the antigen.

. B cells are also antigen-presenting cells.

Binding of an antigen to an IgM receptor
triggers receptor-mediated endocytosis,
degradation, and presentation of the pro-
cessed antigen.

T-cell-independent immune responses:

1.

. Phagocytosis

Phagocytosis usually occurs before cells
kill microorganisms.

. By the process of chemotaxis, phagocytes

move toward the released microbial com-
ponent (endotoxin, formyl peptides) at
the site of infection.

. The phagocyte then recognizes the patho-

gen/microbes through specific receptors.

. Phagocytic cells have a variety of recep-

tors on their cell membranes through
which infectious agents bind to the cells.
These receptors include Fc receptors,
complement receptors, scavenger recep-
tors, and toll-like receptors.
(cellular ingestion
microbes) occurs in two ways:

of

. Opsonic engulfment of complement-

coated or antibody-coated microbes via
complement receptors or FcR receptors in
a faster and efficient way

. Non-opsonic direct engulfment via an

innate pattern recognition receptor in a
slower and inefficient way.
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1.14 Discussions

The host organism generally develops an immu-
nity appropriately adapted toward the invading
pathogen. This inevitably involves the risk to
mount diverse host responses directed against
different self-antigens. Actually, the adaptive
immune system differentiates between self- and
nonself-molecules. Thus, to prevent injury to the
host, the organism has gradually actively acquired
nonreactivity to self and tried to maintain this
collective self-tolerance by several mechanisms.
For each host, discrimination between self- and
nonself-molecules is host specific and requires
the assortment of an individual set of nonself-
reactive receptors. Subsequently the outcome of
self-/nonself-discrimination in a host organism is
not only transferred from one generation to other
generations but at the same time is devoid of evo-
lutionary pressure. Moreover, innate immunity
mostly relies on genetically programmed recog-
nition patterns/structures that restrictedly respond
to various foreign antigens. The identification
and recognition of pathogens, but not any self-
molecules, through an evolutionary conserved set
of receptors are done to potentially avoid autoim-
munity. The likelihood of developing an autoim-
mune disease is generally believed to result from
an indefinitely higher failure rate in the adaptive
immune system mechanisms.

The adaptive immune system together with its
capability of generating tremendous specificity
and diversity has the ability to regain homeosta-
sis and an inbuilt ability to self-limit responses.
This mechanism provides space for budding
lymphocytes that require a highly specific
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immune response and thus crucially prevent
excessive immunity.

Although the adaptive immune system is
phylogenetically younger, the innate immune
system is the more ancient form. The most recent
evolution added was the formation of different
lymphoid organs. In the greatly specialized
microenvironment of lymphoid tissues, both
branches of the immune system can cooperate
intimately and collaborate proficiently to boost
and optimize different immune reactions. The
gut-associated lymphoid tissues are the earliest
detected organized lymphoid structures during
evolution. The spleen, thymus, and lymph nodes,
the more sophisticated secondary lymphoid
organs, are found only in higher vertebrates.
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Abstract

The C-reactive protein (CRP) is a plasma protein belonging to pentraxin
family and has hepatic origin. It is the chief component of any inflamma-
tory reaction. A key mediator of the innate immune system, an inflamma-
tory biomarker whose concentration rapidly increases to nearly or more
than 1000-folds above the normal values during tissue injury or infection.
CRP functions through interaction of components of both humoral and
cellular effector mechanisms of inflammation. Although considered as an
acute-phase protein in tissue injury, infection and inflammation has now
attained a distinct status of inflammatory disease marker not only in car-
diovascular diseases but has well-known clinical and pathological rele-
vance. The present study encompassing a number of diseases and
associated conditions has highly illuminated the research field with the
therapeutic role of CRP in health and disease. The future prospect of this
chapter lies in the monitoring and understanding the applicability of CRP
in the biology of various diseases.

Keywords
C-reactive protein * Disease * Acute phase protein ¢ Evolution * History
Biology

Chapter Highlights 3. CRP s synthesized in the liver and secreted in

the plasma, mainly regulated by cytokine IL-1

. CRP is a highly conserved and phylogeneti-
cally ancient major acute-phase plasma protein
in human. It belongs to the family of “pen-
traxin” and its discovery dates back in 1930.

. Its serum concentration increases to up to
3000-fold in response to infection or tissue
injury or other inflammatory conditions.

and IL-6 and functions in the mediation of
innate immune system.

. CRP has the initial ability to recognize patho-

gens by binding to the surface components of
microbes, the PC thereby activating the com-
plement cascade and causing opsonization of
pathogen leading to phagocytosis.
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5. CRP has been studied in research of clinical
sciences as a screening device for inflamma-
tion, an inflammatory biomarker, a marker for
disease activity and also as a diagnostic adjunct.

6. The biological significance of CRP in differ-
ent diseases was elucidated.

2.1 Introduction

The human C-reactive protein (CRP) is a highly
conserved and phylogenetically ancient major
acute-phase plasma protein. Discovered in 1930,
it belongs to the family “pentraxin.” Its concen-
tration in the serum rises from few folds to nearly
3000-fold in response to various infections or tis-
sue injuries. It shows a pronounced and rapid rise
in its concentration. CRP is an important compo-
nent of innate host immunity. It is capable of rec-
ognizing pathogens by initially binding to their
surface components, phosphorylcholine (PC).
CRP recognizes many foreign pathogens as also
their phospholipid component of various dam-
aged cells. It can activate the complement cas-
cade when bound to one of its several ligands and
can also bind to different phagocytic cells. Thus,
it can initiate the elimination of complement trig-
gered or opsonized targeted cells as it can interact
with varied cells and molecules of both the
humoral and cellular pathways of inflammation
(Volanakis 2001). Since its discovery, CRP has
been considered as a screening device for various
inflammatory conditions, also as a marker for a
number of disease activities, and as a diagnostic
accessory (Clyne and Olshaker 1999). The immu-
nomodulatory role of CRP is mediated by acti-
vating the complement system or triggering
opsonization, which leads to phagocytosis.
Several such functional properties make CRP an
important component of our first line of nonspe-
cific innate host defense (Li et al. 1994).

CRP: From the Historical
Perspective

2.2

CRP was first isolated from serum of patients
infected with pneumococcus bacteria late back in
1930 by William Tillett and Thomas Francis

working in the Rockefeller University. Initially, it
was termed as “fraction C” as it was the third
component that was isolated. Nearly a decade
later, CRP was described as an “acute-phase
reactant” by Oswald Avery and Maclyn McCarty
as it showed increased concentration in serum of
patients suffering from a range of diseases,
including inflammation connected with rheu-
matic fever and myocarditis. Abernethy and
Avery coined the term CRP to this serum protein
responsible for precipitin with CPS (Abernethy
and Avery 1941). The crystallization of CRP was
done first by M. McCarty (2004). Studies between
the period of the 1940s and the 1950s confirmed
the importance of CRP as a biomarker of inflam-
mation as observed in patients suffering from
cardiac disorders like atherothrombosis, acute
myocardial infarction, coronary ischemia, and
myocardial necrosis. J. Hurlimann in 1966 first
described that the liver is the site of CRP forma-
tion (Hurlimann et al. 1966). However, extrahe-
patic expression of CRP has also been documented
(Dong and Wright 1996). Around the middle of
the 1980s, a research done by John Volanakis,
Mark Pepys, Irving Kushner, and many others
revealed CRP as a circulating pentraxin molecule
composed of 5 identical subunits arranged in
pentameric symmetry. CRP is a hepatically origi-
nated, non-glycosylated acute-phase protein. Das
et al. in 2003 reported differential glycosylation
of CRP in 16 different pathological conditions
(Pepys 1981; Das et al. 2003, 2004a, b). CRP has
a characteristic calcium-dependent binding affin-
ity to specific ligands like LDL cholesterol.

2.3  Synthesis

J. Hurlimann in 1966 first described that the liver
is the site of CRP formation (Hurlimann et al.
1966). However, extrahepatic synthesis of CRP
has also been reported (Dong and Wright 1996;
Ridker 2009; McCarty 2006). Human CRP can
also be produced by smooth muscle-like cells and
macrophages, present in the human atherosclerotic
plaques (Yasojima et al. 2001). While such synthe-
sis may be physiologically significant at local
sites, it is unlikely that it contributes substantially
to increased plasma concentration. Probably due
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to some local immune response from a systemic
inflammatory pathway, an acute-phase reaction
takes place. Consequently renal cortical tubular
epithelial cells (TEC) of inflamed kidneys and
human respiratory tract epithelial cells express
CRP mRNA genes and thereof CRP expression
(Gould and Weiser 2001 and Jabs et al. 2003). The
plasma half-life is about 18 h, and complexed CRP
is catabolized by hepatocytes in vivo and rapidly
cleared from the circulation (Hutchinson et al.
1994 and De Beer et al. 1982a, b).

In normal healthy subjects CRP is a trace
plasma protein, ranging between 0.1 and 0.5 pg/
ml (Das et al. 2003). The serum level of CRP
increased rapidly about 1000-folds by 48 h in
response to various bacterial infections, trau-
matic conditions, necroses of tissue, parasitic
invasions, and malignant neoplasias and in most
types of inflammation during an acute reaction.
In some chronic infections and various inflam-
matory disorders, plasma CRP levels may remain
persistently high. Gradually, with the resolution
or remission of the pathologic condition or either
spontaneously or in response to therapeutic treat-
ments, the CRP level falls rapidly to normal con-
centration. Generally bacterial infections are a
much less potent stimulus for CRP synthesis than
localized viral infections. CRP levels are usually
normal or only modestly increased in some
severely active tissue-damaging pathological
conditions or in some important disorders. These
include scleroderma, dermatomyositis, ulcerative
colitis, Sjogren’s syndrome, and leukemia. Active
systemic lupus erythematosus (SLE)-suffering
patients do not have high plasma levels of CRP
but their concentration increases during the bac-
terial infection. Nowadays, obesity has also been
regarded as a low-grade systemic inflammatory
disease. Elevated serum levels of CRP have been
seen in both overweight and obese children and
adults (Das 2001), and also in caloric-restriction-
induced weight loss individuals, decreased
plasma concentration of CRP was observed
(Techernof et al. 2002). Mean concentration of
CRP is substantially higher in smokers than in
nonsmokers (Haverkate et al. 1997).

Specifically, the rate of synthesis is greatly
increases during the acute phase (Macintyre et al.
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1985). Under physiologic conditions, CRP is
synthesized at quite a low rate. The pentameric
CRP is mostly retained by two resident carboxyl
esterases during its constitution in the endoplas-
mic reticulum (ER) (Macintyre et al. 1994).
During the acute-phase reaction, the half-life
needed for the exit of pulse-tagged CRP from the
ER is reduced to nearly 18 h to 75 min. The
marked acceleration of secretion is actually due
to reduced affinity for CRP of one of the ester-
ases, which has been accredited to a conforma-
tional change (Yue et al. 1996).

2.3.1 Structure

“Pentraxin,” the structure assigned for some
acute-phase proteins like CRP, SAP, and the
female protein of Syrian hamster (HSAP), is a
rare configuration due to their conserved pentam-
eric arrangement of their protomers.

Most of these proteins exhibit the common
characteristics but few of them showed some
variations in their structure and functions. The
phylogenetically oldest member of the pentraxin
family is the CRP of an invertebrate arachnid, the
horseshoe crab (Limulus polyphemus) which dif-
fers from other vertebrate counterparts as it is
hexameric. The three major acute-phase proteins
(CRP, SAP, and HSAP) differ significantly in
their calcium-binding and calcium-dependent
ligand-binding properties (Srinivasan et al.
1994).

Electron microscopic studies have demon-
strated that the five identical polypeptide subunits
held together by non-covalent bonds arranged in
a disklike configuration with cyclic symmetry
(Osmand et al. 1977). The molecular weight of a
pentamer ranges between 110 and 144 kDa
(Oliveira et al. 1979), and the subunit molecular
weight estimated by various ways varies from 20
to 30 kDa (Volanakis et al. 1978 and Woo et al.
1985 and Lei et al. 1985). Each subunit contains
a single, intramolecular disulfide bond. The sta-
bility of purified CRP is dependent upon temper-
ature, pH, and protein concentration (Fig. 2.1).
Solutions of pH 7-8 containing CRP at concen-
trations from 50 pg/ml to 1 mg/ml are stable at
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PHYSICOCHEMICAL CHARACTERISTICS:
1.Molecular Weight (kDa)(Polymeric)

a. Molecular weight (range)-110-144

b. By sedimentation equilibrium-118

c. From sequence-120

2.Molecular Weight (kDa)(Subunit)

(a) Sedimentation equilibrium-24.3

(b) Gel filtration-20

(c) Acrylamide gel electrophoresis-24/23.3

(d) Derived from sequence-24

3.Symmetry- Cyclic pentameric

4.Subunit- 5

5.Location- Chromosome 1

6.Number of nucleotides- 2263
7.Sedimentation coefficient( s°, 5,)(S)- 6.5
8. Partial specific volume(v) (ml/g)- 0.735
9. Isoelectric point (p/)- 5.4-7.9

1.9X 105

11. Extinction coefficient ( E'°™,,,)- 19.5
12.Signal peptide- 18

13.Protein- 206 amino acids

14.mRNA (Northern Blotting)- 2.3kb
15.Number of introns- Single

16.Intron (sequence)- 278bp

10. Binding constant (K) for phosphoryicholine, (M)-

£\

Five-fold symmetry axis

Calcium-dependant
binding site

Protomer Binding site for
polycations, FcyRl,
Fecylla and C1q

Fig.2.1 Physicochemical characteristics of human CRP: the binding pockets of CRP in each protomer are noted along

with its physicochemical properties (Osmand et al. 1977)

4 °C for weeks and at —20 °C for months and few
years. Under conditions of lower pH or higher
protein concentration, CRP molecules may
aggregate. Dissociation of CRP into subunits or
intermediate forms (e.g., trimers) may be appre-
ciable in more alkaline solutions or with repeated
freeze thawing (Macintyre 1988).

Alternations in glycosylation, often associated
with the acute-phase reactant (APR), generate
microheterogeneous changes in acute-phase pro-
teins (APP). This is normally occurred by differ-
ing the arrangement or composition of their
glycan side chains due to differences in activity
of various glycosylating enzymes (Raynes 1982).
The microheterogeneity of APPs frequently dif-
fers in acute and chronic types of inflammation.

There are hardly a few reports to show the
microheterogeneity of CRP. Three types of CRP
have been identified in the plasma samples of the
Japanese horseshoe crab (Tachypleus tridentatus,
CRP designated as tCRP), based on various affin-

ities against different ligands, named as tCRP-1,
tCRP-2, and tCRP-3, and exhibited varied
calcium-dependent hemolytic and sialic acid
binding and also hemagglutinating activities. The
molecular heterogeneity of tCRPs exits both in
their amino acid sequences and in N-linked gly-
cosylation and indicates the possibility of isolec-
tins (Iwaki et al. 1999). Similar findings have
been demonstrated in freshwater fishes (e.g.,
Labaeo rohita and Catla catla) that increased
CRP levels under different toxic aquatic condi-
tions giving rise to different molecular variants of
CRP in an agent-specific manner showing differ-
ences in amino acid and carbohydrate composi-
tions (Sinha and Mandal 1996 and Sinha et al.
2001 and Paul et al. 1998, 2001).

There are only a few extensive studies on
human CRP in various aspects and in various dis-
eases. The microheterogeneity of human CRP
has not been reported yet and this could theoreti-
cally be the result of altered synthesis, synthesis
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outside the liver, structural alterations, cleavage,
or complication of the circulating CRP which
may play diverse physiological roles by altering
its binding properties (Lasson and Goransson
1999].

24  Thelmmune System and CRP
The human immune system has developed
refined defense mechanisms which are highly
specific for the diverse invading pathogens. Most
of the cells of the innate immune processes are
highly conserved and bear pattern recognition
receptors (PRRs) that recognize pathogens
through pathogen-associated molecular patterns
(PAMPs) and trigger a plethora of mechanisms of
pathogen removal. Major PRR proteins include
plasma pentraxin families of proteins. Pentraxins
are a prototypic apparatus of the innate immune
system. The C-reactive protein was known as the
first identified PRR which forms an important
clinical inflammatory biomarker.

CRP is a positive acute-phase protein whose
plasma concentration increases during inflamma-
tory disorders (Morley and Kushner 1982). It is
important to emphasize that there is great vari-
ability in acute-phase behavior of CRP from one
species to another (Kushner 1988). Of at least 30
acute-phase proteins, CRP and serum amyloid A
(SAA) are the two proteins whose concentration
arise more than 1000-fold and even up to 3000-
fold within 48 h following injury (Morley and
Kushner 1982).

A number of wide-ranging biological func-
tions have been assigned to acute-phase reactants,
CRP. Besides CRP, the other major APP, SAA
becomes one of the major apolipoprotein of high-
density lipoprotein (HDL) during inflammation,
and its rapid binding to HDL may influence cho-
lesterol metabolism in inflammatory states. It is
also reported to have a function in adhesion and
chemotaxis of phagocytic cells and lymphocytes,
in inflammation, inside atherosclerotic coronary
arteries, and in oxidation of low-density lipopro-
tein (LDL) (Gabay and Kushner 1999).

A few APP-like fibrinogen like plasma pro-
teins, plasminogen activator—inhibitor type-1
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(PAI-1), and most possibly CRP are known to
possess procoagulant function (Munford 2001).
This action is required for the formation of
abscess, for wading off invading pathogens, and
for various delayed hypersensitivity reactions.
CRP, fibrinogen, and haptoglobin play some
roles in wound healing (Cid et al. 1993).

It also found that CRP shares many properties
with the immunoglobulins, such as the ability to
promote agglutination, complement fixation,
bacterial capsular swelling, phagocytosis, and
precipitation of polycationic and polyanionic
compounds (Marnell et al. 1995). However, it is
structurally distinguishable from the immuno-
globulins on the basis of its antigenicity and its
possession of five apparently identical subunits.
Other distinctive characteristics of CRP are its
binding specificities and its site of synthesis.
Thus, CRP has been assigned to a new superfam-
ily of proteins.

2.5  CRP:lts Clinical
and Biological Role
2.5.1 Biological Role

The first line of defense toward diverse environ-
mental agents or foreign particles is the preexist-
ing natural antibodies or immunoglobulins and
the non-antibody proteins present in the body.
CRPs belong to this group of non-antibody pro-
teins and are well involved to build the body’s
first immunity. CRP shares many properties with
the immunoglobulins, such as the ability to pro-
mote agglutination, complement fixation, bacte-
rial capsular swelling, phagocytosis, and
precipitation of polycationic and polyanionic
compounds (Marnell et al. 1995). However, it is
structurally distinguishable from the immuno-
globulins on the basis of its antigenicity and its
possession of five apparently identical subunits.
Other distinctive characteristics of CRP are its
binding specificities and its site of synthesis.
Thus, CRP has been assigned to a new superfam-
ily of proteins.

Human CRP binds to a wide array of ligands
including damaged tissues, diverse bacteria, and
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different fungi (yeast) (Kindmark 1971;
Richardson et al. 1991). The known ligands for
CRP can be classified into three major groups—
(1) compounds that contain PC or related struc-
tures (Volanakis and Kaplan 1971), (2)
polycationic compounds (Dicamelli et al. 1980),
and (3) carbohydrates that contain D-galactose-
related structures (Lee et al. 2002) (Fig. 2.1).

PC is the fully defined calcium-dependent
ligand for CRP. The other ligands are the sphin-
gomyelin and the polar head groups of the preva-
lent phospholipids phosphatidylcholine found in
the outer surface of cell membranes which
becomes exposed after cell damage (Volanakis
and Kaplan 1971; Culley et al. 2000). Interaction
of CRP with lipids (Kaplan and Volanakis 1974),
liposomes (Mold et al. 1981), and phosphatidyl-
choline liposomes in the presence of lysophos-
phatidylcholine perturb the bilayer (Volanakis
and Wirtz 1979), lysophosphatidylcholine or

PREVENTION OF ADHESION OF
NEUTROPHILS TO ENDOTHELIAL CELL
Neutrophils (FcyR)= CRP/mCRP+ FcyRlllb
Shedding L-selectinon neutrophils

MODULATION OF INFLAMMATION
Neutrophils (polycations)= CRP+ polycations

; 4
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phospholipase A,-treated rabbit and human
erythrocytes (Volanakis and Narkates 1981) LDL
(Fu and Borensztajn 2002) where unesterified
cholesterol in LDL provides the ligand was
shown.

CRP has also been reported to exhibit signifi-
cant calcium-dependent and PC-inhibitable bind-
ing to eukaryotic constituents such as chromatin
(Robey et al. 1984), histones (H1, H2A, and
H2B) (Du Clos et al. 1988) under nonphysiologi-
cal conditions, small nuclear ribonucleoprotein
particles (snRNPs) (Du Clos 1989 and Pepys
et al. 1994) under relatively physiological condi-
tions, and galactose-containing polysaccharides
(Ulenbruck et al. 1981). Ligand-complexed CRP
is recognized and bound by molecules like Clq,
FcyRI, and FcyRlIla receptors (Agrawal et al.
2001) (Fig. 2.2). CRP binds to matrix proteins
laminin and fibronectin (Salonen et al. 1984 ;
Tseng and Mortensen 1988).  Surface-

INNATE HOST DEFENCE
AGAINST MICROBES:
Bacteria/fungi
(PC)=CRP+PC+Caz+
complex

Pl

Opsonophago
cytosisby Fcy
receptors

Classical
complement
pathway
activation by
C1q

NON-INFLAMMATORY CLEARANCE/PROCESSING

| \lf |
v v
Nuclear host material

(histones, snRNP, chromatin)
CRP+Caz*complex

Classical compleh/

pathway activation by
C1iq

Apoptotic cells

Opsonophagocytosis by
FcyRI/FcyRlla receptors

(Cellular host material)
CRP+Caztcomplex

INCREASED VASCULAR WALL
INFLAMMATION
¢ Expression of ICAM-1, VCAM-1/
e E-selectin on endothelial cells by mCRP
* Enhanced adhesion and recruitment of
monocytes and lymphocytes

Fig.2.2 Biological functions of CRP: CRP binds with a variety of ligands and activates the complement cascade or medi-
ates opsonophagocytosis to help in the clearance of microbes and nuclear materials (Ablij and Meinders, EJIM, 2002)
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immobilized CRP (neo-CRP) expresses a novel
set of antigenic determinant molecules (Ying
et al. 1989). Surface-adsorbed CRP also binds to
lactosylated human serum albumin (HSA) pro-
tein but does not bind with derivatives containing
other terminal sugars, like glucose, mannose,
sialic acid, and N-acetylglucosamine (Kottgen
et al 1992). A recent finding revealed that this
immobilized CRP binds to different carbohydrate
ligands in a much better way in absence of cal-
cium. Thus, the specificity of this neo-CRP in
accordance to the sugar structure is quite broad,
and the presence of a different negatively charged
group, such as a carboxylic acid or a phosphate
group on a sugar residue, greatly stimulates the
affinity of the present sugar (Lee et al. 2002).
Human CRP immobilized onto surface or onto
latex beads binds distinct plasma glycoproteins
including IgG, IgA, IgM, fetuin, asialofetuin,
etc., and likewise, synthetic glycoproteins, as a
lectin, exhibit binding specificity for terminal
galactosyl residues of the glycoprotein glycans.
Evidence from researches was presented that
CRP binds to lipophosphoglycan (LPG), the
major cell surface glycoconjugate on Leishmania
to coat the parasites (Culley et al. 1996). A differ-
ent observation that recognition of a pathogen
group by CRP takes place via a phosphorylated
carbohydrate contributes toward the carbohy-
drate specificity of CRP, which was demonstrated
using synthetic LPG oligosaccharides and a
range of monosaccharides, like phosphorylated,
amino, and sulfated carbohydrates (Culley et al.
2000). CRP also binds to leishmanial excreted
factors in presence of calcium, almost similar to
that occurring between CRP and various galac-
tans and quite different from the reaction occur-
ring between pneumococcal excreted factors and
CRP (Pritchard and Volanakis 1985). A recent
study revealed that CRP binds to the apoptotic
cells. This binding is specific, calcium depen-
dent, and restricted for the surface membrane of
intact apoptotic cells. Kinetic studies and confo-
cal microscopy with annexin V staining sug-
gested that CRP binds to a ligand other than
snRNPs or chromatin on the apoptotic cell sur-
face, most likely, to lysophospholipids on apop-
totic cells (Gershov et al. 2000). CRP can also
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bind to human neutrophils and small fraction of
peripheral blood lymphocytes (PBL) in the pres-
ence of CPS (Fig. 2.2).

2.5.2 Clinical Importance

Despite the lack of unique diagnostic specificity,
CRP is highly useful in clinical practice because
changes in their serum or plasma level in a broad
range reflect the presence and strength of diverse
inflammatory processes. The estimation may
help to differentiate inflammatory from nonin-
flammatory conditions, reflect response to and
need for treatment, assess prognosis, and predict
future risk. Moreover, CRP level is not directly
affected by many anti-inflammatory or immuno-
suppressive drugs unless these drugs affect activ-
ity of underlying disease. Therefore, recently,
CRP has been established as a more important
marker of acute-phase reactions than others, like
ESR, and widely used in clinical practice.
Plasma/serum CRP concentration showed
marked elevation in various conditions like bac-
terial infection, abscess, Crohn’s disease, con-
nective tissue disorders (except SLE), neoplasia
(except leukemia), trauma, and Necrosis, whereas
it showed slight elevation in viral infection, ste-
roid and estrogen therapy, ulcerative colitis, and
SLE. CRP is also known to be elevated in many
other disease and pathological conditions and the
spectrum of its clinical application is increasing
day by day. It is useful in the diagnosis of neona-
tal septicemia and meningitis, postoperative
infection, postoperative thromboembolic compli-
cation, intercurrent infection of SLE, intercurrent
infection of leukemia, acute pancreatitis, acute
appendicitis, acute osteomyelitis, acute rheu-
matic fever, insulin resistance, etc. and in the
prognosis of rheumatoid arthritis, juvenile rheu-
matoid arthritis, ankylosing spondylitis, Reiter’s
syndrome, psoriatic arthropathy, vasculitic syn-
drome, Crohn’s disease, rheumatic fever, familial
Mediterranean fever, myocardial infarction, sta-
ble and unstable angina, and visceral leishmani-
asis. It is also used as a risk assessment of
different diseases like myocardial infarction,
angina, cardiovascular mortality, morbidity and
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mortality in the elderly, metabolic syndrome, and
PKDL.

Most normal subjects have the average plasma
CRP concentrations of 2 pg/ml or less, but some
individuals have plasma concentrations as high
as 10 pg/ml as most of us are under some regular
stress and inflammatory responses. This may also
be due to the limited activation by minimally
apparent or some unapparent low-grade process.
Thus, the 10 pg/ml level of CRP is regarded as
clinically unimportant. However, according to
recent findings, slightly elevated concentration
within the normal range may predict future coro-
nary events. The basis for the differences
observed in CRP responses in some apparently
similar inflammatory disease is not known.
Differential behavior of CRP may be contributed
toward differential glycosylated molecules pres-
ent in CRP (Ansar et al. 2009a; b). The differen-
tial glycosylation is induced in various
acute-phase conditions (Das et al. 2003). The dif-
ferential behavior/role may attribute the nature
and/or degree of tissue damage or may be due to
some genetic modulations in the potential to pro-
duce mediators, to respond to some mediators,
and/or to produce CRP protein itself.

Increased CRP production is a very sensitive
early indicator of most forms of microbial infec-
tion. Accordingly, CRP is useful in the diagnosis
of neonatal septicemia and meningitis. Similarly,
CRP is elevated in most cases of acute osteomy-
elitis including those early cases where constitu-
tional symptoms, leukocytosis, and plain
radiographic abnormalities are absent. It also
facilitates the recognition of intercurrent infec-
tion in SLE and leukemia. But this application
has been somewhat limited by the finding that
active lupus serositis and chronic synovitis also
induce elevation of CRP. Any surgery is known
to be associated with elevation of CRP, but the
absence or the fall in CRP level after 7-10 days
or secondary rise provides early warning of post-
operative infection or thromboembolic complica-
tions. Recently, CRP is regarded as the only
useful marker that shows great promise in diag-
nosing acute pancreatitis.

CRP has some definite value in evaluating
clinical course and response to treatment in con-

nective tissue disorders. It is also related to the
prognosis of acute myocardial infarction in rela-
tion to its long-term outcome.

Higher level of CRP in treated visceral leish-
maniasis (VL) patients predicts higher future
occurrence of post kala-azar dermal leishmania-
sis (PKDL) (Gasim et al. 2000). CRP measure-
ment for clinical study in the high normal range
values predicts an increased/prolonged long-term
risk of angina, myocardial infarction, and death.
Indeed, a high normal baseline plasma CRP level
has been correlated with an increased risk of
some coronary events even in normolipidemic
persons. The relationship between elevated CRP
and adiposity suggests its predictive value in
development of metabolic syndrome.

Recently, researches are going on regarding
measurements of plasma cytokines, cytokine
receptors, and their clinical significance. But,
their measurements have no apparent advantage
over CRP measurements. The definitive role of
CRP estimation in some diseases has been well
established and in some it is not. The clinical sig-
nificance of CRP has come a long way from its
quantitative estimation in different diseases in the
light of inflammatory processes to that in the light
of pathogenesis other than inflammatory in nature.

2.6  CRP and Evolution

The immune system of humans has evolved from
both invertebrate and vertebrate organisms for
over a million of years to develop into a full-proof
defense mechanism which is highly specific for
invading microbial pathogens. The human innate
immune system has inherited from the inverte-
brates, using a system of germline-encoded pro-
teins. This ancient defense system helps to
recognize pathogens. The cells of innate immune
system are mostly conserved highly. This system
includes pattern recognition receptors (PRRs) that
recognize microbial pathogens and trigger a
plethora of mechanisms of pathogen abolition.
The host proteins like PRRs recognize pathogen-
associated molecular patterns (PAMPs) and some
human molecules whose ancestors are also evolu-
tionary ancient and constant. Thus, recognition of
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surface pathogen molecules leads to activation/
production of the effector molecules like comple-
ment pathways, diverse cytokines, and antimicro-
bial peptides. Major PRR families of proteins
include plasma pentraxins and others.

The nonspecific innate immune responses
begin much more earlier than the specific adap-
tive system. Indeed, the innate immune system
therefore forms the first line of defense after the
host has been attacked by a pathogen. In coopera-
tion with the nonspecific mechanism, the body
mounts an adaptive immune response. Innate
immunity can be seen to be mainly composed of
anatomic, physiologic, phagocytic, and inflam-
matory types of four defensive barriers.

The first line of defense toward diverse envi-
ronmental agents or foreign entities is preexisting
natural antibodies or immunoglobulins and the
non-antibody proteins present in host body. CRPs
belong to this group of non-antibody proteins and
are well involved to build the bodies’ first immu-
nity. It also found that CRP shares many proper-
ties with the immunoglobulins, such as the ability
to promote agglutination, complement fixation,
bacterial capsular swelling, phagocytosis, and
precipitation of polycationic and polyanionic
compounds (Marnell et al. 1995). However, it is
structurally distinguishable from the immuno-
globulins on the basis of its antigenicity and its
possession of five apparently identical subunits.
Other distinctive characteristics of CRP are its
binding specificities and its site of synthesis.
Thus, CRP has been assigned to a new superfam-
ily of proteins.

CRPs are highly conserved evolutionarily
members of the pentraxin family, indicating their
important biological role across species. They
exhibit high sequence homologies with other
members of the family, found in all mammals,
birds, amphibians and marine teleosts, sweet
water fishes (Pepys et al. 1978 and Hokama and
Nakamura 1987 and Sinha and Mandal 1996 and
Paul et al. 1998). The most primitive creature in
which CRP is known is the arachnid Limulus
polyphemus (Robey and Liu 1981). This evolu-
tionary conservation of sequence and binding
specificity over a diverse range of species sug-
gests that CRPs have an important biological role.

a

CRP is a normal component of the inverte-
brate hemolymph, whereas in humans and other
mammals, CRP level increased significantly
from its basal level under inflammatory condi-
tions. As, for example, in Limulus (Robey and
Liu 1981), rat (Nagpurkar and Mookerjea 1981
and De Beer et al. 1982a, b), and fish (Sinha and
Mandal 1996 and Paul et al. 1998), CRP is con-
stitutively expressed and a major normal plasma
component present at a concentration of 1-5 mg/
ml. In contrast, CRP is a trace plasma protein in
humans. It is expressed dramatically and rapidly
as part of the diverse acute-phase response to
injury or infection. It has been suggested that
CRP might be serving as a primitive form of
immunoglobulin in those groups, which have
high concentration of CRP as a constitutive
plasma protein.

CRP: A Different State-of-
the-Art Research

2.7

The state of the art of research in CRP encom-
passes different areas, including:

1. Epidemiological and clinical research study

* In the CVD risk prediction beyond the
known traditional risk factors, the individ-
ual and pooled data from various existing
and new epidemiological studies were ana-
lyzed. This is done to examine whether
diagnostic CRP measurement can be
improved and can help target individuals
who should be treated.

» To examine the correlation between CVD
and CRP level and to check whether this
association is truly independent of other
known CVD risk factors.

* In clinical practice, is it worthwhile to add
CREP to the basic risk assessment category
in sufficient population of patients from
one treatment regime to another (reclassifi-
cation) group.

» Is it worthwhile to replace a traditional car-
diovascular risk factor(s) with CRP (or any
other newly discovered biomarker as risk
predictors) to improve the CVD risk pre-
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diction assessment for use in clinical
science.

* Possible heterogeneity observed by popu-
lation subgroups (like age, ethnicity, etc.)
and inclusive prospective research studies
in minority groups to assess the correlation
of CVD prevalence with CRP and other
inflammatory biomarkers and to ascertain
whether CRP cutoff values should vary by
sex or ethnicity parameter.

e Whether CRP is superior as a CVD risk
predictor than other inflammatory bio-
markers, other novel biochemical proce-
dures or various subclinical disease
markers, or traditional CVD risk predic-
tors, either singly or in combination mode,
in cost-effectively predicting CVD risk.

2. Clinical studies to further demarcate whether
CRP is a causal risk predictor for CVD and
the efficacy of measuring CRP values in clini-
cal practice.

e Observational research studies correlating
CVD with CRP genetic polymorphisms
that persuade CRP level.

* Development and trial of CRP-inhibiting
drugs for utilization in clinical trials that
could resolve the usefulness of such drugs
in curbing CVD events.

* Clinical testing to trial usefulness of CRP
lowering in diminishing mortality rate and
infarct size in the situation of various acute
coronary syndromes.

* To significantly lower CVD events, is it
necessary to measure CRP levels in clinical
trials for better targeting of therapy? To
establish by all these trials, whether a high
or low CRP level should influence different
preventive therapies, in monitoring
response to therapy, or to rouse modifica-
tions of therapy.

3. Primary prevention clinical studies
¢ Clinical trials of various principal preven-

tion approaches in which increased CRP is
used to recognize individuals at high risk,
for example, trials of hypertension patients
or diabetes prevention in subjects with high
CRP. Analyses could be potentially done

using stored samples already completed
trials in a post hoc basis.

To identify and characterize changes in
pathway biology in the general individuals,
in the machinery of innate immunity cas-
cades, various cellular and molecular epi-
demiological studies need to be addressed.
To prevent the process of elevated CVD
risk in the first position, effective studies
need to be developed on individual or
population-wide strategies, inclusive of
elevated CRP levels and its chief behav-
ioral determinants, fatness and exercise.
Valid clinical trials to resolve whether cal-
culating and measuring CRP levels can
motivate subjects or clinicians to pursue
CVD prevention strategy.

Observational or various experimental
studies pinpointing the extent to which
dietary symphony or physical activity
manipulates CRP levels irrespective of
obesity.

4. Relationship of CRP to other conditions

Diverse studies of the interconnections of
obstructive sleep apnea or sleep depriva-
tion with CRP, obesity, and CVD events
Prospective studies of different inflamma-
tory conditions (like psoriasis, rheumatoid
arthritis, etc.) and the risk of consequent
CVD and whether the CRP elevation may
explain the probable associations

5. Other clinical trial studies

Clinical studies to determine various
genetic polymorphisms in the known CRP
gene that affect plasma levels and acute-
phase variation of CRP. Verification of the
CRP level in young people would be of
special mention.

6. Studies to correlate the interrelationship
between the plasma CRP levels and the degree
of the atherosclerosis

Research to assess the importance of mea-
suring the CRP level in acute coronary
syndromes

Analyses of various clinical trial data to
examine whether any anti-inflammatory
effects of curing lipids or blood pressure
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may contribute any difference in the treat-
ment outcome
7. Development of various methods

1. Development of various improved biosta-
tistical protocols for clinical decision-
making treatment when the aim is to
predict the risk which can be used for
screening and treatment targeting. The
application to CRP and diverse inflamma-
tory markers is needed.

2. Research to develop improvised biomark-
ers that attribute pathology-associated
alterations in inflammation. Use of bio-
marker in various imaging measures like
PET, MRI, ultrasound, and many others is
potentially validated. This might be done
by an inflammation-centered clinical trial
web that could evaluate various surrogate
markers and other new candidate targets
and therapeutics.

3. Development of database study to estab-
lish various permissible laboratory errors
for CRP and its measurement standards. It
is imperative to develop a CRP concentra-
tion measurement standardization
protocols.

8. Basic research areas

1. To develop appropriate animal models to
study the effect of CRP and atherosclero-
sis. To find out appropriate genes and
develop some study knockout model
animals.

2. The mechanisms by which CRP may influ-
ence ischemic CVD and atherosclerosis
should be studied by using animal models.
To examine and determine the pathological
and physiological functions of human CRP
in atherosclerosis, atherogenesis, and
thrombosis. Moreover, the impacts of CRP
inhibitory mechanisms need to be studied.
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3. Various animal models were used to test
budding therapeutic approaches before
conducting  differential ~CRP-targeted
human clinical trials.

4. Basic and clinical researches to identify
various specific markers of atherosclerosis
and to develop immunological assays.
These are needed to help characterizing the
role of different inflammatory process and
its effector molecules in the development
of atherosclerosis and consequent CVD
events.

5. Researches on the sources of CRP eleva-
tion and also sources of various stimuli for
CRP production.

2.7.1 Discussions: CRP, Research

and Challenges Ahead

Research to understand the epidemiology and
assess the quality and consistency of different epi-
demiological data and the association of CRP
with incident cardiovascular disorders is on track.
Understanding the basic biological mechanisms
relating CRP to CVD is being carried on.
Questions on the role of CRP as a causal player
for CVD or a biomarker of CVD risk or whether
it is a nonspecific marker of inflammation in CVD
are still unanswered. In-depth studies to under-
stand the proper function of CRP measurement in
the CVD avoidance and management remain the
daring act ahead. Studies showed strong associa-
tion between the CRP measurement during CVD
etiology, and sorting in order to notify the screen-
ing of subjects for risk of future CVD and in pin-
pointing preventive therapeutic approaches needs
to be highlighted. More research studies and
investigation are needed to determine the question
of clinical efficacy of CRP.
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Abstract

The host innate responses to immunological stress initiate with a nonspe-
cific response followed by specific responses. Host homeostasis is affected
due to injury, infection, surgery, trauma, neoplastic growth, or immuno-
logical disorders and is combated by a prominent systemic reaction of the
organism known as acute-phase response (APR). At the tissue injury sites
and sites of invasion of microbes, a series of tissue responses are itself
initiated. The activation of vascular system and inflammatory cells and
release of pro-inflammatory cytokines are the key steps of these responses.
These responses are then amplified by the overproduction of cytokines and
different inflammatory mediators released in blood circulation. The acute-
phase response is also characterized by hepatic secretion of some proteins
termed as acute-phase proteins (APP). APR characterized by alteration in
blood plasma composition is beneficial to the host in preventing microbial
propagation and thus helps in restoring homeostasis. Multifunctional
APPs can opsonize the invading microbes and activate the complement
system and remove dead cells and free radicals. In this chapter, the changes
induced by acute-phase response disruption of host body homeostasis are
discussed. In addition, the diagnostic, prognostic, and therapeutic use of
APPs in assessing health in animals as well as human patients is also
described.
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mediators ¢ Acute inflammation ¢ Chronic inflammation ¢ Disease bio-
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Chapter Highlights

* The acute-phase response of the host disrupts
the normal homeostatic balance contributing
to defensive or adaptive capabilities.

e These changes are of variable and diverse
nature that either play a role to (1) initiate, (2)
sustain, (3) modulate the inflammatory
responses, or have (4) adaptive roles.

» These changes are enabled by signaling events
mainly triggered by cytokines associated with
an inflammation process.

» Several cytokines, like IL-6, stimulate the pro-
duction of acute-phase proteins as a response
to stimulation.

* Cytokines produced in APR differ with types
of inflammatory conditions.

e Acute-phase responses are indicative of
inflammation and its intensity, and they find
application in clinical diagnosis and manage-
ment of APR.

e Serum concentration of CRP offers advan-
tages over the traditional method of measuring
the erythrocyte sedimentation rate as a mea-
sure of acute-phase responses.

3.1 A Brief History

Human CRP is one of the best-studied major
acute-phase proteins (APP). It was first discov-
ered by Tillet and Francis in 1930 (Tillett and
Francis 1930). They were studying serological
reactions with different pneumococci extracts.
They found that a non-type-specific somatic
polysaccharide fraction, termed by them as frac-
tion C, showed precipitation by the serum of
acutely ill patients. The capacity of the patient’s
sera to precipitate C-substance, which was
termed as C-polysaccharide (CPS) later, rapidly
disappeared, after the crisis is over. In 1941,
Macleod and Avery first isolated the C-reactive
material and characterized it as a protein. This
protein requires the presence of calcium ions in
order to react with CPS. Macleod and Avery in

1941 coined the term “acute phase.” In the same
year, Abernethy and Avery coined the term CRP
to this serum protein which is responsible for pre-
cipitin with CPS (Abernethy and Avery 1941). In
1966, J. Hurlimann first discovered the hepatic
site for CRP formation (Hurlimann et al. 1966).
However, the extrahepatic expression of CRP has
also been documented (Dong and Wright 1996).

3.2 Acute-Phase Response (APR)
The complex series of reactions initiated in
response to (1) infection, (2) injury, (3) wound,
(4) physical trauma, or (5) malignancy is termed
as the acute-phase response (APR). These reac-
tions function to bring about (1) preventing ongo-
ing tissue damage, (2) isolating and destroying
pathogenic infectious organism, and (3) activat-
ing the repair mechanism required to restore the
host’s/organism’s normal function (Baumann and
Gauldie 1994). Thus, APR helps in restoring the
homeostasis of the host organism. It is character-
ized by (1) leukocytosis, i.e., increase numbers of
circulating neutrophils and their precursors,(2)
fever, (3) anorexia, (4) somnolence, (5) lethargy,
(6) alterations in the cellular metabolism, and (7)
alteration of the plasma APP concentration (Hack
et al. 1997b, Gabay and Kushner 1999). APR is
broadly divided into induction of APPs and
acute-phase phenomena. Bacterial products
including (1) peptidoglycans, (2) lipoteichoic
acid, (3) exotoxins, (4) lipoproteins, and (5) gly-
colipids can lead to the initiation of local
inflammatory processes (Paul et al. 2008). Post-
bacterial invasion into cells and many cell types
on the mucosa or skin may produce infection
controlling molecules (Baumann and Gauldie
1994) (Table 3.1).

3.3  Synthesis of APPs
APPs are synthesized by hepatocyte cells in the
liver. The synthesis is stimulated by the cytokines
released including IL-1, IL-6, and tumor necrosis
factor (TNF)-a from the macrophage and mono-
cyte cells at inflammation sites.
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Table 3.1 Different APPs in human (Morley and Kushner 1982)

Acute-phase proteins

CRP, SAA, serum amyloid P

Complement components—C2, C3, C4, C5,
C9, factor B, C1 inhibitor, C4 binding
protein

Group

Fibrinogen, von Willebrand factor
ol-Antitrypsin, al-Antichymotrypsin,
o2-Antiplasmin, heparin cofactor II,
plasminogen-activator inhibitor I

Haptoglobin, hemopexin, ceruloplasmin,
enzyme: manganese superoxide dismutase
al-Acid glycoprotein, lipoprotein (a), heme
oxygenase, lipopolysaccharide-binding
protein mannose-binding protein, leukocyte
protein I

Albumin, prealbumin, apo Al, apo AlIl, HS
glycoprotein, histidine-rich glycoprotein,
transferrin, inter-a-trypsin inhibitor

These cytokines activate their specific recep-
tors on different target cells that lead to down-
stream signaling events leading to a series of
systemic reactions. The reactions include (1) the
hypothalamic—pituitary—adrenal gland activation,
(2) the reduced secretion of growth hormone
(Gruys et al. 1999), and (3) a number of physical
changes.

The physical changes show clinical symptoms
of fever and anorexia (Dinarello 1983; 1989;
Ingenbleek and Carpentier 1985; Ingenbleek and
Young 1994; Kraft et al. 1992; Kushner et al.
1981; Langhans 1996; van Miert 1995). Other
measurable changes are (1) decreased concentra-
tion of high- and low-density lipoprotein-bound
cholesterol in blood plasma; (2) decreased leuko-
cyte numbers in blood; (3) complement cascade
and blood clotting system activation; (4)
increased concentration of adrenocorticotrophic
hormone (ACTH) and glucocorticoids; (5)
reduced serum concentration of ions like zinc,
iron, and calcium; (6) decreased a-tocopherol
and vitamin A level; and (7) most importantly
alteration in concentration of several plasma pro-
teins, the APPs (Dinarello 1983, 1989; Gruys
et al. 1994). The concentrations of APPs are
mostly due to a changed hepatic metabolism.
Thus, within hours of infection, the protein syn-
thesis pattern of the hepatocytes is altered drasti-

Major APR
Complement proteins

Function
Positive APRs

Coagulation protein
Proteinase inhibitors

Metal-binding proteins

Other proteins

Negative APRs

cally that results in an increase of positive APPs
in the blood proteins (Blackburn 1994; Dinarello
1983, 1989; Gruys et al. 1994; Ingenbleek and
Young 1994; Kushner et al. 1981). CRP, SAA,
haptoglobin, and many others represent the posi-
tive APPs synthesized by the liver after cytokine
stimulation (Heinrich et al. 1998, 1990). The
APPs whose synthesis decreases in blood plasma
are the negative APPs. The examples of negative
APPs include albumin, retinol binding protein
(RBP), transthyretin (TTR), transferrin, and
cortisol-binding globulin (Ritchie et al. 1999).

3.4 Cytokinesin the Synthesis

of APPs

Macrophages and other leukocytes when acti-
vated release inflammatory cytokines (TNF-a,
IL-1, and IL-6). The pattern recognition recep-
tors (PRRs) on leucocytes and macrophages bind
pathogen-associated molecular patterns
(PAMPs). Exposure to released bacterial prod-
ucts stimulates mast cells to release pro-
inflammatory cytokines that recruits neutrophils
to the inflammation sites (Abbas et al. 2012).
Major cytokines in APR include interleukin-1,
interleukin-6, interleukin-8, and interleukin-1p,
TNF-a, interferon-y (INF-y), and transforming
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growth factor p (TGF-p) which have a profound
effect on the behavior, neuroendocrine system,
and metabolic effect (Kushner 1993; Wigmore
et al. 1997; Gabay and Kushner 1999) on acute
and many systemic acute-phase effects. There are
reports of the presence of the cytokines and their
specific receptors in the neuroendocrine system
and brain. In experimental animals, IL-1, IL-6,
and TNF-a have been shown to modulate carbo-
hydrate, fat, and protein metabolism and regulate
hypothalamic—pituitary ~ secretions  (Johnson
1997; Johnson et al. 1993a). These cytokines cir-
culate through the blood and on reaching the liver
stimulate liver hepatocytes to synthesize and
secrete APPs.

The liver plays an important role in the immune
system. Both innate and adaptive immunity func-
tions of the liver are carried by different groups of
cells with highly specialized functions. Liver
secretes many acute-phase proteins, like short
pentraxins, pathogen recognition receptors
(PRRs), constituents of the complement cascade,
and different regulators that control iron metabo-
lism. Thus, liver hepatocytes contribute largely to
the control of responses of systemic inflamma-
tion. APP synthesis from the hepatocytes is regu-
lated by a number of cytokines released during
the inflammation. Cytokines like IL-1 and IL-6
type act as additive, inhibitory, or synergistic reg-
ulators of APP expression. These prime cytokines
operate both as a cascade and as a network. But, a
cytokine like IL-1P substantially modifies IL-6-
induced APP production. Sometimes IL-1f
almost completely reduces the production of
APPs like a(l)-antichymotrypsin, y-fibrinogen,
and a(2)-macroglobulin or it may upregulate the
production of CRP, SAA, and hepcidin. The entire
switch-like regulation of IL-1P on IL-6 induces
production of acute-phase protein through a com-
plex intracellular signaling process. In response
to the activation of IL-6 and/or IL-1f, the NF-xB
and STAT3-mediated signal transduction, their
cross talk and the complex formation between
STAT3 and the p65 subunit of NF-xB play an
important role in controlling gene transcription of
acute-phase genes (Bode et al. 2012).

Cytokines initiate a signaling cascade culmi-
nating in synthesis of APP within 12-48 h of its
stimulation (Gabay and Kushner 1999; Li et al.
1994). The cytokine-regulated and hormone-
dependent hepatic production of APP results
from the induction of a common transcription
factor. Within hepatocytes a broad spectrum of
genes code for secretary proteins during APR
(Baumann and Gauldie 1994). The expression of
genes coding for APP is regulated at the tran-
scriptional level. Posttranslational events partici-
pate in alteration of APP. Posttranslational
modifications of plasma proteins like glycosyl-
ation during inflammation include (1) altered pat-
tern of oligosaccharide branching, (2) overall
increase in the sialylation in orosomucoid (o-
acid glycoprotein), and (3) decreased galactosyl-
ation in IgG (Gabay and Kushner 1999).

3.5 Hormonal Regulation of APR

and Synthesis of APP

Synthesis of APP is mostly mediated by the pitu-
itary—adrenal endocrinal activation. The pitu-
itary—adrenal axis is stimulated by cytokines and
also involves the production of the glucocorticoid
group of hormones. Glucocorticoid hormones
like adrenocorticotrophic hormone (ACTH) and
hydrocortisone were produced at the early stage
and cortisol at the later stage. IL-6 receptor-
mediated expression on liver cells was enhanced
by cortisol thereby stimulating IL-6-mediated
synthesis of APPs. During APR, insulin-like
growth factor I synthesis in downregulated.
Cortisol also negatively regulates the synthesis
and secretion of IL-6, IL-1, and TNF-« cytokines
by inhibitory activity. Inflammation-associated
cytokines stimulate directly the adrenal gland-
related catecholamine and the production of
corticotropin-releasing hormone and also simul-
taneously stimulated the production of cortico-
trophin. In some inflammatory disorders, the
occurrence of hyponatremia can be explained by
the IL-6-stimulated production of arginine vaso-
pressin (Gabay and Kushner 1999).
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3.6 Symptoms of APR

APR involves a series of complex reactions with
both localized and systemic effects. A large vari-
ety of biochemical, physiologic, behavioral, and
nutritional changes occurred during APR. As
mentioned in the earlier paragraph, neurological
changes are the production of different classes of
hormones. Inhibitory or stimulated productions
of hormones are coupled with marked induction
of fever, solmonescence, anorexia, and lethargy.
Leukocytosis, thrombocytosis, and anemia in
some chronic disorders are the chief hematologi-
cal changes observed during APR. The major
metabolic changes are cachexia, osteoporosis,
increased adipose tissue lipolysis and hepatic
lipogenesis, and reduced gluconeogenesis and
show reduction in lipoprotein lipase activity in
muscle and adipose tissue, negative nitrogen bal-
ance, and loss of muscles. The hepatic changes of
APR are hypoferremia, hypercupremia, and
hypozincemia, increased metallothionein, heme
oxygenase, plasma retinol, tissue inhibitor of
metalloproteinase-1, manganese superoxide dis-
mutase, inducible nitric oxide synthase and glu-
tathione concentrations, decreased phosphoenol
pyruvate carboxykinase activity, and also changes
in non-protein plasma constituents. Apart from
all these, increased synthesis of a large number of
APP by the liver leads to increased plasma level
of APP (Dinarello 1983, 1984, 1996, 1997,
Gabay and Kushner 1999).

3.7 Local Inflammation and APR
Inflammation involves a biochemical reaction
against infection and or tissue injury, initiated by
the influx and activation of leukocytes and plasma
proteins at the sites of inflammation. The patho-
genic infectious organism initiates local inflam-
mation in the body during infection (Gabay and
Kushner 1999). Followed by a systemic response
of the body collectively termed as APR (Gabay
and Kushner 1999). In infection pathophysiology
such reactions lead to elimination of infectious
agents (Gabay and Kushner 1999).

APR response are manifested by (1) the induc-
tion of fever, anorexia, lethargy, solmonescence;
(2) increased expression of ACTH and hydrocor-
tisone hormones (Gabay and Kushner 1999) ; (3)
leukocytosis; and (4) altered synthesis of proteins
from the liver (Zheng et al. 1995). These proteins
with altered concentration during inflammation
are termed as APPs (Gabay and Kushner 1999).
Bacterial components like peptidoglycans, lipo-
teichoic acid, exotoxins, lipoproteins, and glyco-
lipids initiate the local inflammatory processes
(Paul et al. 2008). After bacterial invasion, muco-
sal and skin cells produce molecules that control
infections (Gabay and Kushner 1999) Mast cells
store histamine, serotonin (Moshage 1997), pre-
formed TNF, and various pro-inflammatory cyto-
kines (Arnett and Viney 2010). These cells when
exposed to bacterial products release these pro-
inflammatory cytokines. This then leads to neu-
trophil influx in the inflammation sites (Abbas
et al. 2012). IL-1, IL-6, and TNF-a are important
cytokines that exert a behavioral, neuroendocrine,
and metabolic effect (Gabay and Kushner 1999).
Cancer and infection cause local infection and
show development of APR and cytokine
(Cavaillon and Duff 1999). APR may continue for
a few days. In chronic or recurring inflammation,
continuous APR may lead to damage of underly-
ing tissues that leads to disease progression and
further complications, like cardiovascular or pro-
tein deposition diseases such as reactive amyloi-
dosis. The concentration gradient of released
tissue products activates the vascular system and
the cells that cause inflammation. These responses
in turn lead to the production of pro-inflammatory
cytokines and mediators that diffuse into circula-
tion (Gabay and Kushner 1999).

3.8 Biomolecules and Pathways
that Alter during Acute-

Phase Response

Other than the cytokine-mediated rise of clinical
symptoms, alteration in biomolecular concentra-
tion of macromolecules and a series of biochemi-
cal pathways occur during APR like (1) alteration
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of the APP concentration; (2) complement cas-
cade activation; (3) increased ACTH and gluco-
corticoids; (4) decreased calcium, zinc, iron,
vitamin A, and oa-tocopherol (Moldawer and
Copeland 1997; Gruys et al. 2005); and (5)
altered biosynthetic pattern of the liver through
its altered metabolism and gene regulation. Under
normal circumstances, the liver synthesizes
plasma proteins which are altered during the
acute-phase response after an inflammatory stim-
ulus, synthesizing APPs. APPs are also synthe-
sized by monocytes, endothelial cells, fibroblasts,
and adipocytes and are largely controlled by
inflammatory mediators, cytokines (TNF-a, IL-1,
IL-6, IL-11, IFN-y, LIF, OSM, CNTF, TGF-f)
and hormones (glucocorticoids) secreted by
polymorphonuclear  leukocytes, fibroblasts,
endothelial cells, monocytes, and lymphocytes
by regulating their transcription (Fig. 3.1a).
Insulin and okadaic acid are recently reported to
act as inhibitors of the cytokine regulation of
APP synthesis.

An important feature of the APR remains in
the fact that IL-1 and TNF-« stimulate the adre-
nal glands to synthesize glucocorticoids through
the central nervous system which in turn enhances
IL-1 and TNF-a-mediated induction of liver APP
synthesis. Glucocorticoids also cause downregu-
lation of IL-1 synthesis by macrophages, forming
a negative-feedback loop between the nervous
and immune system in order to control cytokine
synthesis. Some APPs are induced also by CNTF
(ciliary neurotrophic factor). Most of the increase

3 Acute-Phase Proteins and Responses and Their Application in Clinical Chemistry

or decrease in APR biosynthesis is through
altered gene transcription.

3.9  Acute-Phase Proteins

During tissue injury, burns, acute infections, or
chronic inflammation, the plasma concentrations
of the APPs increase or decrease. After the onset
of a systematic inflammatory reaction, the levels
of APPs can either increase collectively termed
as positive APPs or decrease collectively termed
as negative APPs to several folds. CRP, fibrino-
gen, mannose-binding proteins (MBP), SAA,
complement components, alpha 1-acid glycopro-
tein (AGP), etc. are the different APPs. Following
an inflammatory stimulus, the biosynthetic pro-
file of the liver is radically altered and affects
APP synthesis by hepatocytes. Up to 50 % above-
normal level induction of positive APPs over
normal levels are observed, while decreases of up
to 25 % are observed in the negative APP s dur-
ing inflammatory disorders (Morley and Kushner
1982). It is important to emphasize that there is
great variability in an acute-phase behavior from
one species to another (Table 3.2). In general,
increased synthesis of fibrinogen, AGP, and hap-
toglobin and decreased albumin synthesis are
observed in all mammalian species. In contrast,
there are sharp differences between the species in
the acute-phase behavior of CRP, SAA, serum
amyloid P component (SAP), and -
macroglobulin (Kushner 1988).

SYNTHESIS OF ACUTE PHASE PROTEINS

ACUTE PHASE PROTEINS (APP)

—

Hepatic synthesis

Hepatocytes

Epithelial cells

Extra hepatic synthesis
Endothelial cells
tissue

Fig.3.1 Synthesis of acute-phase proteins [www.jpbsonline.org]
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Table 3.2 Some species differences in acute-phase proteins (Kushner 1988)

Protein Human Rabbit Mouse Rat

a-1 Acidic glycoprotein ™ Unknown "1 "1
a-1 Proteinase inhibitor ™ Unknown Unknown ™

-1 Antichymotrypsin N Unknown ) Absent
a-2-Macroglobulin NO ™ Unknown N
CRP "t " () 1
Ceruloplasmin ) Unknown Unknown )
Fibrinogen i) () () N
Haptoglobin 1 1 1 M
Hemopexin 1 Unknown 1 "
Serum amyloid A ™1 ™1 ™1 Absent
Serum amyloid P 0 Unknown ™ 0
Transferrin Absent 1 Absent Unknown

111: elevation>=100-fold; 11: elevation two- to fivefold; 1: elevation <twofold; NO: no significant change

Most of these proteins exhibit the common
characteristics, but a few of them showed some
variations in their structure and functions. The
oldest member by evolution in this group is CRP
of an arachnid, Limulus polyphemus (the horse-
shoe crab), which differs from its vertebrate
counterparts as being hexameric, and those three
major acute-phase proteins (CRP, SAP, and
HSAP) differ significantly in their calcium-
binding and calcium-dependent ligand-binding
properties (Srinivasan et al. 1994).

3.10 Pleiotropism of Acute-Phase
Proteins

Most of the APPs showed multifunctionality.
Different research data confirmed that APPs act
on varied types of cells and play role in both the
early and late stages of inflammation. CRP, an
APP, acts on red blood cells, white blood cells,
parasites like Leishmania, and other cell types
(Ansar et al. 2006, 2009a, b; Das et al. 2003,
2004a, b). Interestingly, the concentrations of
APPs and their functional effects are time depen-
dent and affected by their molecular conforma-
tion (Das et al. 2003) (Fig. 3.1). Many APPs
amplify the inflammatory responses when the
infecting pathogen is residing within the host
body and also downregulate the response after

eradication of the pathogen. Thus, these APPs
have a dual function (Figs. 3.2 and 3.3).

3.11 Different APPs

In many papers the role of different APPs was
mentioned. Their concentration increases in dif-
ferent diseased conditions. Interestingly, their
concentration also varies among species. A brief
account of some of the APPs has been discussed
here.

1. C-reactive protein

CRP is one of the positive APPs which are
overexpressed in connective tissue disorders,
inflammatory disorders, e.g., inflammatory
arthritis, vasculitis, Crohn’s disease, tissue injury,
or necrosis, e.g., burns, necrosis, myocardial
infarction, pulmonary embolus, neoplastic dis-
ease, bacterial infections, but reveal less eleva-
tion in viral infections. CRP is a better diagnostic
marker than the erythrocyte sedimentation rate
(ESR) for monitoring inflammation-induced
rapid changes in the host physiology. CRP does
not depend on different immunoglobulin or
fibrinogen levels for its functionality. CRP unlike
ESR is also not affected by the number or shape
of RBC (erythrocytes). CRP is named after its
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Fig. 3.2 Events that lead to acute-phase response [www.
intechopen.com]. ((1) Initial activation of NF-kB, a tran-
scription factor. ((2) Activation of cytokine expression. ((3)
Cytokines on binding to their specific receptors initiate sig-

ability to react with the C-polysaccharide of
Streptococcus pneumonia (Ansar et al. 2006,
2009a, b; Das et al. 2003, 20044a, b). CRP has the
property to bind to nuclear chromatin-basic his-
tone—protein complexes and also to other cell
types. Once bound, CRP is able to engulf the
pathogen by phagocytosis or may lyse the patho-
gen by activating the classical complement path-
way (Bandyopadhyay et al. 2004). If no
complications develop, within a week of appro-
priate bacterial meningitis treatment, CRP con-
centrations characteristically return to its normal
level. Serum and cerebrospinal fluid (CSF) con-
centrations of CRP and their monitoring may be
important from a clinical and diagnostic point of
view. CRP is a nonspecific inflammatory bio-
marker, and its clinical usefulness in diseases was

Acute phase proteins

Restoration of homeostasis
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naling events, activating downstream transcription factors.
((4) They then bind to their response elements in the acute-
phase promoter region genes. ((5) Acute-phase genes are
then transcribed leading to acute-phase protein secretion

therefore limited, especially in differential diag-
nosis. However, in the last few years, CRP has
been used in monitoring different disease activi-
ties in inflammatory conditions like rheumatoid
arthritis, cardiac disorders, infections, or malig-
nancy. CRP is used as a prognostic marker for
conditions like acute pancreatitis. It is known that
CRP levels rise significantly during acute inflam-
mation and therefore can be used for indicating
the presence of significant infectious diseases or
inflammatory conditions, especially in children.
Low specificity of CRP may indicate its draw-
back as a biomarker of adult sepsis but finds
importance in screening the early onset in neona-
tal sepsis. Interestingly, CRP being an acute-
phase protein, its concentration rises negligibly
to a minute detectable rise in autoimmune disor-
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PLEOTROPISM: A SINGLE PROTEIN HAS DIFFERENT FUNCTIONAL ACTIVITIES

4

Pleotropism of acute phase proteins (APPs)
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Fig.3.3 Pleiotropism of acute phase proteins [www.intechopen.com]

ders systemic lupus erythematosus (SLE), osteo-
arthritis, anemia, leukemia, virus infection,
polycythemia, pregnancy, ulcerative colitis,
estrogen or steroid treatments. But researches
showed that increased CRP concentration is an
important risk factor for atherosclerotic cardio-
vascular disorders. In an acute coronary syn-
drome, high CRP levels correlate with a poor
prognosis for patients. However, the role played
by CRP in atherosclerosis is quite controversial.
CRP with a predictive value of the development
of type 2 diabetes, even after patient’s body
weight adjustment, is important in diabetes man-
agement. CRP also increases each symptom of
the metabolic syndrome (Ansar and Ghosh 2013;
Das et al. 2003) (Fig. 3.4).

2. Ferritin

Ferritin is an iron—protein complex found in
most tissues but shows predominance in the bone
marrow and reticuloendothelial system. Under
normal physiological conditions, it acts as a pri-
mary iron-storage protein and its level indicates
the patient’s iron status. It is an APP and shows
increased levels of expression during inflamma-
tion, malignancy, and liver disease conditions.

Nearly 10 % of elevated plasma ferritin concen-
tration in blood is due to iron overload. To test the
iron stores of the body, it is not always appropri-
ate to measure the increased concentrations of
ferritin. The normal concentration values of fer-
ritin ranges from 27 to 329 ng/ml in men and 9 to
125 ng/ml in women. However, during inflamma-
tion, it increases due to APR. The concentration
of ferritin increases in cases of liver damage and
malignancies. Nearly 90 % of the reported
elevated serum ferritin in individuals are due to
chronic alcohol consumption, metabolic syn-
drome, obesity, diabetes, malignancy, infection,
and  different  inflammatory  conditions
(Doganavsargil and Giimiisdis 2003; Kilicarslan
et al. 2013).

3. Haptoglobin

Haptoglobin (HGB) is an a-2 globulin, which
has a normal physiological function of removing
free plasma hemoglobin. The levels of haptoglo-
bins are downregulated during any cause of
hemolysis in blood. Haptoglobin is also an APP,
the levels of which increase in malignancy espe-
cially in cases of bone secondary infection,
inflammation, trauma, surgery, steroid or andro-
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Fig.3.4 CRP: Biological role [www.medscape.com]

gen therapy, and diabetes. Haptoglobin inhibits
bacterial propagation in the host body by binding
iron molecules, depriving bacteria of this
element.

4. Fibrinogen (FNG)

Fibrinogen is an important APP having impli-
cated in coagulation and wound healing. Higher
concentration of fibrinogen revealed erythrocyte
agglomeration and fast deposition and also
increases the sedimentation velocity of erythro-
cytes. It takes part in the APR after tissue damage
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and inflammation. In circulatory system disor-
ders or in heart diseases, high fibrinogen levels
are also seen. High fibrinogen levels may be
observed in the stomach, in the renal system and
breast malignancies, in the exogenous use of
estrogen and oral contraceptives, and in inflam-
matory diseases like rheumatoid arthritis. In a
familial Mediterranean fever, the fibrinogen finds
application as a disease marker. Low fibrinogen
levels are observed in liver disorders, obstetric
complications, and traumas, in response to blood
transfusion, bone lesions, malnutrition, some
bleeding disorders, and prostate and lung can-
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cers. Additionally, lack or low levels of fibrino-
gen are the characteristic features of
afibrinogenemia, hypofibrinogenemia, and dysfi-
brinogenemia like congenital diseases. Use of
steroids, phenobarbital, androgens, urokinase,
streptokinase, and valproic acid can lower the
levels of fibrinogen in blood. The normal plasma
fibrinogen level is nearly 200-400 mg/dl. The
APR not initially reflected by the fibrinogen test.
The disadvantages of the fibrinogen test are its
unstable plasma when frozen and preserved
plasma, delayed increase, long half-life, and con-
tinuous high levels even after inflammation
(Doganavsargil and Glimiigdis 2003; Kilicarslan
et al. 2013; Guzel et al. 2012; Balci et al. 2002;
Livneh 2006, Cathcart et al. 1967).

5. Conglutinin (CGT)

CGT is a plasma protein. CGT binds with the
C3b complement component in multiple combi-
nation sites and thereby activates the complement
clearance of pathogens. CGT also contributes in
agglomeration or co-agglutination of C3B opso-
nized pathogens or pathogen-derived debris, fol-
lowed by their removal from the host circulation
by phagocytosis (Tirziu 2009).

6. Serum amyloid A (SAA)

SAA has varied functions in the host immune
system. Sometimes its functional behavior
resembles that of a CRP molecule. SAA
decreases IL-1 and TNF-a-induced fever, inhib-
its aggregation of thrombocytes, and also inhib-
its oxidative reaction in the neutrophils. Higher
plasma concentration of SAA determined the
amyloidosis condition. Amyloidosis is a disease
characterized by deposition of this APP in vari-
ous tissues of the body and in the fibrils; thus, it
interferes with the normal functioning of the
organs. Amyloidosis interferes normal functions
like myocardial contraction and glomerular fil-
tration (Tirziu 2009).
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7. al-Acid glycoprotein (al-AGP)

al-Acid glycoprotein suppresses antibody
synthesis and lymphocyte blastogenesis response.

8. p2-Macroglobulin ($2-M)

B2-Macroglobulin neutralizes macrophages
and neutrophil lysosomal hydrolases and thus is a
proteases inhibitor. It behaves similarly to other
antiproteases.

9. Ceruloplasmin (CPL)

Ceruloplasmin helps in eliminating neutrophil
superoxides (Tirziu 2009).

3.12 Positive Acute-Phase
Proteins

In innate immunity, positive acute-phase proteins
serve different physiological functions. Some of
these proteins inhibit or destroy microbial
growth, while others contribute to a negative-
feedback mechanism on the inflammatory
response. It is known that the levels of elevated
APP expression can differ widely with species.
APP in one species may not be the same in other/
related species.

Positive acute-phase proteins can increase to a
maximum 1000-fold over normal levels. Three
major groups of positive acute-phase proteins:
(1) with two- to threefold, elevated haptoglobin,
fibrinogen, a-globulins with antiprotease activity,
and lipopolysaccharide-binding protein; (2) with
an increase of about 50 %, ceruloplasmin and
complement factor-3 (C3); and (3) with a rapid
increase of up to fivefold to 1000-fold of CRP
and SAA. These proteins differ in their physio-
logical functions: (1) opsonization and trapping
of microorganisms and their products, (2) nega-
tive feedback to inflammatory response, (3) acti-
vating complement, (4) binding cellular remnants
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like nuclear fractions, (5) neutralizing enzymes,
(6) scavenging free hemoglobin and radicals, and
(7) modulating the host’s immune response.
Examples of positive APP include CRP, SAA,
mannose-binding protein (MBP), haptoglobin,
complement components, ferritin, ceruloplas-
min, a 2-macroglobulin, etc.

3.13 Negative APP

During inflammatory disorders, negative acute-
phase proteins are downregulated by 25 %
(Morley and Kushner 1982) to increase the
capacity of the liver to synthesize the induced
APRs, e.g., albumin, transferrin, retinol, binding
protein, etc. Their reduction indicates a transient
increase in free hormones bound to these pro-
teins. The negative APPs are therefore also
termed as “acute booster reactants” (Ingenbleek
and Young 1994).

3.14 Species Variation in Acute-
Phase Proteins

Some positive APPs show species specificity;
serum amyloid P component (SAP) is an APP in
mice, but not in men. CRP on the other hand
reacts as APP in several monogastric species but
is not very well in small ruminants (Gruys et al.
1994). Transferrin, in majority of the mammalian
species, shows features as a negative APP while
behaving as a positive APP in chickens (Hallquist
and Klasing 1994; Tohjo et al. 1995, 1996).

The major positive acute-phase reactants in
mammals are TNF-a, IL-1 and IL-6, cortisol,
SAA, CRP, haptoglobin, al-acid glycoprotein
(AGP), fibrinogen, ceruloplasmin, and copper.
But the major positive acute-phase reactants in
birds are TNF-a, IL-1, IL-6, CRP, SAA, cortisol,
hemopexin, AGP, fibrinogen, ceruloplasmin,
transferrin, copper, and calcium (Gruys et al.
2005).

The major negative acute-phase reactants in
mammals are transthyretin (TTR), retinol bind-
ing protein (RBP), albumin, transferrin, iron,

zinc, and calcium. The major negative acute-
phase reactants in birds are haptoglobin, albu-
min, zinc, and unbound serum iron (Gruys et al.
2005).

3.15 Responses by Acute-Phase
Proteins in Various Species

The natural defense mechanisms in animals in
relation to APR are also studied in great rele-
vance. The APR and the production of APPs are
partially similar among related species and also
some differences between species APP mole-
cules and their functions are also seen. In a patho-
logical condition, APPs are intervened like innate
immunity factors as described by some authors.
In general increased synthesis of fibrinogen, ;-
acid glycoprotein (AGP), and haptoglobin and
decreased albumin synthesis are observed in all
mammalian species. In contrast, there are sharp
differences between the species in the acute-
phase behavior of CRP, SAA, serum amyloid P
component (SAP), and a,-macroglobulin
(Kushner 1988).

1. Cattle—CGT is one of the main APPs in a
ruminant. In cattle, APP synthesis is regulated
and initiated by IL-6, IL-1, and
TNF. Haptoglobin, fibrinogen, SAA, cerulo-
plasmin, al-antitrypsin, o1-antichemotrypsin,
p2-macroglobulin, and al-acid glycoprotein
are the main plasma proteins whose concen-
trations increase during APR in cattle
(Alsemgeest and Taverne 1993; Funke et al.
1997; Godson et al. 1995; Hirvonen et al.
1999; McNair et al. 1997; Tirziu 2009).

Haptoglobin is a paraclinical biomarker for
different inflammatory process severity like acute
inflammations, acute infections, and traumatic
reticulitis in cattle. Increased concentration of
haptoglobin is seen in defective nutrition, masti-
tis, and hepatic lipidosis; in experimental inflam-
mation; and in dexamethasone treatment.
Haptoglobin forms polymers in association with
albumin and binds free hemoglobin (Alsemgeest
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and Taverne 1993; Funke et al. 1997; Godson
et al. 1995; Hirvonen et al. 1999; McNair et al.
1997; Tirziu 2009).

In cattle, fibrinogen forms the fibrin precursor
in coagulation processes. SAA in cattle is associ-
ated with serum high-density lipoproteins, and it
is the fibrillar amyloid proteins precursor.
Ceruloplasmin participates in oxygen radical
elimination and can bind copper ions in the
blood. The protease inhibitor functions in cattle
are played by APPs like «ol-antitrypsin,
al-antichemotrypsin, and p2-macroglobulin.
The protein transport function is mainly carried
by al-acid glycoprotein. In cattle APR is charac-
terized by fever, hypoalbuminemia, and decreased
concentrations of zinc and iron molecules.
During pneumonia, increased concentration of
SAA in cows fed with endotoxin was also seen
(Alsemgeest and Taverne 1993; Funke et al.
1997; Godson et al. 1995; Hirvonen et al. 1999;
McNair et al. 1997; Tirziu 2009).

2. Sheep—the concentration of APPs like hap-
toglobin, fibrinogen, and ceruloplasmin was
increased during endotoxin shock and vari-
ous pulmonary diseases. In sheep dystocia
prognosis, haptoglobin functions as a signifi-
cant paraclinical biomarker. In infections,
for auxiliary diagnosis, measuring of HGB is
useful. In inflammatory diseases, the con-
centration of haptoglobin, fibrinogen, and
ceruloplasmin decreases (Tirziu 2009; Haig
et al. 1998; Pfeffer and Rogers 1993; Skinner
and Roberts 1994).

3. Goat—in goat, during dystocia, unlike those
with nonpregnant conditions and in the nor-
mal births, there is a significant increase of
serum haptoglobin (Black et al. 2004; Tirziu
2009).

4. Swine—in sterile inflammations there is an
increase in APP concentrations, like CRP,
al-acid glycoprotein, and haptoglobin. CRP
and haptoglobin are the most useful bio-
markers in swine for the diagnosis of inflam-
matory damages (Asai et al. 1999; Tirziu
2009; Burger et al. 1998).

5. Horses—during some pathological condi-
tion, there are significant changes in synthe-
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sis of many APPs. In diagnosis of horses,
during inflammatory diseases, haptoglobin,
CRP, and SAA concentration was measured
(Cote et al. 1998; Tirziu 2009; Hulten et al.
1999).

Dogs—Dogs’ CRP was described in com-
parison with human homologue in recent
publications. The homology of dog and
human CRP was established by different iso-
lation and purification studies. In some dis-
eases of dogs, CRP concentration was highly
modified.

Cat—in feline infectious peritonitis, the syn-
thesis of some APPs was highly increased. It
was also observed that the activity of serum
and ascitic fluid IL-6 is high in peritonitis
(Goitsuka and Ohashi 1990; Tirziu 2009).
Rat—in inflammations of rats, the concen-
tration of serum transferrin decreases. In
rats, typical APR is induced by local admin-
istration of turpentine or complete Freud’s
adjuvant and also by systemic administration
of LPS. APR can also be induced by gluco-
corticoids especially in associated with cyto-
kine inoculation (Tirziu 2009; Loeffler et al.
1999; Wu et al. 2002).

Birds—SAA and transferrin are important
APPs in birds. These APPs are important
variables in diagnosis. The concentration of
SAA and transferrin were measured in broil-
ers inoculated with turpentines or infected by
Staphylococcus aureus in comparison with
un-induced control groups. During infection
or inoculation, the concentration of transfer-
rin doubled and the concentration of SAA
also increases (Chamanza et al. 2000; Tirziu
2009).

Fish—CRP is the main APP in fishes and its
role is established in many species. The role
of CRP as APP in Labeo rohita was differen-
tial as exposed to metallic pollutants (Sinha
and Mandal 1996; Sinha et al. 2001). The
role played by CRP in fishes is macrophage
activation, complement activation, and bac-
terial agglutination. CRP inhibits the devel-
opment of some pathogen bacteria and helps
in bacterial phagocytosis by using peritoneal
exudate cells. CRP showed nonspecific cyto-
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toxic action mostly targeted on myeloma
cells (Tirziu 2009; Funke et al. 1997;
Kodama and Arimitsu 1999).

3.16 Quantitation of APPIs
the Resultant of Synthesis
and Catabolism.Their Level
Can Be Measured

1. Within 4-5 h after a single inflammatory stim-
ulus, e.g., SAA and CRP.

2. From about 8 h onward,
lipopolysaccharide-binding protein.

3. With a single stimulus the elevated level of
these protein continues for a minimum 24 h
and decreases after about 48 h. In cows, the
endotoxin exposure keeps plasma SAA quan-
tities to a plateau (Werling et al. 1996).

4. Permanent stimulation occurs during chronic
infection, leading to elevated positive APP
levels as compared to normal ones and finds
application in diagnostic purposes.

e.g.,

The overexpressed serum levels of certain
APPs are of diagnostic and prognostic relevance
and enable distinction of inflammatory processes
from functional disturbances with similar or
identical clinical features. Under normal circum-
stances an APR is not observed with functional
disturbances that are not the result of an inflam-
matory process, thereby allowing the differentia-
tion between failure of function and organic
disease. Some APRs are observed in chronic dis-
orders like rheumatoid arthritis, but APRs are
associated with malignant diseases and therefore
their determination cannot be used for differen-
tial diagnoses. In many diseases, the APP synthe-
sis rises with the degree and progression of the
inflammatory processes.

3.177 Human APP

CRP, SAA, mannose-binding proteins, fibrino-
gen, complement components, alpha 1-acid gly-
coprotein (AGP), etc. APPs are known. CRP

Table 3.3 Classification of human acute-phase proteins®
(Morley and Kushner 1982)

Group 111

Group I (about 50 % | Group II (about (up to 1000x
increase) 2-4x increase) increase)
(1) Ceruloplasmin (1) o,-AGP (1) CRP
(2) Complement (2) a-Antitry- (2) SAA
components C3,C4 | psin

(3) Haptoglobin

(4) Fibrinogen

3Classification on the basis of usual change in plasma
concentration

among them is the best known APP. In blood
plasma, the CRP level can increase 1000-fold
after infection, inflammation, surgery, trauma,
and burns; whereas CRP concentration increases
moderately with exercise and stress. Actually, the
presence and intensity of inflammation is
reflected by the marked rises in CRP concentra-
tions. Another important APP is SAA used to
detect and monitor inflammatory and infectious
diseases. Ferritin, primarily an iron-storage pro-
tein, is also an APP and is often used to detect the
iron status of an individual. Human APP may be
divided into three groups based on the usual mag-
nitude of the plasma changes observed
(Table 3.3). Of at least 30 acute-phase proteins
(Table 3.4), CRP and SAA are the two proteins
whose concentrations arise more than 1000-fold
and even up to 3000-fold within 48 h following
injury (Morley and Kushner 1982).

3.18 Factors Contributing
to Alteration in the Levels
of APP

Conditions leading to substantial changes in the
plasma concentrations of APPs include burns,
wounds, injury, infection, trauma, surgery, tissue
infarction, various immunologically mediated
inflammatory conditions, and advanced cancer.
Moderate changes are observed due to strenuous
exercise, heatstroke, and childbirth. Minor
changes occur after psychological stress and sev-
eral psychiatric disorders (Gabay and Kushner
1999). Advanced age is associated with increased
levels of plasma APPs like CRP, SAA, and AGP
in humans (Ballou et al. 1996) (Table 3.5).



3.19 Function of Acute-Phase Responses

59

Table 3.4 Acute-phase proteins in humans® (Gabay and Kushner 1999)

Positive acute-phase proteins
Complement system

lectin

Coagulation and fibrinolytic
system

inhibitor 1
Antiproteases

C3, C4, C9, factor B, C1 inhibitor,
C4b-binding protein, mannose-binding

Fibrinogen, plasminogen, tissue
plasminogen-activator, urokinase, protein
S, vitronectin, plasminogen-activator

o,-Protease inhibitor, o;-

Negative acute-phase proteins

Albumin

Transferrin

Transthyretin

o,-HS glycoprotein
Alpha-fetoprotein
Thyroxine-binding globulin
Insulin-like growth factor I
Factor XII

antichymotrypsin, pancreatic secretory
trypsin inhibitor, inter-a-trypsin

inhibitors
Transport proteins

Participants in inflammatory

Ceruloplasmin, haptoglobin, hemopexin

Secreted phospholipase A,,

responses lipopolysaccharide-binding protein,
interleukin-1-receptor antagonist,
granulocyte colony-stimulating factor

Others CRP, SAA, a,-AGP, fibronectin, ferritin,

angiotensinogen

“Information acquired/obtained from Gabay and Kushner 1999

Table 3.5 Expression levels of acute-phase proteins in various diseases (Pepys and Hirschfield 2003)

Elevation in APP

High Negligible
Bacterial infections Myalgia
Fractures Arthralgia

Juvenile chronic arthritis Irritable colon

Tumors Back pain
Surgery

Polymyalgia rheumatica

Crohn’s disease

Systemic vasculitis

Burns

Rheumatoid arthritis

3.19 Function of Acute-Phase
Responses

A number of wide-ranging biological functions
have been assigned to acute-phase reactants.
Besides CRP, the other major APP, SAA becomes
one of the major apolipoproteins of HDL during
inflammation, and its rapid binding to HDL may
influence cholesterol metabolism during inflam-
mation. It is also reported to have function in
adhesion and lymphocytes and phagocytic cell
chemotaxis, in inflammation, inside atheroscle-
rotic coronary arteries and in oxidation of low-

Unaltered

Leukemia

Mixed connective tissue disease
Colitis ulcerosa

Scleroderma

Osteoarthritis

Systemic lupus erythematosus

density lipoprotein (LDL) (Gabay and Kushner
1999).

APPs (1) play a role in host defense, (2)
directly neutralize inflammatory agents, (3) mini-
mize local tissue damage, and (4) participate in
tissue repair and regeneration. The APR and the
production of APPs are the most important effec-
tor mechanisms of the innate immune defense.
Though the reaction or response is nonspecific,
simultaneously it is an effective host mechanism.
APRs are mobilized within a few minutes and
provide essential tools for control of aggressive-
ness from the pathologic organisms. It controls
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the pathogen-induced damage till lymphocytes
and other defensive cellular mechanisms start
their action within 4-6 days. APPs not only sup-
port the adaptive immunity but they also are an
important component of the innate immunity.
APR is thus a very complex mechanism. To
restore the homeostasis and to reduce the patho-
logic damage, APPs carry out a wide range of
defensive and repairing functions to fulfill the
same goal. The agonist, antagonist, and feedback
loops always control this response. APR is opti-
mized to counteract the pathogenic or inflamma-
tory menace, and thus it enables to control and
avoid detrimental effects.

Plasma concentration of many complement
cascade components occur ultimately resulting
in the local accumulation of macrophages, neu-
trophils, and plasma proteins. They lyse infec-
tious agents, clear the foreign and host cellular
debris, and repair tissue damage. Fibrinogen
promotes healing of wound. Proteinase inhibi-
tors cause neutralization of lysosomal proteases
released after infiltration of activated neutro-
phils and macrophages, therefore controlling
pro-inflammatory enzymatic activity. The
increased plasma levels of some metal-binding
proteins help prevent iron loss during infection
and injury and also minimize the heme iron
level required for bacterial uptake and potential
scavenging action by damaging oxygen free
radicals.

3.20 Downstream Effects of APP

APPs synthesized in the liver by cytokines that
reach the inflammation site through blood and
cause pathogens by opsonization and activating
complement cascade. The alterations in the APP
concentrations, both for positive APPs and nega-
tive APPs, are due to the changes in their synthe-
sis by the liver. In addition they scavenge cellular
remnants and free radicals and mediate neutral-
ization of proteolytic enzymes (Gabay and
Kushner 1999). Infection-induced inflammation
takes place by the cooperative cascade of cyto-
kines and leukocytes. Tumor necrosis factor,
IL-1, andIL-6 play dominant roles as pro-inflam-

matory cytokines thereby mediating local inflam-
mation reaction and activate other inflammatory
cells like monocytes, macrophages, and neutro-
phils. Over fifteen cytokines of varying but low
molecular weight are released by activated leuko-
cytes and cause triggering of APR leading to
symptoms of fever, leukocytosis, increased secre-
tion of adrenocorticotropic hormones, and pro-
duction of APPs.

1. Pro-inflammatory and
action

anti-inflammatory

APPs of the classical complement cascade
(Table 3.4) have overall central pro-inflammatory
roles in immunity. Mannose-binding lectin/pro-
tein (MBL/MBP) plays a role in complement ini-
tiated chemotaxis, plasma protein exudation, and
opsonization. Granulocyte colony-stimulating
factor (GCSF) leads to enhancement of the num-
ber of granulocytes to enhance the inflammatory
response (Gabay and Kushner 1999). In contrast,
oy -protease inhibitor and a;_antichymotrypsin
antagonize the proteolytic activity of enzyme and
inhibit the generation of superoxide anion thus
exerting an anti-inflammatory action.
Haptoglobin and hemopexin have shown antioxi-
dant properties (Kilpatrick et al. 1992).

2. Anti-infective role

Many APPs are thought to be anti-infective.
Human secretory phospholipase A, (SPLA,)
exhibits an anti-infective role through its anti-
staphylococcal and antistreptococcal enzymatic
action (Munford 2001). MBP has antileishmanial
potential through the antibody-independent acti-
vation of complement (Green et al. 1994).

3. Procoagulant action

A few APPs like fibrinogen, plasminogen-
activator—inhibitor type-1 (PAI-1), and possibly
CRP are known to possess procoagulant func-
tions (Munford 2001). This action is required for
the formation of abscess, for walling off invading
microbes, and for delayed hypersensitivity
reactions.
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4. Wound healing

CRP, fibrinogen, and haptoglobin play some
roles in the healing of wound. Fibrinogen causes
endothelial cell adhesion, spreading, and prolif-
eration, and haptoglobin stimulates angiogenesis
(Cid et al. 1993).

The advantages, from decreased plasma con-
centration of negative APPs, are not clearly
known. The availability of amino acid for posi-
tive APP production or loss of inhibitory effect of
negative APP (like transthyretin) on pro-
inflammatory substances (like IL-1) may explain
this (Gabay and Kushner 1999).

5. Role of other acute-phase phenomena

The advantages of other acute-phase phenom-
ena are biologically significant. Somnolence
reduced demand for energy; fever enhances
immunity and stabilizes cell membrane.
Glucocorticoids maintain hemodynamic stabil-
ity, modulate the immuno-inflammatory response
(Gabay and Kushner 1999). Increased hepatic
lipogenesis and increased lipolysis in adipocytes
provide nutrients to cells and substrate for regen-
eration of membrane. Circulating lipoprotein can
bind and decrease the toxicity of lipopolysaccha-
ride (Hardardottir et al. 1994).

In conclusion, it can be said, the highly con-
served adaptations that make up the APR serve
important survival functions. Like all phenomena
associated with inflammation, APR is not always
beneficial. It can be fatal in severe response and can
lead to various complications in persistent response.

3.21 APP and Diseases

Dysregulation in the APP synthesis and function
is observed in diseases related to APPs. A key
role in APP-related disorders are due to defects in
the CRP-mediated complement activation espe-
cially in disorders like cardiac infarction.
Elevated SAA levels are seen in chronic arthritis
and tuberculosis. Other APPs show more moder-
ate rise, usually less than fivefold.

