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THE IMMUNOLOGICAL DREAM OF AN ONCOLOGIST

JOSEPH WYBRAN and MAURICE J. STAQUET

Department of Immunology, Hopital Universitaire Saint-Pierre, Brussels and
Institut Jules Bordet, Brussels

- This book is the Proceedings of the Symposium of Clinical Tumor Immunology held in
Brussels (May 26—29, 1975) and organized jointly by the EORTC and the Department
of Immunology of the University Hospital of Brussels. This Conference was mainly
educational and developed in a few days most of the general topics and some special
subjects related to this new field of Cancer Medicine.

The importance of immunology is, indeed, growing not only in oncology but in most
sectors of medicine. This can easily be explained. First, the basic mechanisms of the
immune reactions are better understood and immune phenomenon in diseases appear
numerous. Secondly, immunological reactions in biological and medical sciences are
widely used. This is mainly due to the fact that they offer both the specificity and the
possibility of measuring trace amounts of substances (e.g. radioimmunoassay of hormones,
blood proteins). Finally, and therefore, the immunologist has left his ivory tower to join
the glorious life of the day to day medicine. Immunology is no more dealing only with
animals but has wide human applications. It is frequently possible to determine the
specific defect in patients with immunological diseases and sometimes completely correct
it. The oncologist asks four basic questions of the immunologist. Their answer should
provide a clue to the diagnosis, treatment and prevention of cancer.

(a) Is there an immunological defect in cancer patients? If yes, is it primary or
secondary? A primary failure is not easy to determine since only a prospective study of
the normal population by a battery of tests could possibly detect those subjects who
have perhaps only subtle immune defects and who will develop a malignancy. Also, if
this study could theoretically be done, such a defect, if present, may be transient which
implies frequent testing. Finally, the tests should be rapid, reliable, reproducible and
done on a small blood sample. These are difficult criteria. Nothing, as yet, suggests that
this type of test is known. Therefore the question of a primary defect in cancer remains
unanswered.

(b) The second question asked of immunologists is to provide a way of making an
early diagnosis of cancer. Some hopes, in this field, were raised by the discovery of
fetal-linked tumor specific antigens. It appears that their determination is not yet helpful
in making a clear-cut diagnosis. This is, quite often, due to their non-specificity, for both
the diseased organ and the type of disease. A lot of non-malignant diseases can be
associated with measurable levels of these foeto-proteins. Similarly, malignant diseases
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may not be associated with such foeto-proteins. These antigens are, however, of value in
determining the recurrence or the cure of disease. Since this area is being intensively
investigated, a good chance exists to find a battery of foeto-antigens, organ and disease
specific. For instance, alpha-protein is very interesting. It appears to be a rather specific
marker for hepatoma and some testicular carcinoma. Recently, it was discovered that it
has immunosuppressive properties. This finding should open a new avenue of ipvestigation
and, perhaps, bring some exciting new concepts regarding the question of immune defect
in cancer.

(c) A third important question asked of immunologists concerns the field of therapy.
According to classical data of cell kinetics, chemotherapy will not kill the last tumor cell.
It has been proposed that the role of immunotherapy is to eradicate these last tumor cells.
Some preliminary data also suggest that immunotherapy could act in combination with
chemotherapy or other forms of classical therapy.

Of interest is that cytotoxic drugs given on an intermittent basis are not, or are less,
immunosuppressive than the one given on a chronic basis. Recent data also appear to
indicate that immunotherapy can be helpful even in the presence of a relative number of
tumor cells. Current clinical applications, fully discussed in this book, indeed suggest that
immunotherapy can be a useful adjunct to classical therapy. Finally, since so few tests
correlate with the clinical status of the patients, who do or do not respond to therapy,
one could heretically think that non-specific immunotherapy works, in fact, through
non-immune mechanisms.

(d) The final and more important question concerns the hope of an immune prevention
of cancer. For instance, conflicting data suggest that BCG vaccination, in neonates,
decreases the incidence of acute leukemia. Active immunization by a vaccine against
cancer seems now a dream, but progress in the fields of basic science, virology,
immunochemistry and cellular immunology should eventually materialize such a dream
and kill the nightmare of cancer.



EORTC, AIM, STRUCTURE AND ACTIVITY

M.J. STAQUET and J. WYBRAN

Institut Jules Bordet, Brussels, and Department of immunology,
Hopital Universitaire Saint-Pierre, Brussels

The aims of the European Organization for Research on Treatment of Cancer (EORTC)
are to conduct, develop, coordinate and stimulate research in Europe on the
experimental and clinical bases of treatment of cancer and related problems. Extensive
and comprehensive research in this wide field is often beyond the means of the individual
European laboratories and hospitals and can be best accomplished through the joint
efforts of the clinical and basic research groups of several countries.

The organization was founded in 1962 by research workers in the main cancer research
institutes of the Common Market countries and Switzerland. It was named “Groupe
Européen de Chimiothérapie Anticancéreuse” (GECA). Representatives from Great
Britain and from Austria joined the organization in 1966 and 1970 respectively. EORTC
has a Council which plans and supervises the activities within the organization. The
Administrative Board of the Council prepares the meetings of the Council and handles
the daily work involved with administrative and financial matters. Within the EORTC
clinical and laboratory research is carried out by clinical cooperative groups, cooperative
research project groups, working parties and research information exchange clubs. The
Council meets six to eight times per year in the various European institutes associated
with EORTC to discuss scientific as well as adininistrative matters. At regular intervals it
receives the results of the drug screening programs and those of the clinical cooperative
groups and the research project groups. Cooperative groups, project groups, working
parties and clubs meet as often as their activity requires. An annual plenary meeting is
organized in fune for all members of EORTC on one or more subjects related to
the treatment of cancer.

EORTC has initiated four major efforts in the field of cancer treatment:

a screening program of potential anti-cancer agents;

the organization of clinical and preclinical cooperative groups aimed at carrying out

controlled clinical trials with new therapeutic agents and regimens;

the organization of collaborative research programs;

the initiation of symposia, courses and publications on the subject of cancer

research and treatment.

The clinical cooperative groups have organized themselves under the auspices of
EORTC to carry out collaborative work, mostly aimed at the clinical evaluation of new
drugs and treatments for cancer. Through this cooperation, data on large numbers of
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patients treated according to one or more accepted protocols can be collected at a much
faster rate than within any of the clinical centers alone. To assist the groups in their
administrative and scientific work, the EORTC Coordinating Office was established in
1969 and expanded in a EORTC Coordinating Office and Data Center in 1974, The
purpose of the Coordinating and Data Center is to provide central coordination for the
activities of the EORTC groups and to make available to the groups a wide range of
statistical and data processing expertise, including advice on study design as well as
analysis and reporting of results, at a central, and hence economical, location.

EORTC is not a scientific society, but a transnational institution consisting of
laboratories and clinical services situated in different countries: 15 laboratories, 1500
research personnel, 200 clinical services and several hundreds of clinicians are associated
with EORTC. This structure permits an increasing number of patients to be treated every
year, according to the highest international standards and in such a way that the results
of the treatment can be evaluated within a short time. It also provides opportunities for
the organization and integration of research programs on cancer treatment on a level that
could never be attained by individual institutes or services.

Table 1. EORTC Trials Involving Immunotherapy

Trial’s secretary

ACUTE MYELOCYTIC

EPIDERMOID BRONCHIAL
CARCINOMA

EPIDERMOID BRONCHIAL
CARCINOMA

MALIGNANT MELANOMA

MALIGNANT MELANOMA

ACUTE LYMPHOBLASTIC
LEUKEMIA

two arms protocol comparing chemo-immuno-
therapy to immunotherapy during maintenance

four arms protocol comparing chemo-immuno-
therapy to chemotherapy to immunotherapy
and to no treatment in postsurgical patients

same as above in inoperable irradiated patients

two arms protocol comparing immunotherapy to
no treatment in residual primary melanoma of
the skin

four arms protocol comparing immunochemothe-
rapy to chemotherapy to immunotherapy and
to no treatment in postoperative melanoma
of the skin with positive lymph nodes

two arms protocol comparing chemotherapy to
immunotherapy in maintenance

M. HAYAT
(Villejuif)

L. ISRAEL
(Paris)

L. ISRAEL
(Paris)

J.P. CESARINI
(Paris)

J.P. CESARINI
(Paris)

P.
STRYCKMANS
(Brussels)

Numerous attempts at modifying the course of cancer by inducing changes of the
immunologic response of the host have been tried in the last 10 years. Although a
rational approach to the problem is still missing because of the fack of knowledge of
fundamental mechanisms, several empirical trials have indicated the possible usefulness
of immunological treatment. Many authors have shown that immunotherapy alone is
unable to inhibit the progressive growth of a tumor, and that it will be best used in
conjunction with surgery, chemotherapy and irradiation. This, in turn, explains the very
complex clinical trials involving strict prognosis stratification. Because of the large
number of patients which will be necessary to detect small changes in responses to
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therapy, very few clinical institutions will be able to conduct phase IlI trials alone.
Therefore, they have to resort to multi-center trials and complex statistical techniques.
EORTC has initiated six cooperative clinical trials (Table 1) in the field of
immunotherapy, all using live BCG.

The symposium reported in this issue is part of a collaborative effort aiming to inform
oncologists in the recent developments in cancer research and to increase collaboration
between the researchers in the field of immunology.

EORTC is grateful to the chairmen of the sessions and to the lecturers for their
collaboration.



BIOLOGICAL ACTIVITIES OF THE
CIRCULATING THYMIC HORMONE

JEAN-FRANCOIS BACH

Hoépital Necker, 161, rue de Sévres, 75015 Paris

The mechanisms of T-cell maturation are still a matter of speculation and controversy.
There are several arguments in favour of a direct differentiation of stem cells at the
contact of the thymic epithelium microenvironment. The seeding of T-cells from the
thymus, as proved by experiments using chromosomal markers [1] and the presence itself
of large numbers of lymphocytes within the thymus, are among the best of these argu-
ments. Conversely, the restoration of immunocompetence in neonatally thymectomized
(NTx) mice by thymus grafts in cell-impermeable Millipore chambers [2], and especially
by cell-free thymic extracts, argue in favour of humoral mechanisms [3, 4] . In fact these
two theories are not mutually exclusive since, as is known for erythrocytes or granulo-
cytes, there might be a first microenvironmental stage of differentiation followed by a
hormone-dependent phase.

Our approach to the problem was perceptibly different from that mentioned above.
We had demonstrated that a large percentage of rosette-forming cells (RFC) are thymus-
dependent and bear the theta (&) antigen, specific to T-cells [5-7] . Conversely, other
RFC, thymus-independent, do not bear the 8 antigen and include both B-cells and
T-cell precursors. We first showed that thymic extracts (given by Goldstein and White,
and Trainin) induced the appearance of the 8 antigen on certain RFC from the bone
marrow [6, 8,9] . Similarly, spleen cells from adult thymectomized (ATx) mice, which
had lost the 6 antigen [8], recovered their sensitivity to anti-§ serum after in vivo or
in vitro treatment by thymic extracts. These experiments, perhaps more analytical
then the previous ones by Goldstein and White, and Trainin, were, however, submitted
to the same specificity criticism, even if spleen extracts were essentially inactive. The
demonstration that there was a substance in normal mouse serum, with the same
activities as thymic extracts, that was absent in the serum of Tx mice brought the
definitive proof of the specificity of the phenomenon [10, 11]. Besides the action of the
hormone on RFC provided a simple and reproducible bioassay that allowed us to isolate
and characterize the serum thymic hormone. The hormone appears to be a peptide with
a molecular weight (MW) of about 1000;i.e. 10 times lower than that of the thymosin of
Goldstein and White, but also 10 to 1000 times more active for the same molarity. We
have temporarily called this peptide “thymic factor” (TF) and not “thymosin” because
the thymic factor and thymosin are obviously two distinct entities, even if they may be
biochemically related.
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I shall not give details, in this article, on TF biochemistry nor on the physiological
conditions of its secretion (such as age-dependence, thymectomy and thymus grafting
experiments published elsewhere [12]), limiting myself to the TF biological activities.
This is a particularly important matter since the assay in which TF has been isolated and
characterized is an in vitro assay and as such always submitted to a number of possible
artefacts and to pharmacological effects of biologically irrelevant substances.

The effects of pig TF have been studied in various in vivo and in vitro systems. It
should be emphasized that all the studies which will be mentioned have been performed
with fairly purified preparations, active in vivo and in vitro at ng levels at variance with
experiments reported by other authors, using rather unfractionated preparations (even
if purified materials had been made available for biochemical studies) at ug or even mg
levels. One should also stress that in in vivo studies TF was bound to carboxymethyl-
cellulose (CMC) in order to increase its half-life {12].

THETA CONVERSION

Purified TF can induce the appearance of the 8 antigen on previously 8-negative RFC.
However, with some very active A8S batches, it may be shown that there is in fact some
inhibition on the TF-sensitive RFC before TF treatment, as seen in normal bone marrow
or in spleen from ATx or nude mice. In that case, TF increases 6 antigen expression
rather than provokes its appearance [11, 13].

Similar data have been obtained in normal spleen cells at ng levels using a cytotoxic
assay after cell fracticnation on a BSA gradient, as described by Komuro and Boyse [14].
These results [13] must, however, be interpreted with caution since some 6 conversion
can be obtained by incubating the cells at 37°C without any added material, suggesting a
possible fragilization of cells with small amounts of § antigen, making them more sensi-
tive to otherwise non-cytotoxic concentrations. This criticism does not apply
to the sheep cell rosette assay which does not involve BSA fractionation and long-term
incubation.

The mechanism of action of TF on RFC & conversion has been investigated with
regard to the cAMP system. In brief, TF effects are mimicked by low (and physiological)
concentrations of cAMP, theophylline and prostaglandins [13] . One can even show a
synergy between cAMP and TF, both used at subliminal levels. Lastly, indomethacin, a
prostaglandin synthetase inhibitor, blocks TF effect [13] as well; injected into normal
mice it decreases transiently the number of §-positive cells in the spleen (but interestingly
not in lymph nodes) [15]. Finally, it appears that § antigen expression has a rapid turn-
over and is probably regulated by agents altering cAMP synthesis, TF possibly acting in
this system through stimulation of cAMP synthesis, eventually itself through prosta-
glandin stimulation in view of indomethacin data.

MITOGEN RESPONSES

TF has been shown to induce some responsiveness to Concanavalin A (Con A) and, to
a lesser degree, to PHA in nude mouse spleen cells and in low density normal spleen cells
separated on a Ficoll gradient (P. Hayry and J.F. Bach, in preparation). However, one
should emphasize that the increase, although significant, was not dramatic (x 2-x 4).
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Similarly, a 2-week treatment with TF increases significantly Con A and PHA responses
in the spleen of NZB mice at an age when they show decreased mitogen responses.
Interestingly, a similar restoration is obtained by grafting a thymus eventually in a
Millipore chamber (to be published).

AUTOLOGOUS ROSETTES [16, 17]

A small percentage of normal mouse lymphocytes form rosettes when mixed with
autologous (or syngeneic) erythrocytes. These autologous RFC (ARFC) normally
predominate in the thymus. Interestingly, their number increases with age and especially
after ATx within a few days after the operation, ARFC level reaching its peak 30-45
days after the operation (x 20 increase). TF normalized ARFC level in ATx mice
injected in vivo or after in vitro incubation. ARFC characteristics indicate that they
belong to the pool of post-thymic or To cells. The significance of the ARFC phenomenon
is still obscure but might have some relevance to autoantigen recognition. Anyhow,
autologous rosette formation appears to be a marker of To cells and the effects of TF on
this marker can be utilized as a useful TF assay.

ANTIGEN-INDUCED CAPPING

It has been reported that RFC (like radio-labelled antigen-binding cells) redistribute
their antigen-binding receptors after 15 min incubation at 37°C with the antigen in
question. We have shown that such *capping” could be observed at the T-RFC level in
the spleen and that ATx depleted the capacity of these T-spleen RFC to cap. Interestingly,
in vitro treatment with purified TF rapidly restored normal capping characteristics when
added to the spleen cells simultaneously with SRBC. Whereas normal mouse serum
also showed that effect, serum from ATx mice and nude mice did not exhibit it [18].

STEROID RECEPTORS

Thymocytes include two cell subpopulations, one mainly present in the cortgx which
is sensitive to the in vivo and in vitro lytic action of steroids, the other predominant in
the thymus medulla which is corticoresistant. It has been reported by Trainin [19] that
in vitro incubation of thymus cells with the dialysable thymus humoral factor decreased
the sensitivity of thymocytes to ir vitro cortisol-induced lysis. We have investigated this
experimental system by studying the receptors for steroids present on the surface of
thymocytes in collaboration with D. Duval. These receptors, which are detected by their
property of binding triated dexamethasone, are specific for cortisol. They are located in
the cell cytosol from which they are extracted. We have examined the effect of in vitro
TF treatment of thymocytes on the expression of steroid receptors. Purified TF was
shown to induce a 70% inhibition of steroid-specific uptake by thymus cells, suggesting
that decrease in the number or in the availability of receptors for steroids is one of the
mechanisms by which T-cells lose their high steroid sensitivity as they mature. Our
experiments also indicate that such changes might be due to TF action (to be published).
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SUPPRESSOR T-CELLS

NZB mice show an abnormally high antibody response to polyvinyl pyrrolidone increas-
ing with age, probably due to the loss of suppressor T-cells. In vivo TF treatment (500 ng)
3 times weekly for 3 weeks has been shown to normalize anti-PVP antibody responses in
6-9-month-old NZB mice. Interestingly, 1-week treatment had no effect, suggesting that
suppressor T-cell maturation takes 2-3 weeks (to be published).

A last and important in vivo TF activity concerns the rejection of virus-induced
sarcomas (studied in collaboration with J.C. Leclerc and E. Gomard). Thymectomized
irradiated bone marrow reconstituted C57B1/6 mice were injected into the thigh with
MSV Moloney virus and treated by the purified serum TF (40 ng of TF 4 times a week,
bound to CM cellulose, s.c.). The treatment was begun the day of MSV-virus injection
and was continued for 25 days. Controls included normal mice and thymectomized
irradiated bone marrow reconstituted mice injected with CM cellulose alone. There was a
high percentage of sarcoma incidence in normal mice as is well documented, but all the
tumors were rejected within 20 days after virus injection. In thymectomized mice treated
with CM cellulose alone, there was no rejection and the mice with tumors ultimately died.
Conversely, in the TF-treated group of thymectomized mice, 85% of mice had rejected
their tumors at day 25 when TF treatment was stopped. However, a large percentage of
tumors reappeared 20-40 days after the treatment was stopped, whereas there was no
tumor recurrence in normal mice. These data indicate that serum TF enabled the
mice to reject the tumors, probably through recruitment of cytotoxic cells, but that this
recruitment was reversible. It is interesting to note in this context that thymus
grafts also rapidly restore the capacity of thymectomized mice to reject MSV-induced
sarcomas more rapidly than they restore the capacity to respond to phytohaemagglutinin
or to reject skin grafts (Davies, personal communication).

CONCLUSIONS
TF target cell

Purified TF has been shown to possess several biological activities in addition to the
sheep cell #ssay utilized for its purification. The in vivo data obtained at low doses
(100-500 ng) indicate a possible physiological role in the periphery. The TF target cell
is not definitively known. However, one is struck by the relative easiness with which
biological activities are shown in T-cell functions altered by ATx (autologous rosettes,
suppressor T-cells). Conversely, it appears to be much more difficult to obtain similar
effects in nude mice where 10-20 times higher doses are needed [12]. Moreover, data
showing restoration of helper function, in vivo GVH or skin-graft-rejecting capacity
have not yet been obtained with TF. This may prove a fairly difficult task since it takes
several weeks [4-8] to obtain the immunological reconstitution of Tx mice with a fully
functional thymus graft [20]. In other words, it will be probably necessary to give
chronic long-term TF treatments over several weeks, which has not been easy to achieve
so far. Finally, TF target cell could be a To cell, as found in the thymus cortex, pre-
thymic cells as found in nude mice needing a direct thymic traffic eventually to find high
concentrations of thymic factor [21].
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MACROPHAGE SECRETIONS AFFECTING
THE GROWTH OF OTHER CELLS

FERDY J. LEJEUNE

The Laboratory of Experimental Surgery, Department of Surgery, Institut Jules Bordet,
Rue Héger-Bordet, 1, 1000 Bruxelles, Belgium

ABSTRACT

The author has reviewed evidence for the direct involvement of macrophages in tumour
rejection. He presents the arguments for the control of the growth of other cells by macro-
phages, through the release of soluble products. Finally a summary is given of work showing
the secretion by macrophages of cytostatic factors, acting on cultured melanoma cells.

ABBREVIATIONS

SMAF Specific macrophage arming factor.
C. parvum Corynebacterium parvum.

BCG

Bacille de Calmette et Guerin.

dSRNA Double-stranded RNA.

C'3

Third component of complement.

H; TdR  Tritiated thymidine.
I2s UdR  Todo (1}35) deoxyuridine.
HP cells  Harding-Passey melanoma cells.

It is now well established that macrophages (mononuclear phagocytes) play a central
role in both primary and secondary immune reactions. In addition, it seems at present
unquestionable that macrophages are directly involved in the mechanisms leading to
the rejection of tumours [1,2].

ACTIVE ROLE OF MACROPHAGES IN TUMOUR REJECTION

Tumour rejection mediated by macrophages can be either immunologically specific
or non-specific. When it is specific, a lymphocyte-macrophage cooperation is a pre-
requisite, as it was shown with the SMAF produced by T-lymphocytes [3]. When the
mechanisms of tumour rejection are non-specific, they seem to involve a direct macro-
phase activation. For example, there were several reports on macrophages rendered
cytotoxic to tumour cells, after in vivo activation by various infections: protozoal
infections (Toxoplasma [4], Nitrospongylus [5]) or bacterial vaccines (C. parvum [6],
BCG [7]). Macrophages could also be rendered cytotoxic after in vitro activation by

9
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endotoxins [(Salmonella [8] or viral d SRNA or by Lipid A [8], or by synthetic poly-
nucleotides (Poly I: C [8]).

All the above systems have one major property in common: they absolutely require a
cell-to-cell, macrophage-to-target cell contact for the cytotoxic effect to be exerted.

In contrast with these systems, we have had evidence that a strong cytotoxic effect
could be produced by macrophages on cultured tumour cells, with no contacts with the
target cells and by the release of cytostatic products [9, 10]. This evidence for cytotoxic
factors fits very well with the new concept that macrophages are secretory cells.

MACROPHAGE AS A SECRETORY CELL {11]

It seems paradoxical that a cell which was named macrophage by Metchnikoff [12]
because of its major property of endocytosis (that is engulfment of materials) appears
now as a secretory cell.

There are substances which have been reported to be secreted by cultured macro-
phages. They were biochemically characterized but their effect on cell growth is still
undefined.

It was demonstrated a long time ago [13] that macrophages can release various
lysosomal enzymes during phagocytosis. Recently, it was found that macrophages can
secrete other enzymes such as lysozyme [14, 15} (which is a potent antibacterial factor
and has some cytostatic effect on mammalian cells), a plasminogen activator [16],
collagenase [17] and B;_., a component of C'3 [18].

Interferon was demonstrated to be synthesized and released by properly stimulated
macrophages [19]. Although we have not assayed macrophage interferon, we found
(Lejeune and De Clerck, E., unpublished data) that L-cells interferon exerts a cytostatic
effect on cultured melanoma cells, in a similar way as described, in the last paragraph, by
macrophages.

SECRETION BY MACROPHAGES OF FACTORS AFFECTING
THE GROWTH OF OTHER CELLS

Recently, several workers have had evidence that some substances, released by
cultured macrophages can affect the growth of other cells. One can separate them into
three groups, according to their biological effect: (a) stimulatory, (b) inhibitory, (c)
killing. Table 1 displays the major properties of these factors. It is worthwhile to point
out that most of the experiments in the human, involved cultured blood monocytes,
which readily transform into macrophages; in mouse and rat, peritoneal macrophages
were used.

The factor promoting the blast transformation of lymphocytes, in mixed culture, was
the first to be demonstrated [20] . Later, others showed that T-lymphocytes [21] and
B-lymphocytes {22} function better when exposed to culture supernatants of macro-
phages. An important factor seems to be the CSF which promotes the in vitro growth of
bone marrow stem cells [23].

Two different laboratories [24, 25] independently, but simultaneously, found that
some culture supernatants from mouse peritoneal macrophages could strongly inhibit
the thymidine uptake by lymphocytes. In terms of growth of the target cell, this
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Table 1. Factors Released by Macrophages and Affecting the Growth of Other Cells

in vitro
Factor Method References
A. Stimulatory
Conditioned medium reconstituting Promotes blast transformation in mixed 20
factor (CMRF) lymphocyte cuiture
- Potentiates T-lymphocytes response to 21
PHA
Factor released by cultured human Stimulates IgM and IgG response and 22
monocytes growth of B murine lymphocytes
Colony stimulatory factor (CSF) Stimulates the growth of bone marrow 23
stem cells
B. Inhibitory
Macrophage dialysable factor (MDF) Inhibition ot H, TdR uptake by non- 24
stimulated and antigen stimulated
lymphocytes
- Inhibition of H, TdR uptake by 25
lymphocytes stimulated with PHA,
Con A, endotoxin
Macrophage cytostatic factor released Inhibition of growth and H, TdR uptake 9,10
by normal macrophages by cultured melanoma tumour cells
Ditto Inhibition of H, TdR uptake by 30
leukemic cells, fibroblasts and lectin
stimulated lymphocytes
Released by activated macrophages Inhibition of '**I UdR. Uptake by 31
allogeneic lymphoma cells
C. Killing
Cytotoxin: factor cytolytic to Factor released by immune macrophages 26
tumour cells in allogenecic murine system
Lysosomal products Transfer of lysosomal products from 29
BCG activated macrophages to tumour
cells
Macrophage cytolytic factor (MCF) Labile substance lysing syngeneic 27
erythrocytes
Effect on growth?
Lysozyme (muramidasc) Antibacterial 14
Affects growth pattern and morphology 15
of cultured normal and tumour cells
Plasminogen activator 16
Collagenase 17
- C'3 component 18

phenomenon looks exactly the opposite of the first (A in Table 1). Up to now, there
are no data showing the presence or the absence of any interrelation of the two factors.
The existence of factors which inhibit the growth of tumour cells will be discussed

in the following paragraph.

The existence of a cytolytic factor specifically released by “immune” macrophages
was suggested [26] in an allogenic system. A labile substance having a strong lytic effect
on erythrocytes was discovered by Melson [27]. Cohn and his collaborators (see review
28) have extensively demonstrated the very active lysosomal system of macrophages. It
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was shown [29] that macrophages could inject their lysosomal content into tumor cells.
Therefore, it was proposed that lysosomal enzymes could be responsible for the
subsequent lysis of the target cells.

STUDIES ON A CYTOSTATIC FACTOR RELEASED BY
CULTURED NORMAL MACROPHAGES

We found [9, 10] that peritoneal macrophages from unstimulated and apparently non-
infected mice, from several strains, produce a growth inhibition of cultured mouse
Harding—Passey melanoma cells. This effect was appreciated by a decrease of cell counts
and tritiated thymidine uptake (Fig. 1). The growth inhibition was paralleled by a striking
morphological alteration of the melanoma cells (Figs. 2 and 3).

N°® HPM CELLS H3-TdR uptake
x10-4 CPM x10-3

9.‘ 9.

8] 84

7] 7

6 6

5] 5

4 4

3] ° 3

2 oL - 2

| 1]

24 48 72
TIME { hours) TIME (hours )

Fig. 1. Effect of normal macrophages on the growth of HP cells in culture. 4 X 10* HP cells were

layered at time 0, on top of a loose 10° peritoneal macrophages monolayer (normal Balb/c mice). Left:

HP cell count. Right: H, TdR uptake (CPM) — e, HP cells cultured alone. o, HP cells cultured with
normal macrophages.

Moreover, it was found [10] that the “normal” mouse macrophages release both
enhancing and cytostatic factors in the culture medium. Enhancing factors were found in
the early supernatants (1 hour) while cytostatic factors were prominent in the “late”

(72 hr) supernatants (Fig. 4). Such “late’ supernatants could be diluted and provided a
concentration dependent cytostatic effect (Fig. 5). The cytostatic factor was found to be
at least partially thermostable, dialysable and reversible {10].

The cytostatic factor released by normal macrophages, which was also found indepen-
dently from us by others [30], remains to be identified. It might be a substance resulting
from the processing of serum factors, present in the culture medium. To support this
hypothesis, we found [10] that autologous and various xenogeneic sera (including foetal
bovine serum and human AB serum) activate normal macrophages within 72 hr and
render their lysates strongly cytostatic (Fig. 6).

The existence of cytostatic factors secreied by activated macrophages against allogeneic
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Fig. 2. Effect of normal macrophages on the morphology of HP cells in culture. Same culture

conditions as in Fig. 1. Cells fixed and stained at 72 hr. (a) HP cells cultured alone. The monolayer is

nearly confluent, the cells are well spread. There are {arrows) two figures of telophasis. (b) HP cells

cultured with macrophages. The small dark cells are macrophages, some are in contact with HP cells.

The HP cells cytoplasm is shrunken. The density of the monolayer is very loose. Light microscopy:
X 340.
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)

Fig. 3. Same as for Fig. 2b but the culture was processed for electron microscopy by in situ fixation,

embedding and sectioning. (a) Dendritic process (arrow) of a HP cell in contact with four small mono-

nuclear phagocytes, and one large typical macrophage with engulfed melanin in the vicinity. (b) Higher
magnification of a part of the same area. Electron microscopy: (a) X 4200; (b) X 7800.



MACROPHAGE SECRETIONS AFFECTING THE GROWTH OF OTHER CELLS 15

H3-TdR uptake
%o ot control
140

1 #2
120 A IH.PM Supernatant

100 faz2"

72 H.PM Supernatant

#2
#1

4 [ 8 10 N°Macrophages x10-4
I:l 15:1 21 25:1 PM/HP

Fig. 4. Effect of ““early” (1 hr) and “late” (72 hr) supernatants of macrophage cultures on the growth
of HP cells. 4 X 10* HP cells were cultured for 72 hr in all conditions.
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Fig. 5. Effect of dilution on the cytostatic factor of normal macrophages. Dose response curve
obtained by diluting the supernatant from 10® macrophages. H,TdR uptake at 72 hr by 4 X 10* HP
cells plated at time O.
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Fig. 6. Activation of normal macrophages by various sera from different species (FBS from different

origins). 10° macrophages were cultured for 72 hr in the presence of either of the sera or BSA. They

were washed and macrophage lysates were made by freezing—thawing. 4 X 10* HP cells were cultured
for 72 hr on these lysates. H,TdR incorporation between 70 and 72 hr after washing.

cells was also reported [31]. These authors confirmed that serum is a prerequisite in the
macrophage culture, for a cytostatic effect to be seen.

Mononuclear phagocytes are widespread in melanoma and in close contact with the
melanoma cells. This is in contrast to the lymphoid cells which are located on the
periphery of the tumor [32]. In addition to the clearing of melanin and cell debris by
phagocytosis, tumour macrophages might play a role in the, in vivo, tumour growth
control. The cytostatic effect is non-specific and does not require an immune sensitiz-
ation, Therefore, it might play an early role, before an antitumour specific immunity
appears.

As far as in vitro tumour immunity tests are concerned, one must take into account
that most systems using lymphoid cells as effector cells, or tumour cells as target cells are
contaminated with macrophages. The results in the literature showing non-specific cyto-
toxicity might thus be due to the macrophages, i.e. activated by serum factors, and not
due to the lymphoid cells.
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ABSTRACT

Grafts of chemically induced syngeneic sarcomas are infiltrated by mononucleated cell
population containing monocytes, lymphocytes, immunoblasts and macrophages. The pro-
portion of these cells as compared to tumor cells increases during the two first weeks following
grafting and decreases later on; monocytes are the most frequent cell type infiltrating these
tumor grafts. Very close contacts exist between tumor cells and various types of infiltrating
cells. In this regard, no difference could be found between immunoblasts, lymphocytes and
monocytes. On the contrary, “‘debris” loaded macrophages never show these contacts with
tumor cells. When growth of the tumor progresses, the frequency of contacts between cells
decreases. On the basis of these observations and of previous studies on the morphological
changes in lymphnodes, a hypothesis is proposed.

It is suggested that as the tumor graft grows, the production of sensitized cells tends to
decrease whereas factors appear which prevent the infiltrating cells to attack the target tumor
cells.

INTRODUCTION

In syngeneic systems, cancer cells possess special tumor antigens which are different
from the antigens of the corresponding normal cells. The specificity of these antigens
may vary according to the etiological agent responsible for the neoplastic cell trans-
formation. In the present paper, we shall exclusively deal with chemically induced
cancers.

Numerous experiments have shown that tumors produced by chemical carcinogens
are immunogenic when grafted in syngeneic hosts [1-4]. In such in vivo systems, the
main immunological response is the development of a transplantation immunity directed
against antigens which are specific for each single tumor [4-5]. In addition to this cell
bound response, tumor antigens are also able to induce an immune reaction of the
humoral type [6].

The influence of these immunological responses on the behavior of the tumor cells
appears to be a very complicated phenomenon. In the present work, an attempt has been
made to study certain morphological changes occurring in tumors in relation to the cell-
bound immunological processes. In the cell mediated immunological responses,
sensitized lymphoid cells are released in the lymph and the blood gets in contact with

19



20 CLINICAL TUMOR IMMUNOLOGY

the antigenic target cells [7-8]. The accumulation of mononucleated cells in allogenic
grafts of normal tissue has been described in various systems, and is thought to be
responsible for the rejection of these grafts. Among this mononucleated cell population,
several cell types are found as shown by ultrastructural investigations. This heterogeneous
population contains besides small lymphocytes, immunoblasts and a few plasma cells, a
fourth cell type which is characterized by the presence of a large number of lysosomes
[9-11]. There has been some controversy about the exact nature of the latter cell type;
it is very likely that these cells belong to the monocyte group.

The presence of mononucleated cell infiltrates in many tumor tissues has often been
ascribed to an immunological response induced by the tumor antigens. In the present
work, our aim was:

1. to study the ultrastructure of mononucleated cells infiltrating syngeneic chemically
induced tumors and to investigate the connections between these cells and the
tumor cells;

2. to follow the qualitative and quantitative changes occurring in the mononucleated
cell population during the growth of the tumor;

3. to see if any relationship exists between the number and the type of mono-
nucleated cells and the growth rate of the tumor.

MATERIAL AND METHODS

Sarcomas were induced in C57 Bl mice by implanting methylcholanthrene pellets in
the muscle tissue of the right leg. The tumors obtained were serially grafted in syngeneic
hosts. Among the tumors produced in this manner, two were selected owing to their very
different growth rate. The first of these sarcomas (T9) grows very slowly since 50% of
the animals still survive 96 days after grafting. The second tumor (T10) grows faster and
kills 50% of mice before day 65.

Histological procedures

The tumor-bearing mice were killed at various delays (8 to 60 days) after grafting.
Pieces of tumors were fixed during 45 min in phosphate buffered 1% osmium tetroxide.
After dehydration, the blocks were embedded in Epon. Ultra-thin sections were stained
with lead citrate and uranyle acetate, and then examined with an electron microscope
(Siemens 101 or Philips 301).

Quantitative analysis

The stereological methods according to the procedures previously proposed by Weibel
[12-13] were used. At each delay and for each tumor, fifteen blocks chosen at random
were cut into ultra-thin sections. Only one section on each block was used to take micro-
graphs at the primary magnification of 2800.

First the number of mononucleated and tumor cells per unit volume of tumor
(numerical density Ny) was measured. Knowing the volume of the tumor, it is possible to
calculate the absolute number of these two kinds of cells per tumor.
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The numerical density Ny is obtained using the formula of De Hoff and Rhines [14]:

Ny = —
V7D
in which NA represents the number of structure profiles per unit area of a section and D
the mean diameter of the structure. As this formula can only be used for the analysis of
spherical particles, we have in practice measured the numerical density of the nuclei.
Indeed the shape of the studied cells was irregular whereas the nuclei were reasonably
spherical.

(a) Determination of NA The number of nucleus profiles of tumoral and mono-
nucleated cells has been measured on the sections for each animal at each delay for both
tumors T9 and T10.

(b) Determination of D The profile size distribution of the nuclei of mononucleated
and tumor cells is obtained by direct measurements on the micrographs. The size distri-
bution of nuclei and the nuclear diameter were derived by applying the semi-graphic
method described by Giger and Riedwyl [15].

(c) Determination of the nucleus and cell volume From the mean nuclear diameter, the
nuclear volume (¥,,) was calculated. The cell volume was obtained by applying the
formula:

where Vy, is the part of the cell volume which is occupied by the nucleus (volume
density of nucleus). To obtain this volume density, we have superimposed on the micro-
graphs a multipurpose test grid containing 84 lines and 168 points representing the end
points of the lines. We have determined the number of points falling on the nucleus Pn
and on the cytoplasm Pc and obtained Vy,, by applying the formula:

P,

Vy, = ——
Vi T pe+ Pn
The mean diameter D of the cell has been derived from the value of its volume.

(d) Determination of tumor volume The volume of the total tumor has been obtained
from its mean diameter D,, by applying the formula:

D, =Jd*-D

in which d is the lesser diameter and D the larger diameter perpendicular to the first one.

RESULTS
1. Qualitative study

Already 8 days after grafting, both tumors are infiltrated by mononucleated cells
which can be distributed in four categories according to their ultrastructural aspect. Few
of them are immunoblasts characterized by a large amount of ribosomes grouped in
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Fig. 1. Interlocking (arrows) between a monocyte (M) and a cancer cell (C) which is in mitosis.
X13,600

rosettes uniformly distributed throughout the cytoplasm. The sacks of the ergastoplasmic
reticulum are flat and lined by a small number of ribosomes. The Golgi zone is mod-
erately developed and its vesicles do not contain any dense material. A second cell type
is represented by the small lymphocytes, the ultrastructure of which is well known and
does not need to be described here. Some macrophages containing a large amount of
phagocytized “debris” are also scattered throughout the tumor. The most frequent cell
type infiltrating the tumor tissues corresponds probably to monocytes. These cells are
larger than the small lymphocytes; their nucleus is irregular in shape with deep inden-
tations of the nuclear membrane and contains small blocks of dense chromatin (Fig. 1).
In the cytoplasm, the ribosomes are free or grouped in small clusters but never in spiral-
shaped polysomes. Flat sacks of rough ergastoplasm are always present and often located
at a pole of the cell. The Golgi zone is usually well developed. This cell type contains
lysosome like dense bodies which may be present in large amount, but does not contain
either phagosomes nor phagocytized material. These four types of infiltrating cells may
be grouped in small foci without any preferential location inside the tumor.

Very close connections may exist between the infiltrating cells and the tumor cells.
Sometimes the cytoplasmic membranes of both cells are arranged in parallel and get in
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Fig. 2. Cytoplasmic expansions of an immunoblast (IM) penetrating into invaginations of the cyto-
plasmic membrane of a cancer cell (C). X20,000.

close contact on a certain distance; at this level, the two cell membranes are only a few A
apart. In other places, digit-like cytoplasmic expansions of the infiltrating cells penetrate
deeply into invaginations of the cytoplasmic membrane of the tumor elements (Fig. 2).
Sometimes a real interlocking of the two cells may take place (Fig. 1).

2. Quantitative analysis

(a) Number of cells The measurements indicate that the tumor cells are smaller in T9
than in T10. Therefore, the number of cells per volume unit is greater in T9. This number
decreases slowly when growth of T9 progresses and when an increasing amount of
collagen fibers is produced in the tumor.

The number of infiltrating cells per volume unit of tissue increases in both tumors up
to day 15 after grafting (Fig. 3). Later on, this “numerical density” of infiltrating cells
drops rapidly. On the basis of the previous data, it is possible to calculate the percentage
of infiltrating cells present in the tumor tissue. This figure which is higher in T10 than in
T9 also decreases rapidly after the 15th day.

Knowing the tumor volume, it is possible to calculate the variation of the absolute
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Fig. 3. Variation of the number of mononucleated cells per mm? of tumor tissue (numerical density).
This parameter increases in T9 and T10 up to day 15 after grafting and decreases rapidly later on.
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FFig. 5. Relative frequency of the four types composing infiltrating cell population and its variation
during tumor growth.

number of tumor and infiltrating cells per tumor during the whole growth period. Figure
4 confirms that T10 grows much more rapidly than T9 and it shows also that the
evolution of the absolute number of infiltrating cells is very different in both tumors. In
T9 this value reaches its maximum 15 days after grafting and remains constant later on.
In fact, the decrease of the percentage of infiltrating cells previously reported is due to
the fact that the number of cancer cells increases. In T10 the infiltrating cells increase
progressively until the death of the animal but as the number of cancer cells increases
still more rapidly, the percentage of infiltrating cells drops also after the 15th day.

(b) Variations of the infiltrating cell types The above-mentioned four cell types
making up the infiltrating cell population are present in very different proportions. In
both tumors, immunoblasts and *““debris” loaded macrophages represent each about 10%
of the total amount of the infiltrating cells (Fig. 5). This value does not show any signifi-
cant change during the growth period. Up to day 15, monocytes form the majority of
infiltrating cells representing about 50% of the whole population. This value drops after
the 15th day. Small lymphocytes are also frequently encountered. After the 15th day
they become the most important group of infiltrating cells.

(c) Frequency of contacts between infiltrating and tumor cells Examining directly the
specimens under the electron microscope, it is possible to count the contacts between
infiltrating cells and tumor cells and to calculate their frequency. The results are ex-
pressed as the percentage of cells of a given type showing the contacts previously de-
scribed.

The results indicate that [ymphocytes, immunoblasts and monocytes get in contact
with tumor cells. This is not the case for macrophages containing phagocytized material.
The frequency of these contacts varies during the growth period (Fig. 6). It is clear that
the connections between cells are most frequent during the two first weeks after grafting
and then decrcase. As far as cell contacts are concerned no difference could be found
between T9 and T10.
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DISCUSSION

Our results demonstrate that grafts of chemically induced syngeneic sarcomas are
infiltrated by a mononucleated cell population which contains monocytes, lymphocytes,
immunoblasts and macrophages. Such infiltrates are very similar to those found in
allogeneic grafts of normal tissues before and during their rejection. Similar infiltrates are
never found in syngeneic grafts of normal tissues. It is likely that the occurrence of these
infiltrates is in the tumor graft related to the immune reactivns induced by the cancer
cells. This hypothesis is further supported by the presence in the graft of a certain
number of typical immunoblasts.

Alexander et al. [16] have claimed that during the immunization against 3-4-
benzpyrene induced sarcoma, immunoblasts do not leave the lymphnodes as long as the
tumor tissue is present. According to these authors, immunoblasts would be released
from the nodes after removal of the tumor. In our system, immunoblasts reach the graft
and their number increases rapidly during the two first weeks after grafting. Simul-
taneously, large numbers of monocytes and lymphocytes accumulate in the tumor tissue.
It is generally thought that sensitized cells are distributed at random through the body
and retained where they get in contact with the antigen [17]. Very little is known about
the factors which are responsible for the accumulation of other mononucleated cells; it is
likely that substances released by lymphoid cells (lymphokines and MIF) play a role in
this phenomenon [18].

We have shown that the proportion of infiltrating cells as compared to tumor cells
decreases after the 15th day. This could be due to the fact either that less mononucleated
cells reach and/or are retained in the tumor tissue or that the number of tumor cells
increases at a faster rate than that of mononucleated cells. Our calculations show that the
situation is somewhat different for the two tumors we have investigated. Whereas the
total number of cells infiltrating the graft of T10 increases steadily, it increases up to the
15th day and then remains constant in T9. This indicates that at least in T9, less cells
reach or are retained in the graft. On the other hand, there is some evidence that the
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number of sensitized cells produced in the lymphnodes decreases after the 15th day
following grafting. In previous investigations, we have shown that the paracortical area,
i.e. the area of the nodes where sensitized cells are produced, undergoes a depletion and
later on a real atrophy. These structural changes are the same whether the nodes drain T9
or T10. However, this does not rule out the possibility that the retention of cells inside
the tumor also decreases. Nothing is known about the traffic of these cells in and out of
the tumor.

It is tempting to assume that the contacts between tumor cells and infiltrating cells
are the morphological expression of an attack of target cells by the host cells and are a
prerequisite for a cytotoxic effect. We have seen that such contacts exist between tumor
cells and various types of infiltrating cells. In this regard, there is no significant difference
between immunoblasts, lymphocytes and monocytes.

The use of various models in vitro has shown that several categories of cells may be
involved in cytotoxicity: T-cells, B-cells, monocytes, macrophages. Their relative partici-
pation in the cytotoxic effect may vary according to the model system used, namely the
nature of target cells, the presence of antibody, etc. How the data derived from the
studies of in vitro system correlate to the in vivo phenomena is difficult to say. On the
basis of experiments performed in relation to allografts rejection, one may expect T-cells
to be the most important killer cells [19] . In the tumor system, however, it is possible
that non-T-cells may also act as killer cells [20].

According to other reports, “macrophages” could be predominant Killer cells in vitro
and even more so in vivo [21-23]. The killing activity of macrophages could be specific
when these cells are “armed” by cytophilic antibodies or cytophilic factors produced by
T-cells arriving in contact with antigen [24] . Macrophages activated by a variety of
unspecific procedures can also become cytotoxic for tumor cells [25]. In our system,
monocytes are the most frequent cell type infiltrating the tumors; they get frequently
in contact with tumor cells whereas macrophages loaded with phagocytized material
never do so. With our tumors, we could not confirm the observations made by Evans
[26] claiming that the tumors that grow slowly are more infiltrated by macrophages
than tumors with a fast growth.

When growth progresses, the number of contacts between cells decreases and this
suggests that the possibility for infiltrating cells to exert their cytotoxic activity is
impaired. It is tempting to assume that at that time, factors have appeared which prevent
these contacts. The possible role of blocking factors such as antibodies, excess of antigen
or antigen-antibody complexes may be thought of. In this regard, we should recall that
at the same time the tymphnodes show morphological changes suggesting a strong
immune reaction of the humoral type. This could strongly influence the relation between
target cells and killer cells.

As a pure hypothesis, it might be proposed that as the tumor graft grows, the pro-
duction of specifically sensitized cells tends to decrease whereas factors appear which
prevent the remaining cells to attack the target tumor cells.
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ABSTRACT

Human lymphocytes that bind to normal sheep red blood cells, in vifro, in a rosette
formation are T-cells. This is based on findings in human fetuses, in immunodeficient patients
and on the absence of B-cell markers on these rosette-forming cells. We have described the
active T-rosette test detecting a subpopulation of T-lymphocytes and the total T-rosette test
detecting all of them. Cancer patients, depending on the sheep used, will have decreased blood
active T-lymphocytes whereas the total T-lymphocytes are in the normal range. Since thesc
active T-rosette-forming cells correlate with the immune status in immunodeficient patients
and also increase after the induction of immune tunctions in various diseases, we propose that
the subpopulation of blood active T-rosette-forming cells, present in cancer patients, is an index
of their cellular immunocompetence and a reflection of their system of immunosurveillance.

INTRODUCTION

According to the present concept of immunology, lymphocytes are divided into T-
and B-cells. The T-lymphocytes are basically involved in cellular immunity whereas
B-lymphocytes will be responsible for the humoral immunity. This strict concept can,
however, be challenged since B-cells synthesize also a mediator of cellular immunity like
macrophage inhibitory factor. Furthermore, in the field of tumor immunology, it is
readily apparent that cellular cytoxicity against tumor cells cannot only be mediated by
T-lymphocytes but also by non-T-cells. It remains, however, very important to be able to
differentiate between T- and B-lymphocytes since this should lead to a better compre-
hension of the basic mechanisms of immunity. As yet, morphology has not been very
helpful since the usual microscopical techniques do not allow the differentiation between
T- and B-lymphocytes. Sophisticated techniques like scanning electron microscopy should
be considered with much caution when applied to the differentiation of T- and B-cells
[1,2].

Fortunately, these lymphocytes can be distinguished on the basis of surface markers.
In this paper, we will address ourselves only to the problem of blood human T-cells in
cancer using as a tool the specific T-cell rosette formation obtained, in vitro, in the
presence of sheep red blood cells (SRBC) [3, 4] . This marker is the one most used for
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identifying human T-lymphocytes. The two techniques that we have used throughout

the various studies should be briefly summarized here. The first, termed the active rosette
test, requires a short contact between the lymphocytes, previously preincubated in heat-
inactivated calf serum at 37°C, and the SRBC. In fact, these cells are in contact only
during the S min of a low-speed centrifugation [5, 6]. This test investigates only (a) sub-
population(s) of all T-cells, perhaps the one with the highest affinity receptors for SRBC
[7]. The second test, termed the total rosettes test, investigates all T-cells. Technically, it
is done by a fast centrifugation of SRBC and lymphocytes in the presence of fetal calf
serum [8] . The cells will remain in contact for at least 1 hr before evaluating the percent-
age of rosette-forming cells (RFC). In both tests and by definition, an RFC is a lympho-
cyte with at least three SRBC surrounding it. Usually, in the active test, a lymphocyte is
surrounded by three or more SRBC while in the total test the lymphocyte is completely
surrounded by the SRBC. The active RFC (TEa) is not stable and should be read immedi-
ately, while the total RFC (TEt) is more stable. The percentage of blood TEa is 27 +
6.5% and the lower values of the normal is 15%; the blood TEt percentage is 64  6.5%
and the lower values of the normal is 51%.

ROSETTE FORMING CELLS ARE T-CELLS

The evidence that these RFC are indeed T-cells stems from various sources. First, we
have demonstrated that, in human fetuses, RFC are already present in the thymus when
few or no RFC are present in the other lymphoid organs or in the blood [3,4,9].1In
older fetuses, an increase in RFC outside the thymus has been observed. It is interesting
to note that the percentage of TEa in the thymus will decrease after the 15th week of
gestation while, at the same period, almost all the thymocytes are TEt, and this percent-
age remains stable in older fetuses [10] . Since it is also around this time that the cortex
of the thymus enlarges, one can speculate that the TEa are present in the medulla rather
than in the cortex. This is of importance since, in the mouse, it appears that the immu-
nocompetent T-cells are in the medulla and not in the cortex. Secondly, RFC do not
possess specific B-cell markers [11]. This is the general rule although a small percentage
of lymphocytes appear to have both T- and B-markers (e.g. receptor for SRBC and
surface immunoglobulins detected by immunofluorescence). The meaning of this popu-
lation is unclear (uncommitted stem cell? activated T-cell?) [12]. In sharp contrast is
the presence, in human peripheral blood, of null lymphocytes which cannot be charac-
terized by any known markers. The meaning of these cells, perhaps increased in diseases
like lupus erythematosus diffusis, is also unknown. These two exceptions, probably not
accounting for more than 7% of peripheral blood lymphocytes, being rapidly mentioned,
the other lymphocytes can be classified as T-cell or B-cell. We will not discuss here the
problem of the K-cells, presented elsewhere in this volume. Thirdly, the distribution of
B- and T-cells in patients with immunodeficiencies usually fits well with their defective
functions. For instance, patients with thymus hypoplasia have very low percentage of
RFC [5}. Also, in chronic lymphatic leukemia of B-cell type, only very few T-cells are
found [8]. On the basis of these arguments, it seems reasonable to accept the rosette
formation as a specific marker for human T-cells.

The phenomenon remains, however, to be explained. The receptor for SRBC has not
yet been clearly identified. The nature of the binding between T-lymphocytes and SRBC
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is still to be elucidated. It appears highly unlikely that immunological mechanisms like
antigen recognition play a role in the binding. The distribution of the electrostatic surface
charges of both T-cells and SRBC clearly influences the rosette formation. Finally, it may
be stressed that, also in animals, T-cells can bind to erythrocytes in a rosette formation.
This is the case for guinea pig T-lymphocytes with rabbit erythrocytes, dog T-lympho-
cytes with human erythrocytes and pig T-lymphocytes with human erythrocytes [13,

14] . In view of these already numerous examples, it is likely that the list of erythrocytes
binding specifically to T-lymphocytes can only grow, provided that the right techniques
are used. The system autologous red cell and T-lymphocytes is another example of a
rosette formation that involves only a subpopulation of T-cells [15]. Why T-lymphocytes
should bind to erythrocytes is certainly puzzling. Could this phenomenon play a role in
some autoimmune mechanisms like hemolytic anemia? The difficulties in understanding
the system, the fact that no rational explanation can be proposed for it should, however,
not discourage the workers in this field. It is always very frustrating not to be able to
answer simple questions like “how?” and “why?”. Finally, in cancer patients the rosette
system, which already requires very precise techniques, is highly dependent on the

SRBC used.

HUMAN CANCER

The importance of the immune system should hardly be stressed although the intimate
mechanisms are still unclear. Unfortunately, most of the in vitro tests poorly correlate
with the clinical status or evolution of the patients. Nevertheless, it remains important to
investigate these patients further in order to determine their specific and non-specific
immune status. This should give a better rationale to our current methods of immuno-
therapy and provide new immunotherapeutic approaches. Oncology may thus benefit
from a better knowledge of B- and T-cells in cancer patients. One should, however, be
aware that this determination in the blood provides only an indirect measurement. It is
obvious that the determination of the type and function immune cells present in the
tumor and also in the adjacent lymph nodes are a more direct approach to the under-
standing of the immune mechanisms. Some observations indicate that T-cells can be
present in the tumor itself. It is not known whether these cells are capable of killing the
malignant cells. Furthermore, this killing could, in vivo, be inhibited by the presence of
blocking factors. Peripheral blood lymphocytes of cancer patients can kill, in vitro,
tumor cells of the same type as the patient’s tumor although the specificity of this
phenomenon is not clear. This killing can be inhibited by the serum of the patient. The
cells responsible for the action belong to the non-T and T-cells {16, 17]. It has, for
instance, been shown that bladder tumor cells are killed, in vitro, by non-T cells of cancer
patients bearing a bladder carcinoma {16]. In melanoma, both non-T and T-cells have
been shown to be capable of such killing properties. It is possible that, during the
evolution of the disease in the same patient, T- and non-T cells can, in turn or together,
be killer cells. Indeed, we have demonstrated this to be the case in osteosarcoma patients
[18] . Since suppressor cells can be present in the isolated T- and non-T cell populations,
they may decrease or inhibit the properties of the killing cells; this indicates the
complexity of the phenomenon.