Functions of different acute-phase proteins

Proteins

Heme oxygenase
Heparin cofactor-2
Hepcidin
Kallikreins

LPS-binding protein

Manganese superoxide
dismutase

Prothrombin

IL-1Ira (IL-1 receptor
antagonist)

Alpha-1 acid
glycoprotein

Important functions
Heme degradation
Proteinase inhibitor
Iron hemostasis

Vascular permeability
and dilatation
Macrophage cell
activation
Copper—zinc binding
protein Formation of
reactive oxygen species

Clotting formation of
fibrin matrix for repair
Receptor antagonist for
IL-1

Interaction with collagen
Promotion of growth of

fibroblasts Binding of
certain steroids
Alpha-2 antiplasmin Modulation of coagulation

cascade

Antithrombin-3 Modulation of coagulation

cascade
Apolipoprotein H
(B-2-glycoprotein 1)
B C1 inhibitor

Complement component

Negative control of
complement cascade
LPS binding to
phagocytes via CD14

LPS-binding protein

Transcortin (negative
acute-phase protein)

Decreased binding of
cortisol, upregulation of
inflammation

3.22 Acute-Phase Proteins
and Their Clinical
Significance

(I) In humans

The function of most APPs still remains
unknown. Like all inflammation-associated
events, the APR does not provide uniform bene-
fit. Estimation of APP changes, even lacking
diagnostic specificity, is of clinical importance as
such changes are indicative of the occurrence and
intensity of an inflammation reaction in process.
APP determination can help in monitoring the
health of individuals especially with several com-
bined acute-phase variables in an index. An accu-
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Functions of important positive APP

Acute-phase proteins Immune system function

Proteinase inhibitors Alpha [-antitrypsin Serpin, downregulates inflammation,
neutralizes trypsin that has leaked from
the digestive system, resolution of

emphysema
Alpha 1-antichymotrypsin Serpin, downregulates inflammation
Coagulation factor Fibrinogen, prothrombin, factor VIII, | Role in coagulation
von Willebrand factor, plasminogen
Complement factors C2, C4, C5, C9, C4 binding protein Complement system
Metal-binding protein Ceruloplasmin Oxidizing iron, facilitating for ferritin,

inhibiting microbe iron uptake, copper
transport protein
Haptoglobin Binds hemoglobin, inhibits microbe iron

uptake, hemoglobin scavenger,
bacteriostatic effect (Delange et al.
1998), stimulation of angiogenesis (Cid
et al. 1993), role in lipid metabolism,
causes development of fatty liver in
cattle (Katoh and Nakagawa 1999),
immunomodulatory effect (Murata and
Miyamoto 1993), inhibition of
neutrophil respiratory burst activity

Serum protein CRP Acts as opsonin on microbes
(Lippincott’s Illustrated Reviews 2007),
binds to membrane phosphorylcholine,
activates complement, interacts with T
and B lymphocytes, modulates
monocytes and macrophages, produces
cytokines, enables chromatin binding,
prevents tissue migration by neutrophils

D-dimer protein Product of fibrin degradation
Serum lectin Mannose-binding protein Complements MBL pathway
Inhibitor of serum proteases Alpha 2-macroglobulin inhibitor of coagulation by inhibiting

thrombin (Boer et al. 1993), inhibitor of
fibrinolysis by inhibiting plasmin

Iron transport protein Ferritin Iron binding, inhibits microbe iron
uptake
Serum protein Serum amyloid A Immune cell recruitment as

inflammatory sites; enzymatic induction
of degradation of extracellular matrix;
cholesterol and HDL scavenger;
cholesterol transport from dying cells to
hepatocytes; inhibitory effect of (1)
fever; (2) oxidative burst of neutrophilic
granulocytes (Linke et al. 1991); (3)

in vitro immune response, chemotaxis
effect on monocytes, T lymphocytes,
and polymorphonuclear leucocytes;
induction of calcium mobilization by
monocytes (Badolato et al. 1995);
inhibition of platelet activation

Fibrinolytic system Plasminogen Proteolytic role, activates complement,
clotting, causes fibrinolysis

Plasminogen-activator inhibitor-1 protease inhibitor activity

Transport protein Hemopexin Heme binding and transport protein
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rate combination of different variables which
may differ with species results in a nutritional
and acute-phase indicator (NAPI). The APR
offers an effective mechanism to include future
systems for assessing health in animals and
human patients. The knowledge of every APP
and their very complex expression regulatory
pathway should be studied essentially for the
development of safe and effective anti-
inflammatory therapies in different disorders. In
conditions like amyloidosis or cachexia and in
subsequent failure of the defensive regulatory
mechanisms, these anti-inflammatory therapies
can be applied:

1. During wounds, injury, surgery, trauma,
burns, tissue infarction, and various immu-
nologically mediated inflammatory condi-
tions and in advanced stages of cancer,
substantial changes in the plasma APP con-
centration occur. Moderate changes occur
even after strenuous exercise, heatstroke, and
childbirth. Small changes are observed after
psychological stress and in several psychiat-
ric disorders (Maes et al. 1997).

2. During starvation or protein malnutrition,
there is a general depression of positive
hepatic protein synthesis, while starvation
process itself reduces the negative acute-
phase reactants.

3. Both inflammation-induced anemia and
hypoalbuminemia are common among
patients under hospitalization conditions.

4. Invasive infections such as dysentery, pneu-
monia, and some chronic infections induce
positive APR.

5. During the APR, an increase in plasma vis-
cosity due to total alteration in blood protein
concentration is observed. Among such reac-
tions, an increase in plasma fibrinogen is
recorded that in turn influences the erythro-
cyte sedimentation rate (ESR) (Majno and
Joris 1996). Fibrinogen acts as a slow-
reacting positive acute-phase protein. Due to
a possible delay few days after infection, the
ESR level elevates and then reflects the
activity of the APR.

10.

12.

13.
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In bacterial infections usually there is a
strong systemic acute-phase response
(Alsemgeest 1994; Alsemgeest et al. 1994).
In viral infections, the genera response is
milder (Alsemgeest 1994; Hofner et al.
1994; Kimura et al. 1995; Nakayama et al.
1993), whereas in severe cellular destruc-
tion, a complete response is observed (van
Reeth et al. 1998).

. Haptoglobin, a positive APP, has AN anti-

inflammatory effect. It strongly binds to hemo-
globin, with decrease in quantity during
massive erythrolysis (Smith and Roberts 1994).
The relationship between SAA and deposi-
tion of reactive amyloid (Gruys and Snel
1994) in patients suffering from tuberculo-
sis, chronic  arthritis, or  familial
Mediterranean fever has been well studied.

During anorexia and changed metabolism,
positive APPs are formed during the APR.

. The APR has negative effects like anemia

and impaired growth (Gabay and Kushner
1999). Even in extreme conditions, cytokine-
induced changes associated with the APR
can be fatal, like in septic shock.

In persisting APR in diseases like advanced
stages of cancer and the AIDS due to long-
term stimulation, metabolic disturbances
arise that ultimately result in cachexia.
Quantitative estimation of plasma or serum
CRP can aid to differentiate inflammatory
from noninflammatory conditions and finds
importance in disease management as the
concentration often reflects the response to
and need for therapeutic intervention. In dis-
eases, like rheumatoid arthritis, serial mea-
surements of CRP are of prognostic
importance. Patients with active SLE do not
have high plasma CRP or SAA concentra-
tion but show marked increase after bacterial
infection, in patients with active lupus sero-
sitis or chronic synovitis. Also, recent
research has shown that slightly elevated
CRP concentration might be an important
marker in the increased risk of human car-
diac diseases (Ledue and Rifai 2003). CRP
has also been observed in human patients
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during acute infections caused by acute lobar
pneumonia, active rheumatic fever, and bac-
teremia caused by colon bacillus (Abernethy
and Avery 1941).

14. Stunting in a population from Nepal was
significantly associated with higher plasma
levels of the acute-phase protein:
al-antichymotrypsin which in turn shows an
inverse relation to the albumin level in
plasma (Panter-Brick et al. 2001).

15. Phospholipase enzyme (PLA,) was found at
high concentrations in the synovial fluid of
patients with rheumatoid arthritis and has
been found to be associated with a variety of
inflammatory diseases. Serum levels of
PLA, can rise almost 1000-fold during
severe sepsis, and it has been recognized as
an APP under the transcriptional control of
pro-inflammatory cytokine signaling. The
antibacterial properties of this highly cat-
ionic extracellular protein is a component of
innate immune response and can be readily
explained by its ability to both bind and
hydrolyze the anionic cell membranes of
bacteria (Gabay and Kushner 1999).

Thus, the APR appears to constitute an array
of changes enabling the survival of organisms
and to regain normal function following both
major and minor threats to their integrity. It also
forms a biologic phenomenon of utmost impor-
tance and forms an interesting domain of
research. At present, little is known about the
acute-phase response elements, their compo-
nents, recruitment, and synthesis, and their bio-
logical functions. Further researches on these
lines will show more light.

3.23 APRin Different Animals

CRP, haptoglobin, SAA, and many other APPs
are found to be useful for assessing health in dif-
ferent patients (Blackburn 1994; Counotte et al.
2002; Ferard et al. 2002; Ingenbleek and

Carpentier 1985; Sipe 1995; Gruys et al. 2005)
and in various domestic animals (Gruys et al.
1994, 2005; Petersen et al. 2004; Pyorala 2000;
Toussaint 2000; Toussaint et al. 1997, 2000a, b)
and also in wildlife animal species (Duffy et al.
1996; Funke et al. 1997). These abovementioned
APPs are more sensitive than the ESR, which is
used in most of the developed countries for treat-
ing human individuals. In veterinary clinical
chemistry, the importance of APPs finds applica-
tion as nonspecific variables for monitoring
inflammatory activity. In ruminants, horse, pig,
and several other animal species, the role of
APPs and cytokines have been reported (Gruys
et al. 1994, 2005). APPs are used in differential
conditions. The role of APPs varies in different
species. The role of APPs in mastitis of cows was
mentioned (Eckersall et al. 2001). Mastitis is
caused by different types of gram-positive and
gram-negative bacteria in the mammary glands
of lactating dairy cattle. APP is a potent bio-
marker in mastitis (Gabay and Kushner 1999).
During mastitis, the APP concentration of hapto-
globin, SAA, and a1 acid glycoprotein has been
shown previously to induce significantly in the
plasma (Eckersall et al. 2001). The role of vari-
ous APPs in diseases like tropical theileriasis in
cattle (Glass et al. 2003) and influenza in horses
(Hulten et al. 1999) was mentioned. APPs find
application to assess the status of an unhealthy
animal versus healthy ones. But in most of the
cases, the single reactants are often not that sen-
sitive enough to detect a special animal subject in
a population of livestock animals. Thus, experi-
mentally, the values of positive APPs combined
with those of rapid and slow negative APPs form
an index known as acute-phase index (API). API
can be used in animals to enhance the acute-
phase signal/starvation situation obtained for an
individual (Toussaint et al. 1995). Along with
API, the nutritional acute-phase indicator (NAPI)
(Gruys 2002) can also be used. NAPI is a prog-
nostic inflammatory and nutritional index (PINT)
used for humans (Bonnefoy et al. 1998;
Ingenbleek and Bernstein 1999a, b), whereas
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API is mostly used for cattle (Toussaint et al.
1995). NAPI and API together remarkably
enhance the sensitivity and specificity in com-
parison to single usage of APPs as biomarkers in
the detection of unhealthy subjects among a pop-
ulation of normal livestock (Toussaint et al.
1995; 2000a, b). These were experimentally
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proved in experimental pigs infected with
Streptococcus suis (Toussaint et al. 2000b). In
bone fracture patients the values of CRP/TTR
was a favored simple quotient, and its usefulness
in monitoring disease status has already been
proved (Ferard et al. 2002; Gruys et al. 2005).
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Abstract

The knowledge of inflammation records dates back in first century
AD. Initially discovered with features of rubor, tumor, calor, and dolor,
scientific investigations have revealed chemical components, cells, and
pathways involved in the process of inflammation. The body’s initial
defense in response to infection, trauma, or inflammation is through the
acute-phase response (APR). APR is a multifaceted set of systemic reac-
tions seen shortly after the experience of a triggering event. One of the
many aspects of an APR is the increased hepatic synthesis of positive
acute-phase proteins (APPs) leading to increased serum concentration of
these proteins. The serum level of these APPs returns to base concentra-
tion when the stimulating factor is not anymore present. Today a plethora
of inflammatory diseases are causing concern to global health. All the key
players and mediators of inflammation change its role with the change in
setup of disease and patients. The biomarkers of inflammation and inflam-
matory mediators are also used as therapeutic targets in under-trial animal
models. Even in clinical diagnosis of an inflammatory patient, some
broad-spectrum markers were analyzed without individual dissection of
each mediator or biomarker. This chapter also provides a review of the
acute-phase protein C-reactive protein and its possible use as inflamma-
tory biomarker in diseases. We have highlighted case studies of some
patients from Kolkata, India, revealing inflammation from disease together
with their clinical history. The question which we probe in here is that
whether there is a correlation with the clinical history, C-reactive protein,
and inflammation and whether CRP can act as a unique diagnostic and
prognostic biomarker in some diseases. The future course of this chapter
lies in identifying clinical markers for inflammation, the sequential flow of
inflammatory responses for a wide spectrum of diseases and its diagnostic,
and therapeutic application to screen out pro-inflammatory diseases vs.
anti-inflammatory conditions.
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Chapter Highlights

1. Inflammation initiated by infection, trauma,
or injury takes place by the coacting cascade
of various leukocytes and cytokines. To medi-
ate local inflammation, pro-inflammatory
cytokines like interleukin-1, tumor necrosis
factor, and interleukin-6 play important roles
in activating inflammatory cells like neutro-
phils, macrophages, and monocytes. Activated
leukocytes secrete at least 15 different low-
molecular-weight cytokines and also trigger
acute-phase response through the manifesta-
tion of fever and leukocytosis, increased syn-
thesis of adrenocorticotropic hormones, and
production of various acute-phase proteins.

2. Acute-phase proteins are synthesized by the
liver under the influence of some cytokines,
which flow through the bloodstream, reach
the site of inflammation, and remove the
pathogens through opsonization and activat-
ing the complement pathways.

3. The changes in the serum concentrations of
negative and positive acute-phase proteins are
due to the altered synthesis from the liver.
Three of the best renowned acute-phase pro-
teins are C-reactive protein, serum amyloid A,
and haptoglobin. Some disease statuses are
actually correlated to the concentration of
acute-phase proteins.

4. C-reactive protein activates complement path-
ways and has a major role in some forms of
tissue alteration like in cardiac infarction.

5. Diagnostic routine tests are sometimes inva-
sive. For the care of patients, the employment
of noninvasive biomarkers is needed. The new
biological markers are thereafter the serologic
markers and acute-phase proteins.

6. Molecular biological tools have revolution-
ized the field of the biomarker. For the devel-
opment of biomarkers, genomics and
proteomics are used. To understand the patho-
physiology of a disease, the most available
technique is correlating serologic markers
with clinical phenotypes and genotypes.

4.1 Introduction

Inflammation is a complex dynamic protective
response to cell injury, infection via microbes,
trauma, or toxins in the vascularized tissues. The
causative agent is diluted, destroyed, or isolated
and a sequential cascade of molecular events is
set that leads to repairing, healing, and reconsti-
tuting the damaged tissue (Li et al. 2007; Iwalewa
et al. 2007; Libby 2007; Delves et al. 2006;
Goldsby et al. 2007; Guyton and Hall 2001). It is
thoroughly characterized by the reaction in tis-
sues and its microcirculation as clinically
reflected by redness (erythema), heat (hyper-
emia), swelling (exudation), pain (through nerves
and chemical mediators), and loss of function
(pain). Pathologically, it takes place by vasocon-
striction followed by vasodilation, hyperemia,
stasis, accumulation of leukocytes, exudation of
fluid, and finally deposition of fibrin. The com-
bined vascular and cellular inflammatory
responses are triggered by inflammatory stimulus
and mediated through chemical factors derived
from some cells or blood plasma. Even the
injured or dead tissues release mediators (Li et al.
2007; Iwalewa et al. 2007; Libby 2007; Delves
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et al. 2006; Goldsby et al. 2007; Guyton and Hall
2001).

The etiologies for inflammation are varied
ranging from microbial infections (infections by
bacteria, virus, fungi, etc.), physical agents (like
burns, stress, trauma from cuts, radiation), and
chemicals (drugs, toxins, alcohol) to immuno-
logic reactions (e.g., rheumatoid arthritis).
Inflammation involves the influx of various cells
of the host immune system and release of numer-
ous mediators to the site of assault. Assembling
and regulating inflammatory responses would be
impossible without the concoction of controlled
leukocyte population migration, various inflam-
matory mediators, inflammatory biomarkers
(acute or systemic inflammatory marker), and
subsequent physiologic changes that -carry
inflammatory responses (Figs. 4.1 and 4.2). In
laboratories, animal models for inflammatory
diseases are being developed to understand the
process of inflammation, identify inflammatory
mediators, and find out their probable role in
therapeutics. Currently, there are no specific
markers for inflammation; rather some broad-
spectrum inflammatory markers were routinely
investigated in hospitals. The question we asked
is, since the biochemistry of inflammation is
known, is it possible to identify some potential
biomarkers of inflammation for safe pharmaco-
logical treatment which may in the future be
helpful for routine hospital diagnosis?

4.2  History of Inflammation

The record of inflammation dates back to nearly
first century AD by Celsus. Initially it was
reported as a mechanism of tissue reaction or
response to injury that gave rise to rubor (red-
ness, due to hyperemia), tumor (swelling, due to
greater permeability of the microvasculature and
leakage of several proteins into the interstitial
space), calor (heat, associated with the greater
blood flow and the metabolic activity of the cel-
lular inflammatory mediators), and dolor (pain,
in part due to alterations in the perivasculature
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and related nerve endings). The fifth characteris-
tic of inflammation, known as functio laesa (dys-
function of the organs involved), was revealed
from the writings of Rudolf Virchow in the
1850s. Then, in the late nineteenth century, Elie
Metchnikoff introduced the new concept of
phagocytosis, a fundamental attribute of the
innate immunity, after studying the engulfment
of particulate matter by protozoa and also
researching the ingestion of foreign bodies by
blood leukocytes. Subsequently, Metchnikoff
was awarded the Nobel Prize for Physiology or
Medicine in 1908, along with Paul Ehrlich, for
his work and discovery of humoral immunity, a
component of adaptive immunity (Li et al. 2007,
Iwalewa et al. 2007; Libby 2007).

Acute and Chronic
Inflammation

4.3

Inflammation is mainly divided into two types—
acute and chronic inflammation. If the inflamma-
tion winds up in less than 48 h, then it is acute
inflammation (e.g., abscess) (Fig. 4.3), and if it
rests for greater than 48 h (i.e., weeks, months, or
years), then it is chronic inflammation.

Acute inflammation is initiated by mostly res-
ident dendritic cells (DCs), macrophages,
Kupffer cells, histiocytes, and mastocytes bear-
ing pattern recognition receptors (PRRs) on their
surface, which recognize/identify pathogen-
associated molecular patterns (PAMPs) expressed
exclusively on the outer surface of the pathogens.
These immune cells after activation release
inflammatory mediators, and subsequently the
cardinal signs of rubor, calor, tumor, and dolor
are visible. Vasodilation and increased permea-
bility result in an exudation/seepage (edema) of
fluid and plasma proteins into the tissue space
and migration and extravasations of mainly neu-
trophils along a chemotactic incline created by
the locally inhabited cells to reach the location of
injury in the tissue. Inflammatory mediators
increase the sensitivity of the tissues to pain
(hyperalgesia), and a resultant neurological reflex
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Fig. 4.1 Mechanism of inflammation. The process of
inflammation started with physical assault of anatomical
barrier with the common symptoms of pain, swelling, red-
ness, and warmth. As the bacteria enters the host body, the

in response to pain leads to loss of function (func-
tio laesa) (Fig. 4.1). A number of biochemical
cascade systems, namely, the complement sys-
tem (mostly activated by bacteria) and coagula-
tion and fibrinolysis systems (mostly activated by
necrosis), work in conjunction with inflamma-
tory mediators to continue the inflammatory
response (Fig. 4.2). However, the short half-life
of inflammatory mediators is coterminous with
the inflammation-activating signal.

Acute inflammatory outcomes like resolution,
abscess, and ulcer (fistula, sinus) may lead to a
chronic inflammation. An unresolved acute-
phase inflammatory response leads to the devel-
opment of chronic inflammation by persistent
injury or infection (e.g., ulcer, tuberculosis (TB))
and prolonged exposure to toxic agents like silica
and autoimmune diseases like rheumatoid
arthritis (RA) and systemic lupus erythematosus
(SLE). Chronic inflammation leads to tissue

Clotting
Inflammatory mediators protein
) ) >
Pain
mediators

-—--}
==

activation of phagocytes, complement, and antibodies
takes place in a cyclical way for both the pathogen and the

debris also. At the same time, the tissue resolution goes on
and further entry of pathogen is restricted

destruction, fibrosis, and necrosis. Neutrophils
are the major cell types in acute inflammation
while mononuclear cells (mostly lymphocytes,
macrophages, and plasma cells) participate in
chronic inflammation. The outcomes of acute
inflammation are resolution, abscess, and ulcer
(fistula, sinus) and may expand to a chronic
inflammation. In chronic inflammation, the out-
comes are tissue destruction, fibrosis, and necro-
sis (Fig. 4.4).

Acute inflammation is perpetuated by any
immune cells previously present in the tissue.
Acute inflammation is initiated mostly by the
cells like DCs, macrophages, Kupffer cells, mas-
tocytes, and histiocytes. These cells bear on their
outer surfaces PRRs, which recognize the PAMPs
expressed exclusively on the surface of the patho-
gens. These immune cells after activation with
the pathogen releases inflammatory mediators
and subsequently showed the cardinal signs
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Fig.4.2 The mechanism of inflammatory response. With
the onset of the inflammation, the inflammatory response
is manifested in local, systemic, and vascular mode. As a
result, mediators are released, increasing vascularity and

(rubor, calor, tumor, and dolor) of inflammation.
Vasodilation and increased permeability result in
an exudation/leakage of fluid and subsequent
edema. Release of plasma proteins into the tissue
and migration and extravasations of leukocytes
(mainly neutrophils) are the next steps of reac-
tions. These reactions take place along a chemo-
tactic flow generated by the locally inhabited
cells to reach the locale of injury/assault in the
tissue. Inflammatory mediators enhance the sen-
sitivity of the affected tissues to pain (hyperalge-
sia), and a resultant neurological reflex in
response to pain leads to loss of function (functio
laesa) of the tissue (Figs. 4.1, 4.2, 4.3, 4.4, 4.5,
and 4.6).

Additionally, to continue the inflammatory
response with the help of the inflammatory medi-
ators, a number of biochemical cascade systems

Symptoms

e Influx of fluids

*Heat
*Redness

*Swelling
*Pain

synthesis of plasma proteins, and finally the four symp-
toms of inflammation are seen. Cytokines provide the
cord of connection between all these processes

are activated. These systems are the complement
system (chiefly activated by bacteria), kinin sys-
tem, and coagulation and fibrinolysis systems
(chiefly activated by necrosis). Once the stimulus
of acute inflammation is removed, the inflamma-
tory mediators, having short half-lives, are dis-
graced in the inflamed tissue. Thus an acute
inflammatory response requires the constant
stimulation.

4.4  Mechanism of Inflammation

Inflammatory reactions involve a series of bio-
chemical and cellular changes, the extent of
which is associated with the spread of the initial
trauma. The mechanism of inflammation takes
place in four phases—vasodilation, exudation
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Types of inflammation

Acute inflammation

Derived from plasma proteins

1. Enzyme cascades/Plasma proteases
e Complement system

*  Coagulation system

*  Fibrinolytic system

. Kinin system

2. Lipids

®  Eicosanoids (SM)

e  Platelet Activating Factor (SM)

Chronic inflammation

1. Cytokine Protein: IL-1, IL-6, TNF-o(MSM)
2. Complement protein

1. C5a:chemotaxis, phagocyte degranulation, stimulation of
0,

2. C5a, C3a: mast cell and platelet degranulation.

3. C5a, C5b-9: Enhancement of cytokine release, induction of
eicosanoid synthesis.

4.C3b: Potentiationof Abresponse, opsonisation of cells and
lysis.

3. Others

5. C5b-9: Cell lysis.

*  Histamine (SM) 3. Coagulation system: Coagulation Factor Xl (Hageman Factor)
*  Serotonin (SM) 4. Fibrinolytic system: Plasmin
*  Nitric oxide (SM) 5. Kinin system: Bradykinin
*  Endotoxin 6. Eicosanoids: Phospholipids
7. Platelets Activating Factors
8. Histamine
9. Serotonin

10. Endotoxins

SM= Specific mediators
MSM= More Specific mediators

Fig.4.3 Types of inflammation

(edema), emigration of cells, and chemotaxis
(Figs.4.1,4.2,4.3,4.4,4.5,and 4.6). Inappropriate
stimulation of inflammatory responses is the pri-
mary cause of many known diseases, and inflam-
matory reactions are, as a result, also an
imperative target for drug development (Li et al.
2007; Iwalewa et al. 2007; Libby 2007; Delves
et al. 2006; Goldsby et al. 2007; Guyton and Hall
2001).

The most prolific systemic expression of
inflammation is a hike of body temperature and a
number of biochemical changes known as the
acute-phase reaction which steers to the produc-
tion of acute-phase proteins from the liver. The
local inflammatory reaction is portrayed by an
early increase in blood flow to the locale of
injury, increased vascular permeability, and the
sequential and directional influx and careful
accumulation of various effector cells from the
peripheral blood flow at the place of injury. Influx
of nonantigen-specific but prominent destructive
cells (neutrophils) is one of the initial stages of
the inflammatory response/reactions (Fig. 4.1).
These cells mount a phagocytic response which

11. Nitric Oxide
12. Cytokines: IL-1, TNF-a

is rapid but nonspecific. An exudation/leakage of
plasma into the lesion in the initial stage is also
seen (Li et al. 2007; Iwalewa et al. 2007; Libby
2007; Delves et al. 2006; Goldsby et al. 2007;
Guyton and Hall 2001). At a subsequent stage,
macrophages, monocytes, and different cells of
varied lineages of lymphocytes (T and B cells of
specific subsets) appear at the locale of injury.
These cell types are related with more tightly
regulated, antigen-specific immune responses/
reactions, and once they are stimulated, they also
produce several protective inflammatory
molecules.

Inflammatory cells articulate greater numbers
of cell adhesion molecules like glycoproteins and
cell surface proteins. Endothelial cells are also
stimulated during the early phase of the inflam-
matory response/reactions and thereafter express,
among many other things, several adhesion mol-
ecule counter-receptors. The controlled expres-
sion of these molecules allows for the prominent
trafficking of blood-circulating leukocytes to a
locale of inflammation. Cellular attachment of
some immune cells to the wall of the endothelial
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Fig.4.6 Types of acute inflammation. There are different kinds of acute inflammation ranging from abscess, carbuncle,

and boil to many other types

cells lining the blood vessels around the inflam-
matory site stops them from being swept away
from the site of tissue damage or infection. This
is a crucial stage required for the consequent emi-
gration of these immune cells into the surround-
ing medium of inflammatory tissues
(extravasation) (Li et al. 2007; Iwalewa et al.
2007; Libby 2007; Delves et al. 2006; Goldsby
et al. 2007; Guyton and Hall 2001).

Once leukocytes have appeared at a locale of
inflammation or infection, they release inflam-
matory mediators, which regulate the later accu-
mulation and stimulation of other cells. However,
in inflammatory responses initiated by the innate
immune system, the final control is expressed by
the antigen itself, in the identical way as it regu-
lates the immune response itself. For this valid
reason, the cellular accumulation at the locale of
autoimmune reactions (antigen itself ultimately
cannot be eradicated) or in chronic infection is
quite distinct from that where the antigenic
stimulus is rapidly cleared from the inflammatory
sites (Li et al. 2007; Iwalewa et al. 2007; Libby
2007; Delves et al. 2006; Goldsby et al. 2007,

Guyton and Hall 2001). In homeostasis and con-
trol of inflammation, four major plasma enzyme
systems are there, which have an important role.
This enzyme system includes the complement
cascade, the clotting system, the plasmin (fibri-
nolytic) system, and the kinin system (Fig. 4.7,
and 4.8).

4.4.1 Exudation of Leukocyte

The infiltration and accumulation of leukocytes
past the blood vessels move through four path-
ways. These pathways are margination, rolling,
and adhesion of leukocytes to the endothelium,
diapedesis or transmigration of leukocytes across
the endothelium, their migration toward a che-
motactic stimulus released from the injured tis-
sue, and finally phagocytosis.

The leukocyte starts expressing on its surface
sialyl Lewis X-modified glycoproteins and integ-
rin molecules in low-affinity state on its surface.
Recruitment of leukocytes on the cell surface is
through different receptors. Histamine, an inflam-
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Fig.4.7 Relationship between kinin, clotting, fibrinolytic, and complement systems. In inflammation, the complement,
clotting, fibrinolytic, and kinin systems are activated in response to one another in an interlocked cascade

matory mediator, and cytokines liberated from
injured cells promote the immediate expression
of P-selectin and E-selectin of similar functions
on endothelial outer cell surfaces. These recep-
tors bind feebly to glycoprotein ligands expressed
on leukocyte surfaces, and the leukocyte starts
“rolling” along the endothelial surface. Other
molecular expressions induced by cytokines on
the outer surface of the cells are adhesion mole-
cules, namely, vascular adhesion molecule-1
(VCAM-1) and ICAM-1 (immunoglobulin
ligands), which further slow down the rolling leu-
kocytes (Delves et al. 2006).

Leukocytes are weakly bound to these cell
surface molecules and are free to detach if not
properly stimulated by chemokines produced
from the injured tissues. Chemokine activation
starts expressing greatly the bound integrin
receptors in a high-affinity state for various
immunoglobulin ligands on the surface of an
endothelial cell. This tightly binds the leukocytes

to the endothelial surface. The chemokine gradi-
ents stimulate the adhered leukocytes to “migrate”
(or transmigrate) over the endothelium and pass
through the basement membrane into the tissue
space through the process of diapedesis. The leu-
kocytes start moving through the tissue through
“chemotaxis.” Leukocyte cells reach the tissue
interstitial space and bind to extracellularly
expressed matrix proteins (CD44 and integrins)
to prevent their fall from the site. The flow of leu-
kocytes toward the source of inflammation along
a chemotactic gradient is mediated by these che-
moattractants (Delves et al. 2006).

After reaching the locale of inflammation or
infection, leukocytes released inflammatory
mediators, which control the subsequent activa-
tion and later accumulation of several immune
cells. Depending on the antigenic stimulus at the
site of chronic infection, autoimmune reactions,
or a shorter inflammatory reaction, the immune
system is evoked and controlled by the antigen
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Fig. 4.8 Three interrelated systems of inflammatory
mediators. The complement, coagulation, and kinin sys-
tems are the three interrelated and interconnected inflam-

itself. There are four major systems of plasma
enzymes, which have a pivotal function in
homeostasis and control of inflammation. These
are the enzyme system of complement cascade,
clotting proteins, the fibrinolytic (plasmin) sys-
tem, and the kinin system (Delves et al. 2006).
Defect in leukocyte function leads to margin-
ation and adhesion of cells observed in leukocyte
adhesion deficiency, whereas emigration toward
a chemotactic stimulus like drugs and chemo-
taxis inhibitors and defective phagocytosis are
observed in diseases like chronic granulomatous
disease (CGD) or Chediak—Higashi syndrome.

4.4.2 Role of Lymphatics
in Inflammation

Lymphatics are mainly responsible for draining
the edema during inflammation. Edema is exem-
plified by a surplus of fluid accumulation in the

Fibrin split fibrinopeptides

products

matory pathways that act as mediators in both acute and
chronic inflammation

interstitial tissue or serous cavities. Edema may
be a transudate or exudate. A transudate is noth-
ing but an ultrafiltrate of blood plasma and con-
tains less plasma proteins (mostly albumin)
where the permeability of endothelium is usually
normal. In contrast, exudates are a filtrate of
blood plasma with high plasma protein content,
mixed with inflammatory cells and cellular
debris; also the permeability of endothelium is
usually altered. Pus is a purulent inflammatory
exudate containing parenchymal cell debris and
high content of leukocytes (mostly neutrophils)
(Libby 2007; Delves et al. 2006).

4,5 Regulation of Inflammation

Immunoregulatory pro-/anti-inflammatory cyto-
kines are the ones that accelerate/decelerate the
process of inflammation and thus control inflam-
matory reactions either indirectly or directly and
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stimulate the production of cell adhesion mole-
cules or several other cytokines in diverse cell
types. A collection of cytokines are known as
pro-/anti-inflammatory cytokines because they
accelerate/decelerate the inflammatory responses
either directly or indirectly by their ability to acti-
vate the synthesis of some cellular adhesion mol-
ecules or several cytokines in some definite cell
types (Libby 2007; Delves et al. 20006).

Pro-inflammatory cytokines is a common term
denoted for those immunoregulatory cytokines
that favor inflammation. IL-1a, IL-1p, IL-6, and
TNF-a are the major pro-inflammatory cytokines
responsible for early responses. LIF, IFN-y,
OSM, CNTF, TGF-p, GM-CSF, IL-11, IL-12,
IL-17, IL-18, IL-8, and a group of other chemo-
kines that chemoattract several inflammatory
cells are the other collections of pro-inflammatory
mediators. These cytokines either behave as
endogenous pyrogens (IL-6, IL-1, TNF-a),
upregulate the production of pro-inflammatory
cytokines and secondary mediators by both mes-
enchymal cells (including fibroblasts and epithe-
lial and endothelial cells) and macrophages,
activate the production of some acute-phase pro-
teins, or attract diverse inflammatory cells. Anti-
inflammatory cytokines actually counteract the
synthesis of pro-inflammatory cytokines and also
exert influences on several inflammatory
responses in vivo (Libby 2007; Delves et al.
2006).

Anti-inflammatory cytokines is a broad-
spectrum term for those immunoregulatory cyto-
kines that actually neutralize various aspects of
inflammation, namely, the cell stimulation or the
synthesis of pro-inflammatory cytokines, and
thus in addition also control the magnitude of the
inflammatory responses/reactions in vivo. IL-4,
IL-10, and IL-13 are the prominent anti-
inflammatory cytokines. Soluble receptors for
TNF or IL-6 as well as IL-16, IFN-a, TGF-p,
IL-1ra, and G-CSF are some anti-inflammatory
mediators. These mediators act chiefly by the
reticence of the synthesis of pro-inflammatory
cytokines or by neutralizing/balancing many bio-
logical mechanisms of pro-inflammatory media-
tors in several ways (Libby 2007; Delves et al.
2006).
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The final effect of an inflammatory response is
decided by the stability between anti-
inflammatory (e.g., IL-4, IL-10, IL-13, IL-16,
IFN-a, TGF-p, IL-1ra, G-CSF, soluble receptors
for TNF or IL-6) and pro-inflammatory cyto-
kines. It should be recorded that the general and
clear-cut grouping of cytokines as either a pro-
inflammatory or anti-inflammatory one may be
quite misleading. The duration, type, pattern, and
also the expansion of cellular activities activated
by one definite cytokine can be regulated consid-
erably by the property of the target cells, the sur-
rounding microenvironment of a cell, the type of
neighboring cells, the activation state and growth
of the cells, different cytokine concentrations, the
presence of other accumulating cytokines, and
even the sequential flow of several cytokines pro-
curing on the same cell (Li et al. 2007; Iwalewa
et al. 2007; Libby 2007; Delves et al. 2006;
Goldsby et al. 2007; Guyton and Hall 2001).

4.6 Mediators of Inflammation

At the inflammatory sites, different anaphylatox-
ins of the complement cascade, kinin proteins of
the coagulation system, some prostaglandins,
leukotrienes, and several other lipid mediators
act in a confined manner at the site of infection
and tissue damage and at more distant locale to
disperse and support the inflammation process.
Inflammatory mediators serve as muscle-active
molecules, edema-promoting substances, chemo-
taxins, and cellular activators and activators of
different kinds of effector cells engaged in the
inflammatory response (Rang and Dale 1999;
Libby 2007; Delves et al. 2006). The advanced
and efficient process of cellular inflow to inflam-
matory sites is carried over by a plethora of medi-
ator molecules dispersing and supporting
inflammation. These inflammatory mediators are
found in the tissue fluids or serum, are discharged
by degranulating cells, and are also secreted by
some inflammatory cells upon stimulation or
triggered endothelial cells in blood vessels at the
locale of inflammatory responses. They actually
serve as edema-promoting substances, muscle-
active molecules, chemotaxins, and cellular acti-
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vators and inducers of all kinds of effector cells
involved in the inflammatory response (Figs. 4.7,
and 4.8) (Rang and Dale 1999; Li et al. 2007;
Iwalewa et al. 2007; Libby 2007; Delves et al.
2006; Goldsby et al. 2007; Guyton and Hall
2001). Inflammatory mediators embrace some
well-researched compounds like anaphylatoxins
of the complement cascade, kinin proteins of the
coagulation system, prostaglandins, leukotrienes,
and many other related lipid mediators (Figs. 4.7,
4.8, and 4.9).

Another group of inflammatory mediators is
neuropeptides like VIP (vasoactive intestinal
peptide), tachykinins, and VPF (vascular perme-
ability factor). These substances have vasodila-
tory and bronchoconstrictory activity with
enhanced capillary permeability and also trigger
increased secretion of mucus. At the early onset
of inflammatory responses, at the locale of an
injury, several cells contain mediators as pre-

formed substances within their storage granules
(like histamine) or may quickly switch to pro-
duce the inflammatory mediators as required to
synthesized metabolites of arachidonic acid
(Delves et al. 2006).

Inflammatory mediators are varied soluble
and diffusible molecules that act nearby at the
locale of infection and tissue damage and at
more remote sites. Mediators may be an endog-
enous (like lipopolysaccharide of gram-nega-
tive bacteria) and exogenous (toxins and
bacterial products) type. The host immune sys-
tem of higher organisms can be activated by
endotoxins, which simultaneously activate the
Hageman factor, coagulation proteins, the com-
plement pathway, and kinin and fibrinolytic
cascades, eliciting specialized T-cell prolifera-
tion in response to superantigens (Fig. 4.1)
(Libby 2007; Delves et al. 2006; Guyton and
Hall 2001).
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Monocytes, macrophages, and neutrophils and
a class of inflammatory mediators, controlled by
cytokines, regulate different plasma enzyme sys-
tems to actively phagocytosed microbes. These
cells possessing specialized granules have recep-
tors for different complement components and
also for Fc domains of immunoglobulins. NK
cells and cytotoxic T lymphocytes also possess
granules responsible for their cytotoxic function,
involved in the adaptive and early inflammatory
responses in concoction with innate immunity.
Inflammatory mediators during inflammation are
also discharged at the site of injury by a variety of
cell types that either contain them as preformed
molecules within their storage granules, like his-
tamine, or which can quickly switch on the mech-
anism required to produce the mediators as and
when required, for example, to produce different
metabolites of arachidonic acid (Fig. 4.10) (Libby
2007; Delves et al. 2006; Guyton and Hall 2001).

synthesised or released chemical
substances; Mediate changes in
inflammation; Acts on blood vessels,
inflammatory cells, other cell; high

degree of redundancy; guarantees
amplification and maintenance of
inflammatory response ; short half-life

Bacterial toxin products can act as exogenous
mediators of inflammation. Notable among these
is endotoxin or LPS of gram-negative bacteria.
The immune system of higher organisms has
probably evolved in a veritable sea of endotoxin,
so it is perhaps not surprising that this substance
evokes powerful responses. Endotoxin also acti-
vates the Hageman factor, leading to activation of
the coagulation and fibrinolytic pathways as well
as the kinin system. In addition, endotoxin elicits
T-cell proliferation and has been described as a
superantigen for T cells) (Libby 2007; Delves
et al. 2006; Guyton and Hall 2001).

Endogenous mediators of inflammation are
produced in both innate and adaptive immune
systems. These mediators can be originated from
molecules that are generally present in the plasma
in an inactive form, like peptide fragments of
some components of complement proteins
(Figs. 4.7, and 4.8), coagulation factors, and

Exogenous: Endotoxin
Endogenous: plasma, leukocytes,
endothelial cells, fibroblasts

receptor-ligand interactions
direct enzymatic activity
oxidative damage
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Caa }anaphylatoxins
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activation Cap
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Fig.4.10 Chemical mediators. The definition, types, function, and mode of action of chemical mediators are revealed



80 4

kinin systems (Bone et al. 1992; Libby 2007;
Delves et al. 2006; Guyton and Hall 2001).

Mononuclear phagocytes like monocytes and
macrophages play a central role in inflammation,
as they produce many products which contribute
in or regulate the different systems of plasma
enzyme and hence control the mediators of dif-
ferent inflammatory responses. They are also
highly phagocytic and are entailed in microbial
killing, as are neutrophils. The role of these cell
types is at least biased under the regulation of
cytokines. All these inflammatory cells have
receptors for complement proteins and for Fc
domains of immunoglobulin molecules

They also possess specialized granules con-
taining a diverse variety of products that are dis-
charged perhaps by some general mechanisms.
NK cells and cytotoxic T lymphocytes, in a wide-
ranging way, also possess granules, which are
significant for their cytotoxic role. In general,
lymphocytes are engaged in the adaptive immune
response to inflammation, and the initial events
of inflammation are mediated in fraction by dif-
ferent molecules produced by cells of the innate
immune system.

Early-phase mediators are produced generally
by platelets and mast cells. They are especially
significant in acute inflammation and consist
mainly of serotonin, histamine, and other vasoac-
tive substances; cytokines like IL-1, IL-6, and
TNF-o; and chemoattractants like C5a. Platelets
may contribute to inflammatory responses as a
consequence of tissue injury, through a series of
mechanisms involving: the release of permeabil-
ity factors and other vasoactive amines; the
release of coagulation factors; the release of lyso-
somal enzymes, which lead to generalized and
localized fibrin deposition/accumulation; and the
configuration of platelet aggregates or thrombi
which causes the blocking of capillaries and
vessels.

Late-phase mediators are accountable for the
control of vascular events occurring later—from
nearly 6-12 h after the triggering of inflamma-
tion. The later vascular events are mediated, at
least in part, by various products of arachidonic
acid (Bone et al. 1992; Libby 2007; Delves et al.
2006; Guyton and Hall 2001).
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Mediator aggregation at local inflammatory
series in skin blisters is somewhat dissimilar
from the systemic effects after intravenous endo-
toxin. Under normal conditions, these flows of
inflammatory reactions triggered by the media-
tors are sternly regulated. Failure to do so can
direct to multiple organ failure which is known as
systemic inflammatory response syndrome.
Suitable inhibitors and inflammatory mediators
are, therefore, of chief interest for ameliorating
and modulating the effects of inflammatory
responses and their sequelae (Bone et al. 1992;
Libby 2007; Delves et al. 2006; Guyton and Hall
2001).

4.7  Systemic Inflammatory

Response Syndrome

This syndrome is commonly seen as a systemic
expression of diverse inflammatory mediators
(oxygen free radicals and coagulation factors
work in a juxtacrine fashion together with cyto-
kines and related cytokine signals that generally
function in an paracrine or autocrine way). Not
only anti-inflammatory cytokines but also pro-
inflammatory cytokines are increased in the
blood and the abnormal condition has been
termed as a “cytokine storm.” Sepsis or septic
shock syndrome is a systemic response to inflam-
mation during an infection. It is a lethal, severe,
and frequently hemodynamic breakdown caused
by bacterial endotoxins during gram-negative
septicemia. This toxic shock syndrome is mainly
seen in younger women due to tampons contami-
nated with Staphylococcus aureus bacteria. The
bacterial exotoxin, TSST-1 (toxic shock syn-
drome toxin-1; 23.1 kDa), triggers the synthesis
of TNF and IL-1. In transgenic mice deficient in
expression of CD28, the essential co-stimulatory
signals of CD28 has been established in TSST-1-
induced toxic shock syndrome. Chiefly due to tis-
sue acidosis, hypoxia, and severe local
modifications of metabolism, the characteristic
symptoms are hypotension, insufficient tissue
perfusion, and uncontrolled bleeding. The end
stage of severe systemic inflammatory response
syndrome is represented by multiple organ dys-
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functions. The massive deterioration of homeo-
stasis during sepsis, also known as disseminated
intravascular coagulation, involves mostly the
blood vessels along with fibrinolytic, comple-
ment, and blood coagulation processes, platelets,
the absence or presence of inhibitors, and the kal-
likrein—kininogen system. Sepsis management
according to symptoms is still one of the hard
challenging problems faced by clinicians in
intensive care patients (Bone et al. 1992; Libby
2007; Delves et al. 2006; Guyton and Hall 2001).

4.8 Inflammatory Mediators:

“The Holy Grail”

In this chapter, we have tried to focus on the mul-
tiple mediators of inflammation which form a
network of immune reactions. Mediators are
chemical substances liberated by the endogenous
trigger released from activated or injured cells
during inflammatory response. They may be
blocked indirectly or directly by inhibitors of
inflammation. Mediators are concentrated in tis-
sues where the observed symptoms or effects are
visible. The action of mediators is the same in all
species where the phenomenon occurs. It can be
destroyed systemically or locally to avoid their
undue concentration.

Nonimmune and immune chemical mediators
are one of the many factors that control inflam-
mation. There is long list with never-ending addi-
tions. There are mediators which suppress the
inflammation whereas some others can stimulate
the same. A plethora of mediators or a single
mediator is responsible for most of the inflamma-
tory signs and symptoms. By antagonizing the
action or inhibiting the formation of these
mediator(s), an end of treatment of most forms of
inflammatory disease would be possible.

Humans and animals are continuously exposed
to microbial pathogens, trauma, stress, and injury
that can pose a considerable relevance in our
daily livelihood. After the initiation of the etio-
logical agent, the organism elicits a set of highly
organized immunological, physiological, meta-
bolic, and behavioral responses to represent its
strategy to fight the infection. Inflammatory
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mediators generated at the site of assault in the
peripheral tissues communicate with the brain to
modify its immune response and upgrade as nec-
essary which aid in its ability to fight and elimi-
nate the source. The groups of mediators,
pathways, and key responders/effectors during
inflammation are varied and change their modus
operandi in a different disease in a different
organism.

As inflammation and its network of reactors
form a juggling condition, thus to dissect all
strings of its web, different animal models are
developed in different diseases to mimic the orig-
inal scenario. Inflammation is induced through
varied stimulator molecules in these animals
even for a single disease in a different setup to
decode the mechanism of inflammation and bring
out probable diagnostic and therapeutic agents.

These studies have also provided evidence of
systemically generated inflammatory mediators
versus local molecules both in chronic and acute
inflammation. The phenomenon of inflammation
is initiated by mononuclear phagocytes, which in
turn synthesize diverse inflammatory mediators,
the cascade of complement pathways, antibody
production, and subsequent tissue repairing and
resolution. Thus it traverses through both innate
and adaptive immune systems. While these
responses are part of our normal homeostatic
mechanisms, it is quite clear that systemic inflam-
mation has a detrimental effect in humans and
also in animals.

Animal models have great inputs in our com-
prehending of the factors that regulate an inflam-
matory disease development, and they may also
present valuable tools for budding novel thera-
peutic strategies. In inflammatory disease-
induced models, chemical and cellular mediators
are administered to induce acute or chronic dis-
eases. It is useful for studying the involvement of
multiple immune processes. Indeed, the diverse
circulated published papers have researched on
animal models revealing acute phase with mostly
innate immune responses, but some are known as
chronic pathologies. Thus a significant feature of
these models is that the supervision of repetitive
cycles of mediators leads to intestinal chronic
inflammation, which allows significant revelation
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about the adaptive immune responses. This per-
mits studies of inflammatory mediators and cel-
lular inflow associated in the severity process of
inflammatory disease.

The mediators of inflammation responsible
for the pathobiology of an inflammatory disease
are of an assorted nature, and diverse clinical
studies have reported contrasting results, espe-
cially for their cell inflow and protein expression
mechanisms. Such discrepancy in observations
may at least in some part be explained by the
definite methodologies used, varied time points
at which analyses were done, and mice strain sus-
ceptibility and/or concentration (or dose) of the
administered inducer. Moreover, to the superla-
tive of our collective research knowledge, quite a
few studies aimed to elucidate the kinetics of
inflammatory cascades regulating acute and
chronic phases of inflammatory disease.

In this framework, the ongoing chapter aimed
to judge cellular inflow and inflammatory mark-
ers during the phases of acute and chronic inflam-
matory disease of humans induced in mice. This
chapter showed very significant differences
among the stimulation phase and the consequent
recovery phase which may be useful for future
modeling of the experimental inflammatory dis-
eases. This may particularly provide sturdy evi-
dence for the recognition of inflammatory
biomarkers essential for the prediction of disease
pathogenesis and the designing of possible thera-
peutic strategies.

It is quite evident from the clinical history
from the hospital that no specific mediators were
investigated during the routine investigations in
the diagnosis process. Rather some broad-
spectrum inflammatory markers (like CRP, ESR,
procalcitonin, etc.) were diagnosed which will
point toward the process of inflammation and not
to the pathways of activation of mediators,
whereas in the laboratory people are developing
inflammatory animal models to understand all
possible molecules involved in inflammation.
Very soon in hospitals, definite inflammatory
markers for each disease will be investigated for
routine diagnosis.

Over the past years, much study is ongoing
to highlight the significance of understanding
the pathology of inflammatory disease for the
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procurement of safe and efficient pharmacologi-
cal treatments. In this milieu, we highlighted a
few of the immunological mechanisms that
occur during acute and chronic periods of
inflammation, with its remission/recovery
period, in some of the widely used experimental
model of a spectrum of diseases. These diseases
are quite common ailments and are posing quite
a nuisance not only to global health but also in
proving obstructions in its socioeconomic
developments.

During the initial recovery phase, the under-
taking of the body resolves the inflammation
upshot in a complete reduction of the some
inflammatory mediators, while some inflamma-
tory mediators did not even reach normal levels.
Also after the repetitive phases of administration
with inducer molecules, there is a greater eleva-
tion in intensity, and some different partners of
inflammatory mediators were added to the
sequential immune mechanisms. Although dur-
ing the succeeding recovery phase, a new
homeostatic mechanism of the body to reimburse
and resolve inflammation was observed, but
interestingly, the clinical factors were still per-
sisting, revealing the chronic phase.

This present chapter revealed different inflam-
matory mediators, the cascade of inflammatory
sequences, and cell inflow in the acute and
chronic period of broad spectrum of diseases.
The pro-inflammatory reactions were predomi-
nant in the stimulation phase; pro-resolution
mediators were revealed observed during the
recovery processes. Strikingly, some important
mediators were still persisting even after the ini-
tial recovery phase and thus seemed to add to the
magnified inflammatory reactions elicited in the
subsequent induction phase. Also, our observa-
tions revealed a balance between anti- and pro-
inflammatory mediators and a contrasting
disparity between anti- and pro-inflammatory
responses in the consequent recovery phases
which dampen the course of resolution of inflam-
mation with the repairing of tissue. Thus, this
chapter contributes to improve comprehension of
the inflammatory models and emphasizes the
importance of understanding the fundamental
mechanisms associated with the pathophysiology
of experimental animals for development of
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appropriate therapeutic interferences in human
inflammatory diseases.

What needs to be addressed in research in
inflammation biology is that whether it is a cause
of disease or the result of it or just a side effect of
the disease. No clear idea exists as to whether
inflammation actually causes chronic diseases or
merely accompanies them. Further research needs
to be conducted in the area of genes and mole-
cules involved in causing inflammatory disorders
thereby improving the diagnosis and treatment of
such diseases. The question we pose here is that
whether it is possible to screen the mediators of
inflammation and their levels of expression in dis-
eases associated with inflammation and correlate
them with the clinical history. This would offer an
advantage both from the point of view of diagno-
sis, therapy, and prognosis of inflammatory disor-
ders. The future scope of this chapter remains in
identifying such markers for inflammation and its
correlation with disease condition.

Biomarkers use across the
spectrum of diseases
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4.9 Biomarkers of Inflammation
A biomarker is a parameter (chemical, physical,
or biological) that can be applied to detect and
compute the progress of disease or the results of
treatment in preclinical research and clinical
diagnosis. More significantly, a biomarker points
out a change in state or expression of proteins,
peptides, genes, and other factors that associate
with the progression or risk of a disease, initial
diagnosis, drug response, susceptibility of the
patient to a given treatment, drug target identifi-
cation, or disease intervention. The whole subset
of biomarkers might be acknowledged using pro-
teomics technologies, genomics, different imag-
ing technologies, and invasive or noninvasive
laboratory investigations using different physical
parameters (Fig. 4.11) (Mayeux 2004; Kumar
and Sarin 2009).

In laboratories, animal models for inflamma-
tory diseases are being developed to understand

Technologies for
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Fig. 4.11 Disease pathogenesis and potential applica-
tions of biomarkers. Different subsets of biomarkers are
released from tissues and tumor or present in blood, urine,
or other body fluids. The screening, diagnostic, prognos-
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tic, and therapeutic applications of biomarkers are pre-
sented with respect to disease pathology (Mayeux 2004;
Kumar and Sarin 2009)
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the process of inflammation, identify inflamma-
tory biomarkers, and find out their probable role
in therapeutics. Currently, there are no specific
markers for inflammation; rather some broad-
spectrum inflammatory markers were routinely
investigated in hospitals. The question we asked
is, since the biochemistry of inflammation is
known, is it possible to identify some potential
biomarkers of inflammation for safe assessment
in diagnosis, treatment, and prognosis which may
in the future be helpful for routine hospital diag-
nosis (Fig. 4.11)?

However, inflammatory biomarkers are often
examined one by one; their interrelation and
clear-cut aspects of their associated pathobiologi-
cal mechanisms remain unclear. Explanation of
these relationships could aid the suitable imple-
mentation of prognostic biomarkers in different
clinical practices. Biomarkers in inflammation
are gaining increasing interest given their clinical
benefits. The most commonly used biomarkers
are presented first, followed by a description of
variable acute conditions with their relevant
biomarkers. In addition to the conventional use of
these biomarkers, other biomarkers are outlined
in variable critical conditions that may be related
to acute inflammation.

Biomarkers can be defined as any alterations in
the constituents of body or tissue fluids. These
markers provide a medium for uniform classifica-
tion of a disease with its risk factors and can be
extended in understanding the basic underlying
pathophysiology of disease. Biomarkers provide a
powerful and dynamic tool to grasp the spectrum
of inflammatory diseases with usage in observa-
tional and analytic epidemiology, clinical trials in
populations, and screening with diagnosis and
prognosis. Biomarkers can also reflect the entire
steps of a disease from the earliest symptoms/
screening to the terminal stages. Analytical assess-
ment of the validity of biomarkers is required to
correlate with respect to the stage of disease.
Variability in the measurement of biomarkers
ranges from individual error in laboratory techni-
cians, machine dysfunction, improper storage of
body fluid, and other bias and confounding issues.

There has been a major sea change, in the past
decade, in the way disease is diagnosed and
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investigated with the usage of high-throughput
technologies, like proteomics, genomics, lipo-
mics, metabolomics, microarrays, lab on a chip,
etc. These advances have paved the way to the
discovery of novel inflammatory disease bio-
markers relating to cancers, autoimmune disor-
ders, intestinal diseases, endocrine diseases,
genetic disorders, neural damage, etc. In many
cases, these developments have gone together
with the discovery of biomarkers expressed via
traditional or conventional methods, such as
immune histopathology or clinical biochemistry.
These inflammatory disease biomarkers together
with  microprocessor-based  statistical data
analysis, bioinformatics, and newer invasive/non-
invasive analytical methods have been used to
identify individuals with active disease versus
refractory pathology versus those having distin-
guishing pathologies. Sometimes diagnosis relies
on a cohort of biomarkers rather than a single dis-
ease biomarker. The techniques and methods of
elucidating a biomarker are complex, and unfor-
tunately an inflammatory disease biomarker can-
not be readily transferable to other disease states.
Thus there is a demand for a focused and com-
prehensive study in search of universal clinical
biomarkers which is the urgent need in wide
areas of cancer, nutrition, cardiology, endocrinol-
ogy, immunology, addictions, birth defects,
genetics, etc., to correlate with their therapeutic
applications.

4.10 Inflammatory Mediators
and Different Biomarkers
in Different Subsets

of Diseases and Related
Immunomodulatory

Therapies and/or Strategies

Intestinal Inflammation
in Inflammatory Bowel
Disease (IBD)

4.10.1

Inflammatory bowel disease (IBD) is a heteroge-
neous collection of inflammatory situations of
the small intestine and colon which affects mil-
lions of people worldwide. These two diseases
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express familiar symptoms or some common
extraintestinal complication of recurrent diar-
rhea, abdominal pain, rectal bleeding, anemia,
weight loss, vomiting, and severe internal cramps
or muscle spasms in the pelvis. Generally diag-
nosis mainly involves assessment of inflamma-
tory markers in stool and colonoscopy and biopsy
of pathological lesions. The two main forms of
IBD are ulcerative colitis (UC) and Crohn’s dis-
ease (CD) characterized by massive cell influx
and release of varied pro-inflammatory mediators
to the intestinal tissues. By contrastingly differ-
ent research groups, different experimental ani-
mal models were developed where the mediators
are administered to induce different forms of IBD
in the animal.

In UC, the laboratory tests most used to mea-
sure the APPs in clinical practice are the serum
concentration of CRP and the erythrocyte sedi-
mentation rate. Other biomarkers of acute-phase
response include platelet and leukocyte count
and serum albumin and orosomucoid concentra-
tions. There is a significant difference in the CRP
response between UC and CD as reported in lit-
eratures. A clear increase in CRP is described in
CD patients, whereas in UC the response is slight
or absent. For these differences, there is no satis-
factory explanation. Serum IL-6 levels were sig-
nificantly elevated in patients with CD compared
to UC patients and normal individuals. The most
sensitive serologic markers of inflammation in
adult population for detecting IBD are CRP as
compared to other markers. The sensitivity of
CRP is quite high which ranges from 70-100 %
in the differential diagnosis between CD versus
irritable bowel syndrome. To differentiate
between CD and UC, the higher levels of CRP in
active CD than in UC might be used. For differ-
entiation between both types of IBD, the mea-
surements of circulating levels of CRP and ESR
and platelet count are not useful at all (Cioffi
et al. 2015).

Inflammatory marker levels of CRP are asso-
ciated with poor sleep quality, and clinical dis-
ease activity in IBD suggested a relation between
circulating inflammatory markers and sleep. The
key drivers of poor sleep quality are due to the
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common symptoms of IBD like diarrhea and
abdominal pain (Wilson et al. 2015).

Dextran sodium sulfate (DSS) can induce both
acute and chronic colitis in animal models. This
induction with DSS was differentiated by severe
disease activity, immense colonic polymorpho-
nuclear penetration, and elevated levels of TNF-
a, IL-17, VCAM-1, and keratinocyte-derived
chemokine (CXCL1/KC). In the recovery phase
of intestinal inflammation, marked elevation of
IL-10, IL-4, TGF-B, and cyclooxygenase 2
(COX-2) as anti-inflammatory mediators was
seen. In chronic experimental colitis, nuclear fac-
tor xf (NFxf) and regulatory T-cell marker fork-
head box P3 (FoxP3) concentrations were
elevated gradually representing immune disbal-
ance in intestinal mucosal inflammation (Bento
et al. 2012).

The worldwide food-borne bacterial enteroco-
litis infection is caused by a zoonotic pathogen
Campylobacter jejuni. It forms an integral part of
the commensal flora in many domestic and wild
animals including broiler chickens which primar-
ily transmit this pathogen to humans. Gnotobiotic
IL-10" mice were generated as a suitable verte-
brate model in the laboratory by quintuple antibi-
otic intervention to mice just after weaning to
protect these animals from chronic colitis. Then
oral infection of C. jejuni leads to colonization of
the bacteria in the gastrointestinal tract and resul-
tant acute enterocolitis within 7 days as observed
by bloody diarrhea and significant histopatho-
logical changes of the colonic mucosa. The
inflamed colon was immunopathologically char-
acterized by greater numbers of B and T lympho-
cytes, regulatory T cells, and apoptotic cells as
well as increased concentrations of IFN-y, TNF-
o, and MCP-1 mimicking severe phases of human
campylobacteriosis as a perfect animal model
in vivo. In control, animal models infected with
another commensal bacterium, E. coli indicate no
symptoms of the disease. The lipoproteins and
lipooligosaccharides of C. jejuni are the inflam-
matory mediators that use the toll-like receptor
(TLR-2 or TLR-4) signaling pathways as mice
lacking these TLRs are abated from intestinal
immunopathology (Haag et al. 2012).
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Enteric glial cells (EGCs) have protective
functions against pathogens and play an impor-
tant role in the continuation of gut homeostasis
to support intestinal inflammation. EGCs may be
activated and proliferated in reaction to inflam-
mation and injury undergoing reactive gliosis
(enterogliosis) due to alterations in the homeo-
stasis of the enteric nervous system. Enterogliosis
is exemplified by the massive overexpression
and secretion of distinct S100B protein like
astroglia-derived signaling molecules. S100B is
a highly diffusible; Ca**/Zn** and p53-binding
protein coordinate different pro-inflammatory
signals thus playing a vital role during intestinal
inflammation. Pentamidine directly blocks
S100B activity, as an antiprotozoal drug. Acute
UC was induced in mice model by inflammatory
mediator DSS (4 % DSS for 4 days) as compared
to control mice group and colitis groups with
pentamidine treatment (0.8 mg/kg and 4 mg/kg).
The anti-inflammatory role of pentamidine was
evaluated in colonic tissue by evaluating the dis-
ease activity index (diarrhea, blood in the feces,
animal weight loss); histopathological severity;
postmortem evaluation of cyclooxygenase-2,
S100B, glial fibrillary acidic protein, and iNOS;
pS50 and p65 protein expression; phosphorylated-
p38, MAP kinase, and myeloperoxidase activity;
malondialdehyde synthesis; and macrophage
influx in colonic tissues. Also plasma concentra-
tions of NO and prostaglandin E2, IL-1f, TNF-
o, and S100B levels were also identified in
samples. Additional in vitro quantification was
done on longitudinal muscle myenteric plexus
(LMMP) preparations and dissected mucosa in
LPS +DSS or exogenous S100B protein induc-
tion in the absence or presence of pentamidine.
The effects of pentamidine intervention on UC
induced by inflammatory mediators (DSS, LPS)
were implicated in histological/biochemical
evaluation and macroscopic observations in
colonic tissues (Mishra et al. 2012; Esposito
et al. 2012).

In DSS-induced acute colitis in experimental
mice deficient in IL-17C, the intestinal inflam-
mation is exaggerated in the presence of inflam-
matory mediator DSS. But these mice were
protected against DSS-induced colon pathology.
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The colons of diseased IL-17C-deficient mice
showed high numbers of Y6 * and CD4* T cells.
Mechanistically, IL-17C directly controls the
expression of the occluding or tight junction mol-
ecule in colonic epithelial cells and thus helps in
perpetuation of mucosal barrier integrity
(Reynolds et al. 2012).

UC is less prevalent in current smokers as
compared to ex-smokers and nonsmokers.
Though there were reports of smokers having
lowered rates of colectomy, hospitalization, and
requirement for oral corticosteroids and immuno-
suppressant to control this disease, other poten-
tial active mediators in smoking may pose some
clinical effects. Nicotine’s application in thera-
peutic regime in ulcerative colitis is variable as
compared to conventional medicines and placebo
as it modifies inflammation and risk in ulcerative
colitis. The adverse events of nicotine limit its
clinical relevance (Lunney and Leong 2012).

In DSS-induced mice, UC was developed
resulting in acute intestinal inflammation. In
colon tissues, histological alterations (eosin and
hematoxylin staining), neutrophil inflow (myelo-
peroxidase assay), levels of iNOS (immunohisto-
chemical staining), and mRNA expression of
pro-inflammatory mediators like TNF-a, IL-1p,
IL-6, and IFN-y by RT-PCR were evaluated.
Aqueous extract of chaga mushroom (Inonotus
obliquus) (IOAE) at treatment doses to UC mice
indicated suppressed mucosal damage, edema,
and the loss of crypts in histological examina-
tions in colon tissues. IOAE acts as a suggestive
anti-inflammatory agent at colorectal sites due to
slowing down of the expression of inflammatory
mediators and thus may be useful addendum in
the setting of IBD (Mishra et al. 2012).

4.10.2 Inflammatory Airway Disorder

Asthma, or bronchial asthma (BA), affects mil-
lions of people worldwide. It is a chronic inflam-
matory disease of the airways. It causes periodic
outburst of coughing, shortness of breath, wheez-
ing, increased contractibility of surrounding
smooth muscles, bouts of narrowing of the air-
way, and chest tightness.
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BA is associated with the interplay of various
inflammatory mediators, cell infiltration (T lym-
phocytes, eosinophils, and mastocytes), and the
liberation of many membrane bound or co-
stimulatory soluble molecules (CD40, CD40L,
CD30, TNF receptor, and B7-H3). The concen-
trations of soluble OX40L (sOX40L), the vital
co-stimulatory signal molecule, increases in
asthmatic children and adults and also in many
diseases. Pulmonary functions by spirometer
and serum concentrations of sSOX40L by ELISA
were detected in acute asthmatic adult patients
as compared to the control group. The patients
were graded according to their disease severity
into stable, severe, moderate, and mild asthmatic
group. In adult asthmatic patients, the serum lev-
els of sOX40L (6.80+4.95 ng/L) were distinctly
elevated than that of the control population, and
they were negatively associated with pulmonary
function indexes. Also, serum concentrations of
sOX40L showed prominent differences among
severe, moderate, and mild control groups, and
its concentrations reduce to the same extent as
the control population after therapeutic interven-
tion of the adult asthmatic patients. Thus
sOX40L level may act as a possible inflamma-
tory mediator in the pathology of asthma (Lei
et al. 2012).

In the diagnosis of asthma, the most important
cells are eosinophils and sputum eosinophilia.
Apart from local inflammation, systemic inflam-
mation in asthma can be revealed by increased
concentrations of CRP. By ultrasonic nebulizer,
sputum was induced, and then peripheral venous
blood samples were collected to calculate the
concentration of CRP (by ELISA) and to count
peripheral cells. Serum levels of high-sensitivity
CRP (hs-CRP) were significantly elevated in the
inhaled steroid nonuser group as well as user
group as compared to healthy controls. Sputum
and peripheral blood eosinophilia were seen in
steroid nonusers as compared to the healthy indi-
viduals. In the steroid nonuser group, serum hs-
CRP levels were positively associated with
sputum eosinophilia, which was not statistically
significant. The levels of hs-CRP did not get
affected by age, sex, and atopy status in both
asthmatic groups. Thus, serum hs-CRP being a
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biomarker can indirectly reflect the extent of air-
way inflammation (Halvani et al. 2012).

The transcription factor, NK-kfp, performs a
crucial role in the pathogenesis of asthma.
Dehydroxymethylepoxyquinomicin (DHMEQ),
a compound that inhibits NF-xB activation, was
reported to abate various inflammatory diseases
in animal models. In ovalbumin-induced inflamed
BALB/c mice, DHMEQ was administered before
induction. DHMEQ significantly reduces con-
centrations of TH2 cytokines in bronchoalveolar
lavage fluid and lowered eosinophilic airway
inflammation, mucus production, peribronchial
fibrosis, eotaxin-1, and the expression of
a-smooth muscle actin. Thus DHMEQ inhibits
allergic responses in airway inflammation; in
murine models, airway remodeling of asthma
may be used in therapeutic intervention (Shimizu
et al. 2012).

Chronic obstructive pulmonary disease
(COPD) is a very common lung disease with
inflamed lung condition associated with mild to
moderate breathing problem. The two main
forms of COPD are chronic bronchitis (CB) or
progressive pulmonary inflammation with a
mucus-laden long-term cough and destruction of
the lungs for a long time by emphysema. The
symptoms of COPD are cough and breathless-
ness to an extreme of ischemic heart disease,
stroke or death in severe cardiovascular compli-
cations. Actually in COPD and in other related
chronic lung inflammation, atherosclerotic
plaque formation and rupture of plaque lead to
cardiovascular events (Man et al. 2012).

Chronic airway inflammation is a combina-
tional indicator of several diseases like asthma,
COPD, and cystic fibrosis. The symptoms occur
after the failure of immune system to combat an
acute inflammation spontaneously resulting in
structural and functional alterations in the paren-
chyma and walls of the airways, uninterrupted
influx of different inflammatory cells toward the
locale of inflammation, and production of protein
(like chemokines, cytokines, enzymes, etc.) and
eicosanoids  (pro-inflammatory  mediators).
Eicosanoid, an n-6 polyunsaturated fatty acid
(PUFA), is mainly synthesized by the metabo-
lism of arachidonic acid in the membrane phos-



88 4

pholipids. Contrastingly, anti-inflammatory n-3
PUFA decreases the synthesis of pro-
inflammatory cytokines and functions of immune
cell, releases some anti-inflammatory pro-
resolving mediators (protectins and resolvins),
and may be used in airway disorders with an
inflammatory constituent (Giudetti and Cagnazzo
2012).

hs-CRP indicates low grade of systemic
inflammation in COPD. COPD associates posi-
tively with hs-CRP and smoking status and nega-
tively related with body mass index. Apart from
forced expiratory volume (FEV), the potential of
CRP as biomarker to complement the present
system of staging with the help of FEV can be
expanded (Nillawar et al. 2012).

Acute lung injury (ALI) caused by any local
or systemic inflammatory stimulus results in a
dispersed heterogeneous lung injury symptom-
ized by hypoxemia, low lung compliance, and
noncardiogenic pulmonary edema with wide-
spread capillary leakage. For treatment of ALI
and pulmonary fibrosis, transplantation of bone
marrow mesenchymal stem cells (MSCs) is one
of the possible resorts. Experimentally, rats were
exposed to cigarette smoke (CS) for nearly 11
weeks followed by administration of rMSCs into
the lungs. Infusion of rMSCs mediates a reduced
pulmonary cell apoptosis; a downregulation of
TNF-a, IL-1p, MCP-1, and IL-6 (pro-
inflammatory mediators); and an upregulation of
vascular endothelial growth factor (VEGF), pro-
teases (MMP9 and MMP12) in lung, VEGF
receptor 2, and TGFf-1 and improves destructive
pulmonary function and emphysema triggered by
CS exposure (Guan et al. 2013).

High plasma CRP levels within 48 h of ALI in
children were tested along with its association in
28-day mortality and ventilator-free days (VFD).
The CRP level in nonsurvivors was 126 mg/L
which was quite high than in survivors
(CRP=56 mg/L). As cardiovascular organ failure
at onset of ALI was the strongest predictor for
mortality, so for every 10-mg/L rise in CRP level,
mortality increased by 4.7 %. Increased CRP lev-
els were thus associated with a decrease in
VEFD. Therefore, increased plasma CRP levels
have no favorable outcome in ALI in children,
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but it is in contrast with findings in adults with
ALI (Bruijn et al. 2013). CRP is used as an
inflammatory biomarker to distinguish ALI or
acute respiratory distress syndrome (ARDS)
from cardiogenic pulmonary edema. CRP
behaves as a diagnostic marker in these diseases.
CRP along with brain natriuretic peptide (BNP)
behaves as a stronger prognostic marker of these
diseases (Komiya et al. 2011).

The ALI along with its severe form, ARDS, is
exemplified by greater vascular and epithelial
permeability, hypofibrinolysis, hypercoagula-
tion, inflammation, and immunomodulation. A
distinct population of an intact lipid bilayer con-
taining small cytosolic vesicles within the mic-
roparticles (MPs) in both the alveolar and
vascular compartments in respective patient
groups or in ALI/ARDS animal models may
serve as diagnostic and prognostic biomarkers.
MPs are released in vascular, parenchymal, or
blood cells containing membrane and cytosolic
proteins, different organelles, lipids, and RNA
derived from their relevant parental cells. MPs
act as modulators, intrinsic stimulators, or even
attenuators in some diseases as it can effectively
interrelate with various cell types. MPs in ALI/
ARDS are derived from diverse cell types of het-
erogeneous function and may act as a promising
therapeutic agent to modulate inflammatory
mechanisms by either removing/inhibiting or
administrating/stimulating MPs (Mcvey et al.
2012).

Multiple-organ dysfunction syndrome and
ALI are initiated by different inflammatory medi-
ators after trauma and hemorrhagic shock (T/HS)
to enter into the systemic circulation through
mesenteric lymph ducts. Post-HS mesenteric
lymph (PHSML) activates polymorphonuclear
leukocytes (PMNs), activates red blood cell and
vascular endothelial cell dysfunction, and con-
tains biologically active lipids as pro-
inflammatory mediators. In the PHSML,
phosphatidylethanolamine, lysophosphatidyleth-
anolamine (LPE), phosphatidylcholine, lyso-
phosphatidylcholine (LPC), and sphingomyelin
were detected; arachidonoyl, linoleoyl, and doco-
sahexaenoyl LPCs and LPEs were significantly
elevated in the PHSML of the T/HS group.
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Elastase was also released after induction by
linoleoyl and arachidonoyl LPCs. These biologi-
cally active lipids in PHSML are involved in the
pathology of ALI or multiple organ dysfunction
syndrome (Morishita et al. 2012).

4.10.3 Pancreatitis

Pancreatitis is an inflammatory disease of the
pancreas which requires medical attention and
immediate hospitalization during an attack. It
occurs mainly when trypsin and other pancreatic
enzymes start digesting food when activated in
the pancreas instead of the small intestine. Acute
pancreatitis (AP) begins suddenly and lasts for a
few days, whereas in chronic pancreatitis (CP) it
lasts for many years. The most common (~80 %)
etiology of AP and CP is gallstones and alcohol,
respectively. Pancreatitis has multiple causes
including some viruses (cytomegalovirus, hepati-
tis B, mumps), bacteria (Mycoplasma,
Salmonella), fungi (Legionella, Aspergillus), and
parasites (Ascaris, Cryptosporidium) and a num-
ber of other infectious agents have been
recognized.

AP if present in its severe form includes sys-
temic organ dysfunction, local pancreatic com-
plications (pseudocysts, necrosis, or abscess), or
both. Severity of AP depends on a number of
causal factors which includes both systemic
organ failure and local peripancreatic necrosis. In
AP, inflammatory mediators initiate the intracel-
lular stimulation of pancreatic proenzymes and/
or NF-«B. Thus, stimulated leukocytes penetrate
deep into and around the pancreas and decide a
central role in the severity of AP. The inflamma-
tory reaction is initially local, which may multi-
ply in cascade to produce excess inflammatory
mediators leading to systemic and/or early organ
failure (Kyldnpaa et al. 2012).

These immune responses are combated by the
release of specific cytokine inhibitors and anti-
inflammatory cytokines thus preventing the haz-
ard for systemic infection. At present, there is no
specific treatment for AP, but an enhanced under-
standing of the pathology of systemic inflamma-
tion and the advance of organ dysfunction may
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prepare for future treatment methodologies
(Kyldnpad et al. 2012).

In AP patients, the concentration of CRP
equal or more than to 150 mg/L even at 48 h after
hospital admission was relevantly associated
with higher chance of receiving prophylactic
antibiotics after prescription. Thus CRP was one
of the most prominent biomarkers in prescribing
prophylactic antibiotics in AP (Cardoso et al.
2014). In CP patients, systematic inflammation
was identified. Patients with osteoporosis and
higher levels of inflammatory markers had the
highest systemic inflammation. Thus, in CP, the
potential alteration of risk factors like CRP may
provide an avenue to avert fractures and reduce
bone loss in this group (Duggan et al. 2015). CRP
along with serum interleukin-6 (IL-6) is used as a
diagnostic marker in the differentiation between
pancreatic cancer and CP (Mroczko et al. 2010).

In nonalcoholic fatty pancreas disease
(NAFPD), obesity is a risk factor. During AP,
IL-10 acts as an effective anti-inflammatory cyto-
kine in downregulating the release of pro-
inflammatory mediators. Obesity reduces the
synthesis of pro-inflammatory cytokines in the
spleen, so spleen-originated IL-10 may regulate
the NAFPD pathology, caused by high-fat (HF)-
diet-induced obesity. In splenectomy (SPX)-
treated mice, the increased fat deposition and
inflammatory responses of the pancreas in obese
mice (with HF diet-induction) were reduced by
systemic administration of IL-10. In IL-10
knockout mice, SPX had little effect on inflam-
matory responses and fat deposition in the pan-
creas. Thus, obesity reduces IL-10 release by the
spleen which may protect against the develop-
ment of NAFPD (Gotoh et al. 2012).

A biologically active portion of the plant
Nardostachys jatamansi (NJ; NJ4) was adminis-
tered intraperitoneally in mice followed by injec-
tion with the cerulein (analogue of stable
cholecystokinin) for nearly 6 h. After the last
cerulein injection, the morphological examina-
tion of the lung and pancreas and blood and neu-
trophil infiltration were done along with cytokine
expression. NJ4 administration abates the AP
severity and lung injury related with AP, reduces
neutrophil inflow and cytokine production, and
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results to in vivo elevated levels of heme oxygen-
ase-1 (HO-1). Also, NJ4 along with NJ4-2
(another active fraction) induces HO-1 in isolated
pancreatic acinar cells and thus prevents the
cerulein-triggered death of acinar cells. NJ4 may
be a probable therapeutic agent offering defense
in AP and might also lower the severity of the
disease by stimulating HO-1 expression (Bae
et al. 2012).

4.10.4 Kidney Disease

The kidneys are two organs that cleanse our
blood by removing excess fluid and waste, main-
tain the salt and mineral balance of the blood, and
help to regulate blood pressure. When the kid-
neys are damaged, fluid and waste products can
accumulate in the body, causing swelling of the
ankles, with weakness, poor sleep, vomiting, and
shortness of breath. Loss of kidney function is a
serious and potentially fatal state and if left
untreated, eventually the diseased kidneys may
stop functioning totally.

The most abundant leukocytes in the kidney
are DCs and macrophages which are the key
players in innate immune responses as they coor-
dinate ischemia—reperfusion injury in the kidney
followed by inflammation. They directly induce
sterile inflammation after reperfusion by produc-
ing pro-inflammatory cytokines, soluble inflam-
matory mediators, and chemokines and indirectly
through activation of NK cells and effector T
lymphocytes. DCs possess tolerogenic functions
in normal and diseased conditions and macro-
phages participate in tissue repair. Governing the
microenvironment of the kidney and understand-
ing the function and phenotype of DCs and mac-
rophages will throw light on the pathogenesis of
this disease and offer novel drug targets (Okusa
and Li 2012).

Chronic kidney disease (CKD) or chronic
renal disease is the gradual failure in kidney
function for a period of few months to some
years. The worsening signs of kidney function
are highly nonspecific and might normally
include an uneasy feeling, anemia, some cardio-
vascular disease, lowered appetite, and also peri-
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carditis. Often, people with increased blood
pressure or diabetes and their blood relatives are
at the risk of CKD.

The progression of CKD is aggravated by
inflammation and oxidative stress. Oxidative
stress leads to depletion of the most prominent
endogenous intracellular antioxidant, tissue glu-
tathione (GSH), but dilapidation of oral GSH by
digestive enzymes limits its therapeutic interven-
tions. In chronic renal failure (CRF), GSH repres-
sion reduces the oral GSH precursor, F1 (contains
cystine as a cysteine carrier), which attenuates
oxidative stress and inflammation and restores
tissue GSH and thus reduces the severity of inter-
stitial nephropathy. Experimental male Sprague
Dawley rats were broken up into CRF (rat chow
with 0.7 % adenine) group, Fl-treated CRF
group (rat chow containing adenine with F1)
group, and control group (with regular rat chow).
Finally, the animals were given regular chow and
then euthanized. Consumption of adenine-con-
taining diet causes rigorous kidney swelling;
azotemia; high glomerular and tubular injury;
lowered urinary concentrating capacity; massive
tubulointerstitial nephropathy; severe anemia;
elevated levels of markers of oxidative stress,
inflammatory mediators (p-IkBa, cytoplasmic
NF-xB, NF-xB, cyclooxygenase-2, p65), and
plasma oxidized glutathione disulfide (GSSG)
3-nitrotyrosine; and lowered GSH/GSSG ratio
and manganese superoxide dismutase. F1 co-
treatment caused significantly reduced tubuloint-
erstitial edema and inflammation; higher urinary
concentrating capacity, anemia, azotemia; and
normalized expression of markers of tissue oxi-
dative and nitrosative stress. Thus, F1 acts as a
unique oxidative stress modulator, prominently
attenuating inflammation, renal damage, oxida-
tive stress indicators, and renal dysfunction
(Nicholas et al. 2012).

Elevated pre-procedural serum hs-CRP levels
were correlated with the extended clinical out-
comes of subjects with stable chronic kidney dis-
ease (CKD) who were implanted with
first-generation drug-eluting stent (DES) (Ortega
et al. 2014; Ogita et al. 2015). Lower sodium lev-
els in serum had been associated in patients with
CKD through their increased mortality. CRP acts
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as the independent predictors of lower plasma
sodium in CKD patients. Thus higher CRP levels
are correlated with lower sodium levels. Thus
inflammation could be one of the underlying con-
founding factors explaining the increased mortal-
ity in these CKD patients (Ortega et al. 2014).

4.10.5 Injury

Inflammation without any sterile inflammation or
infection leads to either acute injury or chronic
disease. In cerebral ischemia, the primary injury
is caused by reduced blood supply and contrib-
uted by IL-1p. IL-1f is controlled by the protease
caspase-1 and its related inflammasome NLRP3,
the activating complex. In macrophages, the
in vitro NLRP3 inflammasome-dependent
responses require an early priming stimulus by a
damage-associated molecular pattern (DAMP) or
a pathogen (PAMP). In mouse, in the cultured
brain-originated mixed glial cells (DAMP ATP),
calcium pyrophosphate dehydrated crystals and
monosodium urate had no effect on the expres-
sion of IL-1p or IL-1a and were released when
stimulated by PAMP. Alternately, without prim-
ing, these DAMPs may trigger inflammation
through the synthesis of CXCL1 and IL-6 and
cathepsin B (lysosomal protease). Apart from
PAMP, the acute-phase protein like serum amy-
loid A (SAA) may also behave as a priming stim-
ulus. After cerebral ischemia, in vivo, synthesis
of IL-1 increased the overproduction of CXCL1
and IL-6 in the ischemic hemispheres of IL-1o/f
double KO mice though in these mice injury-
induced cytokine responses were not abated.
Thus DAMPs enhance brain inflammation by
directly stimulating production of glia-originated
inflammatory mediators and IL-1-dependent
responses (Savage et al. 2012).

Through in vitro experiments, using necrotic
and apoptotic cells revealed the binding of CRP
to necrotic and apoptotic cells and also facilitated
the removal of such cells. But in vivo experi-
ments performed using animal models having
ischemia/reperfusion (I/R) injury revealed that
the binding of CRP to such damaged cells is det-
rimental to the tissue. Thus, the binding role of
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CRP with phosphocholine is quite unfavorable if
it occurs on injured host cells as it causes more
damage to the tissue by stimulating the comple-
ment pathway. So, in acute myocardial infarction
and ischemia-reperfusion injury, the scenario is
worsened by CRP. The consequence of the bind-
ing of CRP to damaged cells thoroughly depends
on the type of tissue. In tissues like skin and sub-
cutaneous tissue, CRP does not harm to bind the
complement and hasten the death of the dead tis-
sue. It is different and harmful to remove dead
tissue having no regeneration property. In myo-
cardial infarction, CRP will remove the necrotic
part of the myocardium. But, in the ischemic part
of the tissue, where the damage can be reversed,
CRP may remove the tissue as described
previously. Thus, the phosphocholine-binding
function of CRP is quite defensive for the host
because it leads to removal of necrotic tissue and
also protection against pneumococcal infection.
On the contrary, the phosphocholine-binding
function of CRP is detrimental for the host when
CRP binds reversibly to the damaged myocardial
cells, as it causes more damage to the tissue by
activating the complement pathways (Agrawal
et al. 2014).

A heat shock protein family, af-crystallin,
exerts cell protection under various stress-related
conditions developed in the mouse model of mul-
tiple sclerosis, spinal cord injury brain ischemia,
and Alexander disease. After contusion lesions,
the levels of af-crystallin are lowered in spinal
cord tissue. After contusion injury (for the first
week), administration of recombinant human
af-crystallin leads to increased granulocyte infil-
tration and continuous improvement in locomo-
tor skills, modulates inflammatory responses in
the injured spinal cord, reduces secondary tissue
damage, and lowered recruitment of inflamma-
tory macrophages. Thus, release of recombinant
human af-crystallin promotes increased locomo-
tor recovery after spinal cord injury suggesting
its use as a better therapeutic agent for treating
acute spinal cord injury because at present there
is currently no effective treatment (Klopstein
et al. 2012).

A sustained trauma (car accident, falls, sports
injuries, gunshot wounds, stab wounds, a pene-
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trating foreign object such as a knife, etc.) to the
liver leads to liver injury, the most common
abdominal injury, and constitutes 5 % of all trau-
mas. Majority of the people who sustain this
injury are also accompanied by some other injury.
Nonoperative management with observation is
necessary for a full recovery. Liver injury was
triggered in rats by administration of acetamino-
phen (800 mg/kg, i.p.) followed by administra-
tion of fucoidan (extracted from various brown
seaweeds, a pharmacological sulfated polysac-
charide) 2 h before and after acetaminophen
administration. Liver damage and cell death,
overexpression of CYP2El (metabolizing
enzymes of acetaminophen), and hepatic apopto-
sis (shown by the protein expression of Bax, Bcl-
2, and cleaved caspase-3) induced by
acetaminophen were attenuated by co-treatment
of fucoidan. Fucoidan acts as an antioxidative
agent and increases the production and expres-
sion of glutathione, glutathione peroxidase, and
superoxide dismutase. All of them were reduced
by acetaminophen. Further, fucoidan lowered the
expression of inflammatory mediators (IL-1p,
TNF-a, iNOS). Thus, against acetaminophen-
induced liver injury, fucoidan has hepato-
protective effects through the anti-apoptotic,
antioxidant, and anti-inflammatory pathways
(Hong et al. 2012).

In 90 % partial hepatectomy (PH, except the
caudate lobe) of rats, omega-3 PUFA acid (»-3
PUFA) was administered intravenously before
PH surgery for liver regeneration. To analyze
liver regeneration, survival rates, liver weights,
liver weight/body weight ratios, nuclear associ-
ated antigen Ki-67, signal transduction, and other
biotechnological assays were evaluated. Survival
rates in the w-3 PUFA-induced rats were remark-
able as compared to death of all in the control
group (Qiu et al. 2012).

CRP is often used to assess the status of post-
operative infection. Anomalous CRP values
might be perceived after surgery yet in the case of
noninfection due to transfusion and muscle
injury, which disrupted better perioperative man-
agement. The level of CRP was evaluated after
spine surgery, which was shown to be noninfec-
tion. A dramatic decrease of CRP concentration
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was detected on postoperative day POD3 and
POD7 in lumbar open discectomy (LOD) patients
of noninfection. Thus CRP would be a more sen-
sitive and effective parameter especially in LOD
patients for early evaluation of infectious compli-
cations, and the typical prototype of CRP may
assist to evaluate the early postoperative course
(Choi et al. 2014).

4.10.6 Cardiovascular Disease (CVD)

Cardiovascular disease (CVD) or heart diseases
affects the total cardiovascular system, the heart
or blood vessels (like arteries, capillaries, and
veins), vascular system of the brain and kidney,
and peripheral arterial disease. The reasons of
cardiovascular disease are miscellaneous ranging
from hypertension to atherosclerosis, aging with
other allied cardiovascular dysfunction and many
others causes found in even healthy asymptom-
atic individuals. CVD is the leading reason of
deaths worldwide, though, since the 1970s, car-
diovascular mortality rates have reduced in many
high-income countries. At the same time, cardio-
vascular disease and deaths have increased at a
rapid rate in middle- and low-income countries.
Although CVD usually influences older adults,
the antecedents of CVD, remarkably atheroscle-
rosis, begin in initial life, making primary antici-
pation efforts essential from childhood. Thus
there is increased stress on preventing atheroscle-
rosis by altering risk factors, like exercise, healthy
eating, and avoidance of smoking.

Reports were found pointing out that hs-CRP
acts both as risk factor in the general healthy pop-
ulation and as prognostic factor in those with
CVD. CRP was the most useful biomarker in
subjects with a history of CVD and intermediate
risk of events at 10 years, where adding of hs-
CRP to the classical models for event risk estima-
tion improves the risk staging. There was actually
no consensus on the clinical usefulness of CRP as
a prognostic marker in subjects with acute or
chronic disease (Brito et al. 2015).

In asthma and in some inflammatory diseases,
cysteinyl leukotrienes (CysLT) behave as immu-
nomodulating lipid mediators and a strong spas-
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mogenic agent. Apoe/~ mice were fed with a
hypercholesterolemic diet, and the expression of
some key enzymes of the CysLT pathway and
their related receptors (CysLT1/CysLT2) were
analyzed in the myocardium (hypoxic and nor-
mal). Chronic inflammation with increased apop-
tosis, fibrosis, and leukotriene C4 synthase
(LTC4S) and upregulation of expression of IL-6
and CysLT1 were demonstrated in the myocar-
dial biopsies of Apoe™/~ in comparison to biop-
sies from control C57BL/6 J mice. Acute bouts of
hypoxia further induce the LTC4S and CysLT1
expression, increasing LTC4S enzyme activity,
with associated increased expansion of hypoxic
areas in the myocardium. In acute bouts of
hypoxic stress, treatment with selective CysLT1
receptor antagonist (Montelukast) inhibits CysLT
signaling pathway thus reducing myocardial
hypoxic areas in Apoe™/~ mice to nearly normoxic
conditions. Even in human heart biopsies from
patients with chronic coronary artery disease, the
mRNA expression levels of LTC4S and CysLT1
were upregulated in chronic ischemic myocar-
dium as compared to a nonischemic one. Thus,
CysLT1 antagonists may have protective function
on hypoxic heart by improving the oxygen sup-
ply to myocardial ischemia areas, for example,
during episodes of sleep apnea (Nobili et al.
2012).

In CVD mainly atherosclerosis and athero-
thrombosis are mostly controlled by immune-
mediated inflammation. In CVD and in various
diseases associated with an elevated cardiovascu-
lar risk (acute coronary syndrome, systemic
lupus erythematosus, rheumatoid arthritis, end-
stage renal disease, and severe carotid stenosis),
during humoral autoimmunity, IgG autoantibod-
ies against apolipoprotein A-1 (apoA-1) might
play an emerging cardiovascular risk. Anti-
apolipoprotein A-1 antibodies (anti-apoA-1 IgG)
may act against the active mediators of athero-
genesis and as a probable diagnostic and prog-
nostic biomarker of cardiovascular risk (Teixeira
et al. 2012).
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4.10.7 Autoimmune Disease

Autoimmune disease arises from autoimmunity,
which is an imperfect immune response of the
body against the body’s own tissues and mole-
cules. It may be organs (autoimmune thyroiditis)
or a particular tissue (Goodpasture’s disease). Its
treatment involves typically immunosuppressive
drugs. During an infectious disease, macrophages
and other immune cells due to infection release
cytokines (namely, IL-1p), which in turn activate
NF-kp-dependent transcriptional pathway and
inflammatory-cell recruitment via adaptor pro-
tein, myeloid differentiation factor 88 (MYDSS).
But these cytokines may break the tissue archi-
tecture of endothelial and reduces its cell—cell
interactions. Endothelial cell blocks the inflam-
matory cell infiltration and in other way also acts
as an inflammatory mediator. The disruptive
effects of IL-1p on endothelial stability in a
human in vitro cell model is through binding of
MYDS8S to small GTPase ADP-ribosylation fac-
tor 6 (ARF6) signaling and its activator ARF
nucleotide-binding site opener (ARNO; also
known as CYTH2). It is independent of the
NF-kp pathway. SecinH3, an inhibitor of ARNO,
increases vascular stability significantly in ani-
mal models of acute inflammation and inflamma-
tory arthritis (Zhu et al. 2012).