All these studies clearly point out that the determination of the immune cells in cancer
patients is important. We will thus describe the results of our studies done in cancer
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patients using the blood T-rosettes-forming cell as a tool. In general, both the active T-test
and total T-test were used. However, since we first described the active rosettes test, and
later on the total T-test, some patients have been studied only for their TEa.

Presently, we have studied more than 500 patients with various types of solid tumor
[6]. About 100 of them had their TEa measured early in the disease, at the time of
diagnosis and when it was not metastatic. Approximately 65% of them have low TEa
while only 5% have decreased TEt. However, before further describing our results, we
want to re-emphasize again the importance of the sheep used in the study. Indeed, in a
separate study using different sheep, we did not detect any differences between cancer
patients and the normal population. This result completely contradicted our previous
published work. Trying to understand the reasons of these surprising results, we realized
that only the red cells of one sheep out of six could discriminate between the lympho-
cytes of cancer patients and normal individuals (Table 1). Other groups have confirmed

Table 1. Influence of Different Sheep on the Percentage of Active and Total T-rosette-

Jforming Cells
Sheep number
1 2 3 4 5 6

Cancer patients
Bone cancer (4) 8--64 17--65 20-64 23-68 19-67 21-66
Breast cancer (5) 11-63 19 -63 24.-65 22-67 2468 21-67
Melanoma

cancer (5) 7-69 20-68 19--70 2467 23-72 24 .68
Colon cancer (4) 10-68 21.-66 18--65 21--66 20--66 22-67
Normal controls
Subject A 22--65 25--64 21--64 2266 2463 25-67
Subject B 27--64 30--65 28 -66 29-62 27-66 30-68
Subject C 20 -69 25--65 2364 22-63 21-64 25-66
Subject D 2462 22 -61 25--59 25--60 22-59 24--63

The first number is the mean TEa percentage; the second the mean TEt percentage. In this example,
only the SRBC of sheep number 1 indicates low TEa values for cancer patients. The TEt are always
normal. In parentheses are indicated the number of patients investigated.

this observation which obviously explains some contradictory results found in the litera-
ture regarding the blood T-lymphocytes in cancer patients. Unfortunately, it is not yet
possible to determine which sheep should be used in the test. We have, however, found
that it is not related to the blood group of these sheep [19]. Thus, the only way, as yet,
of knowing which sheep should be used is to test a number of them with the lymphocytes
of cancer subjects and normal controls. This allows the selection of sheep whose red
bloed cells can discriminate, in the active test, between the lymphocytes from cancer and
normal individuals. Once the sheep has been selected, it should always be used. Usually,
we store the SRBC for 2 weeks in Alsever’s solution at 4°C. The sheep is thus bled every
2 weeks. In all our studies reported in this paper, we have only used sheep that have
empirically been tested and found to be discriminatory [6]. Patients newly diagnosed
and with metastatic diseases usually have lower TEa than the group of patients with
localized tumor. The TEt are decreased in about 25% of them. We have also tested
patients who were either cured or in remission (at least 2 years after treatment and
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without any signs of tumor). These patients present normal values of both TEa and TEt.
The group of patients presenting a localized recurrence show decreased TEa in about 60%
of the cases and usually normal TEt. This group of patients did not receive any therapy
for the last 2 years. When the recurrence is metastatic the values of the TEa are, once
again, decreased in about 70% of the cases. The TEt are decreased in about 25% of the
cases. Usually the TEa values are also lower in the metastatic patients than in those with
localized disease.

It is not clear yet whether the low TEa values are more frequent in some types of
cancer than in others. Indeed some authors have reported, using still another method for
detecting T-cell rosettes, a very high incidence of low blood T-cells in localized lung
cancer [20]. It is important to mention that their test, like the TEa, also does not detect
all T-cells. Other investigators, using a modified active rosette assay, have also found
decreased T-cell rosettes in about 90% of patients with various localized or metastatic
carcinoma [21]. Thus, all these data clearly indicate that cancer patients present T-
lymphocytes defective in their rosetting property. It may reflect a pure T-cell defect or
an absence of some T-cell subpopulation(s).

Repeated testing in the same cancer patients has yielded interesting data. Both in
osteosarcoma patients treated with specific transfer factor and in some untreated
melanoma patients, we and others have observed that a fall in TEa, without necessarily
a simultaneous decrease in TEt, was usually followed in the next weeks or months by
the clinical detections of new lesions [6,22,23]. The spread of the disease was heralded
by a drop in TEa. This decrease may be followed by an unexpected and unexplained
return to normal values. The drop usually lasts 3 to 6 weeks. It can thus remain
undetected if frequent testings are not performed. Some cautionary note should, however,
be mentioned here regarding intercurrent viral infections. We have observed, and it has
been repeatedly confirmed, that viral infections will transiently lower the TEa, and quite
often the TEt, values [6] . Thus, each patient before being tested should be checked for
a viral infection. The T-cells usually will return to normal values in a few days, but low
values can persist for several weeks. Cancer patients, with an intermittent viral disease, also
show such a drop. Follow-up of more than 1 year of these patients, who remained in
remission, clearly indicated that the decrease was due to the viral infection and not to a
relapse of their disease.

THE FUNCTIONAL MEANING OF ACTIVE T-ROSETTES FORMING CELL

All these observations suggest that cancer patients, even with localized disease, have a
non-specific defect in their T-cells. It may not be quantitative but rather qualitative since
usually the TEt are normal. The hypothesis of a qualitative defect is raised by the
observations of ourselves and others in patients with immunodeficiencies [5,24]. In the
Wiskott—Aldrich syndrome and in chronic mucocutaneous candidiasis, the patients
exhibit a defective cell-mediated immunity. About 50% of the Wiskott—Aldrich patients
can benefit from transfer factor therapy. These responding patients will remain free of
disease for a period of approximately 6 months and their immune defects will be partially
corrected. These patients, before therapy, have low TEa. The responders will, very rapidly,
increase their TEa but not their TEt and simultaneously the other immune defects
improve. The chronic mucocutaneous candidiasis patients studied had a defect in cell
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Table 2. Percentage of Blood Active and Total T-rosette in Various Conditions

Active T-rosettes Total T-rosettes

Cancer Usually decreased Usually normal
Lupus erythematosus diffusis Usually decreased Decreased or normal
Wiskott—Aldrich syndrome Decreased Decreased or normal
Chronic mucocutaneous

candidiasis Usually decreased Usually normal
Lepromatous leprosy Decreased Decreased or normal
Post-transfer factor therapy Increased Unchanged
Post-BCG therapy Increased Usually unchanged
Old age Usually decreased Normal
Thymosin, in vitro Increased Unchanged

mediated immunity. Their TEa were decreased while their TEt were normal. These two
examples clearly indicate the existence of a correlation between the status of cellular
immunity and the TEa percentage. Other diseases, with known defects in cell mediated
immunity, may also exhibit low blood TEa and normal blood TEt percentages (Table 2)
[25--26].

Finally, we have recently investigated the influence of age [27]. There is a significant
decrease in TEa while the TEt remain normal in the older normal subjects (more than
70 years old). It was also confirmed that this group of old people have a decreased
lymphocyte response to non-specific mitogens. Thus, in humans as in animals, cellular
immunity decreases with age. The qualitative defect is correlated with the decreased
TEa. The normal TEt, once again, should be considered as a marker for the presence of
T-cells, whose deficient function is reflected by the decreased TEa. On the basis of these
observations, we interpret the low TEa in cancer patients, even with localized disease, as
a qualitative defect in non-specific cell mediated immunity. Alternatively, it may reflect
the absence of a population of immunocompetent T-cells. There is general agreement
that patients with widespread metastatic disease exhibit decreased cell mediated
immunity. For instance, their skin tests are usually weak, their lymphocytes poorly react
to mitogens and in mixed leucocyte culture. In melanoma, a lack of dinitrochlorobenzene
sensitization is associated with a poor prognosis. However, in the case of localized disease
and thus a small tumor burden, these tests usually do not show any abnormalities. The
fact that 60% of the patients, according to our data or 90% of patients according to other
data, have decreased T-cell rosette in localized disease suggests that a non-specific T-cell
defect can be detected even with a small lesion. However, when the patients are first seen
they already have numerous tumor cells, which may be non-specifically immuno-
suppressive and also immunostimulant by inducing specific mechanisms against the tumor.
This in turn or perhaps simultaneously, could boost non-specific immune defenses. There-
fore, one should expect that not all patients, when first seen by the physician, will have
low TEa or detectable non-specific immune defects.

There are some arguments suggesting a link between defective cellular immunity as
measured by low TEa, and the development of malignancies. For instance, a patient with
acquired hypogammaglobulinemia and low TEa developed a lung cancer 2 years after
being tested for his T-cell rosettes (case number 9 of reference 5). The same observation
has been made in a patient with idiopathic thrombopenic purpura who developed a
kidney tumor [6]. Perhaps more intriguing and less anecdotal is the observation that in
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the healthy members of families with high incidence of cancer, the percentage of subjects
with low TEa is high. These subjects are followed for the possible development of
malignancies [6]. The drop in TEa before the detection of new lesion may also be due to
defective non-specific mechanisms allowing the growth of new cells which may, in turn,
boost specific and non-specific immunity and thus raise the TEa to normal values.

Before pursuing the discussion about the meaning of decreased TEa in cancer patients,
we will summarize two types of data in the field of immunotherapy. First, melanoma
patients with skin metastases who had received intralesional BCG showed a rapid increase
in their blood TEa associated with a regression of the nodules {28]. The TEt can or
cannot raise after BCG therapy. Similar data have been observed by other investigators
[29]. In the non-responders, TEa did or did not increase. At the same time, other
immunologic tests, such as lymphocyte proliferation or production of leucocyte
inhibitory factor, were induced or increased [30] . Once again, the TEa are closely
associated with changes of the immune status. A second type of data comes from the
osteosarcoma patients treated with specific transfer factor. Quite often, after the injection
of transfer factor, their TEa will increase. This is usually associated with an increase in
cell-mediated cytotoxicity of the patient’s lymphocytes against osteosarcoma tumor cells.
Interestingly, the TEa will increase only in the patients who have an apparent response
to therapy, some being free of disease for more than 24 months [22] . Thus, in this
circumstance as well as in the Wiskott—Aldrich syndrome, the TEa determination closely
correlates the clinical and immune changes induced by transfer factor therapy.

A rather striking point, observed in both the BCG or transfer factor therapy, is the
rapid increase in peripheral blood TEa. Several hypotheses could explain this phenomenon.
The most likely explanation for the BCG is that this adjuvant, or perhaps products
(tumor antigens, enzymes) released by its injection, will directly activate the T-cells,
as reflected by the increase in TEa but rarely in TEt. The target cell of transfer factor is
not known. Transfer factor confers to the recipient the specific immunity of the donor. It
may also boost the non-specific immunity of the recipient. Many speculations regarding
its mode of action have been made. We wish to add a new hypothesis to this already
crowded world of endless discussions. We have previously shown that thymosin, an extract
of calf thymus, can increase, in vitro, the percentage of TEa but not TEt [31]. We have
also provided some evidence that the target cell may be a non-active T-cell. This fits with
some observations regarding an increase in mitogen responsiveness or in mixed leucocyte
culture, in the presence of thymosin [32]. This effect is apparently non-specific. Since
transfer factor sometimes induced non-specific immunity [33] we propose that the
transfer factor induces the synthesis of thymic factor by the thymus epithelium. This
might explain the non-specific effects of the transfer factor and the rapid raise of TEa, a
non-specific T-cell index. This hypothesis does not, however, fully explain the instances
where transfer factor has induced only specific immunity in the recipient.

Let us now turn to another aspect of malignancies. We have studied and followed more
than 100 melanoma patients [34] . The period of observation was up to 3 years for some
of them. Many of these patients had low TEa values. It is mainly in the group of subjects
with low TEa that progression of the disease, and sometimes death, was recorded. Thus,
here too, the TEa appears a helpful test and a bad prognostic factor if they are low. No
correlation with TEt was found.
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CONCLUSIONS

In this paper, we have always considered the TEa as reflecting immunocompetent cells,
actively and mainly involved in T-cell mediated immune mechanisms. It remains possible
that soluble factors interfere with the test. We have discussed this problem elsewhere [5].
For instance, during the spread of the disease, soluble factor(s) released or induced by the
tumor are in the circulation and could hinder the receptors for SRBC detected in the
TEa test. This could decrease the TEa. Antigen—antibody complexes can be present in
cancer patients. They can theoretically hinder the rosette formation since activated
T-cells appear to have a receptor for the free Fc of the complex. Similarly, anti-T factor,
synthesized perhaps by the cancer lymphocytes, could also block the rosette formation.
A metabolic modulation of the expressivity of receptor, through abnormal or low thymic
factors or through some other factor(s) present in cancer serum, could possibly affect the
TEa test.

In conclusion, we have briefly reviewed some problems regarding T-cells in cancer
patients. On the basis of these observations and for the following reasons, we propose
that TEa reflect T-cell competence and indirectly immuno-surveillance.

1. TEa are at their highest percentage in the fetal thymus when the medulla (containing

immunocompetent cells in the mouse) is the largest in this organ. The percentage of
TEt does not decrease with the enlargement of the cortical area.

2. Low TEa, in the presence of normal TEt, can be found in various immunologic
disorders with cellular defects as well as with old age.

3. The increase of TEa, without a concomitant rise in TEt, after transfer factor therapy
or BCG therapy, is associated with the induction or the increase of cell mediated
mechanisms.

4. There is a correlation between low TEa but not TEt with poor prognosis in
melanoma patients.

5. Thymosin, in vitro, increases the percentage of TEa without affecting the TEt. It
can also increase cellular immune reactivity.

In view of all these observations and the low TEa values found in healthy members of
families with high incidence of cancer, the development of cancer in some subjects with
low TEa, the drop of TEa before the clinical detection of new lesions, we propose that
the low blood TEa of cancer patients reflect a defect in their immune surveillance
apparatus.
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INTRODUCTION

During the last 5 years, several authors have reported the occurrence, in blood of
cancer patients, of leukocytes which exerted a toxic effect in vitro on cultured syngeneic
or allogeneic tumor cells (for references, see Hellstrom and Hellstrom [1]). Concomi-
tantly, studies in experimental tumor model systems have shown that cytotoxic effector
cells appeared in blood and lymphoid tissues during the development of tumor immunity.
Based on these results, it has been assumed that the in vitro cytotoxic activity of peri-
pheral blood leukocytes from cancer patients was a direct manifestation of a state of cell-
mediated immunity to tumor-associated antigens.

Recently, this concept has been seriously challenged. With the development of differ-
ent assay methods and of refined cell separation techniques, it has become clear that (a)
cell-mediated cytotoxicity (CMC) in vitro encompasses various effects of lymphocytes or
other cell types, acting alone or in combination, and (b) CMC does not necessarily reflect
the activity of effector cells in vivo.

Since CMC in vitro is commonly used in studies of human tumor immunology, it
seems important to assess the relevance of the in vitro reactions to protective immunity
in the cancer patient. However, in view of the complexity of the in vitro reactions them-
selves, it is necessary first to define the parameters measured in the different CMC assay
systems, to characterize the possible effector cells and to analyze the mechanism of target
cell destruction. In the present report, we shall briefly discuss some recent data con-
cerning the mechanism of CMC in vitro. Further details can be found in recently pub-
lished review articles or books [1-5].

ASSAY SYSTEMS

The first source of difficulty in the interpretation of CMC results concerns the com-
plex nature of the effects which are measured in the various assay systems in common use
{5-6] . In the microcytotoxicity assay according to Takasugi and Klein [7], lymphoid
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cells from cancer patients are incubated with attached tumor cells for 48 hr. The number
of attached tumor cells remaining at the end of the incubation period is determined by
visual counting. Obviously, this number may be influenced by several factors related to
immunological cell-mediated reactions, such as direct lysis, growth inhibition and/or loss
of adherence of tumor cells, but also to spontaneous cell death and growth stimulation by
the lymphoid cell population. In contrast, only direct lysis of tumor cells is measured in
the !Cr release assay, and direct lysis and/or detachment of tumor cells from a surface in
the 3H-proline assay described by Bean and collaborators [8] . Because of the differences
it is likely, as reported by Plata er al. [9] in the Moloney sarcoma virus (MSV) system,
that different results may be obtained when the activity of the same lymphoid cell
population is tested using two different assay methods. This subject has been reviewed
recently [5].

At present, there is no assay allowing the detection of effector cells at the single-cell
level. It is thus impossible to determine the number of effector cells present in a given
cell population. In some instances, however, an estimation of the relative frequency of
effector cells can be obtained provided there is a single dose—response relationship, i.e.
the cytotoxic activity varies proportionally with the number of lymphoid cells added.
Titration curves, using varying numbers of lymphoid cells added to a constant number of
target cells, are therefore essential to evaluate the significance of positive reactions.

In order to avoid deleterious culture conditions, it appears important to keep the
number of lymphoid cells to be added to tumor cells within a certain limit. In general,
ratios of lymphoid to target cells above 200 cannot be used. As the frequency of effector
cells in a given lymphoid cell population has to reach a certain value before lytic activity
can be detected, negative findings, i.e. the lack of significant target cell lysis and/or
growth inhibition by a given cell population, cannot be interpreted as indicating the
absence of effector cells in that population. In cases where the physical or immunological
properties of the effector cells are different from that of the bulk of the lymphoid cells,
cell-separation techniques can be applied to obtain cell populations enriched in effector
cells. An examgle of the usefulness of such techniques for the detection of low numbers
of effector cells has been recently reported by Vasudevan et al. {10]. However, the
general applicability of these techniques to the detection of effector cells in blood from
cancer patients remains to be determined.

NATURE OF EFFECTOR CELLS

Analysis of the mechanisms underlying CMC in vitro has revealed the existence of
several pathways involving the participation of different effector cells. This subject has
been reviewed recently [2]. In brief, three model systems have been described: (a) lysis
of tumor cells by cytolytic T-lymphocytes (CTL) which are specifically sensitized against
tumor-associated membrane bound antigens; (b) lysis of tumor cells coated with IgG
antibody by “killer” (K) mononuclear cells which possess surface receptors for the Fc
portion of IgG molecules; and (c) lysis of tumor cells by “armed” or “activated” macro-
phages.

The present knowledge of the biolological properties of these different effector cell
types is still fragmentary. For example, the fate of CTL generated in vivo is unknown. In
the model systems where the presence of CTL has been followed as a function of time,
it has been a common finding that CTL appear early in the immune response and reach
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peak levels after 1-2 weeks. Thereafter, CTL activity declines progressively, so that
lymphoid cells collected 2 months after the onset of the immune response generally have
no detectable lytic activity mediated by thymus-derived effector cells. Recent studies,
however, indicate that this lack of CTL activity does not necessarily reflect the absence
of CTL in immune lymphoid cell populations. As demonstrated by Plata et al. [11],
spleens of mice resistant to MSV challenge, although they contained no detectable CTL,
appeared to have an increased number of CTL precursor cells which rapidly differentiated
into highly lytic effector cells following in vitro exposure to the relevant antigens. As
discussed elsewhere in detail [12], there is indirect evidence that CTL are not necessarily
end cells, but may become “memory” cells, i.e. small T-lymphocytes, with no direct lytic
activity, but capable of differentiating into active effector cells within 24 hr following
exposure to the relevant antigenic stimulus. Although further work is needed to establish
the validity of this concept, the findings of an increased generation of CTL in murine
mixed leukocyte tumor cell reactions containing immune lymphoid cells may stimulate
similar studies in man.

The three types of effector cells mentioned above have been demonstrated in well-
defined experimental systems using the 5!Cr release assay. In cancer patients, there is as
yet no direct evidence of the presence of CTL in circulating blood. On the other hand,
human peripheral blood appears to be the best source of K-cells. In vitro activation of
human peripheral blood monocytes into non-specific cytolytic macrophages has been
recently achieved by Noerjasin and Stjernsward (personal communication). The nature
of the effector cells detected in peripheral blood of cancer patients by the microcyto-
toxicity assay is unknown in most cases. In the work of O'Toole et al. [13] on CMC of
peripheral blood lymphocytes from cancer patients with bladder carcinoma, the effector
cell population reactive against bladder carcinoma cell lines was found in the non-T-cell
fraction. The exact nature of these effector cells and the possible participation of anti-
body in the effect detected in the microcytotoxicity test remain to be determined.

SPONTANEOUS LYTIC ACTIVITY OF NORMAL PERIPHERAL BLOOD

In the microcytotoxicity assay, the activity of blood lymphoid cells from cancer
patients is expressed as the percentage reduction in the number of attached tumor cells
as compared to the controls, i.e. microplates containing tumor cells incubated with
lymphoid cells from normal donors. With the development of the *'Cr release assay, it
has been possible to use as controls labeled tumor cells incubated in medium alone. This
has led to the detection of a direct lytic activity of the peripheral blood lymphoid cell
population of normal individuals against some human lymphoid cell lines [14].

These findings have been confirmed in our laboratory. Blood was obtained from
twelve healthy individuals, and a lymphocyte-enriched population was obtained after
treatment with carbonyl iron and separation on Ficoll-sodium metrizoate. The lytic
activity of each individual cell population was tested on *!Cr-labeled MOLT-4 target
cells, as presumably T-cell lymphoid cell line, using a 6 h incubation period. In order to get
a quantitative comparison of the lytic activity in the individual cell populations, dose—re-
sponse curves were established from the results obtained at varying lymphocyte-target cell
ratios. The data are represented in Table 1. It can be seen that lymphocyte preparations
from all twelve normal donors showed lytic activity against the MOLT-4 target cells,
even at lymphocyte ratios as low as 1:1. When the different dose-response curves were
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Table 1. Cytolytic Activity of PBL® from Normal Individuals on
S1Cy Labeled MOLT-4 Lymphoid Cell Line

% specific 5'Cr release®’ Ratio

Donor PBL-target cell ratio at 30%
100 30 10 3 i lysis

1 55 38 23 9 4 150
2 47 27 13 6 2 33
3 39 28 21 12 4 34
4 35 25 21 10 2 75
5 64 47 27 18 7 12
6 58 35 22 10 7 20
7 31 17 8 3 1 100
8 25 15 9 3 0 150
9 39 25 16 11 4 43
10 65 46 36 24 15 6

@) After carbonyl iron and Ficoll-sodium metrizoate.
Incubation time: 6 hr.

compared, it became evident that the lytic activity varied from one population to another,
with up to a 30-fold difference in the number of lymphocytes needed to achieve the same
level of lysis. Recently, a spontaneous cytotoxic activity of lymphoid cells from normal
rats and mice against some rat or mouse lymphoma cell lines has been reported by several
groups [15-17] . According to Herberman and collaborators [15], this spontaneous
activity appears to be directed against antigens associated with endogenous C-type viruses.
That the lytic activity displayed by peripheral blood lymphocytes from normal human
donors might also be directed against virus associated antigens is an intriguing possibility.
There is also evidence that peripheral blood lymphocytes from normal individuals has
a lytic activity against some human non-lymphoid tumor cell lines (for references see
papers by de Vries, Moore and Peter in this issue). In Table 2, the results of assays of the
lytic activity of blood lymphocyte-enriched cell populations from six normal donors on
$I1Cr labeled IgR-3 melanoma target cells, an adherent cell line, are presented. It can be
seen that the percentage of the total incorporated 5'Cr released with 6 hr is slightly
higher in cultures containing lymphocytes rather than medium alone. By 24 hr, the lytic
activity of the lymphoid cell populations is evident, with more than twice as much 3!Cr
released by the target cells in the presence of lymphoid cells as compared to controls.

RELEVANCE TO TUMOR IMMUNITY

The relevance of CMC reactions to protective immunity is by no means clear. From
the variety of mechanisms just described, it is obvious that the demonstration of a
cytotoxic effect in vitro using unseparated lymphoid cell populations gives little infor-
mation about the type of effector cell involved. Similarly, the results obtained in tumor
model systems using transfer of lymphoid cells from immune animals give no clue as far
as the mechanism of protection is concerned. Even the demonstration that a purified
population of immune T-cells is able to confer protection to normal animals does not
necessarily indicate that the actual effector cells are thymus-derived. In addition to CTL,
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Table 2. Cytolytic Activity of PBL® from Normal Individuals on
S1Cr Labeled IgR-3 Melanoma Cell Line

% total *'Cr release (range)

Incubation
time Target cells PBL-target cell ratio
(hr) alone
10 15 100
6 10 13® 15 18
(9-12) (10-19) 11-20) (13-29)
24 22 31 37 46
(20-24) (26—46) (32-50) (39-65)

(;) After carbonyl iron and Ficoll-sodium metrizoate.
® Mean values of six individual donors.

the immune T-cell population may contain helper cells which are required for the differ-
entiation of IgG antibody-forming cells and/or cells which produce macrophage activating
factors. The possibility thus exists that K-cells and/or macrophages may be involved in
the protective effect observed in vivo following transfer of a purified T-cell population.
Due to the complexities inherent to the methodology used, to the nature of the
effector cells involved, to the biochemical characterization of tumor-associated antigens,
and to our ignorance of the mechanisms of tumor immunity, the clinical interpretation
of a positive CMC is still very difficult. Extensive experimental studies are thus needed
to resolve some of these complexities. Also, careful studies in cancer patients, combining
cell-separation techniques and culture reactions to immunochemical characterization of
tumor-associated antigens, may be helpful for a better assessment of the value of CMC
in clinical tumor immunology.
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SUMMARY

K-cells are a distinct population of lymphoid cell which can kill target cells by using IgG as
a specific sensitizing agent. The lack of glass-adherence and phagocytic properties distinguishes
these cells from other cell types showing antibody-dependent cell-mediated cytotoxicity. Other
data are presented to show that K-cell development is not thymus dependent and that K-cells
are not directly involved in antibody production. The K-cell system is particularly well
developed in man and its possible role in human neoplastic diseases is discussed.

INTRODUCTION

There are a number of cell types which can kill target cells by using IgG as a specific
sensitizing agent. These include granulocytes [1, 2], macrophages [1, 2] and B-cells [3]
as well as K-cells [4-10] . However, K-cells can be clearly distinguished from these other
cell types on the basis of physical properties, distribution, sensitivity to agents used in
cancer therapy and the target cells which they are able to kill. Some of the evidence
which identifies K-cells as a distinct cell type will be given later but at this point it is
sufficient to say that they are: non-phagocytic, non-glass adherent cells which have the
morphological appearance of lymphocytes but do not show the characteristics of any
class of immunologically competent cell. K-cells can kill a wide range of nucleated
target cells but are unable to kill certain targets such as human erythrocytes which are
vulnerable to lysis by phagocytic cells (Table 1).

Clearly the possibility of this activity being directed against tumor associated antigens
in man is a cause for interest by oncologists. For, this interesting possibility would apply
not only to direct patient resistance to tumours but also to the use of passively trans-
ferred antibodies. As yet these are no more than interesting possibilities. However,
interest in K-cells in the field of cancer treatment may extend to infections occurring
in association with combination therapy [11]. Some information without precise
effector cell characterization is now available to show that cell-mediated damage to
herpes virus-infected cells can be specifically induced by antiviral antibody [12] and that
damage to parasites may be caused by leukocytes and specific antibody [13].
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Table 1. Effector Cells Active in Different Antibody-sensitized
Target Cell Systems

Target Antibody References

Predominant K-cell activity

Chang cells Human, rabbit 4,7
Human lymphoblastoid line Human 10
Human peripheral blood lymphocytes Human 6,9
DBA?2 mastocytoma Rabbit 2

Mixed K-cell monocyte and B-cell
Chicken red blood cell Rabbit 2,5,8
Monocyte and neutrophil

Human group A red cells Human 1,2

QUANTITATION OF CYTOTOXIC CELLS

Accurate quantitation of K-cell activity is essential if studies are to be made of the
nature of K-cells, their numbers and the effect treatment has on them. Firstly, a target
cell should be used which is more or less exclusively damaged by K-cells when antibody
is added and not by monocytes or granulocytes (Table 1).

The most convenient, accurate way for quantitation is by measuring the number of
lymphoid cells required to kill a fixed number of target cells under standard culture
conditions. The actual number of target cells used must be stated, as different absolute
numbers in the same lymphocyte to target cell ratio can give markedly different results
[10]. In our laboratory we have measured K-cell activity using Chang cells as a target
[4,7]. The Chang cells are labelled with ! Cr chromate and the release of the isotope is

75+

Specific cytotoxicity

=/

. .0
o e | I
3 4q 5 6

Log 10 number of lymphocytes

Fig. 1. Cytotoxicity against 10* *!Cr labelled Chang cells, mediated by different numbers of human
peripheral blood lymphocytes: X————X in the presence of 1:10,000 rabbit anti-Chang antibody,
. @ in culture medium alone. The dotted lines indicate that 10° lymphocytes produce a
spontaneous cy totoxic effect equal to the effect produced by 10* lymphocytes in the presence of
antibody. Full explanation of the correction for spontaneous cytotoxicity is given in the text.
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a measure of number of target cells lysed. Percent specific cytotoxicity is calculated
taking the difference between spontaneous *' Cr release and maximum release to be
100%. Figure 1 shows a typical experiment where 10% Chang cells, with and without
sensitizing antibody, are exposed to different numbers of human peripheral blood
lymphocytes. It will be seen that there is cytotoxicity even in the absence of antibody.
The mechanism of this spontaneous cytotoxicity is not known; however, it can be
blocked with aggregated IgG [4, 14]. The cells responsible for spontaneous cytotoxicity
are not separable in our hands from K-cells by physical means. However, spontaneous
cytotoxicity may not be due to K-cells, for it can vary independently of antibody-
induced cytotoxic activity.

Spontaneous cytotoxicity occurs against many cell types [4] and is undoubtedly
responsible for some of the cytotoxic effect seen against tumour cells cultured with
human lymphocytes [15, 16]. K-cell assays can be performed on cell lines which are not
susceptible to spontaneous cytotoxicity in the presence of human lymphocytes. We have
found this applies to the mouse lymphoma line AKR-A. The P815 DBA, mastocytoma
has similar resistance to spontaneous lysis [2]. The contribution of spontaneous
cytotoxicity to the K-cell lysis is usually small. For example, in Fig. 1 the spontaneous
cytotoxicity when 10° lymphoid cells are added is equal to that produced by 10* cells
in the presence of antibody. In other words, if spontaneous cytotoxicity was mediated
by cells other than K-cells, then the number of K-cells required to produce 50% lysis
would be 10% + 10° and not 10°. Obviously if spontaneous cytotoxicity is mediated by
K-cells then no correction should be made.

Under the conditions of the experiment shown in Fig. 1 increase in cytotoxicity is
sigmoid with log increase in the number of lymphocytes added. By constructing a
standard curve one can estimate the number of lymphocytes which would be required to
produce 50% target cell lysis by extrapolation from a single point. The details of this
have been reported previously [7, 17]. We have called the log'® number of lymphoid
cells which are required to produce 50% lysis of target cells, SCsq. SCso, therefore,
increases inversely in relation to K-cell activity. By subtracting SCs, from the log
number of peripheral blood lymphocytes per ml of blood we obtain a measure of
cytotoxic capacity of 1 ml of blood. More recently we have found that K-cell activity
can be measured using whole blood [18]. In this case 100 ul of blood is added to 10*
Chang cells in 1 ml of culture. This method gives essentially the same result as that
obtained with purified lymphocytes providing there is no serum inhibitory factor such as
immune complex [19, 20]. In this case the activity is that of a given volume of blood.
As before cytotoxicity follows a sigmoid distribution with log increase in blood volume
added. The percentage specific cytotoxicity p can be linearized using the calculation:
log {p/(1 —p)].

One source of error in this sort of assay is that some cells may act as inhibitors of
K-cell cytotoxicity. This is particularly apparent when large numbers of leukocytes are
added to cultures. If these inhibitory cells are removed cytotoxicity will increase to a
greater extent than would be anticipated by the enrichment of effector cells as the
result of neutral cell removal. Figure 2 gives an example of increased cytotoxicity where
inhibitory cells are removed. In comparison Fig. 3 shows a 3-fold difference in
cytotoxic activity of two different lymphocyte preparations, not showing inhibitory
activity. Some inhibitory cell activity is removable by adherence columns which extract
granulocytes, macrophages and B-cells. Preshmably these cells can compete with K-cells
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Fig. 2. Cytotoxic effect of rat peritoneal exudate cells on 2 X 10* 3'Cr labelled Chang cells in the

presence of rat anti-Chang antibody: X———— X after separation of glass-adherent cells;

. @ before separation of glass-adherent cells. This experiment shows that increase in

cytotoxicity cannot always be explained by enrichment of K-cells but sometimes, as in this case,
by removal of inhibitory cells.
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Fig. 3. Cytotoxic activity of human peripheral blood lymphocytes from two donors, X-———X (a)

and e ¢ (b), towards antibody-sensitized Chang cells. Donor (a) has 3 times as much K-cell

activity per unit number of lymphocytes as donor (b). The SC,, of (a) is 5.0, that of (b) is 4.5. 5C;,

is the log,, number of lymphocytes required to produce 50% lysis of 10* sensitized target cells in
20-hr culture.

for Fc on target cells even though they are not, in themselves, cytotoxic against the
target cell. Red cells produce relatively little inhibition of K-cell activity. Under the
culture conditions used in our laboratory [17, 18] little or no inhibition occurs when
fewer than 10° human peripheral blood lymphocytes or 100 ul of whole blood is used.
These quantities for healthy controls are near the mean required to produce 50% specific
cytotoxicity in 20-hr cultures using 10% Chang cells, sensitized with 1:10,000 rabbit
anti-Chang antibody.
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NATURE OF K-CELLS AND THEIR DISSOCIATION FROM OTHER
LEUKOCYTES

Some of the main physical properties of K-cells are listed in Table 2. The property
which most easily enables K-cells to be separated from other cells which show antibody
dependent cytotoxic activity is that of glass and plastic adherence {1, 2, 5, 6, 7, 10].

Table 2. Physical Properties of K-cells

Intermediate-sized lymphocytes
Non-adherent to glass or plastic
Non-phagocy tic

Have receptors for Fc of IgG

Probably do not rosette with sheep red cells

Nylon fibre columns which effectively remove B-cells enrich K-cell activity. K-cells can
also be dissociated from immunoglobulin bearing cells by the use of immunoabsorbant
columns. For instance, in one representative experiment, rat splenic lymphocytes were
incubated with '*°I rabbit-F(ab"), anti-rat Fab. Forty-three per cent of the cells were
shown to have surface immunoglobulin by autoradiography. When this preparation was
passed down a degalan bead column coated with horse anti-rabbit immunoglobulin

only 4% of the cells in the effluent had surface immunoglobulin. However, the number
of splenic lymphocytes in the pre- and post-column samples required to produce 50%
lysis of 2 x 10* sensitized Chang cells with rabbit antibody fell from 1,020,000 to
700,000. This shows that most B-cells but no K-cells had been removed (A. Williams and
I. MacLennan, unpublished experiments). The presence of F(ab"), anti-Fab did not in
itself effect cytotoxicity. Whole rabbit anti-rat immunoglobulin does block K-cell
activity presumably by forming competitive complexes on B-cell surfaces as described
by Halloran and Festenstein [21]. Dissociation of K-cel! activity from antibody
production has been shown in a number of cases of hypogammaglobulinaemia who have
normal K-cell function.

Immunoabsorbent columns which remove cells with Fc receptors can totally remove
K-cell activity from human blood lymphocytes. As nearly all the cells passing through
such columns are E rosetting cells it may be concluded that most T-cells do not have
K-cell activity. Removal of E rosetting cells by gradient centrifugation also fails to
deplete K-cell activity (C. Waller and I. MacLennan, unpublished results). Other less
direct evidence suggests that at least the majority of T-cells do not have K-cell activity.
This includes the fact that K-cell activity is very low in thoracic duct lymph {22, 23],
indicating that K-cells are not part of the recirculating pool of lymphocytes. Dissociation
of K-cell activity and T-cell numbers is seen following X irradiation. Both populations
are similarly depleted during irradiation but K-cell activity returns to normal levels within
weeks, while a proportion of T-cells returns very slowly if at all [24, 25]. This only tells
us that some of the long-lived T-cells are not K-cells for a proportion of E rosetting
and PHA responsive cells return rapidly following irradiation. Similar dissociations are
seen after prolonged treatment with azathioprine where there is marked selective loss of
K-cells with relatively little effect on circulating immunoglobulin staining cell numbers
and PHA responsiveness [26] .
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The redistribution of different leukocyte types during prednisolone therapy shows
particularly interesting dissociations. Neutrophil counts rise markedly as the result of
mobilization from the bone marrow and prolongation of blood transit time. The
proportion of immunoglobulin staining cells in the blood also rises. K-cell activity is
unchanged or slightly depressed while T-cell numbers are grossly reduced {27} . These
steroid effects are largely if not entirely temporary for they reverse within a few days
even if treatment is continued. Experimental depletion of T-cells with retention of
K-cell activity in animals has provided more complete evidence to show that K-cells are
not a minority T-cell population [24, 28].

[Elegant experiments with transformed human lymphocytes by Trinchieri and his
colleagues [10] have shown that while K-cell survival in vitro is enhanced by cultures
stimulated with allogeneic lymphoid cells, K-cell activity is not found in transformed
blasts but remains in the intermediate lymphocyte fraction on size separation. These data
tend to argue against the possibility that T-blasts, which may have Fc receptors, can
mimic K-cell activity.

The data presented above clearly indicate K-cells to be an independent cell type, whose
range of cytotoxic activity is different from that of other cells with cytotoxic potential.
The K-cell system seems to be particularly well developed in man, both as regards range
of cells that can be killed and the number of K-cells present. Human blood lymphocytes,
for example, have approximately 10 times as much cytotoxic activity towards antibody
sensitized Chang cells as an equal number of rat spleen cells [29]. It is striking that H,
differences of mice have only occasionally been shown to induce weak K-cell cytotoxicity,
while the HLA differences induce strong and consistent K-cell cytotoxicity in man [30].
The possibility that this system could be important in rejection of human neoplastic
cells exists and this possibility is not so remote that we should ignore the chance of
using K-cells to therapeutic advantage.
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LYMPHOCYTE STIMULATION TEST FOR
DETECTION OF TUMOR SPECIFIC
REACTIVITY IN HUMANS

F.VANKY,*i E. KLEIN® and J, STIERNSWARD1

Several methods have been devised to ascertain whether tumor specific immune response
occurs in tumor-bearing hosts. Application of these for humans still involves considerable
problems. In the majority of the published work attention is mainly focused on the
cellular response, as cellular immunity is known to be the main instrument in graft
rejection. The presence of antibodies may even be — at least in certain stages — adverse
for the host—tumor interaction. The demonstration of antibodies, however, is

indicative for the immune response and therefore should not be neglected. There are
only a few studies in which tumor specific antibodies in humans are demonstrated. On
the other hand, serum factors which can block lymphocyte mediated effects have been
documented in several human tumor systems [1-9].

Autologous tumor biopsy cells have been found to stimulate in vitro the DNA
synthesis of lymphocytes (ATS = autologous tumor stimulation) [7-13]. In our studies,
the majority of such tests have been performed on patients with sarcomas, but
astrocytomas, chordomas and carcinomas have also been studied.

Sixty of 197 tumors induced statistically significant blastogenesis. The frequency
varied, depending upon the tumor group tested. Thirty-nine of the 117 sarcomas, 12 of
39 carcinomas and 9 of 38 brain tumor cases were stimulatory. None of the three
myelomas showed the effect.

While the phenomenon may indicate an immunological recognition of the tumor
cells, its significance for the in vivo situation is unknown.

METHODOLOGICAL CONSIDERATIONS

The advantage of the test is that biopsy material can be used and therefore the
antigen source is not subjected to the modification and selective conditions of tissue
culture. Its main disadvantage is the variability of the quality and the quantitative
limitation of the tumor cell suspension obtained from solid tumor biopsies. Cell
viability can vary between 10—90%. The quality of cell suspension was improved in
later studies by sedimentation through fetal calf serum for 30 min at 37°C. In this way

*Department of Tumor Biology, Karolinska Institutet, S-104 01 Stockholm 60, Sweden.
Radiumhemmet, Karolinska Hospital, S-104 01 Stockholm 60, Sweden.
Ludwig Institute for Cancer Research (Lausanne Branch), Swiss Institute for Experimental
Cancer Research, 1005 Lausanne, Switzerland.
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the sediment usually contained more than 50% viable cells. The number of cases
which we studied with this type of cell suspension is low and simultaneous tests are
necessary to ascertain whether the test results are improved.

Table 1. Experimental Protocol of a Lymphocyte Stimulation Test Performed
with an Osteosarcoma Patient'®)

(Msﬁg“t‘rlgz‘t’;z) Cell number cpm + SD® RI©
- 863 +18

Identical lymphocytes 10¢ 897 + 57 (227 +21) 1.00
Autologous tumor cells 10°% 626 + 28 (115 + 30) 0.69
Autologous tumor cells 5x10% 3394 + 310 3.78::
Autologous tumor cells 10¢ 11084 + 139 (150 13) 12‘35**
Autologous tumor cells 5x%x10° 7758 + 351 (538 +42) 8.64*
Autologous tumor cells 107 2779 + 513 3.09,
Autologous muscle cells 108 512+37 (327x17) 0.57*
Autologous muscle cells 5x10°8 664 + 58 0.74
Autologous muscle cells 10¢ 844 + 113 (390 +29) 0.94
Autologous muscle cells 5 X 108 1293 + 307 (818 +113) 1.45**
Allogeneic lymphocytes 108 72972 + 1147 (227 + 20) 81.35
PHA '/1000 97874 1 3027 113.43

@) 10s responder lymphocytes/culture, culture volume 2 ml,

(0 Values of cpm without responder lymphocytes are given in parentheses.
(©) Ry significance p < 0.001 **; p < 0.005 *,

Meaningful evaluation of the test is only possible if adequate negative and positive
controls are introduced. Among other factors cell concentration is known to influence
the DNA synthesis of lymphocytes in vitro (crowding effect). Therefore with each
lymphocyte suspension we use to set up the following cultures in triplicate: lymphocytes
admixed to mitomycin treated identical lymphocytes (as control for the cell
concentration), and to suspensions of normal tissues (if possible); as positive controls,
PHA stimulation (with 1/1000 dilution) and confrontation with allogeneic lymphocytes
serve. Each stimulator cell suspension is controlled for incorporation of *H-thymidine.
The details of our procedure are given in the original publications {7, 8]. An example
for the experimental protocol is given in Table 1.

The experiments are evaluated by calculating a reactivity index which is the ratio
between the isotope uptake (cpm) in the test sample and the isotope uptake in the
control samples where identical MMC-treated lymphocytes were added.

RI = (Lymphocytes + “X” stimulatory, ) — (“X” stimulator,) ,
(Lymphocytes + <X’ identical lymphocytes,, ) — (“X” identical lymphocytes,,)

“X” = number of cells,
m = MMC-treated.
By introducing the reactivity index, comparison of different experiments is possible,
However, for judging the conditions of test, net cpm values have also to be considered.
When the 3H incorporation in the presence of stimulator tumor cells is increased by
at least 100%, the test is considered positive. Thus, RI = 2.0 is regarded as a positive ATS.
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REPRODUCIBILITY

In order to perform repeat tests it is necessary to store the biopsy material. We have
compared therefore the stimulatory effect of fresh and frozen-and-thawed biopsies in
twenty-six cases.

The tumor suspensions were frozen in 3 parts MEM glucose — 20% glucose in
Eagle’s minimum essential medium — and 2 parts DMSO. Three parts of a suspension
containing 10 x 10® tumor cells in 1 ml of heat inactivated human AB+ serum
was carefully mixed with 1 part of the DMSO solution at 4°C, distributed in Dram
screw-cap vials (size 11.5 x 36.5). The vials were kept at 0°C for at least 1 hr followed
by 1 hr at —80°C. Thereafter they were stored in liquid nitrogen.

For use the vials were thawed by agitation in 42°C water bath. The cells were
transferred to a 16 x 100-mm centrifuge tube, kept on ice. Five ml MEM with 10%
human AB+ serum was added and the cells were sedimented at 400 g for 15 min. The
pellet was resuspended in MEM + 10% human serum and the viability and cell
number assessed. The proportion of viable cells showed only minor changes (1-5%)
compared to the original suspension. With eight of ten tumors, the stimulating
property of biopsy cells was retained after freezing. Sixteen biopsies were not
stimulatory and thirteen remained so after freezing. The correspondence was thus
fairly good and we can conclude that frozen biopsy material can be used in the test.
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Fig. 1. Comparison of ATS from repeated biopsies with fresh and frozen tumor suspensions.

At each occasion fresh (lll ) and frozen—thawed (#ZZ) cells were used as stimulator. The frozen

material from the recurrences was tested also after storage (BJ) with lymphocytes sampled later
in tumor-free periods.

In a few cases we could perform repeat tests both with fresh and frozen cell
suspensions as the tumor recurred. An example of this is given in Fig. 1. Fresh and
frozen osteosarcoma cells from the primary tumor and three recurrencies were used as
stimulators for the autologous lymphocytes, both at the time when the tumors were
biopsied and also during tumor-free periods. On all occasions the test was positive though
it varied somewhat in strength. We do not contribute to this variation biological
significance, as according to our experience the ATS can only be judged qualitatively.

DOSE-RESPONSE RELATIONSHIPS

In vitro stimulation of lymphocytes by allogeneic lymphocytes, soluble HL—A
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antigens, bacteria, viruses shows an antigen concentration dependent optimum
[14-18].

Similar dose—response relationship was seen in the ATS system. In several experiments,
increasing numbers of tumor or non-malignant cells were admixed to a constant number
of lymphocytes. Figure 2 demonstrates the results for twelve tumors, including both
sarcomas, astrocytomas and carcinomas. In ten cases, non-malignant cells from the same
tissue compartment could be included. The optimal ATS has been found at approximate
lymphocyte:tumor cell ratios 1:1 and 2:1 — one fibroliposarcoma (no. 120) had an
optimal ratio at 1:10. In none of these tests did non-malignant cells stimulate to a RI
above 2.0. Three negative cases are also shown (tumors 124, 348, and 123).
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Fig. 2. ATS at different lymphocyte-—tumor cell ratios. >—¢ = Lymphocytes + tumor cells;
e—e = Lymphocytes + non'malignant cells, of non-lymphoid tissue origin.
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THE STRENGTH OF REACTIVITY AND THE FREQUENCY OF ATS
POSITIVE HUMAN TUMORS

The distribution of RI values obtained with eighty-five tumors and fifty-one normal
tissue biopsies is shown in Fig. 3 and Fig. 4.
Non-malignant tissue stimulated only in three of fifty-one cases. In two of the
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Fig. 3. Lymphocyte stimulation by tumor biopsies.

No. positive

T type
umortyp No. tested
Sarcoma® 20/44
Astrocytoma 6/29
Carcinoma(®? 5/9
Myeloma 0/3

(2) Sarcomas = osteo-, chondro-, fibro-, lipo-,
neurofibro-, synovial-, reticulum-cell-sarcoma

b and melanoma.

(b) Mammary-, thyroid-, liver- and kidney-carcinomas.
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Fig. 4. Lymphocyte stimulation by non-malignant tissue.

. . No. positive
Tissue of origin P

No. tested
Brain 2/23
Connective tissue 0/13
Muscle 0/10
Cartilage (homogenized) 1/3
Thyroid 0/1

Kidney 0/1
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cases, the normal tissue was taken from brain tumor patients. One of the two patients
had an astrocytoma, where contamination with tumor cells could not be excluded.

The frequency of ATS positive cases varied between different tumor categories.
Summarizing the sarcomas, twenty out of forty-four (45%) were positive, while brain
tumors stimulated less frequently (21%).

The reactivity is usually rather weak though in two cases the increase of *H thymidine
incorporation was 10-fold.

USE OF SOLID TUMOR EXTRACTS AS ANTIGEN

Soluble tumor extracts have been used as antigens {18, 19] both in humans and in
animal systems. We have tested tumor-bearing patients for skin responses to their own
tumor extract in parallel with ATS using both the extract and the suspension of biopsy
tissue [20]. The extracts were prepared with 3MKCL. A good correlation was found
both when the stimulatory effect of the biopsy cells and extract were compared and
also when the in vitro tests were compared with the outcome of the skin tests (Fig. 5 and
Table 2).
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Fig. 5. Lymphocyte stimulation by autologous human tumor cells and KCl extracts and skin tests
with KCl extracts. Reactivity indices obtained with tumor and non-malignant tissue using 10°
lymphocytes and 10° stimulator cells or 100200 ug/ml protein concentration of the KCl extract.
Where several tests were performed the standard deviation is indicated.

Similarly to the experiments with biopsy tissue the dose-response curve showed that
the KCL extract induced optimal blastogenesis with a certain concentration, beyond
which the activity declined (Fig. 6).



LYMPHOCYTE STIMULATION TEST 61

Table 2. Cellular Immunity Against Autochthonous Tumors: Comparison
Between in vivo and in vitro Reactivity

KCl-extracts
Lymphocyte stimulation Skin test
Pos. Neg. N.D.® Pos.  Neg. N.D.
Tumor cells
Lymphocyte stimulation Pos. 10 1 1 10 - -
Neg. 8 - 8 - 3 4 1
N.D.2 — 2 - — 2 -
Non-malignant tissue cells
Lymphocyte stimulation Pos. 1 - — 1 - - 1
Neg. 17 1 8 8 3 9 5
N.D. 2 1 1 — 1 1

@ N.D. = not done.

CPM x10°

0 100 200 300 400 500
©g/ml protein
Iig. 6. Dose-dependence of lymphocyte stimulation by KCl extracts of autologous tumor () and

non-malignant (e) tissue biopsy cells; 108 lymphocytes were confronted with different concentrations
of KCl extracts.

THE EFFECT OF AUTOLOGOUS SERUM IN THE ATS SYSTEM

Early in the investigation of the autologous tumor cell stimulation the influence of
the patients’ own serum was included. It was found that if the stimulator biopsy cells
were preincubated in autologous serum and then washed prior to the test, their
stimulatory capacity was decreased or abolished. Two series of experiments were
published from our laboratory, including fifteen tumor cases [7, 8]. With one patient,
the ATS test could be repeated 9 times. Preincubation of the stimulator cells with
autologous serum invariably reduced the reactivity index by more than 50%. Apart from
autologous sera from non-tumor patients (fractures, etc.), sera from patients with the
same and other histological type of tumors were also tested for detection of possible
cross-reactivity, Among four sera from patients with sarcomas, two were inhibitory (in
repeat tests), while sera from carcinoma patients or healthy sera did not reduce the RI.

Except for one patient, all ATS were inhibited by autologous serum. Fourteen of the
twenty-five sarcoma sera inhibited in at least one allogeneic ATS test (Table 3), indicating
a certain degree of cross-reactivity. Preincubation with control sera inhibited only in
five out of the thirty-three tests,



Table 3. Preincubation of the Stimulatred Cells with Autologous and Allogeneic Sarcoma Sera

(a) . Inhibitory
Serum donor ATS system, patient sera in at
. . . (b) least one
Patient no. Diagnosis 120 122 116 103 10 13 20 23 29 123 ATS system
120 Lipo-fibro-sc 9/94) 2/2 3/3 0/1 0/2
122 Fibro-sc 2/2 0/1
116 Neurofibro-sc 2/2 2/2
103 Neurofibro-sc i/1 2/2
10 Lipo-sc 0/1 0/1
13 Chondro-sc 0/2 4/4
20 Chondro-sc 1 1/1 6/12
23 Chondro-sc 0/1 0/1
29 Osteo-sc 1/1 o)1
101 Synovial-sc 0/1
106 Fibro-sc 1/1 1/1
108 My xo-s¢ /1 0/1 0/1
119 Fibro-sc 0/1
121 Fibro-sc 1/1
28 Fibro-sc 0/1
3 Osteo-sc 1/2 1/1
4 Osteo-sc 1/1
6 Osteo-sc 1/1
25 Osteo-sc 1/1 8/13
22 Chondro-sc 0/2
27 Chondro-sc 1/1
18 Lipo-sc 2/2
113 Neurofibro-sc 0/1
8 Myxo-fibro-sc /1 /1
117 Synovial-sc 0/1

@) pytients 120-108 and ATS pos. tests; patients 119-117 were ATS neg.
Myxosarcoma.
{€) Number of tests in which the serum inhibited ATS/number of tests performed. Tests with autologous serum in italic figures.

9
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The nature of the inhibition is not known. The fact that inhibition occurred when
the stimulator tumor cells were incubated and washed prior to the test may indicate that
antibodies could be involved.

In a third series, the question was investigated whether the inhibition is specific for
ATS. Therefore, parallel with the ATS test, MLC and PHA stimulation were performed
in the presence of allogeneic and autologous serum with thirty patients. In these tests
the sera were present through the entire culture period [21].

Evaluation of these experiments is complicated by the possible effect of the
autologous serum of the control value, i.e. incorporation when identical lymphocytes
were admixed. The details of two experiments are given in Tables 4 and 5. For patient
no. 122 (Table 4) this control value is lower in the autologous serum. This leads to a
higher RI for MLC in the autologous serum in spite of the decreased net cpm. The rather
strong ATS effect disappeared in the autologous serum. However, whether this is due to
a specific effect on ATS cannot be decided as the net cpm’s were lower also to the MLC
and PHA test. In other cases, like patient no. 165, the results are more easily interpreted
as the control value did not change in the same direction (Table 5), and this effect on

Table 4. Lymphocyte Stimulation in Allogeneic and Autologous Serum

(Patient 122)
Allogeneic Autologous
control

cpm (RD) cpm (RI)
L@ 1424 707
PHA 257678 (181) 82397 (116)
MLC 126833 (101) 103986 (147)
ATS 15043 (11) 1214 (2)

@ IL = identical lymphocytes.