CRP along with ESR was used as an inflam-
matory marker in juvenile arthritis disease
(Mourdo et al. 2014). Delivery-related CRP lev-
els were significantly elevated during delivery
among both multiple sclerosis (MS) pregnancy
patients and in control pregnant women. CRP
levels were higher only during pregnancy in both
study groups than during the postpartum period.
Delivery-related elevated CRP levels did not cor-
relate with postpartum disease activity. MS
patients having gestational diabetes had a signifi-
cantly higher level of CRP in the beginning of
pregnancy as compared to nondiabetic MS
patients. MS patients having fatigue had signifi-
cantly higher CRP levels throughout pregnancy



94 4

as compared to patients without fatigue. Thus,
higher CRP values were correlated with
pregnancy-related comorbidities but not with the
MS disease activity (Jalkanen et al. 2015).

In inflammatory and autoimmune disease and
in CNS injury models, inflammatory mediators
and DC migration are reduced by administration
of cannabinoid receptor 2 (CB2R) agonists.
CB2R signaling inhibits matrix metalloprotein-
ase 9 (MMP-9) expressions and thus affects DC
migration in the Matrigel migration assay (in
vitro) and in draining lymph nodes (in vivo).
CB2R-mediated MMP-9 expression resulted in
reduced cAMP levels, decreased ERK activation,
and lowered binding of c-Fos and c-Jun to
MMP-9 promoter activator protein 1 sites and
thus controls MMP-9-dependent DC migration to
re-ensure homeostasis. In future, CB2R agonists
might be targeted as potential therapeutic media-
tors for the treatment of different chronic inflam-
matory conditions activated by immune cells,
including DCs (Adhikary et al. 2012).

Production of autoantibodies and breakdown
of self-tolerance are the key players in SLE. Anti-
dsDNA antibodies bind to cell surface receptor
proteins of resident kidney cells, trigger down-
stream stimulation of signaling pathways, and
release inflammatory mediators and fibrosis in
the vascular, glomerular, and tubulointerstitial
compartments of the kidney and associated acute
or chronic renal failure during the pathogenesis
of lupus nephritis (Yung and Chan 2012).

4.10.8 Joint Disease

Joint disease, affecting millions of people, is any
disease or injury of the human joints. Arthritis
and many others form the group of best-known
joint diseases. Joint diseases may be acute or
exceedingly chronic, causing uncomfortable,
nagging, agonizing pain in one or many joints,
and may affect many parts of the skeleton.
Inflammatory joint diseases are represented by
arthritis with inflammation of the joints, effusion
of fluid into the joint cavity, stiffness, swelling,
pain, and redness of the skin above the joint. In
severe form, it destroys the joint cartilage and
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underlying bone with irreparable deformities. In
ankylosis, the articulating members are adhered
resulting in fusion with loss of mobility. In syno-
vitis, inflammation is restricted to the synovial
membrane/lining of the joint. Simple pains in the
joints with no other accompanying evidence of
arthritis are referred to as arthralgias. Rheumatism
is a noninflammatory joint disease with unprece-
dented discomfort of the articular apparatus
(joints with bursas, tendons, ligaments, and ten-
don sheaths). Spondylitis is the inflammation of
the spine and joints.

“Spondyloarthritis” consists of an aggregation
of a group of several diseases having similarities
in clinical, radiological, and genetic content.
Ankylosing spondylitis is the main representative
of this spondyloarthritis group and is mainly
characterized by a predominant axial involve-
ment. For the diagnosis of ankylosing spondyli-
tis, the presence of radiographic sacroiliitis is
quite essential according to the newly modified
New York criteria. The diagnosis of
spondyloarthritis is often delayed as the occur-
rence of radiographic sacroiliitis takes nearly
8-11 years. In magnetic resonance imaging, the
sacroiliac joint inflammation can be depicted
before the appearance of radiographic damage
thereby defining the new concept of “non-radio-
graphic axial spondyloarthritis.” Elevated levels
of CRP at baseline have been used as biomarkers
in predicting radiographic sacroiliitis progres-
sion. Thus CRP was helpful in definite diagnosis
of ankylosing spondylitis (Tant et al. 2014).

The release of tenascin-C (TN-C) into knee
synovial fluid after joint disease or in acute joint
injury induces inflammatory mediators and
matrix degradation in vitro in human articular
cartilage. Human knee synovial fluid samples
were collected from acute inflammatory arthritis
(AIA), isolated knee meniscus injury, knee ante-
rior cruciate ligament rupture, knee osteoarthritis
(OA) with or without concomitant meniscus
lesions, and knee healthy control groups for
TN-C level and other cartilage markers. Same
parameters were also undertaken in joints of dogs
that undergone knee instability surgery. TN-C
levels and its correlations with levels of matrix
metalloproteinases 1 and 3 and aggrecanase-
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dependent Ala-Arg-Gly-aggrecan (ARG-
aggrecan) fragments were observed to be
significantly higher in all the joint fluid of the
human disease groups and in the dogs as com-
pared to controls. Thus, TN-C being a marker of
joint damage may also act as a stimulant of fur-
ther joint degradation (Chockalingam et al.
2013).

4.10.9 Parasitic Infections

Any infectious disease caused or transmitted by a
parasite is referred to as a parasitic disease.
Parasitic diseases can affect all living organisms
and any organ or tissue of the body. Some para-
sites can cause disease directly (malaria) but may
also be through the toxins that they produce.

The etiology of parasitic diseases is protozoa
(protozoan infection), helminths (helminthiasis),
and bacteria (bacterial infection). Protozoa, hel-
minths, and bacteria may be ectoparasites or
endoparasites.

Malaria-associated acute respiratory distress
syndrome (MA-ARDS) marked by pulmonary
inflammation is a highly complicated disease
with unknown pathophysiology. C57B1/6 mice
were infected with Plasmodium berghei NK65,
P. chabaudi, and P. berghei ANKA, and the level
of hemozoin in the lungs (in phagocytes, infected
erythrocytes, and occasionally granulocytes) was
correlated with the number of infiltrating inflam-
matory cells; alveolar edema; lung weight;
increased pulmonary expression of cytokines,
chemokines, and enzymes; and alveolar VEGF
levels. Also, P. falciparum-derived hemozoin
was injected intravenously in malaria-free mice.
Consequently, hemozoin stimulated the pulmo-
nary expression of cytokines (IL-6, IL-1p, TNF,
IL-10, and TGF-B), pro-inflammatory chemo-
kines (KC/CXCL1, IP-10/CXCL10, and MCP-1/
CCL2), and other inflammatory mediators
(AiNOS, Hmox1, NOX2, and ICAM-1) (Deroost
et al. 2013).

Patients infected with P. vivax uncomplicated
and P. falciparum malaria in the endemic
Brazilian Amazon were examined for hemato-
logical alterations and discharge of soluble medi-
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ators (CRP and NO) in acute (day 0) and
convalescent phase (day 15). Laboratory inflam-
matory profiles reveal similar data in accordance
with white blood cells, thrombocytopenia, and
high band cell production during the acute phase
of infection. CRP levels were higher in acute P.
vivax infection as compared to acute P. falci-
parum infection, but higher NO was observed in
acute and convalescent P. falciparum infections.
Modifications in these mediators cannot envisage
malaria infection and need further investigation
(Lima-Junior et al. 2012).

Although CRP has been known to bind with
varied nucleated cells, the direct binding of CRP
molecule to erythrocytes in disease condition
remains greatly unexplored. The binding of
disease-associated CRP to erythrocytes of
patients was demonstrated by flow cytometry,
Western ~ blotting,  co-immunoprecipitation,
ELISA, and surface plasmon resonance. A spe-
cific and strong RBCy,—CRPy, binding was
observed. PC and calcium were found to be cru-
cial for this interaction. Nearly a two- to threefold
increase in RBCy,—CRP), binding as compared
to RBCy confirmed disease specificity (Ansar
et al. 2006). This binding altered the normal dis-
coid shape of RBC,;, with greater hydrophobic-
ity and membrane fluidity. The effector function
of CRPy, (10 pg/ml) has been exhibited by its
greater potency to trigger the complement cas-
cade as compared to RBCy. Thus, these studies
provide undeviating evidence for a significant
phagocytic functional coaction of this acute-
phase protein by activating the CRP complement
cascade after binding with RBCy,; (Ansar et al.
2006). Deficiencies of the complement-regulatory
proteins (CD35, CD55, and CD59) on RBCy,; of
patients with Plasmodium falciparum were also
reportedly known. The role of CRPy, in control-
ling the complement-regulatory proteins and
downstream consequence on the complement
cascade has been examined. In the presence of
CRP, RBCyy, demonstrated lowered complement-
regulatory proteins with reduced affinity. These
changes cause increased C3 deposition and more
complement-mediated hemolysis, thus providing
a novel mechanism of complement-fueled
RBC,, destruction pathway refractory to eryth-
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rophagocytosis, and may account for pathogene-
sis of anemia (Ansar et al. 2009a).

The levels of CRP were elevated in pooled
serum from P. vivax-, P. knowlesi-, and P.
falciparum-infected patients. CRP might repre-
sent an important marker of infection of malaria,
which could be utilized as a usual diagnostic tool
for detecting P. vivax, P. knowlesi, and P. falci-
parum infections. However, the prospective of
CRP as infection marker of malaria will need to
be elucidated in a larger population of malaria-
infected subjects (Mu et al. 2014).

4.11 Clinical History

In our study, three patients (designated as Patient
1, 2, and 3) were included whose clinical history
and photos were included in Table 4.1. The
patients were admitted in KPC Medical College
and Hospital, Jadavpur, Kolkata, India. Informed
consents were taken from these patients and their
relatives, and the clinical history was given as per
the consent of the institutional review board of
the hospital. There were 2 patients (Patient 1 and
2), both female and diagnosed clinically as hav-
ing rheumatoid arthritis. The first patient was
admitted for her cataract surgery. The second
patient was admitted for shortness of breath.
Another patient (Patient 3) was suffering from
perianal (or perineal) abscess and he came to the
hospital to have the severely painful and tender
abscess operated. The clinical history and photos
of the patients (Patient 1 and 3) were collected
during preanesthetic checkup and the history of
Patient 2 was collected from the emergency ward
during critical care management.

A 56-year-old woman (Patient 2) with short-
ness of breath and body ache was admitted to the
ITU of the hospital at the onset. She was known
to be diabetic (type II) and hypothyroid and had
COPD. Her primary laboratory investigations
showed high ESR, high CRP levels, very high
N-terminal pro-BNP, a positive rheumatoid
arthritis (RA) factor, and mildly deranged liver
functions. Her echocardiography showed left
ventricular hypertrophy (LVH) with high pulmo-
nary artery pressure (PAP) and low ejection frac-
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tion (EF) (38 %) (Tablel). Patient was managed
conservatively by anti-failure management by
giving a furosemide injection, nitroglycerine
(GTN), and ramipril tablets and discharged. For
her long-term rheumatoid arthritis, she is taking
methotrexate, prednisolone, and folic acid by
oral route. She had heart failure.

A 52-year-old male (Patient 3) was presented
with fever, soft abdomen, and severe pain, red-
ness, and tenderness in the anal region for 3 days.
He had been diagnosed previously with diabetes
(type II) with high BP. His laboratory findings
revealed high TLC, DLC, and ESR and raised
CRP levels. His blood serology report revealed
negative for both malarial and dengue antigen.
He had perineal abscess (as increased risk in dia-
betic patient). He had a palpable inguinal lymph
node and an inflamed perineal region with fever.
He had neutrophilic leukocytosis with high CRP
and ESR. His procalcitonin level revealed
absence of bacterial infection (Table 4.1). He was
treated surgically by incision and drainage of
perineal abscess under general anesthesia, and
intravenous followed by oral antibiotics, tight
control of sugar by regular insulin, and adequate
analgesics and antihypertensives were given.

The level of inflammatory biomarkers like
CRP was quite high in all the three patients.

4,12 Analysis of Biomarkers Seen
in the Patients

It is quite evident from the clinical history from
the hospital that no specific mediators were
investigated during the routine investigations in
the diagnosis process. Rather some broad-
spectrum inflammatory markers were diagnosed
which will point toward the process of inflamma-
tion and not to the pathways of activation of
mediators, whereas in the laboratory people are
developing inflammatory animal models to
understand all possible molecules involved in
inflammation. Very soon in hospitals, definite
inflammatory markers for each disease will be
investigated for routine diagnosis.

In this chapter, we have highlighted case stud-
ies of some patients from Kolkata, India, reveal-
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Table 4.1 Clinical and laboratory parameters of patients

Parameters Patients

Sl no. 1

Physical parameters

Age (years) 66 56 52
Sex Female Female Male
Weight (Kg) 68 84 (obese) 73
Complaint

1. Fever for 6 days
2. Decreased urine output for 1 day
3. Restless for the last 6 h

1. Shortness of breath for
2 days with exacerbation
for the last 4 h

2. Body ache for 2 years

3. Swelling of knee joint

3 months back

1. Fever for 3 days

2. Pain and tenderness in the
anal region and he can’t sit
for 5 days

Past medical history

1. Diabetes mellitus type II for 4 years
2. Chronic kidney disease for 2 years

1. Diabetes mellitus type
II for 2 years

2. Hypothyroid for

3 years

3. COPD

1. Hypertensive for 7 years
2. Diabetes mellitus type 11
for 4 years

Past surgical history

1. Caesarian section—30 years back

2. Cholecystectomy—24 years back

3. Appendicectomy—18 years back

1. Hysterectomy and
bilateral salpingo-
oophorectomy—=8 years
back

1. Cholecystectomy—7 years
back

Drug allergy

Name not known

Not known till now

Sulfur drugs

On examination

A. General examination

Patient conscious, restless, and sometimes disoriented

Patient conscious, alert,

Patient conscious, alert, and

and cooperative cooperative
GCS 13/15 15/15 15/15
Pulse/min 124 96 104
Temperature (°F) 101.4 98.1 101.4
Pallor Mild Positive Nil
BP (mm of Hg) 136/90 140/82 152/90
JVP Normal Raised Normal
Palpable lymph node Not palpable Not palpable Inguinal lymph node
palpable
Hydration status Mild dehydration No dehydration Mild dehydration
Clubbing Not present Not present Present

(continued)



98

4 Inflammation and Inflammatory Diseases, Markers, and Mediators: Role of CRP...

Table 4.1 (continued)

Parameters Patients
S1 no. 1 2 3
B. Systemic examination
Chest (air entry) 1. Adequate 1. Adequate Adequate
2. Scattered rhonchi on 2. Rhonchi occasional,
both lungs crepitation (++) more on
3. Maintaining SpO, is left basal
94 % with 3 liters
oxygen via nasal cannula
with respiratory rate 29/
min
CVS (S1 and S2) Audible, no gallop Audible, gallop (++) Audible
Abdomen Soft Soft and tender right Soft
hypochondrium,
hepatojugular reflux
positive
Intestinal peristaltic sound | Positive Positive Positive

C. Local examination

1. No sore throat
2. No petechiae

1. Lumbosacral
spine—tender (+)

2. Knee joint—tender and
swollen

1. Perineal abscess—swollen
(++), red (++), tender (++)

D. Laboratory investigations

Hb (gmv/dl) 9.8 123 134

Inflammatory and infective markers

TLC (cells/cu.mm) 21,200 7900 22,400

DLC (%) N©4),L(3),M@3),E N (62),L(34),M(1),E N(@©0),L(8),M)E()
() 3)

ESR (mm/first hour) 87 96 74

CRP (mg/L) 342 126 260

Procalcitonin (ng/ml) 42 ND 12

Pro-BNP (pg/mL) ND 35,624 ND

Malarial antigen Negative Negative Negative

Dengue serology Negative Negative Negative

Sugar level tests

Blood sugar (mg/dl) RBS-366 RBS -236 RBS -302

Glycated hemoglobin test | 8.6 7.6 9

(Hb Alc) (%)

Renal function tests

Urea (mg/dl) 86 30 34

Creatinine (mg/dl) 2.8 1.3 1.2

Electrolytes

Sodium (Na+) (mEq/L) 152 139 136

Potassium (K+) (mEq/L) 49 3.8 4.7

Calcium (serum) (Ca++) 8.6 9.3 8.7

(mEgq/dl)

Autoimmune markers

Antinuclear antibody ‘ ND Negative ND

(continued)
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Table 4.1 (continued)

Parameters

Sl no.

RA factor ( above 20 1U/
mL)

HLA (B-27)

Coagulation markers
PTT (sec) (control—12 s)

APTT (sec)
(control—26 s)

ABGA

Chest X-ray

Ultrasonography of the
abdomen

Cardiac function tests
ECG

Echocardiography

EF (%)

Patients
1
ND

ND

26
68

Severe metabolic
acidosis with increasing
base deficit

Bilateral lower zone
opacities

1. Kidney—
corticomedullary
differentiation not
maintained

2. Liver mildly enlarged

3. Urinary bladder
thickened, cystitis

Sinus tachycardia with
nonspecific ST changes,
first-degree heart block

Concentric LVH

42

2

Positive
Negative

13.7
32

Within normal ranges

Increased
bronchovascular
markings, sign of
overload
Hepatomegaly

Sinus rhythm, rate 134/
min with intermittent
atrial fibrillation,
nonspecific ST changes

LVH,dilated left atrium,
PAP=56 mm of Hg

38

Bronchoscopy and bronchoalveolar lavage (BAL)/endotracheal (ET) suction

1. ET suction shows
MDR Pseudomonas
aeruginosa

2. MDR Acinetobacter
baumannii

3. MDR Kiebsiella
pneumoniae

Urine routine examination and culture sensitivity

1. Pus cells plenty

2. Culture sensitivity
shows MDR Klebsiella

ND

Pus cells 2-3/HPF

99

ND

ND

14.2
33

ND

Normal profile seen

ND

Sinus rhythm (RBBB)

LVH, no RWMA

62

ND

ND

(continued)
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Table 4.1 (continued)

Parameters Patients
Sl no. 1
Treatment summary

1. Adequate calorie was ensured (by nasogastric tube/
parenteral nutrition)

2. Deep venous thrombosis prophylaxis was done

3. Tight control of blood glucose done by insulin
(regular) infusion

4. Vasopressor (noradrenaline) infusion was started as
patient was hypotensive in spite of adequate fluid
management

5. Patient was on mechanical ventilator (pressure
controlled) and then weaning off from ventilator

6. Injection polymyxin B (loading dose of 5 lac TU
i.v.) followed by maintenance dose

7. Injection meropenem (loading dose 1 gm i.v.
followed by 500 mg i.v.)

8. Nebulization with Duolin after every 8 h

9. Stress ulcer prophylaxis was done

10. Hemodialysis (as renal function deteriorated) was
done

11. Electrolytes were replaced as per protocol as
needed

12. Fresh frozen plasma (FFP) transfusion was given
13. Vitamin K injection (i.v.) was given

Output

Successfully discharged

1. On sliding dose of
human insulin (human
Actrapid) subcutaneously
2. Furosemide injection
(20 mg) i.v. thrice daily
with bolus of 40 mg

3. Ramipril tablet (5 mg)
orally at once daily

4. Injection GTN at the
dose 0.9 ml/h (50/50)

5. Eltroxin tablet (25 pg)
@orally per day

6. Inhaler with
ipratropium bromide
thrice daily

7. Methotrexate tablet

(5 mg) orally at twice a
week

8. Prednisolone tablet
(10 mg) orally per day

Successfully discharged
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1. Incision and drainage of
perineal abscess done under
general anesthesia
2. Blood sugar controlled by
intravenous insulin infusion
followed by subcutaneous
insulin
3. Ramipril (5 mg orally/day)
to control BP
4. Antibiotic
piperacillin + tazobactam (4.5
gm for every 6 h) and
linezolid (600 mg i.v. every
12 h)
5. Analgesic injection
(a) Paracetamol (1gm) i.v.
after every 8 h
(b) Tramadol (100 mg)
im./ SOS

Successfully discharged

COPD chronic obstructive pulmonary disease, GCS Glasgow coma scale, °F degree Fahrenheit, BP blood pressure, JVP
jugular venous pressure, CVS cardiovascular system, S; first heart sound, S, second heart sound, 7LC total leukocyte
count, DLC differential leukocyte count, ESR erythrocyte sedimentation rate, CRP C-reactive protein, N neutrophil, M
monocyte, L lymphocyte, E eosinophil, ND not determined, FBS fasting blood sugar, RBS random blood sugar, RA
rheumatoid arthritis, HLA human leukocyte antigen, PTT prothrombin time test, APTT activated partial thrombin time,

ECG electrocardiogram, RBBB right bundle branch block,

WNL within normal limit, LVH left ventricular hypertrophy,

RWMA resting wall motion abnormality, PAP pulmonary artery pressure, EF ejection fraction, BNP brain natriuretic
peptide, g microgram, mg milligram, pg pictogram, i.v. intravenous, i.m. intramuscular, SOS as and when required,
GTN glyceryl trinitrate, CBG capillary blood glucose, NA not applicable, MDR multidrug resistance, ABGA arterial

blood gas analysis, HPF high-power field

ing acute inflammation from disease together
with their clinical history (Table 4.1). All the
patients had some past medical or surgical
history, representing some diverse inflammatory
conditions. The question which we probe in here
is the search of proper biomarkers in these repre-
sented acute inflammatory conditions. All the
key players and biomarkers of inflammation
change its role with the change in setup of dis-
ease and patients. Even in clinical diagnosis of an
inflammatory patient, some broad-spectrum
markers were analyzed without individual appli-
cation of a universal biomarker.

Biomarkers of Inflammation
in Different Subsets
of Diseases

4.13

In this chapter, we had presented three case
reports in search of proper inflammatory bio-
markers. CRP is a diagnostic biomarker in a var-
ied spectrum of diseases. This is discussed in
other chapters also. The role of other inflamma-
tory biomarkers in other subset of diseases is also
discussed here.

Biomarkers can be defined as any alterations
in the constituents of body or tissue fluids. These
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markers provide a medium for uniform classifi-
cation of a disease with its risk factors and can be
extended in understanding the basic underlying
pathophysiology of disease. Biomarkers provide
a powerful and dynamic tool to grasp the spec-
trum of inflammatory diseases with usage in
observational and analytic epidemiology, clinical
trials in populations, and screening with diagno-
sis and prognosis. Biomarkers can also reflect the
entire steps of a disease from the earliest symp-
toms/screening to the terminal stages. Analytical
assessment of the validity of biomarkers is
required to correlate with respect to the stage of
disease. Variability in the measurement of bio-
markers ranges from individual error in labora-
tory technicians, machine dysfunction, improper
storage of body fluid, and other bias and con-
founding issues.

Currently, there are no specific markers for
inflammation; rather some broad-spectrum
inflammatory markers were routinely investigated
in hospitals. The clinical investigation revealed
some broad-spectrum markers like C-reactive
protein (CRP), erythrocyte sedimentation rate
(ESR), total leukocyte count (TLC), differential
leukocyte count (DLC), sodium—potassium level,
urea—creatinine level, antinuclear antibody, pro-
brain natriuretic peptide (pro-BNP), and human
leukocyte antigen (HLA) which were accounted.

Nearly 7896 papers from PubMed and Google
Scholar fit our criterion of research, of which
2641 were review articles, 151 were letters to the
editors, and the rest were original articles. In this
context, we reviewed some of the immunological
mechanisms and the applicability of biomarkers
that occur during acute phases with its remission/
recovery period in some of the widely used
experimental models of varied spectrum of dis-
eases (Table 4.2).

Invasive tests sometimes are routine for the
diagnosis and care of patients. Diagnosis is
mostly based on clinical symptoms combined
with radiological, endoscopic, and laboratory
investigations. The employment of noninvasive
biomarkers is always needed to avoid an invasive
diagnostic test that causes discomfort and poten-
tial complications. The ability to determine the
type, severity, prognosis, and response to therapy
of a disease using definite biomarkers has long
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been a waited goal of clinical researchers. We
describe the biomarkers assessed in this chapter,
with special reference to acute-phase proteins
and serologic markers, and thereafter, we describe
the new biological markers (Table 4.2). The bio-
logical markers could be developed in the future
based on serum markers of acute-phase response.
The laboratory tests mostly used to measure the
acute-phase proteins in clinical practice are the
serum concentration of CRP and the ESR. Other
biomarkers of inflammation include platelet
count, leukocyte count, and serum albumin and
serum orosomucoid concentrations and serologic
markers like antibodies also. To detect specific
pathologies, in the last decades, serological and
immunologic biomarkers have been studied
extensively in immunology and have been used
in clinical practice. In different diseases, the pres-
ence of antibodies can aid as surrogate markers
for the aberrant host immune response and also
for future biomarkers. The field of the biomarker
discovery have revolutionized by the progress of
molecular biology tools (microarrays, pro-
teomics, and nanotechnology). The advances in
bioinformatics coupled with cross-disciplinary
collaborations have highly enriched our ability to
characterize, retrieve, and analyze large amounts
of data generated by the technological advances.
The present techniques available for biomarkers
development are proteomics and genomics
(single-nucleotide polymorphism genotyping,
pharmacogenetics, and gene expression analy-
ses). In the future days, the addition of new sero-
logical markers will add significant benefit to
patients and clinicians. Our understanding of the
pathophysiology of a disease is based on correlat-
ing serologic markers with clinical phenotypes
and genotypes.

4,14 Discussions

Humans and animals are continuously exposed to
microbial pathogens, trauma, stress, and injury
that can pose a considerable relevance in our
daily livelihood. After the initiation of the etio-
logical agent, the organism elicits a set of highly
organized immunological, physiological, meta-
bolic, and behavioral responses to represent its
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Table 4.2 Therapeutic and diagnostic applications of inflammatory biomarkers

Assessment of biomarkers Research study observations/results | Therapeutic/diagnostic applications
Inflammatory responses after diesel exhaust (300 ug/m(3)) exposure lasted for 1 h (Xu et al. 2013)
1. Symptom scores 1. Self-rated throat irritation in the | Diesel exhaust has induced adverse
2. PEF was assessed before upper airways was significantly acute effects on symptom scores, lung
exposure and at 15, 75, and 135 min | higher functions, and altered levels of
of exposure 2. PEF decreased during diesel inflammatory markers in healthy
3. Monocyte and total leukocyte exhaust exposure volunteers, from 75 min postexposure
counts in peripheral blood 3. Monocyte and total leukocyte
4. Serum IL-6 concentrations counts in peripheral blood were
observed 20 h postexposure higher
4. Serum IL-6 concentrations were
increased

Serum activin A and B levels predict outcome in patients with ARF (de Kretser et al. 2013)

1. ARF patients require ventilator 1. Serum activin A and B were 1. The measurement of serum activin
support for more than 6 h significantly elevated in most A and B levels in patients with ARF
2. The serum levels of activins A diagnostic patients. therapeutically predicts the risk of
and B 2. Patients who had activin A and/ | death

(members of the transforming or B concentrations above the 2. Modulating the activin A and B
growth factor-p family of proteins), | reference maximum level were bioactivity should be explored as
with their binding protein, more likely to die in the 12 months | potential therapeutic agent
follistatin, have reported to be following admission

important regulators of
inflammation, fibrosis, and ARF as
compared to normal subjects.

Diagnostic differences between severe sepsis patients and ARDS by biomarkers of lung epithelial injury and
inflammation (Ware et al. 2013)

1. The bio-clinical diagnostic Altered levels of five plasma Plasma biomarkers may be useful as
discrimination of ARDS patients at | biomarkers with three lung clinic-biological diagnostic tool of
risk from sepsis patients by 11 epithelium biomarkers help for ARDS with sepsis patients
biomarkers of inflammation discrimination and diagnosis of

including plasma biomarkers (IL-8, | ARDS patients with severe sepsis
IL-6) and lung epithelium generated | patients

biomarkers (SP-D, RAGE, CC-16)

2. Fibroblast activation, endothelial

injury, proteolytic injury, and lung

epithelial injury were also measured

in early phases of ICU admission

Prognostic value of plasma chitotriosidase activity in acute stroke patients (Bustamante et al. 2013)

1. The elevated plasma activity of 1. The baseline levels of Acute stroke patients treated with
chitotriosidase, a component of chitotriosidase activity were tissue plasminogen activator with
innate immunity, reflects an increased in stroke patients baseline chitotriosidase activity may
inflammatory response compared to controls constitute a prognostic predictor of
2. Chitotriosidase constitutes a 2. Chitotriosidase activity was an short-term outcome

sensitive parameter of macrophage | independent predictor of

activation neurological improvement at 48 h

3. Plasma chitotriosidase activity 3. Addition of plasma

was serially determined in 159 acute | chitotriosidase activity showed a

stroke patients and age-matched better prediction of improvement

controls to assess its prognostic at48 h

value in acute stroke patients
4. Additional predictive value of
chitotriosidase was also tested

(continued)
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Table 4.2 (continued)

Assessment of biomarkers Research study observations/results | Therapeutic/diagnostic applications
New-onset AF after AMI is associated with admission biomarkers (Parashar et al. 2013)

1. AF is an independent predictor of | 1. New-onset AF was noticed in The markers of myocardial stretch and
mortality after AMI patients with AMI inflammation, but not the amount of
2. The biomarkers of myocardial 2. Increase in NT-pro-BNP and myocardial necrosis, are important
stretch (NT-pro-brain natriuretic hs-CRP is associated with increase | determinants of AF after AMI

peptide [NT-pro-BNP]), myocardial | in the rate of AF

damage (troponin-T [TnT]), and 3. TnT was not independently

inflammation (hs-CRP) and associated with new-onset AF

new-onset AF during AMI were

identified in patients at high risk for

AF

Relationship between CSF biomarkers for inflammation, demyelination, and neurodegeneration in acute optic
neuritis (Modvig et al. 2013)

In patients with optic neuritis with 1. Leukocyte infiltration Leukocyte infiltration biomarkers
demyelinating symptom and healthy | biomarkers (CXCL13, MMP-9, (CXCL13, CXCL10, and MMP-9)
subjects, CSF levels of CXCL13, and CXCL10) were strongly strongly predict MS risk, and
CXCL10, MMP-9, CCL-2, associated with MS-risk osteopontin and CHI3L1 suggest
osteopontin, chitinase-3-like-1, parameters tissue damage-related inflammation

MBP, and NF-L were determined 2. Osteopontin and chitinase-3-
like-1 were associated (p<0.0001)
and correlated with tissue damage
markers (NF-L and MBP) to
measure dissemination in space of
white matter lesions

SAA, phospholipase A,-11A, and CRP as inflammatory biomarkers for prostate diseases (Menschikowski et al.
2013)

Serum levels of inflammatory Patients with BPH, PCa, and mPCa | Significant differences in

markers; SAA, sPLA,-IIA, and CRP | have elevated serum levels of inflammatory circulating biomarkers

with PSA were determined in SAA, sPLA,-1IA, and CRP along were found between in PCa and mPca,

patients with localized PCa, BPH, with elevated levels of PSA as suggesting their prognostic value

and mPCa compared to healthy subjects during BPH development and PCa
progression

Microalbuminuria and CRP as a predictor of CVD and as inflammatory biomarkers (Lazebnik et al. 2013; Bashir
et al. 2014)

1. Microalbuminuria, a risk factor It was found that microalbuminuria | Sensitivity, specificity, and positive
and atherogenic marker for CVD, and CRP was much higher in CVD | predictive value of CRP and
indicates the target organ damage patients as compared to control microalbuminuria in patients as

2. It is a valuable tool in screening groups compared to normal can be used as
and identification of patients with important biomarkers in screening
CVD CVD

3. CRP is correlated with chest pain
in CVD and increased levels of CRP
in atherosclerosis and reflects
inflammatory condition of vessel
wall

4. CRP and microalbuminuria were
estimated in patients of acute chest
pain and type 2 diabetes along with
healthy controls

(continued)
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Table 4.2 (continued)

Assessment of biomarkers

Biological therapy by cell adhesion molecules in CD (Lazebnik et al. 2013)

1. Diagnostic value of concentration
of adhesion molecules (L-selectin,
E-selectin, P-selectin, integrin-
sVCAM-1) in blood serum for the
assessment of the effectiveness of
biotherapy in patients with CD and
prognosis of the disease

2. Levels of leukocytes, ESR, and
CRP were also analyzed before and
after the biotherapy with infliximab
and transplantation of MSC

Research study observations/results

1. Biological therapy along with
transplantation of MSC decreases
the levels of all adhesion
molecules in all patients

2. Suppression of the synthesis of
the main inflammatory cytokine
TNF- o

Inflammation and Inflammatory Diseases, Markers, and Mediators: Role of CRP...

Therapeutic/diagnostic applications

Adhesion molecules are modern
markers of inflammation used to
assess the effectiveness of biological
therapy in CD patients and to dictate
the prognosis of the disease

Profile of circulating cytokines: impact on OSA, obesity, and acute cardiovascular events (Testelmans et al. 2013)

1. OSA induces oxidative stress,
systemic inflammation, and
cardiovascular morbidity

2. The circulating cytokines profiles
were measured in nonobese or
obese patients with or without sleep
apnea and with or without an acute
cardiovascular event in a case-
control study

3. Patients were assessed with sleep
studies and inflammatory (hs-CRP,
Leptin, RANTES, MCPI, IL-6,
IL-8, TNF-a) and anti-inflammatory
(adiponectin, IL-1Ra) cytokine
profiles

4. Cardiovascular phenotyping was
performed including carotid
intima-media thickness, pulse wave
velocity, and 24-h blood pressure
monitoring

1.In comparison with patients
without sleep apnea or without
comorbidities, patients with the
combination of an acute
cardiovascular event

2. Patients with preexisting OSA
showed a higher degree of
systemic inflammation and
significant increase in serum levels
of hs-CRP, IL1-Ra, IL-8, IL-6,
TNF-a, RANTES, and sSICAM
3. Serum levels of different
inflammatory markers were
significantly higher in patients
having OSA and an acute
cardiovascular event

The diagnosis and treatment of OSA
is potentially more important in
patients after an acute cardiovascular
event because these biomarkers could
be associated with worsened
cardiovascular outcome

Levels of hepcidin in cord blood: A biomarker for EONS (Cizmeci et al. 2014)

1. Acute-phase reactant, hepcidin,
has a critical role in inflammation
and helps in host defense by
interfering with microorganism’s
access to iron in EONS

2. Cord blood samples of infants
born having EONS were collected
and the level of cord blood hepcidin
was determined

Hepcidin level was found to be

significantly increased in newborns

with EONS

1. Hepcidin behaves as an acute-phase
reactant in the pathophysiology of
EONS

2. Increased level of hepcidin in cord
blood may be used as a reliable
biological marker of EONS

(continued)
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Table 4.2 (continued)

Assessment of biomarkers

Research study observations/results
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Therapeutic/diagnostic applications

Acute-phase response in patients with AP (Kusnierz-Cabala et al. 2013)

Concentrations of PTX3, SAA,
CRP, HGF, PCT, PMN-elastase,
IL-6, IL-18, and sSTNFR-75 were
measured in plasma of patients with
severe and mild form of AP with
control to age- and sex-matched
healthy subjects

and PMN-elastase

AP

1. On each day of the study,
significant correlations were found
between PTX3 with SAA, IL-6,

2. The concentrations of these
inflammatory markers were higher
in severe AP patients as compared
to those having the mild form of

1. PTX3 may be useful in early
evaluation and prediction of the
severity of AP

2. The relationship between the
patterns of changes in PTX3
concentration with other inflammatory
markers was evaluated in patients with
AP at the early stage of the disease

3. The highest concentrations of
PTX3 were noted on the early

phase

3. The changes in PTX3
concentration in the early phase of
AP is similar to that of IL-6

4. The peak levels of PTX3 are
achieved earlier than another

biomarker, CRP

CRP C-reactive protein, MSC mucosal stem cell, CSF cerebrospinal fluid, /CU intensive care unit, AMI acute myocar-
dial infarction, AF atrial fibrillation, /BD inflammatory bowel diseases, UC ulcerative colitis, CSF cerebrospinal fluid,
CD Crohn'’s disease, ARF acute respiratory failure, CVD cardiovascular disease, OSA obstructive sleep apnea, EONS
early-onset neonatal sepsis, SP-D surfactant protein-D, RAGE receptor for advanced glycation end products, /L inter-
leukin, CC-16 club cell secretory protein, ARDS acute respiratory distress syndrome, PEF peak expiratory flow, TNF
tumor necrosis factor, hs-CRP high-sensitivity C-reactive protein, MMP matrix metalloproteinase, MBP myelin basic
protein, NF-L neurofilament light chain, ESR erythrocyte sedimentation rate, AP acute pancreatitis, PTX3 pentraxin 3,
SAA serum amyloid A, HGF hepatocyte growth factor, PCT procalcitonin, PMN-elastase polymorphonuclear elastase,
STNFR?75 soluble receptor for TNFalpha, A,=sPLA,-IIA secreted group IIA phospholipase, PSA prostate-specific anti-
gens, PCa prostate cancers, BPH benign prostatic hyperplasia, mPCa metastatic prostate cancers

strategy to fight the infection. Inflammation gen-
erated at the site of assault in the peripheral tis-
sues communicates with the brain to modify its
immune response and upgrade as necessary
which aids in its ability to fight and eliminate the
source. The groups of mediators, biomarkers,
pathways, and key responders/effectors during
inflammation are varied and change their modus
operandi in a different disease in a different
organism. Biomarkers’ applicability lies in dis-
secting all the steps of a disease from diagnosis,
screening, treatment, and drug formulation to
prognostic consequences (Fig. 4.11).

As inflammation and its network of reactors
form a juggling condition, thus to dissect all
strings of its web, different animal models are
developed in different diseases to mimic the orig-
inal scenario. Inflammation is induced through
varied stimulator molecules in these animals
even for a single disease in different setups to

decode the mechanism of inflammation and bring
out probable diagnostic and therapeutic agents.

These studies have also provided evidence of
systemically generated inflammatory biomarkers
versus mediators both in acute and chronic inflam-
mation. The process of inflammation is triggered
by mononuclear phagocytes, which in turn alter the
concentration of various biomarkers, the cascade of
complement pathways, antibody production, and
subsequent tissue repairing and resolution. Thus it
traverses through both innate and adaptive immune
system. While these responses are part of our nor-
mal homeostatic mechanisms, it is quite clear that
systemic inflammation has a detrimental effect in
humans and also in animals.

The inflammatory biomarkers responsible for
the pathology of an inflammatory disease are of a
heterogeneous nature (Table 4.2). In Table 4.2, we
cited the potential therapeutic application of some
biomarkers in varied acute inflammatory conditions.
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The list is always never ending. Many discrepancies
in the findings may at least in some sections be
demonstrated by the specific methodologies
used, different time points at which investiga-
tions were done, mice strain susceptibility, and/or
concentration (or dose) of the administered
inducer. Moreover, to the best of our collective
knowledge, a very few studies aimed to clarify
the kinetics of inflammatory cascades mediating
acute and chronic phases of inflammatory disease.
In this pretext, the ongoing study aimed to
evaluate cellular inflow and biomarkers of inflam-
mation during the acute and chronic phases of
inflammatory disease of humans induced in mice.
Our review showed very striking differences
among the induction phase and its recovery
period which may be useful for future modeling
of the experimental inflammatory diseases. This
may particularly provide strong evidence for the
detection of inflammatory biomarkers essential
for the calculation of disease pathology and the
designing of potential therapeutic outcome.
Disease subtypes are quite often described on
the basis of medical history, physical findings,
different serum markers, various imaging param-
eters, and histopathological and endoscopic char-
acteristics of the related disease. Modern
approaches in disease systematization are often
invasive and/or generally related with a lack of
specificity and sensitivity. From all the patients’
history (Table 4.1), we can conclude that all of
them had signs, symptoms, biomarkers, and
expressions of inflammation and infection that
are changed in human pathophysiology. We have
documented those in our case histories. The var-
ied physical biomarkers are inclusive of physical
signs like local swelling, local edema, tenderness,
local increased temperature, local redness, and
local palpable lymph node in localized inflamma-
tion and infection. Other physical biomarkers are
respiratory distress, fever (increased tempera-
ture), anuria, increased heart rate, low BP, deteri-
orating sensorium, and edema (due to increased
vascular permeability of vessels). Radiologically,
patient had diffuse opacities or consolidations in
lungs, thickened urinary bladder and signs of
kidney involvement (increased cortical echo-
genicity), and increased pleural reaction (revealed
as pleural effusion). As per laboratory investiga-

Inflammation and Inflammatory Diseases, Markers, and Mediators: Role of CRP...

tions, TLC with preponderance of neutrophil and
its toxic granulation, high ESR, high CRP,
increased procalcitonin level, high random blood
sugar, rising urea—creatinine, increased sodium
level (due to depletion of intravascular fluid due
to increased vascular permeability), deranged
coagulation profile (increased prothrombin time
and activated partial thrombin time), deranged
liver function test, metabolic acidosis (pH less
than 7.5, low bicarbonate level, and increased
base deficit), increased heart rate (documented by
ECG),arrhythmia (due to electrolyte imbalance),
and grossly hypokinesia of walls of the heart (due
to sepsis) reversed after cure of disease (no hypo-
kinesia and EF of heart was increased normally),
ET suction or BAL fluid showed growth of differ-
ent bacteria, and urine showed plenty of pus cells
and growth of bacteria. A few laboratory investi-
gations showed less than normal level in inflam-
mation like low albumin, low pH, and low
bicarbonate as we documented.

Many studies on biomarkers never achieve
their goal because of the failure to stick to the
same rules that would apply for the use of non-
biological variables. The development of any
biomarker should rely on the standard design
using epidemiological project or clinical trial. In
formulating laboratory component, proper stud-
ies must be completed to determine reliability,
accuracy, interpretability, feasibility, intra-
individual or inter-individual variation, acquired
or genetic susceptibility, and tissue localization,
by setting the normal values with relation to
variables like age, gender, and persistence of the
biomarker (Sharma et al. 2013; Lazebnik et al.
2013; Testelmans et al. 2013; Cizmeci et al.
2014; Kusnierz-Cabala et al. 2013; Ansar et al.
2006, 2009a, b; Ansar and Ghosh 2013).

Advances in proteomics, genomics, metabol-
ics, and molecular pathology have generated
many potential candidate biomarkers with exten-
sive clinical relevance. In the future, the integra-
tion of biomarkers and search for universal
biomarkers, identified by high-throughput tech-
nologies, into medical science will be essential to
achieve “personalization” of treatment/therapeutics
and disease prevention.

The future of prevention protocol of inflam-
matory diseases and their detection and effective
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treatment will be highly influenced by the utiliza-
tion of more effective markers of inflammation
with superlative performance. Given the practical
problem in collecting tissue samples or blood or
fluids from patients in inflammatory diseases,
biomarkers obtained from body fluids have a
great prospect for the value-added patient man-
agement even through the drawbacks of the
abovementioned hindrances or limitations. Since
the immunosuppressive therapy of different
inflammatory diseases currently rotates around
long-term treatment with unwanted side effects, a
paradigm shift from nonspecific cytotoxic drugs
to specific and selective targeted therapeutic
agents/drugs is an ardent medical need.

Perhaps the most regularly used nonspecific
prognostic inflammatory biomarker is CRP. CRP
levels are drastically elevated within 6 h after the
initiation of inflammation. The final hike can
sometimes be as much as 60-fold. Moreover,
CRP is much more precise than some of the other
generally used inflammatory biomarkers like
ESR, total leukocyte count, etc. In various bacte-
rial infections, CRP concentrations are unusually
below 10 mg/L except in the case of neonates
where 10-40 mg/L value typically represents a
mild inflammation condition; levels between
40-200 mg/L. represent significant bacterial
infection or acute inflammation state. In serious
bacterial infection or burns, concentration values
may rise to 300 mg/L or even higher. The assess-
ment of disease pathology, diagnostics, prognos-
tics, and therapeutic applications of CRP in
different diseases is already cited (Ansar et al.
2006, 2009a, b; Ansar and Ghosh 2013). Most
common inflammatory markers include both
inhibitors and mediators of inflammation as well
as scavengers of prospective dangerous sub-
stances, namely, toxins. The following protein
changes are observed during the inflammatory
response: a rapid fall in serum prealbumin albu-
min and transferrin concentration as well as an
elevated level of al- and a2-globulin levels. The
selected biomarkers with therapeutic applica-
tions of bone disease are CRP, calcitonin, colla-
gen I, collagen I telopeptide, and osteocalcin; for
cardiovascular disease, they are aldosterone,
angiotensin, angiotensin-converting enzyme,
antidiuretic hormone, atrial natriuretic peptide, etc;
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for diabetes, they are glucagon, insulin, and
insulin-like growth factor; for gastrointestinal
diseases, they are serotonin, gastrin, somatosta-
tin, etc.; for women’s health, they are estradiol,
estrone, follicle-stimulating hormone, luteinizing
hormone, etc.; there are many more biomarkers
in other diseases (Sharma et al. 2013; Lazebnik
et al. 2013; Testelmans et al. 2013; Cizmeci et al.
2014; Kusnierz-Cabala et al. 2013; Ansar et al.
2006, 2009a, b; Ansar and Ghosh 2013).

It is quite evident from the clinical history
from the hospital that no specific biomarkers were
investigated during the routine investigations in
the diagnosis process (Table 4.1). Rather some
broad-spectrum inflammatory markers (like CRP,
ESR, procalcitonin, etc.) were diagnosed, whereas
in the laboratory people are developing inflamma-
tory animal models to understand all possible
molecules involved in inflammation. Very soon in
hospitals, definite inflammatory markers for each
disease will be investigated for routine diagnosis.

Over the recent years, much clinical research
is continuing to stress the significance of under-
standing the pathobiology of different inflamma-
tory diseases for the procurement of efficient and
safe pharmacological treatment modalities. In
this pretext, we reviewed some of the immuno-
logical mechanisms/processes and the applicabil-
ity of inflammatory biomarkers that occur during
acute phases with its consequent remission/recov-
ery period in some of the widely used experimen-
tal models of varied spectrum of diseases
(Table 4.2). These diseases are quite common ail-
ments and are posing quite a nuisance not only to
global health but also in proving obstructions in
its socioeconomic developments. Further research
needs to be conducted in the area of genes and
molecules involved in causing inflammatory dis-
orders thereby improving the diagnosis and treat-
ment of such diseases. The question we pose here
is whether it is possible to screen the biomarkers
of inflammation and their levels of expression in
diseases associated with inflammation and corre-
late them with the clinical history. This would
offer advantage both from the point of view of
diagnosis, therapy, and prognosis of inflamma-
tory disorders. The future scope of this paper
remains in identifying such markers for inflam-
mation and its correlation with disease condition.



Abstract

Protein posttranslational modifications largely influence their biological
functions. The functions included effect on receptor binding, metabolism
of the protein, tissue uptake, degradation, excretion, and protein—protein
interactions. Modifications of proteins at and after translation also called
as posttranslational modifications or PTM occur at a normal physiological
concentration of the protein. However, in some diseases, modifications
highly specific to the disease also are known to occur. Thus, disease-
specific posttranslational modifications find importance as diagnostic
markers in clinical medicine. Different approaches, most of which are ana-
lytical to study the posttranslational modifications in protein together their
interactions, and their complex structure and function are illustrated by
various researchers in immunology, biochemistry, biophysics, and clinical
medicine and in proteomics. Immuno assay based affinity purification of
protein by HPLC and chromatographic methods, and characterization of
proteins by lectin binding assays, biophysical methods like MS or mass
spectrometry, and surface-enhanced laser desorption/ionization method
find importance as diagnostic techniques in clinical proteomic studies, in
the detection of the disease-specific protein modification.

Keywords
Microheterogeneity ¢ Disease ¢ Posttranslational modifications ¢ Clinical
proteomics

Chapter Highlights
1. Variation in the chemical structure of a

molecule (as the amino acid sequence of a
protein) that does not produce a major
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2.

change in its properties is called
microheterogeneity.
Microheterogeneity gives rise to molecular
variants having very minute differences in
their molecular mass.
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3. Microheterogeneity may be the outcome of
posttranslational modifications.

4. Microheterogenity in proteins and protein
complexes were purified by immuno-affinity
methods, and their identification and charac-
terization are carried out by various methods
like ELISA, lectin binding studies, MALDI-
TOF, MS SPR, Western blotting, and many
other techniques.

5. Each technique has its advantages and also
constraints. So a combination of traditional
and modern approaches is required.

6. Newer approaches are coming in to establish
these microheterogeneous variants. A rapid,
highly reproducible, and cost-effective system
for the determination of molecular variants of
microheterogeneous proteins and protein
complexes is always needed.

7. In proteomics and its interdisciplinary
branches, the same protein needs extensive
validation of its structure across a population
of significantly large size under study. It forms
the basis of accurate progress of diagnosis of
disease in personalized medicine.

8. The application of proteomics in establishing
disease-specific molecular variants as com-
pared to normal individuals may be applied in
the search of a potential disease biomarker.

5.1 Introduction

The proteome of a protein implies a static nature
and was defined as the protein complement
expressed by its genome in July 1995. But in real-
ity, the proteome of a protein shows high
dynamicity. Differential expression of different
types of protein, their relative abundance, and
their functional modification are aspects that are
controlled by physiological or pathophysiologi-
cal condition of the individual. Therefore, the
proteome is a reflection of (1) the internal cellular
machinery from where the protein is synthesized
or functions or (2) the external conditions that are
encountered by the individual. Therefore, pro-
teomics is a dynamic process where different

5 Microheterogeneity of Proteins: Role in Diseases

techniques were employed to enumerate the
structurally diverse proteins and to correlate that
diversity with the in vivo biological processes of
proteins. Knowing the concept of vast protein
diversity with a mere coding by only 30,000—
40,000 genes, the interesting fact that occurs is
the proteome is a much more complex process
than the theoretical term itself implies. Alternative
splicing and reactions occurring during post-
translational modifications of proteins generate
highly varied sets of proteins exceeding a million
distinct protein molecular variants with func-
tional variation (Haynes et al. 1998; Hochstrasser
et al. 2002; Molloy and Witzmann 2002; Tyers
and Mann 2003; Schweigert 2005).

It is not necessary that the normal physiologi-
cal concentrations of specific proteins will change
significantly, in many cases, but some posttrans-
lational modifications are modulated for its
proper functioning. The heterogeneity of protein
can be caused by various sophisticated posttrans-
lational modifications or by simple proteolysis
(Haynes et al. 1998; Hochstrasser et al. 2002;
Molloy and Witzmann 2002; Tyers and Mann
2003; Schweigert 2005).

The widespread range of posttranslational
modifications includes (1) glycosylation, (2)
ubiquitination, (3) phosphorylation, and (4)
methylation. Less frequently observed modifica-
tions include (1) hydroxylation, (2) glutathionyl-
ation, (3) sulfation, and (4) transglutamination.

Studies reveal that glycosylations are observed
in more than 50 % of all known proteins that
modulate protein function. The minute differ-
ences between two protein species, like modifica-
tion of a single amino acid, create two molecular
variants, invariably exerting this minute changes
to influence the protein function. The various
physiological functions like the (1) the ability to
be secreted, (2) the ability to be transported in
plasma, (3) the potential of binding to receptor,
(4) the property of degradation, and (5) their
excretion and protein—protein complex formation
may be influenced. Due to physiological or dif-
ferential pathophysiological stimuli, protein
posttranslational modifications can lead to the
production of a dynamic repository of function-
ally diverse proteins that respond rapidly to these
stimuli (Schweigert 2005; Baumann and Meri
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2004; Davis 2004; Hancock 2002; Mann and
Jensen 2003).

Plasma proteomics is the present trending
field of research which is gaining interest in clini-
cal medicine for the use of differential expression
of different proteins in diseases. In proteomics,
the protein—protein interaction process for intra-
cellular communication is of outmost interest.
These proteins exhibit a multi-protein complex
which thereby affects the functions like receptor
binding, plasma transport, degradation, and glo-
merular filtration in excretion (Figeys 2004;
Russell et al. 2004; Grant and Husi 2001).

The two foremost tasks of clinical proteomics
include the monitoring of PTM and the study of
protein complexes to understand the potential
impact of an altered protein structure and func-
tion in health and disease. Thus, new terminolo-
gies like “heteromics” and “interactomics” are
described under the major domain of “functional
proteomics.” The aim of the functional pro-
teomics is to characterize the protein modifica-
tions in the light of structural characteristics,
functions, and also their potential interactions
with other proteins. Functional proteomics con-
tributes essentially to clinical diagnostics, espe-
cially in its application in personalized medicine.
Crucial information gathered from functional
proteomics studies has potential application in
(1) using these proteins in early diagnoses of
clinical conditions, (2) developing novel prog-
nostic disease indices, and (3) generating novel
therapies for diseases. Though the study of the
role of protein complexes and their PTMs and
their biological function is quite relevant, the
vivid in-depth study suffers from the limitation of
availability of suitable sensitive, reliable, and
repeatable high biotechnological techniques
(Schweigert 2005; Figeys et al. 2001; Nair et al.

2004; Arthur 2003; Hanash 2003).
5.2  Brief History
of Microheterogeneity
of Proteins

The human immune system has evolved in almost
a million of years. This immune system has
developed host defense systems highly special-

ized against pathogens. The human innate
immune system lay its origin from the inverte-
brates. Innate immunity is a primitive host
defense system wherein proteins encoded by
germline recognize pathogens. Most of the innate
immune cells are highly conserved in nature.
This system bears pattern recognition receptors
(PRRs) that recognize pathogens thereby trigger-
ing a variety of mechanisms to eliminate patho-
gens. The PRRs are host proteins that recognize
pathogen-associated molecular patterns (PAMPs)
and molecules with evolutionary primitive ances-
tors. Thus, recognition of pathogen molecules
activates the effector molecules including (1)
complement molecules, (2) cytokines, and (3)
antimicrobial peptides. The major PRR families
of proteins include plasma pentraxins and others
group of proteins (Pepys and Baltz 1983; Tillett
and Francis 1930; Li et al. 1994).

“Pentraxin” is the structure assigned for some
acute-phase reactants like (1) CRP, (2) SAP, (3)
female protein of Syrian hamster (HSAP), and
many others. Pentraxin is a rare configuration
due to their conserved pentameric arrangement
of their protomers (Tillett and Francis 1930; Li
et al. 1994).

Most of these proteins exhibit the common
characteristics, but a few of them showed some
variations in their structure and functions. CRP
of horse shoe crab (Limulus polyphemus, an
Arachnida), is phylogenetically the oldest mem-
ber of this family, which differs from their verte-
brate counterparts by being hexameric. The three
major acute-phase proteins (CRP, SAP, and
HSAP) differ significantly in their calcium-
binding and calcium-dependent ligand-binding
properties (Srinivasan et al. 1994).

5.3  Microheterogeneity
of Proteins: Major

Pathophysiology

Glycosylations can alter the structure and func-
tion of proteins. Such alterations in the acute-
phase proteins (app) lead to microheterogeneity
changes in the app thereby involved in the altera-
tion of acute-phase responses (APR). The minute
structural variation in APP has been defined as
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“microheterogeneity.” The major cause of micro-
heterogeneity is mostly contributed by the quali-
tative changes of some acute-phase glycoproteins.
APPs involved in acute and chronic types of
inflammation show differences in their microhet-
erogeneity (Hansen et al. 1984 and Mackiewicz
et al. 1987a, b; Kushner 1982; Kushner and
Mackiewicz 1987). Such microheterogeneity dif-
ferences in the APP is generated due to the dif-
ferential activity of glycosylating enzymes
thereby effecting alteration of arrangement and
composition of their glycan side chains thus dif-
fering from their normal phenotype (Raynes
1982).

Microheterogeneity differences are prominent
from comparative studies of pathophysiology of
normal and disease states and also between acute
and chronic disease conditions. Studies from
malignant and nonmalignant and acute versus
chronic diseases reveal microheterogeneity dif-
ferences in oy-acid glycoprotein (AGP) and o;-
antichymotrypsin (Hansen et al. 1984 and
Mackiewicz et al. 1987a, b). Duration of inflam-
mation and disease severity has also been
reported to affect the glycosylation profile in
AGP (Hrycaj et al. 1993; Havenaar et al. 1995).
Such alterations are mostly accompanied by
changes in glycoforms of proteins (distinct
molecular variants) with increased or decreased
branching and reactivity.

5.4  Microheterogeneity and Its

Causes

Microheterogeneity has been reported to arise
from mechanisms of proteolysis or due to differ-
ent types of PTMs which could range from fre-
quent ones like (1) glycosylation, (2)
phosphorylation, (3) ubiquitination, and (4)
methylation to the less frequent ones, such as (1)
glutathionylation, (2) hydroxylation, (3) sulfa-
tion, and (4) transglutamination. This occurs by
altered arrangement or composition of their gly-
can side chains due to differences in activity of
various glycosylating enzymes. Although syn-
thesis of the polypeptide chain is under direct
genetic control, the attachment of carbohydrate

5 Microheterogeneity of Proteins: Role in Diseases

moieties is controlled by posttranslational modi-
fication mechanisms (Spiro et al. 1986).
Enzymatic treatment of native olive tree pollen
with the specific enzyme glycosidase PNGase F
is observed to reduce the allergen affinity toward
specific IgE antibodies without modification of
its secondary structure (Batanero et al. 1994).
The electrophoretic heterogeneity of human
prostatic acid phosphatase is not due to the
oligosaccharide moiety of the glycoprotein or by
the altered conformational states of the protein.
The heterogeneity is due to the structural varia-
tions of the polypeptide itself at the C-terminus,
partial deamidation, phosphorylation, or sulfa-
tion or may be attributed to other posttransla-
tional modifications of the protein chain itself
(Morris et al. 1989) (Table 5.1).

In different diseases or in inflammatory condi-
tions, microheterogeneity of proteins, their
causes of molecular wvariation, techniques
employed in the detection of isoforms, and dif-
ferential effects of these proteins were noted.

5.5 Immunological
Characterization of PTM
and Protein-Protein

Complexes

The traditional method to detect and investigate
the microheterogeneity of proteins was two-
dimensional electrophoresis (2D-gel electropho-
resis). Still today it is one of the key technologies
used globally in the analysis of changes in post-
translational modifications. Two proteins having
the same molecular mass differ in their isoelec-
tric point (pI). The differences in the isoelectric
point between proteins can be detected by two-
dimensional electrophoresis. Changes during
posttranslational modifications results in the
minute molecular mass variations, and thus
unique molecular variants are developed in dif-
ferential clinical conditions. Moreover, by two-
dimensional electrophoresis, the separation of
glycoproteins based on their induction in glyco-
sylation in different pathological conditions is
also possible. The different isoforms or molecu-
lar variants are visible by protein spots. However,
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these denaturing separating methods fail to char-
acterize the protein completely. At present, anti-
bodies are used for the characterization of both
PTM and protein complexes (Clack et al. 2003;
Schweigert 2005; Packer and Harrison 1998).

High-affinity antibodies capture both (1) pro-
teins of interest and (2) related protein com-
plexes. Capturing proteins and their interacting
proteins or protein complexes by high-affinity
antibodies is the most promising analytical
approach in proteomics. As antibodies can spe-
cifically identify an epitope, they find application
in protein-detection array system (Schweigert
2005; Lal et al. 2002).

Traditionally techniques like immunohisto-
chemistry, Western blots, and immunoprecipita-
tion have been used to detect protein antibody
interactions. These techniques were used to
determine and characterize gene products—such
as (1) the tissue distribution and cellular localiza-
tion of proteins, (2) their posttranslational modi-

Variation in Differential Identification of
mobility by Gel carbohydrate carbohydrate
Electrophoresis binding / protein moiety

‘ LECTIN BINDING ‘

fications, and (3) the level of protein expression
and its interaction to form complexes (Fig. 5.1).
One-dimensional gel electrophoresis followed by
Western blot is used to identify minute differ-
ences in protein modification. Using the property
of specificity of antigen—antibody binding, anti-
body chips are being designed to understand the
expression of desired proteins. In a surface plas-
mon resonance (SPR) protein—protein interac-
tion, the protein antibody interaction and protein
cell interaction were mostly investigated. For the
same purposes, radioimmunoassay (RIA),
enzyme-linked immunosorbent assays (ELISA)
and Western blotting were used (Schweigert
2005; Burgess and Thompson 2002; Hage 1999).

Thus, to monitor posttranslational modifica-
tions in different assays, it is important to know
the different modifications on one hand, and on
the other it is important to know their specific
interacting antibodies (Fig. 5.1). In mass spec-
trometry (MS), specific affinity interactions can

MALDI-TOF

ISO-ELECTRIC
FOCUSSING (2D-GEL)

' GASLIQUID |
CHROMATOGRAPHY

SDS-PAGE+WESTERN
BLOT

[ IMMUNOAFFINITY |
CHROMATOGRAPHY

DEGLYCOSYLATION

+SDS-PAGE

Fig. 5.1 Techniques employed in the detection of micro-
heterogeneity. The small but distinct differences in the
molecular variants during electrophoresis, the differential

[ ELISA/RIA/WESTERN |
| BLOT/SPR

lectin binding of each isoform, and finally carbohydrate
sequencing and molecular modeling give a clear idea
about microheterogeneity
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be used to identify protein isoforms and com-
plexes. In specific affinity interaction processes,
traditional approaches of antigen separation with
an immobilized immuno-affinity column or
immunoprecipitation are also noteworthy
(Schweigert 2005).

In MS analysis the column-packing material
can be performed directly or can be done after the
analyte is eluted from the column. Affinity chro-
matography is quite often employed together
with various other detection methods. All these
techniques and methods have been successfully
used in different approaches of proteomics to
characterize the microheterogeneity of varied
proteins and plasma peptides. These proteins and
plasma peptides in healthy and diseased states
showed distinct molecular variants. These plasma
proteins showing microheterogeneity are CRP,
amyloid-p peptides, P2-microglobulin, serum
amyloid-a, transthyretin (TTR), and many oth-
ers. For the development of an advanced immu-
noassay, the surface-enhanced laser desorption/
ionization (SELDI) platform is adopted. In
SELDI, antibodies are used as an affinity capture
tool, for qualitative and quantitative estimation of
various proteins in differential biological mix-
tures by MS. In the SELDI-based immuno-
affinity assay, proteins are directly detected
without tags. Moreover, in sandwich ELISA
technology, a protein of interest or an antigen is
sandwiched by specific antibodies which bind
against that antigen only. Thus by using SELDI,
sandwich ELISA, SPR, SELDI-time of flight
MS, Westernblotting; different isoforms of a pro-
tein in differential clinical condition was detected
using antibodies as bait. In surface plasmon
resonance-biomolecular interaction analysis
(SPR-BIA), to characterize proteins and protein—
protein interactions, the Biacore instrument was
coupled with the mass spectrometer (Tolson et al.
2004; Nelson et al. 2000a, b; Schweigert 2005;
Clarke et al. 2001; Kiernan et al. 2003; Lim et al.
2003; Nedelkov et al. 2004; Tubbs et al. 2001;
Sydor et al. 2003; Lin et al. 2003; Nelson et al.
2000a, b; Davies et al. 1999).

MS enables detection of minute mass differ-
ences clearly which forms a major limitation in
traditional methods of one-dimensional electro-

phoresis and immunological detection. Two-
dimensional electrophoresis followed by Western
blot offers better resolution of the microheteroge-
neous protein variants, but this method suffers
from the limitation by similar minute mass
accuracy. One-dimensional electrophoresis fol-
lowed by Western blot analysis and MS analysis
is also one of the approaches for mass resolution
in isoforms of proteins.

In on-chip immunoassay, the antibody in the
protein chip must be an active state as well as in
high density. Therefore, the substrate on the solid
surface of the chip has to be modified in order to
achieve maximum binding capacity and activity.
Thus, the reactive surfaces on the chip can cova-
lently cross-link with the proteins. These are the
basic consideration while developing protein
chips. Generally, polyclonal antibodies are capa-
ble of binding different isoforms of protein.
Polyclonal antibodies can bind different molecu-
lar variants of a protein regardless of their differ-
ences and can therefore be often used to analyze
microheterogeneous forms. Moreover, further
characterization of the molecular variants by
other immunoassays is highly needed. But the
greatest disadvantage of using polyclonal anti-
bodies over monoclonal antibodies is the more
pronounced cross-reactivity with other proteins
which is highly nonspecific. This is more
observed while studying protein complexes
(Schweigert 2005).

Other factors controlling the usage of antibod-
ies, either monoclonal or polyclonal, as tools for
analysis are stability, affinity, and specificity of
the antibodies. However, extensive experimenta-
tion needs to be carried out before their use. In
microarray-based studies, a very small percent-
age of the commercial antibodies are suitable for
application.

5.6 Identifying Different
Posttranslationally Modified

Proteins

Antibodies specific to posttranslational modifica-
tion may be developed and studied for a particu-
lar protein. Specific definite antibodies are
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developed that are recognizing only specific pro-
teins that have tyrosine residues that are phos-
phorylated or specific to other modifications.

For glycosylation of proteins, or its sugar
modifications, certain lectins are employed that
bind sugars of the glycoproteins. The most
common method to determine protein posttrans-
lational modification is to allow the complex
mixture of proteins to run in 2D-gel
electrophoresis.

Recently, SDS-PAGE is combined with shot-
gun proteomics, a newer approach known as
PROTOMAP, which enables the detection of
minute changes in migration of proteins in gel
electrophoresis, mostly due to proteolysis or
posttranslational modification (Schweigert 2005).

Carbohydrate chains are known to respond to
disease, injury, and environmental changes. To
know how and why all this happens, the carbohy-
drate structure needs to be first evaluated. Mass
spectrometry may be employed for this. Mass
spectrometers break the carbohydrate molecule
and convert them into separate ions or charged
particles. These ions are then categorized and
analyzed depending on their mass-to-charge
ratio. These ratios are analyzed for sequencing of
the entire glycoprotein molecule.

Detection of Proteins
in Complex Mixtures

5.7

Antibodies are the most common tools used to
detect particular proteins and their modified
forms. ELISA techniques can be used for quanti-
tative estimation of protein expression.

For rapid determination of protein mixtures,
proteomic study techniques like MALDI and
electrospray ionization (ESI) are being used.
More recently, in novel proteomic assay, the fast
parallel proteolysis (FASTpp) thermal protease
resistance was exploited to detect specific pro-
teins in lysates of E. coli. FASTpp may be applied
in the future to detect mechanistic effects of point
mutations or in proteomic perturbations in cancer
(Schweigert 2005).

5 Microheterogeneity of Proteins: Role in Diseases

5.8 To ldentify Interaction

of Protein with Protein

As most proteins are functional only in concoc-
tion with other proteins, the major goal of pro-
teomics is to identify the interacting proteins.
This finds application in determining protein
members involved in cell signaling pathways.

The traditional method used to detect protein—
protein interactions involves the yeast two-hybrid
analysis. Several recent techniques like SPR, pro-
tein microarrays, dual polarization interferome-
try, immuno-affinity chromatography followed
by MALDI-TOF, phage display, and many com-
putational methods are used. Brief descriptions
of these methods used are discussed above sec-
tion (Schweigert 2005).

Detection
of Microheterogeneity

5.9

Affinity electrophoresis with a lectin, Con A, as a
ligand finds a major application in determining
microheterogeneity of acute-phase glycopro-
teins. Many proteins in the plasma exist as multi-
protein complexes. They participate in functions
like (1) plasma transport, (2) binding to receptor,
and (3) subsequent degradation and excretion.
Thus, PTM and proteins in complexes are fore-
most processes with potential impact on health
and disease. Several techniques are being
employed in the detection on microheterogeneity
in proteins. Some techniques used to study
microheterogeneity in APP and CRP are
described below.

5.10 Lectin Binding Studies
to Identify
Microheterogeneity

Lectins are proteins that bind to carbohydrates
with particular specificity. Despite specificity of
lectin, it can bind to one carbohydrate moiety
with higher affinity. The major specificity toward
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carbohydrates of some common lectins used is
described in Table 5.2. Lectins find application
in detecting the nature and type of glycosylation
of glycoprotein by different technologies like
affinity chromatography, blotting, and electro-
phoresis (Goodarzi and Turner, 1996; Fig. 5.2).
All such techniques need skilled technicians, a
large quantity of lectins, and a low number of
specimens and moreover give a semiquantitative
result. Lectins can be used in sandwich ELISA in
a multi-well system. In sandwich ELISA, lectin
is used as one partner and antibody as the other
partner to detect the protein. Another method to
identify glycoprotein using lectins is the steroid
hapten, digoxigenin (DIG)—glycan detection
assay. The purified glycoprotein is allowed to be
absorbed on a plastic surface of a microtiter
plate. After washing the unbound proteins and
blocking the uncoated site, a DIG- or biotin-
labeled lectin is used to interact with the bound
protein in the microtiter. Unbound lectin is
washed out, and the bound lectin is detected by
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using an anti-DIG antibody or a streptavidin con-
jugate enzyme. Streptavidin shows high affinity
toward biotin (Goodarzi and Turner 1996).
Another method includes the binding of Iodinated
glycoproteins to Sepharose or agarose-bound
lectins with different sugar linkages and main-
taining specificity at 4 °C overnight. Extensive
washing is done to eliminate unbound radioac-
tivity. Bound radiolabeled proteins were moni-
tored in a gamma counter (Ansar et al. 2009b).

5.11 Microheterogeneity in CRP

in Animals

Microheterogeneity of CRP is an interesting part
of study of CRP. Such microheterogeneity differ-
ences are recorded as early as in the horse shoe
crabs in the evolutionary history of animals.
Microheterogeneity of CRP has been reported
from different species like horseshoe crabs, fish,
and humans.

Table 5.2 Differential carbohydrate specificity of some lectins

Lectin Abbreviation
Concanavalin A Con A
Datura stramonium agglutinin DSA
Snowdrop lectin GNA
Aleuria aurantia agglutinin AAA
Lens culinaris agglutinin LCA
Lotus tetragonolobus agglutinin | LTA
Lentil lectin LCH
Sambucus niagra agglutinin SNA
Maackia amurensis agglutinin MAA
Peanut agglutinin PNA
Wheat Germ agglutinin WGA
Ricinus communis agglutinin RCA
Jacalin AIL
Maackia amurensis MAL
leukoagglutinin

Maackia amurensis MAH
hemoagglutinin

Ulex europaeus agglutinin UEA

Specificity

Mannose a 1-3 or mannose o 1-6

Galactose  1-4 N-acetyl glucosamine

o 1-3 and o 1-6 linked high mannose structures
Fucose o 1-6 N- acetyl glucosamine

Mannose o 1-3 or mannose o 1-6 or fucose o
1-6 Glc NAc

Fucose o 1-2 galactose  1-4 or fucose o

1-3 N- acetyl glucosamine

Fucosylated core region of bi- and triantennary
complex type N-Glycans

N-acetyl neuraminic acid or a 2—-6 galactose
N-acetyl neuraminic acid or a 2-3 galactose

Galactose B 1-4 N-acetyl glucosamine on
O-linked chains
GlcNAcB1-4GlcNAcB1-4GlcNAc, NeuSAc
(sialic acid)

Galactose B 1-4 N-acetyl galactosamine
(Sia)Galp1-3GalNAcal-Ser/Thr (T-antigen)
Neu5Ac/Gea2,3Galp1,4Glc(NAc)

Neu5Ac/Gea2,3Galp1,3(NeuSAca2,6)GalNac

Fucose al-2Gal-R

Gal, galactose; N-Ac Gal NAc, N-acetylgalactosamine; N-Ac Glc NAc, N-acetylglucosamine; Neu, neuraminic acid
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> Lectins are plant proteins which bound polysaccharides
> Lectins have specificity towards definite carbohydrate moiety
ENZYME
SUGAR
LECTIN::; ‘ (!!) ‘ ‘
LA SUPPORT SUPPORT
IMMOBILISED LECTIN LECTIN
LECTIN BOUND TO BOUND
SUGAR SUGAR IS
DETECTED
WITH THE
SAME LECTIN
LABELLED
WITH AN
ENZYME
Fig.5.2 Lectins and interactions
Lectins specific to N-acetyl-D-galactosamine sugars, namely, mannose, galactose, and

was isolated from an Epiphragmophora tren-
quelleonis snail (ETL) and it was partially char-
acterized. ETL1 showed two protein subunits,
while three subunits were revealed in ETL2.
Under reducing conditions, results of SDS-PAGE
analysis of both lectins revealed four protein
subunits, and N-linked oligosaccharides were
detected in some subunits of both ETL1 and
ETL2. Moreover, O-linked oligosaccharides
were detected in some subunit of ETL2 and
ETL1. Both lectins exhibited microheterogeneity
in IEF with varied pl values. Posttranslational
modifications lead to observed differences
between ETL1 and ETL2 due to differences in
their protein subunits (Castagna et al. 1996).

A sialic acid-specific lectin has been isolated
from the albumin glands of the Cepaea hortensis,
a garden snail, by performing affinity chromato-
graphic purification on a fetuin-Sepharose col-
umn followed by gel filtration on Superdex 200.
Three serological identical bands were detected,
of which only two were found to be glycosylated
(N- and partially O-glycosidic bound). Three

N-acetylglucosamine, could be detected in these
isoforms. IEF of the purified lectin revealed a dif-
ferential pattern with bands in the pH range of
4.3-5.0. The heterogeneity was also revealed by
amino acid sequencing of internal tryptic pep-
tides (Gerlach et al. 2002).

5.11.1 Microheterogeneity
in Horseshoe Crabs

In the American horseshoe crab (Limulus poly-
phemus), the protein limulin, in the hemolymph
plasma, is present. Limulin binds to sialic acid
and phosphorylethanolamine-binding hemagglu-
tinin. It is also a hemolytic C-reactive protein
(Armstrong et al. 1996). Three types of C-reactive
protein in the plasma of the Japanese horseshoe
crab (Tachypleus tridentatus) were identified,
based on their differential affinities toward
fetuin—agarose and phosphorylethanolamine—
agarose. The affinities were determined by
an artificial phosphorylethanolamine—protein
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conjugate and a fetuin in the quantitative precipi-
tin assays. The amino acid sequences of the iso-
lated CRP revealed different homologous
proteins termed as Tachypleus tridentatus CRP-1
(tCRP-1), tCRP-2, and tCRP-3 (Fig. 5.3). All
these three possibly constitute isoprotein mix-
tures. These three types of CRPs are based on dif-
ferent affinities against different ligands,
designated as tCRP-1, tCRP-2, and tCRP-3, and
exhibited varied calcium-dependent hemolytic
and sialic acid-binding and hemagglutinating
activities (Iwaki et al. 1999). Only tCRP-2 and
tCRP-3, but not tCRP-1, showed agglutination of
RBC when treated on mammalian RBC. The
most abundant C-reactive protein in the plasma,
tCRP-1, exhibited the highest affinity to the
phosphorylethanolamine—protein conjugate. But
tCRP-1 lacks the property of both sialic acid-
binding and hemolytic activities. The tCRP-2
showed limulin-like properties as it bound to

-
® Tachypleus

tridentatus CRP
(t-CRP) tCRP-1,

tCRP-2 and
tCRP-3
-—

-

e Immunological
strong cross reactivity,
variable agglutination,
lectin like properties
and differential sugar
binding

)

both  phosphorylethanolamine—agarose  and
fetuin—agarose and also exhibited sialic acid-
binding activities and calcium-dependent hemo-
lytic property. Moreover, tCRP-2 showed a
higher affinity to colominic acid, a polysialic acid
from bacteria. On the other hand, tCRP-3 shows
stronger sialic acid-binding, hemolytic, and hem-
agglutinating activities than tCRP-2. But tCRP-3
has no affinity to phosphorylethanolamine—pro-
tein conjugate, to phosphorylethanolamine—aga-
rose, and also to colominic acid. Thus, tCRP-3 is
basically a novel hemolytic C-reactive protein
lacking the common property of phosphoryletha-
nolamine—agarose binding affinity. Nearly 22
clones of tCRPs exit both in their amino acid
sequences and in N-linked glycosylation and
indicate the possibility of isolectins. The struc-
tural and functional diversities of all the tCRPs
provide a novel model for studying the function-
ing of innate immune mechanism in invertebrate

\
e Amino acid
composition and
N-linked
glycosylation
J

¢ Differential affinities
against varied ligands,
carbohydrate analysis &
lectin binding assay

J

L

Fig.5.3 Microheterogeneity in Limulus. The different molecular variants of Limulus; their differences and functions

are noted
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organisms, which survive without the thorough
benefit of adaptive immunity.

5.11.2 Microheterogeneity in Fishes

Studies from the vertebrate freshwater fishes
including Labeo rohita and Catla catla revealed
that alterations in the environmental condition
could affect the CRP levels. Differential toxic
aquatic conditions could cause an increase in the
CRP levels and also gives rise to different molec-
ular variants of CRP showing differences in
amino acid and carbohydrate compositions. They
showed differential minute alterations in their
amino acid and carbohydrate compositions
(Sinha and Mandal 1996; Sinha et al. 1999a, b, c, d,
2001; Mandal et al. 1999; Paul et al. 1998, 2001).
Such findings reveal a prominent role of CRP as
an indicator of environmental pollution and
aquatic toxicity.

Fish CRP was purified by using calcium-
dependent affinity chromatography on a phos-
phorylcholine (PC)-Sepharose column.
Different forms of fish CRP was obtained from
the sera of Labeo rohita from either freshwater
(CRPy) fishes or fishes in water polluted with
sublethal doses of toxic molecules like (1) mer-
cury (CRPy,), (2) cadmium (CRPcy), (3) phe-
nol (CRPp,), and (4) hexachlorocyclohexane
(CRPyy). These CRPs purified from polluted
water have nearly three- to fivefold elevated
serum concentration than CRPy. When these
induced forms of CRP proteins are run on
native polyacrylamide gel electrophoresis
(PAGE), they show remarkable differences in
their molecular mass, charge, and/or shape as
revealed by their differences in electrophoteric
mobility. At the peak of induction, the pollut-
ant-specific molecular variant has been
reported to replace the normal form as revealed
by the kinetic studies. These pollutant-specific
CRPs differ significantly from each other as
studied by their amino acid and carbohydrate
compositions and showed strong immunologi-
cal cross-reactivity, variable agglutination
properties with RBC from different sources in
presence of calcium ions, isoelectric focusing,
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lectin binding assay, and binding to PC and
pneumococcal C-polysaccharide (CPS).
Electron microscopy revealed the secondary
structures of these purified CRPs, including
pentraxin structure (Sinha and Mandal 1996;
Sinha et al. 2001; Mandal et al. 1999).

Similarly, pollutant-specific glycosylated
molecular variants of CRP were purified from the
sera of the major carp, Catla catla. Fish CRP was
purified from fishes confined in either freshwater
(CRPy) or in water polluted with sublethal doses
of mercury (CRPy,), cadmium (CRPc,), phenol
(CRPp,), and hexachlorocyclohexane (CRPy,).
CRPs in polluted fish are induced than CRPs
purified from freshwater as shown by differences
in electrophoretic mobility. The carbohydrate
content of these CRPs ranges from 20 to 50 %.
The binding constants of these CRPs with CPS
were varied. The molecular variants varied in
their amino acid and carbohydrate compositions,
secondary structures, kinetic studies of metal
intoxication, binding to PC and lectins, and dif-
ferential electrophoretic mobility in native gel
and in isoelectric focusing. Interestingly, their
electrophoretic mobilities become identical on
desialylation and deglycosylation implying that
these molecular variants differ in their glycan
component. These CRPs share common proper-
ties of a CRP, including the pentraxin structure as
showed by electron microscopy and on examina-
tion of their immunological cross-reactivity.
Thus, different molecular variants were induced
in a toxic stressful environment as compared to
CRPs purified from freshwater. Moreover, these
variant coexists with normal CRPs, and they
show similar overall molecular topology but
show differences in their quantitative extent of
binding (Sinha and Mandal 1996; Paul et al.
1998, 2001; Mandal et al. 1999).

An acute-phase protein isolated from channel
catfish (Ictalurus punctatus) serum can precipi-
tate pneumococcal C-polysaccharide (CPS) in a
calcium-dependent manner. Similarly, a non-
glycosylated, phosphorylcholine (PC)-reactive
protein (PRP) of molecular weight 100 kDa was
also isolated by affinity chromatography from
sera of catfish. The planar, pentagonal symmetry
of PRP was confirmed by electron microscopy.
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Interestingly, purified PRP has gamma mobility,
whereas in serum samples PRP has gamma-beta
mobility. The channel catfish PRP is similar in
structure function to human, dogfish (Mustelus
canis), and rainbow trout (Oncorhynchus mykiss)
CRP (Szalai et al. 1992).

5.11.3 Microheterogeneity in CRP
as Marker for Pollution
in Freshwater Fishes

The levels of CRP were reported to be elevated in
the serum of fishes maintained in water contami-
nated with cadmium and mercury as compared to
those isolated from the fishes maintained in nor-
mal freshwater. Both the total carbohydrate and
sialic acid content in CRP have been reported to
vary in the order of CRP isolated from fish main-
tained in water contaminated with mercury and
of CRP isolated from fish maintained in water
contaminated with cadmium as compared to that
of CRP isolated from fish maintained in freshwa-
ter. These studies in Labeo rohita revealed differ-
ences in the content of both charged and
uncharged sugars; a probable cause of CRP
microheterogeneity is induced by metal pollut-
ants (Sinha and Mandal 1996) thus indicative of a
possible application of CRP as a biomarker to
environmental pollution.

5.11.4 Microheterogeneity in Rats

In rats the role of glycosylation in the microhet-
erogeneity of corticosteroid-binding globulin
(CBG) was revealed by electrophoretic migra-
tions. The glycoprotein, CBG, migrates as dou-
blet bands in PAGE and as numerous bands in
IEF (isoelectric focusing) technique.
Desialylation with neuraminidase does not
remove this doublet in either PAGE or SDS-
PAGE, indicating that the doublet in rat CBG
does not arise due to sialic acid residue differ-
ences. But desialylated CBG migrates as two
bands in IEF. As migration in IEF is thoroughly
based on charge and as only sialic acid molecules
are charged in N-linked glycosylation, any het-

erogeneity seen by the desialylated glycoprotein
might reside within the protein moiety only. In
rat CBG, there is also variation in the protein
moiety as indicated by sodium dodecyl sulfate
(SDS) treatment. The differences in the number,
type, or location of sugars attached to each of the
variants were differential as detected by the treat-
ment of the separated upper and lower variants of
native CBG with N-glycosidase F (PNGase F).
The upper variant shows a quicker deglycosyl-
ation over time as compared to the lower variant.
Blocking the N-terminal end could not account
for any variation, as both the upper and lower
variants were sequenced separately resulting in
identical sequences of the first 13 amino acids.
Moreover, sugars could not be detected by wheat
germ agglutinin (WGA) lectin or by digoxigenin
glycan detection system. O-Glycosidase enzyme
treatment showed the presence of O-glycosylation.
Thus, the differences in the protein moiety as
well as the sugar entities contribute to the hetero-
geneity of CBG (Ali and Bassett 1995).

5.12 Microheterogeneity
of Human Acute-Phase
Proteins

Human APP has been divided broadly into two
groups such as positive or negative acute-phase
proteins. Human APP may be divided into three
groups based on the usual magnitude of the
plasma changes observed (Fig. 5.4). Of at least
30 acute-phase proteins, CRP and SAA are the
two proteins whose concentration arise more
than 1000 fold and even up to 3000-fold within
48 h following injury (Morley and Kushner
1982).

In glycosylated proteins, i.e., proteins that
have covalently attached carbohydrate chains to
their polypeptide backbone. These are posttrans-
lational modifications, which are mostly carried
out by cytoplasmic enzymes. These modifica-
tions confer minute changes to the structure and
function of a protein, and their composition is
very sensitive to many environmental conditions.
As glycosylation affects the reactivity of a pro-
tein, an increasing interest exists to understand
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Fig.5.4 Classification of human
microheterogeneous acute-phase proteins.
Classification on the basis of usual change in
plasma concentration (Morley and Kushner
1982)

HUMAN ACUTE PHASE
PROTEINS

the glycosylation of a protein. In different patho-
logical conditions, carbohydrate structure
changes are observed. So glycosylation therefore
is important in understanding disease. But, the
protein glycosylation involves a complex process
with variations. Variations exists in (1) glycosyl-
ation sites, (2) the composition of the attached
chains, (3) linkages in each chain, and (4) the
amino acid types—carbohydrate bonding and the
definite carbohydrate sequences in different gly-
cosylation of different proteins. However, within
any group of protein molecules, there is consider-
able heterogeneity in the carbohydrate structures
termed as glycoforms. These glycoforms are syn-
thesized at any one time. Glycoforms are typified
by some molecules showing reduced chain
length, increased branching, and also further
addition of a single carbohydrate moiety to the
internal backbone of chain.

5.12.1 Role of Microheterogeneity
of APP in Different Diseases

Different APPs (acute-phase proteins) and their
associated differences in microheterogeneity are
correlated to different disease conditions. While
some do not show any differences in the disease
or normal individuals, others show marked differ-
ences in disease vs. normal states. Such microhet-
erogeneity differences in the glycosylation
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Ceruloplasmin,
Complement component
(C3, C4)

al-acid glycoprotein,
Haptoglobin, Fibrinogen,
al-anti trypsin

C-reactive protein, Serum
Amyloid A

pattern of the proteins have been attributed to
alterations in the intra-hepatocellular processes
associated with the glycosylation pattern, induced
by cytokines (Mackiewicz et al. 1989). The gly-
cosylation patterns of transferrin isolated from
patient sera suffering from ulcerative colitis are
highly branched and sialylated and were directly
related to the status of inflammation, as compared
to the healthy individuals. The microheterogene-
ity patterns of AGP and ACT do not show any
difference with that of the normal individual.
Recent studies in ulcerative colitis, showed that
patients had significantly higher ACT and AGP
concentrations and very low transferrin level as
compared to healthy individuals. Thus a direct
correlation between concentrations of ACT and
AGP, the glycosylation patterns of transferrin,
changes in standard protein electrophoresis or
count of blood cell were prominently observed
(Grzymistawski et al. 2006). Microheterogeneity
in alpha I-acid glycoprotein (AGP) on the other
hand has been reported to be as a useful marker
for the clinical stages of inflammation based on
serum CRP and cytokine IL-6 levels in patients
suffering from esophageal or stomach carcinoma
before and after operation (Iijima et al. 2000). In
systemic lupus erythematosus (SLE), microhet-
erogeneity of AGP has been reported to play a
prominent role in the detection of intercurrent
infection (Mackiewicz et al. 1987a, b). Serum
CRP levels and microheterogeneity of AGP have
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been observed to show significant correlation
with disease status in patients suffering from
rheumatoid arthritis (Pawlowski et al. 1986). In
patients suffering from ankylosing spondylitis
(AS), microheterogeneity differences in AGP
were reported together with increased levels of
alpha I-antitrypsin, AGP, CRP, haptoglobin, IgA,
and gastrointestinal inflammation (Mackiewicz
et al. 1989). Pulmonary sarcoidosis shows altered
glycosylation pattern of acute-phase glycopro-
teins in tune with other chronic inflammatory dis-
eases (Hrycaj et al. 1996). Although transthyretin
(TTR), a traditional biomarker for nutritional and
inflammatory status, is recently reported as a
potential biomarker for the diagnosis of ovarian
cancer, the observed microheterogeneity itself of
TTR in serum and ascite fluid does not show any
correlation with the disease status in ovarian can-
cer patients (Gericke et al. 2005).

5.13 Microheterogeneity
of Human CRP

CRP is a trace component of the normal human
serum. It has a molecular weight of 105,000. It is
structurally composed of five apparently identi-
cal subunits with a cyclic symmetry. The serum
CRP concentration rises rapidly in response to
acute inflammatory or necrotic processes. There
are only a few extensive studies on human CRP
in various aspects and in various diseases. The
exact cause of microheterogeneity of human
CRP has not been reported yet. But their altered
synthesis, synthesis outside the liver, structural
alterations, cleavage or complication of the circu-
lating CRP may play diverging physiological
roles like alternation of its binding properties
(Lasson and Goransson 1999). The microhetero-
geneity of human CRP has been reported in
nearly sixteen different pathological conditions
(Das et al. 2003, 2004a, b). CRPs were purified
from sera of patients, and by different immuno-
logical techniques, different molecular variants
were established (Fig. 5.5). Furthermore different
molecular variants were noted in malaria, in vis-
ceral leishmaniasis, and in tuberculosis. The dif-
ferences in glycosylation of these CRPs purified
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from patients in all these three diseases were
reflected in their function to bind erythrocytes
(diseased and normal), to activate the comple-
ment cascade and lyse the damaged erythrocytes
(Ansar et al. 2006, 2009a, b). It was shown that
molecular variants of human CRP are induced in
different disease conditions as compared to nor-
mal (Fig. 5.6). Depending on the nature of inflam-
mation in diseased condition, these variants are
differentially glycosylated. These glycoforms
showed differential binding affinities toward dif-
ferent  lectins and  plasma  proteins.
Microheterogeneity is not only exhibited in the
glycosylation motif but also in amino acid
sequencing as revealed by MALDI (Das et al.
2003; Ansar et al. 2009a, b).