Table 5. Lymphocyte Stimulation in Allogeneic and Autologous Serum

(Patient 165)
Allogeneic Autologous
control

cpm (RI) cpm (RD
L® 1547 1891
NT® 1388 1601 )
PHA 77342 (50) 117483 (62)
MLC 100678 (65) 113100 (60)
ATS 18957 (12) 8364 (4)

®) 11 = identical lymphocytes.
®)NT = non-malignant tissue cells.

ATS may be regarded as specific. Such cases strengthen the finding that the presence of
autologous serum specifically inhibits ATS.

Table 6 summarizes the results obtained with thirty cases. The number of cases
which show significant differences when samples in the presence of the two types of
sera are compared is given. The effect of autologous serum on control values and on the
lymphocyte -non-malignant tissue cell mixture was random. The former decreased in 13%
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and increased in 7% of the cases. The latter decreased in 15% and increased in 20% of
the cases. PHA and allogeneic lymphocyte stimulation were expressed somewhat better
in the presence of autologous serum, significant cpm increase was observed in 36,
respectively, 24% of the tests, and decrease in 14%, respectively, in 10% of the tests.

In the lymphocyte-tumor cell cultures, the cpm values decreased in 50% of the tests and
increased in 7%. In this evaluation the new cpm values are compared. Among the thirty
cultures, fifteen were ATS positive. The RI values of these fifteen were reduced in five
and eight tests became negative. Among the two cases representing the 7% with
significantly increased cpm values in autologous serum, only one was ATS positive

Table 6. The Effect of Autologous Serum on Various Lymphocyte Stimulation Tests

Test type Number of cases Number of cases (%) in which thymidine incorporation in
autologous serum was

lower higher unchanged
compared with allogeneic control serum a
i 30 4(13) 2(7) 14 (80)
NT(® 20 4(20) 3(15) 13 (65)
PHA 28 4(14) 10 (36) 14 (50)
MLC 21 2(10) 5(24) 14 (66)
ATS 30 15 (50) 2(7) 13 (43)

@ The categories are selected on the basis of significant differences between cpm values in
® allogeneic and autologous serum.
Identical lymphocytes.
©) Non-malignant tissue biopsy cells.
9 15/30 had RI > 2.0, i.e. where ATS pos.

(RI over 2.0); however, with this lymphocyte preparation stronger reponses were seen in
the other tests also in autologous serum. When individual tests were carefully evaluated
we could select five cases in which only the ATS was inhibited while the effects of other
stimulators were either unaffected or enhanced. The opposite constellation — lowering the
others but increase or no effect of ATS — has never been observed. Analyzing the
overall results and the individual cases, we can confidently conclude that, whatever the
mechanism might be, blastogenesis induced by autologous tumor cells is often lower in
autologous serum as compared to allogeneic normal serum.

On the basis of this finding one may question the relevance of ATS. If ATS detected
in the presence of fetal calf serum [7] or allogeneic control serum [8] represent a
real tumor specific phenomenon that is inhibited by autologous serum this tumor—
lymphocyte interaction may not occur in vivo. The fact still remains, however, that ATS
may be indicative for a tumor specific host response. If, on the other hand, the foreign
sera are instrumental in bringing about the reactivity of the lymphocytes, the definition
of the autologous serum effect as inhibitory could be inadeqguate. This is unlikely,
however, because ATS has been demonstrated both in FCS and several batches of
human serum.

TUMOR-BOUND IMMUNOGLOBULIN

If tumor specific immune response is present in the patient, it is conceivable that the
tumor cells carry bound antibodies. Immunoglobulins in human biopsies were indeed
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demonstrated [22, 23]. Presence of Ig—assumed to be bound to the tumor cell surface—
was related to the degree of malignancy inasmuch as a high proportion of the
histologically and clinically defined high malignant tumors were among the positive
ones [23]. This fact led the authors to conclude that the immunoglobulins may represent
specific antibodies and their presence may affect the tumor—host relationship in favor
of the tumor, possibly through the enhancement mechanism. Similarly, Thunold et al.
[24] detected IgG in all twenty human tumors tested and their analysis suggested that
the Ig is firmly and actively bound to the cells.

We selected a radioiodine labeled antibody elution (RIE) test for immunoglobulin
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Fig. 7. Radiodine labeled antibody elution (RIE) test with osteosarcoma (o) and muscle (e) biopsy
from patient no. 71, reacted with '**I-labeled anti-human IgG and 1311 Jabeled anti-BSA reagents.
125 (——) and " (------ ) counts in the washing fluids and acid eluates.

detection because its evaluation seems to be independent from non-specific binding of
reagent. The method is based on the assumption that specifically bound antibody
molecules are not released by washing in the cold at neutral pH but are eluted with low
pH treatment at 37°C. Figure 7 gives the details of an experiment performed with an
osteosarcoma biopsy.

Two million cells per tube were washed twice with ice-cold PBS, incubated at +4°C
for 1 hr with 0.05 ml of the labeled reagents (with activity about 5 x 10° cpm) followed
by several washes at room temperature with MEM containing 10% FCS. The radioactivity
of each washing fluid is indicated. After four washes, the activity of the washing fluid was
low. Then the cells were treated with 0.5 ml of pH 2.8, 0.1 M glycine-HCl buffer for
30 min at 37°C. After centrifugation, the pellet was washed once with the same buffer.
The activity of the acid eluates and the residual activity on the cell pellet were measured.
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From the cells pretreated with anti-Ig reagent acid treatment releases radioactivity
indicating that 1gG is present in this biopsy. In the evaluation of the tests the acid eluted
counts (AEC) are expressed as a percentage of the total removed activity (present in all
the washes except the first and eluates).

Fifty biopsies (derived from forty-four patients) were tested. The results were highly
variable. In Fig. 8 the cases are grouped according to the value of AEC, which varied
between 0 and 42.4% of the total removed counts. The range for non-malignant tissue in
paralle] experiments was 0-19%. The mean values were 16.0 for the tumor and 7.0 for
the non-malignant cells. Eighteen tumor biopsies were judged as immunoglobulin positive
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Fig. 8. Binding of anti-Ig reagent and stimulating ability of the tumor biopsies. AEC = Acid eluted
counts are expressed as percentage of the total counts removed (excluding the first wash) (o).
RI = Reactivity index (T). Each bar represents one patient,

ones, i.e. after reaction with anti-human IgG conjugate the AEC were higher than 20% of
the removed counts. The AEC was higher than 30% for five and between 20 and 30%
for thirteen cases. Differentiated tumors were mainly in the group with low or no AEC.

Aliquots of the tumor biopsy suspensions were also tested in the lymphocyte stimu-
lation test. In thirteen of forty-four patients stimulation occurred, with RI varying
between 2.0 and 15.5. Among the stimulatory biopsies only one bound the anti-Ig
reagent as judged by the AEC (32%). Among the twenty-eight IgG negative tumors,
twelve were ATS positive. Summary of the results is given in Table 7.

The results thus indicate the presence of immunoglobulins in a number of tumor
biopsies. Correlation was found between the differentiation grade and detectable immuno-
globulins in the cell suspension, inasmuch as the differentiated tumors were among those
which had no or low amounts of Ig. Otherwise neither the type of the tumor, the quality
of the tumor cell suspension as judged by the percentage of viable cells, the clinical
history of the case, nor the percentage of infiltrating lymphocytes gave any correlation.
Our results correspond well with those reported by Izsak et al. [23]. As mentioned

Table 7. Stimulation of Autologous Lymphocytes Correlated to the
Reactivity of the Biopsy with Anti-IgG Reagent

Ig (AEC) Lymphocyte stimulation
Pos.@ Neg.
Pos.®) 1(6%) 17 (94%)
Neg. 12 (46%) 14 (54%)

@) py higher than 2.0 are considered as positive.
(®) Acid eluted counts higher than 20% of the total removed
cpm are considered as positive.
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previously in their studies on human tumors, highly malignant ones--as defined by
histology and by the clinical history—were among the cases which contained immuno-
globulin.

Obviously, the results are not providing evidence for specific antibodies present on
the tumor cells. Part of the immunoglobulin detected may be bound to the cell suspen-
sion due to the presence of cells with receptors for the FC part of the immunoglobulin
molecule.

GENERAL CONCLUSIONS

After an initial enthusiasm concerning the experimental results aimed to prove that
tumor specific immune response prevails in tumor patients, objections are raised on the
basis of the accumulating data.

The main obstacle in this type of experimentation seems to be that the tumor material
is either used as it is collected from the patient—then the quality, purity and possibly
modifying factors influence the results, or used after cultivation, then the represen-
tativeness and modification of the culture condition may have an effect. On the part of
the immune factors, certain compartments of the lymphocyte population may exert
non-specific effects on the target cells which might be judged as tumor specific, while
in fact they even may blur specific reactions.

The autologous lymphocyte stimulation test was on the scene on the human tumor
research since several years. Positive cases were obtained which indicated that the tumor
cells may carry antigens which are recognized in vitro by the patient’s lymphocytes. The
effect of serum on the ATS strengthens the possibility that the assay indeed measures a
tumor specific response. During the years of our experience, performing the test with
solid tumors, it became clear, however, that the test in its present form does not allow
to conclude about the clinical condition and prognosis of the patient. Furthermore, it
has serious limitations. This is connected mainly with the scarcity of the material and
therefore follow up of the patient is only possible in exceptional cases. Much would be
gained if a well-defined antigen extract could be used. The amount of blood needed to
perform a well-controlled test is high and as the proportion of cases showing a positive
ATS is relatively low, many experiments have to be performed blindly when new factors
are studied.

The justification of the method lies in its well-defined theoretical basis, the relatively
simple procedure which reduces possible artefacts present in other assays. '
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INTRODUCTION

We have employed various modifications of the leucocyte migration inhibition tech-
nique [1] in studies of tumour-directed cellular immunity in patients with malignant
melanoma during the past 5 years. This paper gives an account of the methods employed,
compares their advantages and disadvantages and records some recent results obtained
from patients during BCG immune-stimulation.

PATIENTS

All melanoma patients had the diagnosis confirmed histologically. They were attending
the Karolinska Hospital, Stockholm, The Western Infirmary, Glasgow, Gartnaval General
Hospital, Glasgow, or Canniesburn Hospital, Glasgow. Control leucocytes were obtained
from normal individuals and patients attending hospital for other forms of cancer or for
minor conditions not related to the pigmentary system.

METHODS

These are described in detail in the following papers [2-4] but certain general
comments must be made.

1. In study A [2] we were fortunate in obtaining a sample of cyst fluid derived from a
secondary melanoma. This material had previously been shown preferentially to trans-
form the lymphocytes of melanoma patients {5].

69
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2. In group B studies [3, 6-8] we employed the centrifuged supernatants of hom-
ogenized tumour as antigen and introduced a period of preincubation of leucocytes and
antigen prior to their placement in the capillaries. In the section on preparation of the
antigenic extracts in the first paper in this group [3] we erroneously stated that the
homogenate was spun at 1500 g. This should in fact read 15,000 g.

3. In the early stages of our studies we used capillaries of extreme precision (20-ul
micropets—Clay-Adams Inc., U.S.A) but, once the technique was established, were able
to change to slightly less precise (but cheaper) capillaries (haematocnt tubes—Hawksley,
U.K.) without loss of detectable reactivity.

4. Dissatisfaction with the homogenate-supernatant antigen centred on the low
absolute amounts of leucocyte migration inhibition obtained, the lack of good repeat-
able dose-response curves and the heterogeneous cell components included in such
material. We currently employ formalin-fixed intact tumour cells which to some extent
answer these problems [4,9].

5. We assess the significance of tumour cell contact mediated variations from leucocyte
migration in medium alone or medium plus foetal calf serum by the ranking test of
Mann-Whitney and Wilcoxon rather than by acceptance of arbitrary cut-off points at,
say, 0.80 and 1.20.

6. Initially we were interested only in migration inhibition but the less frequent
occurrence of a significant increase in leucocyte migration after exposure to tumour
materials seems a real phenomenon of some interest and this is now recorded.

RESULTS
1. A comparison of melanoma patients with control donors (Table 1)

Melanoma patients’ leucocytes were affected by the various tumour preparations to a
significantly greater extent than any of the control groups. Control reactions were in-
frequent whether the leucocyte donors were normal individuals, patients with non-
malignant conditions or individuals with cancers other than malignant melanoma. The

Table 1. The Frequency of Leucocyte Migration Inhibition and Enhancement in Melanoma
Patients and Control Donors. A comparison of the effect of different types of
tumour-derived materials

Melanoma® Control® Breast cancer®
Tumour material patients individuals patients

Fluid from cystic secondary

melanoma 11/22 (50) 2/16 (13) NT®
Low molecular weight

Sephadex G-100 fraction of above 5/10 (50) 1/9 (11) NT
Supernatant of tumour homogenate 33/55 (60) 9/63 (14) 1/11 (9)
Formalin-fixed tumour cells 99/120 (83) 9/61 (15) 5/30 (17)

@) Results given as number of individuals whose leucocyte migration, after exposure to tumour
material, was significantly inhibited or enhanced by comparison with migration in medium with foetal
calf serum alone, over the total number of individuals tested. Figures in brackets are percentages.

) NT means not tested.
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highest activity was seen with the formalin-fixed cells and in the study cited such cells
were no more active against control donors than were the other tumour preparations.

2. A comparison of reactions induced by autologous and homologous combinations
of leucocytes and tumour material from melanomas, breast carcinomas and mouse
melanomas (Table 2)

Reactions were observed about as frequently with homologous combinations of
leucocytes and tumour material as with autologous combinations. Melanoma patients’
leucocytes reacted infrequently with materials derived from human breast carcinoma or
mouse melanoma. Reactions were also infrequent with formalinized homologous human
liver cells.

Table 2. The Frequency of Leucocyte Migration Inhibition and Enhancement in Tests
with Autologous and Homologous Materials from Melanomas and Other Tumours

Leucocytes® Leucocytes®) Leucocytes®)
+ autologous + homologous + homologous
melanoma mnelanoma antigen from
Tumour material “antigens” “antigens” other tumours
Supernatant of tumour
homogenate 8/10 (80) 33/55 (60) 1/12 (8)®
Formalin-fixed tumour cells 12/15 (80) 87/105 (83) 10/33 (30)®)

@) Resuits given as number of individuals whose leucocyte migration, after exposure to tumour
material, was significantly inhibited or enhanced by comparison with migration in medium with foetal
calf serum alone, over the total number of individuals tested. Figures in brackets are percentages.

Breast carcinoma extracts.
©) Cells from five human breast carcinomas and two mouse melanomas.

Table 3. Variations in the Frequency of Leucocyte Migration Inhibition and Enhance-
ment with Clinical Stage

Fluid from® Sephadex® Supernatant® Formalin-®
cystic G-100 of fixed
secondary fraction tumour tumour
melanoma of column 1 homogenate cells
Primary disease 10/16 (63) 4/6 (67) 24/37 (65) 16/19(84)
Metastatic disease 1/6 (17) 1/4 (25) 7121 (33) 41/49(84)
Nodal secondaries NA®) NA 7/15 (47) 21/21(100)
Visceral secondaries NA NA 0/6 (0) 5/9 (56)
Visceral secondaries
treated with BCG NA NA NA 12/12(100)
Local recurrences NA NA NA 7/7 (100)
Regressing tumour NA NA NA 3/3 (100)

) Results given as number of individuals whose leucocyte migration, after exposure to tumour
material, was significantly inhibited or enhanced by comparison with migration in medium and foetal
calf serum alone, over the total number of individual tests. Figures in brackets are percentages.

) NA. Breakdown of figures in this manner not available.
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3. Variations in the frequency of reactions with clinical stage (Table 3)

There was a clear decline in reaction frequency with advancing clinical stage in the
studies employing the cyst fluid, its low molecular weight fraction and the homogenate
supernatants. This difference was markedly less clear in the study employing formalinized
cells, but the situation is complicated by the fact that some of the patients with meta-
static disease received BCG stimulation which affects the migration (and other) results.

All patients who had local recurrences in the absence of visceral metastases and those
whose tumours showed evidence of spontaneous regression were reactive.

4. The effect of treatment on the results of the migration assay

(a) Surgery (Table 4). Following a surgical operation there is a transient loss of
reactivity in patients who were positive preoperatively. This deficit lasts for about 10
days but may be as short as 5 days or as long as 22 days.

Table 4. The Frequency of Positive and Negative Leucocyte-migration Tests in Patients
with Malignant Melanoma Examined Before and After Surgical Treatment®)

Patients tested in

Time to return

Preoperative Immediate post- Later post- of reactivity
period operative period operative period (days)
+ ve —ve + ve — ve + ve —ve mean range
12/16 4/16 1/22 21/22 15/19 4/19 10.6 5-22

@) patients with positive or negative reactions/total patients tested at each stage.
Days 1-4 after operation.

Table 5. Variations in in vivo and in vitro Immunological Reactions During Immune-
stimulation by BCG

—to + + to—
or or
increased No change ‘ decreased
value + to + —to— value Inconstant
Leucocyte migration
(autologous) 5/9 (56) 2/9 (22) 0/9 (0) 1/9 (11) 1/9 (1D
Leucocyte migration
(homologous) 5/14 (36) 1/14 (7) 1/14 (D 3/14 (21) 4/14 29
PHA transformation 13/14 (93) 0/14 (0) 0/14 (0) 3/14(3) 2D 1/14 (7)
PPD transformation 5/11 (46) 0/11 (0) 3/11 27 0/11 (0) 3/11 27)
Indirect membrane
immunofluorescence 2/7 (29) 3/7 (43) 0/7 (0) 2/7 (29) 0/7 (0)
Lymphocytotoxicity 6/12 (50) 3/12 (25) 0/12 (0) 3/12 (25) 0/12 (0)
Mantoux test 7/10 (70) 0/10 (0) 3/10 (30) 0/10 (0) 0/10 (0)
Other recall
skin tests 0/9 (0) 419 (44) 5/9 (56) 0/9 (0) 0/9 (0)

@) Declined terminally.
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(b) Radiotherapy and chemotherapy. The number of patients in whom this was
studied is small, but patients tested during a course of radiotherapy rarely, if ever, reacted
positively. The majority of patients tested during chemotherapy were non-reactive but
positive reactivity returned relatively rapidly in the period between courses of therapy.

(c) BCG immune-stimulation. Table 5 gives a summary of the alterations seen in
-various laboratory tests including the leucocyte migration assay during BCG immune-
stimulation. Conversion of a negative reaction to positivity in the autologous situation
was seen in 5/9 patients so tested but positive conversion in the homologous situation
was less frequent (5/14). Other patients maintained an initially positive reaction against
advancing disease but reactions became negative terminally in four of the twenty-three
patients. Reactions were quite inconstant in five patients.

The results of the other techniques are included for comparison purposes. PHA
induced transformation was increased in almost all patients. PPD transformation also
increased in some patients but such an increase was not observed in all seven patients who
converted from Mantoux negativity to positivity during BCG administration.

Membrane reactive antibodies developed in two of seven patients tested during BCG
stimulation and lymphocytes cytotoxic for cultured melanoma cells were detected in six
of twelve previously non-reactive patients at this time. Mantoux conversion was the rule
but anamnestic conversion of reactions to other recall skin tests (Candida, T. rubrum,
mumps, streptokinase-streptodornase) was not seen.

5. Follow-up status and serial studies (Table 6)

(a) Short-term follow up. The great majority of patients who are tumour-free and
examined within 2 years of surgical removal of a primary melanoma are reactive and
maintain this reaction during serial tests.

(b) Long-term follow up. Patients who are tumour-free and examined at periods
beyond the second anniversary of their primary surgery are less likely to give a positive
reaction and the frequency of reaction declines progressively with lengthening tumour
freedom.

Table 6. The Frequency of Leucocyte Migration Inhibition and
Enhancement in Melanoma Patients, Related to the
Period of Tumour Freedom After Operation

Total Reactive % reactive

Tumour-free

< 2 years

after surgery 25 23 92
Tumour-free

> 2 years

after surgery 38 22 58

DISCUSSION

Tumour-directed cell-mediated immunity (TCI) seems likely to be an important means
of destruction of tumour cells in vivo. This view has been held, with shifts of emphasis,
for many years despite the absence of any really convincing evidence that established
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laboratory phenomena such as direct contact lymphocytotoxicity, macrophage-mediated
cell killing, antibody-dependent lymphocytotoxicity and antibody mediated complement
dependent cytotoxicity have a real and significant existence and effect in vivo. Slow
progress in the elucidation of the role of such events in tumour biology is, at least in part,
due to the lack of simple repeatable tests to measure tumour-directed immune reactivity.
In fact the technology of tumour immunology lags sadly behind the philosophy of the
subject.

Three basic techniques exist to examine TCI. The most widely used techniques have
investigated the capacity of lymphocytes from tumour-bearing individuals to kill tumour
target cells or delay their replication [15-17] . These studies are presently bedevilled by a
most discouraging lack of tumour-specificity and it seems that “normal” lymphocytes
and lymphocytes from tumour patients show a wide range of apparently spontaneous
killing capacity for cultured tumour cells which, in turn, show a wide range of suscepti-
bility to lymphocyte-mediated killing. Studies in progress using highly purified lympho-
cyte sub-populations and the use of short-term cultures as target cells may restore some
degree of tumour specificity to the test, but at present lymphocytotoxicity seems
unsuited to routine use.

A second group of tests employs the observation that antigen will cause blast trans-
formation of lymphocytes presensitized to that antigen [18, 19]. These tests are similar
to the mixed lymphocyte reaction (MLR) except that tumour cells or materials provide
the stimulator component of the cultures and the level of transformation observed is
usually considerably lower than that observed in the MLR. Some workers have reported
success with this technique but it undoubtedly requires considerable expertise on the part
of the personnel performing it.

A third group of techniques depends on detecting the release of non-immunoglobulin
mediators (the lymphokines) by sensitized (mainly T) lymphocytes when in contact with
an antigen to which they have been sensitized. The lymphokine most studied has been
that which in animals slows the movement of macrophages [10] —macrophage inhibitory
factor (MIF). The technique described by S¢borg and Bendixen is an attempt to apply
the MIF assay to man and has been widely applied to many different clinical situations
(see reference 6 for review). However, the technique remains cumbersome and requires
care and expertise on the part of those performing it, the optimal method of antigen
presentation remains debatable and categorization of the lymphokines produced and their
identity or non-identity with classical macrophage migration inhibitory factor remains
to be settled. These problems apart, our own results and those of other groups [11-14]
suggest that the leucocyte migration technique is applicable to the study of patients with
malignant disease.

The data presented here make the following conclusions possible:

1. Melanoma-derived materials preferentially inhibit the migration of melanoma
patients’ leucocytes. Similarly prepared materials from other tissues are undoubtedly
less active.

2. A minority of control donors have leucocytes which are inhibited by contact with
melanoma materials. This may indicate a background of technical artefact, but could also
indicate exposure of the reactors to some form of antigenic stimulus identical with or
similar to that associated with malignant melanoma.

3. The occurrence of reactions when autologous leucocytes and tumour are combined
and similarities in transfusion and pfegnancy history in melanoma and control groups
are against HL-A disparity being important in the production of the observed reactions.
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4. The occurrence of reactions when leucocytes are exposed to homologous tumour
indicates that antigens which are at least structurally similar are shared by different
melanomas.

5. Reactions were less frequently detectable as disease advanced. The results indicate
that intact tumour cells are the form of antigen least suited to this type of study.

6. Surgery, radiotherapy and chemotherapy induce depression of tumour-directed
cellular immunity of variable duration and degree.

7. Loss of reactivity in patients shortly after primary surgery (< 2 years) predicts the
occurrence of clinically detectable metastases in some patients.

8. Reactions are relatively infrequent in patients who are tumour-free for prolonged
periods (>> 2 years) after surgery. O’Toole and her colleagues [20] have recorded a similar
situation in patients with bladder cancer.

9. The administration of BCG to patients alters many specific and non-specific tests
of immunological functions including tumour-mediated leucocyte migration inhibition.
Unfortunately, in the small group of patients studied, to date, these changes do not
correlate well with clinical status and in our view, such patients are best monitored for
clinical effects and apparent complications of therapy by clinical examination.

The continued use of the migration assay depends largely upon two factors. We
urgently require a detailed understanding of the mechanisms involved and there should be
progress towards simplification of the manipulations involved, the eventual aim being a
technique which could be applied easily and reliably to large numbers of patients and
which could be performed by technicians. The technique described by Clausen {21] goes
some way towards simplifying the procedures but still requires considerable manipulative
skill in performance. Another area of interest is in the use of indirect lymphokine assays,
in which the supernatants of reacted leucocytes and antigens are assayed for activity
against indicator cells.

Two techniques which ostensibly apply the same strategy as leucocyte migration are
the macrophage electrophoretic mobility test [22] and the leucocyte adherence inhi-
bition test [23]. Both tests demand considerable skill of those who perform them but
have produced interesting results. However, they are undoubtedly too complex for
routine use in their present form, but after simplification, may become more widely used,
when their relativity to existing tests will become clearer.
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ABSTRACT

Direct and indirect migration inhibition assays using allogencic 3 M KCI tumor extracts
were employed to detect cell-mediated immunity (CMI) to tumor-associated antigens (TAA)
of human breast carcinoma. Results suggest that breast carcinomas possess common TAA and
that many tumor-bearing patients have CMI against these TAA. Further testing with lymphocyte
stimulation assays using 3 M KCI extracts of breast carcinoma indicated that allogeneic
extracts may induce a primary proliferative response to normal alloantigens rather than to
TAA. The problems with interpreting the specificity of the allogeneic reactions were overcome
by the use of autologous patient material in the lymphocyte stimulation assay. The autologous
tests demonstrated that this assay was also useful in the detection of CMI against TAA of
breast carcinoma.

INTRODUCTION

Cell-mediated immunity (CMI) to tumor-associated antigens (TAA) has been described
in patients with human breast carcinoma employing assays of delayed skin cutaneous
reactions [1--3] as well as in vitro lymphocyte microcytotoxicity [4, 5], lymphocyte
stimulation (LS) [6-9] and direct leukocyte migration inhibition (LMI) [10-17] assays.
Most of these studies have indicated that carcinomas of the breast may possess common
TAA.

In studies employing the direct LMI assay and LS tests, TAA in several forms have been
used. For example, carly work with LMI employed crude particulate saline extracts of
breast carcinoma cells [10-13]. Others have exposed the patient’s leukocytes to cryostat
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sections of breast carcinoma tissue [14] or to formalin-inactivated breast tumor cells in
LMI assays [17]. Intact tumor cells blocked with mitomycin C have also been
successfully employed in LS assays with autologous lymphocytes [18].

More recently, crude soluble 3 M KC1 [19] extracts of breast carcinomas have been
successfully employed in LMI [15] and LS assays [8, 9]. Whereas, LMI assays do not
appear to be complicated by problems associated with histocompatibility antigens in
allogeneic 3 M KCl extracts, the LS test seems to measure proliferative responses to
normal alloantigens as well as to TAAs in the 3M KCl extracts [9]. This problem appears
to be resolved when autologous combinations are used in LS.

The purpose of the present study was to perform direct LMI assays and LS tests with
the peripheral bloods of patients with breast carcinoma to identify TAA in 3 M KCl
crude soluble extracts, hypotonic saline membrane extracts or on intact cells of fresh
breast carcinoma tissue. Generally allogeneic combinations were run in the LMI assay
while both allogeneic and autologous reactions were employed in the LS test. Most of
our early work with LMI was performed using the direct test where migration inhibition
is measured without knowing whether a lymphokine has been generated. We therefore
also employed indirect migration inhibition assays using human polymorphonuclear indi-
cator cells and assayed for the generation of leukocyte inhibitory factor (LIF) as
described by Rocklin [20].

MATERIALS AND METHODS
Bloods

Whole blood and tissues from female patients with confirmed breast carcinoma or
benign breast disease and from females and males with other cancer were obtained from
George Washington University and the Medical University of South Carolina and the
Clinical Center of the National Institutes of Health.

Patients were tested at various times before or after surgery and in all stages of
disease; i.e. local tumor (Stage 1), extension into the regional lymph nodes (Stage 2)
and metastatic disease (Stage 3).

Tumors

Fresh tumor and other tissue extracts were prepared by the crude 3 M KCl extraction
procedure as previously described [9, 15, 25] or by crude hypotonic saline extraction of
membranes as eatlier reported [21]. Single tumor cell suspensions were also cryopreserved
by controlled rate freezing to be later used as stimulator cells in autologous mixed
leukocyte tumor cell cultures (MLTC).

Some experiments were performed with 3 M KCl extracts of tissue culture cell lines
derived from breast carcinomas including MCF-7 [22] and MDA-MB-231 [23]. These
cell lines grew as epithelial cells in monolayers and were maintained on RPMI 1640 media:
supplemented with 20% fetal bovine serum and glutamine.
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Direct LMI assay

Direct LMI assays were performed as previously described [15]. Briefly, peripheral
blood leukocytes were collected after 1 x g Plasmagel sedimentation. Washed leukocytes
were incubated for 1 hr at 37°C with and without appropriate concentrations (ranging
from 25 ug to 750 ug) of the various 3 M KCl extracts and then drawn into 25-ul
(micro) capillary pipettes (replicates of 4). Cells were then pelleted, capillaries were cut,
placed into chambers containing McCoy’s SA media, 10% fetal calf serum and
Gentamicin and incubated at 37°C for 18 to 24 hr. The areas of migration were
determined by planimetry. The migration index (MI) was calculated by the formula:
Mean migration of replicates with antigen

ML =
Mean migration of replicates without antigen

Values of < 0.85 were arbitrarily considered positive. The cut-off value is based on the
normal donor observations and is selected so that approximately 10% of the normal
donor MI values fall below this cut-off value (i.e. the cut-off is the lower tenth percentile
of the normal donor observations).

Indirect LMI assay

Indirect migration inhibition assays to determine if LIF was being generated were
performed as described by Rocklin [20]. Briefly, Ficoll Hypaque separated peripheral
blood lymphocytes were incubated for 2 hr with or without 3 M KCl extract of MCF-7
(concentration of 15-50 ug per 4 x 10° lymphocytes). Lymphocytes were resuspended
in RPMI 1640 media containing 0.5% fetal calf serum, penicillin and streptomycin and
incubated at 37°C for 48 hr to generate LIF. Undiluted supernatants were evaluated
for the generation of the mediator by tests with human polymorphonuclear (PMN) cells
which were obtained from a normal donor and prepared by Plasmagel separation of
leukocytes to remove a large percentage of red blood cells followed by Ficoll Hypaque
separation of the leukocytes into mononuclear cells and PMNs. Capillary tubes were
filled with the PMNs, placed in chambers to which supernatants were added, and
incubated for 18 to 24 hr at 37°C. Areas of migration were determined by planimetry.
Reactions were considered positive if M1 values were << 0.85 as described above.

Micro-culture LS assay

LS assays were performed in replicates of four as earlier described [19]. Ficoll Hypaque
separated peripheral blood lymphocytes (4 x 10° /well) were placed in 200-ul cultures
in Falcon Microtest II plates. RPMI 1640 media supplemented with Hepes buffer
(25 mM), 10% human AB serum, glutamine (1%) and Gentamicin (50 umg/ml) with or
without antigen (0.01-10 ug/well) or intact tumor cells in the mixed lymphocyte tumor
cell culture (MLTC). Cryopreserved tumor cells blocked with 50 ug/ml mitomycin C were
added to lymphocyte cultures at varying ratios (5 to 20 lymphocytes/tumor cell).
Cultures were incubated in a humidified 5% CO, atmosphere at 37°C and pulsed with
1 uCi of *H thymidine 8 hr prior to harvest. Cells were harvested 7 days after culture
and the amount of incorporated label was determined by scintillation spectroscopy. A
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stimulation index (SI) was calculated as the mean counts per minute (CPM) of experi-
mental cultures relative to CPM of control lymphocyte cultures containing no tissue
.extract. The stimulation index for MLTC was expressed as the CPM of MLTC cultures
minus the CPM of mitomycin C blocked tumor cells alone relative to CPM of control
lymphocyte cultures containing no tumor cells, Data were considered positive when
CPM of experimental cultures were significantly different from control cultures at

p <0.01.

RESULTS

The direct LMI assay was performed with leukocytes from normal controls and
patients with breast carcinoma, benign breast disease and cancer of other sites (Fig. 1).
Antigens were soluble 3 M KCl extracts of breast carcinomas, benign lesions and non-
breast cancer tissue. Most tests were allogeneic, i.e. one patient’s leukocytes were
usually tested against another patient’s tumor. A total of 44/78 tests with leukocytes
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Fig. 1. Results of direct LM1 assays with leukocytes from normal donors and breast cancer patients
and with 3M KCl extracts of fresh surgically removed breast carcinomas, benign breast tissues, non-
breast cancers and normal breast tissue.
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from patients with confirmed breast carcinoma had an MI < 0.85, whereas only 6/55
tests with Jeukocytes from normal donors and 4/21 with leukocytes from patients with
cancer of other sites had MI values < 0.85. Only 6/30 breast carcinoma leukocytes
reacted with non-breast cancer extracts and only 2/17 reacted with extracts of normal
breast tissue. Of interest was the finding that 12/32 patients with benign breast

disease gave positive reactions with extracts of breast carcinoma. This observation is
being pursued and includes studying both benign and breast carcinoma patient
reactivity with 3 M KC1 extracts of benign breast tumors.

There were several instances in which a patient’s leukocytes were inhibited by one
breast carcinoma extract, but not by another breast carcinoma extract that was active
with cells from other breast carcinoma patients suggesting that multiple common breast
cancer antigens may be involved in this reactivity.

Table 1 shows the correlation of LMI reactivity of breast carcinoma patients with
stage of discase and time after surgical removal of tumor. In evaluating the data in
relation to surgery, the lowest incidence of reactivity was observed with the 0 to 10 day
post-operative period where 4/13 patients were positive. The levels of reactivity during
the pre-operative period and as late as 6 months or more after surgery were quite similar.
Patients at all stages of disease reacted with approximately the same frequency.

Different degrees of direct LMI reactivity were seen with various tumor extracts. For
example, Table 2 presents the results obtained with three different breast carcinoma
extracts. As shown, the extract 3112 elicited more positive reactivity in breast carcinoma
patients than extract 3286. Both extracts gave more positive reactions than did the extract
2937.

It was of interest to determine whether 3 M KCl extracts of cell lines derived from
breast carcinomas possess TAAs which could be detected by LMI tests. The finding of
antigenic cell lines would allow preparation of large, standard 3M KCl extracts for
future testing. Table 3 summarizes direct LMI results with extracts of two cell lines,
MCF-7 and MDA-MB-231. Extracts of both cell lines elicited positive reactivity with
leukocytes from breast carcinoma patients, while normal donors had low levels or no
reactivity. Specificity with the MCF-7 extract was evidenced by the low reactivity of
non-breast cancer patients with this extract.

Table 1. Direct Leukocyte Migration Inhibition Reactivities of Breast Carcinoma
Patients as a Function of Stage of Disease and Time after Surgical Removal

of Tumor®
Stage of 0-10 days  11-30 days 1-6 months >6 months
disease  Pre-op. post-op. post-op. post-op. post-op. Totals
1 7/12 4/9 - - - 11/21 (52%)
2 4/7 - - - 2/2 6/9 (67%)
3 1/4 0/4 - 7/9 16/24 24/41 (59%)
Long-term survivors with no evident
disease — — — — 3/7 3/7 (43%)
Totals 12/23 4/13 7/9 21/33
(52%) (30%) (78%) (63%)

@ A positive LMI reaction was defined as M1 of < 0.85.
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Table 2. Direct Leukocyte Migration Inhibition Reactions with
Selected KCI Extracts of Breast Carcinoma

3112 3286 2937
Breast Breast Breast
Normal carcinoma Normal  carcinoma Normal carcinoma
donors patients donors patients donors patients
1129 079 0.91 0.70 1.11 0.89
1,01 0.82 0.98 0.77 0.85 0.98
0.96 0.70 1.04 0.93 0.97 1.02
1.12 0.95 0.96 0.87 1.00 0.87
0.91 0.91 1.17 1.10 1.23 0.70
1.05 0.62 1.02 0.99 0.66
0.91 1.09 0.97 0.75 0.95
1.15
1.13
0.94
0.93
Total
positive
Total
tested 5/8 (63%) 0/7 3/8 (38%) 1/5 20%) 2/11 (18%)

@ Migration index. A reaction is considered positive if the Ml is < 0.85.

Table 3. LMI Reactivity of Breast Carcinoma Patients against KCl Extracts
of Tissue Cultured Cell Lines Derived from Breast Carcinomas

% positive reactions®
total no. patients tested

Leukocyte donors MCF-7 cell line MDA-MB-231 cell line
Breast carcinoma patients 28/37 (718%) 5/11 (45%)
Non-breast cancer patients(b) 4/19 21%) N.D.

Normal donors 3/27 (11%) 0/8

® Reaction was considered positive if MI < 0.85. Sixteen of the twenty-five positive
values had an MI < 0.80.

® Inciuded lung carcinoma, melanoma and Ewings sarcoma patients.

The direct LMI assay does not permit analysis of the mechanism of the reaction. We
therefore performed indirect assays using human polymorphonuclear indicator cells and
assayed for LIF production in supernatants from patients’ lymphocytes incubated with
3 M KCl extracts (Table 4). Whereas 6/10 breast carcinoma patients reacted with 3M KCl
extracts of MCF-7 only 1/8 normal donors gave a positive result. There were no positive
reactions with a 3 M KCl extract of a lung carcinoma (7661), an extract that has been
shown in our laboratory to inhibit the leukocyte migration of lung carcinoma patients
in direct LMI assays. These results indicate that significant levels of LIF are probably
being produced which can inhibit the migration of polymorphonuclear cells following
the interaction of breast carcinoma TAA with lymphocytes from breast carcinoma
patients.

Data from fifteen separate lymphocyte stimulation assays employing allogeneic
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Table 4. Reactivity of Peripheral Blood Lymphocytes from Breast
Carcinoma Patients to a 3 M KCl Extract of MCF-7 Cell
Line as Assayed by Indirect Migration Inhibition Assay

3 M KCl extract

Lymphocytes from MCE-7 7661 lung carcinoma
Breast carcinoma patients 6/10 (60%)(3) 0/4
Normal donors 1/8 (16%) 0/2

@ Values were considered positive if MI < 0.85. (Individual migration
indices of breast carcinoma patients with MCF-7 extract were 0.79,
0.78, 0.73, 0.37, 0.56 and 0.54.) The one positive reactive normal had
an MI of 0.82.

Table 5. Lymphocyte Stimulation by Allogeneic Extracts of Breast and Non-breast Tumors
and Normal Breast Tissue

Type of 3M KCI Breast carcinoma Normal donor
patient lymphocytes lymphocytes

Responders/Tested (%) Mean Sl(a) Responders/Tested (%) Mean SI

Allogeneic normal

breast tissue 1/7 (14) 3.7 2/10 (20) 3.5
Allogeneic non-

breast tumor tissue 2/14 (14) 4.2 7/18 (39) 7.7
Autologous normal

leukocyte extracts N.D. — 0/8 (0) —
Allogeneic breast

carcinoma tissue 4/26 (15) 5.7 12/30 (40) 9.1

@ Mean counts per minute (CPM) of *H-T&R incorporation in lymphocyte microcultures (200 ul)
were obtained. Stimulation index (SI) is the ratio of CPM in the experimental lymphocyte cultures
containing the appropriate 3 M KCl extracts/CPM of controls. SI values were considered positive

if the value was > 3.

lymphocyte—tumor combinations are summarized in Table 5. Lymphocytes from twenty-
six patients and thirty normal individuals were cultured in the presence of several different
3 M KCl extracts of allogeneic breast carcinoma, normal breast tissue or non-breast

tumor tissue. Stimulation ratios of *H-TdR incorporation > 3 were observed in 4/26

of the breast carcinoma patients studied, while a total of 12/30 normal donors demon-
strated positive reaction to the allogeneic breast carcinoma material. Similar degrees of
patient and normal donor lymphocyte reactivity were also seen with allogeneic extracts
of normal breast tissue or non-breast tumor tissue, but not with autologous leukocyte
extracts. Overall, normal donors responded better to the allogeneic extracts than did the
breast carcinoma patients. Thus it appears that the LS assay using allogeneic breast
extracts cannot be reliably used to measure specific reactivity of breast cancer patients
against TAA.

We therefore studied whether the LS assay could measure CMI reactivity against TAA
when a completely autologous system was employed. Preliminary testing with autologous
3 M KCl extracts and breast carcinoma patient leukocytes did not yield appreciable
reactivity. We subsequently employed intact tumor cells or crude hypotonic saline
membrane extracts of breast carcinoma tissue as stimulants in the tests. The results of LS
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Table 6. Lymphocyte Stimulation by Autologous Intact Cells or Autologous Extracts
of Breast Carcinoma Tissue

Form of tumor Positive tests Mean stimulation Mean CPM (¢ SD)
tissue Total index of responders (+ SD)! of responders

Intact Tumor Cells?

4 X 10° lymphocytes/well 3/5 (60%) 4.8 6,316 (+ 1,059)
2 X 10% lymphocytes/well 1/5 (20%) 3.0 2,404 (+ 1,393)
| Total: 4/10 (40%) 43(1.4) 5,343 (£ 1,143)

Hypotonic Saline
Membrane Extract?®

4 X 10% lymphocytes/well 4/9 (44%) 8.1 11,687 (x 1,245)
2 X 10°% lymphocytes/well 1/13 (8%) 10.0 4,372 (£ 1,972)
Total: 5/22 (22%) 8.5(2.8) 10,225 (+ 1,397)

! Stimulation indices (SI) were considered positive if value > 3.
Tumor cells were treated with 50 ug/ml of mitomycin C for 30 minutes prior to addition to
lymphocytes. A ratio of 10—20 lymphocytes/tumor cell was employed.
Crude membrane extracts of fresh breast carcinoma tissues were prepared by extraction with
decreasing concentrations of saline as earlier described [19‘]7.

testing using completely autologous material are presented in Table 6. A total of nine
positive reactions were obtained with thirty-two patients in these autologous tests when
using either intact tumor cells or the membrane material as the stimulant. More signifi-
cantly, 7/14 positive reactions were obtained with the 4 x 10° lymphocytes/well con-
_centration with these two stimulators. Thus, the LS assay appears capable of detecting
CMI against TAA of human breast carcinomas only if autologous testing is performed. 1t
should also be pointed out that in parallel testing, autologous normal breast tissue failed
to elicit positive reactivity in zero of five patients tested and in three cases where positive
reactivity was obtained with autologous carcinoma tissue material.

DISCUSSION

Earlier studies [6-17] and those reported here have demonstrated the usefulness of
migration inhibition assays and lymphocyte stimulation tests with human peripheral
blood leukocytes or lymphocytes in the detection of TAA of breast carcinoma. The
current results with the direct and indirect LMI assays suggest that different breast
carcinomas possess common TAA and that the TAA elicit a CMI response in the
tumor-bearing female. Interpretation of data obtained with LS tests was more restricted
since only autologous combinations of lymphocytes and stimulator materials yielded
specific CMI responses. The data with the LS assay, however, clearly demonstrated that
this test could also detect reactivity against breast carcinoma TAA, when autologous
tests were done, but no evaluation of antigenic cross-reactivity between different breast
carcinomas could be made. Normal breast tissue failed to elicit positive autologous LS
reactivity which further supports tumor specific reactivity.

Further analysis of the direct LMI results showed that some patients at all stages of
disease including those with widespread metastases had CMI reactivity to TAA.
Similarly, patients before surgery and those tested at various times after surgery responded
well in LML One exception was noted with patients immediately after surgery (0 to 10
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days) where a somewhat decreased level of reactivity was observed. Cochran ef al. [12]
earlier reported that leukocytes from a series of breast carcinoma patients before
surgery were significantly inhibited by particulate saline extracts of breast carcinoma
tissue, whereas during the immediate post-operative period (0 to 5 days) there was a drop
in reactivity. Possibly the drop in reactivity is not related to a specific decrease in patient
immunity against TAA, but rather to a general depression in immunological reactivity
due to surgical trauma, hormonal factors or other physiological factors.

The reactions in LMI of breast carcinoma patients with the KCl extracts of breast
carcinoma appear to be directed against breast carcinoma-associated antigens. The
observed inhibition did not appear to be due to toxicity of the tumor extracts since at
the concentrations of extracts used in the assays, migration of leukocytes from controls
was usually not affected. The observed pattern of results is also not consistent with
reactivity against histocompatibility antigens in the extracts even though allogeneic
combinations were usually employed. In addition, nine of the normal donors were
multiparous fernales and none of them reacted with the breast carcinoma extracts. Also,
our total experience with cancer patients’ reactivity against 3M KCl extracts of normal
tissues including liver, colon, lung and breast has been that only 2/76 (3%) had positive
LMI reactions (seventeen were breast carcinoma patients tested with normal breast
extracts). We did, however, observe 12/32 positive reactions when benign breast
disease patients were tested with extracts of breast carcinoma. We do not yet know the
specificity of this reactivity. More extensive studies are in progress employing extracts
of both breast carcinoma and benign breast disease.

Our studies with the indirect LMI tests using human polymorphonuclear indicator
cells strongly support the idea that the LMI assays are measuring reactivities of lympho-
cytes with TAA, with consequent production of a lymphokine, LIF.

Earlier LMI studies of human breast carcinoma have usually employed particulate
antigens [10-13] or cryostat sections of tumors [14]. The 3 M KCl extracts, though
still crude, were satisfactory as antigens in the LMI tests, but were somewhat less
effective for LS assays. Others have demonstrated the usefulness of this extraction
method in yielding soluble HL-A antigens [19] and TAA of animal tumors [24] as well
as human solid tumors [8].

Variations in the antigenicity of the 3 M KClI breast carcinoma extracts that we
observed could have significantly affected the overall incidence of reactivity. Factors
influencing the antigenicity of a given extract may be related to variations in the
proportion of breast carcinoma cells versus normal cells in the tumor mass used for
extraction, the presence of some type of inhibitors in the tumor, the stage of the tumor
used for extraction or a variety of other factors. Black et al. [14] have reported that in
situ tumors gave the highest reactivity with breast carcinoma patients. Recently we have
evaluated our LMI results [25] on the basis of the stage of the tumor used for our
3 M KCl extraction and have found that local primary tumors with or without node
involvement (Stages 1 and 2) appear to be slightly more reactive in tests with breast
carcinoma patients than are breast tumors metastatic to the liver or pleural effusions. Due
to the limited quantity of extract that is obtained when extracting small primary breast
carcinomas we are hopeful that tissue cultured cells derived from breast carcinomas can
be used as a source of standard antigen preparations for LMI assay. Finally, our LMI
data presented in this study indicate that some cell lines may be excellent sources of
specific breast carcinoma TAA.
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ABSTRACT

Among the numerous carcinofoetal antigens, which have been described in literature, only
three have been sufficiently investigated in different laboratories so as to allow clinical
application. They are: the CEA, AFP and o-2H-Fe. If these substances, which all circulate in
patients’ sera, can be considered as markers for malignancy, their respective assays are valid
only in a very well-defined, limited field and under certain conditions:

The tests must be performed repeatedly for the same patient.

Their main clinical importance lies in the postoperative surveillance and therapy monitoring
of the patient, especially for the early detection of residual or recurrent disease, therapy
resistance or relapse, rather than in carly diagnosis of cancer.

The tests as they are performed in practice must still be considered as supplementary
indices and not as priming clinical data.

INTRODUCTION

Before going into the subject 1 shall just briefly define what is meant by the term
*“carcinoembryonic (or carcinofoetal) antigens”: when in 1965 Gold and Freedman
published their first paper on a cancer specific antigen present in human tumors of the
gastrointestinal tract and other organs from the entodermally derived digestive tissue,
they coined the expression carcinoembryonic antigen or CEA for this particular substance,
because their antigen was also present in foetal gut, liver and pancreas up to the 6th month
of gestation [1].

Although it is known now that this original definition is not correct because CEA
is present throughout prenatal life and even after birth, this denomination has been
adopted universally to designate antigens present in malignant and foetal tissues and/or
serum, apparently absent from normal adult organs, as shown principally by the use of
heteroantisera. That this definition is somewhat schematic will be seen later on. At the
present time there are at least six carcinofoetal antigens known in human malignancies,
all of which are not rigorously cancer specific. Four of these antigens are found in
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primary carcinomas of organs of the digestive tract, i.e. (1) the alpha-foeto-protein
(AFP), first described by Tatarinov in man as being specific for malignant hepatomas
[2};(2) the CEA of Gold, independently found also by us [3, 4] ; (3) the foeto-
sulphoglyco-protein (or FSA) described by Hakkinen to be present in cancerous gastric
juice [5], and finally (4) the alpha-2-hepatic ferroglobulin (a-2H) which has been
isolated by Buffe ef al. initially from foetal liver [6].

The two remaining antigens we shall only mention for the sake of completeness—
because their clinical significance has not yet been demonstrated by other laboratories—
are the

carcinofoetal glial antigen (CFGA), which has been described by Trouillas in malig-

nant gliomas [7], and the

Gamma-a foetal antigen (yFA) found by Edynak in a large variety of human neo-

plasia, and for which quite recently he described a radioimmunoassay [8].

Among all these carcinofoetal antigens only three have been physico-chemically
sufficiently characterized and reproduced as to allow clinical trial and application. They
are the CEA, AFP and o2H Fe and they will be discussed in more detail.

1. THE CARCINOEMBRYONIC ANTIGEN (CEA)
{a) Characterization

The best-known antigen as far as clinical investigations are concerned is the CEA. It
has the following physico-chemical characteristics:
It is soluble in perchloric acid (PCA).
It is a highly antigenic glycoprotein with a carbohydrate moiety of about 45%,
which contains galactose, mannose, fucose, N-acetyl glucosamine and sialic acid.
The peptide moiety of the molecule is rich in glutamic and aspartic acid and their
bases and the twenty-three aminoacids of the N-terminal end have been determined
by Terry [9].

CEA has a sedimentation constant of about 7.2 S, its molecular weight is generally
considered to be about 180,000D [9].

It is easily demonstrable by immunoelectrophoresis or double diffusion reactions in
PCA extracts of intestinal tumors, where it shows up as one of the principal antigens
migrating towards the cathode (Fig. 1). The high sugar content of the molecule makes
it subject to cross reactions with other glycoproteins (for instance, blood group
substances), which might interfere with the specific CEA reaction. One of these cross-
reacting antigens, the NCA (non-specific cross-reacting antigen), is demonstrated on the
same slide together with the third main antigen of colon tumors, which has an «
mobility. Both these substances will be discussed later.

CEA is widely distributed and has been evidenced by the use of sensitive methods in a
great variety of tissues and fluids (Table 1).

By immunofluorescence microscopy the CEA can be demonstrated abundantly on
the luminal surface of the tumor glands specially of well-differentiated epitheliomas of the
glandular type (Fig. 2), whereas in poorly differentiated tumors it becomes less abundant
and anaplastic tumors can be even negative [10, 11].

The fact that it needs a well-differentiated carcinoma or metastasis in order to get a
clear-cut result impairs greatly the use of this technique for the identification of
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Fig. 1. Immunoelectrophoresis of a PCA extract of colonic tumors (TCS, P) and purified CEA. Left:
an anti-CEA revealing also the NCA.

undifferentiated metastases of unknown origin. Furthermore, CEA has been shown by
our group to be present in non-cancerous mucosa more than 10 cm off the primary
tumor and in well-differentiated polyps and even in hemorrhoids [10, 12]. These
findings bring about the crucial question of the cancer specificity of CEA, which has
raised so much emotion. In normal, that is noninflammatory, adult colonic mucosa we
have not found appreciable amounts of CEA with the methods we employed [13]. Equal
findings have been reported for instance by Todd et al. [14], Denk [{11], Orjasaeter

et al. [15] and Gold [1]. On the other hand, there are the absorption experiments of
Martin and Martin which showed the presence of CEA in minute quantities in normal
colonic mucosa extracts, thus demonstrating that the cancer specificity of CEA is based
on quantitative rather than qualitative differences [16].
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Table 1. Presence of “CEA’ in Malignant and Non-malignant Tissues and Body Fluids

TISSUES FLUIDS / SECRETIONS 5
MALIGNANT NON-MALIGNANT
Site Plasma
Saliva
Colon Inflammatory. normal colonic mucosa, Faeces, mucus (meconium)
polyps, hemorrhoids
Stomach Gastric mucosa with intestinal metaplasia Gastric juice
Lung Normal Malignant pleural effusion
Breast Lactating Colostrum
Liver Normal. cirrhotic Ascites
Pancreas
Gall bladder Bile
Kidney Urine
Qvary Prostatic and seminal ; cervical
and vaginal secretions
Amniotic fluid

Fig. 2. Immunofluorescence pattern of a frozen section of a colonic tumor incubated with an anti-CEA
antiserum (indirect method, X 400).

All results reported until now were exclusively obtained with heteroimmunsera. The
question is, can one demonstrate the CEA also with autologous sera, in other words, is
the CEA autoantigenic? The answer we give to that question is no! Here we are in
controversy with Gold, who described repeatedly circulating antibodies directed against
CEA in colonic cancer patients’ sera [17]. No one else yet has reproduced his findings [18] .
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We have worked also on this problem but were not able to demonstrate anti-CEA anti-
bodies. The antibodies we found, in patients’ sera, were all directed against other
tumor proteins as, for instance, the a-protein, which I mentioned before [19].

Apparently CEA does not stimulate cell mediated immunity either, because when
Hollinshead et al. injected patients intradermally with soluble fractions of autologous
colon tumor cell membranes they observed positive delayed-type hypersensitivity skin
reactions. They did not see anything alike with purified CEA [20]. Likewise, Lejtenyi
of Gold’s group did not receive any evidence for a cell mediated immune response in her
test system either, which consisted of patients’ lymphocytes blastic transformation upon
in vitro exposure to CEA [21].

One might argue that CEA in vifro contains a protein constituent which permits the
stimulation of cell mediated immunity and that the acid extraction alters the molecule
in such a way that it will no longer stimulate delayed type immunity.

This brings about the problem of possible differences between the extracted and the
native antigen, which circulates in patients’ sera in nanogram quantities and is hence
only measurable by the radioimmunoassay (RIA). Technical details of the different
methods employed will not be discussed, because the overall results obtained with various
techniques (% of positivity, etc.) are the same.