CRP was treated with high concentrations of
urea and in the absence of calcium (designated
F-CRP). F-CRP had alpha-electrophoretic mobil-
ity and a pl of 5.4 as compared to native CRP
having a pl of 6.4 and gamma mobility. Altered
F-CRP had significant antigenic, electrophoretic,
and binding site modifications, a new antigenic
reactivity than native molecules. F-CRP retained
some identical characteristics of native CRPs as
revealed by an affinity chromatography process
where the protein was separated with an apparent
molecular weight of 75,000 with no evidence for
free CRP subunits. But F-CRP has lost the capac-
ity of calcium-dependent binding to the
C-polysaccharide. Moreover, F-CRP showed the
persistence of calcium-independent binding reac-
tivity for polycations. Thus, F-CRP has increased
electrophoretic mobility and exposure of a new
antigenic reactivity but has alterations in the
phosphocholine-binding sites. The antigenic
reactivity of F-CRP needs to be evaluated
(Potempa et al. 1983).

The three structural forms of CRP are a) the
pentameric ringlike structure which is formed on
amembrane in a calcium-dependent ligand reac-
tion, b) the small globulin-like form which is
formed on a negatively charged membrane in
absence of calcium, and the c) fibril-like structure
which is formed by face-to-face stacking of a
number of pentameric CRPs. The freshly purified
CRPs form short single-strand fibrils, while those
long and bundled fibril forms are observed when
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Desialylation of CRPs by neuraminidase
and Deglycosylation by triflouromethane
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Total carbohydrate and sialic acid of
CRPs estimated by 1.phenol sulphuric
acid method by flourimetry, 2.
dioxygenin enzyme immunoassay
using DIG glycan kit

sulphonic acid

lodinated were incubated separately with
sepharose bound Concanavalin A (Con A), Lens
culinaris agglutinin (LCA), Triticum
vulgarisagglutinin (WGA), Artocarpus integrifolia
agglutinin (Jacalin) and Dolichos biflorus
agglutinin (DBA) and detected forbound CRPs
in a gamma counter.

Fig. 5.5 Purification and characterization of human
CRP. Human CRP was purified by affinity chromatogra-
phy, and then the variation in carbohydrate moiety was
characterized by fluorometry, gel electrophoresis after

CRP is stored for a longer period of time. These
structural forms are interconvertible with changes
in the conditions, to perform multiple functions
of CRPs (Wang et al. 2002).

By affinity chromatography, two distinct pen-
traxin proteins were isolated from bovine serum
in a calcium-dependent manner. As proteins
cross-reacted specifically with certain rabbit anti-
human CRP antisera and with a sheep antihuman
SAP antiserum, respectively, they are designated
as bovine CRP and bovine SAP. Electron micros-
copy revealed their identity as pentraxin proteins.
Non-glycosylated bovine CRP was composed of
a single subunit, while glycosylated bovine SAP
contained two major types of subunits and a
minor polypeptide. Interestingly, neither protein
behaved as an acute-phase reactant nor are they

deglycosylation of CRPs, lectin binding assay with iodin-
ated CRPs, or differential lectin binding of CRPs with
various lectins by using different lectin binding kits (Das
et al. 2003)

reactive to phosphoryl choline in the presence of
calcium (Maudsley et al. 1987).

5.13.1 Variation in Carbohydrate
Composition of CRP Purified
from Malaria, Visceral
Leishmaniasis,
and Tuberculosis Patients

CRP is differentially glycosylated in different
pathological conditions and CRP purified from
normal individuals has no glycosylation attached
to it (Das et al. 2003; De Beer and Pepys 1982).
In 2009, Ansar et al. purified CRPs from the sera
of malaria (MAL), visceral leishmaniasis (VL),
and tuberculosis (TB) patients. Large variations
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Disease-associated
glycosylated
molecular variants
of CRP obtained
from each diseases

CRP purified from
sera of patients
suffering from :

Tools to identify
microheterogeneity

> Total sugars & total sialic acid were
detected by DIG glycan detection kit
> Differential glycosylation by lectin
binding studies

> Neutral sugar by GAS LIQUID

CHROMATOGRAPHY
» Homogeneity of protein by MALDI-TOF

Fig.5.6 Human glycosylated CRP and disease correlation. Different glycosylated CRPs were induced in some disease
conditions, whereas CRP present in normal healthy individual is non-glycosylated

among CRP isolated from tuberculosis, malaria,
and visceral leishmaniasis patients were observed
in their carbohydrate moieties demonstrated by
their property of differential binding toward dif-
ferent lectins (Fig. 5.7) (Ansar et al. 2009b).

A glycosylation and sialylation profile was
detected by DIG enzyme immunoassay tech-
niques using purified CRPs (1.0 pg/spot).
Densitometric studies of CRPs from patients
were taken. Linkage specificity of CRP carbo-
hydrate chains was done by a DIG—glycan dif-
ferentiation kit using lectin binding study.
Fetuin (MAA, SNA, and DSA positive), car-
boxypeptidase Y (GNA positive), and asialofe-
tuin (PNA and DSA positive) were used as
positive controls.

The carbohydrate composition for the presence
of three hexoses (mannose, glucose, and galac-
tose) in CRPs (100 pg) was analyzed by GLC and
GLC-MS to understand the abundance of hexoses
against m/z. The occurrence of sialic acid in CRPs
(100 mg) was analyzed by ion chromatography.

The peak was compared with that of standard
sialic acids. Analysis of sialic acid of CRPs was
done by MALDI-TOF also. Intensity (%) was
plotted against mass (m/z) and the peak was com-
pared with that of standard sialic acids. Mass spec-
tra were recorded between 400 and 560 nm
obtained by averaging 50-200 individual laser
shots. Glycosylated CRPs were digested sepa-
rately with deglycosylating enzymes at 37 °C
overnight and analyzed by SDS-PAGE (10 %).
Protein bands were visualized by Coomassie stain-
ing. Isoelectric focusing of purified CRPs (1.5 mg)
was applied to ampholine polyacrylamide tube gel
(4 %) in a pH gradient (3.5-10.0) and stained with
silver nitrate. Glycosylated CRPs before and after
enzyme treatment were visualized. lodinated
CRPs were incubated with Sepharose-bound lec-
tins (20 pl) with different linkages like Con A,
UEA, WGA, LPA, DBA, SNA, and MAA and
binding (%) was determined.

Commercially available plant lectins like
SNA, PNA, DSA, GNA, and MAA were used.
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Fig. 5.7 Glycosylation status and profile of CRPrg,
CRPy4;, and CRPy; . Glycosylated crpy, crpy., and crpy,
were purified from serum of patients with tuberculosis,

These lectins are known to recognize different
linkages of sialic acids (Table 5.2). The lectins
applied are conjugated with the DIG. DIG selec-
tively recognizes the terminal sugars like sialic
acid and enables immunological detection of the
bound lectins. Total sugars and sialic acids were
initially qualitatively detected with the help of
DIG-glycan detection kit. Equal amounts of
CRPs, along with glycoprotein fetuin (positive
control) and creatinase (negative control), were
absorbed onto nitrocellulose paper and were
detected by digoxygenin (DIG) enzyme immuno-
assay. The proteins were oxidized by NalO4 for

malaria, and visceral leishmaniasis (Das et al. 2003; Ansar
et al. 2009a, b)

detection of neutral sugars and sialic acid. DIG-
labeled glycoconjugates were subsequently
detected in an enzyme immunoassay. A specific
antibody conjugated with alkaline phosphatase
was used in this assay. Densitometric scanning of
DIG dot blot analysis of CRPs was also per-
formed (Ansar et al. 2009a, b).

The dot blot of three CRPs showed positive
reactivity in DIG sialic acid detection, and dif-
ferential reactivity kits where sialic acid-binding
lectins were used. Moreover, non-glycosylated
CRPs showed no reactivity with lectins. The den-
sitometric scanning of the dot blot indicated the
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presence of varied amounts of these linkage-
specific sialic acids in CRPs. CRPs purified from
three pathological conditions are glycosylated.
The variable amount of glycosylation was
reflected in the intensities of the spots that promi-
nently differed from each other (Ansar et al.
2009a, b).

The carbohydrate compositions were further
determined by gas-liquid chromatographic
(GLC) and mass spectroscopic analysis
(GLC-MS). Neutral sugars in CRPs were detected
as alditol acetates by GLC (Sloneker 1972). The
CRPs were hydrolyzed with trifluoroacetic acid
(TFA, 2.0 N) to liberate monosaccharides. The
liberated monosaccharides were reduced with
sodium borohydride. The resulting alditol was
dried in vacuum over P,O; and was acetylated
with distilled pyridine and acetic anhydride at
room temperature. The alditol acetates were then
extracted with distilled chloroform and analyzed
by GLC and GLC-MS using suitable columns.
The constituent sugars were identified from the
retention time of authentic sugars and/or from
their mass fragmentation pattern in EI mode. The
GLC chromatogram peaks of three CRPs not
only revealed the presence of three hexoses,
namely, galactose, mannose, and glucose, but
also showed striking differences in their compo-
sitions. However, the ratio of the hexoses differed
significantly in the CRPs from different diseases.
High variation in the mannose content in three
diseases is also seen (Ansar et al. 2009a, b).

To investigate the charge heterogeneity, IEF
studies was performed with the CRPs. IEF was
carried out in capillary tubes on ampholine poly-
acrylamide gel (4 %) with pH ranging from 3.5 to
10.0 under native condition. The samples were
focused at a constant voltage of 400 V for 6 h,
and then the focused tube gels were stained with
silver nitrate. The isoelectric point (pI) of the
individual protein was determined by measuring
their migration from the cathode. All three CRPs
separately showed a single band in 2D-gel elec-
trophoresis confirming their purity. However,
slight differences in their pI values were observed
in these three CRPs (Ansar et al. 2009a, b).

In view of differential mobility, the possibility
of the variation of negatively charged sugars,
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sialic acid, and its commonest derivatives,
namely, (8) 9-O-acetylated sialic acid (O-AcSA),
was examined by quantitative fluorometric anal-
ysis as described in Shukla and Schauer 1982.
All three different CRPs revealed the presence of
these derivatives confirming again the sialylation
of these three CRPs. Differences in the sialic
acid content and (8) 9 O-AcSA probably contrib-
ute toward the variability observed in CRP
induced in these pathological conditions. Sialic
acid could not be detected in non-glycosylated
control CRPs. Equal concentration of iodinated
CRPs when incubated separately with Sepharose/
agarose binds lectins of different sugar linkages
and specificities, namely, Con A, WGA, DBA,
LPA, and UEA. A wide variation was observed
in the lectin binding properties of CRPs. CRP
from malaria patients showed the highest bind-
ing with Con A indicating the presence of more
glucose and mannose. By Scatchard plot, the
binding constant was also determined (Ansar
et al. 2009a, b).

CRPs (100 pg/500 pl) were hydrolyzed sepa-
rately with 0.05 M of trifluoroacetic acid for 1 h
to release the sialic acid for ion chromatography.
The hydrolysate was evaporated under reduced
pressure. The hydrolyzed sample was dissolved
and analyzed by the ion chromatography system,
and the peaks were analyzed by the software.
The N-acetyl neuraminic acid was identified by
comparing it against a sialic acid standard. Ion
chromatography revealed the presence of sialic
acid in these CRPs. In non-glycosylated CRPs,
no detectable peak was observed (Ansar et al.
2009a, b).

The presence of terminal sialic acid was deter-
mined by MALDI-TOF-MS. CRPs (50 pg) were
subjected to acid hydrolysis. Treatment with pro-
pionic acid (4 M) for 4 h was done to release
sialic acids. Then it was purified through Dowex
50 W x 8 (100200 mesh) cation and Dowex
2x8 (200400 mesh) anion exchange columns.
The purified sialic acids of CRPs, derivatized
with DMB, were analyzed by MALDI-
TOF-MS. Sialic acids released from bovine sub-
maxillary mucin (BSM) were used as control for
comparison. All mass spectra were recorded in
the positive ion mode using the reflector. The
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acquired spectra were the average of 1000 laser
shots. Mass spectrometry of CRPrz showed three
well-resolved peaks which coincide with that of
Neu5Ac, Neu5Gc, and Neu5,7Ac2 and one small
peak co-migrating with Neu5Gc9Ac. CRPy
showed that two well-resolved peaks coincided
with NeuS5Ac and Neu5Gc. Three small peaks
corresponding to Neu5,9Ac2, Neu5Gc9Ac, and
Neu5,7(8),9Ac3 were also seen (Ansar et al.
2009a, b).

Glycosylation was further shown by deglyco-
sylation of CRP and analysis of deglycosylated
CRPs in SDS-PAGE and IEF for possible reduc-
tion in their molecular weight and isoelectric
point (pI). CRPs were deglycosylated separately
using Arthrobacter ureafaciens neuraminidase in
denaturation buffer. Reaction mixture was heated
and centrifuged and then N-glycosidase F or
O-glycosidase or combination of N- and
O-glycosidase treatment was done.
Deglycosylated CRPs were analyzed by SDS-
PAGE. Deglycosylated CRPs were passed on a
PC-Sepharose column to remove enzymes pres-
ent in the reaction mixture and subsequently ana-
lyzed by 10 % SDS-PAGE. There is a decrease in
the CRPs’ molecular mass after the enzyme treat-
ment. Non-glycosylated CRP even after enzyme
treatment moved to the same location (Ansar
et al. 2009a, b).

5.13.2 Microheterogeneity of Human
CRP:Role in Different Diseases

Human CRP is clinically important. From differ-
ent pathological conditions, CRPs were purified
from the sera collected from the patients where
their concentration ranges from 22 to 342 pg/ml.
Differences in molecular mass, charge, and/or
shape between CRP samples were noted as sig-
nificant variations in electrophoretic mobilities on
native PAGE and SDS-PAGE. CRPs purified
from multiple individuals or pooled sera of a par-
ticular disease had a single mass reflected in SDS-
PAGE. Isoelectric focusing also demonstrated
that the purified CRPs differed from each other.
The presence of sialic acid, glucose, mannose,
and galactose was revealed by gas—liquid chro-
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matography (GLC), fluorometric analysis, and
mass spectroscopy. The differential glycosylated
motif in these purified CRPs was demonstrated
by digoxigenin kits, by neuraminidase treatment,
and by lectin binding assays. Protein homogene-
ity was confirmed by MALDI analysis. Molecular
modeling suggested that the calcium-dependent
PC binding and the potential glycosylation sites
were different. Thus, CRP is differentially glyco-
sylated in some pathological conditions.

5.14 Discussion: Physiological
Impact
of Microheterogeneity

The impact of posttranslational modification of
proteins is widespread. It may influence the inter-
actions or binding with other proteins and have
an effect on different metabolic activities and
receptor binding and in protein—protein com-
plexes, tissue uptake, degradation of proteins,
and also many other aspects.

Most posttranslational modifications happen
in physiological conditions, but some disease-
specific changes are also noteworthy. These mod-
ifications are immensely important as are of
diagnostic importance in clinical proteomics and
clinical medicine. There are different analytical
methods used to study the posttranslational mod-
ifications which are discussed in details in this
chapter.

The microheterogeneity exerts major influ-
ences on the function of the protein like (1) secre-
tion, (2) plasma transport, (3) receptor binding,
(4) degradation, (5) excretion, and (6) protein—
protein complex formation. Microheterogeneity
variants differ with regard to their immunomodu-
latory properties. The Con A nonreactive variant
of AGP is more effective in modulation of lym-
phocyte proliferation than Con A reactive AGP
serum variants (Pos et al. 1990). The concentra-
tion and microheterogeneity of APPs can be used
in early diagnosis, management, and prognosis of
chronic inflammatory stages.

Thus, posttranslational modification generates
a repository of molecules that rapidly respond to
stimuli (Baumann and Meri 2004; Davis 2004;
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Hancock 2002; Mann and Jensen 2003).
Microheterogeneity in APP has been primarily
reported to affect the process of physiological
aging in humans (Ballou et al. 1996).

Using various reproducible and cost-effective
biotechnologies, the molecular variants can be
determined for microheterogeneous proteins and
the protein complexes. Thus, in proteomics, thor-

ough characterization of protein is necessary to
validate the phenotype of the protein in large
population-based studies. This provides the basis
for the diagnostic and prognostic relevance of
disease-specific isoforms of proteins with regard
to personalized medicine. The search for disease-
specific biomarker will be easily formulated by
the study of microheterogeneity of proteins.



Abstract

Although C-reactive protein has been designated as a marker for inflam-
mation and recently as a marker in assessment of risk in cardiovascular
disorders from a number of studies across the globe, the role of CRP in
other diseases have also been studied. Some of the major diseases in which
CRP levels have been correlated with disease states are detailed in this
chapter. Bearing a hepatic origin, C-reactive protein is a protein found in
the plasma and belongs to the pentraxin family participating in the inflam-
matory reaction. The CRP concentration in response to injury or infection
becomes escalated about 1000-fold over and above normally expressed
levels. CRP is known for its function as a mediator in the classical innate
immunity pathway and constitutes a part of both humoral and cellular
effector systems of inflammation. Although it is well known as a marker
for acute-phase response in injury of the tissue, during the infection of the
host by pathogenic agents like viruses, bacteria, parasites, and inflamma-
tions, it has recently gained the status of a disease marker in cardiovascular
disorders and also has been reported for its clinical and pathological
significance. In this chapter we highlight the status of C-reactive protein
(CRP) in different disorders and pathological conditions.
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Chapter Highlights response to infection, injury and other condi-
tions of inflammation. CRP is an inflamma-

1. Human CREP, since its discovery is a subject of tory biomarker.
great clinical interest. 3. The phagocytic and complement activation
2. CRP s atrace plasma protein that is expressed property of CRP was quite significant.
dramatically and rapidly during acute phase Although CRP was used as a marker of disease
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activity, its primary function in many diseases
is still unclear.

4. In spite of the phosphocholine dependant
ligands of CRP, it also binds with histones,
chromatin under non-physiological conditions
and to small nuclear ribonuclear particles
under physiological conditions.

5. The binding properties of CRP in in vivo and
in vitro conditions are a matter of debate.

6. The present chapter focuses the clinical sig-
nificance of CRP in some diseases.

6.1 Introduction

Human CRP, discovered in 1930, belongs to the
pentraxin family which is a phylogenetically
ancient, highly conserved, major acute-phase
plasma protein (Czarnywojtek et al. 2014).
Macleod and Avery in 1941 isolated a C-reactive
material and identified it as biochemically pro-
tein in nature. It was found to react with
C-polysaccharide (CPS) only in the presence of
calcium ions (Ca?*). Such proteins were termed
as “acute phase” (Nagasaki et al. 2007) initially,
while the term CRP was coined in 1941 to this
serum protein responsible for precipitin with
CPS (Yu et al. 2013). A rapid increase in its
serum concentration up to 3000-fold as a conse-
quence to infection or after an injury in the tissue
(Tuzcu et al. 2005) is reported. Liver hepatocytes
synthesize it and secrete it in plasma and its regu-
lation is mainly controlled by cytokines interleu-
kin-6 (IL-6). CRP forms a key molecule in the
host innate immunity (Nebiker et al. 2013) and
has been reported of its property of identifying
pathogens by initially binding to their surface
components (phosphorylcholine, PC) thereby
leading to activation of the complement cascade,
leading to downstream effects causing opsoniza-
tion of the pathogen and culminating in its phago-
cytosis and eventual removal. Target cell
elimination is initiated by the interaction of CRP
with the host immune system including both
humoral and cellular immunological pathways of
inflammation (Bilgir et al. 2014) and is therefore
known as a marker for inflammation (Piciu et al.

6 Pathobiological Role of CRP in Diseases: Clinical Medical Applications of CRP

2013). The dependency of CRP is on calcium to
be able to bind to ligands including nuclear con-
stituents like basic histone proteins, small nuclear
ribonucleoproteins (snRNPs) and chromatin
(Martocchia et al. 2010- Jublanc et al. 2004).
CRP has been implicated in processing, scaveng-
ing, and eventual removal of nuclear antigens
that may be contributory to autoimmune disor-
ders therefore preventing host autoimmune
responses to nuclear antigens.

6.2 Biological Role of CRP

Forming the first line of defense of pathogens,
CRP, although it has structural differences with
immunoglobulin (Ig) molecule, shows similarity
in function with the Igs, like the ability to pro-
mote agglutination, complement fixation, bacte-
rial capsular swelling, phagocytosis, and
precipitation of polycationic and polyanionic
compounds (Oliveira et al. 1979). CRP has been
implicated of its role in the clearance of bacteria
and of dying and altered cells and has been
reported to contribute to complex immunomodu-
latory functions. Quantitative estimation of CRP
level in serum is in widespread clinical applica-
tion as a sensitive inflammatory biomarker.

6.3  CRP and Clinical Significance
CRP concentration in the plasma or serum
increases markedly in various conditions like
bacterial infection, abscess, Crohn’s disease, con-
nective tissue disorders (except SLE), neoplasia
(except leukemia), trauma, and necrosis, whereas
it showed only slight elevation in viral infection,
steroids and estrogen therapy, ulcerative colitis,
and SLE diseases. The relevance of CRP as a
diagnostic tool (45, 80) is summarized in Fig. 6.1.
Elevated levels of CRP is very early, sensitive,
and an indicator of most forms of microbial
infection particularly in cases of bacterial infec-
tions in newborn babies, especially preterm
delivered babies suffering from sepsis, pneumo-
nia, and meningitis, who fail to show any other
known symptoms on infections like increased
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Fig.6.1 CRP in disease, diagnosis, and prognosis

body temperature and white blood cell (WBC)
count. Therefore C-reactive protein (CRP) finds
application as a useful diagnostic marker of neo-
natal septicemia and meningitis. CRP is also ele-
vated in most cases of acute osteomyelitis when
the usual symptoms like leukocytosis and plain
radiographic abnormalities are also not seen and
therefore are an early indicator to the disease. It
also indicates intercurrent infection, i.e., an infec-
tion occurring with another infection in systemic
lupus erythematosus (SLE) and leukemia.
Postsurgeries, i.e., within 2—-6-h surge in the CRP
level, have been reported, but continuous rise of
CRP level after 7-10 days or secondary rise is an
indicator of persistent postoperative infection or
thromboembolic complications, i.e., a block in
the blood flow associated with the surgery.
C-reactive protein (CRP) also finds profound
importance as the only useful marker in diagnos-
ing acute pancreatitis.

CRP has also shown promises in evaluating
clinical course and response to treatment in con-
nective tissue disorders. It also finds importance
in the prognosis of acute myocardial infarction in

relation to its long-term outcome (Pepys and
Hirschfield 2003; Hirschfield and Pepys 2003).
Elevated CRP level in treated visceral leish-
maniasis (VL) patients has been reported to pre-
dict higher future occurrence of post-kala-azar
dermal leishmaniasis (PKDL) (Gasim et al. 2000;
Pepys and Hirschfield 2003; Ansar et al. 2009a)
which is indicative of its predictive potential. At
the high-normal range, CRP is a predictive marker
for a long-term risk of both stable and unstable
angina, myocardial infarction, and even that of
death. While CRP level at a high-normal baseline
is reported to be indicative of an elevated risk of
coronary disorders even in individuals with nor-
molipidemic conditions, elevated CRP and adi-
posity relations are suggestive of its predictive
value in the development of metabolic syndrome.
CRP finds importance as a diagnostic tool in
diseases like neonatal septicemia and meningitis,
postoperative infection, cases of postoperative
thromboembolic complication, intercurrent infec-
tion of SLE, intercurrent infection in leukemia,
acute pancreatitis, acute appendicitis, acute osteo-
myelitis, acute rheumatic fever, and insulin resis-
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tance. CRP has been reported to find importance
as a prognostic marker in diseases like rheuma-
toid arthritis both in adult and juvenile arthritis,
rheumatic fever vasculitic syndrome, familial
Mediterranean fever, ankylosing spondylitis,
Reiter’s syndrome, psoriatic arthropathy, Crohn’s
disease, myocardial infarction, stable and unsta-
ble angina, and visceral leishmaniasis. In diseases
like myocardial infarction; angina; cardiovascular
mortality morbidity, and mortality in the elderly;
metabolic syndrome; and PKDL, CRP finds
importance in risk assessment.

Normal individuals have the average plasma
CRP concentrations of 2 mg/L. or<2 mg/L. The
CRP level in a normal individual can also be as
high as 10 mg/L which may be contributed by lim-
ited immunological stimulation by minimally
apparent or unapparent low-grade process (Pepys
and Hirschfield 2003). Therefore, the 10 mg/L is
regarded as a clinically unimportant parameter.
However, recent findings highlight that even a
slightly elevated level of CRP within the normal
range could be predictive of future coronary disor-
ders. The differential responses of CRP in most
similar inflammatory disorders are not well under-
stood. However, differential CRP response may
reflect the progressing tissue damage both on its
nature and extent of damage or it may be different
due to genetic variability in individuals affecting
production of inflammatory mediators, exhibiting
differential responses to mediators and/or differen-
tial, variable production of CRP molecules itself.

Although its diagnostic specificity is not well
spelled out, CRP is reported for its clinical impor-
tance as changes in their serum or plasma level
reflect the ongoing process of inflammation and
its intensity of reactions and enable differentiation
of inflammatory from noninflammatory effects
thereby signaling a disease condition (Ansar et al.
2009a, 2006), need for treatment, assessing prog-
nosis, and predicting future risk. Moreover, the
CRP level cannot be regulated and controlled by
the effect of anti-inflammatory or immunosup-
pressive drugs without controlling the underlying
root cause of the disease. Therefore, recent
researches have strongly established that CRP is a
more important biomarker of acute-phase reac-
tions over other prevalent ones like ESR.
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6.4 CRP in Health and Different

Diseases

In normal healthy subjects CRP is reported to be
in trace plasma protein, usually lower than
10 mg/L (Das et al. 2003; Clyne and Olshaker
1999), while in response to severe infections
mediated by bacterial, parasitic agents and due
to burn (>200 mg/L), infection caused by viruses
(10-40 mg/L), trauma, injury, wound, necrosis
of tissue, aging, different pathophysiological
inflammatory disease conditions, and malignant
neoplasia serum level of CRP has been observed
to escalate rapidly about 1000-fold by 48 h after
an acute event (Clyne and Olshaker 1999).
Recent research has focused on the use of high-
sensitivity C-reactive protein (hs-CRP), an
inflammatory biomarker, in the detection of
patients with elevated risk for cardiovascular
disorders. Currently, hs-CRP allows precision in
the very low ranges (0.2 mg/L) needed for this
purpose, and studies reveal that CRP Ilev-
els<1 mg/L, 1-3 mg/L, and>3 mg/L indicate
low, intermediate, and higher vascular risk
groups (30). In patients suffering from chronic
infections and inflammatory disorders, the CRP
levels which may show high persistence,
together with the disease, show a sharp fall to
normal levels in consequence to cure inflamma-
tion pathology either spontaneously or in
response to treatment by drugs or anti-
inflammatory agents.

Viral infections that are localized reveal to be
less potent in stimulating CRP production as
compared to that of infections mediated by bac-
terial agents. Certain disorders which reveal a
normal or modestly elevated CRP level despite
exhibiting severe, active, tissue-damaging dis-
ease pathology include scleroderma, dermato-
myositis, ulcerative colitis, Sjogren’s syndrome,
and leukemia. In active systemic lupus erythe-
matosus (SLE), a complex heterogeneous dis-
ease, patients having high plasma concentrations
of CRP are accompanied with some infection
probably bacterial infections (Ter Borg et al.
1990), whereas low CRP elevations in SLE may
be due to anti-CRP antibodies related to
SLE. Nowadays, obesity has been considered to
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be a systemic inflammatory disorder of low-
grade inflammation. Obese and overweight
adults and children have high serum CRP levels
(Das 2001) and caloric-restriction-induced loss
of weight together with decrease in the plasma
CRP level (Tchernof et al. 2002). Mean concen-
tration of CRP is substantially higher in smokers
than in nonsmokers (Haverkate et al. 1997).
Clearance of CRP from the system is mono-
exponential and is not dependent on the serum
CRP level or pathobiology. Therefore, quantita-
tive estimation of CRP finds importance as an
excellent biomarker in activity in disease
biology.

CRP and its status in different diseases are
summarized in Fig. 6.2. The activity of CRP in
different diseases includes:

6.5 C-Reactive Protein (CRP)
and Systemic Lupus

Erythematosus (SLE)

Unlike other diseases, systemic lupus erythema-
tosus or SLE is not a single disease; it is rather a
heterogeneous group of diseases with consistent
CRP response mostly mute in SLE. Although the
level of CRP has been shown to correlate directly
with the disease pathophysiology of many inflam-
matory diseases, on the contrary, CRPs at insuf-
ficient concentration are known to directly
correlate in the development and progression of
chronic inflammatory and autoimmune disorders
like SLE (Vogt et al. 2007).

The role played by CRP in SLE as an inflam-
matory biomarker is complex. SLE patients are
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Fig.6.2 Level of CRP in different acute-phase responses
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designated into groups of inactive, mild, active,
and confirmed infection based on their CRP levels
in serum. Patients with active SLE display only
modest elevated or even normal level of CRP dur-
ing an active disease condition. A marked eleva-
tion of CRP with SLE indicates accompanying
some intercurrent infections (Ter Borg et al. 1990).
However, lupus serositis patients exhibit
marked CRP values (50-60 mg/L) (Rezaieyazdi
et al. 2011). Recently, hs-CRP finds application in
detecting micro-inflammation, and serum concen-
tration of hs-CRP bears direct correlation with the
disease pathophysiology in lupus. Though hs-
CRP serum levels reveal significant elevation in
patients with SLE in comparison to healthy indi-
viduals used as controls in the study, it is indica-
tive of the fact that CRP is not a sensitive biomarker
as an indicator for disease activity (Rezaieyazdi
et al. 2011). The reason behind the reduced CRP
response in SLE may be attributed to the modest
production of CRP rather than their enhanced
rapid clearance from the plasma mediated by CRP
autoantibodies found in blood and may not be due
to deficiencies in the IL-6 and IL-1 cytokines
responsible for the induction of CRP synthesis.
Recent studies have revealed that highly expressed
IFN type I in SLE inhibits CRP expression.
Therefore, low CRP levels may also be a major
contributory factor to the pathophysiology and
biology in this disease (Gaitonde et al. 2008).

6.6 Thyroid Diseases

In many different thyroid disorders, the concen-
tration of CRP has been reported to be indicative
of the inflammatory conditions. hs-CRP has been
observed to be elevated in various types of hypo-
thyroidism and shows positive correlation with
the stage of the disease and the length of duration
of that stage (Czarnywojtek et al. 2014) together
with a manifestation of stiffness in the arterial
wall of the common carotid artery (Nagasaki
et al. 2007). Elevated hs-CRP correlated posi-
tively with serum TSH level is elevated in sub-
clinical hypothyroidism (SCH, Yu et al. 2013),
correlating with low-grade inflammation (Tuzcu
et al. 2005). Case reports on painful swelling of
the left thyroid lobe together with clinical mani-
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festation of increased C-reactive protein (CRP)
above 100 mg/L has been reported (Nebiker et al.
2013). Treatment with 50-mg tablets of propyl-
thiouracil three times daily to patients suffering
from hyperthyroidism revealed no difference that
bore a statistical significance in the concentration
of hs-CRP before or after treatment and control
group of individuals (Bilgir et al. 2014).
Posttreatment monitoring of disease-free patients
who had undergone treatment for thyroid carci-
noma after undergoing total thyroidectomy,
radioiodine ablation, and thyroid hormone
replacement therapy revealed an elevated level of
hs-CRP leading to increased cardiovascular risk
in such patients (Piciu et al. 2013). Elevated CRP
finds significant importance as an important bio-
marker in detecting patients suffering from non-
thyroidal illness syndrome (NTIS) showing low
T3 thyroid hormone levels due to reduced con-
version from T4 thyroid hormones (Martocchia,
et al. 2010). hs-CRP level elevation is found to
bear positive correlation with low levels of thy-
roxine in hyperlipidemic euthyroid individuals
(Jublanc et al. 2004). Elevated levels of CRP, in
SCH, remained unaffected by L-thyroxine ther-
apy adding to the cardiovascular risk associated
with hypothyroidism (Christ-Crain et al. 2003).

6.7  CRP and Diabetes

Inflammation is observed in the pathogenesis of
both atherosclerosis and diabetes. CRP level ele-
vation is associated with an increased risk of insu-
lin resistance by impairment of delivery of
glucose to the skeletal muscle (Tanigaki et al.
2012). Type 2 diabetes mellitus exhibiting condi-
tions of inflammatory atherothrombosis condition
shows more prevalence of a cardiovascular disor-
der. Type 2 diabetic patients showing symptoms
of low-level inflammation show elevation in the
plasma level of CRP. Marginally low elevation in
CRP level predicts the probability of develop-
ment of cardiovascular diseases in individuals
who are diabetics as well as nondiabetic individu-
als. Inflammatory and metabolic factors like high
blood glucose, adipokines, i.e., cytokines synthe-
sized and released from adipocytes, modified
lipoproteins, and plasma FFA or free fatty acids



6.10 Testis

associated with diabetes, have also been reported
to trigger endothelial cells, smooth muscle cells
and monocytes, and macrophage immune cells to
synthesize and release CRP in circulation. Local
CRP production has been reported to accelerate
the genesis of vascular disorders in type 2 dia-
betic individuals (Mugabo et al. 2010). Increased
CRP levels are reported to predict diabetes
(Mugabo et al. 2010) at the onset. A study on an
American Indian population including highly dia-
betic individuals revealed that elevated CRP con-
centration strongly correlated with symptoms of
cardiovascular disorders in nondiabetic women
but not in diabetic women or in men, irrespective
of glycemic status indicating that CRP has an
important role as a variable predictive biomarker
in population subsets (King et al. 2003).

6.8  Ovarian Disease

The inflammation marker CRP in its elevated
plasma level concentration is reported to be
indicative of increased risk in patients suffering
from ovarian cancer (Trabert et al. 2014; Poole
et al. 2013; Toriola et al. 2011). Although in EOC
patients elevated levels of preoperative serum
concentration of interleukin-6 and interleukin-8,
together with CRP levels as compared to the
healthy individual, enable diagnosis of patients
with epithelial ovarian cancer (EOC), CRP has
been correlated with poor prognosis and there-
fore a poor prognostic factor and indicative of
poor overall survival and disease-free survival
posttreatment in such patients (Dobrzycka et al.
2013). In women suffering from polycystic ovar-
ian syndrome (PCOS), elevated serum levels of
PEDF and hs-CRP levels (Cheng et al. 2013)
together with high-soluble CD40 (El-Mesallamy
et al. 2013) as compared to normal healthy
women are reported (El-Mesallamy et al. 2013).
The elevated level of CRP has been correlated
with chronic inflammation observed in PCOS
patients (Deligeoroglou et al. 2012) which may
be directly related with risks of cardiovascular
disorders and high concentration of CRP together
with the chemokine; monocyte chemoattractant
protein-1 (MCP-1) could lead to the development
of atherosclerosis (Sasidevi et al. 2013). Elevated
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plasma level of CRP and homocysteine (Hcy, an
o amino acid, synthesized from methionine) is
reported to be associated with an abnormal recov-
ery in heart rate in patients suffering from poly-
cystic ovary syndrome (PCOS) (Kaya et al. 2010).
Reports from studies conducted in families
with a family history of patients suffering from
PCOS indicated that CRP levels are controlled
genetically and are a heritable trait occurring in
PCOS women and their siblings when both par-
ents express elevated CRP levels (Sasidevi et al.
2013). Metformin treatment in PCOS individuals
have revealed significant reduction of serum hs-
CRP levels, and reported to effectively improve
insulin resistance in obese and overweight
women suffering from PCOS (Esfahanian et al.
2013). A multivariate analysis of the biomarkers
to detect cancer of the ovary revealed that ele-
vated plasma concentrations of CRP, SAA, inter-
leukin-6 (IL-6), and interleukin-8 (IL-8) indicated
the role of these markers in the diagnosis of can-
cer of the female ovary (Autelitano et al. 2012).
Together with other clinical markers like body
weight, abdominal circumference, and ovarian
size, CRP is also found to be a potential candidate
in indicating the severity of ovarian hyperstimu-
lation syndrome (OHSS) (Nowicka et al. 2010).

6.9 Infections like Mumps

Elevated levels of CRP have been recorded from
studies in infectious diseases like mumps orchitis
(Niizuma et al. 2004) and other forms of mumps
infection (Strati et al. 1993). A preliminary report
suggested the probable role of CRP in the devel-
opment of acute infections in mumps (Strati et al.
1987, 1993).

6.10 Testis

C-reactive protein (CRP) has also been studied for
its predictive potential for cardiovascular diseases
(CVD) in testicular cancer survivors (TCSs, Wethal
et al. 2010). Biomarkers in circulation including
both interleukin-1 receptor antagonist and overex-
pressed C-reactive protein have been reported from
patients who are suffering from testicular cancer
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and are long-term survivors of the disease (Orre
et al. 2009). Of all the different acute-phase pro-
teins including haptoglobin, al-acid glycoprotein
and transferrin, and fibrinogen, CRP has been
reported most efficient in predicting epididymitis
as compared to other noninflammatory conditions
of the testis (Doehn et al. 2001).

6.11 Prostate Diseases

An elevated plasma level of CRP (>=8.6mgl-1)
in prostate cancer finds application as an indica-
tive biomarker in the disease as a poor prognostic
indicator factor in both the overall survival of the
patient and disease-free survival (DFS) in pros-
tate cancer patients undergoing radiotherapy
(Thurner et al. 2015). Although CRP has been
associated with prostate cancer, CRP genetic
single-nucleotide polymorphisms (SNPs) have
not been found to associate with the risk of over-
all or lethal prostate cancer (Markt et al. 2014).
Both the markers C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) are able to
identify cases of epididymitis and different
causes of an acute scrotum (Asgari et al. 2006).

6.12 Pathological Relevance
of CRP

Serum CRP levels most commonly are related to
infections mediated by microbial agents like bac-
teria; ischemic tissue injury (de Beer et al.
1982a); cardiovascular disorders like myocardial
infarction or pulmonary embolism; tissue necro-
sis; physical or traumatic injury, such as fracture
of the bones, surgery, wounds, or burns; and
many inflammatory pathological disorders, like
rheumatic fever, rheumatoid arthritis, vasculitis,
chronic active hepatitis, malignant neoplasms, or
ulcerative colitis. Clinical data reveal that the
level of tissue damage together with the type of
inflammatory stimulus and the organ or tissue
where the process of inflammation sets in and
develops bears direct correlation with the con-
centration of plasma CRP. CRP levels are indica-
tive of the length or depth of a surgical innervation
process. Although CRP responses are observed
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as a consequence to infection by microbial
agents, the response is observed to be more pro-
nounced in case of a bacterial infection rather
than that of a viral infection. Limited concentra-
tion of CRP expression are observed as a conse-
quence to infections by viruses like (1) Influenza
A and B virus, respiratory syncytial virus (RSV),
and human parainfluenza viruses causing viral
pneumonitis; (2) coxsackievirus B, echoviruses,
Epstein—Barr virus, rubella virus, and HIV caus-
ing viral myocarditis; (3) enterovirus infection
causing aseptic meningitis; and (4) hepatitis virus
A causing infectious hepatitis. CRP expression
and its response at low levels may bear signifi-
cance in differential diagnosis of infection by
microbial agents. Infections, mediated by bacte-
rial agents, lead to the induction of a high level of
CRP responses. A high level of CRP after the
third and fourth day of postsurgical procedure of
an individual undergoing surgery is indicative of
persistent bacterial infection in the host wound.
Thus, monitoring the level of expression of CRP
after surgical procedures finds extreme impor-
tance in clinical medication. CRP elevated levels
reported from aged individuals and in neonates
especially the pretermed delivery cases are indic-
ative of occult bacterial infection.

The response of synthesis and release of CRP
and its serum levels may enable monitoring of the
effects of administration of anti-inflammatory
drugs. The CRP response and its serum levels
may permit monitoring of the anti-inflammatory
effect of drugs. Thus, immunomodulatory, or
anti-inflammatory molecules including salicy-
lates, steroids, nonsteroidal anti-inflammatory
drugs (NSAIDS), penicillamine, gold injections,
and cytotoxic agents often induce a fall in CRP as
well as ESR, presumably by suppressing under-
lying inflammatory mechanism(s) and inducing
hemolysis.

6.13 Discussions: CRP,a New
Biomarker in Disease
Targeting

The correlation of circulating CRP in the serum
or plasma with the extent of severity and disease
progression in diverse pathological conditions,
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together with its significance as a prognostic
marker, pronounces the role of CRP both as a
biomarker in diseases and also a marker contrib-
uting to pathogenesis in disease. Novel drugs are
being used that plays a role in blocking CRP
binding with specificity, thereby disrupting its
pro-inflammatory role in vivo (Pepys and
Hirschfield 2003; Pepys et al. 2012) which would
serve as a powerful tool for determining the role
of CRP not only in the detection of atherosclero-
sis but also elevated CRP levels playing an
important role in the pathogenesis of atheroscle-

rosis and its associated complications, together
with providing a cardioprotective role in acute
myocardial infarction.

The structural and functional role of C-reactive
protein composed of its individual three-
dimensional (3D) structure and/or in the form of
complex with ligands (Thompson, et al. 1999)—
coupled with the knowledge of development of
an inhibitor targeted toward the serum amyloid
protein (SAP) (Allin et al. 2011; Ansar et al.
2006)—is being employed as a strategy in drug
designing.
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tein and activation of the complement cascade reactions and its localiza-
tion in atherosclerotic vessels indicate strongly the involvement of CRP in
the pathophysiology of heart diseases. Initially identified for its major role
as a marker in acute processes like tissue injury, infection by pathogen,
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different CVDs. The role of hs-CRP in detection of risk of cardiovascular
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risk factors together with factors including behavioral, biochemical, envi-
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Chapter Highlights

1. The process of inflammation and its role in
the pathogenesis of atherosclerosis and in
triggering acute coronary syndromes.

2. Summarized studies confirming the relation-
ship of inflammatory biomarkers and media-
tors with C-reactive protein.

3. hs-CRP and its role in predicting risk to
CVD and categorizing patients as low-,
intermediate-, and high-risk individuals.

4. Prediction of coronary events, stroke, and
peripheral disease and its progression by lev-
els of C-reactive protein.

5. Association of CRP and other systemic
inflammatory process markers in CVD.

6. CRP binding selectively to LDL, deposited
atherosclerotic plaques, and/or complex
ligand leads to activation of the complement
cascade and can be pro-inflammatory in
nature.

7. Found to co-deposit with activated comple-
ment components; in lesions of all acute
myocardial infarction, human CRP and com-
plement increase the final size of myocardial
infarction in animal models in experimenta-
tion. Thus, CRP finds importance as a target
for therapy in myocardial infarction.

8. The role of CRP in different cardiovascular
diseases and its applicability in assessment
of cardiovascular risk globally.

9. CRP plays a role in the pathogenesis of
atherosclerosis.

10. Future directions of research based on cur-
rent research.

7.1 Introduction

Plasma concentration of cholesterol and low-
density lipoproteins (LDLs) is reported to have
association with an elevated risk of heart attack
and death from heart disease. Inflammation
together with LDL is a major contributor to heart
attacks. LDLs that are deposited from the plasma
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in the atherosclerotic plaques stick on the walls
of blood vessels thereby obstructing the continu-
ous flow of blood in the vessel.

The inflammatory process and gradual deposi-
tion of LDL on atherosclerotic plaques lead to
complete damage of the plaques. Subsequently
small fragments of the plaques on the blood ves-
sel surface break off and are released into the
bloodstream. These tiny fragments of atheroscle-
rotic plaques then enter into the bloodstream and
are carried away by the blood and sometimes get
deposited in the heart or brain, leading to a heart
(cerebral) stroke or (cardiac)  attack,
respectively.

The pathophysiology of atherosclerosis is
understood to be that of a chronic inflammatory
disorder. Damage of the vasculature leads to its
initiation. The induction factors of atheroscle-
rotic plaques include (1) oxidized LDL, (2) ROS
or reactive oxygen species, (3) diseases like dia-
betes, (4) different infections, and many others.
In atherosclerosis, the immune system shows the
following: (1) macrophage activation, (2) activa-
tion of immune cells like B and T cells, (3) acti-
vation of endothelial cells, (4) alteration in the
Th1/Th2 response, and also (5) elevation of
inflammatory cytokines.

The key process in the inflammatory response
involves:

1. The recognition of the immune cells in the
circulation

2. The recruitment of the blood cells to the
inflamed blood vessel by interacting with var-
ious adhesion molecules and chemokines
(Yeh and Willerson 2003)

In patients suffering from cardiovascular dis-
orders, the quantitative estimation of adhesion
molecule expression on endothelial cells is diffi-
cult. Among the complete list of lipid and inflam-
mation biomarkers used to predict risk of
cardiovascular disorders, C-reactive protein
(CRP) remains at the zenith of all other clinical
biomarkers employed in predictions of risk of
CVD.

The properties of CRP that make it a distinct
biomarker in predicting CVD include (1) func-
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tional stability exhibited even after long-term
storage, (2) half-life that is long, (3) its less varia-
tion day to day, and (4) independency with age
and sex. CRP is a member of the innate immune
system and can activate the classical complement
cascade after aggregation or after ligand binding.
CRP binding to phospholipids of (1) damaged
cells and or oxidized LDL subsequently activates
the complement system and leads to uptake of
these cells by cells like macrophages (Fig. 7.1)
(Yeh and Willerson 2003) eventually leading to
their removal.

The pro-atherogenic property of CRP is con-
tributed by its robust disease status predictive
property. CRP also stimulates the endothelial
cells leading to the expression of various adhe-
sion molecules like intercellular adhesion mole-
cule-1 (ICAM-1), vascular cell adhesion
molecule-1 selectins, and

(VCAM-1),

C-reactive protein

+ Pentameric polypeptide produced by hepatocytes in
response {0 inflammatory cytokines stich as IL-6

+ Acute-phase protein involved in a variety of
disorders that are mediated by inflammatory
Processes

+ Stimulates secretion of proinflammatory cytokines
(e, IL-6, TNF-o, adhesion molecules, endothelin-1
and MCP-1) by endothelial cells

+ Can bind to apolipoprotein B-containing
lipaproteins and opsonize LOL for uptake by human
monocyte-derived macrophages

+ Predictive of cardiovascular events in prospective
studies

Fig. 7.1 The ligand-dependent innate immune functions
of CRP. PC, the prototypical ligand of CRP, is present on
bacterial cell walls and damaged cell membranes. CRP
opsonizes microbes for phagocytosis and activates the
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chemokine-like monocyte chemotactic protein-1
(MCP-1). In the host body, CRP plays a biologi-
cal role by (1) stimulating cytokine secretion like
interleukin-6 (IL-6) and endothelin-1, (2) reduc-
ing the bioavailability and expression of nitric
oxide synthase (NOS) in endothelial cells, and
(3) activating macrophages thereby leading to
expression of cytokines and tissue factor and
thereby enhancing LDL by cells.

CRP also leads to amplification of the pro-
inflammatory effects of mediators including
endotoxin. In different in vitro experiments, CRP
at a concentration in excess of 5 pg/mL could
elicit these pro-inflammatory responses. However,
this CRP concentration is much higher as com-
pared to that of the serum CRP concentration of 1
to 3 pg/mL, which is in turn quite correlated with
risk in cardiovascular disorders. Therefore, serum
CRP levels are often not the true indicator of the
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Fig. 7.2 Inflammatory pathways in atherogenesis. The pro-inflammatory cytokines lead to secretion of acute-phase
protein molecules (CRP, SAP) and adhesion molecules (ICAM-1) to the circulation

tissue CRP levels since CRP has been reported to
be deposited in arterial walls as atherosclerotic
plaques. The presence of concentrated CRP
locally may promote the development of athero-
sclerosis. The process of atherogenesis involves
the synergetic effects caused by the liver that
secretes acute-phase proteins together with the
secretion of selectin and other molecules from the
endothelium to the blood circulation (Yeh and
Willerson 2003) (Fig. 7.2).

Researchers have shown that an elevated CRP
level is indicative of heart disorders. Elevated
blood CRP level is indicative of inflammation
and may be as important as cholesterol as cardio-
vascular disease marker. CRP helps in determin-
ing the development of atherosclerosis which
involves the hardening of the arterial wall and
causing heart disease. People with elevated CRP
levels are at twofold more risk of a heart attack as
compared to individuals with lower CRP levels.
Although CRP forms an important marker of

inflammation, the reason behind elevated CRP
levels in inflammatory states remains largely
unknown. Chronic infection mediated by certain
bacteria or viruses may lead to rise in the CRP level.

In normal healthy individuals, CRP is reported
to be a trace plasma protein; usually its concen-
tration is lower than 10 mg/L (Das et al. 2003;
Clyne and Olshaker 1999). In response to various
infections and burn (>200 mg/L), trauma, necro-
sis of different tissues, aging, many forms of
inflammation, and malignant neoplasia, the
serum concentration of CRP increases rapidly to
nearly 1000-fold by 48 h even after an acute
event (Clyne and Olshaker 1999). CRP is the
important and most studied among all other
acute-phase proteins whose concentration ele-
vates with systemic inflammation (Fig. 7.1). In
individuals lacking inflammation, the CRP levels
is observed to remain less than 1 pg/mL; how-
ever, in patients suffering from various microbial
particularly bacterial infections, autoimmune dis-
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C-reactive protein (hs-CRP)

* An independent predictor of CV disease

= A marker of inflammation

* A prominent putative effect on endothelial
dysfunction and atherosclerosis

* In primary prevention, hs-CRP has prognostic
value at all levels of Framingham Risk, at all
levels of the metabolic syndrome, and blood
pressure

OV, eordicvascular h-CRP, high senstiity C-eactive pretein

Association of inflammatory marker,
hs-CRP with coronary heart disease

+ High Sensitivity C tive Protein (hs-CRP) is
elevated in perso sk for cardiovascular events

scular disease risk
n hs-CRP and
s not been scientifically
by the FDA
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hs-CRP and risk of
hypertension

High hs-CRP levels in hypertension

Inflammation correlates with endothelial
dysfunction and the renin angiotensin
system

Hypertension is a major risk factor for
progressive renal disease

hs-CRP associates with an increased
risk of developing hypertension

_)hs-CRP Cardiovascular

Value Disease Risk Level*
<1 mg/L low risk
1-3 mg/L average risk
>3 mg/L high risk

* Risk levels published in 2003. American
Heart Association / Centers for Disease
Control and Prevention Scientific Statement

Fig.7.3 Clinical application of hs-CRP for cardiovascular risk prediction (Ridker 2003)

orders, and cancer, the CRP concentration has
been observed to be around 100 pg/mL or higher.
Therefore it is understood that a simply elevated
concentration of CRP in the serum bears no indi-
cation of the specificity of the disorder occurring
in the individual and cannot provide an insight on
the different disease conditions one from the
other. However, CRP lacks specificity; it finds
importance as a predictive biomarker in cardio-
vascular diseases and predicting risks associated
with CVD.

Moreover, remarkably the predictive prop-
erty of CRP falls within the range of 1 to 5 pg/
mL. In the time preceding to the discovery and
applicability of high-sensitivity CRP (hs-CRP)
test, this concentration of CRP was regarded to
be normal. In fact, when tests showing greater
than 10 pg/mL serum CRP levels in apparently
healthy men or women were used, it used to be
repeated so as to exclude chances of occult
infection or any other systemic inflammatory
processes.

In order to understand the gradual transition of
biological role of CRP molecule from being just
one of the members of an acute-phase protein
family to the elucidation of its biological role as
one the major sensitive biomarkers in predicting
future risk of cardiovascular events, it is neces-
sary to understand the biological role played by
CRP in the pathogenesis of atherosclerosis (Yeh
and Willerson 2003).

However, in recent researches, much focus
has been given on the use of hs-CRP or high-
sensitivity C-reactive protein. hs-CRP is an
inflammatory biomarker which is being employed
in the diagnosis of increased risk for cardiovascu-
lar diseases in patients (Fig. 7.3). Currently, the
precision of hs-CRP lies in the very low ranges
(0.2 mg/L) in detecting patients with high risk of
cardiovascular diseases. CRP levels ranging
from<1 mg/L and 1 to 3 mg/L to>3 mg/L that
are used to designate low-, intermediate-, and
higher-risk vascular groups (Yeh and Willerson
2003) are currently employed.
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7.2  Epidemiology

of Cardiovascular Disorders

The dominance of people suffering from cardio-
vascular diseases (CVDs) is an alarming global
concern. Among the different global causes of
death, CVDs rank first in causing the most global
deaths. Gradually an increasing number of indi-
viduals annually show mortality due to causes of
CVDs as compared to any cause of death.
According to current reports from the World
Health Organization (WHO), an estimated
population consisting of about 17.5 million indi-
viduals died in 2012 suffering from different
CVDs. This is contributed to an overall mortality
of 31 % globally. Among this mortality rate of
31 %, around 7.4 million individuals succumbed
to mortality caused by coronary heart disorders
and around 6.7 million died due to stroke. Eighty
percent and above of the mortality due to CVD
globally is reported from countries lying within
the cover of low and middle income. It is specu-
lated that in the year 2030 more than 23 million
individuals will undergo death annually due to
different CVDs (http://www.who.int/mediacen-
tre/factsheets/fs317/en/). Nearly 16.7 million
globally died of CVD in 2002, of which 7.2 mil-
lion people succumbed to death suffering from
coronary heart disorders, while stroke claimed
the lives of 6.0 million people, 0.9 million people
died due to hypertensive heart disorders, inflam-
matory heart disease claimed 0.4 million lives,
rheumatic heart disease claimed 0.3 million indi-
viduals, and other CVDs were the root cause for
the another 1.9 million lives (http://www.who.
int/mediacentre/factsheets/fs317/en/).

The epidemiology of CVD is studied under
the headings of:

Descriptive epidemiology wherein the distribu-
tion of CVD is measured by studying individu-
als in a population within the parameters of
age, gender, ethnicity, and time and place of
study. Analysis and understanding of the rela-
tionships between CVD and risk factors for the
disease in a population, risk model, and multi-
causal developments are done under analytical

7 C-Reactive Protein: A Clinical Marker in Cardiovascular Disease

epidemiology while experimental epidemiol-
ogy includes experiments, researches, and
strategies designed to reduce/prevent CVD at
both individual and community levels.

7.2.1 Epidemiology of CVD

across the Globe

Epidemiological studies from low- and middle-
income countries indicate that dietary changes
together with nutritional transition and with the
increased intake of energy-rich diets including
unhealthy fats, oils, sodium, and sugars increase
the influence of CVD incidence (Hu 2008).

Adult lifestyle patterns usually starting from
childhood and youth like smoking, dietary hab-
its, sporting behavior, and others are the pre-
sumed causative factors of CVD. In the age
group of 30-44 years, the risk of CVD morbidity
and mortality increases. Premature death below
the age of 64 years (i.e., 25-64 years range of
age) or death in the elderly population is more
difficult to interpret as with increase in age and
varied other health causes succumbing the indi-
vidual. The risk factors in men includes smoking
and high triglyceride levels while in women cer-
tain risk factors are diabetes mellitus, depres-
sion, oral contraceptives, hormone replacement
therapy, and polycystic ovary syndrome. The
varied risk factors of CVD are tabulated in
Table 7.1. The common risk factors of CVD
include hypertension,early lesions in blood ves-
sels, atherosclerotic plaques, modern lifestyle
(increased sympathetic activity, psychosocial
stress, leading position in job), dietary intake (a
high intake of salt, processed food, low levels of
water hardness, high tyramine content of food,
alcohol use), positive family history, abnormal
blood lipids, higher low-density lipoprotein
(LDL) levels, obesity, and diabetes mellitus.
These are the common traditional cardiovascular
risk factors to name quite a few. These risk fac-
tors can be avoided or restricted or stopped to
reduce cardiovascular morbidity and mortality
(Castelli 1996).
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Table 7.1 Steps in cardiovascular epidemiology

(1) Locating sites and plotting distribution areas of
occurrence of CVD, (2) monitoring, 3) surveillance,
and (4) monitoring trends of changes

Reporting and studying the natural history of CVD

Testing association of risk factors with occurrence and
prediction of CVD

Designing of awareness and implementation of
prevention programs for CVD

Assessment of effectiveness of prevention programs
Analysis and risk factor types

Important risk factors that can be controlled: High
blood pressure, abnormal concentration of lipids in
blood, use of tobacco, lack of physical activity,
obesity, unhealthy and fatty food intake, diabetes

Risk factors that cannot be controlled: Age, family
history, gender of the individual, race to which the
individual belongs

Novel risk factors: Elevated level of blood
homocysteine, elevated CRP, fibrinogen levels,
abnormal blood clotting

7.3  Cardiovascular Disorders
Cardiac disease forms the major root cause of
deaths globally and also forms the root cause of
major disabilities associated with CVD. The dif-
ferent cardiovascular diseases are listed in
Fig. 7.4. The different cardiovascular conditions
include:

1. Rheumatic heart disease

Mostly occurring in childhood, this condition is
manifested by one or several attacks of rheumatic
fever that damages the valves of the heart.
Development: rheumatic fever is a disease that ini-
tiates after an untreated beta-hemolytic streptococ-
cal throat infection in children. As a consequence,
the heart valves are permanently damaged or the
valves are scarred, with improper opening and
closing, cardiac muscle weakening, and cardiac
sac damage. This may progress to heart failure.

2. Valvular heart disease
Under normal conditions, the cardiac valves

control and regulate the direction of blood flow
through the heart. But valvular damage may be
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caused by (a) narrow valves termed as stenosis,
(b) leakage, and (c) valves not closed properly
termed as prolapse.

3. Hypertensive heart disease

High blood pressure termed as hypertension
(primary or secondary) caused by certain condi-
tions, including diseases or infections like adre-
nal gland tumor, kidney disorder, and disorder in
the blood flow through the blood vessels, may
lead to blood volume irregularity in the heart and
blood vessels and to fatal consequences.

4. Aneurysm

An aneurysm is diagnosed as a bulge or weak-
ness arising in the arterial wall caused by high
blood pressure or a weak spot in a wall of the
blood vessel which may enlarge over time and if
ruptured is life threatening. Although it can affect
any blood vessel, the most common sites affected
include the walls of the abdominal aorta and the
brain base arteries.

5. Atherosclerosis

Atherosclerosis is a slowly progressive dis-
ease. This condition is manifested by thick and
stiff artery walls mediated by fat deposits termed
as plaques restricting the blood flow. It can occur
anywhere in the circulatory system. When it
occurs in the cardiac arteries, this condition is
termed as disease of the coronary artery, and
when it occurs in the periphery like the legs, it is
termed as peripheral arterial disease (PAD).
Atherosclerosis develops gradually over a long
time and leads to fatal consequences causing
heart attack and stroke. Atherosclerosis is charac-
terized by the deposition of fatty substances like
LDL, cholesterol, cellular metabolic waste prod-
ucts, calcium, and fibrin on the inner arterial wall
lining. Hyperlipidemia in the blood enables
buildup of plaque in the arteries. PAD develops
due to atherosclerosis, leading to the narrowing
and/or complete blocking of the blood vessels in
the legs. It is manifested by leg pain while walk-
ing. People suffering from PAD are at an
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TYPES OF CARDIOVASCULAR DISEASE
o Atherosclerosis

Coronary heart disease (CHD)

Chest pain (angina pectoris)

Irregular heartbeat (arrhythmia)

Congestive heart failure (CHF)

Congenital and rheumatic heart disease

Stroke

Ischemic heart disease

Myocardial infarction

Angina pectoris

Heart attack

Cerebrovascular disease

Hypertensive heart disease

Peripheral vascular disease

Cardiomyopathies

e TECHNIQUES FOR DIAGNOSING
HEART DISEASE
e Electrocardiogram (ECG)
e Angiography
¢ Positron emission
tomography (PET)
* Single positron emission
color tomography (SPECT)
¢ Radionuclide imaging
e Magnetic resonance imaging
(MRI)
e Ultrafast CT
o Exercise stress test
¢ Digital cardiac angiography
(DSA)

CARDIOVASCULAR

CURRENT RECOMMENDED LIPID LEVELS
European| US guidelines
guideline
s

Total cholesterol | <5.0 <240 mg/di
mmol/l (6.2 mmol/l)
LDL-cholesterol | <3.0 <160 mg/dl
mmol/l (3.8 mmol/l)
HDL-cholesterol | >=1.0 >=40 mg/dI (1
mmol/l mmol/l)
(men)
>=1.2
mmol/I
(women)
Triglycerides <1.7 <200 mg/dl
(fasting) mmol/l (2.3 mmol/l)

DISEASES

TRADITIONAL RISK FACTORS

* Smoking
e Use of tobacco
¢ Unhealthy poor diet
e Sedentary life style
¢ High blood cholesterol level
¢ High blood pressure
* Diabetes
¢ High LDL cholesterol
e Obesity and over weight

¢ Continuous excessive alcohol

Fig.7.4 Cardiovascular diseases: Different types of cardiovascular diseases, their diagnostic weapons used in clinical
medicine, and the recommended lipid levels for adults to avoid cardiovascular diseases are represented

enhanced risk of later developing infection from
gangrene in legs. Atherosclerosis is often seen to
be initiated very early in childhood and manifests
completely when the individual reaches his/her
middle ages or even later toward his/her old age
manifested by a cardiac event like cardiac stroke
or peripheral vascular disease (Olson 2000). In
atherosclerosis, the inflammatory processes are
reflected by the gradual progression of plaque
instability indicating various underlying athero-
thrombotic events.

6. Ischemic heart disease
It develops by narrowing or blockage of the

coronary arteries thereby reducing blood supply
to the heart.

7. Angina pectoris

It is manifested by pain in the chest due to
reduced blood and oxygen supply to the cardiac
tissues or ischemia. The extent of severity of the
pain is directly correlated with the level of oxy-
gen deprivation. Angina occurs due to athero-
sclerosis that is the narrowing and/or blockage of
the arteries that supply the heart. The chest pain
of angina sometimes may spread to the arm,
shoulders, and jaw. Symptoms of angina also
include shortness of breath and profuse sweating.
Women suffering from angina experience severe
intense pain in the shoulder, middle of the back
area, throat, neck, and jaw as compared to men.
Nitroglycerine is the drug used to exert prophy-
lactic effect thereby leading to relaxation of the
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veins while beta-blocker class of compounds is
given to control the overactivity of the cardiac
muscle.

8. Coronary artery disease (CAD)

It is also known as ischemic heart disease. It is
caused by mechanisms leading to atherosclero-
sis. It is initiated by the gradual narrowing of
arteries and blood vessels and finally by complete
blockage of the arteries that normally function to
bring blood to the heart thereby completely
depriving the heart from fresh blood supply. Most
common types of heart disease are the main root
cause contributing to heart attacks and angina.

9. Heart attack

It is also termed as myocardial infarction. It is
initiated due to stoppage of blood supply to the
heart. Symptoms include chest pain, which some-
times spread to the left arm, shoulder, or jaw,
exhibiting severe shortness of breath and profuse
sweating, and some individuals may also faint.
Women experience difficulty breathing, tired-
ness, shoulder pain, jaw pain, or upper back pain.
This sometimes leads to sudden death due to
complete nonfunction of the heart. Abnormality
in the rhythm of the heart is manifested.

10. Cerebrovascular disease

It is mediated by disorder in the blood vessels
in the brain. A cerebrovascular stroke is caused
by irregularity or stoppage of blood supply to the
brain.

11. Cerebrovascular disease

It is caused by atherosclerosis.
12. Stroke

It initiates due to interruption of blood supply
to the brain. It occurs due to blockage or burst of
blood vessels in the brain or neck leaving the

brain deprived of oxygen thereby causing perma-
nent damage to parts of the brain. Aftereffects of
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stroke include impairment in speech or vision,
weakness, or paralysis.

13. Transient ischemic attacks

TIAs occur due to brief blockage of blood
supply affecting the brain function. It shows
symptoms like transient weakness on one side of
the body with loss of body balance, blindness,
double vision affecting one or both eyes, diffi-
culty in speech, and severe headache. However,
the damages are temporary. A TIA is an indica-
tion for an occurrence of stroke in the
individual.

14. Cardiomyopathy

It is caused by defect in the function of cardiac
muscle. While some are hereditary, others may
be a result of infection or other conditions. An
enlarged heart is observed in idiopathic dilated
cardiomyopathy. Other symptoms include com-
plete loss of cardiomyocytes, a dilated and
enlarged heart, hypertrophy, and thickening of
cardiac muscles.

15. Pericardial disease

The disorder results from the abnormal func-
tioning of the pericardium, i.e., saclike structure,
that encapsulates the heart. Inflammation (peri-
carditis), fluid accumulation (pericardial effu-
sion), and stiffness (constrictive pericarditis) may
affect the pericardium.

16. Congenital heart disease

Congenital heart diseases are those that occur
at birth due to malformations of the heart’s struc-
tures. They may occur due to defective genes or
adverse exposure of fetus in the womb to certain
elements, such as some medicines or too much
alcohol. Holes in the heart, abnormal function of
valves, and abnormal heart chambers may lead to
this condition. Hereditary factors, maternal dis-
eases, chemicals like alcohol, or drug intake dur-
ing fetal development may be some of the lead
causes.
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17. Arrhythmia

It is manifested by an abnormal rhythm of the
heart that can dictate the function of the heart. In
arrhythmia, the heartbeat may be too slow, too
fast, or irregular. When the heart rate is less than
60 beats/min, it is termed as brachycardia, and
when the heart rate is more than 100 beats/min,
the condition is termed as tachycardia. Under
this condition, the heart fails to pump enough
blood to cater and to meet body requirements;
due to fast beating, it may become exhausted and
fatigued. Fibrillation develops when heartbeat is
sporadic in a quivering pattern.

Traditional Cardiovascular
Risk Factors and Their
Limitations

7.4

Despite growing awareness of different CVDs,
atherosclerosis forms the major cause of death.
From epidemiological studies, a series of com-
mon cardiovascular (CVD) risk factors catego-
rized as traditional include factors like
hypercholesterolemia, hypertension, smoking
habit, diabetes, obesity, and family history of
early coronary artery disease (Table 7.1). The
Framingham study is a well-documented and
most referred report in this context of epidemio-
logical studies in detecting CVD risk factors,
among other studies (Castelli 1996).

Some of these factors are reported to have led
to mortality and morbidity but can be avoided or
treated. The Framingham risk score takes into
account different parameters including age, sex,
concentration of HDL or high-density lipoprotein
cholesterol in blood, blood pressure, habit of
smoking, and other diseases like diabetes in pre-
dicting risk of cardiovascular disorder. The
Framingham risk score is widely recommended
in algorithm risk assessment (Lloyd-Jones et al.
2006; Castelli 1996).

A series of cardiovascular risk factors includ-
ing (1) family history of early coronary artery
disease, (2) hypertension, (3) hypercholesterol-
emia in blood, (4) smoking habits, (5) obesity,
and (6) diabetes are now accepted as the most
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common traditional risk factors for various car-
diovascular diseases. Very few and common risk
factors are noted here (Table 7.1). With respect to
time, these factors can be avoided or restricted or
treated, with marked reduction on different types
of cardiovascular mortality and morbidity. With
modernization and health consciousness, people
are changing their diet and lifestyle to refrain
themselves from various CVDs. Moreover the
action of statins on lipid levels and on other phys-
iological processes has made quite an advance-
ment in controlling CVDs (Castelli 1996).
Interestingly, atherosclerotic patients like
acute coronary syndromes do not reveal tradi-
tional risk factors (Fig. 7.4). From the
Framingham study, it was established that nearly
35 % of the patients suffering from coronary dis-
ease showed normal cholesterol levels. Thus in
this present scenario, it is pertinent therefore to
search for new biomarkers of CVD to help
improve prediction of its risk associated with car-
diovascular disorders. However, the role of CRP
in the use of statin is quite accomplished
(Fig. 7.5). So CRP can be used as cardiovascular
risk factors (Castelli 1996; Gomes 2002).
HMG-CoA reductase inhibitors (statins),
independent of their effects on lipid profiles,
reproducibly reduce CRP values. It is quite
unclear whether statins directly affect the hepato-
cytes, leading to anti-inflammatory effects within
or outside the atherosclerotic plaques. However,
recent researches suggest that statins are capable
of reducing risk of malfunctions of the cardiovas-
cular system both in patients without normal level
of LDL but with a baseline CRP level above the
median in the blood and those with elevated level
of LDL cholesterol in the blood (46). Thus the
measurement of CRP concentration finds impor-
tance in detecting and applying in prophylactic
anti-atherosclerotic therapy even in individuals
falling in the category of being low risk (Ridker
et al. 1999; 2001a, b; Ridker 2001). CRP binds
with LDL and is present in the atherosclerotic
plaques, and thus it may be considered as a caus-
ative molecule in coronary heart diseases. Statins
also potentially affect LDL cholesterol concen-
tration, and probably due to its relevant anti-
inflammatory actions, it may be assumed that the
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CRP used to target statin therapy in primary prevention:
AFCAPS/texcaps
STUDY GROUP STATIN DOSE PLACEBO
(mg/dL) (mg/dL) NNT
Low LDL-C/low CRP 0.025 0.022 ———
Low LDL-C/high CRP 0.029 0.051 48
High LDL-C/low CRP 0.020 0.050 33
High LDL-C/high CRP 0.038 0.055 58

Median LDL-C= 149 mg/dL
Median CRP= 0.16 mg/dL

CRP, C-reactive protein; AFCAPS/Tex Caps, AirForce Texas Coronary Athersclerosis Prevention Study; NNT, number

needed to treat; LDL-C, low-density lipoprotein cholesterol.

Adapted from Ridker PM, et al. N Engl J Med. 2001;344:1959-1965.

Fig. 7.5 Application of CRP is determining the dose of
statin. AFCAPS/TexCAPS, Air Force Texas Coronary
Atherosclerosis Prevention Study; NNT number needed to

cardioprotective benefits of statins find greater
application in people with elevated baseline CRP
levels than in those individuals with lower CRP
levels. From observational epidemiology, various
human genetic studies, different experimental
and animal models, and randomized clinical trials
of statins reveal that CRP itself remains a direct
causal mediator of coronary heart diseases and
thus further investigation is required in this field
(Danesh and Pepys 2009).

From a study conducted over a population of
200,000 individuals of which around 47,000 suf-
fered from coronary heart disorders, it was shown
that conditions of elevated CRP concentration of
CRP controlled genetically are unrelated to con-
ventional risk factors and risk of coronary heart
disease. Thus CRP concentration alone may not
be the causative factor for coronary heart disor-
ders (CCGC et al. 2011).

treat, LDL-C low-density lipoprotein cholesterol (Ridker
et al. 2001d)

From recent researches, it is revealed that ele-
vated CRP levels find importance in indicating
long-term risk of sudden cardiac death (SCD) in
apparently normal individuals. CRP may also be
used in the assessment of risk of cardiovascular
disorder in healthy individuals and which could
directly impact on the reduction of mortality
from SCD. Nearly more than 50 % of SCDs
occur together with symptoms of ischemic heart
disease and poor survival rates of out-of-hospital
cardiac arrest. Therefore it is crucial to identify
these risk factors even before the event. So, in
modern clinical diagnosis, CRP along with other
cardiac risk factors is necessary to be assessed in
prediction of risk among apparently normal indi-
viduals. Homocysteine (Hcy) is a sulfur-
containing amino acid and is a risk factor in
atherosclerosis and thrombosis and also a predic-
tive marker for risk of development of myocar-
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dial infarction and coronary heart diseases
(Albert et al. 2002).

Acute plaque rupture in blood vessels together
with associated thrombosis in deep veins is the
most common manifestation in SCD individuals,
and atherosclerosis remains the underlying cause
of most cases of SCD found in men. CRP alone
or synergistically with elevated concentration of
homocysteine may lead to prediction in individu-
als at risk for SCD apparently even in healthy
populations. Even switching to a healthy diet
and/or the use of drugs can affect the lipid level
and lower it in healthy individuals; the increased
homocysteine concentration was reported to
show strong association with myocardial infarc-
tion over the short span of time but not when the
follow-up periods were longer. Thus the associa-
tion among these plasma markers (CRP and
homocysteine) and the plasma lipid levels with
the risk of developing SCD later in apparently
normal individuals helps researchers to detect
effects ranging from small to moderate in SCD,
which needs to be tested in a larger population
(Albert et al. 2002).

In a JUPITER clinical trial of 17,802, appar-
ently individuals having low LDL cholesterol
levels (<130 mg/deciliter) and elevated concen-
tration of hs-CRP are benefitted from the use of
statin (rosuvastatin dose 20 mg/day or higher)
therapy. The individuals were diagnosed for the
occurrence and risk of stroke, arterial revascular-
ization, myocardial infarction, unstable angina,
or death from any other cardiovascular causes
(Emerging Risk Factors Collaborations et al. 2012).

Rosuvastatin therapy therefore reduces cho-
lesterol primarily LDL and hs-CRP by nearly
50 % and 37 % approximately. The results of the
studies on stroke, myocardial infarction, unstable
angina, death from cardiovascular causes, and
death from any cause when analyzed reveal that
effects of statin therapy in all these subgroups of
patients were quite consistent (Ridker et al.
2008). The independent predictive value of hs-
CRP (hazard ratio of 1.20) for future vascular
events was actually greater than that of total cho-
lesterol (hazard ratio of 1.17) (Emerging Risk
Factors Collaborations et al. 2012).
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The Search for New Risk
Markers

7.5

The search of new predictive risk factors for
CVD continues. Markers like homocysteine,
plasminogen activator inhibitor, lipoprotein (a),
and von Willebrand factor, when tested for their
predictive capability of CVD, revealed that some
of these predictive risk factors are capable in pre-
dicting early coronary disease. Recently, various
inflammatory markers were counted in predicting
CVDs. The risk factors of atherosclerosis may be
classic, uremia related, or due to dialysis
(Fig. 7.6). These inflammatory markers including
leukocyte count, fibrinogen, soluble CAM or cell
adhesion molecules, and cytokines like interleu-
kin-6 (IL-6), TNF-a, and CRP are being investi-
gated as risk factors. The work of pathologist
Russell Ross, published in New England Journal
of Medicine, in the month of January 1999 is
most cited in this context. It is therefore impor-
tant at this juncture to understand the role of
inflammation and the development of atheroscle-
rosis (Ross 1976, 1999).

The Role of Inflammation
in Atherosclerotic Processes

7.6

From recent studies probing underlying reactions
in understanding the biochemical responses to
injury, Russell Ross and later Ross and Peter
Libby showed that the initiation of aggression
against the vascular endothelium is mediated by
several factors like (1) LDL lipoproteins which
undergo subsequent oxidization, (2) increased
vascular wall stress factors like hypertension, (3)
hyperglycemia in case of diabetic individuals, (4)
free oxygen radicals in smokers, and many other
risk factors for atherosclerotic disease.
Atherosclerosis involves simultaneous events of
(1) migration of vascular smooth muscle cell, (2)
formation of foam cell, (3) cell-mediated immu-
nological responses initiated by T-cell activation,
(4) platelet adherence and aggregation, and (5)
leukocyte infiltration adherence (Ross 1976;
1999). The role of CRP in inducing atherosclero-
sis through an inflammatory cascade is repre-
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Fig.7.6 The risk factors of atherosclerosis

sented in Fig. 7.7. It is studied under the following
headings:

7.6.1 Endothelial Dysfunction

This process leads to endothelial dysfunction ini-
tiated by activation of endothelial cells that
reduces their NO production (Ross 1976;
Farzaneh-Far et al. 2001) which plays a major
role in anti-atherogenesis and acts by increasing
the production of (1) chemokines and (2) adhe-
sion molecules (Patel et al. 2001; Libby 1995).
Chemokines, including MCP-1 (monocyte che-
motactic protein-1), interleukins like IL-8,
growth factors like MCF (macrophage colony-
stimulating factor), and macrophage antigen-1, in
turn attract mononuclear cells, T cells, and mac-
rophages derived from monocytes to the blood
vessel wall (Krishnaswamy et al. 1998; Gonzalez-
Amaro et al. 1998; Valente et al. 1992; Wang
et al. 1991).

Then the adhesion molecules including
VCAM-1 and other selectins aid in the mobility
of the mononuclear cells to the subendothelium.
This forms the earliest events in the atherogenic
process and has been detected by electron micros-
copy (Blake and Ridker 2001; Price and Loscalzo
1999; Cybulsky and Gimbrone 1991).

7.6.2 Subendothelium Processes

In the next steps, here the mononuclear immune
cells produce pro-inflammatory cytokines IL-1,
IL-6, and TNF, which, in turn, function as chemoat-
tractants that activate the adhesion cells on one
hand and express matrix metalloproteinases on the
other thereby leading to promotion of the plaque
growth. Adhesion cells express metalloproteinases
that lead to cell migration and initiate proliferation
of smooth vascular myocytes of the tunica media.
They also capture LDLs and convert macrophages
into foam cells (Blake and Ridker 2001).
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Fig. 7.7 The process of the inflammatory disorder ath-
erosclerosis. The role of CRP in inducing atherosclerosis
through an inflammatory cascade is represented. BP blood
pressure, Ang II angiotensin II, AT/R angiotensin type 1
receptor, CRP C-reactive protein, E7-1 endothelin-1,
ICAM intercellular adhesion molecule, NAD(P)H oxi-

Endothelial injury together with the inflam-
matory process thus enables a continuous
destruction process progressively leading to ath-
erogenesis (Farzaneh-Far et al. 2001). With the
progression, the lesion forms an atheroma plaque
which matures to develop a collagen fibrous cap
and inner agglomerate formed by dead macro-
phage foam cells incorporated into a growing
necrotic lipid center. The stability of the ather-
oma plaque, or its tendency to rupture, is con-
trolled by the balance between both synthetic
factors and proteolytic factors (Patel et al. 2001;
Libby 1995). Synthetic factors include certain
inflammatory and growth factors, like FGF
(fibroblast growth factor) and PGF (platelet
growth factor), which promote proliferation of
smooth muscle cells and subsequent segregation
of collagen. Collagen helps in the formation of

In acute coronary syndrome,
elevated inflammatory markers—in
particular, CRP—predict the future
risk of cardiovascular events

Factors like laminar arterial shear
stress, oxidized LDL, free radicals,
and infectious organisms can trigger
the release of pro-inflammatory
cytokines (like IL-1, TNF-a, IL-6)
Inflammatory cytokines influence
the stability and degradation of the
fibrous cap, leading to plaque
rupture and subsequent thrombosis

dase, nicotinamide adenine dinucleotide phosphate oxi-
dase, NO nitric oxide, PAI-I plasminogen activator
inhibitor-1, ROS reactive oxygen species, TPA tissue plas-
minogen activator, VCAM vascular cell adhesion mole-
cule, vWF von Willebrand factor

stable fibrous cap. But many inflammatory cyto-
kines, due to their proteolytic activity, weaken
the fibrous cap. TNF-a, expressed by endothelial
cells, macrophages, and smooth muscle cells in
blood vessels, causes collagen degradation by
activating the matrix metalloproteinases. IL-1
also enables degradation of the collagen like
TNF-a. IL-1 also stimulates IL-6 production,
expressed in atheromatous lesions, and it also
stimulates the production of acute-phase reac-
tants from the liver. Acute-phase reactants are
delivered in the blood. Acute-phase reactants like
CRP, SAA, and fibrinogen play an important role
in the process. In this group of deleterious cyto-
kines, the interferon-y which has effects on
plaque stability and reduces collagen production
is also included. These pro-inflammatory cyto-
kines lead to alteration of consistency and thick-
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ness of the fibrous cap thus enabling it to rupture
(Gomes 2002).

7.6.3 Rupture of Plaque

Various morphological characteristics determine
the stability of the atheroma plaques. The fibrous
caps are ruptured when they are thin or with mac-
rophages with ratio higher as compared to smooth
muscle cells; more than 50 % of the volume of
the plaque is formed of the necrotic lipid center.
Moreover, sometimes the plaques are heavily
infiltrated by macrophages and less infiltrated by
smooth muscle cells causing them to rupture. The
plaque ruptures to expose the thrombogenic lipid
center releasing thromboxane A2 and collagen.
This leads to rapid accumulation of platelets.
Coronary thrombosis is initiated that triggers
acute coronary syndromes. Different coagulation
molecules  affect thrombus development.
However, inflammatory cytokines aggravate the
development of the thrombus formation by induc-
ing P-selectin expression on platelet cell surface.
P-selectin causes platelet adhesion to other plate-
lets and leukocytes and to the endothelium.
Inflammatory cascade plays a crucial role in
destabilizing the plaque and its consequent rup-
ture. Thus a complete circle of platelet activation
followed by thrombus formation continues to add
to the disease pathology (Patel et al. 2001; Libby
1995; Gomes 2002).

7.7 Diagnosis of a Heart Disease

Any individual experiencing cardiovascular
problems will show the symptoms of undue
fatigue, palpitations (with a skip of a beat or
excessive rapid beat), dyspnea (difficult or
labored breath), chest pain, angina pectoris (sta-
ble angina), unstable angina, and vertigo or sud-
den unconsciousness. The diagnosis of coronary
heart disease (CHD) depends on family medical
histories of the patient, blood pressure, associ-
ated risk factors, physical examinations, and the
results obtained from clinical or hematological
tests and diagnostic procedures (Fig. 7.4).

157

Listening to the heart for heart murmurs (swish-
ing or whooshing sounds) provides important
clues about heart trouble. The doctor sometimes
asks the patient to fill out a questionnaire called
the Duke activity status index which measures
the ease with which the patient is doing the rou-
tine tasks. It also provides information about the
blood flow in the coronary arteries. No single test
can diagnose CHD. So, if a patient is suspected
of having CHD, then the clinician will recom-
mend the suspected individual with one or more
of the following tests.

7.7.1 Electrocardiogram (EKG/ECG)

A test of the heart is performed to detect and
record the cardiac electrical activity. The test
shows and records the beat and rhythm of the
heart whether steady or irregular. An EKG
records the strength and timing of electrical sig-
nals when it passes through the heart. Electrodes
are attached to the arms, legs, and chest for
recording that are connected to a recorder that
records the electrical signals generated from
every heartbeat. EKG indicates CHD-induced
heart damage signs from a current or previous
heart attack.

7.7.2 Echocardiography (Echo)

Echocardiography is a biophysical technique that
sends sound waves to capture a picture or the
activity of the heart. The physiology, structure,
functions, shape, and size of chambers and valves
of the heart can be known. Echo reveals areas
where the blood flow is poor, thickness of the car-
diac muscle, muscle not showing normal contrac-
tion, and movement of each valve and also shows
sign and sites of previous injury (if any) too.

During an echocardiogram, a lubricating gel is
rubbed on the skin to allow smooth movement of
a small mechanical device called transducer.
Transducer will be allowed to move smoothly
over the chest with a continuous contact between
the sensor and the skin with a final notation of
heart activity and images.
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7.7.3 Chest X-Ray

A chest X-ray uses the radiography method to
visualize all the organs and structures inside the
rib cage, including ribs, the heart, lungs, and
blood vessels. It can reveal signs of heart failure,
lung disorders, chest infection, osteoporosis,
malformed blood vessels of lungs, and other
Symptoms.

7.7.4 Stress Testing

During stress testing, patients are advised to per-
form exercises so as to make the heart pump and
beat fast during the tests. In order to work and
beat fast, the heart requires an increased supply
of blood and oxygen. Coronary arteries that are
narrowed by deposited plaques are not able to
supply sufficient oxygenated blood. Therefore,
this stress test shows the blood flow in the heart.
Signs and symptoms of coronary heart disease,
like abnormal function of the heart, abnormal
blood pressure in suspected individuals, shorter
breath, chest pain, and abnormal heart rhythm or
activity, could be known from this test.

In stress tests, while the patient is at rest or is
performing exercise, pictures of the heart are
taken.

7.7.5 Blood Tests

Blood tests are biochemical tests performed in
order to check the concentration of fats, choles-
terol, sugar, and proteins in the body of the indi-
vidual suspected or at risk of CVD. Over and
above normal levels may be indicative of the dis-
ease state or his/her risk for coronary heart dis-
ease. In a heart attack, cardiac muscle cells
undergo death with the discharge of proteins in
the bloodstream which are quantitatively esti-
mated during blood tests. Elevated levels of these
molecules indicate a recent or ongoing heart
attack. Cardiac enzyme tests show recent damage
to the cardiac muscle.
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7.7.6 Coronary Angiography
and Cardiac Catheterization

A coronary angiography test employs dye in a
procedure called cardiac catheterization. This is
followed by imaging the coronary arteries by
special X-rays. It reveals information about car-
diac functioning and pressure inside heart cham-
bers. A thin, flexible catheter tube is inserted into
the blood vessel in the arm, upper thigh, or neck.
This is then led to the coronary arteries. The dye
is then released into the blood. Special X-rays
taken during dye flow in the blood through the
coronary arteries detect any blockages in the
large coronary arteries. But in coronary micro-
vascular disease, there are no blockages in the
large coronary arteries and thus are not detected
by coronary angiography. A coronary angiogram
is a relatively safe method with rare serious com-
plications. However, the procedure itself could
cause death accounting for 1 or 2 in every 1000
lives.

7.7.7 MRI or Magnetic Resonance
Imaging

An MRI scan uses magnetic fields and radio
waves to show the structure and function of the
heart with each beat and can be visualized in a
computer. An MRI scan is performed with the
patients lying inside a scanner with surrounding
magnetic field. The images are produced by mag-
netic field and radio waves. Both still images and
video of the heart at work together with all major
blood vessels can be seen in an MRI scan.

7.7.8 ACT (Computerized
Tomography) Scan

A CT scan is used as a diagnostic test. It uses
modernized X-rays and a computer to produce
detailed images of the bone, blood, and soft tis-
sue of the patient body taken from several angles.
Here, the patient is stationary and made to lie on
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a flat bed, and an X-ray tube is made to rotate
around his/her body.

7.7.9 Radionuclide Tests

This test involves the injection of radioactive iso-
topes like thallium or cardiolytes into the vein of
the patient and imaged through a special camera
kept close to the chest, both during resting condi-
tion and while performing exercise. The images
show areas of poor blood supply. It is more infor-
mative as compared to ECG test.

Markers of Inflammation
in Various Coronary Diseases

7.8

Throughout the last decade, the search for new
inflammatory markers was made in patients suf-
fering from acute coronary syndromes. The
markers of clinical importance are discussed:

1. Elevated IL-6 and TNF cytokines together
with the biological role in the process leading
to the development of atheromatous condition
have already been outlined (Biasucci et al.
1999; Ridker et al. 2000).

2. ICAM-1 has been reported to be positively
associated with increased risk of myocardial
infarction (32).

3. Systemic markers like acute-phase proteins
are easier to measure and easily obtained
inflammatory indicators. Thus they find
importance as clinical markers of future pre-
diction of cardiovascular risk (Pepys 1996;
Davies 1996; Rus et al. 1996; Heinrich et al.
1990).

4. Elevated levels of other acute-phase reactants
like SAA and fibrinogen in patients with acute
coronary syndromes have been shown to be
associated with greater cardiovascular risk
(Morrow et al. 2000; Liuzzo et al. 1994,
Ridker et al. 2001a, b; Ridker 2001).

5. Extensive study on CRP has been conducted
than the others in this context.
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However, the various inflammatory markers
are interrelated (Patel et al. 2001; Libby 1995)
and different inflammation components contrib-
ute, independently or through complex feedback
mechanisms, leading to hepatocyte-produced
acute-phase reactant released in the blood (Pepys
1996; Heinrich et al. 1990).

A study reported in Fortune, an American
magazine, in the year 2002 revealed that the
causative agent behind most myocardial infarc-
tions is initiated by arterial inflammation rather
than by coagulation (Ristisch 2002).

7.9 CRP and Cardiovascular
Diseases: Is There Any

Association?

For decades, CRP was known as a nonspecific
marker in inflammatory disorders, like rheuma-
toid arthritis. Recently, it has gained the status of
predicting risk for CVD and predicting mortality
as a consequence to CVD globally. In coronary
syndrome patients undergoing percutaneous or
surgical coronary revascularization, CRP was
assumed as an important risk factor. In the recent
years, the association of CRP with CVDs has
aroused much interest among scientists. This has
contributed to the paradigm shift in our under-
standing of the underlying biological events in
the process of inflammation leading to acute cor-
onary syndromes and also in the formation, pro-
gression, rupture, and thrombosis of the atheroma
plaque (Gomes, 2002) in atherosclerotic
disorders.

Therefore, in order to apply CRP for predict-
ing of cardiovascular risk in an individual, true
baseline CRP value is to be set out first so that
serious undercurrent pathologies can be under-
stood. A persistently high CRP level above
10 mg/L is indicative of significant acute-phase
response occurring in the individual which calls
in full the case and family history of patient with
relevant investigations to determine the ongoing
cause. Simultaneously, the problem and its cause
should be sorted and alleviated by treatment.
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However, in conditions of chronic inflammation
and diseases like rheumatoid arthritis and patients
undergoing hemodialysis with end-stage renal
failure, there is a characteristic persistent elevated
serum CRP concentration. These individuals are
sometimes reported to show an association with
an early CVD (Patel et al. 2001; Libby 1995;
Gomes, 2002).

7.10 CRP:The Nonspecific
Inflammation Marker

CRP, produced by liver cells on stimulation with
IL-6, is recently termed as the “golden marker”
among all other inflammatory markers in CVD
and related pathologies. Its quantitative estima-
tion in different stages of coronary artery disease
has strongly established it as a highly reliable
predictor of cardiovascular risk (Pepys 1996;
Heinrich et al. 1990). These properties include:

1. It does not degrade in the time interval
between blood sample collecting and its bio-
chemical testing.

2. Detectable in the blood and property of being
produced under stimulation. Healthy individ-
uals reveal traces of the values less than
0.3 mg/cc.

Although patients suffering from acute coro-
nary syndromes with elevated CRP reveal poor
outcomes, sometimes the measurements lacked
sufficient sensitivity. In the 1990s, with the dis-
covery of highly sensitive methods for measuring
CRP (hs-CRP) (39—42) limits, in normal individ-
uals, limits were restricted to 0.0-0.5 mg/cc. This
normal baseline fixation of CRP concentration
allowed assessment of underlying mechanism of
systemic inflammation in both apparently healthy
individuals and those with coronary disease (De
Beer and Pepys 1982; De Beer et al. 1982b; Macy
etal. 1997; Ladue et al. 1997; Ridker 1999, 2001)
accurately.