(b) The RIA of CEA

Ever since the first publication of Thomson [22] from Gold’s equipe reporting a
unique specificity for only digestive tract cancer of the measurement of serum CEA
levels, the clinical (and scientific) interest in this antigen has become world wide.
However, all following reports of reproducing laboratories differ from the initial
promising one, in that the exclusive specificity of the CEA test has been found neither
for digestive cancer nor for other malignancies. All groups confirmed a specially high
percentage of CEA positive sera from carcinomas of the digestive tract (Table 2), but
they also found an overall positivity of about 50% in tumors of the genito-urinary
system, the lung, breast, in neuroblastomas and myelomas. Furthermore, positive CEA
values were also found in 30-40% of benign diseases of the gastrointestinal tract and
other non-malignant disorders, preferentially alcoholic cirrhosis and pancreatitis {23].
However, in absolute healthy control sera CEA was undetectable. Following the different
techniques employed the upper limit for normal varies, but is usually taken at 2.5 ng/ml.

Although it had been proved then that the CEA test had no diagnostic specificity
for neoplasia, further investigations evidenced that the RIA kept its clinical interest
mainly in two well-defined, limited fields:

1. One is the evaluation of the cancer extension which implicates (long-term) prog-
nosis. It has been shown that elevated CEA levels were seen only in one-third of colonic
tumors strictly localized to the intestinal wall, in about half of locally infiltrative
carcinomas, but in 80-90% of those with distant metastases [23] . Figure 3 taken from a
collaborative Swiss study published by Mach ez al. illustrates this [24] . The conclusion is
that low CEA blood values exclude not a carcinoma but (at most) a widespread one.

Table 3 [25] shows that, indeed, preoperative CEA measurements may be a sensitive
indicator for the presence of hepatic metastases. In a series of twenty-two colonic tumor
patients all with hepatic metastases verified after laparotomy, nine had no evidence
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Table 2. CEA Serum Levels in Patients with
Tumors and Other Conditions

(> 25 ngiml)
DISORDER No. TESTED % Pos.
[NTESTINAL CARCINOMAS 390 81
OTHER CARCINOMAS 512 51
BENIGN DISEASES OF THE
143 39
GASTROINTESTINAL TRACT
OTHER NON MALIGNANT 7
DISORDERS 472 3
“NORMAL CONTROLS” 503 1.6
ToTAL 2 020
Normal [
Localized T EZ2
— Met -
80
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Fig. 3. CEA serum levels as a function of colon cancer spread. (From Mach et al. [24].)

(neither clinical nor biochemical) for metastases, seven (or 78%) had elevated (> 15 ng/ml)
CEA levels, and three even very high values (> 100 ng/ml). From the thirteen patients
with either clinical and/or biochemical abnormalities, only four had both, yet the CEA
was augmented in all of them.
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Table 3. CEA Measurement and Presence of Hepatic Metastases

1,

o SERUM CEA LEVELS
ToraL >15 ne/mL >100 ne/mL

PREOPERATIVE STATUS

o PREUPERATIVE
EVIDENCE FOR HEPATIC
METASTASES

w
~
w

CLintcAL & BrocHemIcaL
EVIDENCE FOR HEPATIC 13 13 8
METASTASES

ToTaL 22 20 11

CLinicaL DATA FROM : Bootw, S.N.. ET AL.. BriT. Mep. J., 664 (1574), 183,

As far as prognosis is concerned, it has been claimed by some investigators, such as
Booth et al. [25] and Chu er al. [26], that elevated preoperative CEA levels mean in
most cases poor prognosis. In fact Booth reviewed after 2 years a series of twenty patients,
eleven of whom (or 55%) encountered recurrent disease or death. Nine out of eleven of
the patients had had preoperatively elevated CEA values (for this author > 15 ng/ml).
From the remaining nine patients who were tumor free at that time, four, i.e. 44%, had
had elevated CEA levels [25]. These results are in accordance with those of Chu, who
observed recurrent disease in five out of six patients with elevated CEA values,
elevated meaning here > 7.5 ng/ml. Note that all—sixteen patients—with normal CEA
levels stayed tumor free during the same lapse of time.

2. The other most valuable aspect of CEA measurement is that of clinical surveillance
of patients for the (postoperative) early detection of residual or recurrent disease and
the monitoring of radio- and chemotherapy. It is now generally admitted [27] that
above normal CEA blood values, which do not return to normal, usually within a week
or so after curative surgery, are an indicative sign of incomplete surgery or hidden
metastases (Fig. 4, from Holyoke et al. [28]). If the absolute condition of repeated
serum tests is respected, then even a slight but constant rise is a reliable precocious signal
of recurrency, which might precede the clinical detection by more than a month. Holyoke
also showed that chemotherapy can be monitored by CEA evaluations: the therapeutical
success as reflected by a clinical remission coincided with a decrease in the CEA serum
level which increased again when the patient relapsed.

There is one last aspect, we have not yet mentioned, that of differential diagnosis: is
the CEA test of any value in early detection of malignant transformation, for instance
in chronic disorders, known to have similar (if not identical) symptomatology with early
stage cancer? Studied examples are ulcerative colitis and Crohn’s disease, which Booth
et al. reviewed [29] (Table 4). In their survey of 272 patients they observed only in
9% of rectocolitis and in 22% of long-standing Crohn’s disease an elevated CEA serum
level. In two ulcerative colitis patients who developed carcinoma, the CEA value was
normal. So it is concluded that CEA estimations in chronic intestinal as in other
inflammatory or benign disorders are of no assistance in the distinction of malignant
degeneration. However, it has been demonstrated, too, that benign lesions seldom give
rise to high CEA values so that they would always strongly suggest neoplasia. This,
nevertheless, still leaves incipient cancers undetectable.
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Fig. 4. CEA levels in three patients with residual disease (after partial resection). In no case did CEA
fall below normal, in one case there was a partial remission. (From Holyoke et al. [28].)

Table 4. Serum CEA Levels in [nflammatory Bowel Disorders

Duration | No. CEA EcevaTion
DIAGHESS Years  |ToTaL | > 15 NG/ML | TRANSIENT | PERSISTENT
ULCERATIVE PROCTOCOLITIS| 0 - 5 37 2 0 1
¢ 5-10 18 1 1 0
- RECTAL & LEFT COLONIC

CISEASE > 10 2 3 1 2
- TOTAL OR EXTENSIVE 0-5 22 i 4 0
ULCERATIVE COLITIS 0-10 19 2 0 2
v 10 10 0 0 0
0-5 51 8 5 2
CROHN'S DISEASE 5-10 27 4 1 2
> 61 19 4 12

CLINICAL DATA FROM

: BooTH. S\N. ET AL, Scanp, J. GasTroenT,., 9.,(1974), 651,

3. In conclusion one can say that the RIA of CEA, provided it is repeatedly
employed and by experienced hands, already has its clinical importance for

the postoperative surveillance, and

therapy monitoring of the patient, specially for the early detection of residual or

recurrent resistance or relapse.

The CEA test cannot be used (yet), because of lack of specificity for diagnostic or
screening purposes, except perhaps, as has been pointed out recently by Freedman [30},
in very selected high-risk groups such as asbestos workers or uranium miners.

Also one should bear in mind that the whole evaluation of the CEA test is based on
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observations made in patients with already established diagnoses; the final word about
its clinical interest will be probably delivered only after more “blind” series have been
run.

Nevertheless, we shall finish this first section with an optimistic outlook: Plow and
Edgington [31, 32] have a paper in press, in which they describe the purification of a
species of CEA molecules, which no longer, in the RIA, give rise to so-called false positive
reactions, or render them exceptional (as known in heavy smokers, hepatic cirrhoses,
etc.). Let us hope that the CEA-S brings back some of the tumor specificity to this
antigen, which was its glory 10 years ago.

Table 5. Antigens Related to CEA

Abbreviation Full Name Reference
FsA Feto-Sulphoglycoprotein Hakkinen, J,T,, Immunochemistry 9, (1972) 115
NGP Normal Glyco protein Mach, J.P,, Pusztaszeri, G.. Immunochemistry
9 (1972) 1031
NCA Non specific Crossreacting von Kleist, S. et al.
Antigen P.N.A.S. (USA), 69 (1972) 2492
CCA III Colon Carcinoma Antigen III Newman, E.S. et al.

Fed. Proc., 31 (1972) 639

CEX Associated Protein Darcy, D,A, etal.
Brit. J. Cancer, 28 (1973) 147

BCGP Breast Cancer Glycoprotein Tseng-Tong Kuo et al.
Int. J. Cancer, 12 (1973) 532

NCA-2 Non specific Crossreacting Burtin, P. et al.
Antigen - 2 J. Immunology (1973), 111, 1926

Before discussing AFP, we shall briefly mention that there are several substances
known in literature (Table 5, [3]) that cross react with CEA, not all of them having been
tested for their possible interference in the RIA of CEA. The best known of these
antigens is the NCA (non-specific cross-reacting antigen, [3]), which has been described
by Mach [35], Darcy and us under different names, but which are identical. For the NCA
it is approximately certain that it does not interfere in the RIA of CEA, though this
might not be true for other techniques as, for instance, immunofluorescence [36] . There
seems to be little clinical interest in this antigen, which circulates in much greater
quantities in normal serum than CEA (Table 6) and which apparently decreases (rather
than increases) in some malignancies [37].

II. THE ALPHA-FOETO-PROTEIN (AFP)

In contrast to CEA, the AFP has its animal counterparts in all mammalian species.
It was Abelev [38] who described it in sera of hepatoma-bearing mice and named it a
foetoglobulin because of its electrophoretic mobility and presence in foetal serum;



98 CLINICAL TUMOR IMMUNOLOGY

Table 6. NCA in Patients’ Sera

NG/ML
DIAGNOSIS Ho. AGE
NCA MEAN CEA MEAN

1. DONDRS 50 [32-510 | 132 | 2-25 5 22 - 56
BENIGN DISEASES{ 57 |32 -1000| 179 | 2-60 | 18 15 - 87

CARCINOMAS 84 25-1000| 157 | 2 -125t 34 7 -&

191
S—

Tatarinov [2] was the first to see it in man, and to claim its specificity for this kind of
malignancy. AFP, which is a protein of a M.W. of about 70,000 D and a sedimentation
constant of 4.5 S [39], is the first demonstrable principal embryonic serum protein. It
appears in adult serum under various physiological and pathological conditions,
specially in primary liver cancer.

Its hepatic synthesis seems to be in relation with the degree of histological differen-
tiation: well-differentiated and highly anaplastic hepatomas do not produce AFP, or
very little. Hence it would appear that serum titers are in a certain correlation with the
degree of dedifferentiation of malignant hepatomas [40].

AFP serum concentrations vary considerably, dropping from some mg/ml at about
the 11th week of gestation to some pg/ml in newborn sera. In sera of pregnant women
and normals, ng/ml quantities are seen, while in hepatoma sera as much AFP can be
found as in foetal sera [41, 42]. It follows that the lower limit of sensitivity of the
chosen method of detection is of great importance in the AFP test. At the beginning
only the simple Ouchterlony double diffusion test has been employed with monospecific
heteroimmunsera and a foetal serum as positive control for the demonstration of AFP in
hepatoma sera: results varying from 30 to 80% of positivity were obtained in different
countries throughout the world for this particular malignancy.

Significantly higher percentages of positivity were obtained in children as compared
with adults [43]. In benign liver diseases (including hemochromatosis, hepatitis, etc.)
less than 0.5% ““false” positive results were obtained in more than 70,000 sera tested
with the Ouchterlony method, hence this test was considered specific for hepatic
carcinoma. Things have changed slightly since more sensitive methods such as passive
hemagglutination or RIA have been used: AFP has been detected also in normal sera
and increased levels were found in 13-20% of non-malignant hepatic disorders,
especially in acute hepatitis in the regenerative phase, but not only was this augmentation
often transitory, but also were the values under those observed in hepatomas [41, 44].
As pointed out by Seppila and Ruoslahti [45], in pregnant women, in whom AFP serum
levels rise with the progressing gestation, AFP may reach pathological values in case of
fetal distress and death.

AFP has also been found in 1% (Ouchterlony) or 14% (RIA) of secondary hepatic
cancer (primarily in case of gastric metastases), and in active teratomas and ovarian
tumors with a very high incidence of serum positivity again in children (Table 7, [46] );
other embryonic tumors, such as neuro- or nephroblastomas, for instance, have been
found negative.
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Table 7. AFP in Tumor-bearing Adults and Children

PostTive Cases Ase (YeARs) NeGATIVE CASES Ace (Years)
D1AGNOSES 0-15 22-75 D1acnosEs 0-15
POS./TOTAL | POS./TOTAL POS./TOTAL
HepaToMA 21/23* 36/47 NEPHROBLASTOMA 0/43
MaLIGNANT TeraTOMA|  15/27 4/27 SYMPATHOMA 0742
0STEOSARCOMA 0/19
ToTAL PosITIvITY 81 7% Sl % Lymproma 0717
EMBRYONIC SARCOMA 0/17
BraIN Tumor 0/7
11/12 OF NEGATIVE SERA CAME FROM CHILDREN MiscELLANEOUS 0/ 5
EITHER CURED OR IN COMPLETE REMISSION
* HISTOLOGICALLY CONFIRMED. TotaL 150
DATA FROM :

MAWAS. C. ET AL, Rev. Europ. ETUDES
CLiny €T Brou,. 16 (Q971). 430,

Table 8. Alpha Foetoprotein in the Sera of Tumor-

bearing Children
NR. OF IMMUNOD LFFUS 10N
Cases StMpLE RADI0AUTOGRAPHY
——
HEPATOMA 41 38 39
AcTive 28 27 27
TERATOMA
IN REMISSION 28 0 0
OTHER
369 0 3
Tumors

CointcaL Data From @ BUFFE, D.. Gann. 14 (1973), 129

As has been shown by Buffe [43] (Table 8), it is not necessary in children to use
particularly sensitive methods because the AFP serum level in this group of patients is
sufficiently elevated as to give positive results with the Ouchterlony test. So it appears
that specially in this last group of neoplasia (i.e. paediatric tumors) the AFP test is an
uncomplicated and specific test, provided—again—that the same serum is tried repeatedly.
The introduction of highly sensitive techniques allows (as for the CEA) early detection
of malignancy, often before clinical manifestation [46], and surveiliance, both
post-operatively and prospective in such high-risk groups as, for instance, postnecrotic
cirrhosis or hemochromatosis, where.the incidence of hepatoma has been described to be
>20% [48, 49]. Here, also, it is commonly agreed, that even a slight but steady rise in
the antigen level indicates neoplasia.
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A word of caution is necessary, however, as far as AFP augmentation in infants is
concerned: as has been demonstrated by Buffe and Rimbaut {50] and Belanger [51]
this antigen is increased also in a congenital metabolic disease, the tyrosinaemia. One
will have to rule out this illness first before thinking of a tumor.

III. THE ALPHA-2H-FERROGLOBULINE (a-2H-Fe)

The last antigen that will be discussed is the a-2H-Fe, first described and isolated
from foetal liver by Buffe ef al. [6]. (The “H’ stands for hepatic.)

It is a glycoprotein rich in iron, which accounts for 10-25% of its molecular mass.
Although giving an immunological reaction of identity with ferritin, it seems to be a
distinct though closely parental substance for the following two reasons:

a-2H-Fe is practically insoluble in media (i.e. distilled water or PBS) where ferritin is

soluble,

it has a carbohydrate moiety, while ferritin has not.

The composition of this complex molecule varies with its tissular origin (as shown by
Rimbaut [52]): closest to ferritin is -2H-Fe present in normal, most different than found
in foetal or tumorous tissues, where it is distributed in an ubiquitous fashion. a-2H-Fe
also circulates in sufficiently great quantities as to be demonstrable by gel precipitation
methods.

The evolution of the a-2H-Fe studies was approximately that of the two preceding
antigens: first thought absent from normal adult organs, o-2H-Fe has been found to be
present in very small quantities when more sensitive techniques were used. As far as its
presence in patients’ sera is concerned, more than 4000 sera have been tested now by the
mentioned group and other authors [53, 54] —the following results have been obtained
(Table 9, [52]): a-2H-Fe is found in 50% of tumor-bearing adults and in 80% of
tumorous children, against 20% in adults suffering from non-malignant diseases. Only
9% of healthy or benignly diseased children showed positive a-2H-Fe serum tests.
Clinical trials run in paediatrics by Buffe et al. [55] clearly demonstrated the great
medical interest of this antigen in the follow-up of either chemotherapeutically or
surgically treated children with resectable neoplasia. a-2H-Fe disappears after efficient
treatment and reappears and increases in case of metastases or recurrency, and this
even before AFP does so, as comparative studies of the two antigens have shown.

So summing up, we can say that there are actually three antigenic markers for
malignancy: the CEA, AFP and a-2H-Fe. Their respective tests bear a definite clinical
interest if some basic rules are respected:

1. The tests should not be considered decisive but rather supplementary to classical

medical methodology.

2. It should be remembered that their main application range lies in the follow-up of

treated patients.

3. All tests should be performed repeatedly (over a certain period of time) before

conclusions are drawn.

Finally, combining one of the tests with another can only improve the informative
value of each individual test: this would also help to demonstrate that immunological
methods, if widely and critically employed, are helpful tools in the clinic of today.
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Table 9. Positivity of Alpha-2H-Ferroglobulin in Sera

of Children and Adults
ADULTS No. of cases PosiTive Tooe el
WITH TuMoRs 496 254 BN
WITHOUT TUMORS 413 83 23
O Tewe | ws ]
CHILDREN No. OF cAses PosiTive % OF POS.
(2M-16vEARS)
WITH TuMoRs 452 362 80
HEALTHY OR BENIGN 177 1 16 ] o
ToTaAL 629

Cuintcat Data From @ Rimsaut, C.. Buie, Cancer. 60 (1973), 411,
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ABSTRACT

Association between HL-A antigens and diseases was extensively investigated in the last
decadc. It is supported by genetic considerations and was clearly established in several diseases,
malignant or not. Besides ankylosing spondylitis in which HL-A 27 is strongly prevalent, many
autoimmune diseases (or suspected to be so), immunodeficient and metabolic diseases, were
systematically studied with encouraging results. In the malignant group, acute lymphoblastic
leukemia, chronic lymphoid and myeloid leukemias, Hodgkin’s discase, Burkitt’s disease and
different solid tumors were carefully investigated. The observed associations are discussed
according to the most likely hypotheses.

INTRODUCTION

The association between blood antigens and diseases seems to have been one of the
most persistent dreams of many immunohematologists in the last half century. May 1
recall briefly the countless papers devoted to the suspected associations between the
ABO system and gastro-duodenal ulcer, gastric and colic cancer, pernicious anemia,
diabetes mellitus, rheumatic fever, hypertension and several other somatic or psychiatric
diseases. Most of these correlations were due to statistical bias; some of them looked
convincing and were accepted as true during years. None is nowadays considered reliable
except, of course, the hemolytic anemia of the newborn. In 1956, Wiener [1] wrote:

“I am surprised to see how much space is being wasted in the Lancet and British Medical
Journal on articles dealing with blood-groups distribution in various diseases. The hardest
things to explain are those which are untrue.”

The association between the HL-A system and diseases, malignant or not, was investi-
gated on a rather extensive scale. The reasons for such studies were, in fact, more solid
than for erythrocytes: the H, system in mice is known to be involved in the development
of cancer to oncogenic viruses and, furthermore, geographical association between HL-A
genes and the Ir locus on chromosome 6 is now rather well established. On this chromo-
some, three structural genes (at 1st, 2nd and 3rd loci), each existing in several allelic
forms, control the expression of HL-A antigens. Each locus is highly polymorphic and the
total number of different antigenic specificities which can be detected on human leuco-
cytes is thus close to 90. Next to the HL-A area, the MLR complex manages the capacity
of lymphocytes to be stimulated in allogenic cultures, and the Ir dominant genes are
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involved in the regulation of specific responses to a variety of defined antigens. Several

of these genes are not completely independent on each other and this dependence is
called linkage disequilibrium. This means that some antigens depending on next loci are
present together more often than expected by random. For instance, the gene frequencies
of HL-A 1 and HL-A 8 are, respectively, 0.12 and 0.07. Their expected frequency on the
same haplotype, assuming random segregation, would be 0.84%; observed is 5.46%.

HL-A AND NON-MALIGNANT DISEASES

The most striking association was shown to be between ankylosing spondylitis and
HL-A 27. In the last 2 years, hundreds of cases of this rheumatoid disease were pheno-
typed and shown to be HL-A 27 with a frequency higher than 80%, and in several series
close to 100%; the mean frequency in a Caucasian population being around 7%. If,
undoubtedly, bearing that HL-A 27 is not sufficient to induce the disease, there is a
strong linkage disequilibrium between both genes. Up to now, no interaction could be
demonstrated with the LD loci or the Ir genes. This prevalence of HL-A 27 is also evident,
although less striking. in Reiter’s disease, psoriatic arthritis, juvenile rheumatoid arthritis,
ulcerative colitis and uveitis. However, all of these illnesses are certainly polygenic and
probably environmentally dependent.

Autoimmune diseases were systematically investigated: myasthenia gravis, active
chronic hepatitis, insulin-dependent diabetes mellitus, coeliac disease, Addison’s disease,
thyreotoxicosis; all these diseases show an association with the same antigen of the
second locus, HL-A 8. This strange observation will be briefly discussed later on. In the
neurological group, the gene governing susceptibility to multiple sclerosis seems, accord-
ing to several authors, to be closely associated to HL-A 3 and 7, and LD 7a genes; it could
well be next to the latter [2]. Other diseases, like leprosy, rheumatic fever and heart
disease, polycystic kidneys, psoriasis and aplastic anemia, were also suspected of a genetic
linkage with the HL-A system but the reported cases were somewhat conflicting.

The fast increasing number of reports on the association between HL-A antigens and
disease led Svejgaard [3] to open an international registration of all collected data. This
register will include negative as well as positive results and will thus give an accurate
information for each disease.

Recently Terasaki and Mickey [4] claimed that haplotype frequency should be
considered in place of antigen frequency. They computed the frequency of 150 different
haplotypes in more than 10,000 patients enduring more than seventy different diseases
and compared them to the haplotypes distribution in a similar number of healthy persons.
They noticed that the HL-A 1-8 haplotype which is the most common in the Caucasian
race was absent in ankylosing spondylitis and rheumatoid arthritis, but also in acute
lymphocytic leukemia and in colon and prostate cancers. In psoriasis, the linkage 1-17
is 9 times more frequent than 1-8, and in amyotrophic lateral sclerosis the incidence of
1-22 is 95/1000 instead of 2/1000 in controls. The haplotype 2-12 appears to be 100-fold
decreased in multiple sclerosis, systemic lupus erythematosus and kidney cancer. In
ankylosing spondylitis and Reiter’s syndrome, HL-A 27 is markedly increased in associ-
ation with HL-A 2 but not with HL-A 1. Furthermore, the HL-A 3-27 haplotype is much
more frequent in Reiter’s syndrome than in ankylosing spondylitis. From this study,
Terasaki and Mickey conclude that disease susceptibility genes are linked to specific
haplotypes more than to individual genes.
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The first investigation on correlations between HL-A and cancer was published in
1967 by Kourilsky et al. [S5] on acute leukemias: 102 cases of acute lymphoblastic
leukemia and fourteen cases of acute myeloid leukemia were analyzed; all of them were
in remission in order to avoid errors due to typing of leucoblasts. The authors concluded
to a normal distribution of the ten HL-A antigens which could be identified at that time.
However, several other series published somewhat later presented different results:
increase of HL-A 2, decrease of HL-A 9, and conflicting data for other antigens. In 1973
Rogentine et al. |6] claimed that HL-A 2 was much more frequent in patients surviving
acute lymphoblastic leukemia more than 5 years (84%) than in the normal population
(44%). Because of the strong cross-reaction between HL-A 2 and HL-A 28, and to some
extent HL-A 9, the authors analyzed their pooled material for the three suspected
antigens; they found that at least one of them was present in 94% of the long survival
cases. According to Lawler, Klouda et al. [7], however, HL-A 2 and 28 are not more
frequent in survivors than in normal controls but HL-A 9 patients have the longest
median survival time.

These series are thus suggestive that the increased frequency of the suspected antigen
is associated not with increased susceptibility but with increased resistance to acute
leukemia. This correlation would be due to a linkage disequilibrium between the con-
cerned HL-A genes and an anti-leukemia immune response gene, probably located in the
Ir complex. Unfortunately for this hypothesis, several more recent studies did not
confirm such a correlation: Dausset et al. [8], for instance, typing for twelve antigens at
the first locus and sixteen at the second, did not find any difference between forty acute
lymphoblastic leukemias and the normal population. As stated before, Terasaki described
a significant reduction of the HL-A 1-8 haplotype frequency.

Similar studies were devoted to chronic lymphoid and myeloid leukemias. Inconsistent
deviations to normal were observed: some reduction of HL-A 12 frequency in myeloid
leukemia and variable results in lymphoid leukemia. In the latter, a technical pitfall is
likely: antibodies cytotoxic for B cells only have been described in mice and men [9] ;
such antibodies present in HL-A antisera may give additional positive reactions. Delmas-
Marsalet e al. [10] studying the HL-A genotypes in a family with four leukemic haplo-
identical siblings suggested a linkage between HL-A and susceptibility to the disease.
Hors and Dausset [11] also found an unexpected number of haplo-identity among
siblings sharing the same malignant disease. Altogether, collected data suggest a weak
association which is far from being established.

Due to several suggestive publications, Hodgkin’s disease was strongly suspected to be
HL-A linked. An unusual effort was made to confirm or disprove this hypothesis: during
the Fifth Histocompatibility Workshop in 1972, eleven teams studied 300 cases of the
disease with the same antisera. The pathological diagnosis was established on very strict
criteria and the different groups were working in double blind. These extensive investi-
gations concluded in favor of the absence of any correlation between HL-A and the
disease, with the possible exception of W5 or T4.

Burkitt’s disease was also studied by several authors, on a pool of 106 patients [12].
No significant difference could be observed with a normal negroid population.

In other groups of solid tumors, results are rather clearcut. A total of nearly 600
patients with breast cancer were typed in different laboratories [13] ; the combined
analysis did not show any association with HL-A antigens. Malignant melanoma was
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investigated in 350 patients [13] without any correlation between single HL-A antigens
and the disease. However, the W30-HL-A 12 haplotype appears much more frequently
than in normal subjects. Lymphomas display a usual high incidence of the HL-A 9-5
haplotype whereas kidney cancers have seldom the haplotype 2-12 and stomach cancer
the haplotype 3-7. Last of all, haplotype 1-8 is much less common than expected in
colic, prostate and tongue cancers.

DISCUSSION

Several general reviews have discussed the possible mechanisms which could explain
associations between HL-A determinants and diseases. Let us briefly consider the most
likely hypotheses. Immune response or Ir genes are now well documented in several
animal species including man. They are located on chromosome 6, next to the major
histocompatibility complex, and they regulate the T cell dependent antibody response.
A linkage disequilibrium between some Ir and HL-A genes would then easily explain the
observed associations; moreover, the Ir complex is known to be closer to the second locus
than to the first, and it is a fact that most of the described associations between HL-A
and disease involve antigens, like HL-A 8, depending on the second locus. The concerned
Ir gene might, of course, confer an increased resistance as well as an increased sensitivity
to the disease. This hypothesis, however, remains unproved. Some experiments do not
support it: i.e. attempts of immunizing rhesus negative volunteers with rhesus red blood
cells reveal both good responders and non-responders. Among them, no significant
difference was observed of the HL-A distribution in each group, ruling out a linkage
disequilibrium between HL-A and a specific immune response gene, in this particular case
at least.

Another hypothesis relies on the supposed cross-antigenicity between some HL-A
determinants and microorganisms. Such cross-tolerance was named molecular mimicry
and would make these fortunate microorganisms acceptable by the immune system which
would be unable to distinguish them from the self HL-A antigens. This theory would
explain the dominant susceptibility to infections but it remains completely conjectural,
in spite of Rappaport’s observations that allograft immunity can be induced by sensitiz-
ation with streptococci.

Other tentative explanations have been proposed but they do not elucidate more
convincingly the mechanisms of these undeniable but most polymorphic associations
between HL-A and disease. Many, and perhaps all, of the associated diseases are poly-
genically controlled: it is thus unwise to expect one single explanation for the observed
associations. In this field cancer is, once more, still more evasive than other diseases.
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ABBREVIATIONS
FACS Fluorescence activated cell sorter
Cells T-cell Thymus derived lymphocyte
B-cell Bursa-equivalent derived lymphocyte
AUL Acute undifferentiated leukaemia
ALL Acute lymphoblastic leukaemia
AML Acute myeloblastic leukaemia
AMML Acute myelo-monocytic leukaemia
CML Chronic myeloid leukaemia
CGL Chronic granulocytic leukaemia
CLL Chronic lymphocytic leukaemia

Surface markers:

HuTLA Human T-lymphocyte antigen

HuBLA Human B-lymphocyte antigen

HuMA Human monocyte/macrophage antigen

E rosette Reaction of lymphocytes with sheep erythrocytes

EAHu Reaction of lymphocytes (and other cells) with human rhesus
positive red cells coated with anti-D-antibody

EAC rosette Reaction of lymphocytes and other cells with antibody (A)
plus complement (C) coated erythrocytes (E)

AgglegG Heat-aggregated immunoglobulin G

Smig Surface membrane immunoglobulin

EBV Epstein Barr Virus

* Present address: Department of Biochemistry, Oxford University.
1 Present address: 2nd Department of Paediatrics, Semmelweis University of Medicine, Budapest,
Hungary.
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CELL SURFACE PHENOTYPING

Leukaemic cells in man have in the past been identified and classified by morphological
and histochemical criteria. Recent advances in immunology now promise to provide an
exciting new approach which both supplements older methods and adds a greater degree
of discrimination. The principle of the immunological technique can be referred to as
cell surface phenotyping. 1 have recently reviewed elsewhere both the philosophy and
technology of this approach [1] and I shall therefore restrict my introduction to a few
general comments. The central concept is that cells which are morphologically anony-
mous may advertise their true nature and origin by the existence of certain cell surface
structures or molecules. The latter can be identified with the aid of selectively binding
probes or markers which can be labelled (e.g. by fluorescent dyes). By using a combi-
nation or “panel” of markers one therefore builds up a picture or phenotype of the cell
surface which is used as a guide to identify, distinguish and enumerate cells of interest.
These methods have a very broad applicability to both basic biological problems (in
heterogeneous cell systems) and to clinical investigation [1].

In the context of human leukaemia two approaches can be taken which differ in some
important respects.

Normal or “differentiation” markers on leukaemic cells

Over the past few years methods have become available for identifying different
populations and subsets of lymphoid cells (see refs. 2, 3, 4). Human T (thymus derived)
and B (Bursa-equivalent derived) lymphocytes can now be adequately distinguished by a
variety of cell surface markers and although it is recognized that considerable hetero-
geneity exists within these two major populations, the general cell surface phenotype of
T- and B-cells is fairly clear (Table 1).

Markers for T- and B-cells have now been fairly extensively used for “typing”
leukaemic cells and lymphomas [1, 5, 6]. The results are interpreted to suggest that
the leukaemia being studied is of T-cell type (or origin), B-cell type or neither. The
limitations of this approach, although generally ignored, are fairly obvious and have been
discussed at length elsewhere [1].1 would stress, however, that this approach can only be

Table 1. Cell Surface Phenotype of Human Blood Mononuclear Cells

Marker T-axis B-axis Monocytes

HuTLA + - —
E rosettes + — —

HuBLA —
Smlig
EBV

EAC
AggleG
EAHu —

HuMA — —

[
+ + +
[

|
I

+ o+
|+ =
+ + + 4+

+ = > 98%; — = < 2%; + = subset reactive.
See refs. 14 for full description of these marker systems.
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Table 2. Cell Surface Phenotype of Human Leukaemic Cells
(Current data from prospective study at University College, London)

Leukaemia No. of cases® Cell surface phenotype
non-T
T-like B-like non-B-like

Lymphoid ALL (68) 15 3@ 50
. CLL (32) 1(b) 30 1
Hairy cell leukaemia ) - 2@ -
Myeloid AML 37) - - -
AMML (21) - — All

CML 6) — —
Monocytic ) — — 1
Undifferentiated (6) - — 6
Erythroid Erythroleukaemia 2) — — 2
Others Plasma cell leukaemia (4))] — 1 —
IgG myeloma (2) - 2 -
Thymoma (1) 1 — —

Phenotype description (cf. Table on “normal” mononuclear cell suspens)irons) .
T-like: E*, HuTLA*, HuBLA ", Smlg~, HuMA ", (EAC;, AggIgG:)
B-like: E7, HuTLA", HuBLA*, Smig*, HuMA ", (EAC™, AgglgG™)

References: 1, 20.

@ A high count (> 30,000 mm?) paticnts. Mostly prior to treatment although a few relapse
cases are included. Fresh cells studied except in AML and AMML where approximately one-third
were frozen (liquid N,) samples.

YA prolymphocytic leukaemia.
©) Burkitt lymphoma-like cases (cf. ref. 7).
@ Phenotype in these two cases was found to be E*, HUTLA ", Smlg*, HuBLA* (1ef. 4).

Table 3. Reactivity of Human Leukaemias with
Anti-macrophage Serum (HuMA test)

Leukaemias HuMA positive?
1. AMML o3} > 70% celis® in 19/21 cases
2. AML (15) 50% cells®) in single case
0.5-30% celis®®) in 14 cases
3. A. Monocytic L (¢)) > 90% +
4. ALL T (4) Less than 3% cells positive
non-T (7) in all cases
5.CLL (6) Less than 5% cells positive

in all cases

@) Taken from ref. 1.

reliably applied to samples from patients with very high white cell counts since the

markers do not, by definition, distinguish normal cells from leukaemic cells. E

rosette tests, for example, would clearly not distinguish a low count T-leukaemia from

infectious mononucleosis or probably even a common cold! Another serious limitation

is the clear indication that most acute leukaemias are not derived from differentiated

T- or B-cells and therefore can not be positively identified with markers for these cells.
Despite these difficulties, cell surface phenotyping for T- and B-cell markers has given

very revealing results. In Tables 2 and 3 I have summarized current results from a pro-

spective study at University College. The main conclusions to be drawn from these
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Table 4. Binding of Cholera Toxin to Membrane Gy
Leukaemic versus Normal Cells

Reactivity
Cells — + s
Normal white cells/lymphoblasts all
Leukaemic cells: ALL 17 0 0
AML 9 3 1
AMML 1 0 0
CGL 0 0 15
CLL 0 0 10
Pro-L.L. 2 1 3
Legend:
—  negative,

+ weakly reactive,
++ strong positive
(assessed by [FACS).

All blood cells from high count > 50,000 untreated patients.
Data taken from Revesz and Greaves, 1975 [11] and unpublished.

Assay system: purified cholera toxin is added to cells {at 4°C for 15 min)
followed by fluorescent antibodies to the toxin.

data are:

1. Chronic lymphocytic leukaemia (CLL) is, with rare exceptions, a B-cell neoplasia.
Analysis of cell surface immunoglobulin establishes its probable monoclonality [S].

2. Acute lymphoblastic leukaemia (ALL) is divisible into a major group (~ 75%)
which expresses no T- or B-markers, a minor group (~ 25%) which are clearly T-cell-like,
and a rare group (~ 1%) which are B-cell-like and classifiable as Non-African Burkitt’s
lymphomas/leukaemias [7] . It has been suggested that the T-cell ALLs have a poorer
prognosis [8, 9] and it will be extremely important to establish this point unequivocally.

Most non-T and T ALLs examined so far have a common lymphocyte antigen on their
surface which can be identified by an antiserum raised against thymus cells and absorbed
with AML and CGL cells (Brown and Greaves, unpublished). This antigen is shared by
ALL, CLL and normal T- and B-cells and is absent in myeloid leukaemia. We take this
observation to suggest that non-T, non-B ALLs could be derived from a lymphocyte
committed precursor or stem cell.

3. Myelo-monocytic leukaemias (AMML) have a monocyte—macrophage differ-
entiation antigen (HuMA) on their surface [1, 10} . This marker is absent from lymphoid
leukaemias but is present on a minority of cells in acute myeloid leukaemia (AML).

4. Acute leukaemias irrespective of morphological type can be distinguished from
chronic leukaemias irrespective of morphological type by their lack of a common cell
surface membrane glycolipid-Gy; ganglioside, the receptor for cholera toxin [11] —
Table 4. This observation is of particular interest since gangliosides have been implicated
in growth control [12] . The lack of Gyy; in acute leukaemias may be telling us either that
this glycolipid has been lost as a primary or secondary consequence of the neoplastic
transformation or alternatively, that acute leukaemias are all derived from normal pro-
genitor cells which themselves lack Gy;. The latter explanation seems unlikely to be the
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Table 5. Reactivity of Human Leukaemias with Anti-ALL Sera

Leukaemias Number tested Result
ALL, non-T: untreated (36) 33+/3-
relapse (B) 3) 3*/0"
relapse (CSF) (03] 1*/0-
ALL, T-like: untreated (10) 0*/10"
relapse (B) (¢} 0*/1-
relapse (CSF) (€3] 0*/1-
ALL, B-like: relapse (B) (1) 0*/1-
AUL untreated N 6*/1-
AML untreated 43) 1*/43”
AMML untreated (8) 0+/8~
B = blood.
CSF = cerebro-spinal fluid.

case for the T-cell-like leukaemias since all identifiable cells of the T develop-
mental axis (i.e. thymocytes, T-lymphocytes, T-lymphoblasts) have a strong expression
of GM 1-

Leukaemia specific or leukaemia “associated’ cell surface antigens

An alternative approach to the “typing” of human leukaemia cells is to use antisera
which seek to distinguish different leukaemias not only from each other but also from all
normatl cells. As discussed in detail elsewhere [1] the great potential value of this
approach is that leukaemia cells can be identified with a high degree of precision
even when present at relatively low frequencies. The assumption here is obviously that
leukaemia specific antigens exist and that suitable antisera can be raised. This is
by no means an easy matter but several different approaches have given encouraging
preliminary results [13, 14, 15, 16, reviewed in 1]. We have raised antisera in rabbits
by injecting non-T ALL cells coated with antibodies to “normal” lymphocyte antigens
(using an anti-tonsil serum) [15, 16]. Why this approach works is not entirely clear
although there are several clear precedents [1].

We have routinely assayed reactivity of leukaemic cells with this antiserum using
indirect immunofluorescence. The results are evaluated both by standard ultra-violet
microscopy (with Plume illumination) and by using the Fluorescence Activated Cell
Sorter (FACS-1, Becton Dickinson, Mountain View, California, refs. 17, 18). The latter
electronic instrument measures fluorescence intensity of individual cells at a high rate
(10% -10%/sec) and provides a rapid, sensitive and objective means to evaluate binding
of cell surface reactive fluorescent markers [1].

After adsorption with red cells, liver and tonsils, the sera no longer reacted with
lymphocytes from any source. However, detailed analysis by FACS showed
that they still reacted with a small proportion (1-5%) of cells in normal or non-leukaemic
bone marrow and a very high proportion (>> 90%) of mononuclear cells in early (10-13
week) foetal liver. These reactive cells were physically separated using FACS and shown
to be myelocytes (which reacted weakly) and a subset of intermediate normoblasts which
stained very strongly. Extensive cross-absorption studies [16] revealed that the antisera
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Fig. 1. FACS analysis of leukaemic cells with anti-ALL sera.
Legend: Vertical: relative number of cells.

1.

Horizontal: relative fluorescence intensity. 40,000 cells counted per sample.
Blood lymphoblasts from untreated ALL patient. a = anti-ALL absorbed tonsil (i.e. still
contains anti-normoblast and weak anti-myeloid activity—see text and compare with picture
4). b = anti-ALL absorbed tonsil + foetal liver (i.c. reactivity with leukaemia specific deter-
minant only).

. Cerebro-spinal fluid lymphoblasts from ALL patient in CNS relapse. a = anti-ALL (as in 1a).

b = normal rabbit serum (absorbed as with anti-ALL).

. AML blood sample from high count (> 100,000 mm?) untreated patient. a = anti-ALL as in

1a). b = normal rabbit serum.

. Lymphoblasts from blood of high count (> 100,000 mm?) untreated patient with T-like ALL.

a, b, asin 2.

. Bone marrow sample from ALL patient in remission showing probable existence of

leukaemic cells (see refs. 1, 16). a = tonsil absorbed anti-ALL (as in 1a). b = tonsil + bone
marrow absorbed anti-ALL (cf. 1b)—leukaemia specific determinant only detected. ¢ =
normal rabbit serum.

. Normal bone marrow sample. a,b, c,asin 5.
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identified three leukaemia ‘“‘associated’ antigens. One shared by ALL, myelocytes and
normoblasts, one shared by ALL and normoblasts, and another which is restricted to
ALL. The latter antigen is a glycoprotein and a strong candidate for a leukaemia specific
antigen although we cannot at present exclude the possibility that it is a “normal”
antigen of an infrequent stem cell [19].

After additional absorption of anti-ALL sera with AML and bone marrow or early
foetal liver cells they can be used to distinguish non-T ALLs from both T-cell ALLs and
other leukaemias (Table 5, Fig. 1). Significantly, six out of seven acute undifferentiated
leukaemias were also positive. In five of the non-T ALL cases we identified 1 to 5%
positive cells in the blood when the haematologist’s report had suggested no blasts were
present. In all cases bone marrow had a very high proportion of reactive cells.

We believe this type of reagent, particularly when combined with the analytical
capacity of FACS, may have very considerable practical value. It clearly discriminates
between normal cells and different leukaemias and therefore has diagnostic attributes.
We believe the level of sensitivity is such that we should be able to detect early or pre-
leukaemic conditions and distinguish true from false—positive relapse. Our principal aim
is to use this approach to monitor patients throughout treatment and perhaps identify
the existence or re-emergence of leukaemic cells prior to overt or haematologically
identifiable relapse. Our preliminary studies on children with non-T ALL in remission
have been very encouraging in this respect since we appeared to pick up the only two out
of a group of fifteen who relapsed [16, 1].

ACKNOWLEDGMENTS

This work was carried out in collaboration with many other colleagues and in particular
Dr N. Rapson and Dr A. Hayward (Inst. Child Health), Dr A. Lister (St. Bartholomew’s
Hospital). The authors are supported by the Imperial Cancer Research Fund (M.F.G.,
D.C., G.J.), the Medical Research Council (G.B.) and the IARC (T.R.).

REFERENCES

1. M.F. Greaves, Pro. Haematol. IX (1975).

2. WHO-IARC Technical Workshop Report. Scand. J. Immunol. (1974).

3. Transpl Rev., Ed. G. Moller, Vol. 16, 1973.

4. M.F. Greaves, G. Brown and A. Hayward. In: Proc. 8th Miles Immunopathology Symp.,
Raven Press, N.Y., 1975.

5. M. Seligmann, J.L. Preud’homme and 1.C. Brouet, Transpl. Rev. 16, 85 (1973).

6. R.J.Lukes and R.D. Collins, Br. J. Cancer, 31, Suppl. II, p.1 (1975).

7. G. Flandrin, J.C. Brouet, M.T. Daniel and J.L. Preud’homme, Blood, 45, 183 (1975).

8. L.Borella and L. Sen, J. Immunol. 111, 1275 (1973).

9. D. Catovsky, J.M. Goldman, A. Okos, B. Frisch and D.A.G. Galton, Brit. Med. J., p.643 (1974).

0. M. Baker, J. Falk and M.F. Greaves, Brit. J. Haematol. (in press, 1975).

1. T. Revesz and M.F. Greaves. In: Lymphocyte Receptors, edited by M. Seligmann, F. Kourilsky
and J.L. Preud’homme. North-Holland Publ., Amsterdam, 1975.

12. S.Hakomori, Biochem. Biophys. Acta, 417,55 (1975).

13. T.Mohanakumar, R.S. Metzgar and D.S. Miller, J. Nat. Cancer Inst. 52,1435 (1974).

14. M.A. Baker and R.N. Taub, Nature New Biol. 241, 93 (1973).

15. M.F. Greaves, G. Brown, N. Rapson and A. Lister, Clin. Immunol. Immunopath. 4, 67 (1975).

16. G. Brown, D. Capellaro and M.F. Greaves, J. Nat. Cancer Inst. (in press, 1975).

17. H.R. Hulett, W.A. Bonner, R.G. Sweet and L.A. Herzenberg, Clin. Chem. 19, 831 (1973).

18. W.A. Bonner, H.R. Hulett, R.G. Sweet and L.A. Herzenberg, Rev. Scient. Instr. 43,404 (1972).

19. G. Brown and M.F. Greaves, Nature, 258,454 (1975).

20. G.Brown, M.F. Greaves, N. Rapson, A. Lister and M. Papamichael, Lancet, ii, 753 (1974).



LYMPHOCYTE MEMBRANE MARKERS IN
B-CELL PROLIFERATIONS AND HUMAN
NON-HODGKIN’S LYMPHOMAS

J.C. BROUET, J.L. PREUD’HOMME and M. SELIGMANN

Laboratory of Immunochemistry (INSERM U 108), Research Institute on Blood Diseases,
Hopital Saint-Louis, Paris 10éme. France

ABSTRACT

Lymphocyte membrane markers have provided new approaches and concepts in the study
of human lymphoid discases of B-cell origin. Most lymphoid malignancies featured by a B-cell
proliferation appear to be of monoclonal origin, as outlined by the study of membrane-bound
immunoglobulins which constitute a clonal marker. The second concept brought forward by
the study of these markers is that monoclonal B-cell proliferations vary considerably with
respect to the type(s) of proliferating cells and their level within the normal pathway of
differentiation of a B-cell clone.

The study of human non-Hodgkin’s lymphomas showed in most cases that the proliferating
cells were of monoclonal B-cell origin; only rare cases of T-cell lymphomas were found
whereas some lymphomas could not be classified in terms of B- or T-cell origin; the latter
situation occurred in most cases of so-called histiocytic lymphomas.

INTRODUCTION

The lymphoid cells may be identified by an increasing number of membrane markers.
The use of these markers has been rewarding in order to attempt improved classifications
of leukemias and lymphomas and to provide new insights into the pathogenesis of
several of these diseases. Waldenstrom’s macroglobulinemia, Burkitt’s lymphoma, most
chronic lymphocytic leukemias (CLL) or poorly differentiated lymphomas were shown
to be B-cell malignancies. On the other hand, the proliferating cells in the Sezary
syndrome, in rare cases of CLL and in about 30% of the patients with common acute
lymphoblastic leukemia (ALL}) are of T-cell origin.

We do not intend to discuss here all these results in detail (see reviews 1—5) and will
focus on two topics: the basic characteristics of B-cell proliferations and recent results
obtained in non-Hodgkin’s lymphomas.

METHODS AND THEIR CRITICAL EVALUATION

The main membrane markers presently used for the identification of human B- and
T-cells are listed in Table 1. A description of the methods used in the present work has
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Table 1. Main Markers of Human B- and T-cells

Marker B-lymphocytes T-lymphocytes 3rd Comments
Population(a)
FEasily detectable + — — Reliable B-cell marker only
Smlig (actual cell if its actual synthesis is
produci) proved
C receptors + -® + Receptors for C3b, C3d
(EAC rosettes) (only a sub- and C4
population)
Fc receptor + or — ~® + Results with B-cells depend-
EA rosettes ing upon nature of

erythrocytes and of
sensitizing IgG antibody

Aggregated IgG + _® + Number of positive B-celis
binding close to that obtained
with Smlg
EBYV receptor + - —
Specific anti-B + - ?
antisera
E rosettes - + - A modified technique
identifies only a subset
of T-cells. Expressed
on some non-lymphoid
cells
Helix pomatia - + 9
hemagglutinin
Specific anti-T - + ? As for anti-B sera speci-

ficity often only rela-
tive. Many sera usable
by cytoxicity only

@ A term coined by Froland and Natvig for unidentified lymphocyte-like cells possibly involved in
antibody-dependent cytotoxicity (K-cells). However, the relationship of these cells with the
monocytic series is still open to question.

® Some T-cells (mostly “activated” T-cells) are positive for these markers.

previously been reported [6-7]. We will therefore limit ourselves to the discussion of
some methodological problems.

It is well established that those lymphocytes producing surface immunoglobulins (Ig)
detectable by rather insensitive methods such as direct immunofluorescence are B-cells.
The use of monospecific antisera to the various Ig chains is of utmost importance to
establish a possible clonal origin of the leukemic cells. However, the mere finding of Ig
determinants at the surface of a cell does not prove its B-cell origin since exogenous Ig
molecules may be bound to the cell surface. For instance, immune complexes may be
attached to the Fc or complement receptors of B-, K- and some T-cells. Antibodies to
lymphocyte surface antigens, such as autoantibodies to T-cells or antibodies directed to
neo-antigens in some malignant diseases, can be revealed by methods used to detect
surface Ig. It is therefore important to prove the synthesis of surface Ig by the cells, for
instance by trypsinization followed by short-term in vitro culture [7].
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The problem of the identification of monocytic cells is often difficult in cell suspen-
sions. These cells bear receptors for complement components and for IgG. They bind
serum IgG and are usually labeled by antisera to y-, k- and A-chains in direct immuno-
fluorescence tests; they may also bind rabbit IgG used as reagents. They may be
identified by their phagocytic properties and enzymic activity (i.e. the cytochemical
detection of endogeneous peroxidase [8]).

Finally, a classification of cells in terms of B or T origin may not be valid when extra-
polated to neoplastic cells. Leukemic cells may express some membrane antigens only at
certain stages of the cell cycle or experience surface changes which could prevent their
identification. For instance, the receptor for C3b is frequently lacking on B-lymphocytes
in CLL. Furthermore, the results obtained with anti-T or anti-B antisera must be carefully
evaluated, in particular when using antisera obtained by immunization with fetal
thymocytes or leukemic B-cells which may contain antibodies to non-B, non-T tumor
associated antigens.

In view of these possible pitfalls in the identification of B- or T-lymphocytes, one
must emphasize the need to use several membrane markers in order to reach a correct
interpretation of the nature of the cells.

CHARACTERISTICS OF B-CELL PROLIFERATION

Two major concepts have emerged from the study of these B-cell proliferative diseases;
most of if not all these disorders are of clonal origin and different patterns with respect to
the cell type and maturation process of the neoplastic clone may be observed and vary
from one disease to another.

The study of surface Ig with reagents specific for the various Ig heavy and light chains
led to the concept of monoclonal B-cell proliferation. Indeed in common B CLL, the
surface Ig present on all leukemic lymphocytes are restricted to a single light chain type
and heavy chain class (Table 2). In CLL with 1gG-bearing lymphocytes the surface IgG
belong to a single subclass and show allelic exclusion [2]. The monoclonal nature of CLL
is not disproved by the finding in 17% of the cases of what we called a mixed staining
pattern, characterized by the simultaneous presence of u-, y-, k-, and A-chain deter-
minants on freshly drawn cells. In all these cases, in vitro experiments showed that the
cells synthesize indeed only a monoctonal surface IgM. The meaning of this false poly-
clonal appearance is not univocal [6]. In some cases the monoclonal surface IgM had a
rheumateid factor activity and bound normal native IgG leading to an apparently
polyclonal pattern on freshly drawn cells [7]. In other patients, the mixed staining was
due to the attachment of immune complexes to the surface of the lymphocytes or to
the binding of antibodies directed to cell surface determinants.

Further evidence of the monoclonal origin of the disease came from the few instances
where a precise antibody activity of the surface Ig was demonstrated. Several cases
with an anti-Ig [7] or anti-blood group I antibody activity of the surface Ig [6—8] and
asingle case with anti-Forsman antigen antibody activity [9] were observed. In these
cases the surface Ig of the proliferating cells share the same antibody activity and thus
presumably identical variable regions of heavy and light chains. The last clue to the
monoclonal nature of CLL came from the demonstration that surface Ig from all
lymphocytes share similar idiotypic determinants [10-12].
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Table 2. Lymphocyte Smlg in 153 CLL Patients

Serum Total __* v e Mixed Not
mon;);lonal number « Ak A K A Biclonal staining detectable
None 119 45 18 12 7 0 1 1 17 18
IgM 13 7 3 3@
1G 19 1® 1 ® gy 4 1
IgA 2 2
Total 153 75 31 1 7 21 18

@ [gM synthesized in vitro in the seven cases studied.
® SmIgM synthesized in vitro, 1gG being found on freshly drawn cells.
© 1gG proved to be an actual cell product in six cases.

@ T_cely origin demonstrated in eleven cases (including two paticnts with Ig attached to
but not synthesized by the cells).

With the exception of multiple myeloma, the majority of B-cell proliferative diseases
are featured by a surface IgM. 1gG-producing clones are rarely involved and a single IgA
CLL was observed in our series (Table 2). Thus the distribution of heavy and light chains
among CLL patients roughly reflects the distribution of surface Ig on normal blood
lymphocytes [6]. Most IgM-bearing normal and leukemic lymphocytes also synthesize
surface IgD. This important exception to the rule that leukemic lymphocytes bear a
single light and heavy chain does not irvalidate the concept of monoclonality since
surface IgD and IgM share the same light chain, the same eventual antibody activity and
identical idiotypes [11-14].

These studies also revealed that B neoplastic clones may experience a normal matura-
tion process or that their development may be “frozen’ at a given stage of their
differentiation pathway. Waldenstrom’s macroglobulinemia offers the example of a
clone with a normal maturation process. A large predominance of monoclonal IgM-
bearing lymphoid cells is found in the bone marrow and blood of such patients. The
density of fluorescent spots, their size and brightness vary greatly from cell to cell.
Intracytoplasmic staining for monoclonal IgM is restricted to plasma cells and to a
limited number of lymphocytes. By contrast in CLL, the fluorescence pattern is
homogeneous from one cell to the other in individual patients. The staining of the
positive lymphocytes is usually very faint. In some cases the surface Ig are undetectable
by direct immunofluorescence although the study of other cell markers demonstrates
the B origin of the cells. We interpret these findings as an evidence for a block at an
early stage of the maturation process of the B-cell clone. The persistence of some degree
of maturation of the proliferating B clone appears likely in most cases of CLL with a
serum monoclonal Ig. In this situation the serum monoclonal lg is usually identical to
that found on the leukemic B-cells and both Ig share common idiotypic determinants
[10-12]. These cases may be considered as intermediate between the common CLL with
a complete block in the maturation process and Waldenstrom’s macroglobulinemia with
persistent maturation of the proliferating clone into secreting plasma cells.