From the Adult Treatment Panel III guidelines
(including a predicted risk of >20 % together
with other risk factors like diabetes), for people at
intermediate risk for a cardiovascular event, the
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assessment of inflammation biomarkers like CRP
or fibrinogen may help in the prevention of
another additional CVD event for a period of 10
years. This was seen among every 400-500 peo-
ple screened in a very recent study from the
Emerging Risk Factors Collaboration meta-
analysis. CRP or fibrinogen information increases
the C-index (a measure of risk discrimination) by
0.0039 and 0.0027, respectively, and predicted
10-year risk categories of “low” (<10 %), “inter-
mediate” (10 % to <20 %), and “high” (>20 %).
Moreover, information on conventional risk fac-
tors (like HDL and total cholesterol, age, sex,
smoking habit, blood pressure, family history of
diabetes) increases the C-index by 0.0050 only.
In this study of 246,669 individuals with no prior
CVD history, statin was administered after test-
ing their CRP or fibrinogen level. This study that
led to the understanding of the role of CRP as a
prognostic model for CVD was developed based
on these informations (Emerging Risk Factors
Collaborations et al. 2012).

CRP in Cardiovascular
Diseases

7.11

However, in order to assess the risk of cardiovas-
cular disorder, it is necessary to use CRP concen-
tration critically considering true baseline CRP
values. It should be taken into account that the
baseline CRP values should not be perturbed by
other underlying events. A persistently elevated
CRP level above its normal concentration, i.e.,
above 10 mg/L, is indicative of acute-phase reac-
tion. In this case, a full scrutiny of the patient’s
medical history along with relevant hematologi-
cal and cardiac investigations is required to diag-
nose the cause clinically. In some chronic
inflammatory conditions, individuals show per-
sistently elevated serum CRP levels and patients
may be exposed to the risk of premature cardio-
vascular diseases (Gomes, 2002).

Tissue necrosis stimulates acute-phase
responses. Post-myocardial infarction, a major
CRP upsurge is observed in patients and the
extent of the response reflects the extent of myo-
cardial necrosis. CRP levels peak at around 48 h
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after the onset of the process, and this observa-
tion indicates strongly the outcome after a myo-
cardial infarction (De Beer and Pepys 1982; De
Beer et al. 1982a). Moreover, CRP has been
observed to be co-deposited with activated com-
plement molecules in all acute myocardial
infarcts (Kushner et al. 1963; Kushner and
Kaplan 1967; Kushner 2002). Thus there is com-
pelling strong experimental evidence suggesting
that the CRP response reflects (1) tissue damage
and (2) necrosis and (3) aggravates ischemic
myocardial injury severity (Griselli et al. 1999).

CRP is the only acute-phase reactant that has
been reported to be an inflammation biomarker
and helps in predicting the risk of CVD and other
metabolic syndromes (Pepys and Hirschfield
2003). Diet patterns influence CVD by (1) elevat-
ing risk factors and (2) role of CRP on inflamma-
tion pathology. Recent researches show that CRP
has been able to predict diseases like (1) CVD,
(2) diabetes type 2, and (3) cerebrovascular dis-
eases (Lee et al. 2014). Upregulated CRP levels
have been reported to correlate with atherogenic
dyslipidemia and insulin resistance (Sung et al.
2012). An increased CRP level revealed an
increased risk for coronary heart disease in com-
parison to lower CRP levels (Buckley et al.
2009). Of the risk factors for CVDs such as life-
styles, obesity, and fatty diets (Fig. 7.4), CRP is
found to be an important determinant (Basu et al.
2006). High intake of trans-fatty acids has shown
direct effects on increased inflammatory
responses (Lopez-Garcia et al. 2005) while the
anti-inflammatory properties of honey reduced
CRP levels which indicated their role in inflam-
mation (Al-Waili 2004; Lee et al. 2014). Several
studies reveal the association of CRP with hyper-
tension and effect of BP on CRP. BP is the most
important predictor of future hypertension cur-
rently in use. Studies have shown direct correla-
tion of CRP concentration with that of diet
(Al-Waili 2004).

Debates related to the importance of assessing
the role of CRP and other inflammation bio-
marker concentrations in the prediction of initial
cardiovascular events remained. In a study in
2013, conducted by the British Heart Foundation
and others on normal individuals, who had no

161

history of CVD, it was reported that assessment
of the CRP or fibrinogen level in people at inter-
mediate risk for a cardiovascular event could help
to prevent one additional event over a period of
10 years for every 400 to 500 people screened
(Emerging Risk Factors Collaborations et al.
2012). High-sensitivity CRP has been reported as
a potential marker for risk associated with CVD
diseases in diabetes mellitus (Pfiitzner and Forst
2006; Ridker 2003) patients.

Although CRP has shown to have no predic-
tive value in atherosclerosis, elevated CRP levels
are reported to be a good indicator of elevated
risk of CVD and aid in early prediction in HIV-
infected individuals (Westhorpe et al. 2014;
Markowicz et al. 2014). An increase in serum
CRP levels in patients suffering from cardiovas-
cular and cerebrovascular disease in psoriasis
which is an infectious skin disease (Takahashi
et al. 2014) is reported. An elevated level of CRP
at baseline is reported to predict higher high-
frequency heart rate variability (HF-HRV) at fol-
low-up in a recent study in 2014 (Jarczok et al.
2014). CRP and goblet plate reactivity (G-HPR)
are reported to be important markers in predict-
ing high death risk in ST segment elevation myo-
cardial infarction (STEMI) patients (Ganie et al.
2014). CRP together with high leptin has been
reported to increase the risk associated with CVD
(Amrock and Weitzman 2014).

CRP reflects the degree of inflammatory
response and also has been used as a marker of
immune injury to tissues. CRP sometimes could
directly participate in amplifying the immune
responses and henceforth increase tissue damage.
CRP is known to be present in atherosclerotic
plaques but they are not present in the normal
vessel wall. CRP may deposits in early athero-
sclerotic lesions before the deposition of mono-
cytes. CRP is also known to induce the cause of
chemokine and adhesion molecule expression in
the endothelial cells of humans. During the acti-
vation of endothelial cells, CRP acts synergisti-
cally with lipopolysaccharide to induce
monocytes to produce tissue factor. Thus, CRP
acts not only as a marker of inflammation but also
as an amplifier of inflammatory responses (Yeh
et al. 2001).
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In atherosclerosis, the inflammatory processes
involve the gradual progression of plaque insta-
bility and an undercurrent atherothrombotic
event. Increased production of CRP indicates
atherothrombotic events and different inflamma-
tory responses (Fig. 7.7) (Pereira and Borba
2008). The extent of atherosclerosis is highly
individualistic and depends on the individual’s
exposure to the type of low-grade acute-phase
intercurrent stimuli. But “CRP responder” indi-
viduals have higher CRP serum concentrations
which may be through acquired or transmitted
through genetic processes. These individuals are
more susceptible to varied atherosclerotic pro-
gression and complications regardless of other
relationships (Pepys and Hirschfield 2003).

Coronary vascular disease is a high-prevalence
disease, wherein about 40-50 % of individuals
diagnosed reveal cholesterol levels at normal or
mild increase. After an acute coronary event,
there is an increase in CRP level which can be
clearly associated with individuals presenting
coronary vascular disease or in those apparently
healthy individuals. Patients with higher peak
CRP values above the normal level may develop
larger infarct thus giving rise to acute myocardial
infarction. In patients with higher CRP concentra-
tion (>3.0 mg/L), continuous rise in CRP during
the hospitalization and after the discharge showed
the worst prognosis in the case of unstable angina.
Also, patients with higher CRP values and having
stable angina may be exposed to greater coronary
vascular disease risk. Even healthy men and
women having higher CRP values have the risk of
greater coronary vascular disease or stroke. The
association and connection between CRP and tra-
ditional coronary vascular disease risk factors
(like smoking, hypertension, cholesterol, and
obesity) (Fig. 7.4) have been well studied in many
researches. The effect of various medications on
CRP concentrations used in patients having coro-
nary vascular disease is also well reported
(Fig. 7.5) (de Ferranti and Rifai 2002).

CRP has also been reported to be associated
with the risk of coronary vascular disease in
patients having a family history of acute coronary
disease and stable angina and even in those indi-
viduals who have never been diagnosed with coro-

7 C-Reactive Protein: A Clinical Marker in Cardiovascular Disease

nary vascular disease The risk imparted by CRP is
independent of hyperlipidemia (Pietilla et al.
1996). Thus in clinical research and in diagnosis,
CRP finds profound importance in predicting both
short-term and long-term cardiovascular outcomes
and in the screening of coronary vascular disease.
In the future prospect, CRP being a biomarker
may modify treatment and preventive therapies
(Haverkate et al. 1997; Thompson et al. 1995).

7.12 hs-CRP

High-sensitivity CRP or hs-CRP aids in accurate
measurement of CRP to determine a person’s risk
for cardiovascular disease (Fig. 7.3). Although hs-
CRP is reported to be a marker in CVD and diabe-
tes, elevated CRP levels show no correlation to
Indian adolescent women suffering from polycys-
tic ovarian syndrome (PCOS) (Marcucci et al.
2014). Interrelations of increased hs-CRP level
and oxidized LDL (OxLDL) in the blood perform
a dominant role in cardiovascular diseases
(Obradovic et al. 2015). Elevated levels of hs-
CRP, circulating neurohormones including
N-terminal pro-B-type natriuretic peptide (NT
pro-BNP), and big endothelin (big-ET) have been
shown to be increased in heart failure and to con-
tribute to both hemodynamic deterioration, car-
diovascular remodeling and predict mortality in
hospitalized patients with dilated cardiomyopathy
(DCM) (Li et al. 2014).

7.13 Biochemical Role
of C-Reactive Protein in CVD

CRP overexpression is observed to contribute to
instability in the atherosclerotic plaque and the
formation of immature microvessels. CRP has
been reported to upregulate the expression of sig-
naling molecule Notch-3 that play an active role
in angiogenesis and development and maturation
of wvasculature. Monomeric CRP (mCRP)
together with Notch-3-mediated signaling reac-
tions enables formation of thicker sprouts in
angiogenesis which leads to upregulated expres-
sion of N-cadherin on one hand and downregula-
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Fig.7.8 CRP as atherothrombosis mediator and predicting cardiovascular risks. CRP’s direct pathogenic role in arte-
rial disease helps in predicting future cardiovascular risks. The level of CRP can be reduced by certain paradigm

tion of expression of VE-cadherin on the other,
thereby promoting angiogenesis through the
PI3K/Akt signaling pathway (Boras et al. 2014).
CRP while mediating atherothrombosis plays a
direct pathogenic biological role in arterial dis-
ease (Fig. 7.8).

Elevated CRP levels can predict cardiovascu-
lar risks (Fig. 7.8) and heart conditions including
myocardial infarction, stroke, PAD, SCD, recur-
rent ischemia, and death in patients with stable
and unstable angina and coronary intervention
and acute myocardial infarction in individuals
with no history of cardiovascular disease and are
independent of age, smoking, cholesterol, diabe-
tes, and other major cardiac risk factors (Ridker
2003). The prognostic potential of CRP is there-
fore very strong.

7.14 Clinical Significance of CRP
in Cardiovascular Diseases

CRP has been shown to predict cardiovascular
disorders such as myocardial infarction, stroke,
PAD, and SCD and risk of both recurrent isch-
emia and death in individuals with stable and
unstable angina, those undergoing percutaneous
angioplasty, and patients presenting acute coro-
nary syndromes.

CRP finds clinical relevance as a biomarker
that has a strong predictive potential of cardio-
vascular events over and above the traditional
marker, LDL cholesterol, and adds to the infor-
mation on prognosis at all levels of metabolic
syndrome calculated by the Framingham risk
(Gomes, 2002).
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Based on high-sensitivity assays and CRP lev-
els obtained as <1, 1 to 3, and >3 mg/L, individu-
als are grouped as (1) low-, (2) moderate-, and (3)
high-risk groups for future cardiovascular dis-
eases (Fig. 7.8). LDL cholesterol below 130 mg/
dL in patients but with CRP levels >3 mg/L is
categorized in the high-risk group (Ridker 2003;
Ridker et al. 1997). This has a tremendous impor-
tance in clinical studies.

7.15 Quantitative Estimation
of CRP

CRP/hs-CRP is measured with a simple blood
test. Nonspecific elevation of CRP is indicative of
inflammation in the body while hs-CRP—high-
sensitivity CRP—enables a measure of inflam-
mation in blood vessels (Fig. 7.3). This is the test
needed to help measure heart disease risk. Levels
of CRP can determine people with low, interme-
diate, and high risks to cardiovascular diseases.

7.16 Increased CRP

and Conventional Treatment

Conventional treatment to lower CRP levels
(Fig. 7.8) includes prescription of statin drugs
used to lower LDL cholesterol. Change of life-
style, like exercise and weight loss, not smoking,
drinking less alcohol, following a heart-healthy
diet, reducing the other risk factors for CVD, and
proper medication and control of other diseases
like diabetes, blood pressure, etc., helps to lower
CRP. Several methods are employed to prevent
heart diseases (Table 7.2).

7.17 Discussions

From various researches, it is clear that CRP
finds importance as a clinical tool for screening
and predicting risk in cardiovascular diseases.
Results from epidemiologic studies show that
elevated CRP levels show positive associations
with the cardiovascular disorders. CRP, selec-
tively binding to LDL or to “damaged” LDL, is
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Table 7.2 Prevention of heart diseases: There are several
levels to prevent heart diseases

Primordial: Social, legal, and other nonmedical
activities lowering the risk factors (e.g.,
socioeconomic development, smoke-free environment)

Primary: Controlling risk factors contributing to CVD
including health education programs, anti-smoking
campaign, sports programs, nutrition counseling, and
regular checkup of blood pressure and blood
parameters including cholesterol, blood lipids,
glucose.

Secondary: Screening and treatment of symptomatic
patients and setting up of personal risk profile

Tertiary: Cardiovascular rehabilitation and prevention
of recurrence of CVD (new heart attack: 5—7 times
higher risk among CVD patients)

Individual:
No smoking
Maintenance of a healthy weight
Intake of a healthy diet
Reduced saturated fat in diet
Regular exercises for about half an hour every day

Prevention or effective management of other health
complications like diabetes, hypertension, high
blood pressure, etc.

Limiting salt intake

found to deposit on atherosclerotic plaques, and
this CRP-ligand complex then in turn activates
the complement cascade which is pro-
inflammatory in nature. In experimental animal
models, both CRP and complement have been
shown to increase the probability of myocardial
infarction. Therefore CRP may find application
as a therapeutic target in cardiovascular
diseases.

CRP-LDL binding is biologically beneficial
to the individual due to downstream effects of (1)
prevention of macrophage foam cell formation,
(2) attenuation of inflammatory effects of LDL,
(3) inhibition of LDL oxidation, (4) and reduc-
tion of various pro-atherogenic macrophage
effects.

In experimental animal models, nonnative
CRP shows atheroprotective effects. Moreover,
temporary inhibition of CRP and phosphocholine
binding together with localized nonnative penta-
meric CRP may show promises in the treatment
of atherosclerosis and myocardial infarction. Thus
the total biosynthesis of CRP in the individual
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may not be required to stop. Thus, CRP does not
cause a disease, but in case of myocardial infarc-
tion, it actually worsens the condition.

CRP is a more accountable and predictable
risk factor than traditional cardiovascular risk
factors like high BP, obesity, and increased
plasma lipid content. However, true baseline val-
ues of CRP and the characteristic associations
between these risk factors should be assessed to
understand the importance and applicability in
prognostic or diagnostic tests. Additionally CRP

165

contributes mostly to the predictive value above
traditional risk factors for CVD in risk estima-
tion. Quantitative estimation of CRP may be
more informative in elimination of risk associ-
ated even in individuals with intermediate risk or
also in apparently healthy individuals. Globally,
in the diagnosis of cardiovascular events, CRP
finds importance in the prediction of cardiovas-
cular risks, and universal screening of individuals
in patients is highly recommended and gaining
importance globally.
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Abstract

Different types of leishmaniasis are differentiated by range and complex-
ity of clinical expressions ranging from asymptomatic infection to life-
terrorizing illness. Visceral leishmaniasis (VL) is caused by an obligate
intercellular parasite of the mononuclear phagocyte, Leishmania don-
ovani, which causes a life-threatening disease. Leishmania during its stay
in the human host have adapted to survive and proliferate in the host’s
macrophages. The survival and proliferation of L. donovani in macro-
phages are largely due to the protection conferred by some family of gly-
cosylinositol phospholipids or phosphoglycans on the cell surface or some
secreted/expressed molecules of the host. C-reactive protein (CRP) is a
prominent acute-phase protein of man. The serum concentration of CRP
increases dramatically to nearly 10—-1000-fold during inflammation fol-
lowing activation of hepatocytes by inflammatory cytokines. However, the
function of CRP in inflammatory conditions and resistance to different
infections is still less understood. CRP, a pattern recognition molecule, is
present in host circulation. CRP binds to phosphorylcholine (PC) and
some phosphorylated carbohydrates found on the surface of a number of
microbes during their first entry into the mammalian host. Previously it
was reported that CRP binds to the surface of L. donovani through their
lipophosphoglycan (LPG) component and it increases the uptake of the
parasite into host macrophages. Leishmania uses CRP to increase its
infection without inducing any detrimental macrophage activation. The
pathophysiology of different kinds of leishmaniasis was also abridged.
CREP, being a phylogenetically conserved innate immune system recogni-
tion molecule, recognizes microbial determinants and components of
damaged cells as an opsonin. CRP plays its effector function by activating
the complement cascade and phagocytosis. A complete definition of the
varied ligands used by CRP in recognizing the parasite is essential to
understand its role in homeostasis and host defense. The main endeavor of
this chapter is to unwind the functional significance of CRP in Leishmania
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infection, perpetuation, and survival in response to diverse host immune
responses in the pathophysiology of its homeostatic mechanisms.

Leishmania * Lipophosphoglycan ¢ Phosphorylcholine ¢ Post-kala-azar

Introduction
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Chapter Highlights 8.1
1. CRP binds with the promastigote of

Leishmania donovani in a calcium-dependent
manner to activate the complement cascade.
CRP binds to lipophosphoglycan (LPG), the
chief constituent glycocalyx coat of the para-
site. LPG is another ligand of CRP apart from
phosphorylcholine (PC).

. CRP also causes opsonization of the parasite

in a complement-independent manner into the
macrophages. CRP also activates the comple-
ment cascade in lysis of the parasite.
Leishmania uses CRP to enter into the host
macrophages at a normal plasma concentra-
tion of CRP.

CRP was also reported to precipitate an excre-
tory factor found in the medium of cultured
parasites.

LPG and other surface glycoproteins like
gp63 affect deposition of complement-
mediated opsonic proteins on the outer sur-
face of the parasite. This causes increased
uptake and enhanced survival of the parasite.
Human CRP mediates the final transformation
to amastigote-like forms from Leishmania
mexicana metacyclic promastigotes.

The parasites survive in the macrophages even
in the presence of IFN-y and nitric oxide like
effector molecules. The excessive secretion of
IFN-y and NO was related with the develop-
ment of the disease.

CRP has been reported to bind to numerous sur-
face molecules of a number of different organ-
isms or microbes like bacteria, parasite, fungi,
and many others. Any microbe after entering into
the vertebrate host immediately encounters two
of the most ancient yet effective protective
immune responses: (1) destruction by phagocyto-
sis and (2) lysis by complement. Whether a
microbe would be successful or unsuccessful in
initiation of its infection depends on how they
deal with these two obstacles in different immune
mechanisms (Mosser and Brittingham 1997;
Mosser and Edelson 1984). The first identifica-
tion of a role for CRP in defense against infection
in humans was related to its capacity to bind to
phosphorylcholine (PC) present in the surface
membranes of microorganisms (Gotschlich and
Edelman 1967). PC is a widespread molecule
present on the surface of a number of microbes.
CRP binds with the PC present on the surface of
microbes and helps in the destruction of these
microbes by initiating either phagocytosis or
complement-opsonized phagocytocis or
complement-mediated lysis. In case of
Streptococcus pneumoniae, CRP protects the
host organism from the fatal pneumonia due to its
binding with the cell wall polysaccharide by acti-
vating the complement-opsonized phagocytosis
(Szalai et al. 1995). The protective effects of CRP
are not limited to bacteria but also to other



8.1 Introduction

microbes. It has been reported to bind with fun-
gus like Aspergillus fumigatus, the yeast Candida
albicans, and sporozoites of Plasmodium yoelii
and P. falciparum and promote their phagocyto-
sis by different human leukocytes. In contrast, in
some cases, CRP causes a complement-
independent opsonization of some microbes or
parasite and helps in their entry into macro-
phages. Inside the macrophage, CRP does not
induce detrimental macrophage activation but
helps in the uptake and survival of the parasite
inside the macrophage. Thus CRP indirectly
helps the parasite to enhance its infection or the
parasite is using the host immune molecule, CRP,
for its infection and survival (Szalai et al. 1995;
Bodman-smith et al. 2002a). Once within the
macrophage, the parasite weakens and deterio-
rates normal signaling of the cells to restrain or
reduce the bang of microbicidal systems. For this
purpose, the parasite has developed unique
molecular mechanisms, and one such strategy
involves multiple receptor-mediated interactions
in which various macrophage receptors, different
parasite ligands, and host opsonins are involved.
Such strategy involves parasite ligands (LPG and
gp63), host opsonins (CRP, IgG, and Clq), and
multiple receptor-mediated interactions (e.g.,
macrophage receptors (FcyR1, MAC-1) and
other receptors specific for Clq, CR1, CR3, and
fibronectin). These molecules are used by para-
sites for its uptake, infection, and spread in the
host body (Mosser and Rosenthal 1997; Bodman-
smith et al. 2002a; Wilson and Pearson 1986;
Wilson and Pearson 1988; Rivzi et al. 1988;
Mosser and Edelson 1984; Chakrabarty et al.
1996). Thereby, they not only avoid the detrimen-
tal effects of complement components but also
exploit the beneficial effects of opsonization by
host opsonins for establishment of disease.
Although the main function of CRP is to opso-
nize foreign intruders and force them to enter into
macrophages for their clearance from the system,
the parasite exploits its membrane structure for
this entry and thus avoids the deleterious effects
of CRP (Mosser and Rosenthal 1997; Wilson and
Pearson 1988; Bodman-Smith et al. 2002a;
Mosser and Edelson 1984).
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Leishmaniasis is exemplified by a range and
complexity of clinico-medical manifestations
ranging from various asymptomatic infections to
life-terrorizing expression of illness.
Experimental research studies and clinical evi-
dences indicate multidimensional role of varied
factors/components leading to parasite endur-
ance and multiplication. In early phase of infec-
tion, the production of reactive oxygen species
and nitrogen intermediates plays a noteworthy
role in restraining the parasitic propagation. In
later phase, hepatic resistance is conveyed domi-
nantly by the nitric oxide synthase (NOS)-2 gene
regulation and the synthesis of inhibitors of
NOS-2 gene expression. Both the correlated roles
played by transforming growth factor-beta
(TGFp) and interleukin-10 (IL-10) with reduced
parasite killing are also worth mentioning. The
hepatic infection of the parasite is highly self-
restraining due to synthesis of diverse cytokine
responses including reasonable secretion of
tumor necrosis factor (TNF), whereas in the
spleen surplus TNF production mediates vicious
pathology. In Leishmania pathology, CD8*T cells
play various roles comprising both cytotoxic
activity and synthesis of various cytokines and
chemokines. The capacity to stimulate
Thlcytokines is related with subclinical self-
healing or asymptomatic infection. However, in
symptomatic subjects, Thl cytokine secretion is
not lowered but there appears some unrespon-
siveness to the stimuli of these Thl cytokines
(Malla and Mahajan 2006).

Previously, it has already been reported that
the involvement of CRP helps Leishmania to
enter the macrophage by phagocytosis at normal
plasma level of CRP (Culley et al. 1996) and
probably through Fc receptor rather than indirect
complement-mediated uptake (Bodman-smith
et al. 2002a). The binding of CRP with LPG, a
glycocalyx coat of the parasites, has been well
established (Culley et al. 1996). The transforma-
tion of promastigotes to amastigotes of the same
parasite is believed to be mediated by CRP bind-
ing (Bee et al. 2001). Direct opsonization of the
parasite through CRP did however pilot to more
proficient uptake in vitro than CRP-unopsonized
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cells. During pneumococcal infection, the effects
of CRP on cytokine responses have been reported.
In human pneumococcal pneumonia and in mice
infected intranasally with S. pneumoniae, a strong
local and systemic inflammatory cytokine
response occurs. This first response is related with
greater survival of the parasite (Thomas-Rudolph
et al. 2007). CRP interacts with FcyR, protects
mice from pneumococcal infection, and helps in
S. pneumoniae removal from the bloodstream
(Suresh et al. 2007; Mold and Du Clos 2006;
Szalai and McCrory 2002; Szalai et al. 1995).

CRP, being a pattern recognition molecule, is
used by the parasite for its safe entry and estab-
lishment in the host. Also, the potential role of
CREP, specifically induced in different leishmani-
asis patients, was explored by searching its
immune functions. A different complement-
dependent or complement-independent role of
CRP was elucidated in the survival of the parasite
in blood, bone marrow, liver, or other tissues.
Such interaction elucidated different approaches
adopted by parasites for invasion which enhance
infectivity and survival in macrophage by alter-
ing the host’s cellular reaction suggesting its pos-
sible implications in the pathogenesis of
leishmaniasis.

Based on this information, it is worth search-
ing for the mechanism of immune response,
which helps in the survival and development of
the organism with respect to the well-documented
protective/destructive role of CRP. CRP is a
prominent acute-phase protein of man, with
serum levels increasing strikingly following acti-
vation of hepatocytes by inflammatory cytokines.
However, the function of CRP in inflammation
and resistance to Leishmania infection is still less
understood.

8.2 Epidemiology

WHO, 2010, reported the prevalence of leish-
maniasis to nearly 12 million cases and about 350
million people are at the risk of this disease
(Fig. 8.1). Leishmaniasis has a digenetic life
cycle encompassing a promastigote and an amas-
tigote stage (Fig. 8.2). Promastigotes are motile
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insect stage found in the midgut of sand fly.
Amastigotes are non-motile, intracellular, mam-
malian stage. The organism is propagated by the
bite of multiple species of bloodsucking sand
flies (Phlebotomus) which carry the promastigote
in the pharynx and anterior gut. It gains entry to
mononuclear phagocytes where they modify into
amastigotes and multiply until the infected cell
ruptures. The discharged organisms infect many
other cells. The sand fly attains the organisms
during the blood meal period; the amastigotes
transform into flagellate promastigotes and divide
in the gut till the pharynx and anterior gut are
loaded. Dogs and rodents are some common res-
ervoirs. The mammalian host includes rodents,
gerbils, hyraxes, bats, porcupines, opossums, and
many others.

Visceral leishmaniasis (VL) or kala-azar or
black fever or dumdum fever is a vector-borne
chronic disease in man infected by the intracel-
lular protozoan parasite, Leishmania donovani.
The disease is mainly endemic in the tropical and
subtropical regions and the Mediterranean basin.
VL cases mostly (nearly 90 %) found in six coun-
tries, namely, India, Nepal, Bangladesh, Brazil,
Ethiopia, and Sudan. The death toll of VL is
comparable to another parasitic disease, malaria.
The disease is highly diverse and complex. The
disease is perpetuated by nearly 20 leishmanial
species, and it is transmitted to humans by nearly
30 phlebotomine sand fly vectors. Reservoir
hosts are dogs, foxes, and cats, and the vector is
the Lutzomyia sand fly. Leishmania belongs to
the  phylum  Sarcomastigophora,  order
Kinetoplastida, family Trypanosomatidae, and
genus Leishmania (Ready 2014; Chappuis et al.
2007, www.who.int/mediacentre/factsheets/
fs375/en/).

About 200 million people are at risk and
500,000 people suffer from this disease (website
http://www.whoindia.org). It perpetuates the
infection by converting promastigotes to the obli-
gate intracellular amastigotes within the mono-
nuclear phagocytes. There are four different
forms of leishmaniasis present, namely, (1) vis-
ceral leishmaniasis  (VL/kala-azar/dumdum
fever), (2) cutaneous leishmaniasis (oriental
sore), (3) mucocutaneous leishmaniasis (espun-
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GEOGRAPHICAL
DISTRIBUTION

® The leishmaniasis is endemic in 88
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America.
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columbiensis, L. lainsoni) Leishmania chagasi
L. guyanensis complex (L. guyanensis, L. panamensis)

Fig. 8.1 The geographical distribution types of leishmaniasis insect species and their related parasitic diseases are

noted

dia), and (4) post-kala-azar dermal leishmaniasis.
VL is also known as black sickness or kala-azar
in Asia and it is characterized by some physical
and clinical features (Fig. 8.1). India carries
nearly 40-50 % of the global burden of leishman-
iasis. The direct evidence of the demonstration of
VL includes splenic aspirate and biopsy, liver
biopsy, direct agglutination tests, fast agglutina-
tion screening tests, bone marrow aspirate and
culture, presence of blood buffy coat, presence of
Leishmania 1gG titer in serum, observation of
Leishmania amastigote form in bone marrow
smear, and hepatosplenomegaly in the abdominal
ultrasound and  computer  tomography.
Immunological tests includes aldehyde test, anti-
mony tests, and complement fixation tests with
WKK antigens (Figs. 8.3 and 8.4) (Ready 2014;
Leishman 2006; Chappuis et al. 2007; Sundar
and Rai 2002; http://www.who.int/leishmaniasis/
clinical_forms_leishmaniases/en/index2.html).

Cutaneous leishmaniasis (CL) is the mainly
prevalent form of the disease. It is characterized
by one or more sores, papules, or nodules on the
skin. In due course of time, the sores can change
their shape and appearance. The sore appears as a
volcano with elevated edge and central crater.
Generally the sores are painless but turn painful
if infected secondarily. The sore is commonly
known as Baghdad boil. Swollen lymph nodes
may be present near the sores. It creates ulcers on
the exposed parts of the body, leading to perma-
nent scars, disfigurement, stigma, and disability
in some cases. According to WHO, 2010, nearly
90 % of CL occurs in Afghanistan, Brazil, Iran,
Peru, Saudi Arabia, and Syria. WHO, 2010, also
reported the annual incidence of 1.0-1.5 million
cases worldwide. The urban CL is thought to be
an anthroponosis while the rural CL is zoonosis
with human infections occurring only sporadi-
cally. Phlebotomus sand fly is the vector for the


http://www.who.int/leishmaniasis/clinical_forms_leishmaniases/en/index2.html
http://www.who.int/leishmaniasis/clinical_forms_leishmaniases/en/index2.html
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| SANDFLY STAGES |

Sand fly Bite: Injects
promastigote into
the skin

Promastigote
divide in midgut

HUMAN STAGES |

and migrate

Promastigotes are E

towards Fly bites phagocytosed by
proboscis Human macrophages
spreading

infection

Promastigotes are IEI
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HUMAN
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multiplied in
macrophages and
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l 1=infective stage

amastigotes

Fig.8.2 Life cycle of leishmaniasis. (1) Leishmaniasis is
transmitted by the bite of female phlebotomine sand flies.
The sand flies inject the infective stage, promastigotes,
during blood meals. (2) Promastigotes that reach the
puncture wound are phagocytized by macrophages. (3)
They transform into amastigotes. (4) Amastigotes multi-

Old World CL. In patients of the Ethiopian CL, a
similar kind of lesion was also seen, but it may
also give rise to diffuse cutaneous leishmaniasis
(DCL). DCL patients had least cell-mediated
immunity against the parasite. Thus the patients
had disfiguring nodules over the surface of their
body. In CL, the diagnosis is confirmed by clini-
cal manifestation with parasitological tests. VL is
the harshest form of the disease and turned out to
be fatal if left untreated. The disease is systemic
and thus it affects the vital organs of the body. VL
is characterized by irregular bouts of fever, pro-
gressive anemia, pancytopenia, hypergamma-
globulinemia, substantial weight loss, and
hepatosplenomegaly and is complicated by seri-
ous infections. If VL is left untreated in develop-
ing countries, the fatality rate can reach as high as

4= Diagnostic stage

ply in infected cells and affect different tissues. (5) Sand
flies become infected during blood meals on an infected
host when they ingest macrophages infected with amasti-
gotes. (6) In the sand fly’s midgut, the parasites differenti-
ate into promastigotes. (7) They multiply and migrate to
the proboscis

100 % within 2 years. In VL, hypersplenism;
reduced bone marrow activity; lymphadenopa-
thy; hyperglobulinemia; high levels of liver trans-
aminases, CRP, and ESR; and cellular distraction
in the spleen cause leucopenia, anemia, and
thrombocytopenia with concurrent secondary
infections. Leishmaniasis is a curable and treat-
able disease. VL is mostly diagnosed by detect-
ing a combination of clinical signs with
serological or parasitological tests.
Mucocutaneous leishmaniasis causes total or par-
tial damage of mucous membranes of the nose,
throat, and mouth. Mucocutaneous leishmaniasis
is caused by Leishmania  braziliensis.
Mucocutaneous leishmaniasis is caused by L.
tropica in the Middle East. Mucocutaneous leish-
maniasis is mostly predominant in Central and
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DIRECT .
AGGLUTINATION Modifications of DAT
TESTS ANTIGENS EXPLORED

(Schoone et al, 2001)

® Use of whole, stained
promastigotes either as a
suspension or in a freeze-dried
form.

® The freeze-dried form is heat + EasyDAT method

stable.

- Fast Agglutination Screening Test

= Need of only 1 serum dilution
= Rapid: results available in less than 3 hours

(Gomez-Ochoa et al, 2003, Clin Diagn Lab Mol)

Many antigens have been explored for the diagnosis of
leishmaniasisl:

Whole soluble antigens (Ld-ESM-Excretory, secretory and
metabolic antigen by L.donovani)

Purified antigens such as fucose- mannose

Defined, synthetic peptides

® Utilized for field purposes

Recombinant antigens

B [GBP (L.major protein encoding a hydrophilic protein)

serum
® No prognostic value

® Remain positive for several
years after cure

E 2 151 B

Antibody (IgG, Anti-human

Visceral
| - - -
e Relative long incubation time leishmaniasis
of 18 hours
® Need for serial dilutions of |
ELISA

i
—
—

Enzyme

rORFF (L.infantum)

gp63

" K39

—_—p K26, rk9
- m KE16
—

Antigen IgM or IgA)  antibody with acts on the Detection

onsolid in patients’ an enzyme (E) substrate system to
phase of  serum conjugate which  identify the

ELISA changes colour
colour  produced

Fig.8.4 Clinical analysis of VL. The basis of direct agglutination test and its modifications, the ELISA-based detec-
tion, and the different antigens exploited for the diagnosis of VL is represented

South America and the Yucatan peninsula.
According to WHO, 2010, nearly 90 % of cases
of mucocutaneous leishmaniasis occur in Bolivia,
Brazil, and Peru. The vector of mucocutaneous
leishmaniasis is the Lutzomyia sand fly. This is
the most destructive form of Ileishmaniasis
(Ready 2014; www.who.int/mediacentre/fact-
sheets/fs375/en/; Chappuis et al. 2007; http://
www.who.int/leishmaniasis/about_disease/en/).
Though Leishmania infections are distributed
worldwide, they are mostly restricted in five con-
tinents. In nearly 88 countries, this disease is
endemic in the tropical and subtropical regions.
Nearly 1.5-2 million new cases occur every year
worldwide. Fifty to seventy-five percent of all
new cases are actually the cutaneous form, the
most common form. Approximately 1-1.5 million
cases of cutaneous leishmaniasis were recorded
per year (WHO 1995, 2010; Desjeux 2001;

Chappuis et al. 2007; Sundar and Rai 2002; http://
www.who.int/leishmaniasis/about_disease/en/).

VL is typically caused by three species,
namely, L. donovani, Leishmania infantum, and
Leishmania chagasi. Each parasitic species has a
unique epidemiological pattern and different
species-specific clinical features. The clinico-
medical manifestations of all types of VL change
now and then. In the Indian subcontinent, leish-
maniasis is almost uniquely caused by L. don-
ovani. L. donovani affects individuals of all age
groups. L. infantum causes VL in children and
immunosuppressed individuals in  the
Mediterranean basin, whereas L. chagasi causes
VL disease in children in Latin America. L. trop-
ica is reported to cause visceral disease in nonim-
mune persons (Ready 2014; Herwaldt 2001;
Chappuis et al. 2007; Sundar and Rai 2002;
Marsden and Jones 1985).


http://www.who.int/mediacentre/factsheets/fs375/en/
http://www.who.int/mediacentre/factsheets/fs375/en/
http://www.who.int/leishmaniasis/about_disease/en/
http://www.who.int/leishmaniasis/about_disease/en/
http://www.who.int/leishmaniasis/about_disease/en/
http://www.who.int/leishmaniasis/about_disease/en/

8.2 Epidemiology

The zoogeographical distribution pattern of
leishmaniasis is restricted to the nearby localities
of natural distribution of its vector, the sand fly
(Phlebotomus argentipes). The spread of the
sand fly vector as well other reservoir systems of
Leishmania is mainly contributed toward eco-
nomic progression, urbanization, deforestation,
procurement of newer human habitats, migration
from rural areas to urban ones, and many others.
Moreover, with the increase in the populations of
immunodeficient HIV-infected patients, mostly
in Africa and southern Europe, the number of
new host populations was also increasing (WHO
1995; Ready 2014; Desjeux 1999; Alvar et al.
1997; Chappuis et al. 2007; Sundar and Rai
2002).

HIV and Leishmania coinfection leads to full
swing of clinical disease, with high mortality and
relapse rates. The better choice in treatment of
such coinfection is the antiretroviral treatment
which lessens the development of the disease.
Leishmania and HIV coinfection is quite a com-
mon emerging disease in Southern Europe, where
nearly 25-70 % of adults with VL have
AIDS. Thus leishmaniasis acts as an opportunis-
tic infection, and it has been included as an
AIDS-defining illness. In HIV-infected patients,
the presence of the Leishmania parasite in the
peripheral bloodstream makes these subjects a
convenient reservoir and source of disease infec-
tion for the vectors. Even, due to high parasite
load in peripheral blood, the transmission rate of
leishmaniasis among intravenous drug consum-
ers by use of shared common syringes is quite
high. The emergence and resurgence of leish-
maniasis in newer hosts and in newer geographi-
cal areas forwarded a newer challenge in the
research of Leishmania including areas of diag-
nosis, treatment strategies, and disease control.
Due to its coinfection with leishmaniasis, it is
spreading to other non-endemic areas of the
world (WHO 1995; Desjeux 1999; Alvar et al.
1997; Chappuis et al. 2007; Sundar and Rai
2002).

Nearly 90 % of the authenticated worldwide
Leishmania cases occur in India, Bangladesh,
Sudan, and Nepal. In India, an estimated number
of 165.4 individuals are at the risk of VL in four
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states. WHO, 2010, reported 15538 cases and 47
deaths of VL in India. In India, it is a fatal set-
back in Bihar, Jharkhand, Eastern Uttar Pradesh,
and West Bengal where both kala-azar and PKDL
occur even in women and also in children within
0-9 years of age. PKDL mostly occurs within 2
years of recovery from VL. The mortality rate of
untreated cases of kala-azar is up to 90 %; with
treatment it decreases to nearly 15 % and up to
20 % subclinical infection. In India also, there are
reports that the sand fly vector is developing
resistance or that there is a possibility of a new
variant or a vector of the disease. Additionally,
there were reports of the development of resis-
tance in patients toward sodium antimony gluco-
nate (SAG), the chief drug for Leishmania
treatment. The widespread Leishmania—malaria
coexistence in Bihar caused a serious hindrance
in the diagnosis and treatment of the disease.
Moreover, clinical trials in India with amphoteri-
cin B, the third-line medicine by the National
Malaria Eradication Program, have shown
encouraging results. The phase III trials with a
first-generation vaccine using killed and dead
Leishmania organism added with BCG adjuvant
have also shown promising results. In India, as no
effective vaccine therapy is available, so the best
therapeutic approach includes sand fly vector
control and treatment of patients before it turn
out to be drug resistant (Ready 2014; Bora 1999;
Thakur 2000; WHO 1995).

In Central America and Asia and Kenya and
other parts of Africa, VL remains a prominent
health problem. In these endemic regions, splenic
aspirate smear and its culture are the standard
routine methods for monitoring therapy and fur-
ther relapse (Wasunna et al. 1995). The epidemi-
ology of kala-azar and asymptomatic leishmanial
infection in a Bangladeshi community was mea-
sured by serological and leishmanin skin test
(Bern et al. 2007). VL was reported to be a major
health problem in Kenya and also in other parts
of Africa, Central America, and Asia. Apart from
the currently standard methods of monitoring
therapy and relapse of VL by splenic aspirate
smear and culture, less invasive techniques
include the usefulness of measuring the serum
concentrations of acute—phase reactant markers,
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alpha-1-acid glycoprotein (AGP), CRP, and
serum amyloid A protein (SAA) (Wasunna et al.
1995).

VL is prevalent in most countries of the
Mediterranean areas, including Turkey. Mostly, in
Turkey, Leishmania infantum is responsible for
VL. From January 2000 to December 2003,
nearly 19 children were reported with VL, and
from December 2003 to January 2008, almost 13
consecutive cases of VL were also reported
among children. The laboratory and clinical find-
ings at diagnosis include elevated erythrocyte
sedimentation rate (ESR) and CRP, high fever,
splenomegaly, hepatomegaly, and anemia in
patients. All the patients were positive for
Leishmania antibodies and Leishmania amasti-
gotes were detected in 69.2 % cases. Patients were
cured with liposomal amphotericin B after initial
treatment failure by using meglumine antimoniate
(Tanir et al. 2006; Arik Yilmaz et al. 2009).

An adult VL case (31-year-old male patient)
was also reported from Zonguldak (a province
located at the western Black Sea region) from
Turkey. VL was confirmed in the patient by the
diagnosis, by the detection of Leishmania 1gG
titer, by the observation of Leishmania amasti-
gote in the bone marrow smears, and by the pres-
ence of Leishmania promastigote in the bone
marrow culture. The patient was treated with
pentavalent antimony (Oztoprak et al. 2010).

The known sequel to visceral leishmaniasis is
post-kala-azar dermal leishmaniasis (PKDL).
PKDL is mostly restricted to skin. PKDL is quite
common in East Africa, Sudan, and India. In
Sudan, nearly 50 % of the patients suffering from
kala-azar develop PKDL (Gasim et al. 2000). In
Sudan, PKDL may occur concurrently with or
immediately after an episode of VL. Thus, it is
largely constricted to countries or regions where
Leishmania donovani is the prominent causative
parasite. In interepidemic periods of VL, PKDL
acts as a reservoir for parasites and thus probably
has an important function in transmission of
VL. The patients were healed spontaneously in a
time period of 6 months to several years after the
VL episode. Though the diagnosis of PKDL is
mainly clinico-medical, parasites can also be
seen by microscopic smears with restricted sensi-
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tivity. In more than 80 % of cases, parasites may
be detected by PCR and monoclonal antibody
techniques. The leishmanin skin test and sero-
logical tests are of limited value. In Sudan, most
cases will self-cure, but treatment strategies are
required in severe and chronic cases. In Indian
PKDL, treatment is also needed. In India, sodium
stibogluconate is given to patients at 20 mg/kg
for 4 months and for 2 months in Sudan.
Liposomal amphotericin B also seems to be
effectual. Some new compounds of major poten-
tial interest like miltefosine can also be adminis-
tered orally or topically. Although modern
research has brought diverse new insights in the
pathobiology and management of PKDL, various
issues in exacting in relation to control measures
remain unsolved and warrant serious attention
(Sundar et al. 2015; Mukhopadhyay et al. 2014;
Singh et al. 2011; Mondal and Khan 2011;
Ganguly et al. 2010; Zijlstra et al. 2003).

Patients of PKDL have papular, macular, or
nodular rash mostly found on face, trunks, upper
arms, and also in other parts of the body.
Depending on the severity, the rash usually first
initiates around the mouth from where it gradu-
ally stretches to other parts of the body. In a pop-
ulation, PKDL cases serve as a reservoir of
Leishmania infection. Thus PKDL patients
should be diagnosed and treated effectively.
PKDL patients were characterized by the pres-
ence of macular, papular, or nodular lesions or a
mixture of them on their faces. In India, as com-
pared to Sudan, nearly the outcome of <10 % of
VL cases is PKDL. PKDL occurs after 6 months
to 3 years of the cure of VL (Zijlstra et al. 2003;
Sundar et al. 2015; Mukhopadhyay et al. 2014;
Singh et al. 2011; Mondal and Khan 2011;
Ganguly et al. 2010). Miltefosine, the first-line
therapy, recommended by WHO for the treat-
ment of VL in the Indian subcontinent, has shown
its efficacy also in the treatment of PKDL (Sundar
et al. 2015).

Thirty-three PKDL patients from Muzaffarpur,
Bihar, India, were enrolled between July 2009
and June 2010 at the Kala-Azar Medical Research
Center, Muzaffarpur, at the field site of the
Institute of Medical Sciences, Banaras Hindu
University. The patients were followed up for
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1 year after effective treatment with miltefosine
(Sundar et al. 2015).

8.3 VL and its Pathogenesis

The life cycle of L. donovani revolves around two
distinct forms, the flagellar promastigote form
developed in the alimentary tract of the sand fly
arthropod vector and the amastigote form which
perpetuates in the mammalian host. Only the
female vector flies carry the disease during their
blood meal, by inoculating the promastigote into
the skin of the vertebrate host. The promastigotes
are engulfed by macrophages and dendritic cells
in the dermis of the skin, and by losing their body
flagella, they gradually differentiate and trans-
form into amastigotes. Through a multifaceted
host—parasite interaction, the amastigotes multi-
ply, thrive, and survive in the phagolysosomal
vacuoles. The parasites spread through the vascu-
lar and lymphatic systems and infect other
immune cells like macrophages and monocytes
in the reticuloendothelial system and finally infil-
trate the spleen, bone marrow, liver, and different
lymph nodes (Rittig and Bogdan 2000; Lodge
et al. 2006; Chappuis et al. 2007).

Leishmaniasis is a fatal and systemic disease.
Rate of infection does not always show a rela-
tionship with clinico-medical illness. Many cases
of asymptomatic infections along with symptom-
atic clinical cases are quite prominent in endemic
areas (Chappuis et al. 2007). Even in many areas,
different species overlap with different disease
forms of leishmaniasis. Thus it is quite relevant
to understand the disease pathogenesis in leish-
maniasis to intervene in proper therapeutic
approaches. The causative organism not only
subverts the detrimental effect of the host adap-
tive and innate responses but can also resist the
microbicidal activity of various immune cells
like macrophages and monocytes. The pathobiol-
ogy of the Leishmania parasite is highly critical,
and most of the information is culminated from
different experimental murine or mice models
(Bodman-Smith et al. 2002a).

The main thrust of Leishmania research is to
search the molecular mechanisms that allow
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these parasites to enter into host macrophage,
survive, and thrive in the hostile intracellular
environments. Lipophosphoglycan (LPG), a
novel surface glycoconjugate, is a multifunc-
tional virulence determinant which is essential
for perpetuation of Leishmania infections in the
host. Another major surface protease, a 63-kDa
molecule, the gp63, serves as a ligand toward
host cells after transmission (Mosser and
Rosenthal 1997; Bodman-Smith et al. 2002a).

In the differentiation of less infectious L.
major promastigotes to the highly infectious
“metacyclic” form, it propagates from the loga-
rithmic growth phase to the stationary growth
phase and gradually the structure of the LPG is
modified. The LPG molecule is composed of lin-
ear chain arrangements of phosphorylated oligo-
saccharide repeat units attached to the membrane
by glycosyl-phosphatidylinositol  glycolipid
anchor. The average number of repeat units per
molecule of LPG is doubled during metacyclo-
genesis. Other structural changes of LPG also
occur. The structural modification during devel-
opmental phase of the LPG molecule is important
in modulating the binding of the promastigotes to
different receptors in the midgut of the sand fly
and to the human macrophages. The LPG is mod-
ified so that the metacyclic promastigotes turned
out to be resistant toward complement-mediated
lysis (McConville et al. 1992).

During metacyclogenesis of Leishmania para-
site inside the insect vector, the promastigotes
morphologically change in size and shape. Both
LPG and gp63 undergo varied qualitative and
quantitative modifications as the promastigotes
differentiated from procyclic to infective metacy-
clic forms. During the metacyclic stage, many
proteins like Meta-1, SHERP, and HASP were
also upregulated (Muskus and Marin 2002).

LPG and gp63 molecules are significantly
involved in the identification of virulent strains
by the macrophages. Various other carbohydrate
receptors are also involved in the recognition of
avirulent (strain UR6) and virulent (strains AG83
and GE1) strains of Leishmania parasites into the
host macrophages. Avirulent Leishmania pro-
mastigotes probably use the mannosyl fucosyl
receptors (MFR) for their initial attachment and
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consequent internalization into the host macro-
phages. The virulent Leishmania parasites
restricted the use of this receptor (Chakraborty
et al. 1998).

The expression of a greater number of LPG
and gp63 in virulent strains of Indian L. donovani
(AG83 and GE-I) than the avirulent strain (UR6)
perpetuates much faster internalization of the
virulent one inside the macrophages. Both LPG
and gp63 synergistically help the faster entry of
virulent strain in macrophages. Moreover aviru-
lent strain (UR6) remains unaffected by either
LPG or gp63. The transfection of avirulent UR6
strain with the gp63 gene cloned from L. amazo-
nensis helps in faster entry of the transfected
URG like the virulent strain as compared to the
non-transfected UR6. Thus, the expression of the
gp63 gene is significantly involved in the recog-
nition and internalization of Leishmania parasite
into the macrophages (Chakraborty et al. 1998).

The combating mechanism of the parasite
starts as it enters the mammalian host as a pro-
mastigote. Though the promastigotes are
engulfed by the macrophages, they are resistant
toward proteolysis and varied degrading mecha-
nisms inside the phagosome. Gradually the pro-
mastigotes reside and transform to amastigotes
inside the neutrophils, dendritic cells, monocytes,
and macrophages. The C3b complement-
opsonized parasites are also internalized by
phagocytic cells. Once inside the phagosome, the
parasite is resistant toward lytic clearance and
degradation. The surface glycoprotein, gp63,
converts the C3b to iC3b and helps in faster
phagocytic uptake. Phagocytic engulfment favors
the survival of the parasite as it can subvert the
phagosomal environment (Malla and Mahajan
2006; Silverstein 1977; Channon et al. 1984;
Remaley et al. 1984; Kausalya et al. 1996).

The macrophage applies various strategies to
combat the parasitic intervention. These strate-
gies involved the production of oxidative burst,
attack of hydroxyl and superoxide radical on the
parasite in the phagosome, and also production of
degrading acidic enzymes in the phagolyso-
somes. Various enzymes secreted by the phago-
some and the lysosome are flooded over the
parasite in the phagolysosome. In the phago-
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some, the Leishmania parasite resists this attack
by coating itself with acid phosphatase enzymes.
The acidic environment maintained in the pha-
golysosome is resisted by the parasite by proton
pump to maintain its intracellular pH close to
neutrality. The surface molecule LPG plays a
crucial role in inhibiting the various lysosomal
enzymes. The parasite evolves various immune
evasion mechanisms to attenuate the macrophage
microbicidal machinery. The responsiveness of
the macrophage toward lipopolysaccharide in the
induction of IL-10 production is reduced. Inside
the macrophage, the parasite gradually subverts
the humoral immune responses (Malla and
Mahajan 2006; Silverstein 1977; Channon et al.
1984; Remaley et al. 1984; Kausalya et al. 1996).

Presence of anti-leishmanial antibodies in the
sera of the patients due to humoral immunity
depends on the species of Leishmania infecting
the human. In many forms of this disease, the
presences of anti-leishmanial antibodies were
critically evaluated for the diagnosis and progno-
sis of the disease. In many cases of VL, a strong
titer of anti-leishmanial antibody was found in
the patient sera. However, the role of anti-
leishmanial antibodies in the pathogenesis of this
disease is quite unclear. The presence of high
antibody titer during the active phase of VL is
used in various serodiagnostic applications (Kaul
et al. 2000; Chakraborty et al. 1998; Sunder et al.
2002).

The differential antibody (IgG of different
subclasses) intensity in kala-azar and PKDL in
pediatric patients was studied as a marker of
leishmaniasis toward differential disease suscep-
tibility (Ansari et al. 2008).

Sialic acids are a group of nine-carbon sugars
that featured outstandingly at terminal positions
of surface-exposed glycoconjugates adding
important dimensions in functioning of the cell
surface (Bandyopadhyay and Mandal 2008;
Mukhopadhyay and Mandal 2006; Shukla and
Schauer 1982; Varki 2008). We have demon-
strated the presence and role of sialic acids on
Leishmania by many of our researches (Chatterjee
et al. 2003; Chava et al. 2005). Although biologi-
cal roles of the O-acetylated sialic acids have
been attributed in other systems (Chava et al.
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2004; Kelm and Schauer 1997; Sharma et al.
1998), their role in causing enhanced infectivity
has also been demonstrated.

The presence of 9-O-acetylated sialoglycans
(9-O-AcSGs) on different hematopoietic cells
from VL patients had an enhanced presence of
antibodies directed against them was demon-

strated in VL. The antibodies, namely, anti-O-
AcSGs, even at normal physiological
concentrations,  triggered  the  classical

complement-mediated deposition of C3 mole-
cules on promastigotes and subsequent lysis of
the parasite. Other complement pathways like
alternate pathways and CRP-mediated pathways
play a negligible role. Thus anti-O-AcSGs act as
a significant source of classical complement
pathway activation at normal physiological con-
ditions, conferring that they play a function in
protecting the host from the parasite infection
(Bandyopadhyay et al. 2004).

Several species of Leishmania promastigotes
can fix the complement components by activating
the alternative complement cascade where C3 is
deposited on the surface of the parasite. This
resulted in complement-mediated lysis of para-
sites or accelerated uptake of the parasite into
macrophages. Thus the in vivo infective func-
tioning of the parasite is balanced between the
extracellular lysis and enhanced internalization
into phagocytic cells (Mosser and Edelson 1984).
The Leishmania parasite gains entry into macro-
phages through receptor-mediated endocytosis,
and the binding determinants include at least
sialyl, glucosyl, mannosyl, and
N-acetylglucosaminyl terminal residues (Chang
1981).

Cell-mediated immune response of the host
species mainly plays a major role in combating
and curtailing the infection. The critical patho-
physiology revolves mainly around the T-cell
unresponsiveness and production of circulatory
interleukin-10 (IL-10) of the host individual
toward different L. donovani antigens. The Th1/
Th2 paradigm of the host responses in resisting
or being susceptible toward the Leishmania
infection is the topic of research. Thl induces the
production of IFN-y to activate the cell-mediated
immune responses. Th2 stimulates the produc-
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tion of IL-4 cytokines. IL-10 stimulates the pro-
duction of CD25-Foxp3—-T cells, whose role
was currently demonstrated in the pathobiology
of human VL in India. In cases of malnutrition
and young age, the gene encoding for the solute
carrier family 11 Al (SLCI11Al; formerly
NRAMPI), the family which controls macro-
phage activation, decreased synthesis of
interferon-y and regulates polymorphisms in the
promoter of the tumor necrosis factor gene or
concomitant immunosuppressive diseases, like
HIV infection; the increased threat of developing
clinical illness is amplified, and as such, the cru-
cial role of the cell-mediated immune responses
cannot be neglected (Sharma and Singh. 2009;
Chakraborty et al. 1998; Malla and Mahajan
2006; Bodman-Smith et al. 2002a).

The ability of CRP to stimulate pro-
inflammatory cytokines (Ballou and Lozanski
1992; Galve-de Rochemonteix et al. 1993) and to
regulate the production of nitric oxide and super-
oxide has been previously established by several
investigators (Pal et al. 2000). Although toxic
oxygen may have a role in killing, nitric oxide
has been more evidently associated with parasite
killing. L. donovani is known to tip the cytokine
balance toward the less advantageous (to the
host) Th2-type response (as measured by
decreased IL-4 production) much away from the
Th1 response. CRP has also been known to mod-
ify macrophage cytokine production, and there-
fore relations of promastigotes with CRP
premature in infection might be supposed to lead
to a change in the stability of the cytokine profile
synthesized. However, the parasite dynamically
tries to organize the macrophage response
through molecules like LPG present on the outer
surface of the infective promastigotes. For obvi-
ous reason, LPG is known to behave as a potent
macrophage suppressor and is able to resist mac-
rophage functions like nitric oxide synthesis,
interleukin (IL)-1 production, and phagolyso-
somal fusion (Sharma and Singh 2009;
Chakraborty et al. 1998; Malla and Mahajan
2006; Mortensen and Zhong 2000; Ghalib et al.
1995a; Ghalib et al. 1995b; Wilson et al. 1996).

Before the adaptive immune response comes
into play, CRP in a pattern recognition manner
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may afford a more rapid and forceful response by
the host, laying the groundwork for the full reac-
tion by the immune system. CRP binding to the
organism, at concentrations much below those,
initiates during the total acute-phase response to
trigger FcyR-bearing cells to produce different
protective, inflammatory cytokines. Studies also
showed that, once the acute-phase stages of CRP
are attained, it plays a central role in the inflam-
matory response (Das et al. 2003, 2004a; Ansar
et al. 2009a).

Different effector molecules like nitric oxide
(NO), interferon-gamma (IFN-y), CRP, and IL-6
are the key molecules of the host defense mecha-
nism against Leishmania infection in kala-azar
(KA) and post-kala-azar dermal leishmaniasis
(PKDL) as compared to healthy individuals. NO
and CRP are both involved in the pathogenesis of
Leishmania. The circulating concentration of
IFN-gamma, NO, CRP, and IL-6 was showed to
be elevated in pretreatment KA patients as com-
pared to PKDL or healthy individuals, while, in
posttreatment KA patients, CRP and IL-6
remained above the control level and IFN-y and
NO levels significantly decreased. Presence of
neutralizing cytokines along with the possibility
of unresponsiveness to Thl-type stimuli helps in
detrimental pathogenesis in Leishmania (Sharma
and Singh 2009; Chakraborty et al. 1998; Malla
and Mahajan 2006; Mortensen and Zhong 2000;
Ghalib et al. 1995a, b; Wilson et al. 1996; Ansari
et al 2007).

The parasite survives even in the presence of
high levels of NO and IFN-y as there always
remains a counteracting interaction between these
molecules. Hence, the study implies that due to
immunosuppression of the human host during
visceral leishmaniasis, the appearance of various
effector molecules against the parasite is not sup-
pressed. A balance should be maintained between
related cytokines and effector molecules (IFN-y
and NO) that enhance leishmanicidal affect. The
excessive synthesis of IFN-y and NO could be
related with the succession of the disease. CRP, as
reported in other papers, could be a useful as a
noninvasive inflammatory biomarker for monitor-
ing KA, particularly in response to therapeutic
protocols and relapse (Ansari et al. 2007).

8 Role of CRP in Leishmaniasis

The leishmanicidal activity is highly damp-
ened with difficulties like toxicity or drug resis-
tance. The incidence rate of leishmaniasis is on
the hike for children, and the reasons are yet to be
defined (Ansari et al. 2008).

Relation between CRP
and Leishmania

8.4

CRP, a member of the pentraxin family of pro-
teins, is a highly ancient and conserved molecule.
It is synthesized in the liver and generally shows
the characteristics of calcium-dependent ligand-
binding property (Bodman-Smith et al. 2002a).
The disease induced glycosylated molecular vari-
ants of human CRP emerged in certain pathologi-
cal conditions and showed the differential binding
interaction with several biological macromole-
cules (Ansar and Ghosh 2013; Das et al. 2003,
2004a). CRP acts as an acute-phase protein in
humans and plays an important player in innate
immune system. Similar to the immunoglobulin
G (IgG) molecule, it activates the complement
cascade, binds to Fc receptors, and operates as an
opsonin for multiple pathogens like bacteria, par-
asite, etc. Unlike IgG, which prominently recog-
nizes distinct antigenic epitopes of pathogen,
CRP recognizes only altered self and foreign
antigenic molecules based on varied pattern rec-
ognition processes. CRP provides early defense
and leads to a pro-inflammatory signal and stim-
ulation of the humoral branch of adaptive immune
system (Mortensen et al. 1976; Marnell et al.
1995; Oliveira et al. 1979; Bodman-Smith et al.
2002a; Ansar et al. 2009a).

In contrast to other immune systems, where
CRP opsonization results in macrophage stimula-
tion, CRP causes a complement-independent
uptake of the parasite into macrophages and
recovers infection without stirring detrimental
macrophage activation. It has already been
reported that CRP is a protein which Leishmania
can utilize to go into the macrophage at normal
plasma levels of CRP. Evidence from researches
was presented that CRP bound to LPG molecule
constitutes the glycocalyx coat of the parasites.
LPG and gp63, two major surface glycoproteins
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of Leishmania, are both involved in the parasite
virulence, as well as resistance of parasites to
complement-mediated lysis. Parasites actively
control the macrophage response through LPG
since LPG is recognized to act as an effective
macrophage suppressor and restrain macrophage
functions. Thus, CRP by binding with parasite
promastigotes via LPG helps in the initiation of
parasitic infection in the host (Bodman-Smith
et al. 2002a; Culley et al. 1996).

Role of CRP in Leishmania
Infected Animals

8.5

CRP shares many functional attributes in com-
mon with human IgG, including the ability to
stimulate the classical complement cascade, the
capacity to relate with human FcyR, and the abil-
ity to bind to diverse cell lines and blood cells.
The interaction of CRP with human FcyR medi-
ates various functions that are equivalent to those
of IgG, including diverse cytokine secretion,
opsonized uptake of bacteria, and binding to
altered or exposed self-molecules on damaged
cells. Later during infective phases, phagocytosis
of amastigotes may initiate through immunoglob-
ulin and Fc receptors (FcR). Antibody may also
be required for perpetuation of infection. CRP
binds to PC-substituted carbohydrate moieties on
the surface of S. pneumoniae and LPG on the sur-
face of metacyclic L. donovani. In addition, CRP
binding to L. mexicana metacyclic promastigotes
activates transformation to a prominent amasti-
gote-like stage. Although transformation of L.
mexicana promastigotes to amastigote-like forms
is known to be mediated by binding of CRP, no
information is available regarding the role of
CRP inside the macrophage. It may be envisaged
that like L. mexicana, P-FcR on the L. donovani
surface is the contributory factor for the transfor-
mation of promastigotes to amastigotes in in vivo
condition (Marnell et al. 2005; Volanakis 2001;
Bodman-Smith et al. 2002a; Bharadwaj et al.
1999, 2001; Mold and Du Clos 2006; Szalai et al.
1995; Marnell et al. 1995; Bee et al. 2001).

In dogs naturally infected with Leishmania
infantum parasite, the measurement of urinary
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CRP (uCRP) could be used as a device to detect
and calculate the possible renal damage associ-
ated with leishmaniasis. The presence of azote-
mia and proteinuria also affects the urinary
(uCRP) and serum CRP values in dogs suffering
from leishmaniasis. Leishmania-infected dogs
with proteinuria and elevated serum creatinine
(sCr) had high levels of uCRP and had more renal
damage since uCRP/creatinine ratio was promi-
nently elevated. The uCRP/creatinine ratio has a
noteworthy increase in dogs with proteinuria
having elevated sCr values (Martinez-Subiela
et al. 2013).

Rossi in 2014 reported the importance of a
negative acute-phase reactant, an antioxidant
enzyme, paraoxonase (PON1), that works as a
better predictor than CRP and electrophoretic
fractions for the clinical recovery of leishmani-
otic dogs undergoing standard treatments. PON1
activity had abnormal values at admission in
severely sick leishmaniotic dogs. PON1 activity
decreased in dogs with systemic inflammation
but not in those dogs with mild leishmaniasis.
During the course of treatment, the PONT1 activ-
ity normalized earlier than other markers like
CRP due to oxidative phenomena. So, PON1
activity should therefore be tested on admission,
and for low values of PON1, severe inflammation
may be suspected. PON1 measurement may be
done repeatedly during treatment for early identi-
fication of responsive dogs (Rossi et al. 2014).

The activity of PON1 in leishmaniotic dogs
was also monitored by other researchers along
with other markers. The changes in the concen-
tration of high-density lipoproteins (HDLs)
before and after treatment were used to monitor
the extent of oxidation-related inflammation in
leishmaniotic dogs. The serum concentration of
CRP, antioxidant enzyme paraoxonase (PON1),
and HDL cholesterol (HDL-chol and HDL %)
were measured in leishmaniotic and control
dogs. At admission, the levels of HDL-chol and
PONI1 were low in leishmaniotic dogs and grad-
ually their value increases after treatment. CRP
is negatively correlated with HDL-chol and
HDL%, whereas PONI is positively related. As
HDLs decrease through an oxidative mechanism,
so it may be used as a marker of inflammation,
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along with CRP in leishmaniotic dogs (Ibba et al.
2014).

The kinetics of different acute-phase proteins
(APPs) in dogs experimentally infected with the
parasite L. infantum, during the time course of
therapy against canine leishmaniasis, was
reported from Spain in 2011. Seven months
postinfection, the concentrations of CRP, serum
haptoglobin, and serum amyloid A from infected
beagles were quite high. Experimental infection
with L. infantum amastigote forms induces a hike
in the concentration of all these APPs. After clin-
ical recovery, the levels of all APPs decreased
significantly. Thus this study pointed the rele-
vance of APPs as premature markers for canine
VL as well as for scrutinizing the response of the
organism toward treatment in canine leishmania-
sis (Martinez-Subiela et al. 2011).

Role of CRP in Leishmania
Infected Humans

8.6

It was previously reported that human and rabbit
CRP can precipitate excreted factors from
Leishmania tropica and Leishmania donovani in
a calcium-dependent manner. The reported reac-
tion appears to occur in a similar fashion to that
reported to occur between CRP and the various
galactans (Pritchard and Volanakis 1985).

In 2011, recombinant CRP was purified from
Leishmania tarentolae growth medium, and the
binding specificity of recombinant CRP with PC
was also verified (Dortay et al. 2011).

But the binding of CRP to Leishmania para-
sites was first reported in 1994 by Raynes et al.
(1994). During the infection of Leishmania don-
ovani in human host, the parasite turns out to be
promastigotes at the infectious metacyclic stage
of development. The promastigote is actually an
obligate intracellular parasite of the mononuclear
phagocytes of human. Lipophosphoglycan (LPG)
molecule present on the promastigote cell surface
helps in both uptake and survival of these para-
sites within the macrophage. CRP specifically
binds to the surface LPG of the promastigote of
Leishmania donovani, at concentrations found in
normal human serum (10 pg/ml). CRP even in its
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normal concentration is sufficient enough to bind
specifically with Leishmania parasites. The
infectious metacyclic promastigotes after CRP-
opsonization were increasingly engulfed and
uptake by human monocyte-derived macro-
phages. Thus CRP is actually helping the para-
sites to enter the macrophages to avert the host
immune response. Apart from phosphorylcholine
(PC), the characteristic ligand of CRP is
LPG. LPG has a repeating phosphorylated disac-
charide unit molecule as its backbone. LPG also
forms a unique ligand for CRP. Protein A remains
another ligand for CRP apart from PC (Das et al.
2004a). This is the first report showing the bind-
ing of CRP to another novel ligand LPG by using
mAb against LPG with its known ligand speci-
ficities (Culley et al. 1996). In the year 2000, the
repeating phosphorylated disaccharide units of
LPG was characterized by various experimental
assays by the author FJ Culley and his group
itself. The avidity of binding CRP with this
phosphorylated disaccharide unit was also deter-
mined. CRP showed highly specific binding for a
unique chemically synthesized carbohydrate
ligand (phospho-oligosaccharides and synthetic
oligosaccharides of diverse conformations and
lengths) representing the repeating disaccharide
of LPG. Increasing the number of ligand phos-
phorylated disaccharides does not elevate the
avidity for CRP, but the number of CRP binding
sites increases. The binding interaction of CRP
with phosphorylated disaccharide units was eval-
uated by competitive binding. CRP was com-
peted to bind to whole Leishmania parasites with
unsubstituted monosaccharides and/or sulfated,
amino, and phosphorylated monosaccharides. Of
all these parasite surface molecules, only phos-
phorylated monosaccharides were able to slow
down during binding. The avidity for CRP was
influenced by both the position of phosphoryla-
tion and the carbohydrate molecule. The opti-
mum structure of the phosphorylated disaccharide
units needed for CRP recognition is a lone phos-
phate group placed in between two monosaccha-
ride pyranose rings, encircled within a linear
molecule. Both the phosphate group and the car-
bohydrate are required for the interaction with
CRP. CRP may bind with large collections of
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phosphorylated carbohydrates. These carbohy-
drates are characteristic of the surface of micro-
organisms and help to carry over the host innate
immune functions through receptor-ligand inter-
actions (Culley et al. 2000).

The metacyclic infective promastigote forms
of Leishmania mexicana transformed into the
amastigote form into their human hosts. The
kinetics of this transformation was maximum at
32 °C/pH 5.5 and intermediate response at 26 °C/
pH 5.5 and little transformation occurred at 26 °C/
pH 7.2. All these transformations occurred in vitro
by stimulation in presence of normal human
serum. In complement heat-inactivated serum
(previously serum was incubated at 56 ° C for
1 h), the transformation was markedly reduced.
This activating effect could be repeated by expo-
sure to a purified human CRP. As mentioned ear-
lier by other authors (Culley et al. 1996), CRP
binds to the whole outer surface of L. mexicana
metacyclic promastigotes in a dose-dependent
manner within its normal serum concentration
(10 pg/ml). The activating effect of CRP in the
transformation was highly specific as there is no
transformation in CRP-depleted serum. However,
the stimulatory effect of whole serum was restored
by addition of purified CRP. The effect of purified
CRP in transformation occurred at its normal
serum concentrations. This is also validated by FJ
Culley’s study on L. donovani (Culley et al. 1996)
where CRP even in its normal concentration is
sufficient enough to bind specifically with
Leishmania parasites (Bee et al. 2001).

Previously it was reported that in human host,
CRP-opsonized Leishmania parasites were
quickly uptake by macrophages (Culley et al.
1996). But in the presence of surplus CRP in the
fluid phase, CRP-opsonized uptake of L. don-
ovani was inhibitable. CRP could not alter the
parasite survival over a span of 72 h within the
peripheral blood-derived macrophages (PBMs)
or in differentiated U937 cells. Thus CRP helps
the parasite not only in its uptake but also in its
survival within the macrophages. By altering the
macrophage function, CRP showed its meaning-
ful significance in CRP-opsonized uptake of L.
donovani and its endurance within human macro-
phages and the subsequent macrophage cell
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responses to the parasite infection. However,
CRP in in vitro condition enhances macrophage
responses to erythrocytes coated with phosphor-
ylcholine. CRP un-opsonized or opsonized pro-
mastigotes of L. donovani do not stimulate the
production of interleukin (IL)-10, tumor necrosis
factor-alpha, or IL-12 from peripheral blood
mononuclear cells. Interleukin (IL)-10 or IL-12
and tumor necrosis factor-alpha help in the
destruction of microbes within the macrophages.
Thus CRP behaves differentially in Leishmania
infection in altering the macrophage responses.
Leishmania parasite is actually using CRP to
improve infection without stimulating detrimen-
tal macrophage responses (Bodman-Smith et al.
2002a).

Different effector molecules like CRP,
interferon-gamma (IFN-y), nitric oxide (NO),
and IL-6 are the key molecules of the host defense
against Leishmania infection in kala-azar (KA)
and post-kala-azar dermal leishmaniasis (PKDL)
as compared to healthy individuals. CRP and NO
are both involved in the pathogenesis of
Leishmania. The circulating concentration of
IFN-gamma, NO, CRP, and IL-6 were increased
in pretreated KA patients as compared to PKDL
or control individuals. In contrast , in posttreated
KA patients, CRP and IL-6 level remained high
and IFN-y and NO levels low as compared to
healthy individuals. However, in sodium anti-
mony gluconate (SAG)-unresponsive patients,
significantly increased levels of CRP, NO, and
IFN-gamma were observed as compared to
responsive patients. Interestingly, in PKDL
patients, NO levels were significantly higher
while other parameters were comparable to nor-
mal individuals. Presence of counteracting cyto-
kines along with the possibility of
unresponsiveness to Thl-type stimuli helps in
detrimental pathogenesis in Leishmania. The
parasite survives even in the presence of high lev-
els of NO and IFN-y as there always remains a
counteracting interaction between these mole-
cules. Hence, the study implies that due to immu-
nosuppression of the human host during visceral
leishmaniasis, the expression of different effector
molecules is not repressed. A balance should be
maintained between correlated cytokines and
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effector molecules (IFN-y and NO) that enhance
the leishmanicidal effect. The excessive synthesis
of IFN-y and NO could be associated with the
advancement of the disease. CRP, as reported in
other papers, could be a useful noninvasive
inflammatory marker for monitoring KA, partic-
ularly in response to therapy strategies and
relapse (Ansari et al. 2007).

Also, in another study, the CRP levels were
shown to be higher in KA and asymptomatic
infected patients in a Bangladeshi community
(Bern et al. 2007). CRP is a widely accepted
inflammatory marker and its immune responses
vary differentially in different stages of inflam-
mation. In different eukaryotic hosts, its heter-
ologous expression was seen. The binding
specificity of recombinant intact CRP pentamer
from the protozoan Leishmania tarentolae
(2 pg/mL culture medium) was for PC in a
calcium-dependent manner. The binding was
not through LPG molecule as reported earlier
(Dortay et al. 2011).

The incidence rate of leishmaniasis is on the
hike for children, and the reasons are until now
to be defined. The children had shown a signifi-
cantly elevated level of IL-10 as compared to
adult patients with kala-azar. Though the level
of anti-leishmanial antibody (IgG4 and 1gG3)
was prominently raised in PKDL and children
in comparison to KA patients, the total concen-
trations of IgG, IgG1, IgG2, and CRP were sig-
nificantly lower. In polymorphic or macular
cases of PKDL, no noteworthy difference in the
level of anti-leishmanial antibody level was
seen. The varied antibody concentration and the
elevated level of circulating blood IL-10 and
CRP could be considered as biomarkers of vari-
ous differential disease susceptibilities in KA
and PKDL cases in adults or pediatric patients
(Ansari et al. 2008).

A case report from Shush in Iran of a 26-year-
old male patient suffering from visceral leish-
maniasis (VL) was also reported in 2011. The
patient had fever with cutaneous lesions, was
negative for Leishman-Donovan bodies as
screened by indirect fluorescent antibody (IFA),
had pancytopenia, and had splenomegaly. The
enlarged spleen was filled by Leishmania proto-
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zoa as revealed by diagnostic splenectomy. The
patient had high levels of CRP, lactate dehydro-
genase (LDH), and erythrocyte sedimentation
rate (ESR) (Khorvash et al. 2011).

Human CRP affinity-purified from VL
patients differs from CRP purified from TB
patients in having differential glycosylation link-
ages in their sugar composition. Glycosylated
CRPs, as a mediator of innate immune system,
cleared damaged erythrocytes by activating the
CRP-complement cascade. The specific binding
of glycosylated CRPs (from VL and TB patients)
with erythrocytes greatly increases the hydropho-
bicity and fragility and decreases the rigidity of
diseased and damaged erythrocytes. The CRP-
bound erythrocytes are hemolyzed by the activa-
tion of CRP-complement pathway, even at
physiological normal concentration of CRP
(10 pg/ml). CRP in its normal physiological con-
dition (10 pg/ml) is also known to increase the
deposition of C3 complement component on
Leishmania donovani promastigotes present in
human serum (Bandyopadhyay et al. 2004;
Culley et al. 1997). Interestingly, deglycosylated
CRPs revealed a much decreased binding with
diseased erythrocytes validating the role of gly-
cosylated molecules on CRP. Thus, the authors
postulated the protective role of CRP in the clear-
ance of damaged erythrocytes in VL and tubercu-
losis. As anemia is a common symptom in VL
and tuberculosis, the significant role of CRP in
influencing hemolysis by activating the CRP-
complement cascade was compared with healthy
control individuals (Ansar et al. 2009a).

The invasive recommended protocol to aspi-
rate bone marrow/spleen for treatment of kala-
azar is to monitor the duration and response of
therapeutic drugs as well as to monitor drug
resistance phenomenon. The less invasive diag-
nostic tools include the evaluation of the role of
CRP in VL patients at different steps of the dis-
ease. This includes the relationship, if any,
between disease activity and CRP levels during
the response to strategic therapy. In 2—12-year
age group children, the plasma level of CRP was
estimated on admission, each 5th day during
therapy, and a continuous follow-up to 2 and
6 months. Before treatment, the mean serum
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CRP value in VL affected children was signifi-
cantly higher in comparison to the healthy sub-
jects. After treatment protocol started, there is a
simultaneous reduction in serum CRP level.
Also, patients having an early low serum CRP
level (<60 mg/l) had faster parasitic clearance
from the spleen in evaluation with patients with
high CRP levels (>60 mg/l). Late responders in
treatment had significantly higher mean serum
CRP levels than in early responders. Thus the
researchers pointed a promising diagnostic role
of CRP and its estimation every 5-10 days during
kala-azar responsive or resistance therapy (Singh
et al. 1999; Singh 2014).

In 1995, researchers again pointed the nonin-
vasive therapeutics and monitoring of VL during
and after therapy using acute-phase reactant
markers like alpha-1-acid glycoprotein (AGP),
CRP, and serum amyloid A protein (SAA). At
admission, VL patients had significantly elevated
levels of CRP, SAA, and AGP, and the serum
concentrations gradually decrease with effective
strategic therapy to reach the normal levels by
3-month follow-up (CRP) or by the end stage of
therapy (SAA and AGP). Patients having more
serum acute-phase protein concentrations showed
significantly time-consuming parasite clearance.
Thus the specificity and sensitivity of these acute-
phase proteins were used as noninvasive markers
of monitoring disease activity and predictors of
parasite clearance. The monitoring of the acute-
phase proteins might be useful for the response of
VL patients to different therapies and also relapse
after cure from VL (Wasunna et al. 1995).

In the diagnosis of VL in children, in some
cases, when it is difficult to find the Leishmania
parasites, then protein profiling of ten proteins
may act as supplementary help. Due to inflamed
condition in VL, the concentration of CRP, alpha-
I-antitrypsin, and orosomucoid increases while
concentration of albumin, prealbumin, and trans-
ferrin decreases. Due to hemolytic mechanisms
in VL, the concentration of haptoglobin
decreases. Thus, in this study also, CRP was
taken as an inflammatory marker of inflammation
(Bouree et al. 2000).

Post-kala-azar dermal leishmaniasis (PKDL)
is the consequence to VL in East Africa and
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India. In Sudan, almost 50 % of the VL patients
develop consecutively PKDL. As reported ear-
lier, the presence of elevated levels of IL-10 in
plasma and in keratinocytes during VL foretells
the succeeding development of PKDL. Patients,
who developed PKDL during the first 6 months
after kala-azar disease, had higher plasma CRP
levels at diagnosis and even after 30 days of fol-
low-up period. Patients who did not develop sub-
sequent PKDL had low plasma levels of CRP at
diagnosis. Thus visceral leishmaniasis patients,
who have a high threat of developing PKDL even
after VL treatment therapies, can be diagnosed at
an early stage by measuring plasma CRP (Gasim
et al 2000).

The role of elevated levels of serum immuno-
globulins in the resistance or progression of VL
is highly unexplored. The effector role of anti-
bodies depends on their interactions with Fc
receptors (type I and II) and also relies on the
patterns of antibody Fc N-glycosylation. Thus,
IgG Fc N-glycopeptide profiling of 187 kala-azar
patients along with 116 endemic controls, 177
asymptomatic individuals, and 43 non-endemic
controls individuals was done. Patients with VL.
had altered IgG Fc N-glycan profiles as com-
pared to asymptomatic or healthy uninfected
individuals. The altered glycosylation profiles
correlated with concentrations of serum cyto-
kines and CRP. The specific Fc N-glycosylation
and its relation with levels of different serum
cytokines and CRP are prominently correlated
with the development of harsh clinico-medical
symptoms in VL, and, clearly, the Fc glycosyl-
ation changes after therapeutic treatment. Thus
altered N-glycosylation of IgG Fc of VL patients
regulates the effector immune function of anti-
bodies toward Leishmania parasites (Gardinassi
et al. 2014).

Leishmania infantum interferes with the oxi-
dative metabolism of phagocytes in dogs. To
assess this, the levels of derivatives of reactive
oxygen metabolites (d-ROMs) were measured in
Leishmania seropositive dogs or asymptomatic
control and dogs with other diseases. Dogs, hav-
ing higher concentrations of d-ROMs, also had
higher serum CRP levels. Thus inflammation
may mask the decreased d-ROMs values as
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induced by Leishmania infection (Paltrinieri
et al. 2010).

The increased concentration of CRP along
with high levels of orosomucoid and alpha-1-
antitrypsin and decreased levels of albumin, pre-
albumin, and transferrin was used in the diagnosis
of visceral leishmaniasis, in some cases when it
is difficult to find the parasites. These experi-
ments were done to profile ten proteins in 7 chil-
dren infected with visceral leishmaniasis. Thus
protein profiling diagram gives a supplementary
data in the diagnosis of visceral leishmaniasis
(Bouree et al. 2000).

8.7  Discussion

It is thought that an understanding of the process
by which the parasite invades into the host cells
holds promise for the prevention or modification
of infectious diseases. This may be possible with
the proper insight into the machinery that the
parasite utilizes to enter into the host cells. The
interface of promastigotes with macrophages has
been an extensively studied aspect of Leishmania
research (Mosser and Rosenthal 1997) although
the entire mechanism of parasite invasion into
macrophages still remains to be elucidated
because it is evidenced that a thriving pathogen
possesses more than one mechanism to divert
destruction by the body’s first line of defense
such as the complement system (Mosser and
Rosenthal 1997). In the case of Leishmania pro-
mastigotes, this divulgence has been taken to an
elevated level. Not only are the damaging effects
of complement activation evaded by the parasite,
but also the useful effects of opsonization are
exploited. It has been showed earlier that promas-
tigote binding and phagocytosis are mainly the
receptor-mediated immune reactions (Mosser
and Rosenthal 1997).

Multiple macrophage receptors, host opso-
nins, and parasite ligands have been associated in
the binding of promastigotes to macrophages.
Internalization of the Leishmania promastigote is
considered to occur through one of several recep-
tor systems. This receptor system includes recep-
tors for complement, fibronectin and mannose,
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immunoglobulin (Ig)G Fc receptors, and many
others.

CRP shares many functional properties in
common with human IgG, including their capa-
bility to activate the classical complement cas-
cade (Kaplan and Volanakis 1974), bind to
various cells (Marnell et al. 2005), and interact
with human Fcy receptor (FcyR) (Marnell et al.
1995; Bharadwaj et al. 1999). Phagocytosis of
amastigotes may occur through Fc receptors
(FcR) and immunoglobulin also (Bodman-Smith
et al. 2002a; Kima et al. 2000). CRP binds to
cells through PC-substituted carbohydrates on
the outer surface of S. pneumoniae (Culley et al.
2000; Szalai et al. 2005a). It also binds with LPG
of metacyclic L. donovani (Culley et al. 1996;
Guy and Bolosevic 1993) and activates transfor-
mation to a more or less amastigote-like stage in
L. mexicana (Bee et al. 2001).

CRP is well known to bind FcyRI with high
avidity and this binding has been shown to cause
opsonized uptake of PC-coated erythrocytes in
FcyRI-transfected COS-7 cells. Subsequently,
during infection, phagocytosis of the amastigote
parasite may occur through Fc receptors, and an
immunoglobulin or antibody may also be
required for continuance of infection (Guy and
Bolosevic 1993; Kima et al. 2000; Bodman-
Smith et al. 2002a; Peters et al. 1995; Wilson and
Pearson 1988).

It has been suggested that LPG and gp63
cause deposition of some complement compo-
nents as opsonic factors on the outer surface of
the parasite. Consequently this causes higher
uptake of the parasite, a less hostile immune
response by the macrophage, and an improved
endurance of the parasite. However, there appears
to be little substantiation that endurance of para-
sites taken up by the Fc receptors is not less than
those opsonized by the complement receptors.
Though nitric oxide is more strongly linked to
Leishmania parasite killing, toxic oxygen may
have a role in killing the parasites. Moreover, the
parasite actively tries to regulate the macrophage
reaction through different molecules like LPG
present on the external surface of infective pro-
mastigotes. LPG is a well-known potent macro-
phage suppressor as it acts to inhibit macrophage
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functions through the regulation of nitric oxide
synthesis, interleukin (IL)-1 production, and pha-
golysosomal fusion. At later phases, a fully dif-
ferentiated amastigote has developed increased
ability to resist pH balance and lysosomal
enzymes and to tip over free radicals (Ballou and
Lozanski 1992; Beverley and Turco 1998; Mold
and Du Clos 2006; Bredt and Synder 1994; Du
Clos 2000; Galve-de Rochemonteix et al. 1993;
Kima et al. 2000; Peters et al. 1995; Proudfoot
et al. 1995; Ratnam and Mookerjea 1998).

CRP binds with phagocytic cells directly
through FcyRI and FcyRII and mostly binds with
macrophages, monocytes, and neutrophils
through FcyR receptors (Marnell et al. 2005).
CRP also binds to human FcyR on U-937 cells,
on transfected COS-7 cells, and on human leuko-
cytes and myeloid cells (Bharadwaj et al. 1999;
Marnell et al. 1995). CRP exhibits multiple func-
tional similarities to IgG including recognition of
ligands, activation of complement via the classi-
cal pathway, binding to receptors on phagocytic
cells, induction of cytokine synthesis by trigger-
ing cellular responses, and enhancement of
phagocytosis. These functional similarities are
explained by their (CRP and IgG) shared ability
to interact with complement component C1q and
with Fcy receptors. FcyRs are well characterized
as important to antibody-mediated immunity
and, when cross-linked by bound IgG antibodies,
trigger cellular responses (Marnell et al. 2005).
Direct uptake of CRP opsonized cells is a much
more efficient uptake process in vitro than CRP-
unopsonized uptake of cells. Attributes of CRP
on cytokine responses to pneumococcal infection
have also been reported. In mice infected intrana-
sally with S. pneumoniae and in human pneumo-
coccal pneumonia, a strong local developed
systemic inflammatory cytokine response pre-
vails, and this early response is correlated with
increased endurance and persistence (Thomas-
Rudolph et al. 2007). CRP binds with FcyR, pro-
tects mice from pneumococcal infection, and
assists S. pneumoniae removal from the blood-
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stream of the host (Suresh et al. 2007; Mold and
Du Clos, 2006).

CRP shares many functional attributes in
common with human IgG, including the ability
to activate the classical complement cascade
(Kaplan and Volanakis 1974), the capacity to
interact with human FcyR (Bharadwaj et al.
1999; Marnell et al. 1995), and the ability to bind
to various cell lines and blood cells (Bodman-
smith et al. 2002a). The interaction of CRP with
human FcyR intervenes several functions that are
common to those of IgG, including cytokine syn-
thesis and opsonized uptake of bacteria and bind-
ing with exposed or altered self-antigens on
damaged cells (Marnell et al. 2005). Later during
infection, phagocytosis of amastigote parasites
may occur through immunoglobulin molecules,
Fc receptors (FcR), and antibody proteins for the
maintenance of infection (Bodman-smith et al.
2002a; Kima et al. 2000; Bharadwaj et al. 2001;
Guy and Bolosevic 1993). CRP binds to
PC-substituted carbohydrate on the surface of S.
pneumoniae and LPG on the surface of
metacyclic L. donovani (Culley et al. 1996,
2000). In addition, CRP binding to L. mexicana
metacyclic promastigotes also stimulates the
transformation to a new amastigote-like stage
(Bee et al. 2001).

CRP possesses at least one function with the
Fc-region of Ig, and it initiates complement
sequence upon reacting with its substrates
(Mortensen et al. 1976). It shares many functions
with IgG, like complement activation, opsoniza-
tion, and phagocytosis (Marnell et al. 1995), and
also has similar amino acid composition, sug-
gesting a common evolutionary origin (Oliveira
et al. 1979).

Accordingly, this chapter will deal with the
binding of CRP with leishmanial parasite. The
main goal of this chapter is to investigate the
modulation of the binding of CRPs with
Leishmania and its detection and application in
immunological diagnosis or pathophysiology in
different forms of leishmaniasis.
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Abstract

The complications and burden of the metabolic syndrome of diabetes is
increasing worldwide. This metabolic disease is represented with inap-
propriate hyperglycemia either due to deficiency of insulin secretion or
reduction in the biologic effectiveness of insulin. The pathogenesis of the
multifactorial diabetes is very complicated. To control this pandemic dis-
ease, the pathophysiology of the disease and stipulated drug targeting cov-
ering definite areas are needed. During the progression of a prediabetic
patient to diabetic, inflammation plays a key role, including insulin resis-
tance and decreased beta cell secretory capacity. Insulin resistance plays a
prominent role in the pathophysiology of various macrovascular compli-
cations. Drugs targeting through different inflammatory pathways repre-
sent a newer approach in the therapeutics of diabetes and its related
complications.

Keywords
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plays a role in the pathogenesis of various
macrovascular complications.

1.

2.

The burden of diabetes and its complications
is increasing worldwide.

Inflammation plays a key role in the natural
history of diabetes. This includes the progres-
sion from prediabetes to diabetes, including
the decreased beta cell secretory capacity and
insulin resistance. Insulin resistance is an
important part of the metabolic syndrome and

© Springer India 2016

. Inflammation has been long known to increase

insulin resistance and decrease beta cell insu-
lin secretion. Circulating cytokines moreover
affect the beta cell function directly causing
increased apoptosis and secretory dysfunc-
tion. These cytokines can also indirectly influ-
ence the beta cell role by increasing the
adipocyte-mediated inflammation.
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4. Inflammation may be one of the underlying
mechanisms of cardiovascular disease in sub-
jects with diabetes and/or obesity. Thus, anti-
inflammatory drugs are the best option to
combat diabetes.

5. In type 2 diabetes mellitus (DM), in adults,
CRP acts as a pro-inflammatory marker. CRP
is associated with the development of insulin
resistance. CRP is a precise predictor for insu-
lin resistance and hyperglycemia in diabetic
patients. CRP levels of diabetic subjects were
higher than normal people.

6. Type 1 and type 2 DM patients exhibit higher
levels of hs-CRP as compared to healthy sub-
jects which suggest endothelial damage. In
type 2 DM, as a predictor of macrovascular
complications, hs-CRP might be used as a key
predictor molecule. Patients with metabolic
syndrome have elevated hs-CRP level.

7. The main inflammatory markers that are used
and have been proved to provide prognostic
information on the outcome and progression
of the disease in diabetic patients are CRP,
TNF-a, IL-6, intercellular adhesion molecule
(ICAM)-1, and VCAM-1.

8. CRP and IL-6 during the acute phase has a
causative role in diabetes mellitus (DM) and a
function associated with the risk of DM com-
plications. More specifically, increased CRP
levels are independent predictors of type 2
diabetes mellitus.

9. High levels of ferritin, hepcidin gene expres-
sion, hs-CRP, and TBARS were related with
the risk of developing type 2 diabetes melli-
tus, and these factors are strongly associated
to the nutritional and insulin resistance status.

9.1 Introduction

Metabolic syndrome is a collection of risk factors
that greatly increases the risk of diabetes, coro-
nary artery disease, and stroke. Metabolic syn-
drome is actually defined as the presence of three
or more of the risk factors. These risk factors
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include  hypertension, insulin  resistance,
increased abdominal obesity, higher hypertri-
glyceridemia, and low high-density lipoprotein
cholesterol (HDL-C) (Grundy et al. 2005; Voils
and Cooper-DeHoff 2014; Ryo et al. 2004;
Mojiminiyi et al. 2007; Lee et al. 2009). Many
researchers by observational studies and confir-
matory studies had pointed the association
between metabolic syndrome with the history of
myocardial infarction and stroke prevalence
(Ninomiya et al. 2004; Koren-Morag et al. 2005;
Kurl et al. 2006).

Diabetes is a chronic disease condition where
the body cannot properly use the insulin it pro-
duces or when the pancreas does not produce an
enough amount of insulin as required by the
body. Hyperglycemia, insulin resistance, hyper-
insulinemia, hyperlipidemia, and hyperhomocys-
teinemia are the important pathophysiological
components of diabetes mellitus that succumb to
endothelial/vascular dysfunction through several
underlying physiological processes (Festa et al.
2000).

It is well established that the endothelium is
not just composed of a single layer of cells but
rather it acts as a regulator exerting various sig-
nificant autocrine, paracrine, and endocrine
actions and thus it affects several cell types. In
addition, the endothelium regulates and main-
tains the vascular tone through several vasoactive
mediators and primarily by nitric oxide. However,
all these functions are altered in diabetes mellitus
(Fig. 9.1, Table 9.1). Hyperglycemia, insulin
resistance, and elevated free fatty acids (FFAs)
stimulate systemic inflammatory processes and
impair nitric oxide bioavailability, leading to
impairment of endothelial function (Tousoulis
et al. 2013). Changes in the expression of pro-
inflammatory molecules and adhesion molecules
with their regulated alterations exist in diabetes
mellitus (Table 9.1). The endothelium after
activation expresses adhesion molecules and
different causative factors that participate in the
inflammatory process and, subsequently, in the
pathophysiology of atherosclerosis in diabetes
mellitus. Endothelial cells are stimulated by
pro-inflammatory molecules like TNF-o and CRP
to promote atherogenic processes. The major
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9 CRP and Diabetes: Sugar Is Not So Sweet

Table 9.1 Diabetes mellitus-related endothelial dysfunction: mechanisms and related markers?

Mechanisms

Insulin resistance
Abnormal cluster of
hyperglycemia

Increased oxidative stress/
reduced nitric oxide
production

Increased inflammatory

Elevated free fatty acids
Glycosylated end products

Manifestation

Increased arterial stiffness

Decreased vasodilation

Increased vasoconstriction
Increased atherogenesis

Vascular smooth muscle cell | —

dysfunction

Biomarkers Status (UR/DR)
Insulin resistance UR -
Glucose levels UR -
HbAlc UR -
Homocysteine UR -
TNF-a UR

MCP-1 UR

Selectins (E-selectin) UR

ICAM-1 UR -
VCAM-1 UR -
IL-1, IL-6 UR -
VEGF (GF) UR

status

ET-1 UR

PAI-1 UR

Fibrinogen UR

vWF UR

EPC DR -
ADMA UR -

Endothelial dysfunction

Impaired arterial remodeling

*ADMA asymmetrical dimethylarginine; EPC endothelial progenitor cell; ET enthothiline; HbAIc glycosylated hemo-
globin; /CAM intercellular cell adhesion molecule; /L interleukin; MCP monocyte chemoattractant protein; PA/ plas-
minogen activator inhibitor; TNF tumor necrosis factor; VCAM vascular cell adhesion molecule; GF growth factors;
VEGF vascular endothelial growth factors; vWF von Willebrand factor; UR increased, upregulated; DR decreased,

downregulated (Tousoulis et al. 2013)

inflammatory markers that are used as a prognos-
tic factor on the consequences and progression of
the disease in diabetic subjects are CRP, TNF-a,
IL-6, intercellular adhesion molecule (ICAM)-1,
and VCAM-1 (Tousoulis et al. 2013; Uysal et al.
1997; Frohlich et al. 2000; Schultz and Arnold
1990; Su et al. 2010).

Hyperglycemia is the most common effect of
uncontrolled diabetes, and over time it leads to
severe harm to many systemic influences; espe-
cially the blood vessels and nerves are badly
affected. In 2014, 9 % of the adults above 18 years
had diabetes. In 2012 nearly 1.5 million deaths
were directly caused by diabetes (Global status
report on noncommunicable diseases 2014 (2012)).

The global burden of diabetes is predicted to
increase to nearly 380 million by 2025. Diabetes
would be a major health problem in near future.
However, both type 1 and type 2 diabetes are the

major problem to challenge health services
worldwide (Kaul et al. 2010; CDC 2006). The
incidence of diabetes is escalating in an alarming
rate worldwide and is nearing epidemic propor-
tions. Type 2 diabetes almost accounts for nearly
90 % of all diabetes cases and is related with
allied cardiovascular morbidity and mortality
(Blaschke et al. 2006). The prevalence of type 2
diabetes has also been rapidly rising worldwide.
In type 2 diabetes, either due to reduction in the
biologic effectiveness of insulin or deficiency of
insulin secretion there is inappropriate hypergly-
cemia. The relation of obesity with type 2 diabe-
tes patients was observed with altered adipokine
concentrations and elevated inflammatory mark-
ers. The underlying pathophysiological mecha-
nism in type 2 diabetic patients is impaired
insulin secretion and insulin resistance, but other
specific determinants or key players of main
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abnormalities of these metabolic defects remain
uncertain yet (Hansen et al. 2010; Bergman 1989;
Dunmore and Brown 2013; Tsui et al. 2011;
Lamers et al. 2011; Wei et al. 1998; Turner et al.
1998).

Type 2 diabetes mellitus is a heterogeneous
disorder characterized mainly by two interasso-
ciated metabolic defects like impaired p-cell
function and insulin resistance. In type 2 dia-
betic patients with impaired glucose tolerance
(IGT), numerous factors like genetic, some host-
related, and many environmental conditions
contribute mostly to the progression of insulin
resistance in this disease. The risk of budding
type 2 diabetes is mainly contributed by obesity
with visceral adipose tissue accumulation and its
endocrine factors and changes in adipose tissue
function (Schmidt et al. 1999; Al-Hamodi et al.
2014; Stumvoll et al. 2005; Kahn 2008; Jensen
2008; Bastard et al. 2006; Rasouli and Kern
2008).

Type 2 diabetes mellitus is mainly a chronic
inflammatory condition mainly characterized by
the presence of high or low insulin resistance
with associated systemic low-grade inflamma-
tion. The increased risk of cardiovascular disease
is a prominent alliance of type 2 diabetes melli-
tus. Presence of inflammation has been suggested
as a key factor in the progression and develop-
ment of insulin resistance along with cardiovas-
cular disease comorbidities like atherosclerosis
(Schmidt et al. 1999; Festa et al. 2000; Dandona
et al. 2004; Goldberg 2000).

The indicators of obesity are elevated circulat-
ing levels of acute-phase proteins, secretion of
pro-inflammatory cytokines like TNFp and IL-6,
and tissues exposed to an excess of nutrients. The
increased circulating saturated fatty acids are a
constant stimulus for the secretion of pro-
inflammatory cytokines. These factors at the ter-
minal end of a signaling cascade inhibit the
insulin receptor. Micronutrients, especially a sys-
temic iron overload, could contribute to abnor-
mal glucose metabolism and the development of
diabetes. Ferritin is an iron status marker but it
reflects the amount of body iron stored in healthy
individuals. Ferritin is also an acute-phase reac-
tant, and thus in inflammatory conditions or by
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the induction of cytokines like IL-6 and IL-1, its
synthesis is upregulated. In type 2 diabetes mel-
litus, the concentration of ferritin is increased
(Dungan et al. 2015; Tuomi et al. 1993; Schmidt
et al. 1999; Dasu and Jialal 2010; Guzman and
Olguin 2014).

9.2 Inflammation and Diabetes
CRP is a critical component of the innate immune
system. It is a complex protein that our body syn-
thesizes from the liver excessively when faced
with major problems like infection or trauma.
CRP was discovered almost more than 70 years
back by scientists exploring different human
inflammatory responses or mechanisms. The key
role of CRP in different heart diseases, however,
has only recently been addressed and uncovered
(Abdelmouttaleb et al. 1999; Barzilay et al. 2001;
Grau et al. 1996).

CRP is synthesized in different amounts and
functions differentially depending on a variety
of genetical factors as well as many lifestyle
habits. On an average, high levels of CRP are
attributed to individuals who smoke regularly,
have high blood pressure, are overweight or
obese, and fail to exercise quite often. Indeed,
thin athletic individuals tend to have much lower
levels of CRP. Nonetheless, nearly half of the
differential variation in CRP plasma levels
between different study subjects is mostly inher-
ited. This property chiefly correlates with the
fundamental function of CRP in inflammatory
responses. Inflammation are critical for survival
of organisms during wound healing, for warding
off microbes like bacteria and viruses and in
many other homeostasis disruptions. Studies
over the past decade have revealed that too much
inflammation in some conditions can have unfa-
vorable effects, mostly on the blood vessels that
carry nutrients and oxygen to different tissues of
the body. Scientists now comprehended that ath-
erosclerosis (where cholesterol accumulates in
the arteries) is in several manners an inflamma-
tory disorder of the blood vessels, just like
arthritis which is an inflammatory disorder of
the joints and bones (Ridker et al. 1998a, b,
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2001a, b; Kervinen et al. 2001; Pradhan et al.
2001).

Many researchers have revealed that blood
markers that reproduce the inflammatory process
are raised among subjects at high risk for upcom-
ing heart diseases. Inflammation is a critical fac-
tor in all stages of heart disease, including the
quite early initiation of atherosclerotic plaques
within the wall of arteries, till the acute rupturing
of these atherosclerotic plaques that upshoot in
heart attack and, all too often, with sudden death
also. Until latest studies, existing markers of
inflammation were not appropriate for use. By
contrast, CRP has been publicized to be very
steady and quite easy to compute and measure
(Ridker et al. 1998a, b).

CRP is a potent predictor of risk, especially
when combined with cholesterol assessment.
Some physicians choose to compute CRP along-
side with a panel of other “novel” risk factors like
homocysteine and lipoprotein-a. Other clinicians
may select to measure plasma CRP in addition to
some more expensive tests that actually measure
specific cholesterol subfractions. However, in all
direct assessments, the predictive value for CRP
has been significantly greater than those practical
values for these alternative “novel” markers of
health risk. Moreover, only CRP has confirmed to
add valid prognostic relevance to that already
available data from standard cholesterol screen-
ing protocols (Nix et al. 2015; Onat et al. 2014;
Wau et al. 2002; Rodriguez-Moran and Guerrero-
Romero 1999; Yudkin et al. 1999).

In some cases, different imaging techniques
like “whole-body scans” that distinguish calcifi-
cation in the aorta and the heart arteries have
been promoted as valid screening techniques.
Moreover, the presence of calcification in arteries
does also increase cardiovascular risk. Indeed,
such imaging scans are currently very expensive
and are not recommended by the American Heart
Association. An additional concern for all these
imaging procedures is that end results are often
misinterpreted by patients and clinicians. Thus, it
can lead to unnecessary coronary interventions,
like angioplasty and bypass surgery. While CRP
plasma levels also have been revealed to add
prognostic values at all levels of coronary calci-
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fied calcium, this information should be validated
primarily to encourage at-risk individuals to
adopt further heart-healthy lifestyle habits, as a
precautionary measure, and not to seek insistent
interventional cardiac procedures (Mekonnen
et al. 2014; Hayashino et al. 2014a, b;
Fichtlscherer et al. 2000).

Unlike LDL cholesterol, CRP predicts not only
the risk of heart disease but also the risk of upcom-
ing type 2 diabetes. Patients with CRP levels
higher than 3 mg/L have a risk of having diabetes
4 to 6 times higher than subjects with lower values
of CRP. Part of the connection between diabetes
and heart disease is due to inflammation, and in
other parts, for many patients, inflammation is the
outcome of obesity, particularly the “central obe-
sity,” or the gradual tendency to put on weight in
and around the stomach. This is due the fact that
adipocytes (fat cells) produce some messenger
proteins that switch on the production of CRP
itself from the liver (Xu and Whitmer 20006;
Hayashino et al. 2014a, b).

The metabolic syndrome is a known condition
to predispose individuals to different heart dis-
eases and diabetes. Clinicians classify patients as
having the metabolic syndrome depending on the
presence of three factors of the following 5 con-
ditions: (i) low HDL cholesterol, (ii) central obe-
sity, (iii) high triglycerides, (iv) increased blood
sugar levels, and (v) high blood pressure.
However, the metabolic syndromes also bring
about a number of less frequently measured
abnormalities like insulin resistance and the
problems with blood clotting. CRP levels increase
as the number of components of the metabolic
syndrome increase. Even among individuals
known to have the metabolic syndrome, CRP lev-
els add important prognostic information on
risks. Thus, many physicians now also measure
CRP as part of the process of defining the meta-
bolic syndrome. This practice is increasingly
common among endocrinologists and other phy-
sicians interested in the prevention of diabetes as
well as heart disease (Pfiitzner et al. 2010).

There is limited clinical data addressing that
inflammation is hypothesized to play a role in the
development of type 2 diabetes mellitus (DM).
CRP is a known inflammatory biomarker pro-
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duced and synthesized by the liver under the acti-
vation of interleukin (IL)-1, IL-6, and tumor
necrosis factor-o cytokines (Cheung et al. 1998;
Pradhan et al. 2001). There were many reported
cases of elevated levels of both IL-6 and CRP
among subjects featuring insulin resistance syn-
drome and clinically overt type 2 diabetes (Pickup
et al. 1997). In patients with chronic kidney dis-
ease with type 2 diabetes, CRP and tumor necro-
sis factor-o (TNF-a) were demonstrated as
independent risk factors (Yeo et al. 2010; Cheung
etal. 1998; Ventre et al. 1997). CRP as an inducer
of pro-inflammatory cytokine was significantly
raised in diabetic patients as compared to normal
individuals. In these patients CRP level was also
highly correlated with insulin resistance. Thus,
the role of CRP as a precise predictor for insulin
resistance in diabetic patients was confirmed. In
patients with obese type 2 diabetes, elevated lev-
els of different inflammatory markers and altered
adipokine concentrations have been reported.
The underlying pathophysiological anomalies in
type 2 diabetes include determinants like
impaired insulin secretion and insulin resistance,
yet some specific determinants are coming up.
Inflammation played a crucial mediator role in
the pathogenesis of type 2 diabetes, thereby con-
necting diabetes with a number of commonly
coexisting inflammatory conditions. CRP, a sen-
sitive subclinical inflammatory biomarker, is
associated with hyperglycemia, level of glycosyl-
ated hemoglobin (HbA1c) and insulin resistance
in overt type 2 diabetic individuals (Hansen et al.
2010; Pradhan et al. 2001; Hayashino et al.
2014a, b).

The levels of CRP, triglyceride, and leptin are
considerably elevated in obese diabetes patients
as compared to the healthy normoglycemic con-
trols. Elevated levels of CRP and IL-6 indepen-
dently predict the development of type 2 diabetes.
Thus, CRP played a possible role in the inflam-
matory diabetogenesis (Hopps et al. 2011;
Hansen et al. 2010; Cheung et al. 1998; Ventre
et al. 1997; Karbowska et al. 2009).

Moreover, inflammation plays a pivotal role in
the pathobiology of several glucose disorders in
adults. This concept was substantiated by a sub-
set of nonobese adults rapidly developing inci-
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dent diabetes but without antecedent glucose
abnormalities. In these nonobese adults, the pres-
ence autoimmune inflammatory markers like
antibodies against the p-cell (islet cell antibodies
and antibodies to glutamic acid decarboxylase)
were included (Tuomi et al. 1993; Tuomilehto
et al. 1994; Pietropaolo et al. 2000); elevated
markers of inflammation in diabetic and nondia-
betic patients (Tuomi et al. 1993; Tuomilehto
et al. 1994; Pietropaolo et al. 2000), prediction of
incident diabetes in nondiabetic individuals with
baseline levels of certain inflammatory markers
(Pickup et al. 1997; Pickup and Crook 1998);
helping of inflammatory mediators (tumor necro-
sis factor a, decrease insulin sensitivity) to pre-
cipitate diabetes (Pickup and Crook 1998;
Cheung et al. 1998); and the implication of
inflammation as a part of the insulin resistance
syndrome (Pickup and Crook 1998; Duncan et al.
1999 ;Cheung et al. 1998; Ventre et al. 1997).

9.3 Biomarkers of Diabetes

Mellitus

Diabetic patients exhibit pathologically upregu-
lated or downregulated expressions of various
biomarkers. The biomarkers of endothelial func-
tion, like wvascular cell adhesion molecule
(VCAM)-1 and von Willebrand factor (VWF),
were enhanced in diabetic subjects. Moreover,
markers of systemic inflammation like CRP and
tumor necrosis factor (TNF)-a were included in
diabetic patients. Biomarkers of diabetes mellitus
includes inflammatory biomarkers, coagulation-
related biomarkers, stress-related biomarkers,
and some recently highlighted biomarkers like
micro-ribonucleic acids and endothelial mic-
roparticles (Tousoulis et al. 2013) (Table 9.2).
Additionally, the injured endothelium finally
results in vasoconstriction, smooth cell prolifera-
tion, some coagulation disorders, leukocyte
aggregation, thrombosis, and vascular inflamma-
tion predisposing a condition of atherosclerosis.
The endothelial integrity was altered through
various inflammatory and oxidative processes
(Fig. 9.2). The process of systemic inflammation
results in increased secretion of cytokines and
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Table 9.2 Important biomarkers in diabetes

Important biomarker
CRP (hs-CRP)

IL-6

TNF-o

Fibrinogen

Analytical methods

1. Ultrasensitive solid-phase ELISAs
2. Immunoturbidimetric CRP assays
3. Immunonephelometry (laser
nephelometry)

ELISA

ELISAs

1. Immunological assays (ELISA or
nephelometry)

2. Automated immunoassays of total
fibrinogen

3. The Clauss fibrinogen assay (on the
basis of the thrombin clotting time)

4. Automated clotting rate assays
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Diabetes-related distinctiveness

1. Increases rapidly, has long rising
periods, quite stable in plasma

2. Attenuates NO production

3. Decreases endothelial NO synthase
4. Upregulates the expression of
different adhesion molecules in the
wall of endothelial cells

5. Triggers the oxidation of molecules
like low-density lipoprotein
cholesterol

Induces the PAI-1expression

6. Activates the macrophages to
secrete tissue factor

7. Stimulates the release of matrix
metalloproteinase-1

1. Affects insulin sensitivity through
adenosine monophosphate activated
protein kinase

2. Alters glucose homeostasis and
metabolism both directly and
indirectly by the functioning of cells
like skeletal muscle cells, adipocytes,
hepatocytes, and neuroendocrine cells
3. Affects extracellular matrix
dynamics at both at the mesangial and
podocyte levels

4. Stimulates proliferation of
mesangial cells

5. Increases expression of fibronectin
6. Enhances permeability on
endothelial cells

7. Induces the production of
adrenocorticotropin

1. Self-regulatory properties

2. Growth-stimulating properties

3. Growth inhibitory processes

4. Cytokine-triggering effect

5. Inflammation and apoptosis

6. Expressed in cells like: B cells, T
cells, macrophages, monocytes, mast
cells, neutrophils, and adipocytes

1. Interacts with ICAM-1

2. Lowers platelet inhibition

(continued)
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Table 9.2 (continued)

Important biomarker
ICAM-1

Analytical methods

1. Flow cytometry
2. ELISAs

VCAM-1

—_

. Flow cytometry
2. ELISAs

Endothelial microparticles 1. Flow cytometry

miRs . Microarrays

. Real-time qPCR
. Northern blot

. RNA sequencing

5. In situ hybridization

AWM —
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Diabetes-related distinctiveness

1. Leads to changes through the
protein kinase C pathway, cAMP,
phospholipase A2, Ca*?, and
proteosomes (extracellular signal
transportation)

2. Promotes the recruitment of
mononuclear cells in diabetic
glomeruli

3. Role in glomerular hyperfiltration
4. Interactions of lymphocyte
function-associated antigen-1

5. Binds with fibrinogen gamma chain
(at the sites 117-133)

1. Interacts with secreted protein and
it is rich in cysteine

2. Interacts with VLA-4

1. Factor XI-dependent procoagulant
properties

2. Impaired NO release

3. Apoptosis

4. Thrombosis, cell inflammation,
angiogenesis, and cell-to-cell
communication

1. Interaction with TGF-beta
2. Affect insulin secretion

3. Affect pancreatic  cells and
insulin-target tissues

CRP C-reactive protein, hs-CRP high-sensitivity C-reactive protein, Ca?* calcium doubly charged positive ion, cAMP
cyclic adenosine monophosphate, ELISA enzyme-linked immunosorbent assay, /[CAM intercellular cell adhesion mol-
ecule, /L interleukin, miR micro-ribonucleic acid, NO nitric oxide, PAI plasminogen activator inhibitor, gPCR quantita-
tive polymerase chain reaction, RNA ribonucleic acid, TGF transforming growth factor, VCAM vascular cell adhesion

molecule, VLA very late antigen (Tousoulis et al. 2013)

migration of leukocytes into the vessel wall.
Elevated levels of circulating cytokines cause
enhanced oxLDL, formation of foam cell, and
scavenging activity of macrophages especially in
diabetes mellitus in the critical atherosclerotic
process (Tousoulis et al. 2013).

Inflammatory biomarkers mostly involve the
changes in the expression of various adhesion
molecules, pro-inflammatory molecules, and
alterations and regulations of these molecules.
The endothelium can be stimulated by different
pro-inflammatory molecules like TNF-a and
CRP to promote an exclusive atherogenic pheno-
type. The main inflammatory biomarkers having
prognostic information in diabetic subjects are
CRP, IL-6, intercellular adhesion molecule

(ICAM)-1, VCAM-1, and TNF-a (Kampoli et al.
2011).

C-reactive protein (CRP) is one of the com-
monly used inflammatory biomarkers (Table 9.2)
having diagnostic and prognostic value. CRP
may exert modulatory effects as it is present in
atherosclerotic plaques. The expression of CRP
is mainly controlled by IL-6 during the acute
phase. Increased CRP levels are independent pre-
dictors of type 2 diabetes mellitus in apparently
healthy individuals, supporting the notion that
subclinical inflammation is an underlying caus-
ative factor in the pathology of type 2 diabetes
mellitus. CRP also predicts the outcomes in dia-
betic patients with cardiovascular disease. High-
sensitivity C-reactive protein (hs-CRP) has been
proven to be useful in predicting adverse cardiac
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Fig.9.2 Role of
hyperglycemia in

HYPERGLYCEMIA

atherogenesis. Hyperglycemia
plays a pivotal role in states of
diabetes mellitus. Different AGEs

pathways are triggered by

‘uf-KB

advanced glycated end NA.D(P)H ROS »l NO || Vascular injury
products and mediated by the Oxidase w—l d—l

nuclear factor (Nf)-kB. Thus,
it leads to increased oxidative
status and impaired nitric
oxide (NO) production/
bioavailability. So, levels of
growth factors, cytokines,
procoagulant factors, and
others are increased and
consequently induce and
promote atherogenesis. AGE
advanced glycated end
product, NAD(P)H
nicotinamide adenine
dinucleotide phosphate, ROS
reactive oxygen species, EPC
endothelial progenitor cell,
BH4 tetrahydrobiopterin
(Tousoulis et al. 2013)

outcomes in diabetic subjects (Paiva et al. 2008;
Biasucci et al. 2009) (Table 9.2).

Several pro-inflammatory and/or anti-
inflammatory cytokines have been recognized as
important inflammatory biomarkers in diabetes
mellitus. IL-6 and TNF-« (Table 9.2) are impor-
tant cytokines, which are critically participating
in atherogenesis and mainly associated with the
risk of diabetes mellitus complications. Their lev-
els increased in type 2 diabetes mellitus. The
increased levels of CRP, fibrinogen, IL-6, IL-1,
and TNF-a regulated various procoagulant activ-
ities, leukocyte adhesions to the endothelium by
important mediators like VCAM-1 and ICAM-1
(adhesion molecules), and alterations of vaso-
regulatory responses. These responses subse-
quently elevated the risk of diabetes mellitus
complications. Diabetes mellitus is nothing but a
unique state of balance between pro-thrombotic
and anti-fibrinolytic conditions. The markers of
endothelial functions are mostly plasminogen
activator inhibitor (PAI)-1, tissue factor, and
vWE. Both endothelial cells and macrophages
attribute toward the generation of altered coagu-
lation processes by the increased expression of

Pro-inflammatory factors T
Growth factors 1
Chemokines

Cytokines ']‘

Pro-coagulant factors
Release of EPCs l

Inflammation
Permeability
Aggregability
Coagulation
Angiogenesis
Metabolism
Gene expression

PAI-1 and tissue factor and through platelet acti-
vation. Simultaneously acute-phase reactions
also increase the level of coagulation factors like
fibrinogen. PAI-1, vWEF, and fibrinogen are pro-
thrombotic molecules that are produced under
cytokine stimulation and thus are the end prod-
ucts of the acute-phase responses (Spranger et al.
2003; Meigs et al. 2004).

The increased oxidative stress through super-
oxide production and impairment of NO bio-
availability in the vascular wall are the major
contributors of endothelial dysfunction in the
vasculature and associated complications of dia-
betes mellitus. Also, in humans with diabetes,
obesity, and insulin resistance, different circulat-
ing markers of oxidative stress (Table 9.2) (F2
isoprostanes, antibodies against oxLDL) are
increased. Micro-ribonucleic acids (miRs) and
microparticles (MPs) are the two new biomarkers
emerging as potential challengers of the classical
biomarkers of diabetes (Meigs et al. 2007).

Micro-ribonucleic acids (miRs), a class of
nearly 22 nucleotide noncoding ribonucleic
acids, have significant contributions toward ath-
erogenesis and act as modulators in endothelial



9.3 Biomarkers of Diabetes Mellitus

dysfunction by either expressing or suppressing
the effect of eNOS activity. However, overex-
pression of miR21 enhances NO production but
downgrades endothelial cell apoptosis (Bartel
2004 ;Tousoulis et al. 2013) (Table 9.2).

MPs (membrane particles of <1 mm in diam-
eter) constitute a heterogeneous population of
varied cellular origins, numbers, sizes, and anti-
genic symphonies which are budded into the
circulation from various blood cells (platelets,
leukocytes, and erythrocytes) and endothelial
cells (EMPs). MP generation regulates apoptosis,
mechanical injury, markers of endothelial dam-
age, and platelet activation and cellular activation
through cytokines. Microparticles are found in
blood circulation of healthy individuals, but their
number is increased in various cardiovascular
diseases (Shantsila et al. 2010; Tousoulis et al.
2013) (Table 9.2).

9.3.1 Role of CRP in Diabetes

CRP, the known marker of systemic inflammation,
is gradually outgrowing as an independent risk fac-
tor for different cardiovascular diseases (Schmidt
et al. 1999; Abdelmouttaleb et al. 1999; Ridker
et al. 2001a). Elevated CRP levels have been asso-
ciated to an increased risk of cardiovascular events
like myocardial infarction (Ridker et al. 1998a, b)
and have also been associated to an elevated risk of
development of later diabetes (Kervinen et al.
2001). Interestingly, CRP levels may be higher in
nondiabetic people as compared to a diabetic indi-
vidual (Ridker et al. 2001a, b). The relation
between the level of glycemic control with concen-
tration of CRP in people with diabetes is quite
obscured. CRP is associated with HbAlc levels in
some studies (Ridker et al. 2001a, b; Hayashino
et al. 2014a, b).

The role of inflammation in patients with a
mixture of cardiovascular disease and diabetes
was explicated by the association between the
level of glycemic control and the related inflam-
mation. The purpose of the study was to investi-
gate the relation. The presence of higher HbAlc
is considerably linked with higher CRP plasma
levels among adults suffering from diabetes. The
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relation between CRP and HbAlc in adults with
diabetes was significant in comparison with peo-
ple with only a high level of CRP with a mini-
mum value of HbAlc This logistic regression
model showing the relationship was formulated
in subjects with the same age, race, and sex, hav-
ing smoking habit, similar BMI values and insu-
lin level, and also a more or less similar length of
time with diabetes (Ridker et al. 2001a, b;
Hayashino et al. 2014a, b).

CRP, being an inflammatory marker, has been
related nowadays to the development of insulin
resistance and also with type 2 diabetes. Earlier
research study has also established that CRP lev-
els are correlated with HbAlc in individuals
without diabetes, whereas CRP concentration is
higher in diabetic people. It is also reported that
people having concentration of CRP >0.30 mg/dl
has also successively higher levels of HbAlc as
seen established diabetic patients. Thus, apart
from the established role of inflammation in dia-
betes, the implication of ongoing levels of hyper-
glycemia in the development of diabetes was also
established (Ridker et al. 2001a, b; Pradhan et al.
2001; Hayashino et al. 2014a, b; Barzilay et al.
2001).

Recent research evidence supports a link
between hyperglycemia and inflammation. CRP
concentration is known to be higher in people
with frank diabetes and impaired glucose toler-
ance. Also, an increased CRP level has been
found to be a risk factor for the later development
of diabetes. The link between CRP and insulin
resistance was also reported. By demonstrating
simultaneous inflammatory reactions, oxidative
stress causing endothelial dysfunction, and insu-
lin resistance at the physiologic level, the relation
of hyperglycemia to inflammation has been stated
previously in adult patients also (Hayashino et al.
2014a, b).

Baseline levels of CRP and IL-6 were signifi-
cantly higher among type 2 DM cases than
among controls. The highest relative risks of
future type 2 DM for women is strongly corre-
lated with the lowest quartile of these inflamma-
tory markers (CRP and IL-6). The relative risk
values were deducted after adjustment for body
mass index, family history of diabetes, smoking
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habits, exercise, use of alcohol, and various hor-
mone replacement therapies, baseline hemoglo-
bin A (lIc), and fasting insulin level. Thus,
elevated levels of CRP and IL-6 predict the
development of type 2 DM and they have a pos-
sible role during inflammation in diabetogenesis
(Ford 1999; Pradhan et al. 2001; Wang et al.
2013; Pickup et al. 1997; Hayashino et al. 2014a,
b).

Endothelial dysfunction and significantly
increased inflammatory markers are the hall-
marks of type 2 diabetes. In type 2 diabetes, low-
grade systemic inflammation is regulated by
various pro-inflammatory cytokines, acute-phase
proteins like CRP, cell adhesion molecules, inter-
leukins (IL), and tumor necrosis factor alpha
(TNF-a). Physical exercise reduces the concen-
tration of inflammatory biomarkers by decreas-
ing cytokine secretion from immune cells,
skeletal muscles, and other endothelial cells and
also by decreased adipocytokine production.
Thus, in type 2 diabetes, aerobic and rigorous
physical training has differential effects on cyto-
kine secretion levels and also depends on the dif-
ferent modes/forms of exercise (intensity,
duration, and type of exercise). But combined
exercises has higher anti-inflammatory outcomes
than different aerobic or resistance exercises in
lowering the CRP, cytokines (IL-6, IL-1p, TNF-
a), leptin, and resistin level and simultaneously
highly increasing anti-inflammatory cytokines
(IL-4, IL-10) and adiponectin also (Hopps et al.
2011; Cheung et al. 1998; Ventre et al. 1997,
Mirza et al. 2012).

The impact of glycemic load (GL) and also
glycemic index (GI) on cardiovascular outcomes
has been assessed by a number of meta-analyses
of cohort studies. In women, the consumption of
high-GL/GI diets and increased cardiovascular
disease (CVD) risk has been significantly associ-
ated. This association is much stronger in women
with greater adiposity and diabetics. Women,
whose CRP levels are higher, may be reduced, as
an emerging CVD risk factor as compared to
men. CVD risk factors like LDL-C may be
reduced on low-GI diets, whereas increases in
dietary GL, another CVD risk factor equally in
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women and men, have been associated with
increased risk of diabetes. The relative risks of
CVD in relation to GL and GI, with correspond-
ing confidence intervals, are needed to further
elucidated in men (Mirrahimi et al. 2014).
Hyperglycemia is a related factor to the increased
serum CRP concentration in noncontrolled type 2
diabetic people with and without infectious dis-
eases as compared to nondiabetic subjects
(Rodriguez-Moran and Guerrero-Romero 1999).

In diabetes, glycemic control is of great impor-
tance, as the classification of glycemic index of
foods has been employed as a device to evaluate
possible prevention and clinical treatment strate-
gies for this disease. Low-GI diets have been
known to perk up the serum lipid profile, lowering
serum CRP levels and assisting in weight control.
Furthermore, low-GI or glycemic load diets (mean
GI multiplied by total carbohydrate) have been
correlated with greater concentration of high-den-
sity lipoprotein cholesterol (HDL-C) and with
lowered CRP concentrations. Thus, it is associated
with reduced risk of developing diabetes and fur-
ther cardiovascular disease. Additionally, several
positive relations among dietary GI and threat of
various cancers (like colon, breast, and prostate
cancer) have also been revealed. Thus, not only in
diabetes but glycemic index might have a pivotal
role in the clinical treatment and prevention of
some chronic diseases (Esfahani et al. 2009;
Hayashino et al. 2014a, b).

High-density lipoprotein and lipoprotein (a)
are both independent risk factors for cardiovascu-
lar disease. Niacin, the most potent agent to
increase high-density lipoprotein and reduce lipo-
protein (a), has also been found to reduce inflam-
matory markers with anti-atherosclerotic
properties like CRP, lipoprotein-associated phos-
pholipase-A2 (Lp-PLA2), and small-dense LDL
and to increase large-particle LDL. Niacin reduces
inflammation and oxidative stress, improves
endothelial function, and also exerts various
pleiotropic effects. Niacin remains high in the list
of lipid-modulating agents to be used in clinical
practice, and, second after statins, the most rele-
vant medications for lipid management (Gouni-
Berthold and Berthold 2013; Hack et al.1997).
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Both type 1 and type 2 diabetes increase the
threat of developing microvascular and also mac-
rovascular complication and thus have a devastat-
ing blow on excellence of life of the patients. The
role of inflammation and hyperglycemia is the
major causative feature for the progress of these
complications. The microvascular complication
affects the small blood vessels causing foot
amputation (diabetic neuropathy), blindness (dia-
betic retinopathy), and end-stage renal diseases
like diabetic nephropathy in type 1 and type 2
diabetes patients. Also, low-grade inflammation
has pathogenic link in type 1 and Type 2 diabetes
patients with the common retinal-renal nerve.
Circulating and locally produced markers of
inflammation, including the cell adhesion mole-
cules (vascular adhesion cell molecule-1,
VCAM-1; intracellular adhesion molecule-1,
ICAM-1), pro-inflammatory cytokines (IL-6;
TNF-a), and CRP are highly related with the pro-
gression and succession of diabetic microvascu-
lar complications (Kaul et al. 2010).

In vascular atherosclerosis, type 2 diabetes
mellitus and, in insulin resistance, systemic
inflammatory activities take part in an important
pathogenic role. High-sensitivity C-reactive pro-
tein (hs-CRP), an inflammatory biomarker, is
used constantly to monitor insulin resistance and
various cardiovascular risks in both nondiabetic
and diabetic individuals. It is known that hs-CRP
straightway participates in the progression of ath-
erogenesis. Antidiabetic drugs, like thiazolidine-
diones  (pioglitazone and  rosiglitazone),
specifically targeting insulin resistance could
also reduce inflammation, process of atherogen-
esis, and thus consequently cardiovascular risk.
Thiazolidinediones act as selective ligands for
the nuclear transcription factor (peroxisome
proliferator-activated receptor gamma, PPAR 7).
Thiazolidinedione agent, pioglitazone was
altered by hs-CRP by its pronounced insulin-
sensitizing (in lowering the glucose level) and
anti-inflammatory properties in diabetic and non-
diabetic individuals. Coadministration of piogli-
tazone with anti-lipidemic statin therapy altered
low-grade inflammation. Thus, the early insulin
resistance treatment strategy to resist systemic
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vascular inflammation and cardiometabolic syn-
drome in subjects with higher levels of hs-CRP
has an underscore benefit (Pfiitzner et al. 2010;
Schmidt et al. 1999).

Thiazolidinediones improve insulin sensitiv-
ity and endothelial dysfunction and are used in
the treatment of diabetes. Thiazolidinediones
exert beneficial effects on the lipid profile by acti-
vating the peroxisome proliferator-activated
receptor gamma (PPAR-gamma). PPAR-gamma
agonists in the endothelial vessel wall have
effects on CRP, matrix metalloproteinase-9
(MMP-9), ATP-binding cassette transporter Al
(ABCA1), plasminogen activator inhibitor type-1
(PAI-1), and adiponectin. Thus, PPAR-gamma
agonists have their implications in the treatment
protocols of advanced stages of atherosclerosis
process, particularly in type 2 diabetic individu-
als (Blaschke et al. 2006).

Among apparently healthy subjects with low-
to-normal lipid levels, the increased risk for
myocardial infarction and stroke was clinically
evaluated by levels of hs-CRP >3 mg/L. Varied
epidemiological and laboratory data showed hs-
CRP in correlated with inflammation, to degree
of insulin resistance, to impaired insulin sensi-
tivity and also to development of different dys-
glycemic conditions (like cardiometabolic
syndrome and incident type 2 diabetes). The role
of hs-CRP measurement in the current definition
of the cardiometabolic syndrome to improve
valid detection of risk for both diabetes and car-
diovascular processes in patients is noteworthy.
Furthermore, multiple clinical studies are now
ongoing to evaluate whether traditional agents
used to perk up glycemic control may also prom-
inently reduce hs-CRP level (Ndumele et al.
2006).

Insulin resistance in type 2 diabetes mellitus
inclines patients to develop cardiovascular dis-
ease with related risk factors for atherosclerosis
like inflammation, dyslipidemia, hypertension,
and altered hemostasis. CRP has a straight pro-
atherogenic effect in upregulating angiotensin II
type 1 receptors through the activation of some
pro-inflammatory factors. Higher CRP concen-
trations in subjects with type 2 DM than nondia-
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betic subjects predisposes a greater role of
inflammation in the hastening atherosclerosis
process of these patients (Dandona 2008; Schmidt
et al. 1999).

In apparently healthy individuals, higher levels
of CRP predict the danger of developing type diabe-
tes. CRP is a predictor of cardiovascular risk and an
important participant in atherogenesis. Monocytes/
macrophages in the inflammatory vessel wall
secrete a significant amount of CRP. CRP is
expressed in vascular cells and human atheroscle-
rotic plaques. Various inflammatory and metabolic
factors are related with diabetes, like high glucose
level, modified lipoproteins, adipokines, and free
fatty acids. These factors stimulate CRP secretion
from smooth muscle cells, endothelial cells, and
from monocytes/macrophages. Thus, the local CRP
production and level in diabetic atherosclerotic
plaques could be elevated than in nondiabetic peo-
ple. Furthermore, the possible association between
local CRP secretion and the amount of severity of
coronary artery disease may attribute to the acceler-
ated progression of vascular disease in type 2 dia-
betic patients (Mugabo et al. 2010; Zimmermann
et al. 2014).

Diabetes has no appreciable relationship with
different inflammatory markers like white blood
cell and platelet counts, factor VIIIc levels, and
concentration of albumin and fibrinogen. But dia-
betic individuals had greater median levels of
CRP concentration at baseline than the normo-
glycemic individuals. Also individuals with ele-
vated CRP levels were further likely to develop
diabetes on follow-up. Thus, inflammation, as
measured by CRP concentration, plays a signifi-
cant role in the pathobiology in adults with glu-
cose disorders like diabetes. This was confirmed
by normal fasting glucose (FG) values of older
individuals at baseline, and understanding the
pathophysiology may lead to better organization
and treatment protocol of glucose disorders
among elderly (Ridker et al. 1998a, b; Hayashino
et al. 2014a, b; Duncan et al. 1999).

High incidence of obesity, related insulin
resistance, and type 2 diabetes mellitus are
related with cardiovascular diseases. Adipose
tissue produces multiple cytokines (TNF-alpha,
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IL-6), CRP, and molecules like PAI-1, angioten-
sinogen, leptin, adiponectin, visfatin, apelin, and
resistin. These cytokines decrease insulin sensi-
tivity endothelial dysfunction and atherosclerosis
by inducing inflammatory processes. Resistin has
a role in the procurement of inflammatory pro-
cesses and endothelial dysfunction and is thus
shown to be a predictive component of coronary
artery disease and cardiovascular mortality
(Karbowska et al. 2009).

9.4 Outline of Clinical Details

of Patients

In our study two patients (designated as Patient
1 and 2) were included whose clinical history,
laboratory investigations data, and photos were
included in Table 9.3. The patients were admit-
ted in MB Nursing Home, Park Circus, Kolkata,
India. Patients 1 and 2 were admitted during
their operation of perineal abscess (Patient 1)
and laparoscopic cholecystectomy (Patient 2)
in the hospital. Informed consents were taken
from these patients and their relatives, and the
clinical history was given as per the consent of
the institutional review board of the hospital.
Patient 1 was diagnosed with a case of perianal
(or perineal) abscess in known diabetic indi-
viduals. He came to the hospital to have the
severely painful and tender abscess operated.
Patient 2 was admitted for laparoscopic chole-
cystectomy in a subject with known diabetes
with very high sugar level. Both Patient 1 and
Patient 2 were suffering from type 2 diabetes
mellitus. Patient 2 has a cataract problem, a
common complication of type 2 diabetes mel-
litus. So here, in the short span of this book, we
focused on some biomarkers in different acute
inflammatory conditions with their screening,
diagnostic, and therapeutic applications in dia-
betes subjects.

Currently, there are no specific markers for
inflammation; rather some broad spectrum
inflammatory markers were routinely investigated
in hospitals. The clinical investigation accounted
the presence of some broad spectrum markers like



Table 9.3 Clinical history and laboratory parameters of diabetic patients

Parameters
Age (years)/sex (M/F)/weight (kg)
Chief complaint

Past medical history

Past surgical history
Birth history and vaccination
Drug allergy

GCS

Pulse/min
Temperature (°F)
Pallor

BP (mm of Hg)
JVP

Palpable lymph node
Hydration status
Clubbing

Chest (air entry)
CVS (S1 and S2)
Abdomen

Intestinal peristaltic sound

Hb (gm/dl)

TLC (cells/cu.mm)
DLC (%)

ESR (mm/first hour)
CRP (mg/L)
Procalcitonin (ng/ml)
Blood culture (aerobic)
Pro-BNP (pg/mL)
Malarial antigen
Dengue serology
Blood sugar (mg/dl)

Glycosylated hemoglobin test (Hb
Alc) (%)

Urea (mg/dl)

Creatinine (mg/dl)

Sodium (Na+) (mEq/L)
Potassium (K+) (mEq/L)
Calcium (serum) (Ca++) mEq/dl)
Antinuclear antibody

Patient 1
Physical parameters
52/male/73

1. Fever for 3 days
2. Pain and tenderness in the anal
region and he can’t sit for 5 days

1. Hypertensive for 7 years
2. Type 2 diabetes mellitus for 4
years

1. Cholecystectomy, 7 years back
NA

Sulfur drugs

Patient conscious, alert, cooperative
15/15

104

101.5

Nil

152/91

Normal

Inguinal lymph node palpable
Mild dehydration

Not present

Adequate

Audible

Soft

Present

1. Perineal abscess, swollen (++),
redness (++), tender (++)

134
22,400
N (90), L (8), M (1), E (1)
74

260

12

ND

ND
Negative
Negative
RBS 302

34
1.2
136
4.7
8.7
ND

Patient 2

64/male/62

1. Intermittent pain abdomen for the
last 3 months

2. Pain is increased after taking
fatty meal

1. Type 2 diabetes mellitus for 24
years

3. Appendicectomy, 18 years back
NA

Not known till now

Patient conscious, alert, cooperative
15/15

112

98.1

Nil

130/80

Normal

No palpable lymph node

No dehydration

Not present

1. Bilateral equal good air entry
Audible

Abdomen soft, epigastrium and
right hypochondrium tender on deep
palpation

Present

1. Cataract in right eye

112
13,200

N (86), L (10), M (2), E (2)
56

54

ND

ND

ND

ND

ND

Glucometer revealed high RBS
RBS 662

12.1

39
1.3
134
3.94
ND
ND

(continued)
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Parameters

RA factor (above 20 IU/mL)
HLA (B-27)

PTT (sec) (Control-12 s)
APTT (sec) (Control-26 s)

Liver function test
1. Albumin (gm/dl)
2. Other liver enzymes

ABGA
D-7. Chest X-ray
D-8. USG of abdomen

D-9. Cardiac function tests

ECG

Echocardiography

EF (%)

D-10. Bronchoscopy and BAL/ET
suction

D-11. Urine routine examination and
culture sensitivity

E. Treatment summary

F. Output

Patient 1

Physical parameters
ND

ND

14.2

33

Within normal range

ND
Normal profile seen
ND

Sinus rhythm (RBBB)
LVH, no RWMA

62

ND

ND

1. Incision and drainage of perineal
abscess done under general
anesthesia

2. Blood sugar controlled by
intravenous insulin infusion
followed by subcutaneous insulin
3. Ramipril (5§ mg orally/day) to
control BP

4. Antibiotic
piperacillin + tazobactam (4.5 g) for
every 6 h and linezolid (600 mg i.v.
every 12 h)

5. Analgesic injection, (a)
paracetamol (1 g) i.v. after every 8 h,
(b) tramadol (100 mg) i.m./SOS

Successfully discharged

Patient 2

ND

ND

13.1

27

Within normal range

ND
Normal profile seen

1. A big solitary stone (size 4 cm
diameter)

2. Common bile duct not dilated, no
stone is there

3. Pancreas normal in shape and
texture

Sinus rhythm
No RWMA
64

ND

1. Pus cell 1-2/HPF
2. Culture not done
3. Ketone bodies positive

1. Intravenous fluid by normal
saline.

2. Sugar controlled by intravenous
regular insulin infusion, and hourly
CBG done, and titrated by regular
insulin

3. Analgesic anti-emetic drugs and
antibiotics given

4. After stabilizing the patient
laparoscopic cholecystectomy done
under general anesthesia

5. On discharge, patient was advised
to take oral hypoglycemic agent and
mixtard insulin and also advised to
attend an eye specialist

Successfully discharged

GCS Glasgow coma scale, min minutes, °F degrees Farenheit, BP blood pressure, JVP jugular venous pressure, CVS
cardiovascular system, TLC total leukocyte count, DLC differential leucocyte count, ESR erythrocyte sedimentation
rate, CRP C-reactive protein, N neutrophil, M monocyte, L lymphocyte, E eosinophil, ND not determined, FBS fasting
blood sugar, RBS random blood sugar, RA rheumatoid arthritis, HLA human leukocyte antigen, P77 prothrombin time
test, APTT activated partial thrombin time, ECG electrocardiogram, RBBB right bundle branch block, WNL within
normal limit, LVH left ventricular hypertrophy, RWMA resting wall motion abnormality, PAP pulmonary artery pres-
sure, EF ejection fraction, BNP brain natriuretic peptide, pg microgram, mg milligram, pg picogram, i.v. intravenous,
i.m. intramuscular, SOS as and when required, GTN Glyceryl trinitrate, CBG capillary blood glucose, NA not applicable,
MDR multidrug resistance, ABGA arterial blood gas analysis, HPF high-power field, ET endotracheal, CBG capillary
blood glucose, mEq milliequivalents, dl deciliter, PaO, partial pressure of arterial oxygen, USG ultrasonography, ST the
ST segment which represents the period when the ventricles are depolarized in ECG, BAL bronchoalveolar lavage, DVT
deep venous thrombosis, GFR glomerular filtration rate, CRRT continuous renal replacement therapy, CVP central
venous pressure
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CRP, erythrocyte sedimentation rate (ESR), total
leukocyte count (TLC), differential leukocyte
count (DLC), sodium—potassium level, urea—
creatinine level, human leukocyte antigen (HLA),
pro-brain natriuretic peptide (pro-BNP), and anti-
nuclear antibody for investigation.

A 52-year-old male (Patient 1) was presented
with fever, soft abdomen, severe pain, and red-
ness and tenderness in the anal region for
3 days. He had been diagnosed previously with
diabetes (type 2) with high blood pressure. His
laboratory findings revealed high TLC, DLC,
and ESR and raised CRP levels. His blood
serology report revealed negative for both
malarial and dengue antigen. He had perineal
abscess (as increased risk in diabetic patient).
He had a palpable inguinal lymph node and an
inflamed perineal region with fever. He had
neutrophilic leukocytosis with high CRP and
ESR. His procalcitonin level revealed absence
of bacterial infection (Table 9.3). He was treated
surgically by incision and drainage of perineal
abscess under general anesthesia, and intrave-
nous followed by oral antibiotics, tight control
of sugar by regular insulin, adequate analgesic,
and antihypertensive were given.

A 64-year-old male (Patient 2) was pre-
sented with an intermittent severe-pain soft
abdomen for the last 3 months. He had been
diagnosed previously with diabetes (type 2).
The glucometer revealed high sugar level. His
laboratory findings revealed high TLC, DLC,
and ESR and raised CRP levels. His blood
serology report revealed negative for both
malarial and dengue antigen. He had a big sol-
itary stone and had no obstruction in the bile
duct. He had cataract in right eye (as an
increased risk in diabetic patients). He had no
palpable inguinal lymph node. He had neutro-
philic leukocytosis with high CRP and ESR
(Table 9.3). He was treated surgically by inci-
sion and removal of stone from the gallbladder
under general anesthesia, and intravenous fol-
lowed by oral antibiotics, tight control of
sugar by regular insulin, and adequate analge-
sic were given.
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The association between diabetes mellitus and
vascular dysfunction is a hot topic of research.
Several circulating biomarkers have been pro-
posed as markers of endothelial dysfunction
(Table 9.1). Important biomarkers of the vascula-
ture system are associated with endothelial func-
tion, coagulation and inflammatory processes,
and different degrees of oxidative stress. These
biomarkers could analyze the different patho-
physiological aspects in subjects with diabetes
mellitus and, along with the newly investigated
clinical biomarkers, could provide a useful strat-
egy for the treatment of these suffering patients
(Tousoulis et al. 2013).

It is widely known that diabetes mellitus impairs
endothelial nitric oxide synthase activity. In diabe-
tes mellitus the production of reactive oxygen spe-
cies enhances, and consequent pro-atherogenic
alterations and thus resulting in diminished nitric
oxide bioavailability. Important biomarkers of the
vasculature are mostly related to oxidative stress,
endothelial dysfunction, and inflammatory and
coagulation markers of diabetes. Thus, by inflam-
matory and oxidative processes (Fig. 9.2), the endo-
thelial integrity was damaged in diabetes mellitus.
Migration of varied leukocytes into the vessel wall
and increased secretion of cytokines resulted in sys-
temic inflammation. The elevated levels of circulat-
ing cytokines and other changes enhanced oxLLDL
production by scavenger macrophages and result in
foam cell formation. Foam cell formation is a criti-
cal step in atherosclerotic especially in diabetes
mellitus.

The use of insulin analogues, statins, hypogly-
cemic agents, and antihypertensive agents might
put forth favorable outcomes on the vasculature
of diabetic individuals as the prominent role of
oxidative stress is known. But still several thera-
peutic strategies employing antioxidant therapy
remains contentious. Thus, the use of definite
biomarkers associated to vascular function could
be a fruitful therapeutic strategy applied in such
patients (Tousoulis et al. 2013; Mohanty et al.
2002; Mohanty et al. 2000).



Abstract

C-reactive protein (CRP) as an acute-phase protein is a marker in inflam-
mation, tissue injury and infection. The role of inflammation and CRP in
different cancers is a recent matter of research. Increased CRP level is
positively correlated with extent of disease and recurrence in advanced
cancer. Its role as an interpreter of survival has been elucidated in mela-
noma, multiple myeloma, lymphoma, ovarian, renal, pancreatic and gas-
trointestinal tumors. The testing for CRP levels at the time of diagnosis
could help clinicians determine severity of the disease with any adjacent
inflammation, the tumor’s state of aggressiveness, or other conditions in
the body and help guide therapeutics to improve overall survival. The poor
prognosis in patients with different types of solid cancers is correlated
with elevated plasma CRP levels. The circulating CRP concentrations has
stronger correlation with the severity, extent and progression of many dif-
ferent tumor pathologies and the prognostic significance of these associa-
tions are consistent with CRP level. Thus CRP is not just being a marker
of disease or an inflammatory biomarker but also it contributes to the
pathogenesis of cancer also.

Keywords
Breast cancer * Myeloma * Lymphoma ¢ Sarcoma ¢ Carcinoma * Metastasis

Chapter Highlights 3. Increased CRP level is positively correlated

with different types of multiple myeloma,

1. Some organs of the body when chronically

inflamed showed greater risk of having cancer.
. Higher plasma CRP concentration in colon
cancer as compared to healthy subjects helps
in recommending the dose of anti-inflamma-
tory drugs.

melanoma, lymphoma, ovarian, renal, pancre-
atic and gastrointestinal tumors.

. In the diagnosis of breast cancer, the severity

of the disease, breast cancer outcomes, and the
treatment protocol was guided by plasma CRP
levels.
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5. The CRP levels were higher among individuals
who went on to develop colon cancer, but not rec-
tal or prostate cancer, compared with controls.

6. The association between circulating levels of
CRP cancer prognosis and cancer biomarkers
was evaluated in a number of researches.

10.1 Introduction

Tumor or neoplasm is a malignant transformation
of a normal tissue containing mass of abnormal
cells. It is usually seen under pathological condi-
tions induced due to mutational changes in the
DNA base pairs or genetic units either through
chemical or physical mutagens. Oncogenic or
tumor-inducing viruses such as Polyomavirus
and SV 40 can transform normal cells into can-
cerous cells. They display a tumor-specific anti-
gen on the surface of transformed cells.

10.2 Classification of Tumors

A tumor is defined as a mass of cells that develop
due to uncontrolled growth and division of cells
but they are localized and do not spread into the
surrounding. They are also termed as benign
tumor. The tumor that grows rapidly by multiply-
ing cells and invades into the tissues and spreads
in the healthy areas is termed as malignant tumor,
and the process of spreading is termed as malig-
nancy. A tumor with features of malignancy is
termed as cancer.

Based on the tissue embryogenesis and origin
in the tissues, malignant tumors, also known as
cancers, are classified as follows:

1. Carcinoma is (>80 %) the tumor arising from
ectodermal and endodermal tissues or epithe-
lial tissue layers, lining the internal organs or
glands. Most of the cancers originating in the
prostrate (males), breast (females), colon, and
lungs are grouped under carcinomas.

2. Sarcoma (<1 %) is the tumor arising from the
mesenchymal tissues and connective tissues
comprising bones, fats, and cartilages.

3. Lymphoma (9 %) is the cancer of lymphoid
tissue that proliferates as solid tumor.
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4. Metastatic tumors are a small cluster of can-
cer cells that dislodge from their site of origin,
enter the circulation via the blood or lym-
phatic vessels, and are carried through the cir-
culatory system to other distantly located
healthy tissues, where they continue to prolif-
erate, leading to the spread of cancer.

5. Leukemia is a cancer arising in any class of
hematopoietic cells that tend to proliferate as
single cells within the lymph or blood.

10.3 Tumor Antigens

Tumor cells express completely a new set of anti-
gens called tumor antigens. These sets of new
antigens are tumor specific and are known as
tumor-specific transplantation antigens (TSTA)
that arise on the surface of tumor cells considered
as new and foreign to the host and tumor-
associated transplantation antigens (TATA)
which are qualitatively and quantitatively differ-
ent on tumor cells and normal cells.

10.4 Tumor-Associated Antigens

Expression of tumor-associated antigens (TAA)
is observed on both normal cells and those of a
tumor. During development, as early as in the
fetus, although the immune system remains
immature, TAA are synthesized and expressed.
As they appear during fetal development, they are
named as oncofetal tumor antigens. The human
carcinoembryonic antigen (CEA) and human
alpha-fetoprotein (AFP) are among the oncofetal
antigens most studied so far. This expression of
TAA however is mostly restricted in the adult. In
the normal cells, a very low expression of TSA
may be observed, which overshoots and is over-
expressed on the tumor cells in high level.
Human AFP is associated with liver cancer,
viral hepatitis and in minority of patients with can-
cer of the stomach and colon. It was first demon-
strated in the serum of mice and later found to be
present in humans. It is present in high concentra-
tion in fetal blood (2-3 mg/ml) and a very low
level in adult blood. Elevated levels of AFP are
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found in most patients suffering from liver cancer.
Detection of elevated levels of AFP during
18-28 weeks of gestation during pregnancy is
valuable in prenatal diagnosis of congenital defects
and in early detection of high-risk pregnancy.

CEAs are glycoproteins antigens found on the
surface of tumor of gastrointestinal origin and
embryonic tissue. CEA is mainly associated with
gastrointestinal malignancies. Significantly ele-
vated levels are seen in patients with colorectal
cancer as well as in patients with noncancerous
diseases such as chronic lung diseases, pancreati-
tis, and cirrhosis of the liver. Levels above normal
are seen in individuals who are heavy smokers.
CEA is not a reliable marker for the presence of
tumor but useful in monitoring the response to
the therapy of colon tumors.

10.5 Tumor-Specific Antigens

TSA or tumor-specific antigens have been found to
be present on tumor cells that owe its origin on
tumors that are induced by exposure to carcino-
gens of both chemical and physical nature and
also those induced by oncogenic viral infections.
TSA was initially demonstrated in mice immu-
nized with methylcholanthrene-induced sarcoma.
The tumor-specific antigens were not the same in
inbred strains. These two distinct antigens were
known as tumor-specific transplantation antigens.
Tumors induced by chemicals contain a new type
of cell surface transplantation antigens called as
tumor-specific cell surface antigens (7SCSA).
Both TSTA and TSCSA in chemically induced
tumors have identical determinants. Virally
induced tumors express same tumor antigens
commonly expressed on all tumors induced on the
exposure of the same oncogenic virus irrespective
of the species of the animal or that of the tissue in
which it is expressed. A herpesvirus (Epstein—
Barr) isolated from a human lymphoid tumor
called Burkitt’s lymphoma has shown to contain
same antigens even with histologically distinct
tumors. DNA viruses such as Polyoma, Papilloma,
and SV40 are not oncogenic in their natural host
but can transform cells and produce tumors in
other species. Similar to the chemical induced
tumors, the tumors induced by DNA viruses bear
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TSTA and TSCSA and embryonic antigens. These
antigens are expressed intracellularly as predomi-
nant nuclear proteins. These TSA antigens are
termed as 7 antigen and U antigen. Oncogenic
RNA viruses produce tumors in their natural hosts.
They produce tumors in a variety of hosts includ-
ing birds (Rous sarcoma virus and avian leukemia
virus), rodents (murine leukemia virus), and cats
(feline leukemia virus) and in higher animals, like
monkeys and apes. Many of the RNA viruses are
part of the host genome and are transmitted by
germ cells. Tumor cells infected with murine leu-
kemia virus exhibit both cell surface and internal
antigens. The most important is viral envelope
antigen (VEA) specified by a viral genome and are
expressed as a part on the cell membrane. Both
VEA and viral-related cell surface antigens are
detected by cell cytotoxicity test, immunofluores-
cence, and rejection of transplant tumor cells.

10.6 Cancer

Cancer is known as a deadly disease with features
of continuous uncontrolled cell growth and prolif-
eration coupled with metastasis. Cancers are clas-
sified into over 100 different types, depending on
the origin and cell type from where it starts and is
affected. Cancer can spread and affect the whole
system, thereby showing features of systemic can-
cer and affect the entire system of the body includ-
ing reproductive, circulatory, endocrinal, digestive,
and other systems of our body. The affected organs
can malfunction like releasing hormones that in
turn can lead to alter body function. Localized
tumors restricted to their site of origin are consid-
ered to be benign, while those that have metastatic
potential are termed as cancer.

10.6.1 Cancer Causes
and Progression

Cancer is single cell in origin that has lost the
capability of controlled cell division. Several
sequential steps are involved in the gradual trans-
formation of a cancer cell from a normal one.

A transformation leading to the progression
from a precancerous state to malignant state is a
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cumulative effect involving an individual’s
genetic components, also termed as genetic pre-
disposition and external factors, including physi-
cal, chemical, and biological agents including:

1. Carcinogens of physical origin including
ultraviolet (UV) rays and ionizing radiation.

2. Carcinogens of chemical origin like asbestos,
tobacco smoke, excess alcohol, unhealthy
diet, aflatoxin, arsenic, and drugs.

3. Carcinogens of biological origin including
parasites or infectious agents like oncogenic
viruses, bacteria, etc. Hepatitis B virus (HBV),
hepatitis C virus (HCV), and human papillo-
mavirus (HPV) are examples of viruses that
are capable of increasing the risk for liver and
cervical cancer, respectively. HIV infection
has been reported to be a major risk factor in
patients suffering from cervical cancer.

4. Biological factors like mutations and aging
are also a fundamental factor for cancer pro-
gression. Cancer rises have been recorded to
escalate with increase in age. This is attrib-
uted to the fact of gradual increased accumu-
lation of the associated risk factors for
specific cancers with age. Aging combined
with fewer tendencies for effective cellular
repair mechanisms adds to the progression
of cancer.

Malignancy is the chief concern of cancer
including the features that (1) a cancer cell under-
goes uncontrolled growth; (2) growth of new
blood vessels in the adjoining vicinity of cancer-
ous growth that provide nutrition to the cancer
tissue, by a process called angiogenesis; and then
finally (3) metastasis, wherein the cancerous cell
evades the circulatory systems, enters the blood
or lymph, and moves throughout the body, estab-
lishing a fresh growth in a distant tissue, thereby
completely causing a breakdown of the healthy
tissue by invasion.

10.6.2 Cancer:The World Scenario

As per reports from WHO World Cancer Report
2014, cancer is a deadly disease, leading to death

10 CRP and Cancer

globally. The WHO, from a report in 2012,
revealed that cancer was the cause of the global
death in as high as 8.2 million people. Lung can-
cer contributing to deaths of 1.59 million people,
liver cancer contributing to deaths of 7.4 million
people, followed by stomach cancer causing
deaths of 7.2 million patients, colorectal cancer
leading to 6.9 million deaths, breast cancer caus-
ing deaths of 5.2 million patients, and esophageal
cancer contributing to deaths of 4 million patients
globally were the major cancer killers.

10.7 Tumor Immunity

Tumor immunity is both T-cell and antibody
mediated. The antitumor antibodies are effective
in destruction of tumors in the presence of com-
plement. T-cell response involved in the destruc-
tion of tumors is dependent on following
mechanisms:

1. Cellular immunity mediated by cytotoxic T
lymphocytes (CTLs)

2. Humoral Immunity mediated by antibody-
dependent cell-mediated cytotoxicity (ADCC)

3. Immune functions mediated by natural killer
(NK) cells and lymphokine-activated killer
cells (LAK)

4. Activated macrophages and neutrophils

10.7.1 Destruction by CytotoxicT
Lymphocytes

Destruction of viral-induced tumors is primarily
mediated by cytotoxic T lymphocytes, which
are MHC class II and I restricted. Since MHC
class II molecules expressed by T-helper cells
(Ty) cells do not recognize MHC class I anti-
gens on tumor cells directly, they are dependent
on major APCs like macrophages to present
antigens in association with class I MHC mol-
ecules. This recognition by class I MHC mole-
cule-restricted Ty cells leads to its activation
and subsequent release of interleukin-2 (1L-2).
IL-2 in turn activates cytotoxic T lymphocytes.
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NK cells or the natural killer cells, B cells, and
macrophages contribute to the immune
response. The activated cytotoxic cells kill
tumor cells directly.

10.7.2 Antibody-Dependent Cell-
Mediated Cytotoxicity

ADCC involves (1) binding of tumor-specific
antibodies to the surface of tumor cell, (2) inter-
action of various cells such as macrophages and
granulocytes which possess surface receptors for
the Fe portion of an antibody bound to a tumor
cell, and (3) destruction of tumor cells by the sub-
stances released from these cells.

10.7.3 Destruction by Natural Killer
Cells and Lymphokine-
Activated Killer Cells

Natural killer (NK) cells are activated by IL-2
and interferon and specifically kill tumor cells
that do not express class I MHC molecules on
their surface. They can kill different target cells
they act on including virally infected cells,
antibody-coated cells, and cells from a number of
different tumors. NK cells secrete TNF-a, which
induces hemorrhagic necrosis; however, the exact
mechanism(s) by which the NK cells recognize
and kill tumor cells is still not clear.

LAK cells are tumor-specific killer cells
obtained from a patient. When grown in the
presence of IL-2, they acquire more Kkilling
potential. They can kill a much broader range of
tumor cells.

10.7.4 Destruction by Activated
Macrophages and Neutrophils

Macrophages and neutrophils become activated
by cytokines, notably INF-y produced by acti-
vated T lymphocytes. These activated T lympho-
cytes and macrophages attract to the area of
antigen and also release other cytokines. INF-y
also prevents migration of macrophages away
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from the antigen. The activated macrophages are
cytotoxic to tumor cells, to self-cells, and to
microorganisms in their vicinity. The killing
effect is due to TNF-a release and lysosomal
enzymes. More evidences are emerging in the
destruction of tumors by activated macrophages
based on the following observations:

* Resistance to tumor can be abolished by spe-
cific depletion of macrophages.

* Increased resistance to tumor is associated
with increase in the number of activated
macrophages.

* Administration of TNF-a into tumor-bearing
animals causes hemorrhage and tumor
necrosis.

* Activated macrophages are found at the site of
tumor regression.

10.8 Immune Surveillance

The transformed or tumor cells display new anti-
genic determinants that evoke an immune
response to cause their destruction. This is known
as immunological surveillance. This immune
surveillance serves to limit the growth of trans-
formed cells. This concept was first reviewed by
Ehrlich, and later confirmed by L Thomas (1950)
and Burnett (1970). At times the transformed cell
goes unchecked by the immune system. This
escape from the immune system of the developed
tumors may be attributed due to the following:

e Tumor-specific antigens are not immuno-
genic, and the degree of immunity developed
is insufficient to reject rapidly growing
tumors.

¢ Tumor-specific antigens are shed from
immune complexes denying access of sensi-
tized lymphocytes in their recognition and
attachment.

e Masking of tumor antigenic determinants by
antibodies causing immunological
enhancement.

¢ Prostaglandins produced by macrophages of
tumor-bearing host have immunosuppressive
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effects like reduction in MHC 1II antigens on
APC and NKC activity.

e Development of suppressor T-cell activity
induces poor immunity.

e Reduction in MHC II antigens on APC by
prostaglandin

» Resistance to tumor can be abolished by spe-
cific depletion of macrophages.

* Increased resistance to tumor is associated
with increase in the number of activated

macrophages.

¢ Administration of TNF-a into tumor-bearing
animals causes hemorrhage and tumor
necrosis.

* Activated macrophages are found at the site of
tumor regression.

10.9 Cancer Biomarkers

Cancer biomarkers have been implicated for their
role in risk assessment, screening, differential
diagnosis, identification of the disease state,
prognosis, and monitoring of treatment. Tumor
markers are either expressed on the surface of the
tumor cells or tissues or are released in body flu-
ids. They include different types of molecules
and comprise (1) endogenous proteins or metab-
olites, (2) factors for transcription, (3) cell sur-
face receptors, and (4) proteins that are secreted.
Their levels of expression or modifications in
the cancer are indicative of disease (tumor/can-
cer) state, progression characteristics/state of the
disease, and response to therapies. Tumor
markers find great importance in enabling early
detection and diagnosis of the disease, thereby
reducing the chances of mortality in cancer by
facilitating early diagnosis of cancers thereby
enabling effective treatments. The last decade
records a considerable surge in the number of
new and effective cancer biomarkers utilized in
the effective diagnosis and prognosis of the dis-
ease. In-depth knowledge of the disease dynam-
ics has been possible due to the discovery of a
considerable potential number of tumor markers
from different cancers. A list of biomarkers is
included in the following table (Table 10.1).
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10.10 Cancer and CRP

C-reactive protein has been observed to play a
dominant role in diagnosis and prognosis in a
diverse range of cancer from localized to sys-
temic cancer. CRP immunoreactivity in inflam-
matory hepatocellular adenomas has been
correlated with a higher risk of malignant trans-
formation. An elevated serum level of CRP has
been observed to denote poor prognosis with
poor cancer-specific survival in hepatocellular
carcinoma (HCC) patients (Shin et al. 2015). The
serum CRP level has been reported to correlate
with the clinical prognosis in patients with kid-
ney, penile, and metastatic castration-resistant
prostate cancer (PC) (Schnoeller et al. 2015). In
melanoma patients, CRP finds importance as a
prognostic marker (Fang et al. 2015) and finds
potential applications as markers in monitoring
prognosis with treatment in melanoma patients. A
high CRP level on postoperative day (POD) may
be used to predict or detect site-specific infection
in postsurgery after intraoperative radiotherapy
(IORT) for spinal metastasis (Sugita et al. 2015).

Overexpression of CRP and its inflated levels
are reported to significantly correlate the worse
outcome in prostate cancer patients and the ele-
vated CRP level has direct correlation with risk
of death in prostate cancer and finds applications
in predicting mortality (Graff et al. 2015). In
colorectal cancer, elevated preoperative serum
CRP levels have been observed to correlate with
poor survival in patients suffering from colorectal
cancer(Shibutanietal.2014). Chemoradiotherapy-
treated patients suffering from advanced-level
nasopharyngeal carcinoma reveal that serum
CRP may find importance in predicting poor
prognosis (Zeng et al. 2015). Elevated levels of
serum CRP were reported to correlate signifi-
cantly with overall poor disease-free survival rate
in esophageal cancer (EC) patients (Huang et al.
2015). Elevated levels of hs-CRP have been
shown to be correlated well with an elevated risk
of breast cancer in nondiabetic female individu-
als (Wang et al. 2014). The elevated CRP level is
found to indicate poor prognosis after treatment
with radiotherapy in patients suffering from pros-
tate cancer (Thurner et al. 2015).
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Table 10.1 Cancer biomarkers [Bhatt et al. 2010; Carcereny et al. 2007]

Diagnostic and prognostic cancer
biomarkers

Prostate-specific antigen (PSA)
a-Fetoprotein (AFP)

Cancer antigen 125 (CA-125)

Cancer antigen 15-3 (CA15-3) breast
cancer 1, early onset (BRCA-1); breast
cancer 2, early onset (BRCA-2)

Cancer antigen 19-9 (CA 19-9)
Carcinoembryonic antigen (CEA)

Human chorionic gonadotropin (hCG)

Thyroglobulin (Tg) papillary
Heat shock proteins (HSPs)
Hsp27; Hsp70

Cytokines like transforming growth
factor § (TGF-B)

Interleukins

Glucose metabolism

Sialic acids

9-0-Acetylated sialoglycoconjugates

Philadelphia chromosome, Bcl2, and
other gene translocation fusion products

Methylation of genome
Adenomatous polyposis coli (APC)

microRNA

mRNA
Circulating tumor cells (CTCs)
Cancer stem cells (CSCs)

Elevated serum CRP levels were reported to
indicate the subsequent incidence of liver cancer
and could be accounted for as a factor for death
from chronic liver disease (Chen et al. 2015).
Elevated CRP levels on postoperative day 3 have

Tumor or cancer
Prostate cancer

Hepatocellular carcinoma (HCC)
Ovarian and fallopian tube cancer

Breast cancer

Pancreatic and urinary bladder cancer
Colorectal cancer

Germ cell tumors (ovarian and
testicular)

Follicular thyroid cancer

Gastric, prostate carcinoma, bone
cancer (osteosarcomas), cancer of the
uterus, cervix, and carcinoma of the
bladder

Malignant tumors

Oral cancer

All cancers

Endocrinal cancer

Childhood acute lymphoblastic
leukemia (ALL)

Acute myeloid leukemia (AML),
acute lymphoblastic leukemia (ALL),
chronic myeloid leukemia (CLL),
myelodysplastic syndrome (MDS),
and Burkitt’s lymphoma

Ovarian cancer

Adenocarcinoma, squamous cell
carcinoma, stomach carcinoma,
pancreatic, thyroid, and ovarian
cancer

Pancreatic cancer, esophageal cancer,
nephroblastoma, prostate cancer,
hepatocellular carcinoma, lung cancer
neuroendocrine tumors

Metastatic breast cancer

Acute myeloid leukemia (AML),
melanoma, cancer of the brain,
breast, and prostate
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Gland/organ
Prostate gland in males

Malignancy of the hepatocytes
in the liver

Ovary and fallopian tube
malignancy in females

Breast in females

Pancreas and urinary bladder

Colon and rectum of the large
intestine

Ovary and testicular germ
cells

Thyroid
Stomach, prostate gland,

bone, uterus, cervix, and
urinary bladder

Different tissues

Mouth

Different tissues
Endocrines
Blood

Malignancy of the blood cells

Ovary of females

Squamous cell, stomach,
pancreas, thyroid, ovary

Pancreas, esophagus, prostate,
liver, kidney, lung

Nervous system
Breast

Malignancy of blood cells,
brain, breast, and prostate

been reported to help physicians predict the post-
operative course in both comprehensive clinical
searches and therapeutic approaches, against
postoperative infectious complications (PICs)
during postoperative cancer resection in gastric
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cancer (Shishido et al. 2015). Meta-analysis sug-
gests that an elevated CRP level has a detrimental
impact on the overall survival (OS) in metastatic
prostate cancer (MPC) (Rocha et al. 2014). CRPs
were reported as a marker in the serum known for
its sensitivity and easily detectable nature and
useful for better clinical stratification in colorec-
tal cancer patients (Lumachi et al. 2014).
Increased hs-CRP levels in serum have been
reported to contribute as a major risk factor in
breast cancer within the cohort of younger
Chinese women (Wang et al. 2014).

CRP has been studied for its efficiency as a
diagnosis and prognosis marker in non-small cell
lung cancer (NSCLC, Jin et al. 2014). Meta-
analysis studies have revealed the probable role
of inflammatory markers including CRP in pan-
creatic cancer management (Stevens et al. 2015).
Serum concentration of CRP levels has been
shown to effectively predict disease-induced
mortality in patients suffering from renal cell
carcinoma (Hsiao et al. 2015). In a study reported
from a Japanese pancreatic cancer cohort, neutro-
phil-lymphocyte ratio and CRP have been
reported to be of prognostic value (Inoue et al.
2015). Preoperative CRP has been reported to
correlate in patients suffering from breast cancer
with node negativity (Sicking et al. 2014).

Elevated pretreatment concentration of CRP
in the serum is indicative of its association with
poorer prognosis in esophageal cancer patients
(Zheng et al. 2014) and together with IL-6 in
unresectable NSCLC (Liao et al. 2014) shows
potential as a prognostic marker to monitor clini-
cal outcome (Zheng et al. 2014). The elevated
serum CRP level in predicting prognosis of
patients with metastatic cancer of the prostate
shows its potential as an independent predictor of
worse overall survival in these patients (Xu et al.
2015). The Multinational Association of
Supportive Care in Cancer (MASCC) risk score
combined with the mean CRP value has been
reported to successfully identifying patients suf-
fering from febrile neutropenia and other hema-
tological malignancies with higher death risk
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(Combariza et al. 2015). Elevated CRP levels in
the preoperative serum CRP have been reported
as a biomarker for prognosis in patient posttreat-
ment with radical nephroureterectomy suffering
from upper urinary tract urothelial carcinoma
(Aziz et al. 2014; You et al. 2015) and are indica-
tive of poor survival in chronic hemodialysis
patients undergoing nephrectomy for renal can-
cer (Szturmowicz et al. 2014; Omae et al. 2015).

CRP in mice has been reported to downregu-
late the expression of tumor-associated M2 mac-
rophages and thereby reduce the effects of
intratumoral angiogenesis (Kuribayashi et al.
2014). Together with IL-6, CRP has potential in
predicting risk of patients suffering from colorec-
tal cancer (Zhou et al. 2014). In a study reported
from the European Prospective Investigation into
Cancer and Nutrition (EPIC), high blood concen-
trations of CRP have been reported to indicate
elevated risk in colorectal cancer patients
(Nimptsch et al. 2015).

In a recent study, CRP and Wnt signaling
pathway interaction has been reported in colorec-
tal cancer (Su et al. 2014).

CRP is known for its importance as a bio-
marker in indicating prognosis and has been
reported from metastatic renal cell carcinoma
undergoing molecular targeted therapy treat-
ment with intermediate risk (Teishima et al.
2014).

Associations between pain and inflamma-
tory processes in patients suffering from head
and neck cancer (HNC) have been indicative of
potential implications for future treatment
strategies (Oliveira et al. 2014). An elevated
CRP level and hypoalbuminemia have been
reported to influence the survival in inoperable
esophageal cancer patients under palliative
treatment in advanced stages (Lindenmann
et al. 2014).

An elevated CRP is a practical prognostic marker
in patients with hepatocellular carcinoma (HCC,
Kinoshita et al. 2014). Inflammatory biomarker
CRP also finds importance in its association with
radiation therapy-induced early adverse skin reac-
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tions (EASRs), together with obesity (Rodriguez-
Giletal. 2014). A contrasting study has also reported
that elevated serum CRP, CEA (carcinoembryonic
antigen), and mediastinal lymph node metastases
also termed as N2 disease are poor indicators of
prognosis in patients suffering from non-small cell
lung cancer (Ni et al. 2014). In patients suffering
from a disease termed as diffuse B-cell lymphoma,
the CRP level finds significance as a biomarker of
prognosis and a biomarker indicating disease-free
survival and improves the ability of prediction
(Troppan et al. 2014). A meta-analysis reveals that
CRP has a prognostic significance in urological can-
cers (Dai et al. 2014).

CRP has been shown to have positive effects
in identifying high-risk groups of patients with
colorectal cancer screening and those who might
benefit most from prophylactic anti-inflammatory
therapy (Goyal et al. 2014).

CRP with slight genetic variation has been
reported to find importance due to its predictive
potential of enhanced risk prostate cancer (Markt
et al. 2014). Preoperative serum CRP has also
been reported of its implications in significant
prognosis of stage IV colorectal cancer patients
(Shibutani et al. 2014, 2015) and osteosarcoma
(Yietal. 2014).

Table 10.2 Immunotherapy [Schuster et al. 2006]

Active immunotherapy Nonspecific
Specific

Passive immunotherapy Nonspecific
Specific
Combined
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Types include (1) chemotherapy, (2) immuno-
therapy, (3) radiation therapy, (4) targeted thera-
pies, (5) transplantation, and (6) other treatment
methods like use of angiogenesis inhibitors.
Cancer vaccines, cryosurgery, hyperthermia,
laser treatment, and photodynamic therapy for
cancer are other modes of therapy in cancer.

10.11.1 Immunotherapy

Immunotherapy, including both active and pas-
sive forms, includes interplay of the nonspecific
and specific immune reactions (Table 10.2).

Immunopotentiating agents including biologi-
cal response modifiers (BRMs) are capable of
enhancing antitumor immunity. These include
bacterial products, synthetic chemicals, and cyto-
kines (Table 10.3). They are reported to function
by activating macrophages and natural killer
(NK) cells, leading to downstream cytokine pro-
duction and enhancing T-cell functions.

In cytokine therapy, cytokines are being
employed to potentiate the host immune system
(Table.10.4).

Bacillus Calmette—Guérin (BCG),
levamisole, cytokine genes

Tumor cell lysate, killed tumor cells,
recombinant antigens, idiotype,
stimulatory molecule genes
Lymphokine-activated killer (LAK)
cells, cytokines

Individual antibodies or those
coupled to drugs, prodrug toxins or
bispecific antibodies, T cells

LAK cells and bispecific antibody
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Table 10.3 Active immunotherapy (nonspecific) medi-
ated by biological response modifiers (BRMs) [Reang et

al. 2006]

BRM
categories

Bacterial
product

Synthetic
molecules

Cytokines

Types

BCQG, acnes,
muramyl
dipeptide,
trehalose
dimycolate
Pyran, poly I:C,
pyrimidines

Interferon-a,
interferon-f3,
interferon-y,
IL-2

Effects

Activation of
macrophages and
NK cells mediated
by cytokines

Induction of
interferon (IFN)
production
Activate
macrophages and
NK cells

10 CRP and Cancer

Table 10.4 Cytokines and immunotherapy

Cytokine

IFN-q,
IFN-4

IFN-y

1L-2

TNF-a

Tumor/cancer

Hairy cell
leukemia in
remission stages
Peritoneal
carcinoma in
remission stages

Renal
carcinoma and
melanoma in
remission stages
Can reduce
malignant
ascites

Antitumor effect

Overexpression of
class I MHC
molecules

Overexpression of
MHC class I and IT
molecules;
macrophages,
activation of cytotoxic
T cell and NK cell
Proliferation and
activation of T cells,
activation of NK cells

Macrophage and
lymphocyte
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Abstract

The worldwide situation of malaria is alarming. Increasing new cases of
transmission of malarial infections in areas where it had not occurred
before and the tendency to reinfect the areas from where it had been eradi-
cated earlier remain the major concern with malaria. The mechanism of
resistance to antimalarial drugs has increased; there are cases of mixed and
single infections, emergence of malarial infections in non-endemic areas,
and complication of infections in endemic areas. The vector resistance to
insecticides has also become widespread. Nearly 220 million new infec-
tions annually are reported to occur globally. It is mostly endemic in con-
tinents of Africa, Asia, and Central and South America. Malaria turned out
to be a major threat to public health today in more than 90 countries.
C-reactive protein (CRP) is an acute-phase reactant and also a biomarker
for inflammation. CRP can bind to different immune cells and also can
activate various immune cells in various downstream signaling pathways.
It plays various immunomodulatory roles and acts as a key molecule in the
immune system. It can bind to a few kinds of Fcy receptors present on the
cell surface of various immune cells. The plasma concentration of CRP
increases in different diseases during the inflammatory conditions. Its con-
centration also varies in acute versus chronic conditions. The role of CRP
as an inflammatory biomarker and as an index/biomarker in a disease
state,or its binding to different cells subsequently modulates the function
of those cells. The various immunomodulatory roles of CRP in malaria are
detailed in this chapter.

Keywords

Plasmodium * Cerebral malaria * Inflammation * Biomarker  Interleukins
* Cytokines ® Tumor necrosis factor ® Anopheles * Parasite * Africa * Fatal
* Prevalent * Chloroquine * Antimalarial * Drug resistance
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Chapter Highlights

1.
2.

10.

Malaria poses a major threat to life.

The infection is caused by parasites
(Plasmodium sp.) that are transmitted by
infected bites of Anopheles mosquitoes, also
called as “malaria vectors.” They bite mainly
between dusk and dawn.

. In 2013, malaria claimed around 584 000

lives from children in Africa. It poses risk to
half of the global population but mortality
rate is recorded highest in sub-Saharan
Africa.

Malaria can be cured and prevented.

. The malaria prevention steps and disease

control reduce malaria
burden.

Non-immunized travelers from malaria-free
areas are vulnerable to the disease or
infection.

Children are mostly affected in Africa, with
single death recorded every minute.
However, since 2000, the pediatric mortality
rates have reduced by nearly 58 %.

CRP recognizes host cells that are damaged
which leads to their elimination by (1) com-
plement activation (2) or opsonization after
ligand binding. CRP promotes lysis of dis-
eased RBC and functions as an innate
immune molecule. CRP also plays a major
beneficial role in complement-independent
phagocytosis.

CRP is a sensitive indicator of the early
phase of inflammation or process of destruc-
tion of tissue; CRP testing has therefore been
advocated. For the general assessment of
well-being in both human and veterinary
screening studies, CRP levels form (1) a sim-
ple measure of extent of severity of the dis-
ease, (2) the efficiency of therapy, (3) the
diagnostic and prognostic significance, and
the (4) severity of complications.

Although CRP is a nonspecific inflammatory
biomarker, a very high CRP concentration is
measured during attacks of malaria. A strong
association between CRP levels and malaria
parasite densities was revealed in various
studies. The high CRP levels associated with
high levels of malaria parasitemia might pro-

measures can
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vide a useful case definition for clinical

malaria in areas where asymptomatic para-

sitemia is common.
11. This definition would be most appropriate in
the assessment of morbidity in the commu-
nity. High CRP levels could represent a more
objective definition of morbidity, as an indi-
cator of inflammation, and are more sensitive
than body temperature measurements.
Howeyver, as an indicator of clinical malaria,
its utility in a given setting depends both on
the malaria-attributable CRP level being
measurable against a background of
increased CRP levels from other causes and
upon the raised CRP concentration showing
clear association with clinical malaria and
not with asymptomatic parasitemia.

12.

11.1 Introduction

Malaria is the one of the most common globally
occurring diseases affecting 515-600 million
people annually. Globally 40 % of the population
is revealed to be at risk of malaria infection.
Malaria is turning out to be a worldwide menace.
The situation is deteriorating throughout the
world. The causative agent of malaria is
Plasmodium parasites transmitted through the
bites of infected Anopheles mosquitoes (Malaria
fact sheet N°94. www.who.int/mediacentre/fact-
sheets/fs094/en/).

The five different types of malarial parasites
including P. falciparum, P. vivax, P. ovale, P.
malariae, and P. knowlesi are known to infect
humans of which P. falciparum and P. vivax are
the major vectors. P. falciparum infection is
recorded as the most dangerous form, with
highest incident rates of complications and
mortality. The severest form of malaria infec-
tion is attributed to Plasmodium falciparum, but
some severe form can also be caused by P. vivax
and P. knowlesi (Malaria fact sheet N°94. www.
who.int/mediacentre/factsheets/fs094/en/). The
three severe complications of malaria are noted
in Fig. 11.1.


http://www.who.int/mediacentre/factsheets/fs094/en/
http://www.who.int/mediacentre/factsheets/fs094/en/
http://www.who.int/mediacentre/factsheets/fs094/en/
http://www.who.int/mediacentre/factsheets/fs094/en/
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3 severe complications

Severe
anemia

Cerebral
malaria

Inevitable consequence

May begin slowly
of severe infection

or suddenly

Outcome Outcome

® High fatality rate: 20%

® With successful treatment,
complete recovery

® Permanent disablement
rarely occurs

transfusion is given

® May be fatal unless a blood
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Others

Renal
failure @ Hepatic dysfunction
@ Hypoglycaemia

@ Shock (‘algid’

Dwinding urine )
malaria)

output
@ Pulmonary oedema
@ Fluid/electrolyte
imbalance
Outcome -
. L @ Vomiting and
® Cautious rehydration is diarrhoea
effe'ctwe n most C ases ® Secondary bacterial
® Peritoneal dialysis may infection
be needed sometimes i
) @ Bleeding and
® Bad prognosis clotting dis-
turbances

® Haemoglobinuria
and blackwater
fever

Fig.11.1 Complications of malaria. Apart from the three severe complications of malaria, other complications were

also noted with their outcome also

Also, Plasmodium knowlesi, mostly known to
infect Southeast Asian long-tailed macaques, is
also capable of infecting humans apart from the
four known species of malaria. Plasmodium spe-
cies of clinical importance in transmission are P.
falciparum and P. vivax. In sub-Saharan Africa,
P. falciparum claimed about one million lives
annually, mainly children below 5 years. Eastern
and central parts of Africa, South America, and
Asia show prevalence of P. vivax. Plasmodium
cynomolgi, also a simian malaria parasite, can
transmit malaria to humans. Plasmodium cyno-
molgi is phenotypically and phylogenetically
closer to P. vivax. It serves as a biological model
system for the study of P. vivax (van Duivenvoorde
et al. 2010; Cox-Singh et al. 2008; Schmidt et al.
2008).