The study of surface IgD in these diseases provides additional information with respect
to the maturation process of the proliferating B-cell clone. In Waldenstréom’s
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macroglobulinemia the majority of the cells bear y and 8 determinants, but the density
of IgD seems to decrease on IgM-secreting cells [14]. In CLL, variable amounts of IgD
and IgM are found on leukemic lymphocytes, with an homogenous pattern in individual
patients. The ratio of density of u- and 8-chains varies from one patient to another and
may characterize the level of maturation reached by the leukemic clones “frozen” in
their differentiation. It is noteworthy that some blastic proliferations such as “poorly
differentiated”” lymphomas may be misnamed with regard to their stage of differentiation
since they possess a high density of surface Ig and in fact correspond probably to
transformed B-lymphocytes.

These two concepts of monoclonal B-cell proliferations and variable maturation
blocks are most useful to interpret some unusual lymphoid diseases. Biclonal prolifera-
tions, with two clones featured by different surface Ig, are not exceptional (Table 3). In

Table 3. Summarized Data in Five Patients with Biclonal Lymphoid Proliferation

Case  Diagnosis Lymphocyte Smlg markers  Intracytoplasmic staining  Serum
monoclonal Ig

1 CLL YA+ MK Negative None
2 CLL A+ oK ak (plasma cells) IgA «
3  CLL + myeloma UA + alA aA (plasma cells) IgA A
4 CLL MA + YA+ uyA YA (lymphocytes
and plasma cells) IgG A
#A (crystals in
lymphocytes)
5 Wald. macr. MA + YK uA + vk (plasma
cells and some IgG x + IgM A
lymphocytes)

these cases the surface Ig of the two clones may be completely different or conversely
have similar light chains. This latter situation is probably similar to that known for
double paraproteinemias with two serum monoclonal Ig having identical light chains and
variable regions but different constant regions of the heavy chains. All the possible
situations with respect to cell maturation have been encountered in biclonal prolifera-
tions: no one, one or both clones may pursue some maturation into plasma cells result-
ing either in the absence or in the presence of one or two monoclonal serum Ig,

Acute blastic proliferations such as acute lymphoblastic leukemias or “histiocytic”
lymphomas may supervene on CLL or Waldenstrom’s macroglobulinemia. Whereas the
cell morphology is totally different in the chronic and the acute phase of the disease,
the study of surface Ig clearly shows that the same clone of B-cells is involved at the
two different stages of the process and that the blastic cells do not represent the emer-
gence of a new malignant clone (Table 4).

MEMBRANE MARKERS IN HUMAN NON-HODGKIN’S LYMPHOMAS

The study of membrane markers in non-Hodgkin’s lymphomas was performed with
the hope of improving the current classification which is merely based upon morpholog-
ical criteria. The results show that, although most lymphomas are of B-cell origin, there
is a striking heterogeneity within morphologically homogeneous lymphomas. In
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Table 4. “Blast Cell” Proliferations Supervening on Chronic B-lymphocyte

Proliferations
Chronic disease Basic proliferation
Diagnosis Lymphocyte Smlg Diagnosis Blast cell Smig
CLL i ALL e
CLL uk @ ALL @
CLL ND ALL uA
CLL ND Mixed lymphocytic “histiocytic”
lymphoma YA
WM UK Poorly differentiated *‘histio- .
cytic” lymphoma MK
CLL ND 1d uK

@ Same antibody activity of the S.Ig synthesized by both the lymphocytes and the
lymphoblasts,

addition, some proliferations such as “histiocytic” lymphomas are ill defined by the
present membrane markers.

In the majority of cases of poorly differentiated lymphocytic lymphomas in adults
studied by us (Table 5) the proliferating cells were of monoclonal B-cell origin. Except
for a single case the blast cells bore monoclonal surface IgM molecules together with
IgD. IgM with A-chains predominated in diffuse lymphocytic lymphomas. A single IgG-
bearing proliferation was found (in a diffuse lymphoma). In most cases the fluorescence
staining was bright suggesting a high density of surface Ig. The cells appeared to be of
T-cell origin in one case whereas they were not identified by the current markers in two
other cases. One of these patients was the only child studied in this series.

A monoclonal B-cell proliferation was documented in four cases of mixed “lympho-
cytic histiocytic” lymphomas. Three of these patients were affected with nodular
lymphomas and all cells, whether lymphocytic or so-called histiocytic, bore the same
surface Ig demonstrating the appurtenance to the same clone of these two types of cells
with a different morphologic appearance.

A striking heterogeneity was apparent in patients with “histiocytic” lymphomas
(Table 5). It is noteworthy that in our series those two cases which were of B-cell type
occurred in patients previously affected with a B CLL. A single lymphoma was definitely

Table 5. Membrane Markers in Non-Hodgkin’s Lymphomas (Rappaport’s
classification)

No. B-cell T-cell Monocytic No
studied origin origin origin markers

Well differentiated, lymphocytic 2 2
Poorly differentiated, lymphocy tic 19 16 1
Mixed lymphocytic-“histiocy tic” 6 4
9
2
8

[SS 1 )

Poorly differentiated, ““histiocy tic” 2@) 1 21 S
Undifferentiated, non-Burkitt 2
Undifferentiated, Burkitt’s type 8

@ Lymphoma supervening on CLL or WM.
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of T origin whereas in five cases the blast cells were not identified. In two of these five
cases, the use of anti-T and anti-B sera did not allow any improvement in the classifica-
tion of the abnormal cells. However, the absence of B or T markers does, of course, not
exclude a possible lymphoid origin for these cells. We have studied the cells from eight
patients with an acute leukemic disease characterized by blast cells identical to Burkitt’s
tumor cells by morphologic criteria. These blast cells belonged to a monoclonal B-cell
proliferating on. Although such a leukemic presentation is distinctly unusual in Burkitt’s
disease [15] these findings suggest a close relation of this particular form of ALL to
Burkitt’s lymphomas.

Three patients with immunoblastic lymphadenopathies [16] (or angioimmunoblastic
lymphomas [17]) were studied. In all these cases the characteristic features were observed
including auto-immune hemolytic anemia and a very high polyclonal hypergamma-
globulinemia [18]. This polyclonal Ig pattern was also found at the level of the lymph
node cells either by cytoplasmic staining or by surface immunofluorescence (Table 6).
Perhaps the most unusual finding was the high percentage (between 30 and 50%) of cells
not identified by the surface markers used in this study. One may therefore wonder if
these lymphomas represent the first instance of a polyclonal B-cell malignant prolifera-
tion in man.

>

Table 6. Immunoblastic Lymphadenopathy

Intracelluiar Ig Surface g
& H oY o« K A 8 H Y e K A IeGaggregates  E rosettes
ND 1 3 3 4 5 ND 23 20 10 18 23 50% T%
ND 1 20 315 8 ND ND 50%
0 7 19 318 16 1 12 12 2 14 11 25% 29

These results in malignant non-Hodgkin lymphomas extend our previous data {19]
and are in general agreement with other reports [20-22]. There is much hope that the
study of further cases and a careful follow up of those patients whose malignant celis
have been characterized with respect to their surface properties will provide useful
information for prognosis and perhaps for an improved therapeutic approach.
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ABSTRACT

New methods helpful in the classification of leukemias and hematosarcomas have recently
become available. Among the most valuable procedures have been those detecting cell
membrane markers and the ultrastructural analysis permitted by convention and scanning
electron microscopy (SEM). The results of these studies, taken together with a meticulous
morphologic examination on Giemsa smears, allow a more subtle classification on these
neoplasias.

Among the most interesting points one can list:

(a) The observation that in typical acute lymphoid leukemia (ALL), T-markers may be
found in the prolymphocytic, microlymphoblastic and macrolymphoblastic varieties, but not
in the prolymphoblastic one.

(b) T or B immunoblastic acute lymphoid leukaemias are a fifth type of ALL.

(c¢) Chronic lymphoid leukemia {(CLL) is usually a monoclonal cell disease. Cases with
atypical cell membrane phenotypes are, however, sometimes observed as well as CLL with
T-cell markers.

(d) Hairy cell leukemias (HCL) may be an heterogeneous disease in terms of B-cell mem-
brane markers; SEM allow a clear distinction between CLL, chronic monocytoid leukemia
(CMoL) and HCL.

(e) Leukemic lymphosarcomas (LLS) are classificd as B in a majority of cases. Cell
membrane typing may eventually permit differential diagnosis between early LLS and primary
ALL.

() The lymphosarcomas (LS) which can be histologically nodular (composed of B cells)
or diffuse (composed of cells presenting B, T or no detectable markers) can be cytologically
prolymphocytic or lymphoblastic (lymphoblastoid) if they are nodular; prolymphocytic,
lymphoblastic, or immunoblastic if they are diffuse.

(g) The diagnosis of reticulosarcoma (RS) which was in the past abusively carried out
(because of confusion with immunoblastic lymphosarcoma) is based on the presence of many
reticulin fibers at histological examination; there are no detectable T or B membrane markers.

(h) Reed Sternberg cell, which has been considered as an abnormal lymphocyte, may in
fact be of histiocytic or B lymphocytic origin.

* Institut de Cancérologie et d’Immunogénétique, 14-16 av. Paul Vaillant Couturier, 94800
Villejuif, France.

T Temple University School of Medicine, Philadelphia, Pa., U.S.A.
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INTRODUCTION

The identification several years ago of membrane markers on the mononuclear cell
population of both animals {1] and humans [2, 8] has permitted differentiation of this
population into T (thymo-dependent) and B (thymo-independent) lymphocytes and
monocytes.

More recently, scanning electron microscopy (SEM) has provided an additional means
of distinguishing the various mononuclear compartments in normal individuals [9, 10].

It is the purpose of this paper to review the methods routinely available for the
characterization of human mononuclear cells and to report our findings in the application
of these techniques to the study of lympho-monocytoid disorders. Data reported here
concern a personal investigation of 150 cases of malignant hematological disorders.

METHODOLOGICAL CONSIDERATIONS

Table 1 summarizes the various membrane markers and the test currently used to
differentiate normal T- and B-lymphocytes and monocytes.

Although these tests are widely accepted we stress that problems are still encount-
ered in their practice: they are summarized in Table 2. We would like to emphasize
two particular difficulties:

1. The wide variations in published data regarding the mean percentage value of E

rosettes with sheep red blood cells in normal human tissues [11] : this is due
to the use of various technical conditions; from Fig. 1 one can note that at
least four variable parameters are involved in this test.

2. The frequent confusion between “surface” immunoglobulins (sIg) and membrane
immunoglobulins (mlg). Only the latter are specific of B-lymphocytes, since slg
may be antibodies coating the membrane of various cells or serum immuno-
globulins (Ig) adhering to Fc receptors of monocytes or activated T-lymphocytes.
As reported by Seligmann et al. [7], to demonstrate the presence of mlg on
lymphocytes, it is necessary to prove that these Ig are synthetized by trypsinized
or in vitro incubated cells.

Other technical difficulties have to be considered when applying these techniques in

the classification of hematological disorders:

1. There is a loss of cells during purification of mononuclear elements and thus
possibly a cell selection.

2. Presence of both normal and neoplastic cells in tumor tissues requires systematic
cytological control to verify which cells possess the markers.

Finally data on cell surface appearance on SEM have to be correlated with other
markers: first because several intermediate forms cannot be recognized as either typical
T- or B-celis and second because some E-rosette-forming cells (T-lymphocytes) can have
a villous appearance similar to normal B-cells [9, 12]. These general considerations stress
the need to use a battery of tests rather than any single one when using these tests in
an attempt to categorize hematological neoplasias.
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Table 1. Cell Membrane Markers, for T and B Normal Lymphocvtes and Mono-
cytes in Humans

Marker Test T B Monocyte
SRBC receptors E rosette + 0 0
MRBC receptors E rosette 0 + 0
Fc ag IgG receptors EA rosettes 0 ¥ +
Fc Ig receptors Immunofluorescence
with anti-Ig 0 + +
Fc'lg teceptors Immunofluorescence
with heat-aggregated Ig 0 + 0 (M
Activated C, (d or b)
receptor EAC rosette 0 + +
mig Membrane immuno-
fluorescence 0 + 0
Specific T or B Cytotoxicity or
hetero antigen(s) immunofluorescence +,0 0, + 0.0
EBV receptors Rosettes 0 + 0

SRBC: sheep red blood cells. MRBC: murine red blood cells.  E: spontancous rosettes with
red blood cells (RBC).  EA: rosettes with RBC coated with anti-RBC Ig. EAC: rosettes with
RBC coated with anti-RBC IgM in the presence of C;.  Fc ag IgG: I'c receptors for antigen IgG
antibody complexes.  Fc Ig: Fc receptors for free immunoglobulins (Ig). I'¢’Ig: e receptors
for heat aggregated Ig.  Cj: activated C, complement receptors: two subvarietics C3b and Cjd
(see text). mlg: membrane Ig.

Table 2. Criticisms of the Test Procedures for Detecting Membrane Markers™

Variability of the test (differing results
according to experimental conditions).

E rosette tests

EA rosette tests EA receptors may be detected on some
educated T-lymphocytes, on some B-,

K-cells (?) as well as on monocytes.

EAC rosette tests No good control distinguishing the EA

receptors from the EAC.

Membrane immunofluorescence Difficult to obtain specific antisera. mlg
have to be distinguished from slg. Ig
monoclonicity is required for neoplastic

B-lymphoid cells.

Difficult to obtain specific hetero antisera.
Immunofluorescence test is not useful.
Cytotoxicity test does not allow
correlation with morphological studies.

Specific anti-T or B
heterosera

Difficulty due to the use of an EBV +
permanent cell line.

EBV membrane receptors

* For abbreviations see Table 1.

RESULTS

1. Normal mononuclear cells

The membrane phenotypes of the different normal mononuclear cells are based on
the previously discussed methods reported in Table 3.
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E ROSETTE FORMING CELLS
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754
4°C SRBCI WITH SERUM AB
2 Y )
.
504
4°C SRBC T o
0 0 o
0 WITHOUT SERUM AB
4°C SRBCI
254 4 v
v
v,
37°C SRBC T WITH SERUMA%
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Fig. 1. Variable parameters involved in the E rosette test procedure. Experimental data concern the

peripheral blood of six normal adult subjects. Note that the temperature, the quality of SRBC

(preparations 1 and II), the incubation time and the eventual addition of human AB serum (which has
been heat decomplemented and absorbed with SRBC) have to be considered.

Table 3. Immunological Membrane Phenotypes of T- and B-lymphocytes and
Monocytes in Humans

T-cell = mlg (), Fe Aglg”™ (), Fc (=), C, (), E (+), Em (), T ag (+), B ag (—)
B-cell = mlg (+), Fc Aglg (+), Fe (+), C, b (+), C,dT (+), E (), Em (+), Tag (4), B ag (+)
“Monocyte” = mlg (—), Fc aglg (+), Fc (—), C,;b (+), (‘,SdT (+), E(—),Em (), Tag (), Bag(-)

"f Positive on educated T-cells (?); possible characteristic of K-cells (?).
Involved in the immune adherence phenomenon.

mlg Membrane immunoglobulins
Fc Aglg Fc receptors for antigen Ig antibody complexes
Fc Fcreceptors for free immunoglobulins
C, Activated C', complement receptors; two subvarietiesC, b and Cyd (see text)
E Spontaneous rosette formation with sheep red blood cells

Em Spontaneous rosette formation with murine red blood celis

T ag Specific T heteroantigen(s)

B ag Specific B heteroantigen(s)

2. Primary acute lymphoid leukemias
2.1. Typical acute lymphoid leukemias (ALL)

In typical ALL, we found that in 25% of cases, leukemic cells possess T-membrane
properties, while in the remaining 75% of cases, no cell membrane markers could be
detected with the technique used (Table 4) [8, 13, 14]. It is noteworthy that in our
study, four of the seven cases with T-cell marker were of the prolymphocytic variety,
two of the macrolymphoblastic and one of the microlymphoblastic, according to the
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Table 4. Cell Membrane Markers in Classical Acute Lymphoid
Leukemias (30 cases studied)

Cases Observations Interpretation
259%* mlg (-), Fe Aglg (), Fc (=), C, (=), E (+) T
75% mlg (), Fe Aglg (=), Fc (5),C. (—),E (-) No marker?

* Four out of the six T-cell cases were of the prolymphocytic variety, while
all prolymphoblastic ALL were included in the group with no detectable markers.
T In three cases cells were smooth surfaced at scanning microscopy.

cytological classification used [15, 16]. Five of these patients were children and two
young adults. None had mediastinal lymph node enlarged. No particular clinical features
were evidenced to differentiate these cases from those who had no detectable cell
membrane markers except that all T-cell cases were characterized by a poor prognosis
[17].

In three cases lacking membrane markers, SEM revealed that cells were smooth
surfaced, while surprisingly it showed that in two cases with T-markers cell surface could
in fact possess a degree of villosity [9, 14].

2.2. Primary immunoblastic ALL

In addition to typical ALL we have described an unusual form of this disorder which
has been called “immunoblastic” ALL [18]. We showed that this fifth variety of ALL
has characteristic cytological and clinical features distinguishing it from the four
previously described varieties of typical ALL {15]. We observed that cells possess a
deeply basophilic vacuolated cytoplasm, and a relatively immature nucleus with one
visible nucleolus in some. Electron microscopy confirmed that there were numerous
ribosomes in the cytoplasm. A striking feature was the observation of the absence of
ergastoplasm, which led us to distinguish these cells from proplasmocytes. Investigation
with membrane markers in four cases so far studied showed that one case was B, one was
T, while the two others had no detectable membrane markers (Table 5).

Table 5. Cell Membrane Markers in Primary ‘‘Immunoblastic” Acute
Lymphoid Leukemias

Cases studied Observations Interpretation
2 mlg (--), I'e (=), CL (=), L(-) No marker
1 mlg (+), Fe (+), C,(+), E(—) B
1 mlg (=), Fe (4)*,CL (=), E (+) T

* Presence of e receptors on normal educated lymphocytes has been
demonstrated in animals.
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3. Primary acute myeloid leukemias (AML ) and acute monoblastic
leukemias (AMoL)

In all twelve cases of AML studied, whatever the cell variety (i.e. promyeloblastic,
myeloblastic, myelomonoblastic), no cell membrane markers, i.e. Fc receptors for
immune complexes and activated complement receptors, could be detected with the
technique used.

In seven out of these cases surface immunoglobulins were detected on fresh cells, but
after in vitro incubation there was no detectable membrane immunofluorescence,
suggesting that cells were in fact not able to synthetize mlg [12, 17]. In one case of
AMoL there were no detectable cell membrane markers, while in another case, activated
complement receptors could be evidenced in 40% of leukemic cells {17].

4. Chronic lymphoid leukemias (CLL)

It is now well established that CLL is usually a B-cell neoplasia because of the con-
sistent evidence that a majority of lymphocytes can synthetize monoclonal membrane
immunoglobulins [4, 7, 8, 12, 14]) and bear B-cell receptors [6, 8].

Our results dealing with thirty-eight cases did not lead us, however, to always settle
this rule. From Table 6 it is concluded that:

1. All cases of CLL cannot be definitely typed as B. Details of cases in which there

were no mlg + cells have been previously reported [14].

2. All B-cell cases of CLL cannot be proved to be monoclonal because there is in
some of them a mixed immunofluorescence pattern, even after in vitro incubation
procedures.

3. In addition we observed that all B-lymphocytes do not possess other B-markers
such as Fc receptors for immune complexes and activated complement receptors
{12, 14].

4. Finally, a striking observation is that in patients investigated for both membrane IgM
and IgD, it can be proved that cells synthetizing monoclonal IgM can in addition
synthetize IgD of the same light chain.

Table 6. Heterogeneity of B-lymphoid Cells in Chronic Lymphoid
Leukemia* (CLL)

1. 34/38 cases: B CLL because of prevalence of mlg (+) cells
. 30/34 cases monoclonal:

IsM: 24 pk:  15; u: 9

IgG: 5 yk: 2; YA 3

IgA: 1 ak

Mixed pattern: 4
111. All mlg (+) cells of the 34 B-cell cases do not possess other

receptors

mlg (+), Fcaglg(+), C,(+), Em(+)
85% 30% 40% 51%

Iv. Monoclonal Ig D with the same light chain are detected

on 15 to 80% of monoclonal IgM (+) cells (8 cases studied)

* For abbreviations see Table 3.
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5. Hairy cell leukemias (HCL)

Another difficulty in cell typing is presented by HCL. We know that this unusual
chronic leukemia has in the past been considered to be monocytic [20-22].

In our study, we showed that in two cases there was a monoclonal population of
B-neoplastic cells suggesting a B-lymphocytic nature of the disease.

In two other cases, although the presence of Fc receptors for antigen-antibodies
complexes and activated complement receptors were detected on hairy cells, we could
not in fact prove after in vitro procedures that these cells were able to synthetize
membrane immunoglobulins and thus the disease could not be definitely typed as B
(Table 7). SEM of these two cases showed a cell surface appearance which does not evoke
the typical feature usually found to be associated with CLL of the B type (see for com-
parison Figs. 2 and 3).

Table 7. Cell Membrane Markers in Hairy Cell Leukemias

Cases studied Membrane phenotype Interpretation
2 mig (+), Fc aglg (+)*, C, (+)*, E (), BT
Em (+)*
2 mlg (), Feaglg (+)*, C,(+)*,E (), ?
Em (?)

*On 20 to 50% of cells.
80-90% of cells; monoclonal uA: 1 case; vk: 1 case.

Fig. 2. Scanning electron microscopy appearance of a case of hairy cell leukemia (HCL) without
detectable membrane immunoglobulins (X 6000): note that these cells cannot be confused with those
from CLL.

6. Leukemic lymphosarcomas (LLS)

Investigation of membrane markers in fifteen cases of LLS revealed that eight cases
were of the B type while five had no detectable membrane markers. Only two cases were
typed as T.
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Fig. 3. Scanning electron microscopy appearance of a case of chronic lymphoid leukemia (CLL)
(X 6000). Note the relative heterogeneity of the monoclonal B-cell population.

We have recently proposed a cytological classification of LLS based on predominant
cells, and showed that this classification had prognostic value [23]. We distinguish the
immunoblastic, lymphoblastic (or lymphoblastoid) and prolymphocytic types. As
presented in Table 8 our preliminary results still do not permit us to define a correlation
between the cytological types and the membrane markers pattern.

Table 8. Membrane Markers in Leukemic Lymphosarcomas (15 patients)

Cytological type Number of cases Histology of the first Suspected nature of
localization the leukemic cells

Diffuse  Nodular ND T B* NDMN

Immunoblastic 2 1 1
1 1
Lymphoblastic 4 1 1
(lymphoblastoid)
2 2
1 1
Prolymphocytic 9 5 1 3 1
2 1 1
2 1 1
Total 15 7 4 4 2 8 S

* All cases which have been typed for mig were monoclonal IgM.
ND: Not determined. = NDMM: No detectable membrane markers.
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7. Chronic monocytoid leukemia

In one case studied, activated complement receptors could only be detected on
pathological cells. Investigation with SEM of this case showed a particular cell surface
appearance which led us to distinguish the cells from those of either CLL or HCL (Fig. 4).

Fig. 4. Scanning electron microscopy appearance of a case of chronic monocytoid leukemia (CMoL)
(X 6000). Note that these cells with crested surface cannot be confused with those from either CLL or
HCL.

8. Non-leukemic non-Hodgkin’s lymphomas

Investigation of membrane markers in spleen and lymph node tissues of fourteen
cases of non-leukemic lymphosarcomas showed that a majority of cases were B or had
no detectable membrane markers, while only two cases could be definitely typed as T.

Table 9. Cell Membrane Markers in Lymph Nodes of Six Patients with Non-leukemic

Lymphosarcomas
Patients Sex/Age Histology Cytology Membrane markers Interpretation
(total cell population) (pathologic cells)
E(+) Fc(+) C,(+) mig(+)

A F 51 Diffuse Immunoblastic 44* z7 28 30 B(?)

B M 15 Diffuse Lymphoblastic 80F 40 20 12 T

D M 69 Nodular Prolymphocytic 42* 9 5 4 NDMM

A M52  Nodular  Prolymphocytic 10* 4 0 90 B (k)

M M 45 Nodular Prolymphocytic 40* 17 33 47 B (uk)

B M S1 Diffuse Prolymphocytic 20* 46 38 85 B (uk)

* Rosette-forming cells were differentiated lymphoid cells.
i Rosette-forming cells were exclusively lymphoblastoid cells.
NDMM: No detectable membrane markers.
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Table 9 summarizes the results obtained in lymph nodes of six patients with non-
leukemic lymphosarcomas (LS). Two out of three nodular LS were typed as B, while
the other had no detectable membrane markers. In the three diffuse LS, one immuno-
blastic and one prolymphocytic cases were typed as B, while the lymphoblastic one
was typed as T.

In two reticulosarcomas distinguished from lymphosarcomas by the presence of
intercellular reticulin fibers there were no detectable membrane markers.

8.1. Hodgkin’s disease

It has been believed that Reed Sternberg cells may be modified T-lymphocytes but
more recently we suggested, as did others, that these neoplastic cells might in fact be of
B-cell or histiocytic nature [16, 24, 25] . We showed that Reed Sternberg cells do not
form spontaneous rosettes with sheep blood cells. Furthermore, we detected Fc receptors
for antigen-antibodies complexes and activated complement receptors on some presumed
Reed Sternberg cells.

We were, however, unable in our experimental conditions to prove membrane immuno-
globulin synthesis by these cells as reported by others [25] . In addition the heterogeneous
surface appearance of presumed Reed Sternberg cells on SEM may suggest an histiocytic
rather than a B-lymphocytic nature of these cells (Fig. 5). The significance of this finding
remains, however, questionable in the light of possible cell-surface modification induced
by the neoplastic process [12, 26, 27].

Fig. 5. Scanning electron microscopy appearance of a presumed Reed Sternberg cell (X 3000). Note
that lymphocytes (T-lymphocytes?) are attached to the cell, suggesting that these lymphocytes
interact with the Reed Sternberg cell.
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DISCUSSION

From the data reported here as well as from other studies, it is evident that investiga-
tion of cell membrane markers is useful in the study of hematological neoplasia.

In primary typical ALL 25% of cases can be distinguished by the presence of T-
membrane markers. Since this original observation [8, 28, 29], several investigators have
reported comparable data [30-32}, while still others, using hetero-antisera in addition
to rosette test procedures, found higher percentages of cases with cells bearing T
characteristics [34] ; these interesting results require, however, confirmation since
specificity of anti-T-heterosera generally remains questionable. In our study, in contrast
to other findings [32, 34], there were no typical primary ALL with B-cell membrane
markers. We have postulated that this discrepancy may result from a confusion between
primary ALL and early leukemic lymphosarcomas [12, 17,23].

In this study the observed prevalence of B-cell cases in leukemic lymphosarcomas is
in fact a striking difference between these cases and those of primary ALL and thus
may eventually permit differential diagnosis of the two diseases. In primary immuno-
blastic ALL we found, however, that one case was typed as B and another as T,
suggesting that the pathological cells may derive from either T or B lymphoid cells, as
normal immunoblasts do. In two cases, however, there were no detectable membrane
markers.

In all cases of AML studied we found similar negative results, whatever the cytological
variety of the disease. A striking observation was the detection of a positive membrane
immunofluorescence on fresh myeloid leukemic cells, suggesting the presence of anti-
bodies coating the membrane.

In chronic lymphoid leukemia, we confirmed that the great majority of cases could
be definitely typed as B and that most of them consisted of a monoclonal cell prolifera-
tion. In addition, we confirmed as reported by others [35, 36] that monoclonal mem-
brane IgD could be synthetized by B-lymphocytes in association with monoclonal
membrane IgM, and that both mlg are composed of the same light chain. Our data suggest,
however, that there are cases with atypical membrane phenotypes {12, 14]. In one case,
for example, cells have been typed as T [37] suggesting, as reported by others [38, 39],
that CLL may be an heterogeneous disease. We should, however, be very careful in
classifying such diseases as true T CLL since this group has to be clearly distinguished
from early prolymphocytic leukemic lymphosarcomas of the T-type {23, 37] and from
other T-prolymphocytic leukemias [40]. '

In hairy cell leukemia, we confirm other reports {41], suggesting that the disease
can be typed as B-monocional. In two cases, however, we were unable to prove that hairy
cells were definitely B-lymphocytes [42] . So these data do not allow us to exclude that
hairy cells may be, in some cases, derived from other cells such as monocytes or K-cells.

In lymphosarcomas, our preliminary investigation confirmed other studies showing
that nodular LS is usually associated with B markers [43, 44] , while diffuse LS may be
typed as B, T or has no detectable markers [45,49].

Finally, in Hodgkin’s disease, it is interesting to note that membrane typing of
Reed Sternberg cells does not favor the T-cell hypothesis [50] . Although it suggests
more an histiocytic rather than a Blymphocytic nature, our data cannot definitely
exclude that a Reed Sternberg cell is a modified B-lymphocyte [14, 16,26,27,51}.



142 CLINICAL TUMOR IMMUNOLOGY

From the data reported here, it is evident that it is through extended use of this type
of investigation that progress can be made towards improved classification of neoplastic
hematological disorders. Perhaps the greatest value of such studies will ultimately be in
the increased understanding of the physiopathology of these diseases.
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In any attempt to maximize chemotherapeutic response to antitumor agents it is
important to take into account the interrelationships of host, tumor and drug {1-3].

An active drug exerts an inhibitory effect against the tumor and the extent of this

effect is generally limited by the toxicity for the host or the origin of resistance. Also,
the host itself may react immunologically against the tumor and the question arises

as to the approaches that may be employed with the combination of host immunity and
chemotherapy for the improvement of treatment of neoplastic disease. Several important
reviews may be cited on tumor immunotherapy in which there is also reference to
studies in immunochemotherapy [4-6] . In the current review preclinical approaches to
the combined modality immunochemotherapy are presented.

In the treatment of leukemia L1210 in mice it is possible to achieve considerable
increases in the survival time of the animals as the result of chemotherapy. In general,
this treatment is more successtul when it is initiated early following leukemic inocula-
tion, at a time when there is a small number of leukemic cells. However, against advanced
systemic disease in which treatment is initiated several days prior to the expected time
of death of controls, it is still possible to achieve definitive increases in survival time
of the leukemic animals. In one study, treatment with folic acid antagonists was
initiated on the 7th day following leukemic inoculation of CDF, hybrid mice and
continued to the 90th day [7]. The median survival time of the controls was
approximately 10 days. Treatment with the folic acid antagonist methotrexate yielded
a substantial increase in survival time of the animals. Two analogs of folic acid, 3’5"
dichloromethotrexate (DCM) and 3'bromo-5'chloromethotrexate (BCM), were capable of
increasing the survival time of the animals very extensively and a considerable number of
the animals lived indefinitely.

The question arose as to whether the surviving mice would be immune to reinoculation
of the leukemic cells. To test this, the animals that were alive at 160 days without
evidence of disease were reinoculated with leukemic cells. These animals, apparently
cured of advanced systemic leukemia L1210 either as the result of treatment with DCM
or BCM, were resistant to reinoculation of the disease [8]. In 70% of the survivors
resulting from treatment with DCM and 50% of the survivors with BCM, the tumor failed
to grow on reinoculation. These results were considered of interest because it is apparently
necessary for the disease to be systemic at the time of initiation of treatment [8] in order
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to obtain an appreciable refractory response. When treatment was initiated shortly after
leukemic inoculation and the disease totally eradicated, the animals generally were not
refractory to leukemic reinoculation.

Following eradication of the initial advanced leukemia, in instances where the
animals were only partially resistant to the reinoculum the tumor grew slowly and
achieved a large size at the subcutaneous site of reinoculation prior to death [8]. Also,
death occurred considerably later than was observed in a set of control animals. In this
study leukemic deaths following reinoculation of the partially resistant animals ranged
from 8 to 50 days, whereas controls receiving a primary inoculum died in a narrow range
with a median of 10 days. Apparently, in the partially immune animals there is some
inhibition of metastasis and the tumor grows locally but progressively, eventually
metastasizing and killing the animals. This refractory state could not be attributed to
the advanced age of the animals nor to any retention in the host of DCM or BCM, and
it did not occur following initial inoculation of blood or spleen cells of normal DBA/2
or CDF, animals.

Studies were conducted to determine whether the survivors of systemic leukemia
L1210 would be immune to an antifolic resistant subline of leukemia L1210 as well as
to the initial sensitive line. It was observed that there was, in fact, a considerable degree
of refractoriness to reinoculation not only of the sensitive 1.1210 leukemia but also
of the L1210 M46R, a subline of leukemia L1210 that is resistant to methotrexate and
partially cross-resistant to dichloromethotrexate [9]. It may be of interest that there was
not as extensive host resistance to the M46R subline as to the parent L1210. The partially
resistant subline appeared to grow somewhat more readily, although there was neverthe-
less considerable residual immune response. On subsequent reinoculation there was also
resistance to the growth of a second subline of leukemia L1210 resistant to antifolics
(M66-3R). Again, although there was resistance to reinoculation it was not as extensive
as that observed with the initial sensitive line of leukemia L1210. In any event, there
certainly was a considerable degree of transplantation immunity to the growth of the
resistant lines. Whether the more extensive growth of the resistant lines represents some
alteration in tumor cell antigenicity cannot be judged from these experiments, although
later studies do indicate that for drug-induced resistant lines alteration of tumor cell
antigenicity may occur [10-12].

Since advanced leukemic mice successfully treated with DCM or BCM are immune to
both sensitive and folic-acid-resistant leukemic cells, it was considered that it might be
possible to take advantage of the immune response against the sensitive line, on therapy,
to effectively treat an antifolic resistant line of leukemia L1210. In one experiment [13]
the sensitive line of leukemia L1210 was inoculated into the flank of the animals and,
when the disease was systematic, daily treatment with DCM was initiated. At that time
or at subsequent times the resistant line was introduced in the opposite flank of the
animal and treatment was continued. The survival time of the animals was determined,
as well as the extent of local tumor growth for the sensitive line and the incidence of
tumor “takes” and tumor growth for the resistant line. In this experiment the
untreated sensitive leukemic L1210 controls had a median survival time of 10 days. On
daily treatment of the sensitive line with DCM from the 7th day, the median survival time
was greater than 74 days. The untreated controls for the resistant line (M46R) also had
a median survival time of 10 days and treatment of the resistant line with DCM approxi-
mately doubled the survival time indicating that there was a marked degree of resistance
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for this tumor as compared with the sensitive line. However, when the L1210 sensitive
line was inoculated into the animals and treatment was initiated with DCM on the 7th
day and the M46R resistant cells inoculated into the animals on either the 7th, 14th,
21st or 28th day, the resistant line was also sensitive to the therapy and the animals
lived for an extended period of time. In addition to the increase in survival time of the
animals the resistant M46R tumor either did not grow at the site of inoculation or grew
at a reduced rate. It was necessary to continue treatment with DCM in order to elicit the
augmented therapeutic response, indicating that the extent of immunity resulting from
the effective treatment of the sensitive line had not been very extensive. Thus, the
combination of an apparently moderate immune response to the sensitive leukemic cells
coupled with continuous therapy with DCM resulted in an extensive increase in the sur-
vival time of the animals despite the presence of antifolate resistant leukemic cells.

A similar result was obtained in a second experiment [13]. In this experiment there
was an additional group in which both the sensitive line and resistant line were inoculated
at the same time that DCM treatment was initiated. In this group no therapeutic advantage
was observed. Apparently, then, it is necessary to have advanced systemic disease when
the treatment is initiated in order to obtain the augmented response against the resistant
cells.

Augmentation of therapeutic response was also obtained when the sensitive line of
leukemia L1210 was inoculated intracerebrally (day 0), and treatment with BCM was
initiated at a subsequent time (day 7) and a resistant subline also inoculated intracranially
or subcutaneously (day 14) [14].

Another manner in which immunity plus chemotherapy was shown to be capable of
improving therapeutic response involved partial immunization of the host prior to
inoculation of the leukemic cells, followed by therapy with 1,3 bis-2-chlorethyl-1-
nitrosourea (BCNU) [15]. In this experiment the animals were immunized with a single
treatment of X-irradiated L1210 leukemic cells (25 x 10 cells) 21 days before challenge
with viable leukemia L1210. Prior immunization alone did not lead to any increase in
the survival time of the animals. The dose of BCNU employed (20 mg/kg) gave a moderate
increase in the survival time of the animals. But the combination of pre-immunization plus
subsequent treatment with BCNU resulted in an extensive increase in the survival time
of the animals.

Adoptive immunochemotherapeutic approaches are receiving current attention. In
one type of study the combination of therapy plus the inoculation of syngencic spleen
or bone marrow cells has been employed. The spleen or bone marrow cells may be
either normal cells or cells taken from animals that had been preimmunized. This is
illustrated in an experiment involving leukemia L1210 in CDF, hybrid animals in which
treatment with cyclophosphamide followed 6 hr later by inoculation of syngeneic immune
spleen cells or immune bone marrow cells resulted in a therapeutic advantage as
compared with treatment with cyclophosphamide alone (Table 1) [16]. Marked
increases in survival time and an increase in the number of survivors occurred with the
combination modality at a dose of cyclophosphamide which was only moderately
effective by itself. Also, it may be noted that the inoculation of immune spleen cells
without the contribution of prior treatment with cyclophosphamide was essentially
ineffective in increasing the survival time of the animals.

Chemotherapy plus adoptive immunotherapy is also being attempted employing
treatment with drug followed by inoculation of allogeneic cells. This is illustrated in an



Table 1. Influence of Transplantation with Isogeneic Cells on the Survival Time of Mice Treated with
Cyclophosphamide (Cytoxan) *

Experiment 1

Experiment 2

Spleen cells

Bone marrow cells¥

Spleen celis¥

Bone marrow cells¥

+ (3 x107) (3 X 10%) (3% 107) (3 x 10%)
Cytoxan
dose Drug Normal Immune Normal Immune Drug Normal Immune Normal Immune
mg/kg alone MSTS  (days) MST§  (days) alone MST§  (days) MST§  (days)
0 9 8.5 9 9 8 8 8 8 8 8.5
39 10 10 10 10.5 10 10 i0 11 10 11
65 11 11 11.5 12 o 12 11 12 13 12 12
108 13 14.5 14.5 13.5 25.5 13 13.5 16.5 13.5 14
180 16.5 20 >60(7) 17 >60(7) 16 17 >60(6) 17 19
300 >60(5) >60(6) >60(8) 17 >60(7) 26 42(3) >60(8) 22.5 >60(8)

* CDF, mice inoculated intraperitoneally (IP) with 10°/0.25 ml leukemic L1210 ascites cells on day 0.

T Treatment IP on day 3 only.

¥ Donor CDF, mice immunized for 12 weeks (Experiment 1) and for 6 weeks (Experiment 2). Donor cells were
. transplanted 6 hr following treatment with cy toxan.

® MST median survival time of eight mice per group. Figures in parentheses denote 60-day survivors.

From Vadlamudi et al. {16].

0S1

ADOTONNNWNIYONWNL TVDINITO



PRECLINICAL APPROACHES IN TUMOR IMMUNOCHEMOTHERAPY 151

experiment with leukemia L1210 in DBA/2 mice in which the animals were treated with
cyclophosphamide followed 6 hr later by inoculation of unimmunized DBA/2, BALB/c,
or C57BL/B10.A spleen cells. With inoculation of spleen cells, without prior chemo-
therapy, there were no increases in survival time [16]. Cyclophosphamide alone
increased the survival time to 12 days compared to 8 days in controls. Treatment with
cyclophosphamide followed by inoculation of DBA/2 cells or BALB/c cells increased the
survival time to 15 and 16 days respectively. When cyclophosphamide therapy was
followed by inoculation of allogeneic C57BL cells the survival time was increased to 20
days. Although treatment with cyclophosphamide plus the allogeneic spleen cells did
provide a rather substantial increase in survival time, the problem of graft versus host
disease would have undoubtedly proved a limiting factor if the treatment had been
somewhat more successful.

Studies on chemotherapy plus adoptive immunotherapy have also been conducted in
viral tumor systems. An experimental procedure employed by Glynn et al. [17]
involving immunochemotherapy of a transplantable Moloney leukemia (LSTRA)
originally induced in BALB/c mice is represented schematically in Fig. 1. The tumor is
inoculated into BALB/c mice subcutaneously and is treated with drug after it becomes
palpable and systemic. LSTRA or MBL-1 tumor cells (both induced by Moloney virus)
are X-irradiated and employed to immunize hybrid CDF; mice. The semi-syngeneic
immune spleen cells from these mice are then inoculated into the BALB/¢ animals,
usually 6 hr following the chemotherapy. In this study [17] treatment of advanced

IMMUNOTHERAPY
SYSTEM

TUMOR (SC)

BALB/c I)‘
BALB/c

RX (IP)

Fig. 1. Schematic representation of procedure uscd for immunochemotherapeutic treatment of
Moloney leukemias. From Glynn er al [17].
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Moloney leukemia (LSTRA) with cyclophosphamide alone gave moderate increases in
the survival time of the animals. Treatment with cyclophosphamide followed by
inoculation of normal CDF, spleen celis provided no turther advantage in therapy.
However, treatment with cyclophosphamide followed by inoculation of specitically
sensitized allogeneic spleen cells yielded marked increases in survival time. In this
experimental model the possibility of the animals dying of graft versus host disease was
precluded by the employment of immunized spleen cells from the CDF; hybrid. At the
termination of the experiment (day 90) all of the survivors had detectable levels of
DBA/2 donor type gammaglobulin of CDF, spleen cells. Most of the animals lived for a
292-day observation period and in a number of them, the DBA/2 allotype persisted,
indicating stable chimera formation. The utilization of cyclophosphamide served (a) to
exert its own therapeutic effect, and (b) to sufficiently suppress the immune response
of the host so that the inoculated allogeneic sensitized lymphocytes resulted in chimera
formation.

In another type of experiment involving chemotherapy plus adoptive immunotherapy,
BALB/c mice bearing LSTRA Moloney lymphoma were treated with cyclophosphamide
and this was followed by administration of spleen cells from BALB/c or DBA/2 mice
immunized with murine Moloney sarcoma virus [18]. For the immunization the
Moloney sarcoma virus had been inoculated intramuscularly and the tumor permitted
to develop and regress. The animals then received one or more additional doses of the
Moloney sarcoma virus. In this system, also, treatment with cyclophosphamide
followed by inoculation of syngeneic BALB/c spleen cells immunized against the
Moloney sarcoma virus resuited in a marked increase in the survival time of the animals
[18]. This did not occur when the immunized spleen cells were killed. It also did not
occur with the combination of cyclophosphamide plus BALB/c spleen cells immunized
against C57BL tissue. In a second experiment employing cyclophosphamide plus
adoptive immunotherapy with DBA/2 spleen cells immunized against the Moloney
sarcoma virus there was again a marked increase in the survival time of the animals [18].

In an additional type of experiment adoptive immunochemotherapy was attempted
against the primary Moloney sarcoma virus-induced tumor [19]. When the Moloney
sarcoma virus was introduced into the animals (BALB/c), the tumor developed at the
site of inoculation and without treatment the tumors ordinarily regressed. Cyclophos-
phamide administration, after the tumor developed, was apparently capable of exerting
only moderate antitumor cffect but also suppressed the immune response so that the
tumor grew progressively and all of the animals (9/9) succumbed. Where the cyclo-
phosphamide therapy was followed by injection of unimmunized BALB/c spleen cells,
no protection was afforded against the progressive growth of the tumor and 9/9 deaths
ensued. On the other hand, when treatment with cyclophosphamide was followed by
administration of spleen cells of BALB/c mice hyperimmunized against the Moloney
sarcoma virus there was marked regression of the tumor and extension of survival time.
Ten out of thirteen animals were alive at the termination of the experiment at 100 days.
For the three of the thirteen animals that died of tumor, the tumors grew relatively
slowly. Apparently then, with the combination modality, there was a moderate thera-
peutic effect exerted by the cyclophosphamide, which, followed by injection of the
hyperimmune spleen cells, yielded a marked therapeutic response. Alternatively, it is
possible that the cyclophosphamide suppressed the immune response to such extent
that it permitted the hyperimmune spleen cells to become established and to thereby
exert a therapeutic response.
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There has been somewhat limited experience with chemotherapy plus serotherapy. In
one investigation [20], established primary Moloney sarcoma was treated with
cyclophosphamide plus serotherapy with moderate success. Since serotherapy has been
demonstrated to be capable of enhancing tumor growth [21] there are evident risks in
this type of combined modality.

Immunological aspects of the phenomenon of collateral sensitivity are worthy of
consideration. Collateral sensitivity describes a situation in which resistance to a drug
leads to increased response to a second chemotherapeutic agent. The phenomenon is
illustrated in a study in which a subline of leukemia L1210 resistant to 6-mercaptopurine
and also to 8-azaguanine showed increased sensitivity to methotrexate [22, 23]. The
phenomenon of collateral sensitivity demonstrated in several laboratories [22-26] may
have an immunological contribution [10-12, 25-28]. There is the indication that
accompanying the origin of resistance there may occur an alteration of the antigenicity of
the tumor cells and that the immunological response of the host is coupled with the
chemotherapeutic effect, resulting in a form of immunochemotherapy.

Evidence that treatment with an antitumor agent may indeed alter the antigenicity of
tumor cells is provided by studies of Bonmassar et al. [11] in which it was observed that
treatment of leukemia L1210 with the imidazole carboxamide derivative DIC over a
series of generations leads to the alteration of the antigenicity of the tumor cells. The
antigenically altered tumor cells fail to grow in the host of origin (CDF ) unless the
animals are treated with DIC (Table 2). Growth apparently occurs on treatment since the
tumor cells of the DIC subline are resistant to the drug and the immunosuppressant
action of the drug prevents any immunoresponse to altered antigen. When the animals
are immunosuppressed by injection of cyclophosphamide prior to inoculation of the
tumor the growth of the DIC subline is progressive, indicating further that failure to
grow in untreated animals is a result of altered antigenicity of the tumor cells.

That DIC has immunosuppressant action is indicated by the observation that
treatment with DIC resulted in inhibition of allograft responses and in a reduction of the

Table 2. Mortality Data for Normal and Immunosuppressed CDF'y Mice Given
Transplants of L1210 Leukemia and DIC Transformed L1210 (Cy)

Recipient animals

Non-treated Treated with DIC Pretreated with cytoxan
Tumor line  Transplant 50 mg/kg 180 mg/kg (day 1)
generation (days 1-10)
MST* D/Tt  MST D/T MST D/T

L1210 - 8 8/8 - - - -
C, 0 8 8/8 11 8/8 8 8/8

2 12 8/8 12 8/8 NT#

4 14 8/8 13 8/8 NT

6 28 8/8 14 8/8 NT

8 - 0/8 13 8/8 14 8/8

* MST = median survival time.
T D/T = death over total number tested.
¥ NT =not tested.

From Bonmassar ef al {11].
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plaque-forming cell capacity of the spleen in CDF; male mice that had been immunized
with sheep red blood cells [11]. Further studies indicated that the mechanism of DIC
action is not specifically related to the induction of drug-resistance since a naturally
resistant line of L1210 leukemia became highly immunogenic following treatment with
drug [27].

The collateral sensitivity of one of the transformed L1210 DIC sublines (C,) to BCNU
is illustrated in BDF; mice, pretreated with cyclophosphamide in order to permit
progressive growth of the tumor [11]. Treatment with BCNU at the dose levels employed
was moderately effective in increasing the survival time of mice inoculated with the
sensitive line but resulted in survival of most of the animals carrying the C; line, indicating
in the latter instance collateral sensitivity resulting from a combination of an immune
response to altered antigenicity plus the therapeutic response to BCNU.

In order to determine whether the contribution of altered antigenicity to collateral
sensitivity is a generalized phenomenon a series of sublines of leukemia L1210 resistant
to various drugs was examined [12]. In general, when the animals were inoculated with
an equivalent number of tumor cells, the untreated controls of the resistant sublines
lived moderately longer (1—5 days) than the animals carrying the sensitive line. When
cyclophosphamide was administered a day before leukemic inoculation, in a number of
instances there was a reduction in the survival time of the animals. With all of the
resistant sublines there was increased sensitivity to BCNU as compared with the response
of the sensitive line, and in a number of instances the animals lived indefinitely. When
the animals were pretreated with cyclophosphamide there was a reversal of the thera-
peutic augmentation resulting from treatment with BCNU, again indicating that the
collateral sensitivity could be reversed by immunosuppression of the host.

That there may be specificity with respect to the altered antigenicity is indicated
in a study of Nicolin et al. [12] who found evidence of humoral antibodies specific for
an altered subline of leukemia L1210. Using > Chromium release it was observed that
antiserum to an L1210 cytosine arabinoside resistant subline acted against the cytosine
arabinoside leukemic cells but not against the sensitive cells. Conversely, antiserum against
the sensitive cells did not act against the resistant cells.

Further, employing an in vitro assay for cell-mediated immunity it was found that
spleen cells of mice immunized against a DIC altered subline of leukemia L1210
(L1210/Ha/DIC) were specifically cytotoxic to the cells of the same leukemia subline,
as evaluated by the ' Cr-release technique [29]. They showed little or no cytotoxic
activity for a series of other tumor or normal cells from syngeneic or allogeneic donors.
The specificity of the cytotoxic reaction was supported further by the inhibition of *'Cr
release resulting from addition of unlabeled L1210/Ha/DIC cells to the 3'Cr-labeled
L1210/Ha/DIC cells.

Additional studies in our laboratory have shown that, despite the specificity of the
drug-induced antigenic alteration of tumor cell, mice which have rejected DIC-treated
sublines which originated in conventional or athymic mice were relatively resistant to a
subsequent inoculum of the parental lines {30] . This observation indicates that the
DIC-treated sublines retain at least a portion of the antigenic makeup of parental
lymphomas. It has been suggested [30] that if the immunogenic character of human
tumors can be altered by drug treatment in athymic mice this might serve as a possible
approach to clinical immunotherapy.

In recent years there has been much interest in non-specific stimulation of the immune
system by the use of various drugs or biological agents. Such studies have included the
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Table 3. Combined Chemotherapy and Immunostimulation Therapy of LSTRA *in

BALB/c Mice
Treatment
BCNU BCG C. parvum
Group 20 mg/kg 2—4 X 10° organisms 100 mg Survivors at day 85

(day 7 after LSTRA)  (day after LSTRA) (day after LSTRA) (%)

1 - - - 0
2 + - - 12
3 - 7 - 0
4 - - 7 0
5 + 10 - 25
6 + 13 - 25
7 + 16 - 35
8 + 19 - 68
9 + - 10 76
10 + - 13 23
11 + - 16 25
12 + - 19 32

* 10* LSTRA cells given sc.
From Pearson et al. [36}].

use of Bacillus Calmette-Guérin (BCG) and Corynebacterium parvum [31, 32], levamisole
and tetramisole [33], pyran copolymer and tilorone [34] . It is apparent from the

various studies that the dose, route and time of administration in relation to tumor are

of great importance. Other studies have indicated that agents such as BCG may, in fact,
be detrimental to the host in some instances {35].

In one study employing BCG or C. parvum plus 1,3-bis (2-chloroethyl)-1-nitrosourea
against LSTRA, a murine lymphoma, Pearson et al. [36] demonstrated that the
immunostimulants could be used more effectively with chemotherapy than either
treatment alone (Table 3). Their study suggested that the BCG was effective when
administered at a later interval in relation to drug administration while C. parvum was
more effective at a shorter interval. This suggested that BCG may enhance tumor-
specific response at a time when there are increasing amounts of tumor antigen during
relapse while C. parvum may simply be acting by non-specific stimulation of the immune
system.

In summary, areas have been outlined in which there have been illustrations of an
increased therapeutic response on treatment with a combination of immunotherapy plus
chemotherapy. In one instance an immune response to a sensitive line of leukemia L1210
was capable of improving the therapeutic response against a resistant line of leukemia.

In another example, moderate preimmunization of the animals against the leukemic line
improved therapeutic response to chemotherapy. Adoptive immunologic procedures

were capable of improving therapeutic response to a drug for not only leukemia but also
a transplantable Moloney leukemia as well as primary Moloney sarcoma-virus-induced
sarcoma. Progressive therapy with a drug may result in an alteration of the antigenicity
of the tumor cells and these cells may be protected by the origin of drug resistance.

The presence of antigenically altered cells may in turn lead to improved therapeutic
response to a second drug. There would appear to be some specificity in the origin of

this new antigenicity. The ability to alter tumor cell antigenicity in athymic mice suggests
that it may be possible to alter antigenicity of human tumors in these mice, and taking
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advantage of residual common antigen, to employ such tumors in immunotherapeutic
investigations. There has been considerable emphasis over many years in chemotherapy
and emphasis and interest in immunotherapy. The approaches and studies reviewed here
suggest that the two modalities may be combined profitably in the form of immuno-
chemotherapy for the improvement of therapeutic response. There has really been only
a modest start in this direction employing animal model systems.
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LEVAMISOLE IN RESECTABLE HUMAN
BRONCHOGENIC CARCINOMA

W. AMERY"

ABSTRACT

Lev: misole per os appears to dirainish the number of post-surgical recurrences and meta-
static ceaths, in patients uperated upon because of primary bronchial cancer. This effect is
especially apparent in patients with epidermoid carcinoma and in patients with great tumors.
Moreover, levamisole does not seem to influence the incidence of intrathoracic relapses, but
its etffect on distant metastases is rather marked.

These are the conclusions from a first interim analysis evaluating the data of 111 patients,
followed-up for at least 1 year after surgery and treated in a strictly double-blind way with
levamisole (50 mg t.i.d. for 3 consecutive days every fortnight, started 3 days before surgery)
or placebo.

Suggestions for the design of future trials, studying immunotherapy in connection with
surgery, are proposed.