The levels of transmission are increasing and
there are some regions where it has returned even
after its previous eradication. The vector is
increasingly turning out to be resistant to insecti-
cides, and with also increasing phenomenon of
drug resistance, some multidrug-resistant (MDR)
variety is coming out. There are increasing cases

of mixed infections along with single infections.
There are so many strategies, plans, and pro-
grams taken by different countries to restrict the
geographical areas affected by malaria. But on
the contrary, in recent years, due to changes in
global climate, land use, easy international travel,
and development of MDR strains of parasite,
malaria transmission has become widespread. An
estimated 219 million people are infected with
malaria infection annually across the globe.
Nearly, 660,000 African children died in 2010,
with an uncertainty range of 490,000-836,000
cases (Gema Ruiz Lépez del Prado et al. 2014).
Different drugs are being tested for malaria
treatment, but not a single drug is able to over-
come the burden. In endemic areas, one of the
major concerns for malaria infection is its resis-
tance to its oldest, cheapest treatment product,
i.e., chloroquine (Talisuna et al. 2004). Along
with chloroquine resistance in most affected
areas, resistance to sulfadoxine pyrimidine and
mefloquine is emerging. MDR varieties are
mostly observed in Southeast Asia. The drug
artemisinin (Afonso et al. 2006), although effec-
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tive in treatment of malaria, produces resistant
strains of P. falciparum. The pathophysiology of
the disease mechanism is still not clearly under-
stood, and therefore the factors contributing to
generation of drug-resistant strains still remain to
be addressed. The key players in the physio-
pathogenesis of malaria have been implemented
to present free radicals through oxidative stress
(Wilmanski et al. 2005; Narsaria et al. 2012). The
discovery  of  biocompatible  polymeric
nanoparticles has attracted considerable attention
in pharmacology. In malaria treatment, the deliv-
ery of a nano-drug seems to be a promising and
viable approach (Swai et al. 2008). Experimental
nano-drug has been trialed in animal models
since comparable life cycles are found in most
mammalian Plasmodium species and show sensi-
tivity to the similar groups of drugs. The use of
drugs in experimental rodent models could be
potentially trialed for human malaria or may pro-
vide additional information about their mode of
action in humans. So a thorough in vivo drug
screening system is the need of the hour to test
the efficacy of different antimalarial drugs (Peters
et al. 1975).

Malaria is a curable and preventable disease.
The symptoms of malaria infection make their
appearance almost after a week. But without
treatment, the disease can lead to death. To reduce
malaria transmission, the main way is the preven-
tion of mosquito bites. The most susceptible
group includes pregnant women, children, and
immunosuppressed travelers also. Preventive
measures and chemoprophylaxis recommenda-
tions for transmission of malaria infection include
knowledge of travelers’ age, destination, type of
traveling, or his/her length of stay. The rates of
malaria infection of travelers without immuniza-
tion from malaria-free countries into malaria-
infested areas are very high when they get
infected. Areas showing high transmission rates
of malaria are a major threat to travelers, particu-
larly Papua New Guinea, sub-Saharan Africa, and
islands of South Pacific areas (Lopez et al. 2014).

CRP shows promise as an early defense sys-
tem against (1) malarial infection and (2) acute
inflammation. CRP concentration escalates about
50,000 times as compared to that of normal indi-

11 Role of CRP in Malaria

viduals within 6 h of infection and reaches the
peak at 48 h in infected individuals. As an accu-
rate inflammation indicator, the production of
CRP is only known to be affected in cases of liver
failure. CRP is well characterized as an acute-
phase reactant in the serum and plays a role in
multiple immunoregulatory functions like (1)
classical complement cascade activation, (2) bac-
terial opsonization and eventual phagocytosis,
and (3) phagocytic cell stimulation (Dong and
Wright 1996).

Although predominantly produced and
secreted by liver hepatocytes, CRP is also pro-
duced by (1) lymphocyte subsets, (2) Kupffer
cells, and (3) blood monocytes (Dong and Wright
1996). It was first identified for its role in defense
against human infection and property to bind to
phosphorylcholine on microorganisms’ mem-
branes (Gotschlich and Edelman 1967).

Pro-inflammatory cytokines released by host
mononuclear cells induce CRP secretion in
malaria (Harpaz et al. 1992) and its elevated level
shows strong correlations with parasitemias.

CRP, regulated at the transcriptional level and
induced by cytokines (Kremsner et al. 1996;
Ablij and Meinders 2002), is a marker of inflam-
matory reactions, and cytokine activation
(Jakobsen et al. 1998) is produced as a conse-
quence to infection (McCarty 2004). It also leads
to the expression of different adhesion molecules
at inflammation sites. Elevated CRP levels, as a
response to acute events, bear a strong positive
correlation between the duration and the intensity
of the stimulus and the number of hepatocytes
synthesizing CRP (Ablij and Meinders 2002).

This chapter will encompass issues related to
epidemiology of malaria, immune responses in
the infection, special immune responses in the
presence of CRP, and the detailed role of CRP in
malaria infection.

11.2 Epidemiology of Malaria

Worldwide, the cases of new infections every year
have been estimated to be nearly 220 million. In
Asia, Africa, and Central and South America, the
disease is endemic. Nearly 40 % of the population
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globally suffers from malaria. In today’s perspec-
tive, it has turned out to be a major public health
issue in nearly 90 countries, with a number of
infections of about 240 million people worldwide.
Each year, from around 300 to 500 million cases
reported of infection, 1.5 to 2.7 million people
undergo death. Children are the worst sufferers. In
Africa, children under the age of 5 died quite
often from malaria infection. In our world, in
every 30 s, malaria kills one child. The endemicity
of malaria infection is mostly seen in the tropics.
According to the World Health Organization
(WHO) report, 2012, nearly 3.4 billion people
globally are annually exposed to malaria infec-
tion. Of the 3.4 billion people, approximately 1.2
billion individuals are at high risk. Nearly 34
malaria-endemic countries were estimated by
WHO in 2012. It was also stated in the 2012 report
that more than 207 million people, in 2012, devel-
oped symptomatic malaria. The curve of malaria
infection worldwide is very fluctuating. Between
2000 and 2010, the number of reported annual
malaria cases decreased by 85 % in 2004 with a
height of 1.82 million people which lowered in
2010 to 1.24 million people. During this period,
most of the deaths, i.e., nearly 80 % of the deaths,
occur in sub-Saharan Africa. Nearly 627,000 peo-
ple died of malaria infection in 2012, with an
uncertainty range of also 473,000 to 789,000. Out
of the 219 million cases of illness, the estimated
deaths each year due to malaria infection are
660,000 individuals (Lopez Del Prado et al. 2014).
Malaria continues to be the major killer globally,
with nearly 250 million clinical cases reported
per annum (Global status report on noncommuni-
cable diseases 2014 (2012)).

In low-malaria-incidence areas of Panama,
parasites were found to be clustered into three
clonal subpopulations whose chloroquine resis-
tance genotype matches the haplotype of
Colombian origin. Thus resurgent parasite popu-
lations are highly clonal and are likely resulted
from imported or vestigial cases of epidemic
expansion. Genetic tools can be used to guide
strategies to prevent further resurgence in areas
of malaria elimination (Obaldia et al. 2014).

In India, malaria is one of the prevalent dis-
eases and it is endemic in few areas also. It is
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endemic in the state of Arunachal Pradesh, India.
From a retrospective surveillance study in 1995 to
2012, it was seen that P. falciparum caused 17.7 %
and P. vivax caused 80.8 % of total malaria cases.
But the prevalence rates of infection by P. falci-
parum remained constant while infection by P,
vivax declined significantly during the study
period. The decline of prevalence rates may be
implemented to constant vector and disease man-
agement programs. The seasonal prevalence of
malaria transmission was also noted in this malaria
epidemiological study (Mutheneni et al. 2014).

In the Adana province of Turkey, a malaria-
endemic area, between 2002 and 2012, 252
patients were diagnosed with malaria, where 229
patients had P. vivax infections, and P. falciparum
was detected in about 23 (8.1 %) patients. This
epidemiological study was aimed in surveillance
studies without any interruption in malaria treat-
ment to prevent reemerging of malaria in this
region (Kuscu et al. 2014).

People of the Fulani ethnic group are less sus-
ceptible to malaria infection than other African
populations due to their difference in genotype
from other Africans. The differential plasma con-
centration of CRP could be attributed to its poly-
morphisms in the promoter region of the CRP
gene. The low susceptibility of malaria in the
Fulani ethnic group is contributed toward the
polymorphisms in the CRP gene. This study indi-
cates the CRP’s major role in the malaria immune
responses by the host (Israelsson et al. 2009).

The highly polymorphic CRP gene has SNPs
at different loci. The triallelic —286 (C>T>A)
SNP (rs3091244) is strongly correlated with the
CRP concentration in the plasma. The higher
basal CRP concentration was found to be associ-
ated with allele-A. The distribution genotypes
and alleles of CRP are ethnically and geographi-
cally different. Earlier researches reveal that
allele-A in Africa is more common than in white
populations, and it is hypothesized that allele-A
can confer a survival advantage to the individuals
of malaria-endemic areas. Three SNPs, —286
C>T>A, =717 T>C, and +1444C>T, were
identified from a village in eastern Sudan. The
—286 SNP differentially varies in different ethnic
groups and is strongly correlated with varying
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susceptibility to malaria (Giha et al. 2010a, b, c,
2011; Morita et al. 2007; Israelsson et al. 2009;
Kovacs et al. 2005; Kathiresan et al. 2006).

The role of nonspecific infection and inflam-
mation markers linked with malaria infections is
a major topic of research. The basic hematologic
changes of these nonspecific markers and their
contributions during the disease and after treat-
ment remain unclear. In Brazilian endemic areas,
Plasmodium vivax infection alone contributes to
more than 80 % of malaria cases; the role of these
nonspecific markers and their diagnostic values
as hematological parameters has not been well
established. The changes in neutrophils, plate-
lets, CRP, and NO in adults with uncomplicated
P. vivax and P. falciparum malaria from the
Brazilian Amazon were well researched during
the acute and convalescent phases of infection
(Oliveira-Ferreira et al. 2010).

Malaria poses a disease burden in different
communities, mostly in sub-Saharan Africa and
other equatorial regions. Healthy African chil-
dren with higher plasma levels of CRP as com-
pared to control group of children from Europe
and Papua New Guinea might indicate that the
continuous cyclical malaria infection retains
always a clinical level of CRP in African popula-
tions (Giha et al. 2010a, b, c; Imrie et al. 2007,
Hurt et al. 2006).

Plasmodium falciparum infection contributes
to 10-14 % mortality rate and is known as cere-
bral malaria (CM). Nearly 1-2 million deaths
per annum in young children predominantly in
sub-Saharan Africa and Southeast Asia were
reported due to CM (Imrie et al. 2007).

Proper documentation of the epidemiology
and burden of malaria is far from complete.
Measurement of malaria-related mortality suffers
difficulty as the disease symptoms are highly
nonspecific. Drugs ineffective against potentially
lethal malaria lead to increased mortality. During
the year 2000, nearly 2 million cases were
reported in India, of which 1.04 million (50 %)
were due to P. falciparum infection (Imrie et al.
2007).

The strong association between CRP levels
and parasite load in malaria in pediatric patients
was investigated in the Kilombero district of
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Tanzania, where perennial P. falciparum is trans-
mitted intensely. The relationships between CRP
levels with clinical morbidity or with P. falci-
parum parasitemia only were analyzed to under-
stand the effectiveness of CRP as a marker in
field studies on malaria morbidity in areas where
malaria is endemic. The study was conducted
taking a few communities of Western Europe as
the control group (Hurt et al. 1994a, b).

The estimated number of deaths from malaria,
the most important parasitic disease in 2010, was
1.2 million, especially in children below 5 years
of age. Nearly annual visit of 125 million of trav-
elers to malaria-endemic regions is recorded and
interestingly more than 10,000 return with
malaria. For nonimmune travelers, P. falciparum
malarial infection is a medical emergency and
early diagnosis is important, in order to prevent
complications during rapid initiation of treatment
with antimalarial agents (Stauga et al. 2013;
Murray et al. 2012; WHO 2011a, b).

P. vivax, the most widespread Plasmodium
species, lead to almost 400 million infections
per annum and cause the majority of malaria
cases within the Brazilian Amazon,where there
are high rates of asymptomatic infection. P. vivax
malaria infections with severe complications
have been reported in the Amazon region. Recent
studies in Melanesian populations show positive
association of P, vivax malaria with severe com-
plications and mortality rate. Along with P. falci-
parum malaria, with records of drug resistance
worldwide, the complications of P. vivax infec-
tion are turning out to be a global health menace
(Andrade et al. 2010; Price et al. 2007; da Silva Jr
2006; Alves et al. 2002; Ladeia-Andrade et al.
2009; Barcus et al. 2007; Genton et al. 2008).

The co-association pattern of CRP and NO is
studied in malaria patients and in control indi-
viduals from NW and SE malaria-endemic
regions of Iran (Nahrevanian et al. 2008).

CRP genotypes and malariometric indices
were studied from separate groups of sympatric
ethnic populations from countries like Mali and
Sudan, where malaria endemicity is markedly
different (Israelsson et al. 2009).

From 45 countries, more than 2 billion people
are inhabitants of malaria-endemic areas. Of
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them, around 50 %, i.e., 1 billion people, are
reported to carry parasites at some or another
point in time. Per annum malaria mortality rate
ranges from 0-5 to 3-0 million people (Marsh
1998).

A total of 2547 women in rural northern
Tanzania were screened for blood malaria para-
sites and hemoglobin (Hb) and urine infections.
The cross-sectional study was carried out to find
out the relation between anemia during preg-
nancy and (1) nutritional characteristics like (2)
iron content, (3) level of ferritin, (4) total iron-
binding capacity (TIBC), (5) cobalamin, (6)
folate, (6) vitamin A, and (7) infections (raised
concentrations of CRP) (Hinderaker et al. 2002).

In western Nigeria, endemic malaria is
reported from 12 to 36-month-old children. In
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1999, around Ile-Ife in Nigeria, 207 children
(aged 0-60 months) presented with fever. Their
medical and anthropometric data, body tempera-
ture, plasma CRP, retinol, carotenoids, tocopher-
ols, and parasitemia were measured (Cooper
et al. 2002a, b).

11.3 Immune Responses
in Malaria: Brief

Pathophysiology

Immunological responses in malaria infection
involve a complex intertwined circuit of cells,
pro- and anti-inflammatory cytokines, and also
some regulatory mechanisms (Fig. 11.2). The
immune system is always fighting to bar the

¢ Antibody blocks merozoite infection of RBC’s

* Enhance clearance through opsonisation

¢ NK activity

* Decrease in circulating T cells

¢ Down regulation of T cell function

Cytokines involved
IL-1,TNF,IL-10

1.Fever

IMMUNE MECHANISMS IN MALARIA

Stage specific reactions

correlates with schizont rupture
IL1 & TNF

2.Anaemia

Common complication exceeds parasitemia &
may worsen after treatment

T cell control of splenomegaly/bone marrow

B Anti sporozoite antibodies in adults in endemic areas-blocks liver invasion

B Anti sporozoite/merozoite antibodies - block RBC invasion

B TNF blocks merozoite development

B Block cyto-adherence

\UJ

B Erythrocyte clearance in liver and spleen

Fig. 11.2 Immune mechanisms in malaria. It involves a network of cytokines, immune cells, and different stage-

specific reactions
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constant inflow of pathogens in its own terri-
tory. To avoid excessive collateral, for efficient
control of pathogens, a potent arsenal along
with a tight regulatory mechanism is required.
Thus, to maintain the homeostasis and equilib-
rium forms the major challenge of the immune
system. Pathogens and their interaction with
antigen-presenting cells (APCs) and lympho-
cytes maintain the equilibrium. Immune pro-
tection is conferred by anti-inflammatory
cytokines secreted by T cells and APCs
(Bachmann and Kopf 2002). A low plasma ratio
of IL-10 which is a Th2 cytokine and TNF
which is a Th1 cytokine TNF is observed in the
pathophysiology of severe malarial anemia
(Wilmanski et al. 2005).

The role of pro-inflammatory cytokines can be
triggered by the pathogenic mechanisms of the
parasite (Mitchell et al. 2005) or may be contrib-
uted to the production of free radicals in host
cells in response to infection (Keller et al. 2004).
The primary infection of malaria can be con-
trolled by the rapid pro-inflammatory responses
in innate immunity. But the rapid and potent
development of cytokine secretion can increase
the severity in malaria or may amplify the adap-
tive immune response (Riley 1999). Acquired
immunity to malaria enables the control of circu-
lating pro-inflammatory cytokine concentrations
thereby leading to parasite clearance without
triggering any deteriorating pathology. The
mechanism by which acquired immunity main-
tains its constrained behavior is not known. The
downstream effect of Th1l and Th2 cytokines in
humans is controlled and regulated by IL-10 and
transforming growth factor-p (TGF-p). In innate
immunity, both cytokines are produced by innate
immune cells like macrophages, and in acquired
immunity, the cytokines are produced by T cells.
Thus, the regulatory immune responses of both
these cytokines are maintained in innate and
adaptive immunity also (Schmieg et al. 2003).
IL-10 cytokines are produced by CD4+ T cells
and all leukocytes (Niikura et al. 2011).

The cytokines TNF-a, IFN-y, and IL-12
secreted by Ty lymphocytes help in controlling
the infection, while Th2 cytokines like 1 L-10
and TGF-p aggravate the disease. However, in
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different immune responses against parasite
elimination, the consensus of these cytokine pro-
files varies (Percario et al. 2012).

In the first stage of parasite elimination, at the
initial stages of infection, the host mounts an
adaptive immune response against the parasite.
However, a chronic or exaggerated condition
may favor the severe anemic conditions. At the
second stage, the host promotes clearance of the
initial immune responses (Thl) and replaces
them by adaptive immune response. With obvi-
ous consequences and improper activation of
these responses, the parasite tends to resist the
host defense (Percario et al. 2012). Recent stud-
ies revealed relatively low levels of pro-
inflammatory cytokines (TNF-a, IFN-y, and
IL-12) and high-level anti-inflammatory cyto-
kines (IL-10 and TGF-p) after malaria treatment
(Percario et al. 2012; Imrie et al. 2007).

Malaria infection has been known to be asso-
ciated with hematologic changes, like anemia,
thrombocytopenia, and leukocytosis or leukope-
nia. These clinical factors alter with patient
genetic background, the level of malaria ende-
micity, demographic factors, nutritional status,
and immunity in malaria (Price et al. 2001; Erhart
et al. 2004).

Altered numbers of white blood cells and
platelet count are well documented in both P.
vivax and P. falciparum malaria cases in immune
and naive patients of different ages (Martelo
et al. 1969; Winters and Murray 1992; Ladhani
et al. 2002; Taylor et al. 2008). Mild or moderate
thrombocytopenia in patients from children to
adults from malaria-endemic areas is also noted
(Josué da Costa Lima-Junior et al. 2012).

A highly coordinated differentiation process
generates neutrophils from myeloid precursor
cells in the human bone marrow. Neutrophils act
as receptors for components of mediators of
inflammation (Mora-Jensen et al. 2011). The
neutrophil precursor count is an important indi-
cator of inflammation (Zhu et al. 2010; Corti
et al. 2012). Variations in neutrophil precursor
count are routinely quantitated in the laboratory
in malaria-endemic areas as a sensitive but non-
specific indicator of malaria infection (Maina
et al. 2010; Habeeb et al. 2012).
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Cytokines and chemokines act as biomarkers
of infection in malaria. Different nonspecific
inflammatory mediators are also biomarkers in
malaria infection. Several soluble mediators are
released during malaria infection. Soluble media-
tors like CRP and nitric oxide (NO) find impor-
tance as important inflammatory biomarkers in
malaria. The NO and CRP levels are important in
assessing the severe malaria and as a prognostic
tool in the follow-up of malaria infection
(McGuire et al. 1996; Armah et al. 2007; Conroy
etal. 2011).

In malaria infection, when schizonts rupture,
host monocytes and macrophages secrete pro-
inflammatory cytokines to stimulate CRP pro-
duction from the liver (Imrie et al. 2007,
Karunaweera et al. 1992; Kwiatkowski et al.
1989). In febrile individuals, a strong correlation
between CRP and malaria parasitemia has been
seen. Pediatric populations in malaria-endemic
areas of Africa show a chronic inflammatory
acute-phase response after continued and pro-
longed exposure to Plasmodium infections (Imrie
et al. 2007; Naik and Voller 1984; Ree 1971;
Chagnon et al. 1992; Verhoef et al. 2001).

Different schools of thought exist regarding
the CRP’s role in malaria. Studies showed that
increased CRP levels are associated with malaria
mortality and morbidity (Bruce et al., 2000).
Other studies reported that reduced CRP levels
may be an important pathological mechanism in
severe malaria (Cox et al. 1994). Differences in
ethnic background also pose different gradations
in inflammation (Imrie et al. 2006). The level of
CRP is reported to be high in blacks as well as
African descendants compared to whites (Cattani
et al. 1986; Burkot et al. 1987).

The protection against preerythrocytic stages
of malaria parasites depends on both CMI (cell-
mediated immunity) and humoral immune
responses of the host (O’Donnell et al. 1998;
Imrie et al. 2006). The possible role of cytokines
in protective mechanisms at the preerythrocytic
stage of the infection has also been studied. IL-1
and IFN-y strongly inhibit P. falciparum sporo-
zoite development in primary cultures of func-
tional hepatocytes without directly affecting free
sporozoites. IL-1 exerts its effect at the very early
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phase of malaria infection and IFN-y prevents
post-penetration  (intra-hepatocyte)  cellular
mechanism of the parasite. Pro-inflammatory
IL-1-stimulated hepatocytes secrete CRP. CRP
concentration increases in different infections
including infectious disorders (Burkot et al.
1987). CRP poses deleterious effects on sporozo-
ites and on hepatic stages of Plasmodium spp.
Even with nonspecific induction, CRP protects
the host from sporozoitic stages of malaria (Imrie
et al. 2006).

Antibodies, cytotoxic T cells, cytokines, and a
variety of other soluble mediators are the key
molecules involved in the potential mechanisms
of immunity against malaria. In antimicrobial
immune responses, macrophages generate toxic
molecules, reactive oxygen, nitrogen intermedi-
ate (RNI) species, H,O,, and nitric oxide (NO)
(Bogdan et al. 2000).

As a host nonspecific innate defense mecha-
nism in malaria infection, CRP concentration
also increases, in addition to NO (Nahrevanian
et al. 2008). During malaria infection, for a pro-
tective immunity, the importance of the quantity
of cytokine released and the rate, time, and site of
production of cytokines should be balanced and
maintained in the chemokine network
(Nahrevanian et al. 2008).

In the malaria disease’s clinical manifestation
and severity, the host’s immune system and the
parasite’s virulence factors play an important
role. P. falciparum malaria affects every organ of
the body and thus is a multisystem disorder. In P.
falciparum infection, circulatory dysfunction,
coagulopathy, specific pathophysiology, systemic
inflammation, and endothelial activation often
occur (Stauga et al. 2013).

The pathogenesis of cerebral malaria involves
the secretion of cytokines and chemokines;
mechanical blockage caused by sequestration of
parasitized red blood cells (pRBCs), leukocytes,
and platelets; angiogenic failure; and genetic
and/or immune status of the host along with a
network of parasite factors concerned The ele-
vated levels of pro-inflammatory cytokines,
TNF-a, IFN-y, and lymphotoxin were also seen
(Fig. 11.3). The sequestration of pRBCs, leuko-
cytes, and platelets within brain vessels leads to
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are shown

metabolic insufficiencies, upregulated adhesion
molecules, and immunological responses with
the local involvement of monocytes and T cells
activated by Plasmodium antigens were the major
mechanisms to exacerbate CM. The complex net-
work of cytokines and chemokines appears to act
together to control the immune responses in CM
(Armabh et al. 2007).

It is reported that Plasmodium malariae infec-
tion showed greater frequency in women with
alpha(+)-thalassemia (Mockenhaupt et al. 2001).

Relation between CRP

and Malaria: Role of CRP

in the Pathology of Different
Malarias

11.4

CRP is a classic marker for inflammation as com-
pared to other acute-phase proteins whose con-
centration rises by two- to fourfold while CRP

concentration rises by 100-1000 fold during an
acute-phase reaction.

CRP competes with IgG receptor binding and
thus plays a role in antigen-specific immune
response. The differential plasma concentration
of CRP could be attributed to its genetic poly-
morphic promoter region. The low susceptibility
of malaria in the Fulani ethnic group is contrib-
uted toward the polymorphisms in the CRP gene.
CRP plays an important role in the immune
responses to malaria and is confirmed from
experimental studies (Ansar et al. 2009a;
Israelsson et al. 2009).

CRP bears a sequence homology to FcyR-
binding regions of IgG (Bang et al. 2005). The
high affinity of CRP to the R variant of FcyRIIa-H/
R131 is indicative of the fact that CRP competes
with antimalarial IgG antibodies for binding to
phagocytic cells expressing FcyR receptors
(Stein et al. 2000). The differential blood concen-
tration of CRP has been attributed to a triallelic
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upstream mutation (_286 C>T>A) of the CRP
(Israelsson et al. 2009). The strong association
between the CRP-286A allele and increased sus-
ceptibility to malaria has been reported (Giha
et al. 2010c, 2011).

In malaria infection, CRP secretion is induced
by pro-inflammatory cytokines secreted by host
mononuclear cells (Harpaz et al. 1992). CRP lev-
els and parasitemias bear strong association. NO
also is highly toxic to intraerythrocytic malaria
parasites and has strong association with the
severity of Plasmodium falciparum malaria. The
high level of NO production by neutrophils has
been correlated with fast parasite clearance of P.
falciparum infection. Thus nonspecific inflam-
matory markers find importance in conferring
immune protection from malaria (Greve et al.
1999). Thus CRP and NO act as inflammatory
mediators in malaria. Their concentration is also
strongly correlated with severity and parasitemia
in P. falciparum malaria.

Several soluble mediators are released during
malaria infection. In malaria, soluble mediators
like CRP and NO find role as important inflam-
matory biomarkers (McGuire et al. 1996; Armah
et al. 2007; Conroy et al. 2011). The NO and CRP
levels find application in assessing the severity of
malaria and as prognostic factors during follow-
up of malaria infection.

In malaria infection, host monocytes and mac-
rophages release pro-inflammatory cytokines to
stimulate CRP synthesis from the liver when the
schizonts rupture (Karunaweera et al. 1992;
Kwiatkowski et al. 1989). The strong correlations
between CRP and malaria parasitemia have been
seen in febrile individuals. After continued and
prolonged exposure to Plasmodium infections,
pediatric populations in malaria-endemic areas of
Africa have a chronic inflammatory acute-phase
response (Imrie et al. 2007).

11.5 Association of CRP
with Malaria Infection

CRP is an important component of innate immu-
nity and is believed to play an important role as
an early defense mechanism against infection in
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the host. During acute inflammation, CRP levels
escalate to as more than 1000-fold beyond nor-
mal, typically within 6 h, and reach their peak at
48 h of inflammation. The serum CRP level is an
accurate indicator of inflammation. During liver
failure, only the production of CRP is interfered.
CRP is well characterized as a serum acute-phase
protein and a well-known clinical biomarker
(Ansar and Ghosh 2013). CRP has been shown to
be involved in multiple immunoregulatory func-
tions. CRP activates the classical complement
pathway, acts as a lectin and activates the lectin
complement pathway (Ansar et al. 2009a; Ansar
et al. 2009b), opsonizes microbes for phagocyto-
sis, and stimulates phagocytic cells (Dong and
Wright 1996). Hepatocytes are cells that produce
CRP predominantly. Other cells also capable of
synthesizing this protein include (1) lymphocyte
subsets, (2) Kupffer cells, and (3) monocytes
(Dong and Wright 1996). The local secretion of
CRP in inflamed condition is also noted (Gould
and Weiser 2001). It was first identified in defense
against infection in humans by its property to
bind to phosphorylcholine expressed on mem-
branes of microorganisms (Gotschlich and
Edelman 1967).

CRP and NO act as inflammatory mediators in
malaria. Their concentration is also strongly cor-
related with severity and parasitemia in P. falci-
parum malaria. NO shows high toxicity toward
intraerythrocytic malaria parasites and has strong
association with the severity of Plasmodium fal-
ciparum infection. The changes in blood neutro-
phils, platelets, CRP, and NO in adults from the
Brazilian Amazon with uncomplicated P. vivax
and P. falciparum malaria were well studied dur-
ing the acute and convalescent phases of infec-
tion (Oliveira-Ferreira et al. 2010).

With the evolution and gradual changes of
malaria infections, the human genome reveals
genetic SNPs. SNPs were found to confer protec-
tion against malaria or are strongly correlated
with susceptibility to malaria. Both CRP and
FcyR genes are located on chromosome 1. CRP
bears sequence homology to the FcyR-binding
regions of IgG and shows high affinity to the
R131-allele product of the FcyRIla gene. FcyRlla
gene is studied to be associated with protection
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against malaria. The antimalarial IgG binding to
phagocytic and other FcyR-containing cells com-
petes with CRP to bind with these immune cells
(Giha et al. 2010a, b, c; Braga et al. 2005).

CRP protects against infection due to its prop-
erty of binding to phosphorylcholine (PC) pres-
ent in the membranes of microorganisms. In
malarial infection, the secretion of CRP is mostly
induced by pro-inflammatory cytokines (like
IL-6 and IL-1) secreted by host monocytes/mac-
rophages. The plasma level of CRP has strong
correlations with malarial parasitemias. In
African sub-Saharan regions and in the equato-
rial zones, malaria infection imposes an unlim-
ited burden on the health of these people.
Apparently, healthy children from Africarevealed
higher plasma CRP levels as compared with con-
trol children in Europe and Papua New Guinea,
which might indicate that the continuous cyclical
malaria infection retains always a clinical level of
CRP in African populations (Giha et al. 2010a,
2010b, 2010c; Gotschlich and Edelman 1967;
Volanakis and Kaplan 1971; Hurt et al. 1994a, b;
Imrie et al. 2007).

The relationship of CRP in acute-phase
response (APR) was examined with demography,
malariometric indices, and genetic polymor-
phisms in a cohort of children from a selected
area of Papua New Guinea (Imrie et al. 2007,
Cox et al. 1994). From this study, in children of
the north coastal region of Papua New Guinea, a
chronic, asymptomatic malaria infection with
clinical symptoms of fever, high parasitemia, and
splenomegaly was revealed.

11.6 Role of CRP in Malaria

Though not many reports were available on the
role of CRP in malaria, but still nowadays it had
already shown its importance in different types of
malaria. The earliest report of the relation of CRP
and malaria dates back to the 1980s. In 1984,
Naik and Voller developed a microplate ELISA
to correlate the relationship between CRP and
malaria. This microplate ELISA was developed
to quantitate CRP. It was shown that African
patients with high Plasmodium falciparum para-
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sitemia had the highest serum levels of
CRP. Strikingly, even African children with
lower parasitemia had higher serum CRP levels
as compared to other children without parasit-
emia. The control group of people from the UK
had lower CRP levels than those of all African
groups (Naik and Voller 1984).

In 1988, the level of CRP was measured in
severe malarial infection in 19 patients along
with other 35 patients suffering from bacterial
meningitis, tuberculosis (TB), meningitis, and
convulsions without CNS (central nervous sys-
tem) infection. The level of CRP was studied in
the cerebrospinal fluid (CSF) of all together 54
patients. Nearly five out of 19 patients suffering
from severe malarial infection had CSF CRP lev-
els above 1 mg/l. In contrast, CSF CRP was
above 1 mg/l in all patients suffering from TB
meningitis. It is known that malaria and TB are
closely related to each other with some symp-
toms resembling to each other. Malaria and TB
coinfection are also common (Ansar et al. 2009a).
Thus CSF CRP was used as a useful differentiat-
ing marker in areas where malaria and TB menin-
gitis are common (Cuevas et al. 1988).

The level of CRP was measured in 258 patients
with acute malaria in a malaria-endemic area as
compared to a control group of 120 patients with
other febrile illness. The malaria patients had
lower WBC counts and marginally lower hemo-
globin level as compared to control patients. In
80 % of the malaria patients, thrombocytopenia
was common, whereas it is only 13 % in control
groups (p less than 0.01). Interestingly, no major
differences were found in erythrocyte sedimenta-
tion rate (ESR) or CRP values in malaria patients
as well as in patients with different ethnic back-
ground in the same endemic area. Thus, in these
patients and in control groups, CRP was not
noted as a clinical marker, whereas thrombocyto-
penia was estimated as a probable risk factor in
malaria (Eriksson et al. 1989).

In the same year of 1989, in the journal
Infection and Immunity, another paper cited the
protective role of CRP in malaria. Pied et al.
(1989) showed that interleukin-1 (IL-1)-
stimulated human hepatocytes release an
increased amount of major acute-phase reactant,
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the CRP. The authors found that CRP bound to
the sporozoite surface membranes of Plasmodium
falciparum and P. yoelii, through a PC
(phosphorylcholine)-binding site. This report
was strongly correlated with other findings where
CRP binds with damaged RBC in malaria (Ansar
et al. 2006; Ansar et al. 2009b) through the
PC-binding site. In 1989, it was also confirmed in
in vivo and in vitro animal models of rats that
CRP could inhibit at the very early phase of
infection (preerythrocytic stages).

The relationship of different cytokines (IL-1a,
IL-1B, IL-2, IFN-y, TNF-a, IL-4, IL-6, granulo-
cyte macrophage-colony-stimulating factor, and
soluble CD4, CDS8, and IL-2 receptor (sCD4,
sCDS, and sIL-2R, respectively) profile with
CRP was correlated in immunized, non-
parasitemic individuals and in unvaccinated, par-
asitemic individuals after challenge with
infectious P. falciparum sporozoites. In a period
of 28 days, the level of CRP and IFN-y was
higher in parasitemic individuals, whereas levels
of other cytokines or soluble receptors were
either very low or at baseline values. The increase
of CRP and IFN-y was abrupt. In contrast, in pro-
tected individuals, only the level of IL-6 was
high. Thus high levels of CRP in unprotected
parasitized individuals were systematically cor-
related with the individual’s cytokine profiles
(Harpaz et al. 1992).

In P. falciparum infection, the correlation of
CRP and cytokine level was noted, and thus, in
the same year, the relation of serum proteins and
cytokine profile was also established. In uncom-
plicated P. falciparum infection, the level of
serum protein like CRP, ceruloplasmin (COE),
p2-microglobulin (B2M), al-acid glycoprotein
(AAG), ol-antitrypsin (AAT), haptoglobin
(HPT), prealbumin (PRE), retinol-binding pro-
tein (RBP), albumin (ALB), and transferrin
(TRF) were measured in an endemic area of the
Amazonian rain forest in patients with cytokine-
mediated P. falciparum infection. Before treat-
ment, the level of CRP was high in both
semi-immune (SI) and nonimmune (NI) patients.
But the concentrations of other serum proteins
like HPT, PRE, RBP, ALB, and TRF were low in
both patient groups during the acute phase of the
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disease. After follow-up, the concentrations of
HPT, AAT, and B2M were significantly altered in
NI patients. Thus, along with CRP, the concentra-
tions of other serum proteins were altered in P.
falciparum infection (Graninger et al. 1992).

In highly malaria-endemic area of Tanzania,
629 children under the age of 6 years were
selected to estimate the acute-phase reaction of
CRP in malaria of children of different ages and
to correlate its serum concentrations as a useful
quantitative marker of morbidity in such chil-
dren. The median CRP level was much higher in
the blood of children than the reported CRP con-
centration from normal children in a non-endemic
zone. Once more, they strongly correlated the
high CRP levels with P. falciparum parasitemia
in children under 1 year of age. In areas with very
high levels of P. falciparum transmission, the
concentration of CRP alters with malaria infec-
tion. This affects the parasitological and clinical
scenario in the patient. Thus, determination of
CRP levels would enable quicker assessment of
the overall burden of morbidity, especially in
children. Increased parasite densities increase the
concentration of CRP and thus may be associated
in a measure of malaria-specific morbidity and its
estimated malaria morbidity risks in serological
surveys (Hurt et al. 1994a, b).

For the assessment of malaria intervention
program in large numbers of people, CRP and
haptoglobin are used as they are simple and inex-
pensive. McGuire in 1996 showed that elevated
CRP (>8 mg/L) was seen when parasitemia is
high. Thus CRP was again correlated as marker
of malarial morbidity along with haptoglobin in
1505 Gambian children. The acute-phase
response was again correlated with increased
parasitic burden and with malarial morbidity
(McGuire et al. 1996).

In a study conducted on Gabonese patients
infected with P. falciparum parasite, children
with uncomplicated malaria and severe malaria
were taken along with adults with uncomplicated
malaria before and after malaria therapy. The
plasma concentration of neopterin, nitrogen
oxide, and CRP was significantly more in severe
malaria as compared to uncomplicated malaria.
Due to the acute-phase response of CRP in
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malaria, the patients had slow parasitological and
clinical cure after therapy (Kremsner et al. 1996).
Thus CRP is playing a detrimental effect during
the acute phase of malaria infection. This report
is highly correlated with the report of Hurt et al.
(19944, b). In a rural Zambian malaria-prevalent
population, the same kind of report was seen
where, along with CRP, AGP was also taken in
210 children under 2 years of age as one of the
serum protein markers. As noted before by other
researchers, CRP and AGP concentration was
high in patients with high parasite burden. But
the serum CRP and AGP levels were negatively
correlated with vitamin A uptake. In high para-
sitic burden, the acute-phase response of CRP
and AGP was high, whereas the serum retinol
level was low (Hautvast et al. 1998).

In Danish malaria patients, elevated concen-
tration of serum CRP and hemoglobin (Hb) and
reduced concentration of haptoglobin were
recorded during the acute phase of the reaction.
After initiation of treatment, CRP levels were
significantly high in patients for nearly 3 days
which gradually lower in due course of treat-
ment. In P, falciparum malaria, soluble Hb levels
showed correlation with malariometric parame-
ters, whereas CRP was not taken as a marker in
epidemiological studies of malaria (Jakobsen
et al. 1997).

Malaria occurrence is relatively rare in Japan.
Patients in the laboratory for malarial screening
were screened for malarial parasites using con-
ventional and modernized technologies. In the
past 4 years, malarial parasites were detected in
only eight patients. Conventional screening tech-
niques include identification of parasites in blood
smear by microscopy. The common laboratory
and clinical findings include the detection of
hepatic dysfunction, elevated LDH activity,
thrombocytopenia, and increased CRP levels in
serum of malaria patients (Okayama et al. 1999).

The effects of submicroscopic P. falciparum
infections in pregnancy were detected by micros-
copy methods and PCR assays among 530 preg-
nant women in Ghana with plasmodial infections.
The prevalence of anemia, fever, and signs of
inflammation with CRP levels>0.6 mg/dl was
observed to be more frequent in pregnant women.
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Antimalarial drugs (chloroquine, pyrimethamine)
reduce the prevalence of P. falciparum infections
and at the same time raise the proportion of sub-
microscopic parasitemia. These patients had
slightly reduced Hb levels and significantly high
serum CRP levels. The marker of inflammation,
CRP, was frequently used along with parasite-
specific PCR to detect submicroscopic P. falci-
parum infections. Elevated CRP levels also
contribute toward mild anemia in aparasitemic
pregnant women (Mockenhaupt et al. 2000a, b).
The relation of anemia and CRP was also vali-
dated in 2009 (Ansar et al. 2009a; Ansar et al.
2009b).

CRP was used as a surrogate marker of malaria
morbidity in malaria-holoendemic Magoda,
Tanzania, where the prevalence of Plasmodium
infections was 96.0 %. The reactivity of the IgG
antibody against two recombinant protein frag-
ments from P falciparum rhoptry-associated
protein-1 (rRAP-1) was detected in children
(14 years) with asymptomatic malaria infec-
tions and also with acute clinical disease. The
reactivity of IgG to rRAP-1 was higher in asymp-
tomatic malaria infections and lower in mixed
Plasmodium infections or in a single infection.
IgG bears a similar structural and functional
entity to CRP (Ansar et al. 2009a) and showed
reactivity toward P falciparum proteins
(Alifrangis et al. 1999).

In children below 2 years of age in rural
Zambia, the relationships of infections with sub-
sequent 3-month-long increment were shown
through anthropometric measurements. Other
factors included in the study were CRP, al-acid
glycoprotein, retinol, and malaria parasitemia.
Nearly 50-71 % of the children showed elevated
acute-phase reactant concentration of CRP;
79-83 % had malaria parasitemia, whereas
55-64 % individuals showed low retinol concen-
trations. Thus, due to multifactorial effects,
malaria infections in these children contribute to
their short-term retardation of linear growth
(Hautvast et al. 2000).

From the previous study, in Zambia, the rela-
tions of infant length with other factors were cor-
related in malaria infection. In this piece of work,
the author pointed the degree of the association
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between APPs with malaria-induced hyporet-
inemia with a serum retinol level <0.70
micromol/L. Nearly 90 children undergoing a
clinical trial of vitamin A supplementation were
assessed, and the serum concentrations of CRP,
retinol-binding protein (RBP), haptoglobin, a(1)-
acid glycoprotein (AGP), a(1)-antichymotrypsin,
transthyretin, and albumin were determined.
These children showed symptoms of splenomeg-
aly and were positive for Plasmodium falciparum
infection. The concentration of CRP and AGP
showed inverse correlation with retinol but posi-
tively with RBP, transthyretin, and albumin. All
APPs, except a(l)-antichymotrypsin, were sig-
nificantly correlated with symptoms of spleno-
megaly. Of the positive APPs, AGP showed
strong correlation with CRP indicating chronic
inflammation. Thus, RBP or transthyretin
increases retinol, whereas an equivalent increase
in AGP decreases retinol concentration. They
showed that, apart from AGP, positive APPs are
promising markers of type and severity of inflam-
mation and can be used as a mode to correct for
malaria-induced hyporetinemia (Rosales et al.
2000).

During malaria infection, due to acute-phase
responses to infection, a major metabolic change
occurs during clinical malaria. Mostly biochemi-
cal measurement of iron status becomes difficult.
European patients developing uncomplicated P.
falciparum malaria after their visits to endemic
areas were included in a study to measure plasma
concentrations of CRP, soluble transferrin recep-
tors (TfR), ferritin, AGP (a 1-acid glycoprotein),
and ACT (o l-antichymotrypsin) along with
degree of parasitemia. The plasma concentra-
tions of CRP, AGP, and ACT correlated strongly
with each other. The concentration of CRP and
AGP negatively correlated with TfR. Thus this
study concludes that, when both clinical episodes
of malaria and iron deficiency occur simultane-
ously, the plasma concentration of TfR values
must be interpreted carefully as indicators of iron
status (Beesley et al. 2000).

The relation of anemia in pregnancy in sub-
Saharan Africa was correlated with iron defi-
ciency, hemoglobinopathies, and malaria. Anemia
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in pregnancy is a multifactorial process. The lev-
els of ferritin were influenced both by malaria
and inflammatory processes. The independent
risk factors for anemia in multivariate analysis
include raised CRP levels, low gravidity, malaria
with high parasitic densities, second trimester of
pregnancy, and homozygous alpha(+)-thalas-
semia (Mockenhaupt et al. 2000a, b).

Interestingly, the level of CRP is low in para-
sitemic individuals with infections from both P.
falciparum and P. malariae. P. malariae was
thought to influence the pathophysiology of P.
falciparum malaria and lower the prevalence of
inflammation and febrile responses in women
with alpha(+)-thalassemia (Mockenhaupt et al.
2001).

Pregnancy related anemia (apart from nutri-
tional deficiencies) increases plasma concentra-
tions of CRP in most of the women studied in
rural northern Tanzania (Hinderaker et al. 2002).

In Nigeria, 207 children of ages ranging from
0 to 60 months who presented high fever were
studied where parasite density and CRP concen-
tration in plasma were taken as markers of dis-
ease severity (Cooper et al. 2002a, b).

CRP competes with IgG antibody binding to
its receptors, thus interfering with the antigen-
specific immune response. The differential
plasma concentration of CRP could be attributed
to its polymorphisms in the CRP promoter region.
The low susceptibility of malaria in the Fulani
ethnic group is contributed toward the polymor-
phisms in the CRP gene. This study points to the
inference that CRP may play a pivotal role in the
immune responses to malaria (Israelsson et al.
2009).

In malaria treatment, the scenario is continu-
ously worsened by resistance to drug and insecti-
cide. So vaccine preparation focused on new
immune system targets was urgently needed.
Different soluble mediators like cytotoxic T cells,
antibodies, and cytokines are the key molecules
involved in the potential mechanisms of immu-
nity against malaria. Considerable amounts of
molecules that are toxic, like reactive oxygen and
nitrogen intermediates (RNI), H,0,, and nitric
oxide (NO), are released by macrophages during
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antimicrobial immune responses (Bogdan et al.
2000).

Being a nonspecific innate defense component
of the host in malaria infection, CRP concentra-
tion also increases, in addition to NO
(Nahrevanian et al. 2008). During malaria infec-
tion, the CRP levels are elevated (Kremsner et al.
1996) and so are associated with clinical forms of
malaria (Jakobsen et al. 1998). Thus CRP plays a
key element in malaria infection. However, in the
same infection, in humans, such co-association
between NO and other immune factors remains
controversial (Balmer et al. 2000; Nahrevanian
et al. 2006; Cramer et al. 2004).

RNI, NO, and NO synthase (NOS) and their
role in malaria of the residents were investigated
(Nahrevanian and Dascombe 2001, 2002;
Dascombe and Nahrevanian 2003).
Co-association of CRP and NO was studied in
Iranian malaria patients and in control individu-
als from NW and SE malaria-endemic regions of
Iran (Nahrevanian et al. 2006; Nahrevanian et al.
2008).

CRP is a sensitive marker for early phase of
inflammatory or tissue destruction processes in
the host. The strong association between CRP
concentrations and malaria parasite densities in
pediatric patients was investigated in the
Kilombero district of Tanzania, an area of intense
perennial P. falciparum transmission. In areas
where asymptomatic parasitemia is common, the
high correlation between CRP levels with high
levels of malaria parasitemia could serve as a
marker for clinical malaria. Such a marker could
be more sensitive than other signs of inflamma-
tion and thus can be used in assessing morbidity
or mortality of a community. Raised CRP levels
should clearly be associated with clinical malaria
and not with asymptomatic parasitemia. The rela-
tionships between CRP levels with clinical mor-
bidity or with P. falciparum parasitemia only
were analyzed to determine CRP and its role as a
marker in field studies on malaria morbidity in
areas where malaria is endemic. The study was
conducted taking a few communities of Western
Europe as the control group (Hurt et al. 1994a, b).

Differences in ethnic background also pose
different gradations in inflammation [15]. The
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level of CRP is reported to be high in blacks and
descendants from Africa as compared to the
whites [16, 17] [20]. A probable hypothesis pro-
posed is that they have a more pro-inflammatory
disposition in African descendants due to
different evolutionary histories. Currently our
understanding of “natural” CRP levels in tradi-
tional African populations simulating the recent
evolutionary past is highly limiting. CRP is a bio-
marker of different pro-inflammatory conditions.
Circulating CRP level was reported to be elevated
in a contemporary population as compared to tra-
ditional people living under the same adverse
environmental conditions in a malaria-endemic
area of Ghana (Eriksson et al. 1989; Khera et al.
2005).

The protection against preerythrocytic stages
of malaria parasites is conferred by both cell-
mediated and humoral immune responses of the
host. The possible role of cytokines in protective
mechanisms at the preerythrocytic stage of the
infection has also been studied. Interleukin-1 (IL-
1) and interferon gamma (IFN-vy) strongly inhibit
P. falciparum sporozoite development in primary
cultures of functional hepatocytes without
directly affecting free sporozoites. IL-1 exerts its
effect at the very early phase of malaria infection
and IFN-y prevents post-penetration (intra-
hepatocyte) cellular mechanism of the parasite.
Pro-inflammatory IL-1-stimulated hepatocytes
secrete CRP. CRP concentration increases in dif-
ferent infections including infectious disorders.
CRP poses deleterious effects on sporozoites and
on hepatic stages of Plasmodium spp. Even with
nonspecific induction, CRP protects the host
from sporozoitic malarial stages (Pied et al. 1989;
Ferreira et al. 1986; Mellouk et al. 1987; Pepys
and Baltz 1983).

11.7 Clinical History of Patients

The early symptoms like (1) ache in the head and
body, (2) sickness, (3) fatigue, (4) abdominal
problems, and (5) fever are very nonspecific.
Sometimes (1) chest pain and abdominal pain,
(2) diarrhea, (3) arthralgia, (4) urticaria, and (5)
myalgia may also be present. Although symp-
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toms are variable at clinical presentation, most
patients with uncomplicated malaria may present
symptoms like fever, malaise, and mild anemia.
In young children, clinical presentation includes
irritability, food refusal, and vomiting.

Sometimes physical examination of the
patient shows only the sign of fever. Mostly, in a
large number of patients, tertian fever, i.e., spikes
of fever, on alternate days along with chill and
rigor is observed. The fever may even be absent
in some cases and is usually persistent to start
with rather than the tertian one. Sometimes the
fever may be accompanied by rigors. In some
patients, palpable liver and spleen are observed.
Features to diagnose malaria clinically are highly
nonspecific and common to other related infec-
tious diseases of the tropical countries.

In malaria-endemic areas, due to nonspecific
nature of the disease, clinical presentation may
cause overtreatment of malaria while the diagno-
sis of actual malaria in low-transmission areas is
missed. Eventually, in malaria-endemic areas,
this may lead to misdiagnosis and nontreatment
of other infectious diseases. So, clinical assess-
ment is important to diagnose malaria.

Early diagnosis of malaria (1) reduces the suf-
ferings of subjects together with reduction in the
chances of parasite transmission in the society.
The diagnosis of malaria is made from clinical
symptoms of the patients. Light microcopy and
other microscopic techniques are the most com-
mon methods used to detect malaria parasites in
the peripheral blood of the patient. Generally, to
diagnose malaria, a drop of blood from the
infected person is collected by small aseptic fin-
ger prick or phlebotomy. The thick and thin blood
films and smears are prepared.

The history, clinical presentation, and treat-
ment summary of two patients were noted in
Table 11.1. Both the patients were admitted to the
MB Nursing Home, Park Circus in Kolkata for
their diagnosis.

11.8 Discussion
Since 2000, due to strategic prevention and con-

trol measures, mortality rates in malaria have
reduced by 25 % globally. Malaria is preventable
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and curable. The approach to eliminate or control
malaria includes some basic health and hygienic
measures, mosquito control, and improved per-
sonal and community protection. But the future
development in malaria eradication and its con-
trol remains in the development of (1) diagnostic
tools that are sensitive, (2) better and efficient
antimalarial drugs, (3) improved researches to
develop malaria specific vaccines,(4) improved
monitoring of human infection, and (5) parasite
surveillance, together with effective delivery of
drugs. Due to long years of exposure, partial
immunity is developed in individuals while it
never provides complete protection. At present,
there are no licensed vaccines against malaria. It
is expected that, by 2015, results about a research
vaccine candidate known as RTS,S/ASO1 will
pave new dimensions in malaria treatment (Lopez
et al. 2014).

Presently used drugs, chloroquine (Talisuna
et al. 2004) and artemisinin (Afonso et al. 2006),
have responded negative to drug-resistant strains
of Plasmodium sp. Better understanding of dis-
ease physio-pathogenic mechanisms will lead to
understanding of developing a mechanism of
such resistance. The key players in the physio-
pathogenesis of malaria have been implemented
to present free radicals through oxidative stress
(Wilmanski et al. 2005; Narsaria et al. 2012). To
reduce drug-induced side effects and maximize
the effectiveness of pharmaceutical delivery to
targeted locations, nanotechnology is used to
generate nano-drugs as potential carriers for the
controlled and site-specific delivery of drugs
(Nakache et al. 2000). The discovery of poly-
meric nanoparticles that are biocompatible has
attracted considerable attention in pharmacol-
ogy. In malaria treatment, the nano-drug delivery
system shows great promise and is a viable
approach (Swai et al. 2008). An experimental
nano-drug has been trialed in animal models as
all Plasmodium species that infect mammals
with similar life cycles and are sensitive to the
similar group of drugs. The drugs used in experi-
mental rodent models could be potentially trialed
for human malaria or may provide additional
information about the mechanism of action of a
compound in human. So a thorough in vivo
screening system finds importance in efficacy
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Table 11.1 Clinical history and laboratory parameters

Parameters

A. Physical parameters

Age (years)/sex (M/F)/weight (kg)
Chief complaint

Past medical history
Past surgical history

Birth history and vaccination
Drug allergy
On examination

GCS

Pulse/min

Temperature (°F)

Pallor

BP (mm of Hg)

JVP

Palpable lymph node
Hydration status
Clubbing

B. Systemic examination

Chest
(Air entry)

CVS (S1 and S2)
Abdomen

Intestinal peristaltic sound
C. Local examination

1. Body red flushed

2. No secretion from ears
3. No sore throat

4. Conjunctiva yellowish

D. Laboratory investigations

Hb (gm/dl)

D-1. Inflammatory and infective markers
TLC (cells/cu.mm)

DLC (%)

ESR (mm/first hour)

CRP (mg/L)

Procalcitonin (ng/ml)

Patient
1

32/male/56

1. Fever for 10 days

2. Chills and rigor

3. Vomiting and weakness for
3 days

1. Nothing significant
1. Nothing significant

NA
Name not known

Patient conscious, alert, and
cooperative

15/15

132

102.4

Mild

90/60

Normal

No palpable lymph node
Severe dehydration

Not present

Bilateral adequate

Audible

1. Soft

2. Liver palpable 2 cm below
costal margin

3. Spleen palpable by hooking
method

Present

9.2

14.700

N (86), L (10), M (3), E (1)
92

78

12
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56/female/84 (obese)

1. Fever for 8 days

2. Body ache for 2 days
3. Headache for 3 days
4. Abdominal discomfort

1. Diabetes mellitus type 2 for 2 years
1. Hysterectomy and bilateral
salpingo-oophorectomy—=8 years
back

NA

Not known till now

Patient conscious, alert, and
cooperative

15/15

128

103.1

Positive

99/72

Normal

Not palpable
Severe dehydration

Not present

Adequate

Audible
Soft

Present

1. Body red flushed
2. No secretion from ears
3. No sore throat

8.4

7900

N (62),L (34), M (1), E (3)
96

126

14

(continued)
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Table 11.1 (continued)

Parameters

Blood culture (aerobic)
Widal test

Blood culture (anaerobic)
Pro-BNP (pg/mL)
Malarial antigen

Dengue serology

D-2. Sugar level tests
Blood sugar (mg/dl)

Glycosyated hemoglobin test (Hb Alc)

(%)

D-3. Renal function tests
Urea (mg/dl)

Creatinine (mg/dl)

D-4. Electrolytes

Sodium (Na+) (mEq/L)
Potassium (K+) (mEq/L)

Calcium (serum) (Ca++) (mEq/dl)

D-5. Autoimmune markers
Antinuclear antibody

RA factor
(above 20 IU/mL)

HLA (B-27)

D-6. Coagulation markers
PTT (sec) (control: 12 s)
APTT (sec) (control: 26 s)

Liver function test

1. Bilirubin (mg/dl)

2. Albumin (gm/dl)

3. Other liver enzymes

ABGA
D-7. Chest X-ray

D-8. USG of abdomen

D-9. Cardiac function tests
ECG

Echocardiography

EF (%)

D-10. Bronchoscopy and BAL/ET suction

ND

Patient
1

No bacterial growth till 48 h

Negative

No bacterial growth till 48 h

ND
P. vivax positive
Negative

RBS-112
8.6

36
1.2

134
42
ND

ND
ND

ND

13

28

1. Bilirubin—2.2

2. Albumin—3.4

3. Liver enzymes are
marginally increased

ND

Normal profile seen

1. Liver—Mildly enlarged
2. Spleen—marginally
enlarged

Sinus tachycardia
ND
ND

D-11. Urine routine examination and culture sensitivity

1. Pus cells 1-2/HPF

2. No bacterial growth within 72 h

2

ND

Negative

ND

ND

P. vivax positive
Negative

RBS-236
7.6

30

1.3

139

3.8

9.3

ND
ND

ND
13.7

32
Mildly deranged

Normal profile seen

Hepatomegaly

Sinus tachycardia
ND
ND
ND

Pus cells 2-3/HPF

235

(continued)
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Table 11.1 (continued)

Patient
Parameters 1 2
E. Treatment summary
1. Adequately hydrated by i.v. fluid and oral fluid
2. Oral chloroquine as per recommended dose
3. Blood for G6PD was checked and it was normal. Primaquine was
started
4. Cold sponging and antipyretic and antiemetic drugs were given
5. Patient became afebrile on day 2 after hospitalization
6. Repeat parasitic load was checked and it was negative
7. Repeat LFT became normal
F. Output

Successfully discharged with clinical advices

1. On sliding dose of human insulin
(human Actrapid) subcutaneously

Successfully discharged

GCS Glasgow coma scale, min minutes, °F degree Fahrenheit, BP blood pressure, JVP jugular venous pressure, CVS
cardiovascular system, S, first heart sound, S, second heart sound, 7LC total leukocyte count, DLC differential leuko-
cyte count, ESR erythrocyte sedimentation rate, CRP C-reactive protein, N neutrophil, M monocyte, L lymphocyte, E
eosinophil, ND not determined, FBS fasting blood sugar, RBS random blood sugar, RA rheumatoid arthritis, HLA human
leukocyte antigen, PTT prothrombin time test, APTT activated partial thrombin time, ECG electrocardiogram, RBBB
right bundle branch block, WNL within normal limit, PAP pulmonary artery pressure, EF ejection fraction, BNP brain
natriuretic peptide, yg microgram, mg milligram, pg picogram, i.v. intravenous, i.m. intramuscular, SOS as and when
required, GTN glyceryl trinitrate, CBG capillary blood glucose, NA not applicable, MDR multidrug resistance, HPF
high-power field, AMBU artificial manual breathing unit, ET endotracheal, CBG capillary blood glucose, mEg milli-
equivalents, dl deciliter, PaO, partial pressure of arterial oxygen, USG ultrasonography, ST segment that represents the

period when the ventricles are depolarized in ECG, BAL bronchoalveolar lavage

testing of different antimalarial drugs (Peters
et al. 1975).

Treatment failure (TF) occurs when there is
resurgence of malarial parasitemia post-
antimalarial treatment. Disease-resistant para-
sites along with host factors contribute toward
TF. Host factors and immunity varies from one
endemic setting to other. The predominant
parasite factors include mutations of genes spe-
cific for drug metabolism (WHO 1996;
Wongsrichanalai et al. 2002; Hayton and Su
2004). Chloroquine (CQ) resistance shows strong
correlation with mutation of an amino acid at
position 76 of the P. falciparum chloroquine
resistance transporter (Pfcrt) gene (Fidock et al.
2000). Detection of the parasite mutations is a
promising tool for global mapping of antimalar-
ial drug resistance in the future (Plowe et al.
2007). Host immune response modulates its

activity according to the duration and intensity of
exposure to malaria. Host immunity is also mod-
ulated by host genetic factors like Fc gamma-
receptor-II (FcyRII) and genetic mutations of
CRP. CRP shares functional similarity with IgG
and like IgG competes with the binding of Fcy
receptors. The binding ability of certain IgG sub-
classes was altered by the polymorphism in the
FcgRIIA gene, (R) or (H), at position 131 (Braga
et al. 2005). Interestingly, the R131 allele is
known to associate with malaria protection of the
host (Braga et al. 2005), and CRP has high affin-
ity to the product of the R131 allele (Stein et al.
2000). Inflammation and polymorphism of CRP
in malaria infection (Naik and Voller 1984) were
reported through the association between single-
nucleotide polymorphism (SNP) of CRP and sus-
ceptibility to malarial infection (Giha et al.
2009a, b).
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o-Acid glycoprotein A plasma protein of
molecular weight 39.5 kD. As it is an acute-
phase reactant, its concentration increases
during acute inflammation. It binds nonspe-
cifically to vitamin B12 and progesterone.

2D PAGE (Two-dimensional polyacrylamide
gel electrophoresis) 2D PAGE is the most
common technique employed for protein
separation. First, proteins are separated in one
dimension according to their molecular mass/
size and then separated according to their iso-
electric point (or their charge) in the second
dimension. After separation, to visualize the
protein spots, the gel is stained also. It is used
in protein chemistry and in proteomics.

A1C A person’s average blood glucose level
over a period of 2-3 months is measured
by this test. It is also known as hemoglobin
AI1C or glycosylated hemoglobin, where the
amount of glucose that sticks to the red blood
cell is tested. The stuck glucose is propor-
tional to the amount of glucose in the blood.

ABER (annual blood examination rate) It
is calculated as number of slides examined/
population x100. WHO recommends this for
malaria-infected areas where the number of
slides examined per month should equal at
least to 1 % of the population.

Ablation In medicine, the removal or destruction
of a body part or tissue or its function. Ablation
may be performed by surgery, hormones, drugs,
radiofrequency, heat, or other methods.

Abnormal Not normal. It describes a state,
behavior, or condition that is unusual or quite
different from what is considered normal. An
abnormal growth or lesion in or on the body

© Springer India 2016

may be benign (not cancerous), premalignant
or precancerous (likely to become cancerous),
or malignant (causing cancer).

ABO blood group system Proposed by
Landsteiner, it is a system used to group
human blood into four different types, based
on the presence or absence of some mark-
ers on the surface of red blood cells. The
four main blood types are A, B, O, and AB.
During blood transfusion, grafting, and other
surgical operations, the ABO blood group
system is used to match the blood type of the
donor and the person receiving the transfu-
sion or grafting. Universal donors are people
with blood type O who can donate blood to
anyone. Universal recipients are people with
blood type AB who can accept blood from all
donors. People with type A or B can receive
type O blood or matching blood.

Abscess Accumulation of products of inflam-
mation in a localized part in tissues, organs, or
confined spaces in the body with an enclosed
collection of pus. It is usually swollen and
inflamed. An abscess is a sign of infection.

Acanthosis nigricans It is a skin condition
characterized by darkened skin patches. It is
common in people who have insulin resis-
tance. This condition is also seen in prediabe-
tes or type 2 diabetes people.

Acarbose (brand name, Precose) An oral
medicine which blocks the enzymes that
digest starches in food and is alpha-glucosi-
dase inhibitors. It is used to treat type 2 dia-
betes. The result is a slower and lower rise in
blood glucose level throughout the day, spe-
cially right after meals.
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Accelerated-fraction radiation  therapy
Radiation treatments are given more than
once a day where the total dose of radiation
is divided into small doses. The total dose of
radiation is also given for fewer days com-
pared to standard radiation therapy.

ACE inhibitor An oral medicine which is
angiotensin converting enzyme that actually
lowers blood pressure; ACE stands for an-gee-
oh-TEN-sin. Also used in slowing down kid-
ney damage in diabetic people with albumin
in their urine.

Acellular vaccine A vaccine containing partial
cellular material as opposed to complete cells.

Acesulfame  potassium (brand name,
Sunett) A dietary sweetener with no nutri-
tional value and no calories. Also known as
acesulfame K.

Acetohexamide (brand name, Dymelor) An
oral medicine belonging to the class sulfonyl-
ureas, used to treat type 2 diabetes. It lowers
blood glucose by helping the pancreas secrete
more insulin and helps the body to use the
insulin better.

Acetylcholine A type of neurotransmitter
chemical made by some types of nerve cells
to send messages/signals to other cells on the
other side of a synapse like other nerve cells,
muscle cells, and gland cells. It is released
from the nerve ending and helps control mem-
ory and the action of certain muscles.

Acne A disorder of the skin in which oil glands
and hair glands become inflamed.

Acute-phase  protein Their  concentrations
can decrease (i.e., serum albumin, transferrin,
RBP4) as well as increase (i.e., C-reactive pro-
tein, alpha-2-macroglobulin, serum amyloid)
following exposure to inflammatory conditions.

Acquired (adaptive) immune system A part of
the immune system that acquires and matures
and comprises of particularly B and T lympho-
cytes, characterized by a slower response to
the first encounter with an infection and then a
rapid recall memory for any future encounters
with the same infection. Memory is sustained
for long periods throughout its life.

Acquired immune deficiency syndrome
(AIDS) A life-threatening disease caused
by a human immunodeficiency virus (HIV)
and characterized by breakdown of the body’s

Glossary

immune defenses, and the body cannot defend
itself against different infections (like pneu-
monia). HIV is spread through direct contact
with the blood and body fluids of an infected
individual. High-risk activities include unpro-
tected sexual intercourse and intravenous drug
use (sharing needles). There is no cure for
AIDS; however, research efforts are ongoing
to develop a vaccine. People with AIDS are at
an increased risk for developing certain can-
cers and for infections that usually occur only
in immunocompromised individuals.

ACTH (or adrenocorticotropic hormone and
corticotrophin) A hormone secreted from
pituitary gland which acts on the outer part
of the adrenal gland to control the release of
corticosteroid hormones. It is mostly secreted
during times of stress.

Active immunity Long-lasting immunity that
is acquired through the production of antibod-
ies and memory T cells in response to stimula-
tion by a disease-causing organism, antigens,
or a vaccine. Active immunity is usually per-
manent in an individual throughout the dura-
tion of his lives.

Acute bacterial prostatitis Inflammation of
the prostate gland caused by bacteria that
begins suddenly and gets worse quickly.
Symptoms include fever and chills, body
aches, pain in the lower back and genital area,
a burning feeling during urination, and prob-
lems with emptying the bladder all the way.

Acute leukemia A rapidly progressing cancer
that starts in blood-forming tissue like the
bone marrow. The disease causes large num-
bers of white blood cells to be produced and
enter the blood stream.

Acute lymphoblastic leukemia (acute lympho-
cytic leukemia or ALL) A fast-growing
(aggressive) type of leukemia (blood cancer)
where too many lymphoblasts (or immature
white blood cells) are found in the bone mar-
row and blood.

Acute myelogenous leukemia (acute myelo-
blastic leukemia or acute myeloid leukemia
or acute nonlymphocytic leukemia or AML
or ANLL) A fast-growing (aggressive) dis-
ease in which too many myeloblasts (immature
white blood cells excluding the lymphoblasts)
are found in the bone marrow and blood.
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Acute pain Pain that comes on quickly, lasts
for a relatively short time, and can be severe
also.

Acute-phase proteins (APPs) APPs are a large
group of biochemically and functionally unre-
lated proteins whose plasma concentrations
increase (positive acute-phase proteins) or
decrease (negative acute-phase proteins) sev-
eralfold in response to acute infections, tissue
injury, burns, or inflammation, i.e., after the
onset of a systematic inflammatory reaction.
The examples of APPs are C-reactive protein
(CRP), serum amyloid A (SAA), fibrinogen,
mannose-binding proteins, complement com-
ponents, alpha 1-acid glycoprotein (AGP), etc.

Acute-phase response When the body is
invaded by a pathogen, macrophages release
the protein signals interleukin-1 (IL-1) and
IL-6 to fight against the infection. Interleukins
raise the temperature of the body, causing the
fever as a general innate acute-phase response
that often accompanies infection. Fever helps
to eliminate infections because most bacteria
grow optimally at temperatures lower than nor-
mal body temperature. Interleukins stimulate
liver cells to secrete increased amounts of sev-
eral plasma proteins like acute-phase proteins
(APPs) into the bloodstream. APPs bind to bac-
teria and by activating the complement proteins
lyse the pathogen. Interleukins increases the
number of circulating neutrophils and eosino-
phils, which help to combat infection.

Acute promyelocytic leukemia (promyelocytic
leukemia or APL) An acute myeloid-type
fast-growing (aggressive) leukemia where too
many immature blood-forming cells are found
in the blood and bone marrow. It is usually
marked by an exchange of parts of chromo-
somes 15 and 17.

Acute radiation sickness (acute radiation
syndrome or radiation poisoning or radia-
tion sickness or radiation sickness syn-
drome) Serious illness caused by being
exposed over a short period of time to high
doses of certain types of radiation. The symp-
toms usually occur right after exposure and
continue for time with some relapses also.
Symptoms include nausea and vomiting, diar-
rhea, headache, dizziness, weakness, fatigue,
bleeding, hair loss, swelling, itching and red-
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ness of the skin, and other skin problems. Very
large doses of radiation may cause death.

Acute respiratory  distress syndrome
(ARDS) A life-threatening condition that
develops due to inflammation and injury to
the lungs causing fluid buildup in the airways.

Acute inflammation Sudden onset of inflam-
mation, usually lasts for few days to weeks,
marked by the classical signs of inflamma-
tion and marked by vascular and exudative
processes.

Acute A short-term, intense health effect.
Describes something that happens suddenly
and for a short time. Opposite of chronic.

Addiction An uncontrollable craving, seeking,
and use of a substance, like a drug or alcohol.

Addison disease (adrenal insufficiency) A rare
disorder in which the adrenal glands do not make
enough of certain hormones due to immune
system problems or infection, cancer, or other
diseases. Symptoms include weight loss, loss of
appetite, nausea and vomiting, diarrhea, muscle
weakness, fatigue, low blood sugar, low blood
pressure, and patchy or dark skin.

Adenocarcinoma in situ (or AIS) A condi-
tion in which abnormal cells are found in
the internal lining of glandular tissue like
uterus, cervix, lung, pancreas, and colon.
Adenocarcinoma in situ occurs most often
in the cervix and may become cancerous and
spread to nearby normal tissue.

Adenocarcinoma A cancerous tumor that
begins in glandular (secretory) cells and arises
in or resembles glandular tissue. Most cancers
of the breast, pancreas, lung, prostate, and
colon are adenocarcinomas.

Adenoid cystic carcinoma A rare type of can-
cer that usually begins in the salivary glands.

Adenoma A tumor, not a cancer, that starts in
gland-like cells of the epithelial tissue.

Adenosarcoma A tumor that is a mixture of
an adenoma (a tumor that starts in the gland-
like cells of epithelial tissue) and a sarcoma
(a tumor that starts in bone, cartilage, fat,
muscle, blood vessels, or other connective or
supportive tissue). An example of an adeno-
sarcoma is Wilms tumor.

Adenosine deaminase (ADA) An enzyme
found in mammalian tissues that catalyzes
the breakdown of adenosine into inosine and
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ammonia. ADA deficiency can lead to one
form of severe combined immunodeficiency
disease. ADA deficiency leads to the destruc-
tion of B and T cells which can also cause
metabolic problems in cells.

Adenosquamous carcinoma A type of cancer
that contains a mixture of two types of cells,
the squamous cells and gland-like cells.

Adhesive capsulitis The loss of the ability of
the shoulder to move in all directions causing
pain. It is a condition of the shoulder associ-
ated with diabetes.

Adjunct agent In addition to the primary ther-
apy, a drug or chemical substance used in can-
cer therapy.

Adjuvant chemotherapy It is a term used to
describe the role of chemotherapy in relation
to other cancer treatments. It is typically given
alone or with radiation after surgical resection.

Adjuvant radiation therapy After cancer
treatment, radiation is used in order to prevent
a cancer from recurring.

Adjuvant A substance (e.g., aluminum salt)
that is added along with other substances dur-
ing production to increase the body’s immune
response to a vaccine.

Adrenal cancer Cancer thatis formed in the tis-
sues of the adrenal glands. Adrenal cancer that
starts in the outside layer of the adrenal gland
is called adrenocortical carcinoma. Adrenal
cancer that starts in the center of the adrenal
gland is called malignant pheochromocytoma.

Adrenal gland A gland located on each kidney
that secretes hormones regulating metabolism
and controls heart rate and blood pressure,
sexual function, water balance, and stress.

Adrenocortical cancer (adrenocortical carci-
noma or cancer of the adrenal cortex) A
rare cancer that forms in the outer layer of tis-
sue of the adrenal gland.

Adult progeria (Werner syndrome or
WS) An autosomal recessive gene disease,
an inherited disorder, caused by a mutation in
a gene involved in cell division and marked by
rapid aging that begins in early adolescence.
Patients may be shorter than average and have
health problems such as loss and graying of
hair, hardening of the arteries, thinning of the
bones, diabetes, and thin, hardened skin. They
also have an increased risk of cancer, espe-
cially osteosarcoma.

Glossary

Adult T-cell leukemia/lymphoma (ATLL)
A fast-growing (aggressive) type of T-cell
non-Hodgkin lymphoma caused by the human
T-cell leukemia virus type 1 (HTLV-1). It is
marked by bone and skin lesions, high calcium
levels, and enlarged lymph nodes, spleen, and
liver.

Adult-onset diabetes
diabetes.

Adverse events Undesirable experiences
occurring after immunization that may or may
not be related to the vaccine.

Advisory Committee on Immunization
Practices (ACIP) A panel of ten experts
who make recommendations on the use of
vaccines in the United States. The panel is
advised on current issues by representatives
from the Centers for Disease Control and
Prevention, Food and Drug Administration,
National Institutes of Health, American
Academy of Pediatrics, American Academy
of Family Physicians, American Medical
Association, and others. The recommenda-
tions of the ACIP guide immunization practice
at the federal, state, and local level.

Affinity chromatography A method for sepa-
rating proteins/molecules by using their abil-
ity to bind specifically to other molecules. A
biological/affinity molecule can be immobi-
lized and a protein will bind specifically to it.
If an antibody is used as the immobilized mol-
ecule to “capture” its antigen, then it is called
immunoaffinity chromatography.

Agammaglobulinemia An almost total lack of
immunoglobulins or antibodies.

Age-related macular degeneration or AMD
or ARMD or macular degeneration A
condition most often seen in people who
are over the age of 50, in which there is a
slow breakdown of cells in the center of the
retina. This blocks vision in the center of the
eye and can cause difficulties in reading and
driving.

AGEs Stands for advanced glycosylation end-
products. AGEs are produced in the body
when glucose links with protein. They play
a role in damaging blood vessels, which can
lead to diabetes complications.

Aggravating factor Something that makes a
condition worse. For example, tobacco smoke
is an aggravating factor for asthma.

Former term for type 2
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Aggressive lymphoma (high-grade lymphoma
or intermediate-grade lymphoma) A type
of lymphoma that grows and spreads quickly
and has severe symptoms.

Aggressive In medicine, describes a tumor or
disease that forms, grows, or spreads quickly.
It may also describe treatment that is more
severe or intense than usual.

Agnogenic myeloid metaplasia (chronic idio-
pathic myelofibrosis or idiopathic myelo-
fibrosis or myelosclerosis with myeloid
metaplasia or primary myelofibrosis) A
progressive, chronic disease in which the bone
marrow is replaced by fibrous tissue and blood
is made in organs like liver and the spleen,
instead of in the bone marrow. This disease is
marked by an enlarged spleen and progressive
anemia.

Agonist A drug or substance that binds to a
receptor inside a cell or on its surface and
causes the same action as the substance that
normally binds to the receptor.

AIDS-related cancer Types of cancer that is
more likely to occur in people who are infected
with the human immunodeficiency virus
(HIV) and thus considered to have AIDS. The
most common AIDS-related cancers are non-
Hodgkin lymphoma, Kaposi sarcoma, and
cervical cancer along with less common types
of cancers of the mouth, throat, liver, lung,
colon, rectum, anus, testes, and skin. People
infected with HIV who develop any one of
these cancers are.

Albuminuria A condition in which the urine
has more than normal amounts of albumin.
Albuminuria may be a sign of nephropathy, a
kidney disease.

Allergen Any substance that causes an allergy.

Allergic reaction Secondary immune response
to an environmental allergen.

Allergy (or hypersensitivity) An inappropri-
ate, misguided, and harmful response of the
immune system to normally harmless sub-
stances where the body has an exaggerated
response to a substance (e.g., food or drug).

Allogeneic stem cell transplantation A proce-
dure in which a person receives blood-form-
ing stem cells from a genetically similar but
nonidentical donor like a sister or brother.

Alpha cell A type of cell in the pancreas,
which releases glucagon hormone called.
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When blood glucose falls too low, the body
sends a signal to the alpha cells to make glu-
cagon. Then glucagon reaches the liver where
it tells it to release glucose into the blood for
energy.

Alpha-1 antitrypsin It is produced mostly in
the liver to protect the lungs from neutrophil
elastase. It destroys neutrophil elastase before
it has a chance to begin damaging the delicate
lung tissue. However, if an individual does not
have enough alpha-1 antitrypsin, the enzyme
goes unchecked, and it may attack the lung.

Alpha-glucosidase inhibitor (generic names,
acarbose and miglitol) A class of oral med-
icine for type 2 diabetes that blocks slowly
the enzymes that digest starches in food. The
result is a lower rise in blood glucose through-
out the day, especially right after meals.

Alternative medicine Treatments that are used
instead of standard treatments. Less research
has been done for most types of alternative
medicine and is less accepted and widely
used. Alternative medicine may include
megadose vitamins, special diets, herbal
preparations, special teas, and magnet thera-
pies also for treatment of different diseases or
conditions. For example, a special diet may
be used instead of anticancer drugs in cancer
treatment.

Alveolar rhabdomyosarcoma (or ARMS) A
soft tissue tumor that is most common in older
children and teenagers. It begins in embryonic
muscle cells and can occur at many places in
the body but usually occurs in the trunk, arms,
or legs.

Amastigote A form of Trypanosomatidae with
a short flagellum.

Amelanotic melanoma A type of skin cancer
in which the cells do not make the pigment
melanin. Skin lesions are often irregular and
may be pink or red or have light brown, tan, or
gray at the edges.

Amoeboid Irregular and changeable in shape;
movement by extension of pseudopodia.

Ampulla of Vater cancer (or ampullary can-
cer) Cancer that forms in the ampulla of
Vater with symptoms of jaundice, abdominal
pain, nausea, vomiting, and weight loss.

Ampulla of Vater An enlargement of the ducts
from the liver and pancreas at the point where
they enter the small intestine.
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Amylin A hormone formed by beta cells in the
pancreas. Amylin regulates the timing of glu-
cose release into the bloodstream after eating
by slowing the emptying of the stomach.

Amyotrophy A type of neuropathy resulting in
pain, weakness, and/or wasting in the muscles.

Anemia A condition in which the number of
red blood cells is less than normal, resulting in
less oxygen being carried to the body’s cells.
A reduction in the number of circulating red
blood cells or in the quantity of hemoglobin.
In many diseases like malaria, anemia is quite
common. Pallor may be visible in the patient.

Anal cancer Cancer that forms in tissues of the
anus.

Anal Pap smear (or anal Pap test) A proce-
dure in which cells are scraped from the lining
of the anus and observed under microscope to
find cancer and changes in cells that may lead
to cancer. An anal Pap smear can also show
conditions that are not cancerous, such as
infection or inflammation.

Anaphylactic shock A severe and sometimes
life-threatening allergic immune reaction to
an antigen that a person has been previously
exposed to. It is characterized by a swelling
of body tissues including the throat, difficulty
in breathing, and a sudden fall in blood pres-
sure due to collapsed blood vessels, itchy skin,
edema, fainting, and death.

Anaphylaxis Animmediate and severe allergic
reaction to a substance (e.g., food or drugs)
which can be fatal and requires immediate
medical attention. Symptoms of anaphylaxis
include breathing difficulties, loss of con-
sciousness, and a drop in blood pressure.

Anaplastic large cell lymphoma (or
ALCL) An aggressive type of non-Hodgkin
lymphoma that is usually of the T-cell type
and may appear in the lymph nodes, skin,
bones, soft tissues, lungs, or liver. The cancer
cells express a marker called CD30 or Ki-1 on
the surface of lymphoma cells.

Anaplastic thyroid cancer A rare, aggressive
type of thyroid cancer in which the malignant
cells look very different from normal thyroid
cells.

Anaplastic A term used to describe cancer
cells that divide rapidly and have little or no
resemblance to normal cells.
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Anastomosis The joining together of two ends
of healthy bowel after diseased bowel has
been cut out by the surgeon. This may be con-
trasted to a colostomy, when the bowel ends
may be permanently diverted or anastamosed
at a later surgery.

Androblastoma (or arrhenoblastoma or
Sertoli-Leydig cell tumor of the ovary) A
rare type of ovarian tumor in which the tumor
cells secrete a male sex hormone. This may
cause virilization (the appearance of male
physical characteristics in females).

Anergy A state of unresponsiveness, induced
when the T cell’s antigen receptor is stimu-
lated that effectively freezes T-cell responses
pending a “second signal” from the antigen-
presenting cell (co-stimulation).

Angiogenesis Blood vessel formation. Tumor
angiogenesis is the growth of new blood ves-
sels that tumors need to grow. This process
is caused by the release of chemicals by the
tumor and by host cells near the tumor.

Angioimmunoblastic T-cell lymphoma An
aggressive type of T-cell non-Hodgkin lym-
phoma marked by enlarged lymph nodes and
hypergammaglobulinemia (increased anti-
bodies in the blood). Other symptoms may
include a skin rash, fever, weight loss, or
night sweats.

Angiopathy Any disease of the blood ves-
sels (veins, arteries, capillaries) or lymphatic
vessels.

Angioplasty A nonsurgical procedure for treat-
ing diseased arteries.

Angiosarcoma A type of cancer that begins
in the cells that line blood vessels or lymph
vessels. Cancer that begins in blood ves-
sels is called hemangiosarcoma. Cancer
that begins in lymph vessels is called
lymphangiosarcoma.

Animal trap A cage, generally made of cloth,
that is baited with an animal such as a cow,
goat, etc. Collections of mosquitoes are made
on the walls of this trap to assess and com-
pare populations biting domestic animals with
populations in dwellings.

Anopheles A genus of mosquito, some species
of which can transmit human malaria.

Anorexia Lack of appetite, lack of desire or
interest in food.
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Anterior urethral cancer A disease in which
malignant cells are found in the part of the ure-
thra that is closest to the outside of the body.

Anthrax An acute infectious disease caused by
the spore-forming bacterium Bacillus anthra-
cis. Anthrax most commonly occurs in hoofed
mammals and can also infect humans.

Anthropophagy The process of feeding on
people as opposed to animals. Similar to
anthropophilic.

Anthropophilic Describes mosquitoes
prefer to take blood meals from humans.

Antibiotic A drug that kills or slows the growth
of bacteria, for example, penicillin.

Antibodies (Also known as immunoglobulins.)
Antibodies are specialized Y-shaped circulat-
ing proteins that are part of the immune sys-
tem to protect itself from “foreign” substances
such as bacteria or viruses. They are created
when an antigen (such as a virus or bacteria)
is detected in the body. The antibodies bond
with the specific antigen that triggered their
production and that action neutralizes the anti-
gen, which is a threat to the body. Antibodies
are created to fight off whatever has invaded
the body. Proteins that are found in blood or
other bodily fluids of vertebrates. Antibodies
are produced by a kind of white blood cell
called a B cell.

Antibody-dependent cell-mediated cytotoxic-
ity (ADCC) An immune response in which
antibody, by coating target cells, makes them
vulnerable to attack by immune cells.

Antibody-mediated immunity (or humoral
immunity) Immunity that results from the
activity of antibodies in blood and lymphoid
tissue.

Antigen A foreign substance (usually a pro-
tein or carbohydrate) capable of triggering an
immune response in an organism. When the
body detects it, it produces specific antibod-
ies to fight off the antigen. Antigens may be
soluble substances, such as toxins and foreign
proteins, or particulate, such as bacteria and
tissue cells; however, only the portion of the
protein of polysaccharide molecule known
as the antigenic determinant combines with
antibody or a specific receptor on a lym-
phocyte. Antigens are usually proteins or
polysaccharides and include the coats, cap-

that
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sules, cell walls, flagella, fimbriae, and tox-
ins of parasites, bacteria, viruses, and other
microorganisms.

Antigen-presenting cells (APCs) Cells (B
cells, dendritic cells, and macrophages) that
process and present exogenous antigens to T
lymphocytes.

Antihypertensive A medication or other ther-
apy that lowers blood pressure.

Anti-infection vaccines Vaccines that prevent
people from becoming infected after being
bitten by infected mosquitoes.

Antimicrobial agents The drugs, chemicals,
or other substances that kill or slow the growth
of microbes. They include antibacterial drugs
(which kill bacteria), antiviral agents (which
kill viruses), antifungal agents (which kill
fungi), and antiparasitic drugs (which kill
parasites).

Antimicrobial resistance Antimicrobial resis-
tance is the result of microbes changing in
ways that reduce or eliminate the effectiveness
of drugs, chemicals, or other agents to cure or
prevent infections.

Antinuclear antibody (ANA) An autoanti-
body directed against a substance in the cell’s
nucleus.

Antiretroviral drugs Drugs that act against
retroviruses (such as HIV).

Antiserum Serum that contains antibodies
against a particular microbe.

Antitoxin Antibodies capable of destroying
and inactivate toxins generated by microor-
ganisms including viruses and bacteria.

Antiviral Literally “against virus” — any medi-
cine capable of destroying or weakening a
virus.

API Annual parasite incidence. API = con-
firmed cases during 1 year/population under
surveillance x1000.

Apical complex A structure in merozoites
and sporozites of Apicomplexa, comprising
a polar ring, conoid, and rhoptries, that aids
penetration of host cells.

Appendix Lymphoid organ in the intestine.

Aralen A brand name for chloroquine
phosphate.

ARB ARB stands for angiotensin receptor
blocker. An oral medicine that lowers blood
pressure.
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Archived tumor sample A tumor sample that
has been routinely preserved and stored Tumor
tissue is commonly preserved for storage by
treatment with a preservative called formalin
and then embedded in paraffin wax.

Arm A group of participants in a clinical trial,
all of whom receive the same treatment, inter-
vention, or placebo. The other arm(s) receives
a different treatment.

Aromatase Inhibitor A medication that
reduces the amount of estrogen in the body.
It may be used to treat women with estrogen-
receptor-positive breast cancer.

Artemisinin-based combination therapies
(ACTs) A group of malaria medications that
produces a very fast response in people with
malaria and are active against multidrug-resis-
tant Plasmodium falciparum malaria. ACTs
are well tolerated by people who have malaria
and have the potential to reduce malaria trans-
mission by decreasing the presence of the
parasite in the bloodstream. It is used for the
treatment (not prevention) of malaria usually
as a part of a combination therapy, derived
from the sweet wormwood or Qinghao plant
(Artemisia annua).

Arteriosclerosis Hardening of the arteries.

Artery A large blood vessel that carries blood
with oxygen from the heart to all parts of the
body.

Arthralgia Joint pain

Arthritis The inflammation of a joint which
results in pain and difficulty in moving. The
inflamed joints developed stiffness, warmth,
swelling, redness, and pain. There are over
100 types of arthritis like rheumatoid arthritis,
osteoarthritis, psoriatic arthritis, ankylosing
spondylitis, lupus, gout, and pseudogout.

Asexual A form of reproduction not involving
the fusion of gametes.

Aspart Insulin A rapid-acting insulin. On
average, insulin aspart starts to lower blood
glucose within 10-20 min after injection. It
has its strongest effect 1-3 h after injection but
keeps working for 3-5 h after injection.

Aspartame (brand names, Equal,
NutraSweet) A dietary sweetener with
almost no calories and no nutritional value.

Assay Analytic procedure in laboratory medi-
cine, pharmacology, environmental biology,
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continuous delivery, and molecular biology
for qualitatively assessing or quantitatively
measuring the presence, amount, or functional
activity of a target entity (the analyte).

Association The degree to which the occur-
rence of two variables or events is linked.
Association describes a situation where the
likelihood of one event occurring depends
on the presence of another event or variable.
However, an association between two vari-
ables does not necessarily imply a cause and
effect relationship. The term association and
relationship are often used interchangeably.

Asthma Chronic inflammatory  condition
where the bronchial tubes (in the lungs)
become easily irritated, causing difficulty in
breathing. This leads to constriction of the
airways resulting in wheezing, coughing, dif-
ficulty in breathing, and production of thick
mucus. Inflammation is caused by over-reac-
tive airways. The cause of asthma is not yet
known, but environmental triggers, drugs,
food allergies, exercise, infection, and stress
have all been implicated.

Asymptomatic infection (inapparent or sub-
clinical infection) The presence of an infec-
tion without symptoms.

Atherosclerosis A collection of a number of
diseases where clogging, narrowing, and hard-
ening of the body’s large arteries and medium-
sized blood vessels occur. Atherosclerosis can
lead to stroke, heart attack, eye problems, and
kidney problems. Fat builds up in the large-
and medium-sized arteries, preventing the
blood flow in the vessels.

Atovaquone A drug used against malaria. It is
found in the combination atovaquone—progua-
nil which can be used for both prevention and
treatment.

Attenuated vaccine (or live vaccine) A vac-
cine in which live bacteria or viruses are
weakened through chemical or physical
processes in order to produce an immune
response without causing the severe effects
of the disease. Attenuated vaccines currently
licensed in the United States include measles,
mumps, rubella, polio, typhoid, yellow fever,
and varicella.

Autism A chronic developmental disorder usu-
ally diagnosed between 18 and 30 months of
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age. Symptoms include problems with social
interaction and communication as well as
repetitive interests and activities. At this time,
the cause of autism is not known although
many experts believe it to be a genetically
based disorder that occurs before birth.

Autoantibodies Autoantibodies are a group of
antibodies that “go bad” and mistakenly attack
and damage the body’s tissues and organs.

Autochthonous Regarding malaria, it refers to
local transmission. This can either be indig-
enous or introduced (in a geographic area
where malaria does not occur regularly).
Differentiated from imported, congenital, or
blood-borne malaria.

Autoimmune disease (or autoimmune
disorder) Disorder of the body’s immune
system in which the immune system mistak-
enly attacks and destroys body tissue that it
believes to be foreign. Patients with different
autoimmune diseases frequently have unusual
antibodies circulating in their blood. These
antibodies target their own body tissues. In
women the frequency of autoimmune diseases
is more than in men. The estrogen of females
may influence the immune system of some
women to develop autoimmune diseases.
The presence of one autoimmune disease fur-
thermore increases the chance for develop-
ing another consequent autoimmune disease.
Examples of autoimmune diseases include
systemic lupus erythematosus, Addison dis-
ease, scleroderma, Hashimoto thyroiditis,
Sjogren syndrome, rheumatoid arthritis, juve-
nile (type 1) diabetes, polymyositis, vitiligo,
pernicious anemia, glomerulonephritis, and
pulmonary fibrosis.