INTRODUCTION

Levamisole (Fig. 1) is a chemotherapeutic agent which has been used as an anthel-
mintic for several years. In 1971 it was first described to possess immunotropic properties
[1] and since that time evidence has been accumulating that levamisole restores host
defense mechanisms when these are inefficient, but that it has almost no effect upon a
normal immunity (see reviews: 2, 3). Similarly, levamisole does not seem to influence the
primary growth or the dissemination of experimental tumors [2], unless such tumors are
studied in newborn animals [4], but it prolongs the remission period and even increases
the number of long-time survivors if given after cytoreductive chemotherapy [2, 5, 6].

In cancer patients, levamisole has been shown to restore delayed-type skin reactivity
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LEVAMISOLE

1-2,3,5,6 - tetrahydro - 6 - phenyl -
imidazo [2,1-b] thiazole HCI
Fig. 1. Structural formula of levamisole.

[7-9] and, in Hodgkin patients, E-rosette formation in vitro [10]. The latter effect is
probably related to the finding that levamisole restores azathioprine-suppressed T-cell
function in vitro also [11]. Another interesting observation as regards the mechanism of
action of levamisole is that this substance enhances the activity of the mononuclear
phagocytic system in CDI and C3H mice, which have a relatively low carbon clearance
rate as compared with some other strains [12].

This paper reports on the data obtained so far in the first 111 patients with resectable
lung cancer, who all came into the study at least 1 year before the present evaluation.

PATIENTS

All 111 patients had primary bronchial carcinoma and were considered operable. The
vast majority of them were males and their ages ranged from 42 to 77 (median 60)
years. Their weights were almost normal (median 74 kg; range 53121 kg) and so was the
erythrocyte sedimentation rate (ESR) in most of them (median: 23 mm after 1 hr;
range: 2—115 mm). A histological diagnosis was available for all patients, except two, and
it was classified according to the WHO criteria (Kreyberg’s classification).

METHODS (Fig. 2)

One tablet containing 50 mg of levamisole or placebo was given three times daily on
the last 3 days before surgery, and a similar 3-day course of treatment has been given
every second week thereafter. The study is still in progress. The medication is individually
coded, strictly double-blind, and separately randomized for each centre into levamisole
or placebo.

If surgery revealed that the patient was inoperable or that no malignancy was present,
he was excluded from the study.

Both the double-blind treatment and the follow-up are to be continued for at least
2 years, unless relapse is evident. In the latter case, appropriate cytoreductive therapy
is given, but as long as no proven recurrence has been found, the use of cytostatics,
corticosteroids and radiotherapy is prohibited.

At least 15 days before surgery, the patients were sensitized with 2 mg DNCB and
several data concerning the patient and his tumor were recorded. Five days before
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Fig. 2. Design of the study.

surgery a skin test with 25, 50 and 100 ug of DNCB, and an ID reaction with 10 I.U. of
PPD was performed, followed by an assessment 48 hr later (i.e. just before the start of
the double-blind therapy). Such skin tests were repeated 10 days and 2 months after
surgery also.

The surgically removed tumor was fixed with formalin 10% or Bouin fixative and its
greatest and smallest diameters were measured. Moreover, the regional extent of the
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Table 1. Definition of Regional Extent Grouping Categories

CATEGORY 1 a: lesion limited to the lung, no positive
regional lymph nodes are found and
there is no pathologic evidence of blood-
vessel invasion.

CATEGORY 1 b: the same as 1 a, but includes blood-
vessel invasion as found by the
pathologist.

CATEGORY 2: lesion confined to the lung and hilar or

mediastinal lymph nodes. It is thought
that all involved tissue is resected.

CATEGORY 3 a: there is histological evidence of tumor
cells at the lines of resection or there
is involvement of the thoracic wall
(including the parietal pleura).

CATEGORY 3 b: the surgeon thinks that tumor tissue
has remained.

Table 2. Definition of Total Tumor Extent

GRADEI: (1) primary lesion with largest tumor
diameter < 3 cm except for cases
with positive resection margin (=
Groupings 3 a + 3 b), and

(2) lesion limited to the primary site
without blood-vessel invasion (=
Grouping 1 a) except for lesions
with a largest tumor diameter
> 7cm.

GRADE II: other combinations of tumor diameter
and grouping.

tumor was assessed by a slightly modified category grouping system, previously
described by Slack [13]: its definitions are given in Table 1. Eventually the primary
tumor size (i.€. the largest diameter) and the regional extent category were combined
into a grading system describing the total tumor burden present, as summarized in
Table 2.

After discharge from the hospital, all patients were asked to show up for examination
every second month or each time their treating physician should feel an examination to
be advisable. In case of relapse, the location was noted and suitable therapy was started
as soon as possible.

All data have been stored in an IBM 370/135-computer, and the statistical analysis
has been performed by means of the Fisher exact probability test, two-tailed, unless
otherwise stated, using a Wang 2200.

RESULTS

The two treatment groups, as studied in the present analysis, were well comparable
as to the duration to follow-up, general patient data, skin test reactivity, and tumor
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characteristics (two-tailed probability according to the median test or the chi-square test,
n x k table). Fifty-one patients have been receiving levamisole and sixty placebo.

There was no difference between levamisole and placebo as far as side-effects are
concerned, as previously reported [14], although there was somewhat more gastric
intolerance, nervousness and subfebrility with levamisole.

For the three end-points, i.e. suspected recurrences, proven relapses and carcinomatous
deaths, there was a clear but not statistically significant trend in favor of levamisole, and
this was the case in the three co-operating centres. The actuarial analysis of the three
end-points is shown in Fig. 3. Because of this similarity in the trends, only the number of
proven recurrences will be given further on, unless otherwise stated.

CLINICAL TUMOR IMMUNOLOGY
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Fig. 5. Recurrence rate as related to skin test reactivity.

The difference between levamisole and placebo proved to be related to neither most
of the general patient data (Fig. 4) nor to the skin test reactivity (Fig. 5). However,
amongst the general tumor data (Fig. 6), the histological diagnosis appeared to be of
relevance, since recurrences were less frequent with levamisole in patients with
epidermoid carcinoma, but not in those with adenocarcinoma (the number of patients
with other histological diagnoses is altogether too small to make a sensible statistical
analysis). Although the incidence of proven relapses and that of carcinomatous deaths
has not been significantly different so far, a significant difference (P = 0.035) was found
regarding suspected recurrences in patients with epidermoid carcinoma.

The initial tumor extent (Fig. 7), on the other hand, proved to be of prime
importance. Regarding the largest tumor diameters, the statistical analysis revealed that:
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in small tumors (i.e. <3

cm) levamisole was not different from placebo;

in intermediate tumors (4—6 cm) there were fewer suspected recurrences with
levamisole (P = 0.045) and a clear but not significant trend was found in favor of
levamisole concerning evident recurrences and carcinomatous deaths;
in large tumors (> 7 cm) levamisole was better than placebo (P < 0.05) for each of
the three end-points studied.
Moreover, in contrast to the data in the placebo group where the incidence of
recurrences increased with the diameter of the tumor (see Fig. 7), this incidence seemed
no longer related to the initial tumor size when levamisole had been given.

The analysis according to the regional grouping categories gives a similar trend: no
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difference at all between the two groups in the prognostically most favorable category
1a, but a clear difference in the other categories, where there was evidence that the
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Fig. 7. Recurrence rate as related to initial tumor extent.

tumor might have or had spread outside its primary site. This difference was significant
for both the suspected and the evident relapses, but not yet for the carcinomatous
deaths.

The total extent grading data confirm the above-mentioned findings: no difference
in Grade | patients, but a significant (P < 0.01 for the two types of recurrences and
P < 0.05 for the disease mortality) difference in patients with Grade II.

In order to study the possible connection between the histological diagnosis and
the initial tumor extent, a cross-table analysis was made (Table 3). This shows that the
difference found in epidermoid carcinoma patients can hardly be explained by a
difference in tumor extent between these patients and those with another histological
diagnosis. Therefore, the initial tumor extent and the histological diagnosis seem to be
independent factors as far as the effectiveness of levamisole is concerned.

In patients showing relapse, the disease-free interval was similar in the two groups
with a median interval of 8.5 months (range: 3—20 months) with levamisole and of 8
months (range: 119 months) with placebo.

Finally, another puzzling phenomenon was apparent (Fig. 8): the influence of
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Table 3. Correlation between Histological Diagnosis and Tumor Extent®

. R i Largest tumor diameter (cm
Histological diagnosis g (om)

<3 4-6 =17 Totals
Epidermoid carcinoma 25 25 12 62
Other 14 12 6 32
Totals 39 37 18
G .
Histological diagnosis rouping
la 1b through 3b Totals
Epidermoid carcinoma 43 28 71
Other 20 16 36
Totals 63 44

®) The total gradings for tumor extent are not included as these are a
composition of the two parameters described in the table.
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Fig. 8. Site of recurrence in the two treatment groups.

levamisole proved to be quite different according to the site of the recurrences, since no
difference at all was found between levamisole and placebo as to the intrathoracic

recurrences, but a clear difference, although not yet significant (P = 0.06), was noted
when the incidence of distant metastases was studied.

COMMENTS

This first interim analysis has revealed some important aspects, which should be taken
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into consideration when further trials with levamisole or other types of immunotherapy
are planned in patients with operable lung cancer (and possibly also other types of
cancer).

Apart from the histological diagnosis, which should be documented in every type of
study in cancer patients, a great effort should be made to obtain a good description of
the tumor burden at the time of operation and to collect accurate data regarding the
location of the relapses. Also, since treatment in our study was started before surgery,
the timing of immunotherapy could be of major importance.

The significance of the tumor burden, which is present before the start of the therapy,
has recently been confirmed [15] since it was found that intermittent treatment with
levamisole after successful irradiation of breast cancer decreases the disease mortality in
Stage IV patients but not in Stage I1I (stages according to the TNM definitions [16]).
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ABSTRACT

Ribonuclet acids extracted from specifically sensitized lymphoid cells (I-RNA) have been
shown to transfer specific immunoreactivity to normal, non-immune lymphoid celis. Evidence
for the transfer by I-RNA of immune responses to human tumor-associated antigens is
reviewed. Lymphocytes from normal donors as well as from cancer patients, when incubated
with xenogeneic or allogeneic I-RNA, become specifically cytotoxic for human tumor cells,
in vitro, with cross-reactivity among tumors of the same histologic type but no cross-reactivity
with tumors of other histologic types. -RNA’s directed against “‘self”” normal cell surface
antigens appear to be recognized as self by lymphocytes and immune responses against these
self antigens are not elicited, whereas I-RNA’s directed against “non-self”’, tumor-associated
antigens induce lymphocytes to effect specific anti-tumor immune responses. Preliminary
results of a clinical trial of immunotherapy with xenogeneic I-RNA in selected cancer patients
are presented. A few encouraging clinical responses have been noted. No local or systemic
toxicity has been observed.

INTRODUCTION

Nuclei acids extracted from specifically sensitized lymphoid cells have been shown to
transfer specific immune responses to normal, non-immune lymphoid cells. In 1961
Dr. Marvin Fishman reported the first of a series of such experiments |1, 2] . Normal rat
macrophages were sensitized to T-2 phage, in vitro, and then homogenized. When normal,
non-immune rat lymph node cells were incubated, in vitro, with a cell-free filtrate of this
homogenate, antibody specific for T-2 phage was elaborated into the medium. Enzymatic
treatment of the macrophage extract with ribonuclease (RNase) prior to incubation with
lymph node cells abrogated this immune response, but treatment of the extract with
other enzymes did not. These experiments suggested that the active moiety was one or
more species of RNA. Since the active moiety in the macrophage extract was specifically

* Present address: Medizinische Universitatsklinik (Director Prof. Dr. med G. Schettler), D-69
Heidelberg, Bergheimerlandstr. 58, West Germany.
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digested by RNase and was shown to transfer immune responses, it was referred to as
“Immune” RNA (I-RNA). The observations of Fishman and his colleagues were later
confirmed by other investigators using a variety of bacterial and other antigens in different
experimental test systems. In addition to specific antibody production, normal non-
immune lymphoid cells were shown to be converted to specific effector cells of cellular
immunity. In 1962 Mannick and Egdahl reported the transfer of immune responses to
cell-surface (transplantation) antigens [3]. They transferred immunity to skin allografts
in rabbits by incubation of autologous spleen cells, in vitro, with allogeneic I-RNA
extracted from the lymphoid organs of specifically immunized rabbits. Reinfusion of the
RNA-incubated lymphoid cells produced accelerated rejection of skin allografts taken
from the same rabbit used to immunize the I-RNA donor [3-5]. The successful transfer
of immunity to normal transplantation antigens by I-RNA was confirmed in vitro [6-8]
and in vivo [9-12].

TRANSFER OF TUMOR IMMUNITY BY XENOGENEIC I-RNA
IN ANIMALS

Since immunity to a variety of antigens, including normal histocompatibility antigens,
had been transferred to non-immune lymphoid cells by I-RNA, it was reasonable to
assume that [-RNA could also mediate immune responses to tumor-associated antigens. In
1967 Alexander et al. showed that footpad injections of crude RNA-rich extracts pre-
pared from the lymphoid cells of immunized sheep resulted in occasional tumor
regressions of rat sarcomata. The transfer of this anti-tumor immune response by crude
RNA-rich extracts was specific for a given tumor [13-15].

Ramming and Pilch later reported that transplantation resistance against one or the
other of two carcinogen-induced murine sarcomata could be induced in inbred mice by
the administration of syngeneic lymphoid cells pre-incubated, in vitro, with specific
xenogeneic I-RNA extracts [16-18]. In these experiments, the I-RNA was extracted
from the lymphoid organs of guinea pigs that had been immunized to either of two anti-
genetically distinct murine sarcomata. Normal mice were resistant only to sarcoma cell
transplants when injected intraperitoneally with syngeneic spleen cells that had been
pre-incubated, in vitro, with the I-RNA extract made against that particular tumor.
Extract A protected only against challenge with cells from sarcoma A but did not protect
against challenge with cells from sarcoma B, and vice versa. Tumor transplantation
resistance was not elicited when the extracts were exposed to RNase prior to use. How-
ever, the mice resisted sarcoma transplants when the extracts were exposed to DNase or
the proteolytic enzyme pronase. Moreover, injections of syngeneic lymphoid cells not
treated with I-RNA or treated with anti-normal tissue I-RNA failed to induce resistance
to murine sarcoma transplants. These experiments clearly indicated that xenogeneic
I-RNA extracts induced an anti-tumor immune response, in vivo, which was specific for
the immunizing tumor. Since murine sarcoma cells are known to contain normal trans-
plantation antigens as well as tumor-specific antigens, the immunization of guinea pigs
with mouse sarcoma cells must have resulted in sensitization against many antigens
present on mouse sarcoma cells. Consequently, xenogeneic I-RNA extracts could be ex-
pected to transfer immune responses against a variety of mouse tissue antigens including
normal and histocompatibility antigens. Injections of lymphoid cells activated by such
xenogeneic I-RNA extracts might have induced a graft versus host (GvH) reaction.
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However, neonatal as well as adult mice which received intraperitoneal injections of
syngeneic spleen cells pre-incubated, in vitro, with xenogeneic I-RNA failed to evidence
any GvH reaction. These findings supported the hypothesis that lymphoid cells recognize
as “self” I-RNA’s directed against “self”” antigens and do not effect immune responses
against these antigens. By contrast, the only reactions mediated by xenogeneic I-RNA,
which were not directed against “self” antigens, were those directed against tumor-
associated antigens and, therefore, tumor-specific immune responses were induced.

MEDIATION OF IMMUNE RESPONSES AGAINST RODENT
TUMOR CELLS, /N VITRO, BY I-RNA

Using a semiquantitative “plaque assay”, Ramming and Pilch [19] reported that
syngeneic guinea-pig spleen cells pre-treated with syngeneic anti-tumor I-RNA speci-
fically lysed syngeneic tumor target cells, in vitro, but failed to mediate immune
cytolysis of normal syngeneic epithelial cells. This observation provided further evidence
that the anti-tumor immunoreactivity of [.-RNA extracts could be directed specifically
against tumor-associated antigens. More recently, Kern et al. have demonstrated that
incubation of normal, non-immune rodent lymphoid cells with either xenogeneic or
syngeneic anti-tumor I-RNA converts them into specific effector cells which mediate
immune cytolysis of mouse or rat sarcoma cells, in vitro [20,21].

MEDIATION OF IMMUNE CYTOLYSIS OF HUMAN TUMOR CELLS,
IN VITRO, BY XENOGENEIC “IMMUNE” RNA

Confirmation of the capacity of xenogeneic “Immune” RNA to mediate cellular
immune responses using human lymphoid cells was provided in 1972 by Paque and Dray
[22]. They incubated xenogeneic “Immune” RNA, extracted from the lymphoid organs
of monkeys immunized with complete Freund’s adjuvant or with the H37RA strain of
M. tuberculosis, with normal, non-immune human leukocytes, and demonstrated that
these leukocytes would then mediate the inhibition of migration of guinea-pig peritoneal
exudate cells when tuberculin was added to the medium. This was the first report of the
interspecies transfer of a cellular immune response from animal to man with “Immune”
RNA. In recent studies conducted in our laboratory, we succeeded in mediating immune
cytolysis of human tumor cells, in vitro, with xenogeneic “Immune’ RNA. In these
studies, normal, non-immune human peripheral blood lymphocytes were converted into
“killer cells”, which effected immune cytolysis of human tumor cells, by incubation
with “Immune” RNA extracted from the lymph nodes and spleens of sheep or guinea
pigs which had previously been immunized with cells from the particular human tumor
being studied. The human tumors employed were: (1) a human gastric adenocarcinoma,
RI-H, established in tissue culture in our laboratory by primary explant from a surgical
specimen, and studied in its 12th to 14th passage; (2) a human adenocarcinoma of the
breast, BT-20, obtained from Dr. E. Lasfargues, and studied in its 300th-310th passage;
(3) a human malignant melanoma, ED-H, explanted from a surgical specimen in our
laboratory and studied in its 18th—25th passage; and (4) a human melanoma, RO-H,
established from a primary explant, in its 10th—15th passage. These cells were maintained
in RPMI 1640 supplemented with 20% fetal calf serum or 20% agamma human serum,
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0.15% glutamine, 0.25 mg/ml amphotercin B and 100 I.U./ml penicillin and 100 ug/mi
streptomycin. When cells from the 13th passage of the RI-H line were injected into the
cheek pouch of an immunosuppressed hamster, a tumor developed which was histo-
logically similar to the original tumor.

Between 107 and 108 viable tumor cells in 3 ml RPMI 1640 were emulsified in an equal
volume of complete Freund’s adjuvant and injected intradermally into all four extremities
of sheep at weekly intervals for three consecutive weeks. In some instances, tumor cells
for immunization were harvested from monolayer cultures with trypsin, in most instances
tumor cells were obtained from a fresh surgical specimen. Ten days after the last injection,
the sheep were sacrificed and spleen and mesenteric lymph nodes were harvested and
immediately frozen in dry ice. Hartley guinea pigs were also immunized by the injection
of 107 tumor cells emulsified in an equal volume of complete Freund’s adjuvant into each
footpad. A simultaneous intraperitoneal injection of 107 tumor cells without adjuvant
was also given. These animals were sacrificed 10 days later, and the axillary and inguinal
lymph nodes and spleens frozen in dry ice. “Immune” RNA was extracted from the
frozen lymphoid tissues. Control RNA preparations were also extracted from the spleens
and lymph nodes of other guinea pigs and other sheep immunized with complete
Freund’s adjuvant only. In some experiments “Immune” RNA was treated with ribo-
nuclease, deoxyribonuclease, or pronase as previously described.

In early experiment peripheral blood leukocytes from normal human volunteers were
isolated from specimens by sedimentation in 10% Plasmagel (Roger Bellon Laboratories,
Neuilly, France). Red blood cells were lysed with 0.85% ammonium chloride. The leuko-
cytes were washed twice with RPMI 1640, counted and then used for incubation with
RNA. In subsequent experiments, purified lymphocyte populations were prepared from
heparinized blood specimens on Ficol-Isopaque gradients, suspended in RPMI 1640 with
40% agamma human serum and 10% dimethysulfoxide (DMSO) frozen in liquid nitrogen
at 1°C min, and thawed at 37°C prior to use. One ml RPMI 1640 containing 1.5 x 107
lymphocytes was incubated with 1 ml of the appropriate RNA preparation at a concen-
tration of 2 mg/ml for 20 min at 37°C. The cells were washed twice and diluted to the
appropriate cell concentration for addition to target cells. The assay for immune cytolysis
employed was a modification of the microcytotoxicity assay of Cohen et al. (23),
described above, in which tumor target cells are pre-labeled with '*I-iododeoxyuridine.

Immune Cytolysis of RI-H Tumor Celis

The results of three typical early experiments using buffy coat leukocytes as effector
cells are presented in Table 1. In experiments 1 and 2 xenogeneic “Immune” RNA
extracted from the lymphoid organs of sheep immunized with RI-H tumor cells were
incubated with normal human leukocytes, and in experiment 3 the “Immune” RNA was
extracted from the lymph nodes and spleens of immunized guinea pigs. The optimal
leukocyte to tumor cell ratio was found to be 500:1. Higher ratios resulted in an un-
acceptable degree of nonspecific lysis, and lower ratios were usually less effective or
ineffective. In experiment 1, the cytotoxicity index (CI) obtained with leukocytes incu-
bated with RNA extracted from the lymphoid organs of immunized sheep (“Immune”
RNA) was 0.45 + 0.08. The CI for leukocytes incubated with no RNA was 0 + 0.14.
The difference was significant at p value < 0.01. Leukocytes incubated with RNA
extracted from the lymphoid organs of a sheep immunized with complete Freund’s
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Table 1. Immune Cytolysis of RI-H Tumor Cells Mediated by “Immune” RNA

Only leukocyte to target cell ratios of 500: 1 are included in the table. Six replicate wells were used
for each determination and mean cytoxicity indices with their standard deviations are presented. The
p values were calculated by Student’s f-test for unpaired data and represent differences between
“Immune” RNA and the various control groups.

Experiment number: 1 2 3
RNA donor: Sheep Sheep Guinea pig

Cytotoxicity Cytotoxicity Cytotoxicity
. p ) 4 .
index index index

Leukocytes incubated with:
“Immune” RNA®) 0.45 + .08 0.30 + .05 0.41+.13
“Immune” RNA?bJS
ribonuclease 0.18+.14 < .05 0.38+.05 <.005 —0.37+.03 <.005
Freund’s Adjuvant RNA® _0.10:.18 <.005 —0.30:.05 <.005 —0.20:.10 < .005
No RNA 0.0 +.14 <.01 00 +.15 <.01 0.0 £.07 <.025

(@) RNA from the lymphoid organs of animals immunized with RI-H tumor cells.
®) “Immune” RNA treated with ribonuclease prior to incubation with leukocytes.
(©) RNA from the lymphoid organs of animals immunized with Freund’s adjuvant only.

adjuvant only (Freund’s Adjuvant RNA) gave a CI for —0.10 £ 0.18, a value significantly
different (p < 0.005) from “Immune” RNA but not different from the leukocyte prep-
aration incubated with no RNA. When the same “Immune” RNA preparation was treated
with ribonuclease prior to incubation with leukocytes, a ClI of 0.18 £ 0.14 was obtained.
This value was significantly different from the CI obtained with untreated “Immune”
RNA (p < 0.05) but not different from the other two control leukocyte preparations. In
this particular experiment, the ribonuclease used did not completely degrade the
“Immune” RNA. This was evident from the profile obtained upon analysis of this RNA
preparation on a sucrose density gradient. When a fresh preparation of ribonuclease was
utilized in experiments 2 and 3, complete degradation of the “Immune” RNA resulted
and all immunologic activity was abrogated. In experiment 2, again using sheep “Immune”
RNA, results similar to those of experiment 1 were obtained. The leukocytes incubated
with “Immune” RNA gave a CI of 0.30 £ 0.05. This was a significantly greater cyto-
toxicity index than those obtained with leukocytes incubated without RNA (CI =0 =
0.15; p <0.01), leukocytes incubated with Freund’s Adjuvant RNA (CI = 0.30 + 0.05;
p < 0.005). Again the CI of the three control leukocytes preparations were not statisti-
cally different from each other. In experiment 3, guinea-pig “Immune” RNA was em-
ployed instead of sheep RNA but all other parameters were the same. The CI for leuko-
cytes incubated with guinea-pig “Immune” RNA was 0.41 £ 0.13. This was a significantly
higher cytotoxicity index than those obtained with leukocytes incubated without RNA
(Clof 0 +0.07; p <0.025), leukocytes incubated with Freund’s Adjuvant RNA (CI of
—0.20 £ 0.1; p <0.0005) and leukocytes incubated with “Immune” RNA treated with
ribonuclease (CI = —0.37 £ 0.08; p < 0.005). The cytotoxicity indices for control
leukocyte preparations were not statistically different from one another. Note that in all
three experiments there was no significant difference between the cytotoxicity indices
obtained with control RNA preparations.

When purified lymphocyte populations, prepared on Ficol-Isopaque gradients [24],
were incubated with the RNA instead of buffy coat leukocytes, the magnitude of the



Table 2. Immune Cytolysis of RI-H Tumor Cells Mediated by “Immune”’ RNA from the Lymphoid Organs of Immunized Sheep

Six replicate wells were used for each determination and mean cytotoxicity indices with their standard deviations are presented. The p values were calculated
by Student’s 7-test for unpaired data and represent differences between “Immune” RNA and the various control groups. In these experiments purified lymphocyte
populations were employed rather than buffy coat leukocytes.

Experiment number: 4 5 6 7
Lymphocyte to target cell ratio: 100:1 200:1 100:1 100:1
Cytotoxicity Cytotoxicity Cytotoxicity Cytotoxicity
index p index p index p index p

Lymphocytes incubated with:

“Immune” RNA®) 0.60 + .06 0.84 + .02 0.69 + .07 0.60 + .06

“Immune” RNA + ribonuclease®’ N.D.¢O N.D. —0.08+.14 < .005 0.05 + .02 < .005
“Immune” RNA + deoxyribonuclease(c) N.D. 0.08 + .03 NS.® N.D. N.D.

“Immune” RNA + pronase(@ N.D. N.D. N.D. 0.53 £ .06 N.S.
Freund’s Adjuvant RNA(®) 0.22 =+ .05 <.005 0.22 +.13 < .005 0.12 + 24 < .05 N.D.

No RNA 0.0 .10 < .005 0.0 =.19 < .005 0.0 .14 < .005 0.0 .04 < .005

@) RNA from the lymphoid organs of sheep immunized with RI-H tumor cells.

®) “Immune” RNA treated with ribonuclease prior to incubation with lymphocytes.

©) “Immune” RNA treated with deoxyribonuclease prior to incubation with lymphocytes.
) “Immune” RNA treated with pronase prior to incubation with lymphocytes.

(:) RNA from the lymphoid organs of animals immunized with Freund’s Adjuvant only.
M Not done.

® Not significant.
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cytotoxicity observed was increased and the lymphocyte to target cell ratio could be
significantly reduced (from 500:1 to 100:1 or 200:1). These data are presented in Table
2. From these results, it may be seen that at a lymphocyte to target cell ratio of 100:1
CI’s of from 0.60 to 0.69 were obtained in a very consistent fashion. Since lymphocytes
account for 20-40% of the total peripheral white blood cells in man, this result is quite
consistent with what would be expected assuming that one or more populations of
lymphocytes are the active effector cell population. By effecting approximately a five-
fold increase in lymphocyte concentration, the leukocyte to target cell ratio could be
reduced by a factor of 5 with no loss (or even an increase) in cytotoxicity.

When the active “Immune” RNA preparations were pretreated with deoxyribonuclease
(experiment 5) at an enzyme to substrate ratio of 1:50 (based on the actual amount of
DNA in the sample) or with pronase (experiment 7) at an enzyme to substrate ratio of
1:20 (based on the actual amount of protein in the sample) and then incubated with
lymphocytes the resultant cytotoxicity index was not significantly altered. The fact
that deoxyribonuclease and pronase treatment of the “Immune” RNA preparations
did not affect the transfer of immunity and that ribonuclease treatment of the “Immune”
RNA abrogated the response offers strong evidence that one or more moieties of RNA
were responsible for the immunological activity of these preparations.

Attempts were then made to determine the effect of varying the RNA concentration
upon the magnitude of the immune response observed. The concentration of RNA in
which the lymphocytes were incubated was progressively reduced so that a dose—response
curve might be established and a threshold RNA concentration determined. The results
of these experiments are depicted in Table 3. From these data it can be seen that reducing
the RNA concentration from 2.0 mg/ml to 1.0 mg/ml or even to 0.5 mg/ml had little
effect on the response but reducing the concentration still further to 0.25 mg/mi resulted
in approximately 50% decrease in cytotoxicity. Further reducing the RNA concentraticn
to 0.10 mg/ml reduced cytotoxicity still further but this result remained significantly

Table 3. Immune Cytolysis of RI-H Tumor Cells Mediated by “Immune” RNA from
the Lymphoid Organs of Immunized Sheep

Six replicate wells were used for each determination and mean cytotoxicity indices with their
standard deviations are presented. The p valueswere calculated by Student’s ¢-test for unpaired data
and represent differences between no RNA and the various other groups. In these experiments

purified lymphocyte populations were employed rather than bufty coat leukocytes. n
Experiment number: 8 9
Lymphocyte to target cell ratio: 100:1 100:1

Cytotoxicity Cytotoxicity
index P index p
Concentration of “Immune” RNA®
No RNA 0.0 =.14 0.0 .06
2.0 mg RNA/ml 0.69 = .07 < .00S 0.53 + .06 < .005
1.0 mg RNA/ml 0.79 £ .02 < .005 0.36 + .02 < .005
0.5 mg RNA/ml 0.62 + .03 < .005 N.D.(®)
0.25 mg RNA/ml N.D 0.21 £ .05 < .05
0.10 mg RNA/ml N.D 0.17 + .07 < .05

@) RNA from the lymphoid organs of sheep immunized with RI-H tumor cells.
®) Not done.
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Table 4. Immune Cytolysis of BT-20 Tumor Cells Mediated by “Immune’ RNA from the Lymphoid Organs of Immunized Guinea Pigs

Six replicate wells were used for each determination and mean cytotoxicity indices with their standard deviations are presented. The p values were calculated
by Student’s ¢-test for unpaired data and represent differences between “Immune’ RNA and the various control groups. In these experiments purified lymphocyte
populations were employed as effector cells.

@}

Experiment number: 1 2 3 4 &
Lymphocyte to target cell ratio: 200:1 200:1 206:1 200:1 z

(@}

Cytotoxicity Cytotoxicity Cytotoxicity Cytotoxicity i

index p index p index P index P -

c

Lymphocytes incubated with: =
“Immune” RNA®) 0.57 .10 0.54 + .05 0.73 + .06 0.71 + .08 =
“Immune” RNA + ribonuclease® N.D.) 0.11 + .09 <.005 — 0.2+.06 <.005 —0.02 + .06 <.005 =
“Immune” RNA + deoxyribonucleaset® N.D. N.D. N.D. 0.48 + .06 NS X
“Immune” RNA + pronase(@) N.D. N.D. N.D. 0.68 = .03 NS. 2
Freund’s Adjuvant RNA(®) 0.21 = .30 < .05 N.D. 0.17 + .04 < .005 N.D. =z
No RNA 0.0 *.36 < .05 0.0 +.05 < .005 0.0 =.04 < .005 0.0 £.05 < .005 19
(2) RNA from the lymphoid organs of guinea pigs immunized with BT-20 tumor cells. 8
®) “Immune” RNA treated with ribonuclease prior to incubation with lymphocytes. =

(©) “fmmune” RNA treated with deoxyribonuclease prior to incubation with lymphocytes.

@ “Immune” RNA treated with pronase prior to incubation with lymphocytes.

t:)) RNA from the lymphoid organs of animals immunized with Freund’s Adjuvant only.
Not done.

®) Not significant.
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different from that obtained with no RNA. A number of the experiments described
above have been reported in detail elsewhere [25-27].

Immune Cytolysis of BT-20 Tumor Cells

Experiments similar to those described above for the RI-H cell line were performed
utilizing the BT-20 cell line. In these experiments guinea-pig RNA was used. The results
are depicted in Table 4. Again, xenogeneic “Immune” RNA induced normal, non-immune
human lymphocytes to become cytotoxic to BT-20 cells in a consistent and reproducible
fashion. RNA from guinea pigs immunized with Freund’s Adjuvant only was inactive. The
activity was abolished by treatment of the “Immune” RNA preparations with RNase
but was not affected by treatment with DNAse or pronase.

Immune Cytolysis of Melanoma Cells (ED-H and RO-H)

In these experiments two types of “Immune” RNA preparations were studied: (1)
RNA from the lymphoid organs of guinea pigs immunized with ED-H cells, and (2)
RNA from the lymphoid organs of a sheep immunized with melanoma cells from a fresh
surgical specimen obtained from a third melanoma patient HO. The results of these
experiments are tabulated in Table 5. Of particular interest is the fact that RNA from the
lymphoid organs of a sheep immunized with melanoma cells from one patient, HO, was
effective in mediating cytotoxic immune responses against melanoma cells from two
other patients, RO and ED.

Table 5. Immune Cytolysis of Melanoma Cells Mediated by “Immune” RNA

Only lymphocyte to target cell ratios of 500: 1 are included in the table. Six replicate wells were
used for each determination and mean cytotoxicity indices with their standard deviations are presented.
The p values were calculated by Student’s #-test for unpaired data and represent differences between
“Immune” RNA and the various control groups. Purified lymphocyte populations were employed as
effector cells.

Experiment number: 1 2 3
Target cell line: RO-H ED-H ED-H
RNA donor: Sheep Sheep Guinea pig
Cytotoxicity Cytotoxicity Cytotoxicity
index p index P index P
Lymphocytes
incubated with:
“Immune” RNA®@)  0.53 +.12 0.37 £ .05 0.30 = .02
Freund’s Adjuvant
RNA®) —0.20+.08 <.005 —0.30:.10 <.005 0.07+.04 <.05
No RNA 0.0 =.08 < .005 0.0 +.08 <.005 00 .03 <.005

(:) RNA from the lymphoid organs of animals immunized with melanoma cells.
(®) RNA from the lymphoid organs of animals immunized with Freund’s Adjuvant only.

CTI--G
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The Specificity of Immune Reactions against Human Tumors
Mediated by Xenogeneic I-RNA

A critical experiment was then performed in an autologous system using autologous
lymphocytes obtained from the same patient from whom the ED-H cell line originated.
These lymphocytes were incubated with the sheep anti-melanoma “Immune” RNA and
reacted with cells from the patient’s own tumor, in vitro. The patient’s lymphocytes
incubated without RNA served as a control. The results of this experiment are presented
in Fig. 1. When incubated with no RNA, the patient’s lymphocytes were very slightly
cytotoxic to his tumor cells (CI = 0.22 + 0.05) as might be expected. However, when
this patient’s lymphocytes were incubated with “Immune” RNA, the cytotoxicity index
of his lymphocytes more than doubled (CI = 0.45 + 0.02). This increase was significant
at p <0.005. At the same time, lymphocytes from a normal volunteer were incubated
with this RNA. The resulting CI was 0.49 * 0.05. It can be seen that the effect of
“Immune” RNA upon autologous lymphocytes (autologous with respect to the tumor
target cells) was equal in magnitude to its effect on normal, non-immune responses
directed specifically against melanoma-associated antigens where mediated by the
“Immune” RNA. Again, it is important to remember that the anti-melanoma “Immune”
RNA was extracted from the lymphoid organs of a sheep immunized with melanoma cells
from a different melanoma patient.

To derive additional evidence that immune responses directed specifically against
tumor-associated antigens could be mediated by “Immune” RNA, a second experiment
was performed which included additional controls. “Immune” RNA was extracted
separately from the lymphoid organs of two groups of guinea pigs. One group had been
immunized with ED’s autologous skin fibroblasts (anti-Ed-Fib RNA). Each “Immune”
RNA preparation was incubated separately with normal, allogeneic lymphocytes (from a

{Lymphocyte to Target Cell Ratio = 200:1)

Normal Aliogeneic Lymphocytes
No RNA
p<0.005 { "Immune” RNA
% o
Autologous Lymphocytes
No RNA
p=<0.005 { "Immune’ RNA
A

I [ I I T ]
0.1 0.2 0.3 0.4 0.5 0.6

Cytotoxicity Index
Fig. 1. Immune cytolysis of ED-H melanoma cells by autologous lymphocytes and by allogeneic

lymphocytes (from a normal donor) following incubation with ‘“Immune’ RNA extracted from the
lymphoid tissue of a sheep immunized with melanoma cell.
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Normal Allogeneic Lymphocytes
No RNA

ANERNNAINENNENEENEIEEEAN RN RN R R NN NN NN NN
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p< 0-005‘[ RNA from Guinea Pigs immunized with ED-H Normal Tissue
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Autologous Lymphocytes
No RNA

N.S.‘[ RNA from Guinea Pigs immunized with ED-H Normal Tissue

p < °~005‘[ RNA from Guinea Pigs immunized with ED-H Melanoma Cells
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Fig. 2. Immune cytolysis of ED-H melanoma celis by autologous lymphocytes and by allogeneic

lymphocytes (from a normal donor) following incubation with “Immune” RNA extracted from the

lymphoid organs of guinea pigs immunized with ED-H melanoma cells or with ED’s autologous skin
fibroblasts.

healthy donor) and with ED’s own autologous lymphocytes. Following incubation each
lymphocyte sample was tested for cytotoxic effect upon ED’s own melanoma target
cells. The results of this experiment are depicted in Fig. 2. Note that when effector cells
which were allogeneic with respect to the target cells were used, both anti-ED-Fib RNA
and anti-Mel RNA were equally effective in mediating cytotoxic immune responses to
ED-H melanoma target cells. However, when autologous lymphocytes were used as
effector cells, only anti-ED-Mel RNA was active, and anti-ED-Fib RNA did not cause
any increase in the cytotoxic activity of ED’s lymphocytes for autologous melanoma
cells. We interpret these results as follows: Both anti-Ed-Mel RNA and anti-ED-Fib RNA
induced allogeneic lymphocytes to effect immune responses directed against normal
transplantation antigens (primarily HL-A antigens). When these “Immune” RNA were
incubated with autologous lymphocytes ‘“‘Immune” RNA’s directed against normal
transplantation antigens were recognized as “‘self”” by the lymphocytes and no immune
responses against these antigens were elicited. Therefore, anti-ED-Fib RNA was inactive
when incubated with autologous lymphocytes, however, since anti-ED-Mel RNA con-
tained “Immune” RNA’s directed against tumor associated antigens which were not
recognized as “self”’” by autologous lymphocytes, this RNA preparation was effective in
inducing ED’s lymphocytes to become cytotoxic to ED’s autologous melanoma cells.
We then looked for additional evidence to confirm that “Immune” RNA could
mediate immune responses directed specifically against melanoma-associated antigens.
Allogeneic “Immune” RNA was extracted separately from the peripheral blood lympho-
cytes of five “cured” melanoma patients (collected on the continuous flow blood cell
separator), one patient with colon carcinoma, one patient with hypernephroma and five
normal volunteers. Each “Immune” RNA preparation was incubated separately with
aliquots of a single sample of normal lymphocytes collected on the continuous flow
blood cell separator from another healthy volunteer and each aliquot was then tested for
cytotoxic activity against ED-H melanoma target cells. The results are depicted in Fig. 3.
From these data it is apparent that only “Immune” RNA from the lymphocytes of
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Fig. 3. Immune cytolysis of ED-H melanoma cells mediated by allogeneic “Immune” RNA extracted
from the peripheral blood lymphocytes of “cured’ colon cancer patients.
(Lymphocyte to target cell ratio= 200:1)
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I-ig. 4. Immune cytolysis of colon cancer cells mediated by allogeneic “Immune”” RNA extracted from
the peripheral blood lymphocytes of “cured” colon cancer patients.

melanoma patients was effective in mediating a cytotoxic immune response against
melanoma target cells. RNA from the lymphocytes of normal volunteers was invariably
inactive, as was RNA from the lymphocytes of the colon cancer patient and the hyper-
nephroma patient. Presumably, the melanoma patients had been sensitized to melanoma
associated antigens in vivo, but not to normal histocompatibility antigens (all were male
and none had been multiply transfused), and “Immune” RNA was synthesized against
these melanoma-associated antigens.

Many of these same allogeneic I-RNA preparations and three additional preparations
of I-RNA extracted from the peripheral blood lymphocytes of three additional “cured”
colon cancer patients were studied in another experiment. Aliquots of a single sample of
human lymphocytes from a normal donor were incubated separately with each of the
various preparations of allogeneic I-RNA and each aliquot was then tested for cytotoxicity
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activity against colon cancer target cells. The results are depicted in Fig. 4. It is apparent
that three out of four I-RNA preparations from the lymphocytes of colon cancer patients
was effective in mediating cytotoxic immune responses against colon cancer target cells.
RNA extracted from the lymphocytes of normal volunteers was inactive, as were RNA
preparations from the lymphocytes of patients with malignancies of other histologic
types (melanoma, hypernephroma and breast cancer). Again all the colon cancer patients
were male and none had been multiply transfused.

INITIAL CLINICAL TRIALS OF IMMUNOTHERAPY
WITH “IMMUNE” RNA

“Immune” RNA offers several theoretical advantages over other methods of adoptive
immunotherapy. (1) There is no need to give serum or plasma which has been shown in
some instances to contain blocking factors in vitro, and which may facilitate tumor
growth, in vivo. (2) Since it is not necessary to transfuse foreign leukocytes, there is no
sensitization of the recipient to foreign histocompatibility (HL-A antigens). Repeated
transfusion of allogeneic leukocytes can result in significant toxicity. “Immune RNA
itself does not contain transplantation antigens. (3) The danger of inducing a graft-versus-
host reaction in immunodeficient or immunosuppressed individuals is eliminated. (4)
Since “Immune’ RNA itself is not a strong antigen, repeated injections of human or even
animal RNA would not be expected to sensitize the recipient, cause secondary syndromes,
or result in immune elimination of subsequent doses of RNA. “Immune” RNA does not
require the simultaneous administration of adjuvants. “Immune” RNA would probably
be more immunogenic than immunization with tumor antigens alone, assuming that good
preparations of human tumor antigens eventually become available. “Immune” RNA
could conceivably make purification and isolation of human tumor specific transplan-
tation antigens unnecessary for effective immunotherapy. Finally, “Immune™ RNA might
be effective despite certain types of host energy (defectsin the afferent arc of the immune
response, i.e. antigen recognition or processing).

Two sources of “Immune” RNA for the immunotherapy of cancer have been pro-
posed: allogeneic “Immune’” RNA derived from the lymphocytes of “cured” cancer
patients, and xenogeneic “Immune” RNA derived from animals which have been specifi-
cally immunized with either autologous tumor cells or with allogeneic tumor cells from a
tumor of the same histogenic type. There are also two methods by which “Immune”
RNA may be administered: (1) by direct injection intradermally, or (2) by collecting
autologous peripheral blood lymphocytes from the patient utilizing the continuous-flow
blood-cell separator, incubating these lymphocytes, in vitro, with “Immune” RNA and
then reinfusing them intravenously.

The transfer of anti-tumor immunity in vitro by human allogeneic “Immune” RNA
has been demonstrated. As described above, lymphocytes from patients who had under-
gone successful excision of primary malignant melanoma and who had been free of
disease for more than 9 months provided the source of “Immune” RNA. Control RNA
was extracted from peripheral blood lymphocytes of normal volunteers. Each RNA
fraction was incubated with non-immune peripheral blood lymphocytes of normal
donors. The normal (allogeneic) lymphocytes were rendered cytotoxic against human
melanoma cells, in vitro, by the “Immune” RNA extracted from the lymphocytes of the
“cured” patients. RNA from normal volunteers did not cause these lymphocytes to
become cytotoxic to melanoma cells.
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Extension of this laboratory model for the adoptive transfer of tumor-specific
immunity to clinical immunotherapy has been greatly facilitated by the development of
the continuous blood-flow cell separator. This technique provides a method for the
continuous collection of lymphocytes from the peripheral blood and the reinfusi.n of
remaining blood elements. Waldman et al. detected no clinically significant chargzss in
hematocrit, and no evidence of systemic toxicity, following leukapheresis of bc “k normal
volunteers and in melanoma patients. The peripheral blood leukocyte and lymphocyte
counts fell transiently, but returned to normal within 3 days [28]. A potential danger of
leukapheresis in cancer patients was the possibility of decreased cellular immuno-
competence in the donor following removal of the large number of peripheral
lymphocytes. However, Waldman et al. detected no change in skin-test reactivity to DNCB
or common skin-test antigens following leukapheresis. Lymphocyte mediated cytotoxicity
to melanoma cells decreased transiently in one melanoma patient following leukapheresis,
but cytotoxicity indices returned to normal within 24 hr [29].

Allogeneic “Immune” RNA, like transfer factor, requires a human donor and,
therefore, involves a number of inherent disadvantages. (1) The problem of donor
selection. (2) The problem of donor availability. (3) The question of whether any human
can provide lymphocytes which will yield an optimally immunoreactive extract. Human
tumors may be more immunogeneic when inoculated into animals than they are in their
host of origin. (4) Will immunization of human donors be required or will “cured” cancer
patients be adequate donors? (5) Will repeated removal of lymphocytes from “cured”
cancer patient donors result in sufficient immunosuppression to cause exacerbation of
the donor’s malignant disease? Due to these practical and theoretical problems with
allogeneic “Immune’” RNA as an immunotherapeutic reagent, initial clinical trials have
utilized xenogeneic rather than allogeneic “Immune” RNA.

The successful interspecies transfer of cell-mediated immunity to human tumors,
in vitro (see above), provided a logical basis for the immunotherapy of human cancer
with “Immune” RNA extracted from the lymphoid tissues of animals specifically
immunized with the type of human tumor to be treated. There are several obvious
advantages to this form of immunotherapy. First, large quantities of “Immune” RNA
could be readily produced without dependence upon human donors. Secondly, since
histologically similar human tumors appear to contain common tumor-associated
antigens, many patients with the same tumor type could be treated with RNA from a
sheep sensitized with a single patient’s tumor. However, there are also some potential
dangers associated with xenogeneic ‘“Immune” RNA; we have recently undertaken a
preliminary trial of immunotherapy of human cancer with xenogeneic “Immune” RNA.
At the time of this writing thirty-five patients have been treated. The main intent of
this study was to determine the safety and feasibility of immunotherapy with xenogeneic
“Immune” RNA. However, some interesting observations have been made regarding the
effects of “Immune” RNA therapy on certain anti-tumor immune responses assessed
in vitro and some indications of possible therapeutic benefit have been observed.

Two types of patients were studied: patients with grossly detectable and measurable
metastatic disease, and patients with “minimum residual disease”. Patients in the latter
category had no clinically detectable disease following surgical resection of all gross
tumor but had a greater than 50% likelihood of developing recurrent and/or metastatic
disease within 24 months. The histologic types of tumors treated included malignant
melanoma, hypernephroma, sarcoma, breast carcinoma and carcinoma of the stomach.



MEDIATION OF IMMUNE RESPONSES TO HUMAN TUMOR ANTIGENS 183

Table 6. Number of Patients Treated with “Immune’” RNA Grouped
According to Tumor Type and Extent of Disease

Tumor types treated Gross disease Mlnlmgm residual Total
disease
Malignant melanoma 11 4 15
Hypernephroma 11 1 12
Sarcoma 3 0 3
Breast carcinoma 0 2 2
GI carcinoma 1 1 2
Cholangiocarcinoma 1 0 1
Total 27 8 35

The number of patients within each disease category and of each tumor type are given
in Table 6. Of the three sarcoma patients, one had an alveolar soft part sarcoma, one a
liposarcoma and one an osteogenic sarcoma. Patients with gross disease were accepted
for treatment only if (1) they had failed all standard therapy (including standard
chemotherapy) or (2) no standard therapy of proven efficacy existed or (3) they had
relatively stable disease and standard therapy could be interrupted or withheld for

8 weeks (the minimum duration of the study).

Tumor tissue obtained from surgical specimens (either fresh or frozen in liquid
nitrogen) was used. A thick suspension of viable tumor cells, emulsified in an equal
volume of complete Freund’s adjuvant, was injected intradermally into all four
extremities of a sheep at weekly intervals for 3 consecutive weeks. Ten days after
the last injection the animals were sacrificed and “Immune” RNA was extracted from
the spleens and mesenteric lymph nodes. The RNA was reprecipitated twice from
solutions made 2 M with respect to potassium acetate, treated with pronase (to remove
contaminating protein), and again reprecipitated from 2 M potassium acetate. The RNA
was then dialyzed against sterile distilled water, sterilized by passage through a 0.22
micron millipore filter and lyophylized. The RNA was resuspended in normal saline prior
to injection. Aliquots were cultured to assure sterility.

Initially the “Immune” RNA was administered at a concentration of I mg RNA/ml.
Later the concentration was increased to 2 mg RNA/ml. At higher concentrations the
RNA was administered intradermally, in 0.1-ml aliquots, in the skin of the upper anterior
chest near the axillae and lower abdomen near the groins. Usually the RNA was given at
weekly intervals rotating injection sites. Initially the weekly dose of RNA was 1 mg. Later
the 2 mg/week was given and most recently 4 mg/week has been the usual dose. A few
patients have received up to 12 mg/week. Whenever possible, each patient received
“Immune” RNA against allogeneic tumor tissue followed by RNA against autologous
tumor tissues when it became available. Treatment was given for 8 weeks following which
initial responses were evaluated. If progression of disease was noted, “Immune” RNA
therapy was discontinued and alternative therapy instituted.

No significant local or systemic toxicity related to “Immune” RNA therapy was noted
with “Immune” RNA therapy administered weekly for up to 15 months. “Burning” on
injection was minimal. Local irritation as evidenced by erythema, induration or swelling
was absent or very minimal. No febrile reactions of any kind occurred and no allergic or
anaphylactoid reactions resulted.
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The thirty-four patients treated with “Immune” RNA ranged in age from 10 to 69. All
were sensitized and skin tested with DNCB and a battery of four common skin-test
antigens (PPD, monilia, mumps and streptokinase/streptodornase) prior to the initiation
of immunotherapy and all were immunocompetent.

The duration of therapy to datc ranges from 6 months to less than 2 months.
Responses to therapy in patients with gross disease were evaluated by the following
criteria: (1) Patients were considered “improved” if grossly detectable (and measurable)
lesions objectively regressed (i.e. decreased in area) and, following regression, did not
increase in size for at least 2 months. (2) Patients were considered treatment “failures”
if gross lesions significantly increased in area of new lesions appeared. (3) Paticnts were
considered as having achieved “stability” if lesions which had been growing progressively
prior to the initiation of therapy ceased all growth and remained stable for at least 2
months. (4) A few patients were classified as having achieved “possible benefit” when
transitory regressions occurred or when prolonged stability was later followed by
regrowth while on therapy. (5) Patients with minimum residual disease were considered
“stable’ as long as no recurrence or metastases developed. If recurrence occurred, this
was considered a treatment failure. When progression occurred, “Immune” RNA therapy
was discontinued.

The clinical results are summarized in Table 7. The first twenty-six patients are being
reported, in detail, elsewhere {30—31]. In reviewing the results of this study to date, it
must be remembered that clinical remissions were not expected at this stage of our work
and any clinical responses reported must be considered anecdotal. In this initial Phase I
trial, the objectives were: (1) to establish the safety (or toxicity) of sheep “Immune”
RNA, (2) to evaluate dosage schedules and routes of administration and (3) to monitor
any possible effects of “Immune” RNA treatment on immunologic parameters, both
tumor-specific and non-specific. The optimum dosage and route and frequency of

Table 7. Summary of Clinical Results

Stability or
Tumor types Improvement possible [‘ailure Indeterminate Totatl
improvement

Malignant melanoma

Gross 0 4 6 1 11

Minimum residual 3 0 1 4
Hypernephroma

Gross 3 3 2 3 11

Minimum residual 1 0 0
Sarcoma

Gross 1 0 1 1 3
Breast carcinoma

Minimum residual 1 0 0 1
Cholangiocarcinoma

Gross 0 0 0 1 1
Gl carcinoma

Minimum residual 0 1 1 2

Total 4 12 10 8 34
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administration of “Immune” RNA is not known. Certainly, we have not as yet
approached a toxic dose of RNA.

In our previous animal experiments, it appeared desirable to administer “Immune”
RNA in a medium containing a strong ribonuclease inhibitor (the polyanion sodium
dextran sulfate). However, since we have not as yet received approval from the Food
and Drug Administration to administer dextran sulfate experimentally in man, we have
not incorporated a ribonuclease inhibitor into our RNA preparations. Perhaps by so
doing we might significantly increase the efficacy of “Immune” RNA therapy.

Although treatment of lymphocytes in vitro with “Immune” RNA has been shown
to induce such lymphocytes to effect antitumor responses in vivo and in vitro, we
have not as yet treated any patients by the intravenous infusion of autologous
lymphocytes pre-incubated in vitro with “Immune”” RNA. This reluctance has been
due to the fear of inducing untoward allergic reactions related to small amounts of
sheep protein which contaminate the RNA and might be expected to remain with
the lymphocytes even after several washes. However, this method of utilizing
“Immune” RNA therapeutically may offer promise of greater efficacy.

Many of our patients had large tumor burdens and may not have been good
candidates for immunotherapy of any kind. Perhaps (and this may be true for all
types of immunotherapy) the primary usefulness of “Immune”” RNA proved to be in the
therapy of minimum residual disease. Our number of patients with minimum residual
disease is small. The follow-up period for most of these patients is very short, and we
have no concomitantly generated control population. Therefore, few if any conclusions
can be drawn at the present time from the results observed in these patients.

In a number of instances, lymphocytes obtained from patients prior to the onset of
treatment were incubated, in vitro, with the “Immune” RNA which they were to
receive. Following incubation of the lymphocytes with “Immune” RNA for 20 min at
37°C, the lymphocytes were tested for cytotoxic effect, in vitro, of alogeneic tumor
target cells of the same histologic type.