Autoinfection For parasites that normally
transmit from host to host by a free-living
stage, the rapid development and establish-
ment of a parasite in the same host individual
from which it originated.

Autonomic neuropathy A type of neuropathy
affecting the lungs, heart, stomach, intestines,
bladder, or genitals.

Autoreactive Describes immune cells that
mount a response against the body’s own cells
or tissues.

Avidity A term used to describe the com-
bined strength of multiple bond interactions.
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Avidity is a term that can be used to describe
antibody-antigen interactions, where multiple,
weak bonds form between antigen and anti-
body. Individually, each bond may be weak;
however, when multiple individual bonds are
present at the same time, the overall effect is
strong binding of antigen to antibody.

B cell or B lymphocyte One type of lympho-
cyte generally considered part of the adap-
tive immune system. B cells come from bone
marrow and develop into blood cells called
plasma cells, which are the source of antibod-
ies and mediate humoral immunity.

Background retinopathy (or simple or non-
proliferative retinopathy) It is an early
stage of diabetic retinopathy. A type of dam-
age to the retina of the eye marked by bleed-
ing, fluid accumulation, and abnormal dilation
of the blood vessels.

Bacteria Tiny one-celled organisms present
throughout the environment that require a
microscope to be seen. While not all bacteria
are harmful, some cause disease. Examples
of bacterial disease include diphtheria, per-
tussis, tetanus, Haemophilus influenzae, and
pneumococcal.

Barium enema (or lower GI series) The bar-
ium enema procedure consists of the insertion
of barium (a radiolucent solution like a series
of X-rays) to coat the lower gastrointestinal
tract with barium. On X-ray, areas in which
the barium “lights up” may indicate abnormal
cell proliferation.

Basalrate A steady trickle of low levels of lon-
ger-acting insulin, such as that used in insulin
pumps.

Basal secretion (basal insulin) We all should
have a small amount of insulin that is con-
stantly present in the blood; that is the basal
secretion. People with type 1 diabetes must
take a form of insulin that replicates the basal
secretion throughout the day; that is basal
insulin.

Basophil Basophil is a type of white blood cell.
It contains the inflammatory mediators like
histamine. Along with mast cells, basophils
are responsible for the symptoms of allergy.

Bed nets Bed nets are used to prevent malaria
transmission by forming a protective bar-
rier around persons using them and therefore
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limiting their exposure to mosquito bites. Bed
nets have repeatedly been shown to reduce
severe disease and mortality due to malaria in
endemic regions.

Beta-blocker An antihypertensive medication
that limits the activity of hormone epinephrine.

Beta cells Beta cells are located in the islets of
Langerhans in the pancreas. They are respon-
sible for making insulin.

Beta-glucan Polymer of glucose molecules
attached in a specific conformation. Beta-
glucans can come from different sources such
as cereals (oats and barley) and fungi such as
mushroom and yeast.

Complement A system of proteins that are
present in blood that act together to defend the
body against pathogens.

Bias Flaws in the collection, analysis, or inter-
pretation of research data that lead to incorrect
conclusions.

Biguanide (generic name, metformin) A class
of oral medicine used to treat type 2 diabetes
that lowers blood glucose by reducing the
amount of glucose produced by the liver and
by helping the body respond better to insulin.

Biochemicals Chemicals produced within liv-
ing organisms. Many coordinate to fight off
invasion in an immune response.

Bioinformatics The use of data/information
from experiments of genomics for research
generation/creation, collection, and storage
(in databases) of different collective informa-
tion to efficiently accomplish an objective to
discover a new pharmaceutical, a new medi-
cine, or a new herbicide or in therapeutics.

Biological barriers The body’s first layer of
protection against harmful microbes.

Biological plausibility A causal association is
consistent with existing medical knowledge.

Biological response modifiers (BRM)
Substances, either natural or synthesized,
that boost, direct, or restore normal immune
defenses. BRMs include interferons, inter-
leukins, thymus hormones, and monoclonal
antibodies.

Biopsy A procedure where tumor tissue is
removed from the body for laboratory exami-
nation to determine whether or not cancer is
present. A biopsy can be performed using a
needle to extract a small piece of tissue or as
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a surgical procedure to remove a larger piece
of tissue.

Biotechnology The use of living organisms or
their products to make or modify a substance.
Biotechnology includes recombinant DNA
technology and hybridoma technology.

Blood glucose level The amount of glucose in
a given amount of blood. It is noted in mil-
ligrams in a deciliter or mg/dL. This level is
very important for people with diabetes, and
they must monitor their blood glucose level
throughout the day. If the blood glucose level
is too high (hyperglycemia), that means that
there is not enough insulin in the blood. If it is
too low (hypoglycemia), that means that there
is too much insulin.

Blood glucose meter A small, portable elec-
tronic machine (biosensors) used by people
with diabetes to check their blood glucose lev-
els. After pricking the skin with a lancet, one
places a drop of blood on a test strip in the
machine. The monitor soon displays the blood
glucose level as a number on the meter’s digi-
tal display.

Blood glucose monitoring The simple blood
test used to check the amount of glucose in
the blood; a tiny drop of blood, taken by finger
pricking, is placed on a test strip and inserted
in the meter for reading.

Blood glucose Also known as blood sugar,
glucose comes from food and is then carried
through the blood to deliver energy to cells.
The main sugar found in the blood and the
body’s main source of energy.

Blood meal Blood taken from a human or other
host by a mosquito.

Blood pressure The amount of force exerted
by the blood against the walls of the arter-
ies. The units are expressed in millimeters of
mercury. The systolic pressure is the top num-
ber and is the pressure in the arteries where
the heart is forcing blood through them. The
diastolic pressure is the bottom number and
is the pressure in the arteries when the heart
relaxes.

Blood urea nitrogen (BUN) Protein break-
down waste product in blood from which
the urea is removed by the kidneys. Rise
of BUN level is indicative of kidney
malfunction.
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Blood vessel A vessel that carries blood.
Component of the circulatory system.
Examples are artery, vein, or capillary.

Blood-brain barrier Layer of tissue separat-
ing the brain from the body. This blocks the
entry of immune cells inside the brain.

Blood-forming stem cells Progenitor, mul-
tipotent cells found in the bone marrow that
multiply profusely and differentiate into red
blood cells (RBC), white blood cells (WBC),
and platelets.

Body mass index (BMI) Used to evaluate
body weight relative to a person’s height. BMI
indicates the physical status of an individual
as underweight, normal weight, overweight,
or obese.

Bolus secretion (bolus insulin) After food
intake, the pancreas releases insulin to essen-
tial for carbohydrate digestion, also termed
as the bolus secretion. Type 1 diabetes indi-
viduals however require supplementary insu-
lin that replicates the bolus secretion; this is
known as bolus insulin.

Bolus An extra insulin dose required to com-
bat an expected blood glucose level rise after
a meal or snack.

Bone marrow Includes soft tissue located in
the bone cavities. It is the place of origin of all
different lineages of blood cells.

Booster shots Doses of a vaccine administered
to “boost” the immune system of host.

Borderline diabetes Also termed as type 2 dia-
betes or impaired glucose tolerance.

Brachial neuritis Nerve inflammation in the
arm causing muscle weakness and pain.

Bradycardia Abnormally slow heartbeat.

BRCA1 and BRCA2 Genes that control cell
growth. Mutations in the BRCAI1 and/or
BRCAZ2 gene(s) lead to higher risk in devel-
oping breast and ovarian cancer.

Breakthrough infection Development of an
infectious disease by a vaccinated individual.

Brittle diabetes When the blood glucose level
rises often from low to high and from high to
low.

Bunion A bulge on the first joint of the big toe,
due to swelling of a fluid sac under the skin
which may become red, sore, and infected.

Cachexia Disease-related physical wasting
with loss of weight and body musculature.
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Callus Thick or hardened skin of the foot,
developed due to rubbing or pressure.

Calorie Represents food energy from carbohy-
drate, protein, fat, and alcohol.

Cancer staging Includes numbers I to IV of
how much a cancer has spread in the body.
Criteria for staging include tumor size, portion
of tissue penetrated, its presence in adjacent
organs, and lymph affected.

Cancer A disease condition manifested by
uncontrolled cell division, loss of cell death,
and loss of normal cell’s life cycle. Cancer
cells can also invade nearby tissues and can
spread through the bloodstream and lymphatic
system to other parts of the body through a
process called metastasis.

Capillary Smallest of the body’s blood ves-
sels. They transport oxygen and glucose to the
cells. Waste products such as carbon dioxide
are transported back from the cells into the
blood through capillaries.

Capsaicin Constituent of hot peppers. Finds
use on the skin to relieve pain from diabetic
neuropathy.

Carbamate Used as an insecticide.

Carbohydrate counting A method meal plan-
ning for diabetic individuals based on count-
ing the number of grams of carbohydrate in
food.

Carbohydrate One of the components of food
that provides us energy. Source of carbohy-
drates include starches, vegetables, fruits,
dairy products, and sugars. Examples are
bread, rice and potatoes, starch, etc.

Carcinoma in situ Tumor of the epithelial
cells restricted to the tissue of origin, without
invasion the basement membrane.

Carcinoma Malignant cancer originating in
the epithelial cells that is capable of invading
the surrounding tissue and metastasizing to
the different tissues.

Cardiac arrest When the heartbeat stops.

Cardiac catheterization Used for diagnosis.
In this procedure a catheter which is a tiny
hollow tube is allowed to enter a vessel in the
groin through the aorta into the heart so as to
do imaging studies or diagnosis of problems
on the heart and blood vessels.

Cardiac output Blood that is pumped through
the circulatory system in 1 min.
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Cardiologist A doctor who treats cardiac
disorders.

Cardiology Study of the heart and cardiac
treatment.

Cardiometabolic risk factors Set of factors
that poses risk for development of diabetes or
heart disease.

Cardiomyopathy A disease of the heart mus-
cle thereby leading to the loss of its pumping
strength.

Cardiovascular (CV) Involves the components
of the circulatory system, heart and blood vessel.

Cardiovascular disease (CVD) Diseases of
the heart and circulatory system.

Cataract Clouding of the lens of the eye.

Catarrhal inflammation Inflammation affect-
ing mucous surface.

Causal association One variable (e.g., smok-
ing) may sometimes affect another variable
(e.g., cancer).

CD (Cluster of differentiation) Molecules
expressed on cell surface of immune cells.
CD4+ helper T cells T cells expressing CD4
receptors. Helper T cells are infected and

killed by HIV.

CD8+ T lymphocyte T cells expressing CD8
receptors. They may be cytotoxic T lympho-
cytes (CTLs) or suppressor T cells.

Cell-mediated immunity (cellular
immunity) Immune response mediated by
helper T cells and CTLs. Its enables removal
of cells infected with microorganisms such as
viruses, fungi, and certain bacteria.

Cell The smallest and basic unit of life.

Central nervous system Composed of the
brain and spinal cord. The central nervous
system enables and controls the activity of the
entire nervous system and interacts with the
immune system.

Cerebral hemorrhage Bleeding within the
brain.

Cerebral malaria Malaria caused at times
with P. falciparum infection involves infection
of the very small capillaries that flow through
the tissues of the brain. It is highly fatal.

Cerebral thrombosis Blood clot in an artery
that supplies blood to the brain thereby caus-
ing a block.
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Cerebrovascular accident Apoplexy or stroke
caused by an impeded blood supply to the
brain.

Cerebrovascular disease Damage to blood
vessels in the brain. Vessels can burst and
bleed or become clogged with fatty deposits.
When blood flow is interrupted, brain cells die
or are damaged, resulting in a stroke.

Cerebrovascular Involving blood vessels in
the brain.

Certified diabetes educator (CDE) A health-
care professional with expertise in diabetes
education.

Challenge The deliberate exposure of an
immunized animal or person to the infectious
agent in vaccination protocols.

Charcot’s foot In this condition the foot joints
and soft tissue are destroyed. Results from
nerve damage.

Chemokine Molecule released by immune
cells that causes WBC neutrophils and mono-
cytes to move through forming a network
between immune cells.

Chemoprophylaxis The use of antimalarial
drugs to prevent malaria.
Chemotherapy Cytotoxic drug treatment in

cancer.

Chloroquine A drug used against malaria for
both prevention and treatment. The mainstay
of malaria treatment since 1945, but a large
number of resistant strains of P. falciparum
also are known.

Chlorpropamide Sulfonylurea’s class of med-
icine used in type 2 diabetes treatment that
acts by lowering blood glucose levels.

Cholecystitis Inflammation of the gallbladder.

Cholesterol Constituent of food and is also
produced by the liver and found in the blood.
There are two types of cholesterol, HDL and
LDL. High levels are a risk factor for heart
disease and stroke.

Chromosome Carriers of genetic information.

Chronic health condition A health-related
state lasting for a considerable period.

Chronic inflammation It is a prolonged and
persistent inflammation.

Chronic Has occurred for a considerable
period of time.
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Cinchonism Quinine or quinidine side effects.
Includes tinnitus, headache, nausea, diarrhea,
altered auditory acuity, and blurred vision.

Circulation Blood flow through the heart and
blood vessels.

Cirrhosis of the liver Chronic liver disease
where normal liver parenchyma replaces the
fibrous tissue.

Clindamycin An antibiotic used for malaria
treatment in combination with another drug,
like quinineA or quinidine.

Clinical cure Elimination of malaria symp-
toms, sometimes without eliminating all
parasites.

Clinical laboratory services Different exam-
ination of human body materials for the
purpose of providing information for the diag-
nosis, prevention, or treatment.

Clinical trial A research study to test drugs,
procedures, or testing technologies to deter-
mine whether these are effective and/or safe
in human use.

Clinically validated Determination that a test
is accurate including determination of sensi-
tivity, specificity, and positive and negative
predictive values.

Clonal anergy Switching off the ability of
potentially harmful T or B cells to participate
in immune responses. Essential for generating
T and B cells tolerance to the body’s “self”
tissue antigens.

Clonal deletion The genetically controlled
process of eliminating immune cells that
could destroy the body’s own cells and tissues.

Clonal selection Lymphocyte proliferation
process producing clone of antibodies after
recognition of a specific antigen receptor on a
lymphocyte that binds to a given antigen.

Clone A group of genetically identical cells
with a single common ancestor.

Colectomy Surgical resection of all or part of
the colon.

Colitis Inflammation of the colon.

Colon polyp A fleshy growth on the inner lin-
ing of the colon.

Colonoscopy Inspection through a fiber-optic
scope of the inside of the colon.

Colorectal Related to the colon and/or rectum.
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Coma A sleep-like state in which a person is
not conscious.

Combination oral medicines
more different medicines.

Combination therapy Different medicines
like oral hypoglycemic agents or an oral hypo-
glycemic agent together with an insulin used
to control high blood glucose levels of type 2
diabetic individuals.

Combination vaccine Two or more vaccines
administered in a single dose in order to reduce
the number of shots given. For example, the
MMR (measles, mumps, rubella) vaccine.

Communicable Transmitted from one person
or animal to another.

Community immunity A sufficient proportion
of a population is immune to an infectious dis-
ease through vaccination to make its spread
from person to person unlikely. Also known as
herd immunity.

Complement cascade Sequence of steps trig-
gered by an antigen-antibody complex, in
which each component of the complement
system is activated in turn.

Complement receptor A cell surface protein
that binds to activated complement proteins.

Complications Harmful effects of disease.

Congenital defects Problems or conditions
that are present at birth.

Congenital malaria Malaria in a newborn or
infant, transmitted from the mother.

Congestive heart failure A condition in which
the heart cannot pump out all of the blood that
enters it, which leads to an accumulation of
blood in the vessels and fluid in the body tissues.

Conjugate vaccine Composed of two com-
pounds, a protein and polysaccharide, to
increase a vaccine’s effectiveness.

Conjunctivitis Inflammation of the mucous
membranes surrounding the eye caused by
viruses, bacteria, or allergies causing the area
to become red and irritated.

Constant region That part of an antibody’s
structure that is characteristic for each anti-
body class.

Contraindication A condition in a recipient
which is likely to result in a life-threatening
problem if a vaccine were given.

Includes two or
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Conventional therapy Conventional therapy
includes use of medication, meal planning,
and exercise, along with regular visits to
healthcare providers.

Core biopsy A needle is used to remove a
small, intact sample of tissue from an iden-
tified breast mass in order to examine it and
obtain a preliminary diagnosis.

Coronary artery disease Is a type of heart dis-
ease caused by the generation of plaque in the
arteries that supply blood to the heart.

Coronary heart disease Heart disease caused
by narrowing of the arteries that supply blood
to the heart.

Coronary thrombosis The formation of a clot
in one of the arteries that carry blood to the
heart muscle.

Co-stimulation The delivery of a second sig-
nal from an antigen-presenting cell to a T cell.
The second signal rescues the activated T cell
from anergy, allowing it to produce the lym-
phokines necessary for the growth of addi-
tional T cells.

C-peptide “Connecting peptide,” a substance
the pancreas releases into the bloodstream in
equal amounts to insulin.

CR3 receptors Protein on the immune cells
surface including neutrophils which when
bound to beta-glucan helps to prime the neu-
trophils to respond to infectious challenges.

Creatinine A protein waste product in the diet
and from the muscles of the body. Creatinine
is removed from the body by the kidneys; as
kidney disease progresses, the level of creati-
nine in the blood increases.

Crib or cot death See sudden infant death syn-
drome (SIDS).

Crohn’s disease A chronic medical condition
characterized by inflammation of the bowel.
Symptoms include abdominal pain, diarrhea,
fever, loss of appetite, and weight loss.

Cryptic malaria A case of malaria where epi-
demiologic investigations fail to identify an
apparent mode of acquisition.

Cutaneous leishmaniasis A form of leishman-
iasis involving the skin at the site of sand fly
bite.

Cytokine Secreted by immune cells. They
are the key component of inflammation.
Cytokines include lymphokines produced
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by lymphocytes and monokines produced by
monocytes and macrophages.

Cytoplasm The living matter within a cell.

Cytotoxicity Degree to which a substance is
poisonous to cells.

Dawn phenomenon The early-morning (4-8
am) rise in blood glucose level.

DDT DDT (dichlorodiphenyltrichloroethane)
was the main insecticide to eradicate mosqui-
toes used during the 1950s and 1960s.

Death The cessation of life.

DEET N,N-Diethyl-meta-toluamide, an ingre-
dient of insect repellents.

Defervescence The reduction of a patient’s
abnormally elevated temperature into the nor-
mal range.

Dehydration The loss of too much body fluid
through frequent urinating, sweating, diar-
rhea, or vomiting.

Deltamethrin An insecticide.

Deltoid A muscle in the upper arm where shots
are usually given.

Demyelinating disorders A medical condition
where the myelin sheath is damaged. Examples
of demyelinating disorders include multiple
sclerosis (MS), optic neuritis, transverse neuri-
tis, and Guillain-Barré syndrome (GBS).

Dendritic cell White blood cells found in
the spleen and other lymphoid organs. They
initiate the immune response by activating
lymphocytes and stimulating the secretion
of cytokines and also prevent autoimmune
reactions.

Dermopathy Disease of the skin.

Desensitization Reduce or stop a response
such as an allergic reaction to something.

Dextrose Simple sugar found in blood that
serves as the body’s main source of energy.

Diabetes Control and Complications Trial
(DCCT) A study by the National Institute of
Diabetes and Digestive and Kidney Diseases
conducted from 1983 to 1993 in people with
type 1 diabetes.

Diabetes educator A healthcare professional
who teaches people who have diabetes how to
manage their diabetes.

Diabetes insipidus A condition characterized
by frequent and heavy urination, excessive
thirst, and an overall feeling of weakness, with
normal blood glucose levels.
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Diabetes mellitus A condition characterized
by hyperglycemia resulting from the body’s
inability to use blood glucose for energy. In
type 1 diabetes, the pancreas no longer makes
insulin, and therefore, blood glucose cannot
enter the cells to be used for energy. In type
2 diabetes, either the pancreas does not make
enough insulin or the body is unable to use
insulin correctly.

Diabetes Prevention Program (DPP) A study
by the National Institute of Diabetes and
Digestive and Kidney Diseases conducted
from 1998 to 2001 in people at high risk for
type 2 diabetes.

Diabetes specialist nurses (DSNs)
trained in diabetic care.

Diabetes A chronic health condition where the
body is unable to produce insulin and prop-
erly breakdown sugar (glucose) in the blood.
Symptoms include hunger, thirst, excessive
urination, dehydration, and weight loss. The
treatment of diabetes requires daily insulin
injections, proper nutrition, and regular exer-
cise. Complications can include heart disease,
stroke, neuropathy, poor circulation leading
to loss of limbs, hearing impairment, vision
problems, and death.

Diabetic diarrhea Loose stools, fecal inconti-
nence, or both that result from an overgrowth
of bacteria in the small intestine and diabetic
neuropathy in the intestines. This nerve dam-
age can also result in constipation.

Diabetic ketoacidosis (DKA) An emergency
condition in which extremely high blood glu-
cose levels, along with a severe lack of insulin,
result in the breakdown of body fat for energy
and an accumulation of ketones in the blood
and urine. Signs of DKA are nausea and vom-
iting, stomach pain, fruity breath odor, and
rapid breathing. Untreated DKA can lead to
coma and death.

Diabetic mastopathy A rare fibrous breast
condition occurring in women and some-
times men, with long-standing diabetes. The
lumps are not malignant and can be surgically
removed, although they often recur.

Diabetic retinopathy Diabetic eye disease;
damage to the small blood vessels in the ret-
ina. Loss of vision may result. The eye disease
that occurs in someone with diabetes when

Nurses

251

the small blood vessels of the retina become
swollen and leak liquid into the retina, caus-
ing blurring vision; it can sometimes lead to
blindness.

Diabetogenic Causing diabetes. For example,
some drugs cause blood glucose levels to rise,
resulting in diabetes.

Diabetologist A doctor who specializes in
treating people with diabetes.

Diagnosis The determination of a disease from
its signs and symptoms, tests, and reports.
Dialysis The process of cleaning wastes from
the blood artificially, done by the kidneys.
Dietitian A  healthcare professional who
advises people about meal planning, weight

control, and diabetes management.

Dilated eye exam A test done by an eye care
specialist in which the pupil (the black center)
of the eye is temporarily enlarged with eye-
drops to allow the specialist to see the inside
of the eye more easily.

Diphtheria A bacterial disease marked by the
formation of a false membrane, especially in
the throat, which can cause death.

Disease Sickness, illness, or loss of health.

Disseminated infection An infection where
the germ enters the body through a single
entry point and then disperses throughout the
body.

Distant recurrence The spread of cancer to
parts of the body other than the place where
the cancer first occurred. In breast cancer, the
cancer can spread to the lungs, liver, brain, or
bones.

Diurnal During the daytime.

DNA (deoxyribonucleic acid) The double-
stranded, helical molecular chain found within
the nucleus of each cell. DNA carries the
genetic information that encodes proteins and
enables cells to reproduce and perform their
functions.

DNA vaccine (nucleic acid vaccine) Direct
injection of gene(s) coding for specific anti-
genic protein(s).

Doxycycline An antibiotic drug by itself for
prevention or in combination with either qui-
nine or quinidine used in malaria treatment

D-phenylalanine derivative A class of oral
medicine for type 2 diabetes that lowers blood
glucose levels by helping the pancreas make
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more insulin right after meals. (Generic name,
nateglinide)

Drug resistance Drug resistance is the result
of microbes changing in ways that reduce
or eliminate the effectiveness of drugs,
chemicals, or other agents to cure or prevent
infections.

Dukes staging system A system of staging
rectal cancers developed by Cuthbert Duke
in 1932. The original system had three stages
but has been modified over time to include
four stages with variations on two of the four
stages.

Dupuytren’s contracture A condition associ-
ated with diabetes in which the fingers and the
palm of the hand thicken and shorten, causing
the fingers to curve inward.

Dysplasia Abnormal cells that progress to
cancer.

Dyspnea Shortness of breath.

Dysrhythmia An abnormal heart rhythm.

E. coli A gram-negative, facultative anaerobic
bacterium.

Early-stage invasive breast cancer Include
stage I and II and some stage III breast cancer.

Ectoparasite Ectoparasites are usually arthro-
pods which parasitize the skin.

Edema Swelling caused by excess fluid in the
body caused by the excessive accumulation of
fluid in body tissues.

Effector arm The part of the immune system
that recognizes and responds to infection.

Efficacy rate A measure used to describe how
good a vaccine is at preventing disease.

Efficacy In vaccine research, the ability of a
vaccine to produce a desired clinical effect,
such as protection against a specific infection
or disease, at the optimal dosage and schedule
in a given population. A vaccine may be tested
for efficacy in phase 3 trials if it appears to be
safe and shows some promise in smaller phase
1 and 2 trials.

EIR Entomological inoculation rate = mas,
where ma = number of mosquito bites per
night and s = proportion of those bites positive
for sporozoites.

Electromyography (EMG) A test used to
detect nerve function, measuring the electrical
activity generated by muscles.

Electrophoresis DNA or proteins are sepa-
rated by a technique using an electric current.
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Elephantiasis Syndrome developed due to
long-term obstruction of lymphatic vessels
that leads to engorgement and thickened skin.
It causes disfigurement, often of the leg.

Elimination The process of removing some-
thing on a temporary or semipermanent basis.

ELISA  (enzyme-linked immunosorbent
assay) A biochemical test that detects anti-
bodies to a specific antigen (foreign substance
in the body) based on a reaction that leads to a
detectable color change in the test tube.

Encephalitis Inflammation of the brain caused
by a virus. Encephalitis can result in perma-
nent brain damage or death.

Encephalopathy A general term describing
brain dysfunction. Examples include enceph-
alitis, meningitis, seizures, and head trauma.

Endemic The constant presence of a disease
or infectious agent within a given geographic
area or population group; can also refer to the
usual prevalence of a given disease within
such area or group.

Endocrine gland A group of specialized cells
that release hormones into the blood. For
example, the islets in the pancreas, which
secrete insulin, are endocrine glands.

Endocrinologist A doctor who treats people
who have endocrine gland problems such as
diabetes.

Endogenous Anything arising or originating
within the body or derived from the body.

Endophagic Feeds indoors. An endophagic
mosquito is a mosquito that feeds indoors.

Endophilic Tends to inhabit/rest in indoor
areas.

Endoscope A long slender medical instrument
for examining the interior of a bodily organ or
performing minor surgery.

Endoscopy Visual examination of a bodily ori-
fice, canal, or organ using an endoscope.

Endotoxin Poison in bacterial outer mem-
branes like lipopolysaccharide that is harmful
to the body.

Enzyme Biochemical catalyst that speeds up a
biochemical reaction.

Eosinophil A granulocytic white blood cell.

Epidemic The occurrence of disease within a
specific geographical area or population that
is in excess of the normal level.

Epidemiology The study of the distribution
and determinants of health-related states or
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events in specified populations and the appli-
cation of this study to the control of health
problems.

Epithelial cells Cells that make up the epithe-
lium, the covering for internal and external
body surfaces.

Epitope A specific site on an antigen that
stimulates specific immune responses, such as
the production of antibodies or activation of
immune cells.

ER (estrogen receptor) Protein receptors for
estrogen in the cell.

Eradication The process of removing some-
thing permanently.

Erectile dysfunction (or impotence) The
inability to get and/or keep an erection for
sexual intercourse, in men with diabetes.
This may be due to poor blood supply to the
penis and/or nerve damage caused by diabetes
complications.

Erythema multiforme A medical condition
characterized by inflammation of the skin or
mucous membranes (including the mouth,
throat, and eyes). Erythema multiforme has
been reported following infection. Symptoms
persist anywhere from 2 days to 4 weeks and
include skin lesions, blisters, itching, fatigue,
joint pain, and fever.

Erythrocyte A red blood cell (RBC).

Erythrocytic schizogony The process of asex-
ual reproduction of malaria parasites within
red blood cells.

Erythrocytic stage A stage in the life cycle
of the malaria parasite found in the RBC.
Erythrocytic stage parasites cause the symp-
toms of malaria.

Estrogen A steroid hormone produced by the
ovaries, responsible for promoting develop-
ment and maintenance of female secondary
sex characteristics. Estrogen may play a role
in certain immune system diseases.

Etiology The cause or origin of a disease or
disorder; the study of the factors that cause
disease and of the method of their introduc-
tion into the host.

Euglycemia A normal level of glucose in the
blood.

Exchange lists One of the several approaches
for diabetes meal planning. Foods are catego-
rized into three groups based on their nutri-
tional content. Lists provide the serving sizes
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for carbohydrates, meat and meat alternatives,
and fats. These lists allow for substitution for
different groups to keep the nutritional content
fixed.

Exoerythrocytic schizogony The process of
asexual reproduction of malaria parasites out-
side of red blood cells, usually in the liver.
This process is asymptomatic.

Exit trap A trap constructed to capture mos-
quitoes that are exiting a house or structure.
Often used in studies that compare the ten-
dency of mosquitoes to rest indoors after feed-
ing versus to fly outside after feeding.

Exoerythrocytic stage A stage in the life cycle
of the malaria parasite found in liver cells
(hepatocytes). Exoerythrocytic stage parasites
do not cause symptoms.

Exogenous Anything arising or originating
outside the body.

Exophagic Feeds outdoors.

Exophilic Tends to inhabit/rest in outdoor
areas. After biting, an exophilic mosquito
flies outside and rests in the woods, grass,
or other outside areas. Exophilism makes
use of residual insecticides in buildings less
effective.

Exposure Contact with infectious agents (bac-
teria or viruses) in a manner that promotes
transmission and increases the likelihood of
disease.

Expression system In genetic engineering, the
cells into which a gene has been inserted to
manufacture desired proteins.

Exudative inflammation One type of inflam-
mation in which the prominent feature is an
exudate.

Fansidar Brand name of sulfadoxine—pyri-
methamine, a drug used against malaria. Its
value has been compromised by the emer-
gence of drug-resistant malaria parasites.

Fasting blood glucose A blood glucose test
taken before eating, usually in the morning,
and is used when diagnosing diabetes.

Fat Fat is an energy source for your body (the
other two energy sources are carbohydrates
and protein).

Febrile Relating to fever; feverish.

Fibrillation Rapid contractions of the heart
muscles.

Fibrinous inflammation Inflammation marked
by an exudate of coagulated fibrin.
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Functional antibody An antibody that binds to
an antigen and has an effect that can be dem-
onstrated in laboratory tests.

Fungal infections Any infection caused by
fungus.

Fungus Member of a class of relatively primi-
tive vegetable organism. Fungi include mush-
rooms, yeasts, rusts, molds, and smuts.

GO6PD deficiency An inherited abnormality
that causes loss of a red blood cell enzyme.
It may give a person some protection against
malaria, but it also means that person cannot
take the antimalarial drug primaquine.

Gametocyte count Number of gametocytes
per mm? of blood. The lower the gametocyte
count, the lower the infectivity of the human
to the mosquito.

Gametocyte rate Percentage of persons in an
area who carry gametocytes. Expressed as a
percentage.

Gametocyte The sexual reproductive stage of
the malaria parasite.

Hemoglobin A part of a red blood cell or
erythrocyte that carries oxygen to the cells.
Sometimes it joins with the glucose in the
blood flow.

Infection The invasion of an organism by a
pathogen such as bacteria, viruses, or para-
sites, some of which lead to disease.

Infectious agents Organisms (e.g., bacteria or
viruses) capable of spreading disease.

Infectious (or communicable) Capable of
spreading disease.

Inflammation Itis an accumulation of fluid and
cells that occurs as the immune system fights
a hostile invader. Symptoms include redness,
swelling, heat, and pain which are induced
by chemicals released by macrophages, thus
resulting from injury to tissue.

Inflammatory bowel disease (IBD) A gen-
eral term for any disease characterized by
inflammation of the bowel. Symptoms include
abdominal pain, diarrhea, fever, loss of appe-
tite, and weight loss. Crohn’s disease and coli-
tis are the types of IBD.

Inflammatory  response Infection  often
results in tissue damage, which may trig-
ger an inflammatory response. This response
promotes blood flow to the area, increases
the permeability of capillaries, redness, and
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induces coagulation. The increased blood flow
is responsible for the leakiness of the capillar-
ies which allows cells and fluids to enter tis-
sues, causing pain and swelling. These effects
bring more phagocytic cells to the area to
help eliminate the pathogens. The first cells
to arrive, usually within an hour, are neutro-
phils and eosinophils, followed a few hours
later by macrophages. Macrophages not only
engulf pathogens but also help the healing
process by disposing of cellular debris which
accumulates from destroyed tissue cells and
neutrophils that self-destruct after ingesting
microorganisms. If infection persists, compo-
nents of specific immunity — antibodies and T
cells — arrive at the site to fight the infection.

Influenza A highly contagious viral infection
characterized by sudden onset of fever, pains
and severe aches, and inflammation of the
mucous membrane.

Informed consent An agreement signed by
prospective volunteers for a clinical research
trial that indicates their understanding of (1)
why the research is being done; (2) what
researchers want to accomplish; (3) what will
be done during the trial and for how long; (4)
what risks are involved; (5) what, if any, ben-
efits can be expected from the trial; (6) what
other interventions are available; and (7) what
are the participant’s right to leave the trial at
any time.

Innate immune system Component of the
immune system that consists of a set of geneti-
cally encoded responses to pathogens and does
not change or adapt during the lifetime of the
organism. Innate immunity involves quickly
mobilized defenses triggered by receptors
that recognize a broad spectrum of microbes;
in contrast to adaptive immunity, it does not
acquire memory for an improved response
during a second exposure to infection.

Insulin resistance It is an early sign of type 2
diabetes. Insulin resistance is when the body
does not respond, as it should, to insulin. This
affects adipose tissue particularly around the
abdomen, hips, and thighs.

Insulin A hormone produced in the beta cells
of the pancreas naturally in humans and ani-
mals. Insulin helps glucose in the blood enter
your body’s cells where it is used as fuel by
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your body. People with type 1 diabetes do not
have this hormone; people with type 2 diabe-
tes either do not have it or their bodies are not
able to use it.

Interferon Protein molecules produced by
virally infected cells. It helps the body fight
off viral infections.

Interleukin A major group of lymphokines
and monokines that act as inflammatory
mediators.

Interstitial inflammation One type of inflam-
mation affecting mainly the stroma of an
organ.

Introduced malaria Mosquito-borne trans-
mission of malaria, from an imported case in a
geographic area where malaria does not occur
regularly.

Intussusception A type of bowel blockage
that happens when one portion of the bowel
slides into the next, looking like the pieces of
a telescope. It is treated in a hospital and may
require surgery.

Invasive breast cancer (or infiltrating breast
cancer) Cancer that has spread from breast
into surrounding healthy tissue. Most invasive
breast cancers start in the ducts that carry milk
from the lobules to the nipple. Invasive breast
cancer can spread to other parts of the body
through the blood and lymphatic systems.

Investigational vaccine A vaccine that
has been approved by the Food and Drug
Administration (FDA) for testing and evalu-
ation phase in clinical trials on humans and is
not licensed for use in the general public.

IRB (institutional review board) A commit-
tee of physicians, statisticians, community
advocates, and others that reviews clinical
trial protocols before they can be initiated
and is responsible for monitoring the safety of
ethical rules during clinical trials at that insti-
tution and ensures the rights of participants.

Ischemia Decreased flow of oxygenated blood
to an organ due to obstruction in an artery.

Ischemic heart disease Coronary artery dis-
ease or coronary heart disease caused by nar-
rowing of the coronary arteries and decreased
blood flow to the heart.

Jaundice Yellowing of the skin and eyes. This
condition is often a symptom of hepatitis
infection.
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Juvenile diabetes Diabetes in childhood and
adolescence.

Ketoacidosis A condition where ketones are
released into the urine and blood, leading to
diabetic ketoacidosis. It is often caused by an
infection or other illness (like dehydration or
from taking too little insulin) where the body
begins to break down muscle and fat to regain
energy.

Ketone test Strip test for the presence of
ketones.

Ketones Ketones are a by-product when the
body starts to break down fat in order to get
energy. Accumulation of ketones in the blood
makes the blood acidic and can lead to dia-
betic ketoacidosis.

Killer T cell A type of lymphocyte that directly
attacks and kills infected cells or other targets
(like tumor cells and even one’s own tissues),
generated by the coordinated action of den-
dritic cells and CD4+ helper T cells.

Knockout Knockouts are used by immunolo-
gists in genetic engineering to determine
the functions of specific genes that encode
immune proteins. A specific gene is delib-
erately removed in order to create a model
organism which is unable to carry out the
functions the gene codes.

Kupffer cells Specialized macrophages in the
liver.

LAK cells Lymphocytes transformed in the
laboratory into lymphokine-activated killer
cells, which attack tumor cells.

Langerhans cells Dendritic cells in the skin
that pick up antigen and transport it to lymph
nodes.

Lariam (brand name, mefloquine) A drug
used against malaria for both prevention and
treatment.

Larvae Immature wingless forms of insects
such as mosquitoes.

Latency The state or period in which a virus
has invaded a host but is not actively multiply-
ing, and during which symptoms of the infec-
tion are not seen. “Microbial latency” means
the microbe is not multiplying, as occurs in
some cells in HIV infection, while “clinical
latency” means that the patient does not have
symptoms of disease even though the virus
is multiplying and damaging the immune



256

system. In HIV, clinical latency precedes the
AIDS stage.

Lectins Lectins are proteins that share the
common characteristic of binding to carbo-
hydrates. Plant lectins or hemagglutinins are
primarily used for identified by their hemag-
glutinating activity. A variety of lectins occur
in animal species also and they have differen-
tial carbohydrate recognition.

Leishman test Intradermal injection of leish-
manial antigen causes a delayed tuberculin
type of reaction.

Leishmaniasis A rare infectious disease caused
by any of a number of parasitic Leishmania
species. Infection can cause any of the three
different manifestations, cutaneous leish-
maniasis, mucosal leishmaniasis, and visceral
leishmaniasis.

Leprosy A chronic, progressive infectious dis-
ease caused by Mycobacterium leprae which
causes skin sores and also affects the eyes,
mucous membranes, and peripheral nerves.

Lesion An abnormal change in the structure of
an organ, due to injury or disease.

Leukemia Cancer of the blood cells, usually
white blood cells.

Leukocyte A white blood cell that destroys
invading cells and pathogens and removing
cellular debris from the body.

Leukocytosis Increase in total white blood cell
count.

Leukopenia Decrease in total white blood cell
count.

Leukotriene Inflammatory molecule that helps
to mediate different allergic responses. It
causes muscle contraction and lung constric-
tion in asthma.

Lipids Fatty substances in the blood (e.g., cho-
lesterol and triglycerides).

Lipohypertrophy Lipohypertrophy occurs
when an injection site is overused. The skin
swells and becomes tough and a node can
develop.

Lipoproteins
in the blood.

Live vaccine (or attenuated vaccine) A vac-
cine in which live virus is attenuated through
chemical or physical processes in order to pro-
duce an immune response without causing the
severe effects of the disease. Attenuated vac-

Transporters of fatty substances
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cines currently licensed in the United States
include measles, mumps, rubella, shingles
(herpes zoster), varicella, and yellow fever.

Live vector vaccine A vaccine that uses a
non-disease-causing virus or bacterium to
transport foreign genes into the body, thereby
stimulating an effective immune response to
the foreign products.

Local recurrence The reappearance of cancer
in the part of the body where it first occurred.

Long-acting insulin Insulin with a very long
action time, up to 24 h.

Longevity The longevity or length of lifespan
of the mosquito is of considerable importance
in malaria control. There are two reasons for
this. The first is that the reproductive cycle
of malaria in the mosquito takes 10-11 days,
and the second is that if the mosquito lives a
long time, it will be able to take several blood
meals and will have a higher chance of biting
a human who has malaria parasites.

Low-density lipoprotein (LDL) The primary
cholesterol-carrying blood substance.

Lumpectomy A surgical procedure that removes
a localized mass of tissue, including the breast
cancer tumor and a small amount of normal,
noncancerous tissue surrounding the tumor.

Lupus A disease characterized by chronic
inflammation of the connective tissue. The
swelling of the connective tissue causes dam-
age to the skin, joints, kidneys, nervous system
and mucous membranes. The disease begins
with fever, joint pain, and fatigue, with addi-
tional symptoms of nausea, fatigue, weight
loss, arthritis, headaches, and epilepsy to con-
tinue over the years. This condition is diag-
nosed most frequently in young women but
also occurs in children. Problems with heart,
lung, and kidney function may also result.

Lyme disease A bacterial disease transmitted
by infected ticks. Human beings may come
into contact with infected ticks during outdoor
activities. Symptoms include fatigue, chills,
fever, headache, joint and muscle pain, swol-
len lymph nodes, and a circular pattern skin
rash. Long-term problems include arthritis,
nervous system abnormalities, irregular heart
rhythm, and meningitis. Lyme disease can be
treated with antibiotics. A vaccine was avail-
able from 1998 to 2002.
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Lymph node A small bean-shaped organ of the
immune system distributed widely through-
out the body and linked by lymphatic vessels.
Lymph nodes are garrisons of disease-fighting
B and T cells, dendritic cells, macrophages,
and other kinds of immune cells and filter out
harmful microbes and toxins. Lymph nodes
may become enlarged when they are actively
fighting infection.

Lymph A transparent, slightly yellow fluid that
carries lymphocytes, bathes the body tissues,
and drains into the lymphatic vessels.

Lymphatic vessels A body wise network of
channels, similar to the blood vessels, which
transport lymph to the immune organs and
into the bloodstream.

Lymphedema Swelling from fluid buildup caused
by improper functioning of the lymph system.
Lymphocyte cells Cellular components of the
adaptive immune system including B and T
cells which are highly specific for antigens
associated with microbes, tumor cells, trans-
plants, allergies, and tissues attacked in auto-
immune diseases. The clones of lymphocytes,
each with a single specificity, and exposure to
antigens lead to clonal expansion, the acquisi-
tion of helper and killer functions, and forma-

tion of immune memory.

Lymphoid organs The organs of the immune
system, where lymphocytes develop and con-
gregate. They include the bone marrow, thy-
mus, lymph nodes, spleen, and various other
clusters of lymphoid tissue along with blood
and lymphatic vessels.

Lymphokines Powerful soluble chemical sub-
stances secreted by lymphocytes which help
direct and regulate the immune responses.

Lymphoma Cancer involving lymph nodes
and the immune system.

Lysis Bursting and death of a cell.

Lysozyme An enzyme in saliva and tears that
destroys bacteria.

Macrogametocyte The female form of the
gametocyte.

Macrophage Cells important in both innate
and adaptive immunities that engulf poten-
tially infectious agents and trigger innate and
adaptive immune responses.

Macrovascular complications Over time,
poor blood glucose control can lead to seri-
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ous complications, including damage to major
blood vessels — to the macrovascular system.
Macrovascular complications cause plaque to
build up in the arteries, which can lead to a
heart attack or stroke.

Macular Skin lesions, normally red colored.

Major histocompatibility complex
(MHC) Cell surface molecules that pres-
ent antigen to T cells. MHC class I molecules
present endogenous antigen to cytotoxic T
cells; MHC class II molecules present exog-
enous antigen to helper T cells.

Malaise (“feel achy all over” or “flu-like
symptoms”) Subjective generalized feel-
ing of being sick, ill, or not healthy varying
from mild to severe in intensity. It may be the
lone clinical manifestation of malaria or may
accompany other signs and symptoms like
fever, headache, or nausea.

Malaria A disease caused by parasites
that are transmitted to humans via mos-
quito bites. Symptoms of infection may
include fever, chills, headache, muscle pain,
fatigue, nausea, and vomiting. These symp-
toms usually appear between 9 and 14 days
after a person is bitten by an infected mos-
quito. In severe cases, the disease can be
life-threatening.

Malarone Brand name of atovaquone—progua-
nil, a drug used against malaria for both pre-
vention and treatment.

Malignant A malignant tumor tending to be
severe, which invades and becomes progres-
sively worse and has the ability to destroy
nearby tissue and/or metastasize to other parts
of the body.

Mast cell A type of leukocyte found mainly in
the mast cells, basophils of connective tissues,
which produces histamine and other inflam-
matory molecules during allergy.

Mastectomy A surgical procedure to remove
all or a large part of the breast.

Metastasize A term that is used to refer to can-
cer spreading from its site of origin to other
sites in the body.

Maturity-onset diabetes of the young
(MODM) A rare type of diabetes that devel-
ops before the age of 25, runs in families, and
can often be controlled by diet and physical
activity alone or by tablets.
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M-cells Cells located in the immune tissue of
the intestines to continuously sample the con-
tents of the intestines to protect the body from
potential pathogens.

Measles A contagious viral disease marked by
the eruption of red circular spots on the skin.

Mefloquine A drug used against malaria for
both prevention and treatment.

Memory Band T cells B and T cells that remain
in the body after the completion of an immune
response; memory is imparted to improve func-
tion of individual cells within the clone.

Memory lymphocytes Long-lived activated
Iymphocytes that respond quickly when spe-
cific antigen is encountered again.

Meningitis Inflammation of the brain and spi-
nal cord that can result in permanent brain
damage and death.

Meningoencephalitis Inflammation of the
brain and meninges that involves the encepha-
lon and spinal column.

Merozoite The form of the malaria parasite
that invades human red blood cells; one of the
organisms formed by multiple fission of a spo-
rozoite within the body of the host during the
asexual phase of reproduction of a malarial
plasmodia and other Sporozoa. Liver-stage
and blood-stage malaria parasites develop
into schizonts which contain many merozo-
ites. When the schizonts are mature, they (and
their host cells!) rupture; the merozoites are
released and infect red blood cells.

Metastatic breast cancer Advanced breast
cancer that has spread beyond the breast and
local lymph nodes to other parts of the body
like the lungs, liver, brain or bones, or other
tissues.

Microalbuminuria The presence of small
amounts of protein in urine during the first
stages of kidney disease.

Microbe (or microorganism) A microscopic
living organism. Examples include bacte-
ria, protozoa, viruses, and some fungi and
parasites.

Microencapsulated Itis a method of protecting
a drug or vaccine antigen, enhances an anti-
gen’s absorption, protects from rapid break-
down, and improves the immune response to
that antigen. It involves a thin layer of biode-
gradable substance over the antigen.
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Microgametocyte The male form of the
gametocyte.

Microglia Specialized immune cells, related to
macrophages that protect the central nervous
system.

Microheterogeneity Denotes the variation in
the chemical structure of a substance that does
produce some minor change in its properties
in physiological or in disease state.

Microvascular complications Over time,
poor blood glucose control can lead to seri-
ous complications, including damage to tiny
blood vessels — to the microvascular system.
These microvascular complications of diabe-
tes can lead to problems with the retinopa-
thy or cataracts of eyes, nephropathy, and
neuropathy.

Molecular diagnostics The measurement
of DNA, RNA, proteins, or metabolites to
detect genotypes, mutations, or biochemical
changes.

Molecular methods Laboratory techniques
that are based on identification and char-
acterization of certain molecules and gene
sequences of a pathogen’s genetic makeup.

Molecular mimicry In many autoimmune dis-
orders, a microbe carries antigens that resem-
ble/mimic those on a particular organ, causing
the immune system to attack the body.

Molecule The smallest amount of a specific
chemical substance that can exist alone.

Monoclonal antibodies Antibodies derived
from a single cell and used against a spe-
cific antigen such as a cancer cell. As a tool
for binding to specific protein molecules,
monoclonal antibodies are invaluable in
research, medicine, and industry. Rituxan
and Herceptin are monoclonal antibod-
ies used in the treatment of lymphoma and
breast cancer, respectively. These antibod-
ies are used during controlled malaria chal-
lenge trials to validate target antigens that
hold promise for preventing infection and
transmission.

Monocyte Leukocyte with a large, usually
kidney-shaped nucleus. A large white blood
cell in the blood that ingests microbes or other
cells and foreign particles. When a monocyte
passes out of the bloodstream and enters tis-
sues, it develops into a macrophage.



Glossary

Monokines Powerful soluble chemical mol-
ecules secreted by monocytes and macro-
phages to immune responses.

Mononucleosis Common infectious virus.

Monounsaturated fats Dietary fats, such as
olive oil or canola oil, that do not seem to have
any effect on blood cholesterol.

Monovalent vaccine A vaccine that contains
only one antigen.

Morphology The study of the form, structure,
and configuration of an organism, including
parasites. This includes shape, structure, color,
and pattern as well as the form and structure of
internal and external parts.

Mucocutaneous leishmaniasis A form of
leishmaniasis involving mucous membrane of
the mouth and nose that spread from a nearby
cutaneous lesion.

Mucosal immunity Resistance to infection
across the mucous membranes present in the
linings of respiratory tract, reproductive tract,
gastrointestinal tract, and other moist surfaces
of the body exposed to the outside environ-
ment. Mucosal immunity depends on immune
cells and antibodies.

Mucosal membranes The soft, wet tissue that
lines body openings specifically the mouth,
nose, rectum, and vagina.

Multiple injection treatment A treatment
with injections where short (or fast)-acting
insulin is used before meals and intermediate
(or long)-acting insulin usually is used before
bedtime.

Multiple sclerosis (MS) MS is a progressive
and usually fluctuating disease of the central
nervous system characterized by the destruc-
tion of the myelin sheath surrounding neurons,
resulting in plaques. MS has exacerbations and
remissions which may not reach baseline lev-
els; thus, permanent disability and sometimes
death may occur. The cause of MS is unknown.

Mumps Acute contagious viral illness of the
parotid glands marked by swelling.

Murmur A rasping or blowing sound heard
while listening to the heart that may or may
not indicate problems within the heart or cir-
culatory system.

Mutation A process in which a microbe or
organism undergoes a permanent change in
hereditary material.
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Myelin A white, fatty material that sheathes
nerves and enhances the transmission of sig-
nals between the brain and the body.

Myocardial infarction (or heartattack) Occurs
when one or more regions of the heart muscle
experience a severe or prolonged decrease in
oxygen supply caused by a blocked blood flow
to the heart muscle.

Myocardial ischemia Insufficient blood flow
to part of the heart.

Myocardium The muscle wall of the heart.

Nasopharyngeal carcinoma A malignant can-
cer that occurs in the nasopharynx area with
apparent no symptoms until the cancer has
metastasized to other parts of the body.

Natural Kkiller (NK) cells They are known as
“natural” killers because they attack without
first having to recognize specific antigens. A
type of lymphocyte which is able to directly
kill virally infected cells and/or cancer cells,
generally not thought to have a memory func-
tion and therefore considered part of the innate
immune system.

Necrosis Pertaining to the death of tissue.

Nephropathy Nephropathy is damage to the
kidneys, due to long-term complication of
diabetes.

Neuritis Inflammation of the nerves.

Neuropathy Damage to the nerves caused
by many years of high blood glucose levels
leading to permanent disability. Symptoms
include pain, muscle weakness, numbness,
loss of coordination, and paralysis.

Neutropenia Reduced number of granulocytes
in the blood.

Neutrophil A type of major effector immune
cell that kills microorganisms by engulfing
them and digesting them with enzymes and
chemicals.

Newly diagnosed A term used to describe
breast cancer that has recently been identified.

Nitroglycerin A medication used to relax or
dilate arteries and veins.

NK T cell A T cell with some characteristics
of NK cells producing large amounts of cyto-
kines when stimulated and is activated by
lipids bound to non-MHC molecules called
CD1d.

Node-positive breast cancer Breast cancer
that has spread to the lymph nodes.
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NOD-LRR family Pattern recognition recep-
tors composed of C-terminal leucine-rich
repeats, a central nucleotide-binding oligo-
merization domain, and N-terminal protein—
protein interaction motifs, such as caspase
recruitment domains, pyrin domains, or a TIR
domain.

Noninvasive procedures A diagnostic treat-
ment that does not require entering the body
or puncturing the skin.

Obesity An excessive accumulation of fat in
the body. A person with a body mass index
(BMI) greater than 30 is considered obese.

OKT3 A monoclonal antibody that targets
mature T cells.

Oncologist A physician who specializes in the
study and treatment of tumors.

Oncology The study and treatment of cancer.

Oncotype DX® test The Oncotype DX breast,
colon, and prostate cancer diagnostic tests
that help patients and their physicians make
informed, individualized treatment decisions.

Qocyst Oocysts are Plasmodium cysts located
in the outer stomach wall of mosquitoes, where
sporozoite development takes place. When
mature, the oocysts rupture and release spo-
rozoites. Sporozoites subsequently migrate to
the mosquito’s salivary gland and are injected
into the host when the mosquito feeds.

Ophthalmologists Doctors with specialist
training in the diagnosis and treatment of dis-
eases affecting the eyes.

Opportunistic infection An infection that
occurs more frequently or is more severe in
people with weakened immune systems than
in people with healthy immune systems.

Opsonize To coat an organism with antibodies
or a complement protein so as to make it palat-
able to phagocytes.

Optic neuritis A medical condition where
one or both eyes may be affected and vision
deteriorates rapidly over hours or days due to
demyelination of optic nerves.

Oral glucose tolerance test The oral glucose
tolerance test measures the blood glucose
level five times over a period of 3 h after you
drink a high glucose mixture during diabetes.

Orchitis A complication of mumps infection
occurring in young males with symptoms
of inflammation of the testicles, headache,
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nausea, vomiting, pain, and fever. It begins
7-10 days after onset of mumps and in rare
cases sterility occurs.

Orthostatic hypotension Large decrease in
blood pressure occurring when an individual
arises from a seated or lying position accom-
panied by clinical manifestations like faint-
ness, light-headedness, dizziness, or increased
pulse. Found mostly in patients with malaria
infections.

Otitis media A viral or bacterial infection that
leads to inflammation of the middle ear along
with an upper respiratory infection with symp-
toms of earache, high fever, nausea, vomiting
and diarrhea, hearing loss, facial paralysis,
and meningitis also.

Outbreak Sudden appearance of a disease in
a specific geographic area or in a population.

Oxidative burst Method through which some
cells of the innate immune system, like neu-
trophils, produce antimicrobial chemicals.

Pacemaker An electronic device that is surgi-
cally implanted into the patient’s heart and
chest to regulate heartbeat.

Palpitation Irregular heartbeat that can be felt

by a person.

PAMPs Pathogen-specific molecular pat-
terns recognized by host pattern recognition
receptors.

Pancreas The pancreas is an organ of the

endocrine system that produces the hormone
insulin.

Pandemic An outbreak of disease occurring
over a wide geographical area and affect-
ing an exceptionally high proportion of the
population.

Papular Marked by small red-colored eleva-
tion of the skin.

Parasitemia The status of having parasites
or the quantity of parasites in the blood. It is
referred to as “asymptomatic parasitemia,” if
no fever or other symptoms are present.

Parasite A plant or animal that lives, grows,
and feeds on or within another living organism.

Parasitic conditions A condition that is char-
acterized by another organism living on
another organism.

Paratenic host A host in which a parasite sur-
vives and can be transmitted to another host
but does not develop.
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Parenchymatous inflammation One type of
inflammation affecting mainly the essential
tissue elements of an organ.

Parenteral Medications or vaccines admin-
istered intravenously or by injection into
the subcutaneous, intramuscular region, or
intravenous.

Paroxysm A sudden attack or increase in
intensity of a symptom, at intervals. Malaria
fever has paroxysms of sudden severe tem-
perature elevations accompanied by profuse
sweating.

Passive immunity Effective but limited pro-
tection against disease through antibodies
produced by another human being or animal
which diminishes over time.

Pathogen An organism (e.g., bacteria, viruses,
parasites, and fungi) that causes disease in
human beings.

Pathogenesis The origin and development of
a disease. More specifically, it is the way a
microbe causes disease in its host.

Pathologist Physician who identifies dis-
eases by studying cells and tissues under a
microscope.

Pathology report A report ordered by autho-
rized healthcare professionals that describes
what was found in tissue removed from the
patient’s body. It usually includes information
on the tumor’s grade and stage.

Penicillin A mixture of nontoxic antibiotics
produced by mold and used regularly to treat
harmful bacteria.

Percutaneous coronary intervention
(PCI) Procedures performed in the cath lab,
including all interventional procedures and
stent placements.

Percutaneous transluminal coronary angio-
plasty (PTCA) A technique to treat heart
disease and chest pain by using angioplasty
in the coronary arteries to permit more blood
flow into the heart.

Perianal abscess A local accumulation of pus
that forms next to the anus causing tender
swelling and pain on defecation.

Pericarditis Inflammation of the membrane
that surrounds the heart.

Permethrin A pyrethroid insecticide.

Pertussis (whooping cough) Bacterial infec-
tious disease marked by a convulsive spas-
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modic cough, sometimes followed by a
crowing intake of breath.

Petechiae A tiny reddish or purplish spot on
the skin or mucous membrane, seen during
infectious diseases.

Peyer’s patches Areas in the gut which contain
different types of immune cells needed for ini-
tiation of an immune responses.

Phagocyte A white blood cell that engulfs and
consumes foreign material.

Phagocytosis Process by which one cell
engulfs another cell or large particle.

Pharmacokinetics The processes of absorp-
tion, distribution, metabolism, and excretion
of a drug or vaccine.

Phase 1 vaccine trial A closely monitored
clinical trial of a vaccine conducted in a small
number of healthy volunteers to determine
the vaccine’s safety and immunogenicity in
humans, its metabolism and pharmacologic
actions, and side effects associated with
increasing doses.

Phase 2 vaccine trial Controlled clinical study
of a vaccine to identify common short-term
side effects and risks associated with the vac-
cine, to collect additional information on its
immunogenicity and efficacy and to collect
initial information through live agent chal-
lenge of vaccinated volunteers.

Phase 3 vaccine trial Large controlled
study to determine the ability of a vaccine
to produce a desired clinical effect on the
risk of a given infection, disease, or other
clinical condition at an optimally selected
dose and schedule. These trials also gather
additional information about safety needed
to evaluate the overall benefit-risk relation-
ship of the vaccine and to provide adequate
basis for labeling. Phase 3 trials usually
include several hundred to several thousand
volunteers.

Placebo An inactive substance administered to
some study participants while others receive
the agent under evaluation, to provide a basis
for comparison of effects.

Plaque Deposits of fat or other substances
attached to the artery wall.

Plasma cell An antibody-producing lympho-
cyte derived from a B cell upon reaction with
a specific antigen.
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Plasmodium The genus of the parasite that
causes malaria. The genus includes four spe-
cies that infect humans, Plasmodium fal-
ciparum, Plasmodium vivax, Plasmodium
malariae, and Plasmodium ovale. Plasmodium
knowlesi is a zoonotic species that naturally
infects macaques in Southeast Asia that can
also infect humans.

Platelets Granule-containing cellular frag-
ments critical for blood clotting and sealing
off of wounds.

Pneumonia Inflammation of the lungs charac-
terized by fever, chills, muscle stiffness, chest
pain, cough, shortness of breath, rapid heart
rate, and difficulty in breathing.

Pneumonitis Inflammation of the lungs.

Podiatrists (also called chiropo-
dists) Healthcare professionals with expert
knowledge in feet and foot care.

Poliomyelitis (polio) An acute infectious viral
disease characterized by fever, paralysis, and
atrophy of skeletal muscles.

Polyethylene glycol An electrolyte-based laxa-
tive solution used to clean the bowel before a
gastrointestinal exam.

Polymerase chain reaction (PCR) A tech-
nique in molecular biology, in which a single
or few copies of a piece of DNA are ampli-
fied to yield many more copies of the DNA
sequence of interest. This technique can
make it easier to diagnose certain infections/
diseases.

Polymorphic Literally meaning having more
than one form. In terms of genes, it means that
there are several alleles of a particular gene
that occur simultaneously in a population.

Polymorphs Short for polymorphonuclear leu-
kocytes or granulocytes.

Polyp A wusually nonmalignant growth or
tumor protruding from the mucous lining of
an organ, such as the colon. Colon polyps are
fleshy growths that occur on the inner lining of
the large intestine.

Polysaccharide vaccines Vaccines that are
composed of long chains of sugar molecules
that resemble the surface of certain types of
bacteria. Polysaccharide vaccines are avail-
able for pneumococcal disease, meningo-
coccal disease, and Haemophilus Influenzae
type b.
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Polyunsaturated fat A type of fat found in
vegetable oils and margarines that does not
appear to raise blood cholesterol levels.

Positive acute-phase proteins The increased
levels of major acute-phase proteins can
change in excess of a thousandfold higher
than normal values.

Positron emission tomography (PET) A
nuclear scanning device that gives a three-
dimensional picture of the heart to provide
information about the flow of blood through
the coronary arteries to the heart muscle.

Potency A measure of strength.

PR (progesterone receptor) A protein that
may be present on certain cells to which pro-
gesterone molecules can attach. The term
“PR positive” refers to tumor cells that con-
tain the progesterone receptor protein. These
cells are generally sensitive to hormone
therapy.

Precaution A condition in a recipient which
may result in a life-threatening problem if the
vaccine is given or a condition which could
compromise the ability of the vaccine to pro-
duce immunity.

Prediabetes (or glucose intoler-
ance) Prediabetes is an early sign of type 2
diabetes, when a person has high blood glu-
cose levels but they are not high enough yet to
be diagnosed as diabetes.

Predispose To make more likely or render
susceptible.

Preerythrocytic Prior to entering red blood
cells.

Presumptive treatment Treatment of clini-
cally suspected cases without, or prior to,
results from confirmatory laboratory tests.

Prevalence The number of people in a given
population affected with a particular disease
or condition at a given time. Prevalence can be
thought of as a snapshot of all existing cases
at a specified time.

Primaquine A drug used against malaria for
the prevention of P, vivax or for the eradication
of the hypnozoites of P. vivax and P. ovale.

Prime To make ready for action without com-
plete activation of an immune response.

Priming Giving one vaccine dose(s) first to
induce certain immune responses, followed
by or together with a second type of vaccine.



Glossary

Prodromal An early symptom indicating the
onset of an attack or a disease.

Proguanil A drug used for both prevention and
treatment against malaria in the combination
of atovaquone—proguanil.

Promastigote A form of Trypanosomatidae
with the flagellum arising anterior to the
nucleus and lacking an undulating membrane.

Prophylaxis Prevention of disease.

Proportional case rate The number of cases
diagnosed in India as clinical malaria for
every 100 patients attending hospitals and
dispensaries.

Protease An enzyme that catalyzes the split-
ting of proteins into smaller molecules.

Proteinuria Large amounts of protein in the
urine due to kidney damage in more advanced
kidney disease from having high blood glu-
cose levels.

Proteome All the proteins of the body made by
a cell, organ, or organism at a particular time
and under specific conditions.

Proteomics The study of the protein, the pro-
tein—protein interactions, DNA protein inter-
actions, protein in complexes, and protein
subcellular localization. It includes techniques
like protein sequencing, mass spectrometers,
2D protein databases, and many others.

Protocol The detailed plan for a clinical trial
that states the trial’s rationale, purpose, vac-
cine dosages, routes of administration, length
of study, eligibility criteria, and other aspects
of trial design.

Protozoa Single-celled, free-living or para-
sitic, microscopic organisms of the king-
dom Protista where the single cell performs
all necessary functions of metabolism and
reproduction.

PSA (prostate-specific antigen) A pro-
tein exclusively produced by the prostate in
increased levels in the blood of men who have
prostate cancer or other prostate diseases like
benign prostatic hyperplasia or inflammation
of the prostate.

Pseudomembranous inflammation An acute
inflammatory response toward a powerful
necrotizing toxin on a mucosal surface, com-
posed of a false membrane of precipitated
fibrin, necrotic epithelium, and inflammatory
white cells.
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Pyrethroid A class of insecticides derived
from the natural pyrethrins.

Quarantine The isolation of a person or animal
who has a disease (or is suspected of having a
disease) in order to prevent further spread of
the disease.

Quinine A drug, originally extracted from tree
bark of the cinchona tree, which was the only
available antimalarial treatment for nearly
300 years.

Radiation therapy The use of radiation to
destroy cancer cells locally before or after sur-
gery or in combination with chemotherapy.

Radical cure Primaquine treatment intended to
achieve cure of P. vivax or P. malariae malaria
by destroying latent exoerythrocytic stage par-
asites (hypnozoites).

Radioisotope A radioactive material injected
into the body so that a nuclear scanner can
make pictures.

Radionuclide ventriculography A diagnostic
procedure used to determine the shape and
size of the heart’s chambers.

Randomized trial A study in which partici-
pants are assigned by chance to one of the
two or more intervention arms or regimens.
Randomization minimizes the differences
among groups by equally distributing people
with particular characteristics among all the
trial arms.

Reactogenicity The capacity of a vaccine to
produce adverse reactions.

Reagent Any chemical used in a laboratory test
or experiment.

Reassortment The constant state of flux and
rearrangement seen in the genes of viruses.
Receptor A molecule on the surface of a cell
that serves as a recognition or binding site
for antigens, antibodies, or other cellular or

immunology components.

Recombinant DNA technology Technologies
where a recombinant DNA molecule is intro-
duced into a cell and it is replicated either
autonomously or as an integral part of a cel-
lular chromosome.

Recombinant Resulting from new combina-
tions of genetic material or cells; the genetic
material produced when segments of DNA
from different sources are joined to produce
recombinant DNA.
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Recrudescence A repeated short-term attack/
relapse of malaria due to the survival of malaria
parasites in red blood cells. Characteristic of
P. malariae infections.

Recurrence (or long-term relapse) A repeated
attack for weeks, months, or occasionally
years, after initial malaria infection due to
reinfection of red blood cells from hypnozo-
ites that persisted in hepatocytes.

Red blood cells Any of the hemoglobin-con-
taining cells that carry oxygen to the tissues
and are responsible for the red color of verte-
brate blood.

Refractory malaria Malaria that is not respon-
sive to residual treatment due to lack of
response (other than physiological insecticide
resistance) to residual treatment. Examples of
causes of refractory malaria are vector exoph-
ily and zoophily with failure to enter houses.

Regulatory T cells (Treg cells) Special T cells
that regulate or suppress immune responses,
preventing autoimmunity.

Relapse Recurrence of disease after it has been
apparently cured.

Relapsing malaria Renewed manifestation
of clinical symptoms and/or parasitemia of
malaria infection that is separated from pre-
vious manifestations of the same infection by
an interval greater than any interval resulting
from the normal periodicity of the paroxysms.

Replication Process by which an organism
produces a copy of itself — for example, the
way microbes reproduce.

Resection Surgery to remove a cancer and
some surrounding tissue.

Reservoir host of leishmaniasis Dog in the
Mediterranean countries, man in the Middle
East, and wild rodents in Asia and Africa.

Residual treatment Treatment of houses, ani-
mal sheds, and other buildings where people
or animals spend nighttime hours with insec-
ticide that has residual efficacy. The goal of
residual treatment is to block transmission by
stopping human—vector contact.

Resistance The ability of a pathogen to repro-
duce despite the presence of drugs designed to
inhibit its reproduction or survival.

Respiratory syncytial virus (RSV) A virus
that forms masses, or syncytia, in tissue
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culture and that is responsible for severe respi-
ratory diseases.

Retinal screening Regular eye examinations
where the pupils are dilated to detect any early
changes at the back of the eye, which could be
signs of retinopathy.

Retinopathy A complication of diabetes that
can lead to damage to the retina/blindness and
results from damage to the blood vessels in
the back of the eye due to many years of high
blood glucose levels (a possible long-term
complication of diabetes).

Retrovirus A type of RNA virus that repro-
duces by transcribing itself into DNA using
reverse transcriptase. The resultant DNA
inserts itself into a cell’s DNA and is repro-
duced by the cell.

Reverse transcriptase (RT) An enzyme that
catalyzes the formation of DNA using RNA
as a template.

Reye syndrome Encephalopathy in children
following an acute illness like influenza or
chicken pox with symptoms of vomiting, agi-
tation, and lethargy resulting in coma or death.

Rheumatic fever A childhood disease that
may damage the heart valves or the outer lin-
ing of the heart.

Rheumatic heart disease Damage caused to
the heart’s valves by rheumatic fever, which is
caused by streptococcal bacteria.

Rheumatoid factor An autoantibody found in
the serum of most persons with rheumatoid
arthritis.

Rigor Severe shaking chill.

Risk factor A condition, element, or activity
that may adversely affect the heart.

Risk The likelihood that an individual will
experience a certain event.

RNA (ribonucleic acid) A group of molecules
similar in structure to a single strand of DNA.
The function of RNA is to carry the informa-
tion from the DNA in the cell’s nucleus into
the body of the cell to assemble proteins.

Roll back malaria Launched in 1998 by the
WHO, the United Nations Children’s Fund
(UNICEF), the United Nations Development
Programme (UNDP), and the World Bank,
it aims to ensure that the Millennium
Development Goal related to malaria — to halt
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and begin to reverse the incidence of malaria
by 2015 —is achieved.

Rotavirus A retrovirus with a double-layer
protein shell and a wheel-like appearance.
Rotaviruses cause diarrhea, especially in
infants.

Rubella (German measles) Viral infection
that is milder than normal measles but as
damaging to the fetus when it occurs early in
pregnancy.

Sarcoidosis Rare autoimmune disease usually
affecting the lungs.

Sarcoma A malignant tumor growing from
connective tissues, such as cartilage, fat, mus-
cle, or bone.

Saturated fat Fat that is found in foods from
animal meats and skin, dairy products, and
some vegetables.

Scabs Skin crusting over to form scans.

Scavenger cells Any of a diverse group of
cells that have the capacity to engulf and
destroy foreign material, dead tissues, or
other cells.

Schistosomiasis Parasitic fluke infection in
developing countries.

Schizogony Asexual reproductive stage of
malaria parasites in red blood cells, for the
development of a single trophozoite into
numerous merozoites. A similar process hap-
pens in infected liver cells.

Schizont A developmental form of the malaria
parasite in the liver-stage and blood-stage par-
asites that contains many merozoites.

SCID mouse A laboratory animal that, lacking
an enzyme necessary to fashion an immune
system of its own, can be turned into a model
of the human immune system when injected
with human cells or tissues.

Screening (for breast cancer) Looking for
masses or suspicious areas in breast tissue on
a periodic basis, usually with mammography.

Screening (for colon cancer) Looking for
masses or suspicious areas in colon tissue on
a periodic basis.

Seizure The sudden onset of a jerking and star-
ing spell usually caused by fever. Also known
as convulsions.

Sensor Test strip needed with your blood glu-
cose monitor to test your blood glucose levels.
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Sequelae Morbid conditions following as a
consequence of a disease.

Sequencing It determines the order of nucleo-
tides in a DNA or RNA molecule, or it also
determines the order of amino acids in a
protein.

Seroconversion Development of antibodies in
the blood of an individual who previously did
not have detectable antibodies.

Serology The scientific study of blood serum,
other bodily fluids like cerebrospinal fluid,
saliva, and semen, which may also contain
antibodies after an infection.

Serosurvey Study measuring a person’s risk of
developing a particular disease.

Serous inflammation One type of inflamma-
tion producing a serous exudate.

Serum The clear liquid that separates from the
blood when it is allowed to clot. This fluid
retains any antibodies that were present in the
whole blood.

Severe combined immune deficiency
(SCID) Included in a group of rare, life-
threatening disorders caused by at least 15
different single-gene defects that result in
profound deficiencies in T- and B-lymphocyte
function.

Shock It is a “circulatory collapse” and devel-
ops when blood pressure drops too low to
maintain an adequate flow of blood to the
body’s tissues.

Sepsis It is an amplified, body-wide inflamma-
tory response to severe bleeding, traumatic
injury, or an infection caused by microbes
with symptoms including fever, a drop in
blood pressure, and mental confusion with
lung and kidney failure.

Side effect Undesirable reaction resulting from
immunization.

Sigmoidoscopy Inspection through a fiber-
optic scope of the inside of the sigmoid colon,
for diagnosing the cause of diarrhea, consti-
pation, or abdominal pain and for identifying
cancerous tissue.

Silent ischemia Ischemia not accompanied by
chest pain.

Sinus node Cells specialized in the right atrium
that produce the electrical impulses that cause
the heart to contract.
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Sinusitis Inflammation of the sinuses.

Skin conditions Any condition that affects the
skin.

Skin lesion Lesions appearing on the skin.

Skin sores The occurrence of sores that are
located on the skin.

Smallpox (variola) An acute, highly infec-
tious, often fatal disease caused by a poxvirus
and characterized by high fever and aches with
subsequent widespread eruption of pimples
that blister, produce pus, and form pockmarks.

Species Organisms in the same genus that have
similar characteristics.

Sphygmomanometer The instrument used to
measure blood pressure.

Spleen A lymphoid organ in the abdominal
cavity that is an important center for immune
system activities.

Splenectomy Removal of the spleen.

Splenomegaly An enlarged spleen, detected
by physical examination. A common finding
in malaria patients or other asymptomatic
patients.

Sporozoite rate The proportion of female
anopheline mosquitoes (expressed as a per-
centage) of a particular species that have spo-
rozoites in their salivary glands or that are
positive in immunologic tests to detect sporo-
zoite antigens.

Sporozoite The delicate and spindle-shaped
infective stage of the malaria parasite that is
passed to the human host from the salivary
glands of the mosquito to infect liver cells,
disappearing from bloodstream within 30 min.
Sporozoites are stages that are released into
the hemocoel of the mosquito when the oocyst
ruptures. Some eventually find their way to
the salivary glands of the mosquito.

Stage I breast cancer The tumor is up to 2 cm
in diameter and has not spread beyond the
breast.

Stage IIA breast cancer The tumor is up to
2 cm and has spread to the axillary lymph
nodes under the arm, or the tumor is between
2 and 5 cm and has not spread to the lymph
nodes.

Stage IIB breast cancer The tumor is between
2 and 5 cm and has spread to the lymph nodes
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under the arm, or the tumor is larger than 5 cm
in diameter and has not spread to the lymph
nodes.

Stage IITA breast cancer The tumor is larger
than 5 cm in diameter and has spread to the
lymph nodes under the arm, or the tumor is
any size and has spread more extensively in
the lymph nodes.

Stage IIIB breast cancer The tumor is any
size and has extended to other tissues near the
breast; the tumor may or may not have spread
to the lymph nodes.

Stage IV breast cancer Cancer that has metas-
tasized to other locations in the body, such as
the lungs, liver, bones, or brain.

Staging A classification system for breast can-
cer based on the size of the tumor, whether
the cancer has spread to the lymph nodes and
whether the cancer has metastasis.

Statistical significance The probability that
an event or difference occurred as the result
of the intervention (vaccine) rather than by
chance alone. This probability is determined
by using statistical tests to evaluate collected
data. Guidelines for defining significance are
chosen before data collection begins.

Stem cell transplants A kind of passive
immune therapy that transfers stem cells
instead of antibodies to develop to all ele-
ments of the immune system, such as many
types of lymphocytes and phagocytes.

Stenosis The narrowing or constriction of a
blood vessel or valve in the heart.

Sterilizing immunity An immune response
that completely prevents the establishment of
an infection.

Steroids A large family of chemical sub-
stances, comprising many hormones, body
constituents, and drugs; they are often
immunosuppressive.

Stethoscope The instrument used to listen to
the heart and other sounds in the body.

Strain A specific version of an organism. Many
diseases, including HIV/AIDS and hepatitis,
have multiple strains.

Stratification Separation of a study cohort
into subgroups or strata according to specific
characteristics.
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Stroke The sudden disruption of blood flow to
the brain.

Subacute inflammation A condition in
between an acute and chronic inflammation.
Subclinical infection The presence of infec-
tion without symptoms. Also known as inap-

parent or asymptomatic infection.

Subcutaneous The fatty area under the skin.
This is the area used when injecting insulin.
Subcutaneous is the fatty area under the skin.
This is the area used when injecting insulin.

Subunit vaccine A vaccine that uses merely
one component of an infectious agent, rather
than the whole, to stimulate an immune
response.

Sudden death Death that occurs unexpectedly
or immediately after onset of symptoms.

Sudden infant death syndrome (SIDS, ‘“crib,”
or “cot” death) The sudden and unexpected
death of a healthy infant under 1 year of age.
A diagnosis of SIDS is made when an autopsy
cannot determine another cause of death.

Sulfadoxine-pyrimethamine A drug used
against malaria. Its value has been compro-
mised by the emergence of drug-resistant
malaria parasites.

Superantigens A class of antigens, including
certain bacterial toxins, that unleash a massive
and damaging immune response.

Suppressive treatment Treatment intended to
prevent clinical symptoms and parasitemia
through destruction of parasites in red blood
cells.

Suppressor T cells A subset of T cells that turn
off antibody production and other immune
responses.

Suppurative inflammation One type of
inflammation marked by pus formation.

Surrogate marker An indirect measure of dis-
ease progression.

Surveillance/follow-up An ongoing assess-
ment by a patient’s medical team, once
treatment has been completed, to assess the
cancer’s remission and to look for any evi-
dence of a cancer’s return.

Susceptible Unprotected against disease.

Swollen glands Swelling of glands or lymph
nodes.
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Synapses Specialized junctions at which cells
of the nervous system signal to one another
and to nonneuronal cells, such as those of
muscles and glands.

Synchronous cancer Multiple primary can-
cers occurring simultaneously.

Syndrome A set of signs and symptoms that
tend to occur together and which reflect the
presence of a particular disease or an increased
chance of developing a particular disease.

Syphilis A sexually transmitted disease caused
by Treponema pallidum bacteria. The condi-
tion is often asymptomatic in the early stages,
but one or more sores may be present in the
early stages. Untreated syphilis usually results
in remission of visible symptoms, but further
severe damage may occur to internal organs
and other body tissues which can result in
death.

T cell or T lymphocyte A small white blood
cell that recognizes antigen fragments bound
to cell surfaces by specialized antibody-like
receptors. “T” stands for the thymus gland,
where T cells develop and acquire their
receptors.

T-cell receptor Complex protein molecule on
the surfaces of T cells that recognizes bits of
foreign antigen bound to self-MHC molecules.

T-lymphocyte proliferation assay A test used
to measure the memory of T cells to antigens.

Tachycardia Rapid heartbeat.

Tachypnea Increased rate of breathing.

Tamoxifen A medication that interferes with
the activity of the hormone estrogen to pre-
vent it from fueling the growth of breast can-
cer. Tamoxifen is used to treat women with
estrogen-receptor-positive breast cancer.

Target range The regulation of blood glucose
levels with diet, exercise, and insulin. Before
meals, the target range is 70-130 mg/dL, and
1-2 h after a meal, the target range is below
180 mg/dL.

TC cell Effector form of a cytotoxic T cell
which induces apoptosis in cancerous or
infected “self” cells.

TH cell Effector helper T cell which activates
B cells and macrophages and releases cyto-
kines to stimulate the immune system.
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Temporal association Two or more events that
occur around the same time but may be unre-
lated, chance occurrences.

Tent A device implanted in a vessel used to
help keep it open.

Teratogenic Of relating to or causing develop-
mental malformations.

Tetanus Toxin-producing bacterial
marked by painful muscle spasms.

Tetracycline An antibiotic drug that can be
used against malaria for treatment only, not
prevention.

Thimerosal Thimerosal is a mercury-contain-
ing preservative used in some vaccines and
other products since the 1930s. There is no
convincing evidence of harm caused by the
low concentrations of thimerosal in vaccines,
except for minor reactions like redness and
swelling at the injection site. However, in July
1999, the Public Health Service agencies, the
American Academy of Pediatrics, and vaccine
manufacturers agreed that thimerosal should
be reduced or eliminated in vaccines as a pre-
cautionary measure. Today, all routinely rec-
ommended childhood vaccines manufactured
for the US market contain either no thimerosal
or only trace amounts with the exception of
some flu vaccines. There are thimerosal-free
influenza vaccines available.

Thrombocytopenia Low platelet count that
can lead to impaired blood clotting and spon-
taneous bleeding.

Thrombolysis The breaking up of a blood clot.

Thrombolytic therapy The use of a medica-
tion that dissolves blood clots.

Thrombosis A blood clot formed in a blood
vessel or in the heart.

Thymus A primary lymphoid organ, high in
the chest, where T lymphocytes proliferate
and mature.

TIL Tumor-infiltrating lymphocytes. These
immune cells are extracted from the tumor tis-
sue, treated in laboratory, and reinjected into
the cancer patient.

Tinnitus Ringing sound in the ears, a common
side effect of quinine treatment.

TIR domain A domain shared by the cytoplas-
mic portions of TLRs, IL-1R family mem-
bers, and adaptor proteins that mediate signal
transduction.

disease
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Tissue plasminogen activator (TPA) A medi-
cation used to dissolve blood clots.

Titer The quantity of a substance required to
produce a reaction with a given volume of
another substance or the amount of one sub-
stance required to correspond with a given
amount of another substance.

TNM classification of malignant tumors
(TNM) A cancer staging system that
describes the extent of cancer in a patient’s
body literally describing tumor/nodes/
metastasis. T describes the size of the tumor
and whether it has invaded nearby tissue,
N describes the number of regional lymph
nodes that are involved, and M describes the
presence of other metastases. This system is
jointly maintained by the International Union
Against Cancer (UICC) and the American
Joint Committee on Cancer.

Tolerance The capacity of the body to become
less responsive to a substance or a physiologi-
cal insult. Tolerance to components of the self
prevents or suppresses autoimmunity.

Toll-like receptor (TLRs) Pattern recognition
receptors that detect pathogen-derived com-
ponents and are composed of extracellular
leucine-rich repeats and a cytoplasmic TIR
domain.

Tonsils and adenoids Prominent oval masses
of lymphoid tissues on either side of the throat.

Toxins Agents produced by plants and bacteria,
normally very damaging to mammalian cells,
that can be delivered directly to target cells
by linking them to monoclonal antibodies or
lymphokines.

Toxoid vaccine An inactivated and weakened
version of the disease-causing toxin a microbe
produces; it is still capable of inducing the for-
mation of antibodies when injected.

Trans fat Vegetable oil that has been treated
with hydrogen in order to make it more solid
and give it a longer shelf life.

Transcriptomics It is the techniques used to
identify mRNA from actively transcribed
genes.

Transesophageal echocardiography (TEE)
A diagnostic test that is used to measure the
sound waves that bounce off of the heart.

Transgenic technology Technology used to
deliberately alter the genome of an organism
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by the transfer of a gene or genes from another
species or breed.

Transient ischemic attack (TIA) A stroke-
like event that lasts for a short period of time
and is caused by a blocked blood vessel.

Transmission-blocking vaccines Vaccines
that prevent mosquitoes from becoming
infected, even after feeding on an infected
person.

Transverse myelitis Transverse myelitis is a
demyelinating disorder of spinal cord with
symptoms of general back pain followed
by weakness in the feet and legs that moves
upward. There is no cure and many patients
are left with permanent disabilities or paralysis.
May be associated with multiple sclerosis (MS).

Treatment monitoring An ongoing and fre-
quent assessment by the medical team, dur-
ing the time of treatment, to monitor how the
patient is tolerating the treatment and how the
cancer is responding.

Triglyceride A fatlike substance found in the
blood.

Trophozoite A developmental form during
the blood stage of malaria parasites. After
merozoites have invaded the red blood cell,
they develop into trophozoites (sometimes,
early trophozoites are called “rings” or “ring-
stage parasites”); trophozoites develop into
schizonts.

Trypanosomiasis, East African A rare infec-
tious disease caused by a parasite called
Trypanosoma brucei rhodesiense and is trans-
mitted through the bite of an infected tsetse
fly. The infection causes an acute illness with
symptoms occurring from days to weeks after
infection. Death is relatively common, espe-
cially in untreated cases.

Tuberculosis Bacterial infection causing nod-
ules forming, most commonly in the lung.
Tumor grade The characterization of a tumor
based on how similar in appearance the cancer
cells are to normal cells and on how many of
those tumor cells are dividing. Tumor grade is
one of many factors that, when used in combi-
nation, can indicate how aggressive a patient’s

cancer is.

Tumor necrosis factor (TNF) A type of cyto-
kine produced primarily by monocytes and
macrophages.
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Trauma (physical trauma) Wound or injury
caused by a physical force like the conse-
quences of motor vehicle accidents, fires and
burns, falls, drowning, gunshots, stabbings,
and other conditions.

Tumor Tissue growth where the cells that
make up the tissue have multiplied uncontrol-
lably. A tumor can be benign (noncancerous)
or malignant (cancerous).

Two-photon microscopy An imaging tech-
nique using high-powered laser microscopes
to examine immune response in the nervous
system.

Type 1 diabetes Insulin-dependent diabetes
that requires lifelong insulin treatment; type
1 occurs when the pancreas does not make
enough insulin, preventing your body from
properly using blood glucose as energy.

Type 2 diabetes Non-insulin-dependent dia-
betes, a condition in which your body either
does not make enough insulin or does not
use it properly and cannot properly use blood
glucose as energy; type 2 may be treated with
oral medication but could eventually require
insulin.

Typhoid fever Typhoid fever is a life-threaten-
ing illness caused by the bacterium Salmonella
Typhi. Persons with typhoid fever carry the bac-
teria in their bloodstream and intestinal tract.

Ulcer A local defect in the mucosa.

Ulcerative colitis A disease where sores, or
ulcers, form in the top layers of the lining of the
large intestine. Inflammation usually occurs in
the lower part of the colon and rectum.

Ulcerative inflammation One type of inflam-
mation in which the surface near the necrosis
leads to loss of tissue and creation of a local
defect (ulcer).

Ultrasound A diagnostic tool used to measure
high-frequency sound vibrations.

Urine test strips Method used before the avail-
ability of blood glucose testing to test for glu-
cose. Urine testing only shows that your blood
glucose level has been high, not what the level
is or has been.

Urticaria The eruption of red marks on the skin
that are usually accompanied by itching. This
condition can be caused by an allergy (e.g., to
food or drugs), stress, infection, or physical
agents (e.g., heat or cold). Also known as hives.



270

Vaccination Injection of a killed or weakened
infectious organism in order to prevent the
disease.

Vaccine adverse event reporting system
(VAERS) A database managed by the
Centers for Disease Control and Prevention
and the Food and Drug Administration.
VAERS provides a mechanism for the collec-
tion and analysis of adverse events associated
with vaccines currently licensed in the United
States. Reports to VAERS can be made by the
vaccine manufacturer, recipient, their parent/
guardian, or healthcare provider. For more
information on VAERS, call (800) 822-7967.

Vaccine safety datalink project (VSD) In
order to increase knowledge about vac-
cine adverse events, the Centers for Disease
Control and Prevention have formed partner-
ships with eight large Health Management
Organizations (HMOs) to continually evalu-
ate vaccine safety. The project contains data
on more than six million people. Medical
records are monitored for potential adverse
events following immunization. The VSD
project allows for planned vaccine safety
studies as well as timely investigations of
hypothesis.

Vaccine A substance that contains antigenic
components from an infectious organism. By
stimulating an immune response (but not dis-
ease), it protects against subsequent infection
by that organism.

Vaccinia A virus related to the smallpox and
cowpox viruses, which is used in smallpox
vaccine.

Variable region That part of an antibody’s
structure that differs from one antibody to
another.

Varicella (Chickenpox) An acute contagious
disease characterized by papular and vesicular
lesions.

VCAM-1 (vascular cell adhesion mole-
cule-1) One of a number of molecules pres-
ent on the surface of endothelial cells that
controls cell adhesion and movement.

Vector competence The ability of a vector to
transmit a disease.

Vector vaccines Vaccines made by inserting
protective antigen genes into harmless bacte-
ria or viruses (vectors). As the vectors multiply
in the body, they expose the immune system to
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protective antigens, stimulating active immu-
nity against the harmful organism.

Vector The organism, typically an insect, that
transmits an infectious agent to its alternate
host, typically a vertebrate; in human malaria,
the vector of the parasite are mosquitoes, and
the “carriers” or “hosts” are humans. In vac-
cine research, a bacterium or virus that does
not cause disease in humans and is used in
genetically engineered vaccines to transport
genes coding for antigens into the body to
induce an immune response.

Vein A blood vessel that carries blood to the
heart from the body tissues.

Venous blood test Take a blood sample from a
blood vessel (vein).

Ventricular fibrillation A condition in which
the ventricles contract in rapid and unsynchro-
nized rhythms and cannot pump blood into the
body.

Ventricular tachycardia A condition in which
the ventricles cause a very fast heartbeat.

Vertigo Dizziness.

Vesicular Characterized by small elevations of
the skin containing fluid (blisters).

Viremia The presence of a virus in the blood.

Virulence The relative capacity of a pathogen
to overcome body defenses.

Virulent Characterized by rapid course or
severity.

Virus A tiny organism that multiples within
cells and causes disease such as chickenpox,
measles, mumps, rubella, pertussis, and hepa-
titis. Viruses are not affected by antibiotics, the
drugs used to kill bacteria. A microorganism
composed of a piece of genetic material - RNA
or DNA — surrounded by a protein coat. To rep-
licate, a virus must infect a cell and direct its
cellular machinery to produce new viruses.

Visceral leishmaniasis A condition which is
characterized by an infection of the viscera by
leishmaniasis. A form of leishmaniasis involv-
ing the liver, spleen, and bone marrow.

Waning immunity The loss of protective anti-
bodies over time.

Western blotting The identification of proteins
or peptides that have been electrophoretically
separated according to their size was then blot-
ted and transferred to strips of nitrocellulose
paper. The blots are then detected by radiola-
beled antibody probes or by enzyme tag probes.
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White blood cells Any of the blood cells that
are colorless, lack hemoglobin, and contain a
nucleus. They include the lymphocytes, den-
dritic cells, monocytes, neutrophils, eosino-
phils, and basophils, also called leukocytes.

Wire localization biopsy A type of biopsy
performed when an abnormality can be seen
on a mammogram but cannot be felt. A wire
localization biopsy utilizes a mammogram
to locate and identify the breast abnormality,
after which a biopsy is performed.
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X-ray A machine that uses radiation to produce
pictures of the inside of the body.

Zoonosis A disease that naturally occurs in ani-
mals that can also occur in humans.

Zoonotic diseases Diseases spread from ani-
mals to people.

Zoophagy The process of feeding on animals
(e.g., cattle).

Zoophilic Zoophilic mosquitoes are mosqui-
toes that prefer to take blood meals on animals.

Zoophilous Prefers to feed on animals.
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