One example is presented in the experiment illustrated in Fig. 5. In this experiment,
pre-treatment lymphocytes from melanoma patient CA were tested against allogeneic
melanoma cells (ED-H) before and after incubation with I-RNA extracted from the

Lymphocytes from Melanoma Patient CA
Lymphocyte to Target Cell Ratio = 2001

No RNA
Normal Sheep RNA
p <0.005

p <0005 { RNA from Sheep immunized with CA Melanoma Cells
LIRSS

ol 02 03 04
CYTOTOXICITY  INDEX

Fig. 5. Cytotoxicity of pretreatment lymphocytes from melanoma patient CA for ED-H melanoma

cells prior to and following incubation “Immune” RNA extracted from the lymphoid tissues of a

sheep immunized with CA’s own autologous tumor tissue and (as a control) “Immune” RNA
extracted from the lymphoid organs of a normal sheep.
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lymphoid organs of a sheep immunized with CA’s own autologous tumor cells and
after incubation with I-RNA extracted from the lymphoid organs of an unimmunized
sheep. Following incubation with “Immune” RNA from a sheep immunized with CA’s
tumor cells, the cytotoxicity of CA’s lymphocytes for melanoma cells was greatly
increased while incubation with [-RNA from an unimmunized sheep was ineffective.

In fourteen of the thirty-four patients treated with “Immune” RNA, peripheral
blood lymphocytes, from serial bleedings obtained prior to an infection weekly during
“Immune” RNA therapy, were tested for cytotoxicity against allogeneic target cells of
the same histologic type. Of five patients in whom significant increases in cytotoxicity
were noted four evidenced stability or possible benefit in their clinical course. One was a
treatment failure. Of eight patients in whom no change in lymphocyte-mediated
cytotoxicity was noted, four evidenced stability or possible benefit while four failed
trcatment. In one patient, a decrease in cytotoxicity was noted and this patient was a
treatment failure. Table 8 presents a correlation between changes in lymphocyte-
mediated cytotoxic responses, assessed in vitro, and clinical response. There does appear
to be a possible correlation between increases in lymphocyte-mediated cytotoxicity,
assessed in vitro, and clinical response.

Table 8. Correlation Between Changes in Lymphocyte-mediated
Cytotoxicity in vitro and Clinical Response

Stability or Failure Total

Cytotoxicity possible benefit
Increase 4 1 5
No change 4 4 8
Decrease 0 1 1

The results of experiments performed in three of these patients is presented in detail
in Figs. 6-9. In Fig. 6, the results of testing the cytotoxicity of lymphocytes from
gastric carcinoma patient KI on RI-H gastric carcinoma

(Lymphocyte to target cell ratio = 200:1)

0.8+
0.6
0.4

0.2
- Begin RNA injections

CYTOTOXICITY [INDEX

I 1 4
1

2 -4 o0 | 2 3 4 5
TIME (Weeks)

Fig. 6. Cytotoxicity for RI-H gastric carcinoma target cells of lymphocytes from gastric carcinoma
patient K1 prior to and following the initiation of treatment with “Immune” RNA extracted from the
lymphoid organs of a sheep immunized with KI’s own tumor tissue.
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Fig. 7. Cytotoxicity for RI-H gastric carcinoma target cells (Fig. 7a) and for ED-H melanoma cells

(Fig. 7b) of lymphocytes from gastric carcinoma patient KI prior to and following the initiation of

treatment with xenogeneic “Immune” RNA extracted from the lymphoid organs of a sheep immunized
with KI's own tissue.

target cells is presented, while Fig. 7 depicts the results of testing aliquots of

the same lymphocyte samples on RI-H gastric carcinoma cells and on ED-H melanoma
target cells. It is evident that, while the cytotoxicity of KI's lymphocytes for RI-H cells
increased substantially following the initiation of therapy with “Immune” RNA, no
significant cytotoxic activity was evidenced against ED-H melanoma target cells. Figures
8 and 9 illustrate the results of testing lymphocytes from two different melanoma patients
for cytotoxic activity on ED-H melanoma target cells. Again, significant increases in
cytotoxicity were observed following the initiation of “Immune” RNA therapy.

These data suggest that treatment with “Immune” RNA does effect at least certain
immunologic parameters. This implies that these RNA preparations are, at least to some
extent, immunologically active in man when administered in the dose and manner
described above. These data also provide some evidence to suggest that the immune
responses effected by “Immune” RNA may, at least in part, be specific for the particular
tumor type used to immunize the sheep from whose lymphoid tissues the RNA was
extracted.

The results of the in vitro microcytotoxicity tests performed in the lymphocytes of
our patients do appear encouraging. When pretreatment lymphocytes were incubated
with “Immune” RNA, cytotoxicity responses were significantly increased. Moreover, in
most of the patients tested, the cytotoxicity of peripheral blood lymphocytes for tumor
cellsincreased substantially following “Immune’ RNA therapy and we have some evidence
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Fig. 8. Cytotoxicity for ED-H melanoma cells of lymphocytes from melanoma patient SM prior to and
following initiation of therapy with “Immune” RNA extracted from the lymphoid organs of a sheep
immunized with melanoma cells.
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Fig. 9. Cytotoxicity for ED-H melanoma cells of lymphocytes from melanoma patient VE prior to and
following initiation of therapy with “Immune’” RNA extracted from the lymphoid organs of a sheep
immunized with melanoma cells.

that this increase is specific for the particular type of tumor used to immunize the RNA
donor sheep. It therefore appears that “Immune” RNA treatment does effect host immune
responses. We do not know if the nature or magnitude of this effect is relevant to the
clinical course of human cancer or if it can result in therapeutic benefit. However, we
have some evidence that these cytotoxic responses, assessed in vitro, may correlate with
clinical responses to therapy.

Finally, it is clear that sheep “Immune” RNA, when prepared as described above and
administered intradermally in the doses and schedules described, is completely free of
significant local and systemic toxicity and is very well tolerated. “Immune” RNA
offers several practical and theoretical advantages as a new modality“for the immuno-
therapy of cancer. Much further study will be required to determine its potential
immunotherapeutic efficacy.
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INTRODUCTION

Several young students here have asked me “Why is it taking so long for cancer
immunology to provide the answers to human disease?” An intelligent answer requires
that facts be put in perspective: cancer immunology can move only as rapidly as data
are provided by basic immunology laboratories. For those students and for those who
may be unfamiliar with the story, a few words of historical background seem warranted.

Although back as early as 1911 certain [talian surgeons noted that patients with
tumors that had many lymphocytes in them lived much longer than those whose tumors
lacked such cells [reviewed in ref. 1], immunology as such in terms of a modern discipline,
particularly cancer immunology, really was in a sad state until very recently. In his
classic textbook on the lymphatic system, published in 1941, Professor Yoffey [2] of
Bristol asked three questions about lymphocytes: (a) Where do they come from? (b)
Where do they go? and (¢) What do they do? And as late as 15 years ago, 1960, the
lymphocyte was considered a small, nondividing, end-stage cell with no function.

Figure 1, revised from a 1970 paper of the World Health Organization Expert
Committee on Immunology [3], shows how little we knew in 1970 and how much we
have learned since then, along with how much we still do not know. In 1970, cells
important in immune response were divided by the WHO Commiittee into T- and B-cells.
As you know, B-cells become sensitized by antigens, and after further antigenic stimula-
tion they differentiate into plasma cells, which synthesize and secrete the antibodies
that protect us from pneumococcal, streptococcal and meningococcal infections. The
other cell type listed as important, the T-cell, protects us against atypical bacteria,
parasites, fungi and viruses (including presumably oncogenic viruses); these functions,
which collectively are termed “cell-mediated immunity™, also include rejection of
foreign tissue (e.g. kidney transplants) and prevention of growth of mutant cells.

* This is publication no. 22 from the Department of Basic and Clinical Immunology and Micro-
biology, Medical University of South Carolina. Research supported by grants from the U.S. Public
Health Service (HD-05894) and (AI-09145).
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B-cell products are easily measurable in serum, for example by hemagglutination,
complement fixation, etc.; but T-cell products are very difficult to measure—at present
they are detectable only with the aid of complicated in vitro assays. When there is a
marked aberration in T-cells, the response in terms of blast transformation by the non-
specific plant extract phytohemagglutinin is decreased, but a significant aberration is
required and small decreases in function are not detected by the assay. A whole host of
“soluble lymphocyte factors”, produced by sensitized T-cells after exposure to antigen
in a test tube under standard conditions, have been described [4]; about two dozen,
none yet purified, have been identified, some of which may be identical to each other,
while others may represent several active substances.

The 1970 WHO Committee report stated that, for some B-cells, T-cell cooperation is
necessary for maximal antibody synthesis. However, our laboratory had evidence at that
time that “suppressor T-cells” also existed {5, 6] and that probably a deficiency thereof
was important in autoimmune diseases. The Committee preferred to reject this concept
and did not bother to list the macrophage—which I think is the most important immune
cell—as immunologically important. Nor, among other sins of omission, did they list
the lymphopoietic stem cell, which gives rise to the stem cells of both B and T pre-
cursors. Further, the Committee statement implied that only one kind of T-lymphocyte
existed, although our laboratory had evidence at that time that different cells were
responsible for different phenomena, and we felt that many of these were separable [7].
Nonetheless, 5 years ago the Committee felt that there was only one T-cell population.
In fact, 5 years ago we could not even measure the number of T- or B-cells in peripheral
blood.

What have we learned since then? In the last 5 years we have learned a lot about
soluble lymphocyte factors. We have learned how to quantitate T- and B-cells [8]:

| T-cell system——-—l  paa— B-cell system—-——]
Thymus-dependent Thymus-independent
T iymphocytes *Bursa- equivalent”
B lymphocytes
PHA AN AN
ntigen \“ n
Blast cells wCosoperation ... [ATTIGEN
Killer cell Soluble Plasma cell line
: lymphocyte
(egaraft  ¢octors Humoral
rejection) Antibody

Synthesis

Cell-mediated
immunity

Fig. 1. Cellular basis of the immune response as outlined by the WHO Committee in 1970. (Adapted
from ref. 4 by permission of Academic Press.)
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Dr. Wybran spoke at some length about the nonspecific binding of sheep red blood cells
to T-cells, which is the basis for the T-cell assay that was developed in 1972. B-cells,
which do not bind sheep erythrocytes, are now usually identified by the presence of
surface immunoglobulins {8].

Table 1. Mediators of Cellular Immunity Elaborated by Sensitized Lymphocytes
after Addition of Antigen*

1. Skin permeability factor

2. Chemotactic factors for macrophages

. Macrophage migration inhibitory factor (MIF)

. Macrophage activating factor (samc as MIF?)

. Chemotactic factors for other leukocytes (neutrophils, eosinophils, basophils, tymphocytes)
. Granulocytic migration inhibitory factor (LIF)

. Growth inhibitory factors (cional inhibitory factor, proliferation inhibitory factor)
. Lymphocytotoxin (toxic for all cells other than lymphocytes)

. Osteoclast activating factor

10. Collagen synthesizing factor

11. Interferon

12. Mitogenic factor(s) for lymphocytes

N=Jo BN B e & I SN IV

* Two to three dozen mediators have been tentatively identified in studies of lymphocytes
in cell culture. It appears that many of these substances might be isolated and, perhaps,
used for therapy of a number of different diseases. However, further basic research

will be required.

A heuristic explanation for the roles of some of the factors listed is as follows: (1) skin
permeability factor dilates the capillaries in the skin, making it easier for cells involved in the
immune response to reach foreign substances (antigens) that have entersd the body tissues;
(2) chemotactic factors attract macrophages (which engulf and destroy foreign cells or
parasites, or break them into pieces small enough for the immune system to handle); (3, 4)
MIF prevents the macrophages from migrating away from the foreign cells while they are
being engulfed; (5) chemotactic factors attract other blood cells which break down and
release enzymes that attack viruses, proteins, etc.; (6) LIF prevents those cells from moving
away; (7) growth inhibitory factors prevent “transformed” (cancer) cells or foreign
organisms from dividing and thus increasing in mass; (8) lymphocytotoxin kills *“transformed
cells” and foreign organisms; (11) interferon inhibits, at least in animals, the growth of
viruses, both those that cause cancer and those that do not; (12) mitogenic factors cause
lymphocytes to divide and thus start the process over again—i.e. this is an amplification
mechanism.

Adapted from ref. 4.

Table 1 shows what we think we know about soluble lymphocyte factors, which |
mention only because they apparently are mediators of cellular immunity, and thus
provide one means of measuring the effects of boosting cellular immunity. These
presumably act in sequence, but none has been purified, and nobody knows their in vivo
actions or sequence of action. One of these is the macrophage migration inhibitory
factor (MIF). A test has been developed for determining whether cells from a given
subject, either normal or abnormal, produce MIF. For this test, either monocytes from
human peripheral blood or peritoneal macrophages from guinea pigs are placed in a
capillary tube. Then the subject’s lymphocytes, which have been presensitized to an
antigen (e.g. PPD), are cultured, and the antigen is added to the cell culture. After a
standard time under standard conditions of incubation, the supernatant when added to
the monocytes or macrophages will inhibit their migration if the subject has cellular
immunity to the antigen. If instead one uses a different antigen (e.g. coccidiomycosis),
to which the subject has not been presensitized and thus has no cellular immunity, migration
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will not be inhibited. MIF is a much more sensitive indicator of cellular immunity than
skin tests, but is less sensitive than the leukocyte migration inhibition factor (LIF), at
least in our hands [9].

By definition, these mediators of cellular immunity are detectable (at least by current
methods) only in supernatants after incubation of sensitized cells with antigen, and
not in the cells themselves. There are two other factors, which I call “intracellular”
mediators of cellular immunity. One is the “killing factor” that Cerottini and Brunner
have shown to be present directly within the cell [10]. The other is transfer factor [11].

THE QUESTION OF TRANSFER FACTOR

The past 5 years have also seen a resurgence of interest in transfer factor. When we
talk about transfer factor six questions usually occur to the audience: (a) Does it exist?
(b) If it exists, does it have any immunologic effect? (¢) If it has an immunologic effect,
does it have any clinical effect? (d) If it has either of these effects, what is the
mechanism of action? (e) Are the effects specific or nonspecific? and (f) What is it? 1
shall present some data to you to try to answer some of these questions and let you
draw your own conclusions as to the answers.

In 1955, Dr. Sherwood Lawrence of New York University took 10 cm? of blood
from a tuberculin-positive normal subject, positive by a skin test. He separated the white
cells and ground them up, and injected an extract of the lysate into a normal tuberculin-
negative recipient. That recipient became tuberculin positive by skin test. After 6
months, the recipient was still tuberculin-positive by skin test. Dr. Lawrence then took
10cm? of blood from the primary recipient, isolated the white cells, lysed them, and
injected the lysate into a secondary, tuberculin-negative, normal recipient; this secondary
recipient also became tuberculin-positive by skin test. Since the material transferred
positive skin tests, Lawrence called the factor present in the lysates “transfer factor”
[11]. During the next 15 years, he repeatedly demonstrated transfer from normals
to normals. In the meantime he showed that treatment of the leukocyte lysate with
DNase did not destroy the activity; furthermore, on passage through a dialysis tubing
that retained molecules of molecular weight greater than 20,000, the material coming
through the bag (i.e. the dialysate) had all the properties of the parent material, includ-
ing specificity [12]. (The material retained within the bag had some nonspecific
booster effects.) I will direct my remarks to the dialyzable transfer factor (the material
that comes out of the bag), designated “TFd”.

Between 1955 and 1970, few immunologists paid any attention to Lawrence; for
several reasons. First, no one knew what skin tests meant. For example, a person who
had never knowingly been exposed to tuberculosis might have a positive skin test. On
the other hand, patients who were very sick with tuberculosis most often were positive,
but some were negative by skin tests. Thus, there was no clinical correlation. It was
also generally felt that a reaction measured by skin tests, a nonquantitative parameter,
was not very “scientific”. That was something that allergists used, and immunologists
and allergists, at least at that particular time in our country, did not get along very well.
The last point, and probably the most important, was that TFd could only be shown to
work in man and not in any laboratory animals—e.g. guinea pig, mouse or rabbit. Thus
TFd was largely ignored until 1970.
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In 1970 we were trying to demonstrate that different functional subpopulations of
T-cells existed. We had shown in guinea pigs, using two different antigens, that the
population of cells responsible for DNA synthesis in response to antigen was different
from the population responsible for MIF production and conversion of skin tests [6]. At
that time we were seeing many cases at our immunodeficiency clinic, including some
patients with Wiskott-Aldrich syndrome (WAS). These patients are defective in DNA
synthesis in response to PHA or mitogens, they do not make MIF to relevant antigens,
and they are negative by skin tests for the standard battery of six antigens we use. WAS
presents a classical clinical picture, sex-linked (i.e. it occurs only in males), with a triad
of symptoms (recurrent infections, a characteristic eczema, and thrombocytopenia, often
with bleeding). Half of the victims also have enlarged spleens and half of them have partial
baldness. They all die before puberty, either because of recurrent infections or because
of bleeding. Since to make a biological generalization one cannot use data from just
one species, we decided to use man, specifically patients with WAS, as another species
to test our hypothesis that subpopulations of T-cells exist. We thought we might try to
use this population to restore one or two of the three parameters of cellular immunity,
thus demonstrating the existence of functionally distinct T-cell subpopulations; but
rather than using 0.1 cm? of white cells, we used the white cells from 250 cm?® of blood,
since we also wanted to try to help the patients by perhaps restoring some of these
functions so that they would not die from recurrent infection.

The first patient we treated was a 9-year-old boy who had had 28 documented
episodes of pneumonia and on the average lost 56 days a year from school due to pyro-
derma, otitis and other infections (Fig. 2). When he was given TFd, his skin tests con-
verted, MIF converted, but lymphocyte stimulation did not change. Eczema disappeared,
splenomegaly disappeared, and he did well for 6 months. At the end of 6 months he
lost his MIF, he lost his skin test reactivity, and his eczema returned [13]. We began
wondering whether it would be safe to give him another dose of TFd. All we knew then

Fig. 2. Nine-year-old WAS patient who was the first to receive TFd therapy. Before treatment (left),
he had extensive purpura, which disappeared with treatment. (Taken from ref. 14, by permission from
the editors.)
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was that its molecular weight was less than 20,000. [Now, in our hands, it has at least 3
separate components: one (MW =~ 1500) responsible for conversion of skin tests, another
(MW = 10,000) responsible for increased DNA synthesis, and a third (intermediate MW)
responsible for LIF conversion. Presumably, each acts on a different subpopulation of
T-cells.] It seemed that reinjection of TFd would be safe, but we spent the next few
months busily injecting rabbits to see whether they formed antibodies, since if they did it
was possible that he might. While this was going on, about 2 months after his laboratory
signs became bad, he developed within 3 days ear infection, then pneumonia, then
meningitis. He was treated by his local pediatrician with appropriate antibodies, and the
infections subsided. Then we decided, since the rabbits had not formed antibodies, that
it was safer to treat him, even with the remote risk of an adverse immunologic reaction,
than to let him risk further severe infections. Again, his splenomegaly went away, his
eczema went away, and MIF came back. (Incidentally, the active T-cells, as Dr. Wybran
pointed out, for these patients are 3 or 4% instead of 28%; after one “unit” of transfer
factor—i.e. TFd from 10° leukocytes—active T-cells rise to about 12%, or about half of
what is normally present.) This pattern continued for 6 months [14].

The MIF of the donor and recipient in that first trial are shown in Fig. 3 for the six
antigens we use (PPD, candida, coccidiomycosis, streptococcal antigen, mumps and
trichophyton). The donor was positive by MIF for five of the antigens but not for
coccidiomycosis; after he received the TFd injections, the boy’s reactivity was converted
to match that of the donor. Of the thirty-four WAS patients subsequently treated with
TFd, about 60% responded with absence of infection and bleeding for 6 months. Those
who showed a clinical response had an increase in active T-cells, skin test conversion,
and induction of MIF production, but lymphocyte stimulation did not change [15]. In
those who did not respond clinically, MIF was not induced, the level of active T-cells did
not rise, and the skin tests did not change.

KINASE
COCCIDHMDIN  STREPTODORNAS

AAWA A M

Wiskott-Aldnch Patient Betore Transter Factor

AN RN

Wiskott- Aldrich Patient After Transter Factor

snWean

Fig. 3. Conversion of MIF assay after administration of TFd. The donor (top) was positive for five

of the six antigens tested. Before receiving transfer factor (middle), the recipient, a WAS patient, was

negative for all six antigens. After receiving transfer factor (bottom), the recipient became positive

for the five antigens to which the donor was reactive and remained negative for coccidiodin. (Taken
from ref. 14, by permission from the editors.)
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on deficiency of monocyte IgC receptors. The center line shows the curve for control subjects. (Taken
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Why do only about 60% of these patients respond? We believe that there are two
types of WAS [14, 16]. 1 stated earlier that the macrophage is probably the most impor-
tant cell immunologically. Several years ago Hans Huber, now at Innsbruck, was working
in our laboratory, trying to find biologic parameters for identitying macrophages. He
showed that macrophages and monocytes have receptors for IgC [17] . Now, when we
examine WAS patients who do and do not respond to TFd, the latter (nonresponders)
show a paucity of normal monocytes (Fig. 4) [14, 15]. Their mothers have intermediate
numbers of monocytes (this is an X-linked disease); thus, this parameter appears to be
genetically controlled. This is similar to the two kinds of hemophilia: both are X-linked,
and both have the same clinical manifestations and severity, but we know they are two
different conditions. We think that perhaps one kind of WAS is due to a macrophage—
monocyte defect and the other kind is not.

What about selective defects? The first one we looked at was chronic mucocutaneous
candidiasis, a disease that causes terrible lesions of the hands, feet, and mouth. We began
by treating a patient who was resistant to amphotericin, the antifungal drug, which had
been given until he had developed renal toxicity. We used TFd from individuals who
had high cellular immunity to candida, but still it took many injections of TFd to
bring about an improvement, since the patient had a huge amount of antigen on board.
We gave him about eight injections in the first 2 months; after that the lesions cleared
up, and he needed injections about every 6 months thereafter [18]. (It seems that the
effect of TFd, if there is no antigen on board, lasts about 6 months. This is one of the
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things that makes it so interesting to molecular biologists; i.e. how does such a small
molecule exert its effect for 6 months?) When we first used TFd, I also suggested that it
would be useful in many disorders of cellular immunity, provided thymus function was
present. Severe dual immunodeficiency is really several different diseases. TFd has been
effective clinically in three out of eight patients whom we have treated in collaboration
with several groups [18, 19]. Since these patients are lymphopenic, this too may
indicate that TFd works through the monocyte—macrophage series rather than directly
on T-cells. [It does act on T-cells; it appears to act indirectly via adherent cells (e.g.
monocytes) (H.H. Fudenberg, J.M. Goust, M.P. Arala-Chaves, and G.B. Wilson, Folia
Allerg. Clin. Immunol. , to be published, 1976).] TFd should also work for disseminated
fungal infections, which are handled by T-cells, and in massive doses it should work on
leprosy. It should also work in autoimmune disease if one accepts my hypothesis, first
presented in 1967 [5], that in autoimmune diseases the primary defect is a deficiency in
suppressor T-cells: that is, we all make autoantibodies all the time to remove aged and
damaged tissues (this is in contrast to Burnet’s clonal selection hypothesis), and the auto-
antibody-producing cells are monitored by suppressor T-cells; if suppressor T-cells become
deficient in number or function, the level of autoantibodies rises and disease results.

We have now treated about 150 patients with a variety of conditions [14, 20]. When
these data were first presented, a good friend of mine opened the discussion with the
question, “Where did you ever get the courage to do this imaginative quackery?” I think
it is very fortunate that he made that remark, because it was soon carried by word of
mouth around the entire immunologic world, and it got many people interested in
transfer factor who otherwise would not have been. At my last count, there were 400
laboratories working with one or another aspect of transfer factor. (My own answer to
his remark was, “Think of all the beautiful princesses who will never be able to marry
a handsome prince simply because they lack the courage to kiss a frog.””)

TRANSFER FACTOR AND HUMAN CANCER

In 1971 we began our first trial of “tumor-specific transfer factor”” (TS-TFd) in a
cancer patient [21]. (TS-TFd may be better defined as TFd from donors with high T-cell-
mediated cytotoxicity to a given tumor cell line, e.g. osteosarcoma.) We started with
osteosarcoma, for several reasons, the most important being that osteosarcoma is the
human tumor for which the best evidence has been found of viral etiology, and transfer
factor apparently works on T-cells, which monitor virus infections. Furthermore, at the
time we started these trials there was no effective therapy after surgery;i.e. radiation
therapy, chemotherapy, and endocrine therapy, singly or in combination, were
ineffective. So the surgeons let us treat these patients.

We found that the most important principle was to select the right donor for TS-TFd.
We do this by a chromium-51 release assay for cytotoxicity [22]. Several long-term
cultured osteosarcoma cell lines are used, and each has a companion skin fibroblast
culture, so that when high cytotoxicity is found—indicating cell-mediated immunity—we
can determine whether it is tumor specific or due to a histocompatibility difference.
Labeled chromate is incorporated into the tumor cells, and then they are incubated with
the donor’s lymphocytes. Cell killing is determined from the release of radioactivity into
the medium. We have found that lymphocytes from people without tumor-specific
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immunity (i.e. lymphocytes with low T-cell-mediated cytotoxicity) usually cause the
release of 6 to 7% of the total bound chromium (never more than 20%), whereas those
from “immune” donors cause more than 35% (up to 95%) of the label to enter the
medium. To confirm tumor specificity, the cytotoxic lymphocytes are simultaneously
tested against skin fibroblasts and against fibrosarcoma tumor cells (a closely related
tumor cell line). Donor selection is based on the demonstration that the lymphocytes are
cytotoxic against the several osteosarcoma tumor lines but not against fibroblasts or
fibrosarcoma cells; and to assure maximum anti-tumor activity, only those donors are
selected whose lymphocytes cause 50% or higher cell killing [14, 23}.

Osteogenic sarcoma has a characteristic clinical course, which we hoped to modify
with TFd therapy. After amputation of the primary tumor, sometimes there are already
metastases clinically evident but usually not. Within 2 months, the cytotoxicity index
(usually about 40 or 50) drops below 20. By approximately another 17 months, the
active T-cells drop. Within about 6 weeks thereafter (6 weeks to 3 months), metastases
appear, and 90% of the patients die within 6 weeks to 6 months after metastasis [24].
We thought we could interrupt this course by administering TS-TFd at the point where
active T-cells drop, i.e. 6 weeks or more before the appearance of overt metastases. We
also individualize the therapy, and we monitor patients every 2 weeks by tests for active
T-cells, active rosette-forming cells, and lymphocyte cytotoxicity.

Clinjcally, we divide these patients into four stages (Fig. 5). The first is when the
primary tumor has been removed and there is no tumor on board. In the second stage
there is only a single small metastasis, or maybe several. The third is when there is a
large tumor still on board, and the fourth is when there is a large tumor with multiple
metastases. Our goal in stage 1 is to prevent metastases; in stage 2 it is to destroy the
existing metastases (we have been able to do this in one case with a very small metastasis)
and to prevent new metastases; in stage 3, where the patient has refused operation or
where the surgeon has decided because he cannot take the whole tumor out not to
take out any of it, we try to prevent metastases; and in the fourth stage, there is
essentially no point in attempting therapy. To do optimal work in this area requires
intelligent, cooperative, informed surgeons.

In our test system we found that a 3-hr incubation was optimal, with a 40:1 ratio
of tumor cells to lymphocytes. Under these conditions, cytotoxicity was below 20%
for all the cell lines tested against non-immune lymphocytes. We called donors “immune”
if their lymphocytes gave cytotoxicity indices greater than 40, and we preferred
donors with values of 50 to 95. In household contacts (parents, siblings, servants,
guardians, spouses, etc.) about 25% had very high cytotoxicity indices, whereas in a
typical control group a cytotoxicity index above 40 was present in only one of seventy-
eight people. I think it is quite clear that the household contacts had significant cytotox-
icity by our assay [23, 25].

Interestingly, these results also give some proof for the viral etiology of human
osteosarcoma [25]. We believe that there is a genetic predisposition, so that when an
individual gets a viral infection that lowers his general cellular immunity, if he is then
exposed to the oncogenic virus that causes osteosarcoma at the same time, he is apt to
get the disease. In contrast, the household contact who lacks the genetic immune
defect has little chance of developing the disease [25]. We have also looked at breast
cancer and have found a slightly higher incidence (about 30-40%) of household contacts
with tumor-specific immunity; and in husbands it is even higher, almost 45% [23]). It is
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Fig. 5. Postulated natural history of osteogenic sarcoma. Although the time varied, the pattern
suggested has been observed in all patients referred to our care who had received conventional therapy
(amputation, resection, radiation, chemotherapy) and who died with metastatic lesions. Transfer
factor appeared to alter the natural course of the disease. (A) Clinical states, in regard to possible
benefits of tumor-specific transfer factor. (Taken from H.H. Fudenberg. An admittedly biased view
of the role of immunology in human bone cancer. Front. Radiat. Ther. Oncol. 10, in press, by
permission from the editors.) (B) Immunologic parameters of the postulated clinical stages. (Taken

from ref. 24, by permission from the editors.)
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Fig. 7. Tumor-specific cytoxicity profile for a patient with no demonstrable tumor. Closed triangles
show administration of tumor-specific transfer factor; open triangles show administration of non-
specific transfer factor. (Taken from ref. 24, by permission from the editors.)

hard for me to imagine that there was a malignant transformation occurring in the male
breast, or an asymptomatic transformation, so I think this provides further evidence. We
are just beginning trials with breast-tumor-specific transfer factor.

Figures 6 and 7 show a representative sample of osteosarcoma patients [24] . When we
first see patients after operation, the cytotoxicity index is usually around 40. The
cytotoxicity then usually drops to about 20 between 60 and 90 days after surgery.

These people have very poor prognoses. Figure 6 shows the results for a patient who
had not only a primary tumor but also a solitary lung metastasis. By 60 days, his
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cytotoxicity had already dropped below 20. With nonspecific TFd there was no change,
but with TS-TFd we were able to boost the level of cell-mediated immunity to the
level shown.

Figure 7 shows the data for a patient with no tumor demonstrable by tomogram or
by scans of bones and liver. We have six such patients among the eighteen we have
treated. Typically, by 20 months approximately 80% of these patients would have
pulmonary metastases and would go on to die. Among our six patients, ranging from 10
to 32 months after surgery, no metastases have been detected. Two patients who were
maintained on nonspecific TFd followed the typical course of metastasis and death.

Thus, the results of TFd therapy depend on several factors. First, the transfer factor
must be tumor specific. Indeed, much of the controversy over transfer factor has arisen
because of the failure to select appropriate donors with tumor-specific immunity.
Second, the donor must be monitored over the course of therapy. Third, appropriate
doses must be given. (We now define ““one unit” as the dialysate from 10° leukocytes.)
Finally, recipients must also be monitored, since individual requirements fluctuate with
time. The situation is perhaps analogous to insulin therapy of diabetics. When the
treatment was first being tested, all patients were given the same dose. Later it was found
that each individual had different requirements, and still later that the requirements of a
single patient could vary over the course of time. This explains, I believe, why at present
the results of transfer factor therapy are much better in some laboratories for a given
type of tumor than in other laboratories where therapy is not individualized—as, for
example, in those using “recovered cancer patients” as donors (we find that few such
patients have cytotoxicity for more than 3 years after removal of the tumor [26]) or
those using TFd preparations that are pooled from randomly chosen normal donors
[27] (in our experience, few donors have tumor-specific immunity).

CONCLUSION

One reason for the long delay in finding out how transfer factor works is that human
subjects are required for assays. Dr. Welch and Dr. Jean-Michel Goust, who has just
joined our laboratory, in double-blind studies have obtained what I believe is convincing
evidence that transfer factor does not induce de novo specific cellular immunity but
greatly amplifies preexisting very low levels thereof [28]. We have partially purified
TFd by chromatography on Sephadex G-25, then Sephadex G-10, and then Bio-Gel
columns [29, 30}, and we plan to further purify this still highly impure preparation for
use in further investigations of this possibility. (Results from the purification studies will
be reported elsewhere.)

Drs. Ascher and Lawrence have devised an assay in which lymphocytes from
individuals who are negative for PPD sensitivity by skin tests are treated with PPD plus
TFd, and their DNA synthesis is increased [31]. Interestingly, the individuals whose
lymphocytes respond in the assay, even if they are negative by skin tests, do show
response to PPD in vitro. (In our hands, the magnitude of the rise is proportional to
the preexisting immunity as measured by DNA synthesis {32] .) Transfer factor will
only increase the rise in DNA synthesis. Thus, either Lawrence’s hypothesis that TFd is
specific is incorrect, or something in the mixture other than TFd is not measured in

- their assay. My own opinion is that TFd specifically boosts cellular immunity that is
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present at low levels, not detectable by ordinary means. The one experiment that does
suggest de novo specificity was performed by the Ohio group, who showed that TFd
could transfer immunity to hemocyanin {33]. We were very perturbed by their results
and so went to the laboratory to try to find out whether they might have been detecting
cross-reacting antigens. We discovered that hemocyanin cross-reacts with penicillin,
sheep red blood cells, and a wide range of other antigens [34].

Other investigators have said that TFd is nonspecific because they found that when
TFd from donors who were positive by skin tests for PPD and negative for coccidiodin
was given to recipients who were negative for both, the recipients became positive for
both. However, we often find people who are negative for one or another antigen by
skin testing but show a positive response by MIF or LIF assays [35]. Further, all the
people who reportedly showed such nonspecific transfer were skin-tested before they
received the TFd. Therefore, we went back and did a study to see what happens to
cellular immunity as a result of skin testing with first-strength and second-strength
antigens. We found that the administration of antigen in small amounts converts about
30% of normals from negative to positive by skin tests and/or in vitro tests of cellular
immunity {36]. Thus, when appropriate controls are introduced into the experimental
design, the argument against specificity is invalidated.

In conclusion, then, I would answer the six questions raised earlier concerning transfer
factor as follows: (a) Certainly, as shown by clinical results, it does exist. (b) It does have
a definite immunologic effect in humans, boosting cell-mediated immunity, as shown by
a rise in the level of active T cells. (c) Its clinical effects have been demonstrated
repeatedly, and it should become useful in still other clinical situations as further
research provides more effective therapeutic modalities. (d) Its mechanism of action
has not been conclusively defined, but I believe that it acts by boosting preexisting low
levels of cellular immunity. (e) The best evidence is that the effects are specific. (f) The
exact nature of the substance we call “transfer factor” remains to be discovered. In this
context it should be mentioned that the crude preparations now being used, which can
be separated into at least six fractions, may in fact contain several activities, e.g. one
responsible for conversion of skin tests, one that converts MIF activity, etc. Further
research should provide more conclusive answers to these questions.
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Active immunotherapy (Al) of cancer is a form of manipulation of the patient’s:
immune machinery composed of T- and B-lymphocytes and of macrophages. It was
introduced 11 years ago [1, 2] in an attempt to kill tumor cells left by chemotherapy,
which is unable to kill “the last cell” because it obeys first-order kinetics [3-5] . This
clinical use of Al for treatment of residual minimal disease still seems to be its most
rational indication. This is what my initial experimental studies suggested.

1. EXPERIMENTAL STUDIES

As a matter of fact, my first work on L1210 leukemia treated after the tumor is
established, this condition is the definition of active immunotherapy [6, 7], clearly
showed that combining irradiated tumor cells and a systemic immunity adjuvant
(living, fresh BCG) is able to cure mice, but only if the number of neoplastic cells is
equal or inferior to 10° (Fig. 1) [1].

The superiority of the combination of the specific stimulus and BCG was confirmed
by another experiment in which mice, inoculated with 10 living L.1210 leukemia cells,
were cured only by associated both agents and not by administering one of them alone
(Fig. 2). The same is true of immunoprophylaxis of this leukemia, which is the applica-
tion of immunomanipulation before the tumor is grafted or induced [7]. In this case,
however, BCG applied alone is able to prolong survival significantly [8].

These two conclusions were confirmed by Parr in London [9].

The effect of Al can be obtained on mice inoculated with more than 10° cells, for
example 5 x 10°, and treated, 6 days before immunomanipulation, by a dose of 6-
mercaptopurine able to reduce this population to 10° [6].

Interestingly, when mice are treated by chemotherapy, for example with cyclophos-
phamide before Al, BCG alone is able to induce cures [10] (Fig. 3).

14 16, avenue Paul-Vaillant Couturier, 94800-Villejuif, France.
16 bis, avenue Paul-Vaillant Couturier, 94800-Villejuif, France.

207



208 CLINICAL TUMOR IMMUNOLOGY

CONTROLS
,
107
BCG
10
IRRADIATED
LEUKEMIC
CELLS [
BCG+ 107
IRRADIATED
LEUKEMIC
CELLS

days

Fig. 1. Cumulative mortality of mice grafted with 10* to 107 L1210 leukemia cells, untreated or
treated in the 24 hr following the graft by BCG (1 mg intravenously) (repeated injections) or irradiated
leukemic cells (one injection) or a combination of BCG and leukemic cells.

The above conclusions are valid for other grafted leukemias such as Rauscher grafted
leukemia [11], and ESG2 leukemia [12] and also for spontaneous AkR leukemia treated
when mice are 6 months old [13].

They are valid for the use of Corynebacterium parvum administered to mice carrying
leukemia, which have received cyclophosphamide as cell reduction chemotherapy [14]
(Fig. 4).

In all these experiments, the irradiated cells are injected i.d. and BCG i.v. All our
experiments on tumors are conducted using a BCG dose of 1 mg i.v., which we showed
to be the optimal dose in the hemolytic “plaque-forming” cell test. Increasing the dose
eliminates the effect [7]. S. Orbach et al. [16], who works in our laboratory, showed
that this is due to stimulation of T suppressor-lymphocytes.

BCG is also effective in mice when administered on scarifications, or with a heaf
gun [17] (Fig. 5). It is not effective when introduced through a gastric catheter.

Unfortunately, immunoresistance does exist, as shown by an experiment in which
BCG was given repeatedly, starting at day + 1 after 103 L1210 leukemia cells
inoculation: in some animals, after the initial increase in tumor volume, the latter
decreases until the neoplasia disappears. In others, this volume does not stop increasing,
which indicates primary resistance. In others again the curve of this volume, after
increasing normally, is broken to form a plateau: the latter can persist for a long time,
but finally the curve rises again and the animals die; this fact suggests the appearance of
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Fig. 2. Cumulative mortality of mice grafted with L1210 leukemia, untreated or treated by BCG

(1 mg intravenously) (first injection 14 days before the graft and injections repeated each 4 days) or

irradiated leukemic cells (one injection 14 days before the graft) or a combination of both. Cumula-

tive mortality of mice grafted with L1210 leukemia and untreated by BCG (1 mg intravenously) (first

injection 24 hr after the graft and injections repeated each 4 days) or irradiated leukemic cells (one
injection 24 hr after the graft) or a combination of both.

Controls

secondary resistance [8]. We also studied toxicology, starting with mice. Histologically,
after administration of 1 mg of BCG, manifestations of septicemia are seen, particularly
granulomas and giant cells [19] (Fig. 6). They are more important after i.v. than after
s.c. injection.

In monkeys, we observed the same manifestations in an experiment devoted to
studying the toxicology of i.v. BCG administration. Five injections of 100 mg were
little while one injection of 1g was not {20].

2. CLINICAL STUDIES

2.1. In 1964 we started applying BCG on scarifications and irradiated allogeneic
tumor cells i.d. to acute lymphoid leukemia (ALL) patients. This treatment was given
after remission induction and complementary cell reduction chemotherapy [2]. The
length of remission was compared to randomized controls and not submitted to
immunomanipulation. A difference appeared so quickly that we had to stop introducing
patients into the trial for obvious ethical reasons. When considering the curve of
immunotherapy patients, three segments can be seen: the first characterizes subjects who

CTIL H
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Fig. 3. Immunotherapeutic effect of BCG administered 5 days after injection of 80 mg/kg of
cyclophosphamide.
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Fig. 4. Treatment of Lewis tumor by radiotherapy followed by active systemic immunotherapy with
BCG.

relapsed like the controls, which suggests that more cells were left by complementary
chemotherapy than Al is able to control. The second concerns patients who relapsed

late, suggesting the possibility of immunoresistance which we had observed experimentally
[1, 8]. The third, which concerns one-third of the patients, has been a plateau extending
from the thousandth day to the tenth year (Fig. 7). This plateau is considered as the
expression of cure expectancy in ALL [21].
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Fig. 5. Different routes of administration of BCG in mice (application for active systemic immuno-
therapy after chemotherapy).

Fig. 6. A specific granuloma in the liver of BCG-treated mice.
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Since 1964, we have applied AJ to 200 ALL patients. Such treatment induces BCG
bacteriema as indicated by granulomas like the one shown in Fig. 8. However, it
induces no major toxicity: no patient dies, which is very different from the results of
so-called maintenance chemotherapy during which 10% to 20% [22, 23] or even more die
during a complete remission of drug complications; the last publication of the Memphis
group [24] mentioned “50% crippling or lethal Jeucoencephalopathy” in ALL patients in
complete remission.

On the basis of the results for the first hundred patients, it may be observed {25] that:
(a) the younger the patients, the better the results; (b) the smaller the volume of the
leukemic mass, as judged by leukocytosis of spleen volume, the better the results; (c)
prognosis differs according to the cytological types we described [26, 27] : some, such as

100 % 4

patients submitted to immunotherapy

N e patients without immunotherapy

50 % -

\n=10 10 yeorsl

days 15 30 60 120 240 480 960 1920 3650

Fig. 7. Actuarial curves of duration of remission of patients treated by active inmunotherapy after the
end of chemotherapy (protocol 1) (note that time scale is geometrical).

Fig. 8. A specific granuloma in the liver of a patient treated with BCG (needle biopsy).
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the prolymphoblastic type, seem insensitive to Al; others, such as the microlymphoblastic
type, seem Al sensitive [28]. It is interesting to note that more than 80% of the patients
of all ages belonging to this latter type are included in the plateau expressing cure
expectancy. It is also interesting to note that a computerized statistical analysis of the
correlation between the different prognosis factors showed that they all depend on the
cytological type (Figs. 10 and 11).

Immunological investigation was conducted by counting rosette-forming cells,
membrane IgC carrying cells and peroxidase positive cells present in the peripheral blood.
The results showed a significant increase of so-called “null cells” [29].

2.2. Other tumor cells which seem sensitive to Al are lymphosarcoma cells. Terminal
leukemic lymphosarcoma patients were treated by chemoradiotherapy according to the
above principle and were then submitted to Al using BCG and lymphosarcoma cells
(Fig. 12). Figure 13 shows the results of eighteen out of forty patients who entered
complete remission: five are in perfect clinical and hematological conditions after 13 to
70 months [30] .

These results are significantly better than those of historical controls submitted
only to maintenance chemotherapy.

2.3. Acute myeloid leukemia (AML) has been shown to be sensitive to Al by Powles
etal [31] and by Vogler et al. [32]. The latter’s curves are very similar in shape to our
ALL curves. Gutterman et al. [33] also published interesting results for this disease. In
a phase II trial, the only ethical type of trial which can be authorized in the light of the
preceding results, we submitted eighteen AML patients to Al with BCG and AML
irradiated cells. Our remission and survival medians are significantly longer than those of
our historical controls submitted to maintenance chemotherapy (Table 1). However we
did not obtain a plateau, which suggests that cell reduction by chemotherapy may be
insufficient [34].

Table 1
MEDIANS
of first complete of survival
remissions (FCR) after FCR
Maintenance EORCT first trial 32 weeks 55 weeks
h th

chemotherapy EORTC second trial 34 weeks N.D.

EORTC Villejuif

patients in both 26 weeks 52 weeks

trials

Vogler et al. 26 weeks

Powles et al. 26 weeks 46 weeks

Gutterman 60 weeks
Chemotherapy Gutterman 72 weeks
interspersed with
immur?othera;; Powles 58 weeks 77 weeks
Chemotherapy Powles 48 weeks 83 weeks
followed
by immunotherapy Vogler 39.4 weeks

Mathé 60 week$ 104 weeks

N.D. = not determined.
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Fig. 9. The different subvarieties of acute lymphoid leukemias: (a) Acute lymphoid leukemia,

prolymphoblastic (PLbAL). (b) Acute lymphoid leukemia, macrolymphoblastic (MLbAL). (c) Acute

lymphoid leukemia, microlymphoblastic (mLbAL). (d) Acute lymphoid leukemia, prolymphocytic
(PLcAL). (e) Acute lymphoid leukemia, immunoblastic.
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Fig. 10. (a) Comparative cumulative duration of first remission of the different cytological varieties of

acute lymphoid leukemia (all ages) (actuarial curves). (b) Comparative cumulative duration of first

remission of the different cytological varieties of acute lymphoid leukemia (patients younger than 15
years). (Note that time scales are geometrical.)

2.4. Al is being applied on a few solid tumors for residual imperceptible disease after
surgery in cases for which prognosis was poor. The most recent results for melanoma
patients published by Gutterman et al. [35] show that, as in AML patients, this treatment
is significantly effective, but only of slight benefit to patients.

These results indicate that, in such disease, greater chemotherapy cell reduction and
improved immunotherapy are essential to further detection progress. These are in fact
the aims of our present research in the field of Al development.

S mLbAL
NN
N
N
754 AN
\ ... PLcAL
\
\ MLbAL

25 ]

Survival Survival Y pLbAL
All ages “...._PLbAL <15 years

[« ! 2 4 8 18 32 fea months [} | 2 4 8 16 32 fea

(Zl) Syears (b) Syears

months

Fig. 11. (1) Comparative cumulative survival ot the different cytological varieties of acute lymphoid

leukemia (all ages) (actuarial curves). (b) Comparative cumulative survival of the different cytological

varieties of acute lymphoid leukemia (patients younger than 15 years) (actuarial curves). (Note that
time scales are geometrical.)
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Fig. 12, Treatment with chemo-radiotherapy followed by active immunotherapy of a lymphosarcoma
complicated by leukemia. CB = Corynebacterium; LC = leukemic cells.
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I'ig. 13. Cumulative duration of apparently complete remission (upper curve) of patients submitted to

active immunotherapy after cell-reduction chemoradiotherapy for terminal lymphosarcoma converted

into leukemia. The second curve concerns patients with similar disease treated with maintenance
chemoradiotherapy without immunotherapy.
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3.DEVELOPMENT
3.1. Chemotherapy and Al interspersion

In view of the hypothesis of insufficient preimmunotherapy-chemotherapy-cell-
reduction, and bearing in mind the tumor volume curve, which during Al may be a long
plateau until resistances appear and growth resumes [6], one is tempted to intersperse
Al with chemotherapy. This is precisely what Powles ef al. [31] did in their first trial
on AML patients in which they observed a difference between Al patients and controls.
But the overall results of this trial are not better than those of another study by the
same authors in which chemotherapy was completed before Al [36].

Moreover, a recent experiment conducted on L1210 leukemia in which we gave first
BCG and then cyclophosphamide (CPM) suggests that chemotherapy and Al intersper-
sion may be contra-indicated. As a matter of fact, BCG given before CPM reduces the
effect of the latter [10] (Fig. 14). The mechanism of this deterioration is accounted for
in an experiment in which BCG and then CPM were applied to mice carrying allogeneic
skin grafts: the result was a considerable prolongation of transplant survival compared
to that produced by CPM alone. This suggests that BCG administration before chemo-
therapy may potentiate the latter’s immunosuppressive effect [37] (Fig. 15).

Thus even though there are grounds for interspersion, more research is needed on the
kinetics of the reciprocal effects of chemotherapy and immunotherapy.

0

L1210 10% ¢ (v DAY O

IDEM 1 ® (S 1%0

+CPM 134mglkg DAY +1

i (

® \s 2%
1DEM 2

+BCG Img/m tiv) DAY-14 ’_’JJ—J—,J__,-;

IDEM 2 @ W
DAY +6 ns

+BCG Img/m {iv)

days 10 25 50

Fig, 14, Deterioration by BCG given before 134 mg/kg of cyclophosphamide on its antileukemic effect.
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Fig. 15. Cumulative curve of skin-graft rejection: effect of the sequential combination of BCG and
cyclophosphamide (134 mg/kg) on the survival of C, H skin graft on (DBA/2 X C,,BI/1)F1 mice
recipients.

3.2. Specific immunomanipulation

I have contrasted the need for combining irradiated tumor cells and BCG in animals
not submitted to chemotherapy before Al with the strong effect of BCG given alone in
mice previously submitted to chemotherapy. It is possible that oncostatics cause
specific stimulation by killing cells. Irradiated tumor cells are therefore not necessary
under all conditions. As to whether an adjuvant is always necessary, the answer is no: in
this connection, Bekesi and Holland [38], working on AkR leukemia, and others,
especially Simmons ef al. [39], working on solid tumors, obtained remarkable results
with neuraminidase-treated cells as suggested by Currie and Bagshawe [40] . Submitting
spontaneous leukemia AKR mice to BCG and cells treated or not treated with
neuraminidase, we did not obtain any difference as a result of this cell manipulation[13].

An attempt by Doré et al. [41] at grafted leukemia prophylaxis, using cells treated
with neuraminidase or papain enhanced tumor growth compared to the controls, where-
as the use of non-manipulated irradiated cells produced a beneficial effect.

By preparing soluble tumor-associated-antigen (TAA) from Rauscher grafted leukemia,
Martyre et al. [42], working in our laboratory, were able to cure animals in an immuno-
therapy experiment when the extract was injected sufficiently early. In an immuno-
prophylaxis experiment, the same preparation for which the cells were destroyed by a
hypertonic 3M KCl solution produced a significant effect. When the cells were lysed by
a hypotonic sodium chloride solution, tumor growth was enhanced [43] (Fig. 16).

Much work therefore remains to be done on TAA, more especially as it is suspected
of being under certain conditions a circulatory blocking factor, as shown, among
others, by Baldwin et al. [44].

3.3. Non-specific immunomanipulation

Although BCG was effective either when applied on scarifications [2] or with a heaf gun
[31], it was considered as medieval by modern researchers and harsh by sensitive
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Fig. 16. Influence of soluble antigen on mortality prophylaxis from RC19 leukemia.

physicians. Thus we set up a battery of tests to detect adjuvant(s) which might be
administered in a satisfactory quantitative manner. The tests included in this screening
battery [45,46] are listed in Table 2. They are: (a) a non-specific macrophage activation
test [47] ; (b) the hemolytic plaque-forming cell (HPFC) test; (c) prophylaxis of L1210
leukemia; and (d) prophylaxis of solid Lewis tumor.

Table 2. Tests and Methods Used for the Screening of Immunity Systemic Adjuvants

Technique Day 0 Injection of th? adjuvant Results
Before @
1 Macrophage Sample taken of Days +3, +7 Tumor cell non-
activation peritoneal or +14 specific lysis
macrophages (5'Cr rclease)
[48]
2 HPICT 10° Day + 14 (BCG)
(Jerne) Day + 2.5 (others) PFCatday +4
3 L1210 103 teukemic cells i.v. Day + 14 (BCG) .
Day + 2.5 (others) Mortality
- wi 6 s .
4  Lewis tumor 2 X 10° tumor cells s.c. Day + 14 (BCG) Mortality

Day + 2.5 (others)

@ The administration of the antigen (Jerne test) [2]; or the inoculation of the tumors {3, 4].

Table 3. Fresh Pasteur Institute BCG™ in the Immunoprophylaxis of L1210 Leukemia
and Lewis Tumor

Administration routes

iv. ip. i.d. s.C.
Leuk. 1t Significance [ Significance [ Significance 1 Significance
L1210 1.6 Stats5% 1 NS 1 NS i NS
leukemia
Lewis tumor 2.6 Statl% i NS 1 NS 0.8 Sat2%

* BCG is injected at day —14.
1 = Median of survival of experimental animals/median of the controls.
1 Statistics: non-parametric test of Wilcoxon. S, significant. NS, not significant.
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First we compared several BCG preparations and obscrved that only the fresh living
Pasteur Institute preparation is constantly active in all the tests [48].

We then screened several extracts of mycobacteria. Only MER is effective in all the
tests, whereas the hydrosoluble extracts (Hui 1l and WSA) [49, 50] are only effective
in the HPFC test.

Other agents have also been tested: some, such as Corynebacteria and polynucleotides,
arc active. This screening brings us back to the importance of the administration route.

I should like to stress that, although i.v. injected BCG exerts a favorable effect on L1210
leukemia and solid Lewis tumor, the same agent injected s.c. has no effect on the
leukemia and enhances Lewis tumor growth (Table 3) [45,46].

Such enhancement has been seen in man by authors who practice local immunotherapy
by intratumoral BCG injection [51-53].

We have also observed some cases of enhancement after i.v. injection of BCG in man
(from 1 mg to 1.5 mg), in the course of an immunorestoration trial by different adjuvants
in immunodepressed cancer patients [54]. Although BCG applied to one scarified area
three times a week is the best means of inducing immunorestoration, this mycobacteria
injected i.v. has never produced the same effect.

Hence, conditions of Al may not be identical in man and mice, and we must avoid
being exclusive when extrapolating conclusions from experiments on mice fo clinical
protocols. We must not reject results obtained by Gutterman ef al. [55] in man not
based on experimental data, such as those of chemotherapy and immunotherapy
combinations in the case of voluminous tumors. These results are also of interest even if
they are due, at least partially, to an effect of BCG on hemopoietic stem cells [56, 57],
which allows administration of stronger or more frequent doses of chemotherapy.
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In 1890 Behring and Kitasato {1] were able to prepare an antiserum to tetanus toxin--
the first description of an antibody. The significance of this discovery was readily
appreciated and its potential amplified towards the management of human malignant
disease. The last 80 years have seen every conceivable attempt to exploit the possibility
that tumours may express antigens which are not normally found on cells of the tissue
of origin. Early experiments mainly utilized attempts at passive immunization with
sera raised to tumour extracts or homogenates [2] .

Others tried to stimulate the host’s “specific” immune response using “vaccines” [3]
or by injecting tumour homogenates directly into the patient {4]. Although the results
obtained were variable, many investigators tended to look upon their own results with a
degree of uncritical optimism. Publications in this field accelerated towards 1929 when
Woglom published a critical review of the situation [5]. His deflationary perspective
so quelled both animal and human investigators alike that only sporadic publications
appeared until syngeneic populations of animals allowed a genuine scientific approach
to such studies in the 1940s.

Using such populations it became readily apparent that at least two types of tumour
antigens could be demonstrated; an individual specific tumour antigen in carcinogen
induced tumours, and group specific tumour antigens shared by all tumours produced
by a particular virus. It was also found that by various immunological manipulations
it was possible to protect animals against otherwise tumourigenic doses of tumour cells,
providing evidence that such animals had been “immunized” [6]. This original work
has been considerably amplified in animal studies to show that some tumours express
more antigen than others and that some tumours are more immunogenic than others [7].

Unfortunately spontaneously arising tumours in animals, which more readily
approximate to malignant tumours in man, do not obey such attractive principles, nor
are they so easy to study. This fact may, in part, explain the difficulty which has
existed in man in defining tumour specific antigens despite the clarity of the animal
model data. Indeed, the identification of tumour specific antigens in man and the
definition of their relevance to the course of the tumour has proved difficult.

Early studies in a solid tumour (malignant melanoma) suggested that some patients
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with this condition have circulating antibodies directed against tumour specific antigens
present both on the membrane and within the cytoplasm of the tumour cells [8-12].
However, the technical problems associated with membrane immunofluorescent studies
on cells isolated from solid tumours and the identification of antibodies to cytoplasmic
components of proliferating cells in the sera of patients with a wide variety of different
pathologies [13] underline the difficulties of interpreting these early data.

Serum cytotoxicity studies have also failed adequately to define the role of circulating
antibody in human malignant disease. In contrast a considerable body of evidence has
been presented that lymphocyte cytotoxicity is related to the expression of tumour
antigens [14, 15] and that this cytotoxicity is influenced by the extent of the disease and
by circulating factors presumed to be either antibody [16] or antigen-antibody
complexes [17].

In the case of the acute leukaemias, early work by Fridman and Kourilsky [18] and
Powles et al. [19], using the mixed Iymphocyte reaction (MLR) with blast cells and
autologous remission lymphocytes, suggested the leukaemic blast cells carried on their
surface antigens which were not present on normal autologous bone marrow cells.
Others [19-21] were able to show that immunization of patients with stored autologous
acute leukaemia cells caused an increase in the in vitro recognition of leukaemic cells by
autologous lymphocytes. Lymphocytes cytotoxic to stored autologous leukaemic blast
cells have also been reported [22].

Attempts to define a specific cytotoxic antibody in the serum of patients with acute
leukaemia have been disappointing. Using membrane immunofluorescence, Dore et al.
[23] studied twenty-two patients with leukaemia (thirteen acute lymphoblastic leukaemia,
nine acute myelogenous leukaemia) for circulating antibody. None was found but one
patient’s cells were found to have membrane-bound immunoglobulin. Similar techniques
were used to examine leukaemic cells from twenty different patients with acute
myeloblastic leukaemia. Immunoglobulin-bearing cells were found in half (Whitehouse
and Ferguson, unpublished observation). Although the indirect immunofluorescence
technique was used it was not possible to demonstrate circulating antibodies to the
leukaemic cells.

More recently, Gutterman et al. [24] have demonstrated a much greater frequency
of patients having immunoglobulin-bearing leukaemic cells. The significance of these
observations has yet to be explained. More conclusive evidence suggesting the presence
of tumour specific antigens on the surface of AML cells has come from the studies of
Metzgar et al. [25] who used an antiserum to AML celis raised in primates to demonstrate
antigens present on the surface of AML cells and chronic myeloid leukaemic (CML) cells
which were not found on normal bone marrow cells.

Cumulatively, these studies suggest that there is on the surface of many AML cells
some foreign protein which may distinguish them from the normal cells of the tissue
of origin. While this protein may represent a true tumour specific antigen, such a
definitive marker has proved elusive to many of the immunological techniques employed
and the significance of the various findings remains as yet unestablished. Nonetheless,
the MLR studies, plus the more recent work by Metzgar et al. [25], lend support to the
existence of such tumour specific antigens, which if they are immunogenic in the host
may play some part in influencing the resultant course of the disease. It seems likely that
an immunological response to such antigens will be weak. Otherwise, it would be more
readily demonstrable and the impact on the disease process more obviously significani.
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Nevertheless, animal experiments suggest that under certain circumstances manipulation
of immune mechanisms can influence the course of malignant disease.

ANTI-TUMOUR IMMUNIZATION STUDIES IN ANIMALS

The most logical way in which to immunize an animal against a tumour is to do so
using the specific tumour antigen. Membrane extracts may be used for this purpose, but
this method suffers from the disadvantage that fragile antigenic determinants may be
damaged in the extraction procedure. Viable cell suspensions irradiated to prevent
implantation offers an alternative means of presenting tumour antigen. This active
specific immunization has been widely exploited in animal experiments. Non-specific
stimulators of the immune mechanism with bacterial antigens such as BCG or
Corynebacterium parvum have also been employed. Alternative methods of immune stim-
ulation or immunization are summarized in Table 1.

Table 1. Some of the Potential Methods of Immunotherapy of Human Tumours

Specific Non-specific
ACTIVLE Sterilized tumour cell BCG
vaceines Zymosan
Antigen extracts Antireticular serum
Helper determinants Corynebacteria
Heterogenization Levamisole
PASSIVE Anti-tumour antisera Normal serum components

“Deblocking” sera

ADOPTIVE Sensitized allogeneic

or xenogeneic lymphoid

cells

Properdin
Complement

Non-sensitized allogencic
lymphoid cells
Graft-versus-tumour

Taken from Currie [41].

Conventional animal experiments have shown that active immunization with
tumour cells can prevent implantation of a tumour by a dose of cells which would
normally be sufficient to produce a tumour. Such immunization is considerably less
successful when it follows the successful implantation of a tumour, a situation which
resembles attempts to immunize the tumour-bearing host in man. Experiments in the
L1210 leukaemia [26] showed that mice could be cured provided that the tumour
load did not exceed 10° cells if they received BCG or irradiated leukaemia cells within
24 hr of challenge. Parr [27] reported similar findings using the L5178Y lymphoma,
showing that if 10° living cells of the L5178 lymphoma are given intraperitoneally
and the animals receive no further treatment they all die within 28 days. However,
when irradiated tumour cells are given 24 hr later some of the animals fail to develop
Iymphomas, if the cells are given 3 days later the effect is minimized, and if they are

not given until 7 days later the effect is abolished.

BCG alone was also found to have a similar effect, but the combination of both BCG
and irradiated lymphoma cells was superior to either alone, suggesting that the BCG
fulfills a role as an adjuvant by amplitying the immune response non-specifically.
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Table 2. Non-specific Stimulation with Bacterial
Antigens

1. Increased antibody production

2. Increased numbers of rosette-forming lymphocytes
3. Increased phagocytosis

4. Increased homograft rejection

S. Increased interferon production

Table 2 summarizes various phenomena attributed to the administration of BCG.
Various extracts of BCG have been shown to be similarly effective and other bacterial
antigens such as Corynebacterium parvum provoke similar reactions. These are particularly
interesting in the light of experiments carried out by Currie and Bagshawe [28]
suggesting that careful timing of the combination of immunotherapy and chemotherapy
may significantly increase the effectiveness of each, a feature which may be particularly
relevant to the management of acute leukaemia.

These workers showed that in a transplanted fibrosarcoma in mice, treatment with
cyclophosphamide followed by C. parvum was effective in preventing the growth of
the tumour but only when the C. parvum was given 12 days after treatment with
cyclophosphamide. When the C. parvum was given 0, 3, 6 or 16 days following the
cyclophosphamide none of the animals survived to 100 days, whereas when it was
given on the 12th day 70% of the animals survived in excess of 100 days. The results
of this study suggest that the timing of the immunotherapy is critical, for if it is given
too soon the immunosuppressant effect of the cyclophosphamide is still active and the
cell mediated immune response still suppressed, whereas if the C. parvum is given too
late regrowth has occurred among the tumour cells surviving the chemotherapy with
cyclophosphamide and the immune response is then insufficient to eliminate the
increasing number of sarcoma cells.

Such critical timing is obviously difficult to achieve in the human situation. Since
immunological cell kill is more likely to be effective when only few abnormal cells
remain, these experiments illustrate certain important principles if immunotherapy is to
be applied to AML in man; namely, that for immunotherapy to be effective, chemo-
therapy must be utilized to maximally reduce the leukaemic cell burden; that the host
must be capable of reacting to an immune stimulus; and lastly, that the timing of the
immunotherapy must be such that the response is not depressed by recent chemotherapy,
but not left so late that the leukaemic cell population is rapidly increasing.

ANTI-TUMOUR IMMUNIZATION (IMMUNOTHERAPY) IN
HUMAN AML

In order to justify the term “immunotherapy”, an observed therapeutic effect must
follow an immunological manipulation. The usage of this word has been widely coined
and applied to situations where immunological mechanisms are presumed to be operative
and in anticipation of therapeutic benefit. Effector mechanisms in this situation are,
however, still very much under critical study since it is possible that any therapeutic
advantage may result from non-immunological responses. Despite this, however, there is
a variety of data to suggest that the application of immunological principles to the
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management of acute leukaemia in complete remission may have advantages in terms of
prolonged survival and the ease of attainment of second remission.

Encouragement for the hypothetical advantages of immunotherapy came from the
study of Math€ et al. [29] who selected a group of patients who were in complete
remission from ALL following 2 years of intensive chemotherapy. Thirty patients were
assigned to four groups. Ten patients received no further treatment; eight patients
received 150 ug of fresh pellicle grown Pasteur BCG by scarification every 4 days for 1
month and then weekly until relapse; five patients received weekly subcutaneous
injections of 4 x 107 allogeneic leukaemic cells either treated with dilute formalin or
irradiated prior to injection and seven patients received both BCG and allogeneic cells.
While all of the patients who received no further treatment had relapsed at 130 days,
only 9/20 of those receiving BCG, cells, or both, had done so. There was no significant
difference between these three groups, but seven patients remained in remission 44 to 7
years after treatment. Although animal experiments in the L1210 and L5178Y lymph-
omas in mice had suggested that BCG or irradiated malignant cells, or both, might be
effective therapeutically, this study provided the first evidence that such treatment
might prove effective in man.

Two subsequent major controlled trials, one by the British Medical Research Council
(Report by Leukaemia Committee and Working Party on Leukaemia in Children) [30]
and the other by the United States Cancer Study Group A [31], failed to demonstrate
any benefit from BCG. In both studies children with ALL achieving their first complete
remission were randomized to one of three groups — either no further treatment,
standard maintenance chemotherapy, or BCG. In neither of the studies did BCG show
any statistical advantage over the no-treatment groups, and both were inferior to.
maintenance chemotherapy.

Leventhal ef al. [32] used BCG plus irradiated leukaemic cells in children with ALL,
but found no benefit over methotrexate alone. Any benefit which these studies might
have shown would have been overshadowed by the advances in remission maintenance
achieved by Pinkel and his co-workers [33] who have so improved the prognosis of acute
lymphoblastic leukaemia that potential benefits which might accrue from immunotherapy
in ALL will now be extremely difficult to assess.

This contrasts with acute myeloblastic leukaemia in which a relatively poor prognosis
and rapid relapse rate make the demonstration of therapeutic benefit more readily
apparent. Since the results of chemotherapy alone in the maintenance of complete
remission in acute myeloblastic leukaemia suggested that this form of maintenance
offered little hope of dramatically improving survival, and since animal experimental
data encouraged a trial of immunotherapy in man, a remission maintenance trial was
started at St Bartholomew’s Hospital. Patients with AML were randomized on admission
to receive either chemotherapy alone or chemotherapy in combination with weekly
BCG (Glaxo given by a multipuncture gun to a depth of 2 mm, delivering approximately
1 x 10° organisms), plus injections of irradiated allogeneic leukaemic cells once
complete remission was achieved. These results have been published [34, 35] and are
summarized in Table 3. The trial was planned so that each group received identical
treatment including chemotherapy, the only difference being that one arm received, in
addition, BCG plus irradiated leukaemic cells.

Several comments can be made about the results of this study. Firstly, the group
receiving chemotherapy alone did not survive as long as some other groups who received
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Table 3. Results of All Patients with Acute Myelogenous
Leukaemia Entering Complete Remission

Group No. of Median duration Median duration
patients first remission  of survival from
(days) onset of first
remission
(days)
Chemotherapy only 21 191 295
Chemotherapy plus
immunotherapy 32 313 520

These results represent a turther folow-up on the study previously
reported by Powles et al, [35].

chemotherapy alone (MRC unpublished results {36]) and also the deaths occurring in the
Bart’s group resulted from relapse of AML and were not chemotherapy induced deaths.
These factors suggest that this form of chemotherapy was less efficient than others in
maintaining remission. Secondly, the group receiving chemotherapy plus immunotherapy
survive longer than any of the chemotherapy alone groups, and significantly longer than
our own chemotherapy alone group, clearly demonstrating therapeutic benefit from the
injections of BCG and allogeneic irradiated leukaemic cells.

On the basis of immunological arguments so far presented, the specific active element
of the immunotherapy might be expected to be the major contributor to the effectiveness
of the technique. However, the various effects of BCG include certain non-specific actions
which may be as important as those specific immunological effects of irradiated cells.
Since only a very weak immune response may occur, the non-specific effects elicited by
the BCG may be more important.

Evidence is already accumulating that BCG without irradiated cells may prolong the
complete remission duration in acute myeloblastic leukaemia [37] . Particularly
impressive in the context are the results of Gutterman et al. [38] . Fourteen patients
received the combination of chemotherapy plus immunotherapy and only four of these
have relapsed, the median duration of remission being in excess of 72 weeks and thus
likely to exceed that achieved using BCG and irradiated cells in the study reported by
Powles ¢t al. [34]. Twenty-one patients received chemotherapy alone and twelve have
relapsed, the median duration of complete remission being 60 weeks. Other workers have
reported similar results [39]. BCG from a variety of sources has been used in these studies
so that they will be difficult to compare satisfactorily. Recently methanol extractable
residues (MER) of BCG have been used to replace BCG in the maintenance of complete
remission. Prolongation of remission and survival have been reported when this is used in
place ot BCG [40].

If BCG achieves its effect in prolonging survival through non-immunological
mechanisms, then the hypothetical arguments suggesting that the immunotherapeutic
effect would only be useful when the residual tumour population is small no longer
applies. Indeed, an overall stimulus to host resistance might contain the disease equally
well even when limited overt disease is apparent. Currie [41] has suggested that mixing
viable non-irradiated cells with BCG might potentiate the effect of the specific active
component of immune stimulation, thus achieving the optimum benefit from each.

This form of immunotherapy has been given to eleven AML patients at St Bartholomew’s
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Fig. 1. Survival of AML patients alive after 4 months’ treatment.

4 Fourteen patients who achieved complete remission were treated
with chemotherapy and BCG with non-irradiated cells.

o Thirty patients who achieved complete remission were treated with
chemotherapy and BCG with irradiated cells, as described by
Powles et al, [35].

a  Eleven patients who failed to achieve complete remission were
treated with chemotherapy and non-irradiated cells mixed with BCG.

¢ Twenty-two patients who achicved complete remission were treated
with chemotherapy alone.

e Twenty-threc patients who failed to achieve remission were subsequently
treated with chemotherapy alone.

Hospital who had achieved partial remission only. The survival curves of these patients
can be plotted with those of other patients who are in either complete or partial remission
3 months after starting chemotherapy. Five groups of patients can be examined (Fig. 1).
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1. Twenty-three patients who failed to achieve complete remission maintained with
chemotherapy alone.
. Twenty-two patients maintained in complete remission with chemotherapy alone.

3. Thirty patients who were maintained in complete remission with conventional

chemotherapy and BCG plus irradiated cells as described by Powles et al. [35].

4. Fourteen patients maintained in complete remission with chemotherapy and BCG

plus non-irradiated allogeneic leukaemic cells.

5. Eleven patients maintained in partial remission with chemotherapy and a mixture

of BCG plus allogeneic non-irradiated leukaemic cells.

It is apparent from these curves that those patients given immunotherapy as part of
their maintenance survive significantly longer than those receiving only chemotherapy.
The adage that patients in complete remission survive longer than those who are not
can be questioned. Patients who are not in complete remission, but who had
immunotherapy, fared better than those in complete remission who had chemotherapy
alone. Eleven patients who were not in complete remission more than 4 months after the
onset of treatment were given BCG mixed with allogeneic non-irradiated leukaemic cells
without further chemotherapy. These patients were symptomatically and clinically well
and had only small numbers (between 6% and 10%) of blast cells in the bone marrow,
with the exception of one patient who had 25% infiltration. Five patients achieved
complete remission from 2 to 6 months after the cessation of chemotherapy and
beginning mixed BCG plus cells. The duration of these remissions has ranged from 6
weeks to 44 months. These results collectively encourage arguments in favour of a
beneficial role for BCG and allogeneic irradiated cells in the maintenance of acute
leukaemia without as yet identifying the active component.

Powles [34] reported a group of patients in complete remission maintained with BCG
plus irradiated allogeneic leukaemic cells alone, given at separate sites, whose remission
lengths and survival were identical to those in patients maintained with both chemo-
therapy and immunotherapy, and better than those patients who had maintenance
with chemotherapy only. This evidence is supported by data from Freeman et al. [42]
and throws doubts on the value of the maintenance chemotherapy as used in our studies.

There has been new speculation about the possible mechanism of action of BCG,
namely that it stimulates the normal bone marrow and enables the balance between the
normal cells and the leukaemic cells to be changed in favour of the former [34]. Experi-
mental evidence supporting this comes from the work of Mathé er al. [43] which showed
that BCG protected the normal bone marrow in animals from damage produced by
cyclophosphamide. In the series reported by Clarkson [34] the duration of complete
remission maintained by intensive chemotherapy is very similar to our own study
achieved with immunotherapy, and since the quality of life for patients receiving inten-
sive chemotherapy is undoubtedly diminished when compared with that of patients
receiving immunotherapy, with or without moderate chemotherapy the vital question
is to determine whether manipulations using combinations of BCG and allogeneic
leukaemic cells, or one or other alone, can produce survivals equal to or better than those
achieved by intensive chemotherapy.
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SUMMARY

Results of immunotherapy with BCG in patients with malignant melanoma, colorectal
carcinoma, and breast cancer are described. The first study demonstrated that high doses of
living BCG organisms (6 X 108) viable units delivered by scarification in the upper arms and legs
prolonged the disease-free interval and survival of §2 malignant melanoma patients with regional
lymph node metastases compared to 218 surgical control patients. Patients with trunk and
extremity, but not head and neck melanoma, benefited from BCG, suggesting the importance
of the delivery of BCG into the tumor involved lymphatics. The second study demonstrated
that lyophilized Pasteur BCG given by scarification or 5-FU plus BCG prolonged the post-
operative disease-free interval and survival of 73 patients with colorectal carcinoma of the
Duke’s C classification (positive mesenteric lymph nodes) compared to 58 surgical control
patients.

The principles of intermittent chemotherapy combined with BCG immunotherapy first
developed in patients with disseminated melanoma and acute myelogenous leukemia have been
confirmed in a series of patients with disseminated breast cancer: 45 patients treated with a
combination of 5-FU, Adriamycin, and Cyclophosphamide (IFAC) plus BCG by scarification
showed prolongation of remission, as well as overall survival compared to a group of 44 con-
secutive patients treated with FAC chemotherapy without immunotherapy. The limitations of
BCG immunotherapy as well as speculations for future developments of immunotherapy are
discussed.
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INTRODUCTION

Immunotherapy of human cancer is not a new medical discipline. Since early in
the twentieth century there was evidence suggesting that immunological manipulation
of the tumor cancer patient can favorably modify tumor growth [1-3].

The systematic treatment of human cancer, however, received a major impetus in the
late 1960s with publication of papers by (a) Mathé and co-workers showing that BCG
could prolong the disease-free interval and survival of children with acute lymphoblastic
leukemia after major cytoreduction with chemotherapy [4], (b) E. Klein showing that
induction of delayed hypersensitivity could control skin cancers (reviewed in ref. 5) and
(c) Morton, showing that intratumoral inoculation of BCG caused regression of melanoma
skin nodules [6].

The benefit of immunotherapy in prolonging disease free interval and survival has
been confirmed in adult acute myeloblastic leukemia by several investigators with the
use of BCG plus chemotherapy or BCG and tumor cells plus chemotherapy [7—11].

The use of systemic active “non-specific” immunotherapy with immunopotentiating
agents in human solid tumors presented a dilemma in 1971. Would acceleration or
enhancement of tumor growth occur because of the induction of so-called blocking
antibodies or other enhancing factors? This was a theoretical possibility because of the
demonstration that in animal model solid tumors, but rarely in leukemia, tumor
enhancement by immunological adjuvants had been reported [12].

Our program of immunotherapy for human solid tumors was initiated in the Depart-
ment of Developmental Therapeutics at M.D. Anderson Hospital and Tumor Institute
in the fall of 1971. Following the principles outlined by Mathe that immunotherapy
would work best in the minimal residual disease situation [12], we initiated a trial of
BCG immunotherapy following the surgical resection of recurrent melanoma in regional
lymph nodes [13]. Malignant melanoma was selected because several investigators had
published data suggesting the existence of tumor-associated antigens in this disease
[14-17]. In addition, Morton had shown that intra-tumor inoculation of BCG in
melanoma nodules induced significant regression of tumor in immunocompetent
patients [6]. Our initial phase 1 trial comparing different doses and strains of BCG was
published in 1973 [13]. In that report, we suggested that the use of high doses of BCG
by scarification (that is 6 x 10® viable units) on a weekly basis for 3 months and then
every other week prolonged the disease-free interval and survival of patients with stage
III melanoma (regional lymph node metastases removed by surgery). A lower dose of
BCG (that is 6 x 107 viable units) was less effective. The stable variety of BCG, the
Tice lyophilized strain, appeared to be more beneficial than the liquid Pasteur BCG.

This paper will summarize an up-dated analysis of that study. Although BCG has
clearly proved to be beneficial in patients with melanoma, several critical factors are
necessary to achieve a positive clinical effect including the dose of BCG, the
anatomical location of the tumor referable to the site of BCG application, the amount
of residual disease, and the immunological competence of the host.

Following the demonstration that BCG could prolong the disease-free interval and
survival of patients with recurrent melanoma [13], we initiated a similar study in
patients with Duke’s C classification of colorectal cancer. The preliminary report of this
study has been published [18, 19].

The second major application of immunotherapy in human solid tumors that was
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initiated in April 1972 was the use of BCG immunotherapy in combination with chemo-
therapy for patients with disseminated metastases. The major questions asked were: (1)
could immunotherapy combined with chemotherapy increase remission rates? (2)

could immunotherapy prolong chemotherapy induced remissions? and (3) could
immunochemotherapy prolong the overall survival of solid tumor patients compared to
chemotherapy alone?

The first study of immunochemotherapy of disseminated melanoma with BCG was
published in 1974 [2]. The chemotherapeutic drug Imidazole Carboxamide (DTIC) was
combined with fresh Pasteur BCG in patients with disseminated melanoma. The major
results were: (1) remission rates regional to sites of BCG administration were increased,
(2) remissions were prolonged with chemoimmunotherapy compared to chemotherapy
alone, and (3) the overall survival of patients on chemoimmunotherapy was significantly
prolonged compared to chemotherapy alone [20].

The principles learned from this initial chemoimmunotherapy study in melanomas
were then extended to patients with metastatic breast cancer. These results are summar-
ized below. The principles of chemoimmunotherapy were successfully applied to breast
cancer patients.

Therefore, this paper will describe the results of adjuvant BCG in melanoma and
colorectal carcinoma and the results of chemoimmunotherapy in disseminated
breast cancer.

PATIENTS AND METHODS

Following the surgical removal of recurrent melanoma in regional lymph nodes BCG
was given by scarification weekly for 3 months and then every other week in the upper
arms and legs as previously described [13]. Two dose levels of lyophilized Tice and
liquid Pasteur were compared, 6 x 107 and 6 x 10® viable units. The disease-free interval
and survival of fifty-two patients with regional lymph node metastases (stage I1I)
entered on study from November 1971 through July 1973 were evaluated. The data
were compared to similar data for 218 stage III patients treated by surgery alone at M.D.
Anderson Hospital from 1965 to 1971. Further details of the patient groups are
described in reference 13.

The second adjuvant study evaluated a total of fifty-eight patients with colorectal
cancer of the Duke’s C classification. These patients had their primary and definitive
surgery for colorectal cancer either at M.D. Anderson Hospital or elsewhere. Patients
were randomized to receive BCG either alone or in combination with oral doses of 5-FU.
The lyophilized Pasteur BCG was administered by scarification in a dose of 6 x 107
viable organisms weekly for 3 months and then every other week thereafter. 5-FU was
originally given in a dosc of 100 mg/m? four times a day for 5 days and repeated every 4
weeks. More recently, the dose of 5-FU has been increased to 150 mg/m2 in a similar
schedule. Patients were randomized to receive BCG on days 7, 14 and 21 of each course
during the first three courses, and on days 7 and 21 thereafter [18, 19].

The historical control group included a large-scale natural history group of patients
with colorectal cancer who were consecutively operated on at M.D. Anderson Hospital
during the period of 10 years prior to the initiation of the immunotherapeutic trial.

. An historical control group with seventy-three patients of the Duke’s C classification is
shown.
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Forty-seven patients with disseminated breast cancer were entered on study between
March 1 through 15 August 1974. Before chemoimmunotherapy, the patients were
evaluated for metasiatic disease with the following tests: physical examination, complete
blood counts, urinalysis, test of liver and renal functions, chest X-ray, liver scan,
electroencephalogram, metastatic bone survey and bone marrow biopsy. Two patients
died within the first 2 weeks of treatment. Forty-five patients were considered evaluable
with an adequate trial of one or more courses of treatment.

The experimental design of the chemoimmunotherapy was as follows: 5-Fluorouracil
(5-FU) 500 mg/m? intravenously on days 1 and 8 of each chemoimmunotherapy course,
Adriamycin-50 mg/m? intravenously on day 1, and Cyclophosphamide—500 mg/m?
intravenously on day 1. Lyophilized Tice strain BCG in a dose of 6 x 10® viable units
was given by scarification in a rotating fashion on the upper arms and upper legs as
previously described [4, 20] on days 9, 13 and 17 of each course. Courses were repeated
every 21 days if blood counts permitted.

If, during the previous course, the lowest absolute granulocyte count did not fall
below 2000 and the lowest platelet count did not fall below 100,000 all three
chemotherapeutic agents were increased by an amount of 20%. If the blood counts fell
to less than 1000 granulocyte count and/or less than 50,000 platelet count, all agents
were decreased by 20%. No drug change was required for patients whose blood counts
fell between these levels. However, if the patient had morbidity (i.e. documented
infection and/or hemorrhage), all agents were decreased 25-40% regardless of change in
blood counts.

The total dose of Adriamycin was limited to S00 mg/m? because of the known
increase in the incidence of cardiotoxicity above this dose level [21]. Adriamycin was
discontinued if any evidence of cardiac toxicity developed. Severe diarrhea or cerebellar
ataxia, attributable to 5-FU, required withholding of this agent until resolution of these
symptoms. Subsequently, 5-FU was reintroduced at a 20% reduced level. The develop-
ment of severe stomatitis was an indication to lower the dose of both 5-FU and
Adriamycin by 20%.

The following definitions were used: complete remission, complete disappearance of
all objective and subjective disease manifestations; partial remission, 50% of greater
reduction in the areas of all measurable tumor; stabilization, less than 50% reduction or
less than 25% increase in tumor size for at least 2 months; progression, 50% of greater
increase in tumor masses or appearance of any new masses; relapse, reappearance of the
tumor mass.

Survival was measured from onset of treatment to death or date of last follow-up
examination. FAC-BCG was continued for a minimum of two courses. Then therapy
was stopped only with evidence of unequivocal progression.

The responses to therapy with FAC-BCG were compared to the response of a
consecutive series of forty-four patients treated in an identical fashion with FAC chemo-
therapy alone just prior to this study from 15 August 1973 until 1 March 1974 [22].

The criteria for admission to these studies were identical. All patients with clinical
evidence of disseminated breast cancer were admitted for therapy.

Table 1 shows that the FAC and FAC-BCG were comparable in the major features
known to be associated with prognosis in breast cancer [23]. The distribution of visceral
and non-visceral metastases was similar. The frequency of hormonal manipulation, the
proportion of pre- and post-menopausal patients and the median time to dissemination,
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Table 1. Clinical Features of 45 Patients treated with FAC-BCG
and 44 treated with FAC

FAC-BCG FAC
Clinical Feature
Median age 56 51

(range) (29--72) (29-67)

Median disease-tree interval 16 15

(0-140) (0--104)
Pre-menopausal (at diagnosis) 40% 44%
Prior hormone therapy 69% 79%
Prior chemotherapy % 7%
Site of Metastases
Lymph node 44%, 52%
Soft tissue 509% 84%
Lung 449, 55%
Pleura 11% 16%
Liver 27% 20%
Bone 49% 66%

were nearly identical (Table 1).

The statistical methods used included the chi square test for testing difference in
remission rate, a generalized Wilcoxon test with a one-tailed analysis [24] for testing
differences between remission and survival curves, and a method of Kaplan and Meier for
calculating and plotting remission and survival curves [25].

RESULTS
A. Adjuvant BCG in Malignant Melanoma

Figure 1 shows the disease-free interval for patients with stage I disease compared to
the control series. Although the total number of relapses in both the high and the low
BCG groups was identical, the time to relapse was prolonged for those patients treated
with the high dose compared to the control series. There was no benefit for patients
treated with low dose BCG. The difference in the disease-free interval for the high dose
BCG compared to the surgical control group is significant at the 0.03 level.

Figure 2 shows the overall survival for the preceding group of patients. There was no
benefit for those patients who were treated with low doses of BCG. In contrast, there
was a significant prolongation of survival time for patients who were treated with the
high dose of BCG. The difference in survival compared to the surgical control series is
highly significant at 0.002.

We next examined the efficacy of BCG correlated with the site of the original primary
lesion, Patients with trunk melanoma, metastatic to regional lymph nodes of the axilla or
inguinal region benefited most strikingly compared to the surgical control group. As
shown on Figure 3, patients who received the high dose of BCG had a significant pro-
longation of the disease-free interval (p = 0.05). Although the patients treated with low
dose BCG also had prolongation of disease-free interval, this as yet has not reached
statistical significance.
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On Fig. 4 is shown the survival of these patients. Survival has been prolonged for both
groups of patients with trunk melanomas. However, the group who received the high
dose has already had a statistical significance prolonged survival (p = 0.006). The low
dose has not reached stastical significance (p = 0.1).

In sharp contrast with the encouraging results for trunk melanoma patients, those
with head and neck melanoma have not benefited from BCG. Figure 5 shows the
disease-free interval for patients who received BCG compared to the controls. Both
groups of patients had recurrences as rapidly as the surgical controls. One should note
that the six patients who received low dose BCG had an accelerated and statistically
shorter time to recurrence compared to the surgical controls.

Figure 6 shows survival for the preceding group of patients. There was no significant
difference in survival for either BCG group compared to the surgical group.

Because of limited space we will not present data with extremity melanoma. However,
those treated with high dose, but not low dose, had significant prolongation of disease-free
interval and survival. Thus, the data would suggest the importance of administering BCG
into the tumor involved lymphatics since patients with trunk and extremity, but not
head and neck melanoma, benefited from BCG.

Figure 7 shows the importance of immunological evaluation prior to immunotherapy
in the prediction of prognosis with non-specific immunotherapy. The most useful
immunological test to predict survival has been delayed hypersensitivity reaction after
primary immunization with keyhole limpet hemocyanin (KLH). These data include
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patients with stages 11l and IV A (distant metastases removed by surgery) Gutterman, sub-
mitted for publication). Of the ten patients who had a vigorous primary immune response
to KLH and who were treated with high doses of BCG, only two have died to date. In
contrast, the poorest survival was noted in those patients who had a KLH skin test of less
than 15 mm and who were treated with low dose BCG. Intermediate and equivalent sur-
vivals were noted for those patients with a KLH less than 15 mm who received high dose
BCG and those with a vigorous KLH response (> 15 mm) who received the low dose BCG.
The data strongly suggest that preimmunotherapy immunocompetence as well as dose of
immunopotentiating agent play an important role in the eventual outcome of immuno-
therapy. A combination of vigorous immunity with the high dose of BCG results in the
best prognosis; a combination of relatively weak immunity with a low dose of BCG results
in the worst prognosis.

B. Adjuvant Therapy in Duke’s C Colorectal Carcinoma

Twenty-six of fifty-eight patients received BCG alone. The disease-free interval of
this group is shown in Fig. 8. Five of twenty-six patients have relapsed and the 75
percentile is 15.1 months compared to 10.1 months in the controls (p = 0.12). The two
deaths in the whole study occurred in the BCG atone group (Fig. 9). The 75 percentile of
surviving patients has not been reached yet, but since these two deaths occurred relatively
early (6 and 13 months) the p value is estimated at 0.18.

Further analysis with break-down according to the number of involved mesenteric
lymph nodes, among both the treated patients and the controls, revealed that at the
time of analysis, BCG alone appeared to confer statistically significant protection in
terms of the disease-free interval and survival among patients who had six or more
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involved lymph nodes, and only marginal protection among patients with five or less
involved lymph nodes. However, the sub-groups are too small and more cases are
needed before a more conclusive statement can be made.

Thirty-two of fifty-eight patients received the combination of 5-FU plus BCG. The
disease-free interval of this group is shown in Fig. 10. Only two of thirty-two patients
have relapsed and the 75 percentile has not been reached yet with an estimated p value
of 0.08 compared to the controls. More striking is the total survival of patients who have
received 5-FU plus BCG (Fig. 11). No death has occurred among the thirty-two patients.
The two patients who had a relapse went into a complete and a partial remission
respectively by using more intensive chemotherapy. In the one who achieved the com-
plete remission, disease was detected in the liver (positive liver scan, elevation of LDH,
persistent elevation of CEA). After three courses of combination chemotherapy with
Methyl CCNU, Methotrexate, and Ftorafur plus weekly vaccinations with BCG, the
liver scan, LDH, and plasma CEA levels all returned to normal.
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Further break-down according to the number of involved lymph nodes among
treated (5-FU plus BCG) patients and controls revealed that the combination of 5-FU
plus BCG conferred statistically significant protection in terms of disease-free interval
and survival regardless of the number of lymph nodes involved. Again, the numbers
are still too small and more follow-up time is needed before a definitive conclusion can

be drawn.
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C. Chemoimmunotherapy of Metastatic Breast Cancer

Forty-five patients received an adequate trial of one or more courses of therapy (see ref. 33
for details). Thirty-four (75.5%) patients achieved a partial or complete remission. Fourteen
patients (30%) had a complete remission and twenty (43%) achieved a partial remission. The
disease was stable for two or more months in nine of forty-five patients (20%); only
two patients (4.5%) had a progression of their disease. These results are essentially the
same reported previously for the FAC without BCG regimen.

The duration of remission for patients achieving a partial remission with FAC-BCG
compared to FAC alone is shown in Fig. 12. Seventeen of twenty-six patients on chemo-
therapy alone have relapsed with a median time to relapse with a projected media to 104
months. The differences are significant at the 0.009 level.
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Only two of six chemotherapy patients achieving complete remission and five of
fourteen chemoimmunotherapy patients have relapsed. The durations of complete
remission are identical at this time.

The survival of the FAC and FAC-BCG treated patients who achieved partial remission
is shown in Fig. 13. Only one of twenty partial remission patients on FAC-BCG has
died, compared to eleven of twenty who have achieved partial remission with chemo-
therapy alone. These differences are statistically significant at the p = 0.02 level. None of the
fourteen FAC-BCG patients achieving complete remissions have died, compared to two of six
on FAC alone.
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The survival of all treated patients on FAC-BCG and FAC alone is shown on Fig. 14.
The median survival for FAC was 14 months which is superior to previously described
combination chemotherapy programs for disseminated breast cancer. Only five of
forty-five patients on chemoimmunotherapy have died. The median follow-up time is
already 12+ months. The survival of the latter group is significantly longer than the
former group (p = 0.005).

Chemoimmunotherapy was well tolerated. Although the requirement quality of
supportive care was similar for both groups of patients, thrombocytopenia appeared to be
less for patients on FAC-BCG compared to FAC alone.

DISCUSSION

Based on the principles first outlined by Mathé [4, 12] immunotherapy appears to
be effective in the minimal residual disease situation. Specifically, patients whose solid
tumor (melanoma) has spread to regional lymph nodes appear to have a delayed onset
of recurrent metastases and a prolonged survival when treated with adequate trials of
BCG. Although early, it appears that patients with Duke’s C classification of colorectal
cancer will also have a delayed recurrence time and prolonged survival.

From the detailed analysis of the melanoma study, however, many clinical as well as
therapeutic variables are necessary to achieve a positive effect. In the first place, the dose
of immunoadjuvant appears to be critically important in melanoina patients. Patients
treated with high dose have benefited more than patients treated with a 1-log lower dose
of BCG. Secondly, the principles outlined in a variety of animal model studies showing
the importance of contact between BCG and tumor cells appear to be important in man
[26-28]. BCG was administered to the regional lymphatics of the trunk and extremities.
Patients with trunk and extremity melanoma benefited from BCG. BCG was not
administered into the regional lymphatics of the head and neck region. We speculate
that this regional difference may explain the lack of benefit noted in the head and neck
of melanoma patients. In contrast, Morton, who achieved positive results in all regional
areas, administered BCG into the head and neck lymphatics [29]. There are now at least
four published studies demonstrating the efficacy of BCG in patients with regional node
metastases [13, 30-32].

It is reassuring that the principles first learned from the combination of chemo-
immunotherapy for disseminated melanoma have been confirmed and extended to
metastatic breast cancer.

This study indicates that the prognosis of patients with disseminated breast cancer
has been significantly improved by the addition of immunotherapy with living BCG
organisms to combination chemotherapy. The duration of remission as well as survival
of remission patients, and the overall survival of all patients on chemoimmunotherapy,
are superior to results carried out immediately prior to this study with chemotherapy
alone [33], as well as compared to results with combination chemotherapy or single-
agent chemotherapy programs reported in the literature [34, 35].

The results, therefore, confirm and extend the principles learned from the initial
combination of chemoimmunotherapy trials reported by us for malignant melanoma
[20] and acute myelogenous leukemia [9]. In ihese studies, remission rates were not
significantly increased (except for tumor sites regional to BCG scarification), but
remission durations and overall survival were significantly increased with chemoimmuno-
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therapy compared to chemotherapy alone. Thus, this is the first disseminated malignant
disease of high incidence wherein immunotherapy combined with chemotherapy has
been shown to significantly improve prognosis.

Despite the encouraging and positive results with BCG, improved modalities of
immunotherapy and combination chemotherapy are needed to increase the remission
rates in visceral regions as well as shift the balance of partial remissions to complete
remissions. Recently, Currie and co-workers reported that a combination of active
specific (tumor cells) combined with non-specific BCG immunization improved the
remission rates in melanoma compared to the use of chemotherapy alone [36]. We
have confirmed these results in a small series of melanoma patients [37] and will begin
to test this combination in metastatic breast cancer. In addition, we have speculated that
the delivery of an intravenous adjuvant into the visceral areas, such as liver and lungs,
may improve response rates compared to the use of BCG by scarification. This
hypothesis has been tested in metastatic melanoma and has confirmed that response
rates for patients with liver metastases may be improved by this modality of therapy
[37]. Thus, the use of intravenous C. parvum or intravenous BCG may be a logical
next step in the management of disseminated breast cancer.

Since the maximal benefit of immunotherapy with living BCG organisms may be
limited by the wide range of viable/non-viable counts in various lots of BCG as well as
by the differences in anti-tumor activity of various strains, the use of more standardized
non-viable preparations of mycobacterial and other bacterial organisms or synthetic
immunopotentiating agents should be evaluated in breast cancer. MER, a non-viable
extract of BCG, has prolonged survival in acute myelogenous leukemia [38] . Levamisole,
a synthetic immunopotentiating agent, prolonged disease-free interval and survival in
resectable breast cancer [39]. Corynebacterium parvum plus chemotherapy has prolonged
survival in patients with metastatic breast cancer compared to chemotherapy alone [40].

Finally, since adjuvant chemotherapy alone has been shown to prolong disease-free
interval and survival in patients with histologic evidence of spread of regional lymph
nodes [42, 42], programs of combination chemotherapy and active immunotherapy are
now indicated early in the disease.

Additional immunotherapeutic approaches with possible different mechanisms of
action and toxicity that should be combined with BCG include a transfer factor which has
shown activity in breast cancer [43]. Additionally, since there is increasing evidence
that tumor viruses are related to the pathogenesis and/or etiology of breast cancer the
use of anti-viral and anti-tumor substances such an Interferon which has prolonged the
disease-free interval in operable osteogenic sarcoma patients [44] needs to be investigated.

In conclusion, further trials of immunotherapy and immunochemotherapy of early
and disseminated solid tumors are clearly warranted. With increased understanding of
the host—tumor relationships [45], the application of scientifically sound programs of
cellular engineering [46] should lead to improved prognosis of cancer patients over the
next decade.

REFERENCES

1. H.C. Nauts: The Apparently Beneficial Effects of Bacterial Infection on Host Resistance to
Cancer. New York Cancer Research Institute (Monograph 8), 1969.
2. E.M. Hersh, J.U. Gutterman and G.M. Mavligit: Immunotherapy of Cancer in Man—Scientific



14.
15.

16.

17.

18.

19.

20.

22,
23.

24.
25.
26.
27.

28.

29.

IMMUNOTHERAPY OF HUMAN SOLID TUMORS 249

Basis and Current Status. Monograph, Springfield, Iilinois, Charles C. Thomas, Publishers, 1973,
141 pp

J.U. Gutterman, G.M. Mavligit, R.C. Reed and E.M. Hersh: Immunochemotherapy of human
cancer. Seminars in Oncology, 1,409-423 (1974).

G. Mathé, J.L. Amiel, L. Schwarzenberg et al.: Active immunotherapy for acute lymphoblastic
leukemia. Lancet, 1, 697—699 (1969).

E. Klein and O.A. Holtermann: Immunotherapeutic approaches to the management of
neoplasms. Nat. Cancer Inst. Monogr. 35,379-402 (1972).

D.L. Morton, F.R. Eilber, R.A. Malmgren et al.: Immunological factors which influence
response to immunotherapy in malignant melanoma. Surgery, 68, 158—164 (1970).

R.L. Powles, D. Crowther, C.J.T. Bateman et al.: Immunotherapy for acute myelogeneous
leukemia. Br. J. Cancer, 28, 365-376 (1973).

W.R. Vogler and Y-K. Chan: Prolonging remission in myeloblastic leukemia by Tice-strain
Bacillus Calmette-Guerin. Lancet, 2, 128—131.

J.U. Gutterman, E.M. Hersh, V. Rodriguez, K.B. McCredie, G. Mavligit, R. Reed, M.A. Burgess,
T. Smith, E. Gehan, G.P. Bodey, Sr. and E.J. Freireich: Chemoimmunotherapy of adult acute
leukemia: prolongation of remission in myeloblastic leukemia with BCG. Lancet, 2,
1405-1409 (1974).

M. Whiteside, Immunotherapy of Acute Myeloblastic Leukemia, Cancer (in press).

J. Whitaker, Personal communication.

G. Mathé: Active immunotherapy. Adv. Cancer Res. 14, 1-36 (1971).

J.U. Gutterman, G. Mavligit, C. McBride, E. Frei, I1I, E.J. Freireich and E.M. Hersh: Active
immunotherapy of recurrent malignant melanoma with systemic BCG. Lancet, 1, 1208—1212
(1973).

D.L. Morton, R.A. Malmgren, E.C. Holmes and A.S. Ketcham: Demonstration of antibodies
against human malignant melanoma by immunofluorescence. Surgery, 64, 233-240 (1968).
M.G. Lewis, R.L. Ikonopisov, R.C. Nairn ef al. : Tumour-specific antibodies in human malignant
melanoma and their relationship to the extent of the disease. Br. Med. J. 3, 517-522 (1969).
G. Mavligit, J.U. Gutterman, C.M. McBride and E.M. Hersh: Tumor-directed immune reactivity
and immunotherapy in malignant melanoma. Current status. Prog. Exp. Tumor Res. 19,
222-252(1974).

J.U. Gutterman, G. Mavligit, R. Reed, S.P. Richman, C.M. McBride and E.M. Hersh: Immunology
and immunotherapy of human malignant melanoma: historical review and perspectives for the
future. Seminars in Oncology, 2, 155-174 (1975).

G.M. Mavligit, J.U. Gutterman, M. A. Burgess, J.F. Speer, R.C. Reed, R.C. Martin, C.M. McBride,
E.M. Copeland, E.A. Gehan and E.M. Hersh: Immunotherapy: its possible application in the
management of large bowel cancer. Amer. J. Digest. Dis. 19, 1047-1053 (1974).

G.M. Mavligit, J.U. Gutterman, M.A. Burgess, N, Khankhanian, G.B. Seibert, J.F. Speer,

R.C. Reed, A.V. Jubert, R.C. Martin, C.M. McBride, E.M. Copeland, E.A. Gehan and E.M.
Hersh: Adjuvant immunotherapy and chemoimmunotherapy in colorectal cancer of the Duke’s C
Classification. Preliminary results. Cancer, 36, 2421--2427 (1975).

J.U. Gutterman, G.M. Mavligit, J.A. Gottlieb, M.A. Burgess, C.M. McBride, L. Einhorn,

E.J. Freireich and E.M. Hersh: Chemoimmunotherapy of disseminated malignant melanoma
with dimethyl trizeno imidazole carboxamide and Bacillus Calmette-Guerin. New Eng. J. Med.
291, 592--597 (1974).

R.A. Minow, R.S. Benjamin and J.A. Gottlieb: Adriamycin cardiomyopathy, an overview with
determination of risk factors. Cancer Chemotherapy Reports (in press).

J.0. Cardenas, J.U. Gutterman, J.A. Gottlieb ef al. (submitted for publication).

S.J. Cutler: The prognosis of treated breast cancer. In: Prognostic Factors in Breast Cancer
A.P. Forrest, P.B. Kunkler, Edinburgh and London, E. & S. Livingston Ltd., 1968. pp. 2031,
E.A. Gehan: A generalized Wilcoxon test for comparing arbitrarily singly-censored samples.
Biometrika, 52, 203—223 (1965).

E.L. Kaplan and P. Meier: Non-parametric estimation from incomplete observations. J, Amer.
Stat. Ass. 53,457—481 (1958).

B. Zbar, I.D. Bernstein and H.J. Rapp: Suppression of tumor growth at the site of infection
with living Bacillus Calmette-Guerin. J. Nat. Cancer Inst. 46, 831—-839 (1971).

R.W. Baldwin and M.V. Pimm: BCG immunotherapy of rat tumors of defined immunogenicity.
Nat. Cancer Inst. Monogr. 39, 11-17 (1973).

L. Milas, J.U. Gutterman, I. Basic, N. Hunter, G. Mavligit, E.M. Hersh and H.R. Withers:
Immunoprophylaxis and immunotherapy for a murine fibrosarcoma with C, granulosum and

C. parvum, Int. J. Cancer, 14,493-503 (1974).

F.R. Eilber, D.L. Morton, E.C. Holmes, F.C. Sparks and K.P. Ramming: Immunotherapy with
BCG for lymph node metastases from malignant melanoma. New Engl. J. Med. 294, 237240
(1976).



250 CLINICAL TUMOR IMMUNOLOGY

30. A.Z. Bluming, C.L. Vogel, J.L. Ziegler ef al.: Immunological effects of BCG in malignant
melanoma: two modes of administration compared. Ann. Int. Med. 76,405—411 (1972).

31. D.L. Morton, F.R. Eilber, E.C. Holmes, 1.S. Hunt, A.S. Ketcham, M.J. Silverstein and
I.C. Sparks: BCG immunotherapy of malignant melanoma. A seven year experience. Ann.
Surgery, 180, 635-643 (1974).

32. R.L. Ikonopisov: The use of BCG in the combined treatment ot malignant melanoma. Behring
Inst, Mitt. 56, 206--214 (1975).

33. J.U. Gutterman, G.M. Mavligit, M.A. Burgess, J.0. Cardenas, G.R. Blumenschein, J.A. Gottlieb,
C.M. McBride, K.B. McCredie, G.P. Bodey, V. Rodriguez, E.J. Freireich and E.M. Hersh: Immuno-
therapy of human solid tumors and acute leukemia with BCG: Prolongation of disease free interval
and survival. Cancer Immunol Immunoth. (in press, 1976).

34. R. Cooper: Combination chemotherapy in hormone resistant breast cancer. Proc. Am. Ass.
Cancer Res. 10—15 (1969).

35. S.K. Carter: The chemical therapy of breast cancer. Seminars in Oncology, 1, 131141 (1974).

36. G.A. Currie and T.J. McElwain: Active immunotherapy as an adjunct to chemotherapy in the
treatment of disseminated malignant melanoma. A pilot study. Br. J. Cancer, 31, 143156
(1975).

37. 1.U. Gutterman: unpublished data.

38. D.W. Weiss, Y. Stupp, N. Many and C. Izak: Treatment of acute myelocy tic leukemia (AML)
patients with the MER tubercle bacillus fraction: a preliminary report. Transplant Proc.

7, 545-552(1975).

39. A.F. Rojas, E. Mickiewicz, J.M. Feierstein, H. Glait and A.J. Olivari: Levamisble in advanced
human breast cancer. Lancet, 1,211-215 (1976).

40. L. Isracl and B. Halpern: Le Corynebacterium parvum dans les cancers advancés. Premiére
évaluation de I'activité thérapeutique de cette immunostimuline. Nouv. Press. Med. 1,19~23
(1972).

41. B. Fisher, P. Carbone, S.G. Economour, R. Frelick, A. Glass, H. Lemer, C. Redmond, M. Zclen,
P. Band, D.L. Katrych, N, Wolmark, and E.R. Fisher: 1-Phenylalanine mustard (L-Pam) in the
management of primary breast cancer. A report of early findings. New England J. Med. 292,
117122 (1975).

42. G. Bonadonna, A. Lattuada, F. Rilke and A. Banfi: Controlled study with local radiotherapy
(RT) versus RT plus CTX-VCR-PRED (CVP) in non-Hodgkin’s lymphoma. Proc. Am. Ass.
Cancer Res. 16, 188 (# 752) (1975).

43. H.F. Oettgen, L.J. Old, J.H. Farrow et al.: Effects of dialyzable transfer factor in patients with
breast cancer. Proc. Nat. Acad. Sci. 71,2319-2323 (1974).

44. N. Strander: J. Nat. Cancer Inst. (in press, 1976).

45, Immunobiology of the Tumor—Host Relationship, edited by Richard T. Smith and Maurice
Landy. Academic Press, New York, 1975. pp. 360.

46. R.A. Good: Immunodeficiencies of man and the new immunobiology. In: Immunodeficiency in
Man and Animals, edited by D. Bergama. Sinauer Ass., Inc., Sunderland, Mass., 1975.



ABSTRACTS

ACTIVE ROSETTES IN BCG-TREATED MELANOMA PATIENTS AND UNTREATED
LEUKAEMIC CHILDREN

1. Bertoglio, Annie Bourgoin, K. Gronneberg and J.F. Dore

Centre Léon Bérard, 28, rue Lacnnec, 69373 Lyon Cedex 2, France

Active E-tosettes were repeatedly measured in nine melanoma patients submitted to BCG treat-
ment, and studied in nine children with untreated acute lymphoblastic leukaemia.

Each melanoma patient in this study was tested on three to six occasions over a period of time
extending from 2 to 5 months. Four of them were under BCG treatment for at least 7 months at
the time of the first determination and showed stable values within the normal range (27.9  4.9%,
as determined in twenty normal healthy donors). The five other patients were tested first at the
beginning of the treatment and showed values increasing steadily from the lower normal limit to the
upper one. In these patients, no significant variation in membrane immunoglobulin bearing-
lymphocy tes (B-cells) was seen over the same period of time, whereas T (E-rosettes forming)
lymphocy tes remained stable or showed a tendency to decrease. Active E-roscttes being considered
as reflecting a subpopulation of differentiated T-cells, these results would indicate that BCG treat-
ment could eventually act through differentiation of T-cells.

In two of the leukaemia patients, more than 90% of the blast cells were found to form E-rosettes
and active rosctfe formation could be demonstrated in 10% and 20% of the blast cells respectively.
In two other patients 10% and 37% of the blast cells were respectively shown to torm E-rosettes but
no active rosettes, These results seem to indicate that leukaemic lymphoblasts may form active
rosettes,

LONG-TERM IMMUNOLOGICAL STUDIES IN PATIENTS
WITH ADVANCED COLORECTAL CANCER

B.R. Bullen, G.R. Giles, T.G. Brennan

St James's Hospital, Leeds, Great Britain

It is generally stated that patients with advanced malignant disease are immunosuppressed, thus
allowing their tumour to progress. We have examined some immune reactions in patients with
advanced colorectal cancer over a period of from 5 to 14 months. Qur aim was to obtain an
assessment of the changes of the immune status of patients with metastatic cancer with time, and
relate these studies to the course of the malignant process.

Nine patients were studied and their immune status assessed monthly by means of a dose
response of lymphocy te transformation to phytohaemagglutinin (PHA), leucocy te migration in
the presence of colonic tumour antigen, plasma protein electrophoresis, immunoglobulin and
carcinoembryonic antigen (CEA) levels. All patients received intermittent chemotherapy throughout
the study.
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Results

Mecan CEA levels increased with time but were only markedly clevated in four patients. PHA
responscs showed a tendency to improve towards normality, four of the six patients who died during
the study having normal PHA transformation studies at their last investigation. Evidence of blocking
in autologous serum was only found in two patients.

At the beginning of the study only one-third of the patients exhibited sensitization to tumour
antigen in the leucocy te migration assay. With time this proportion improved to more than 75%
exhibiting sensitization. The only patient failing to show any sensitization in autologous or
homologous sera at any time had the poorest prognosis. Plasma protein electrophoresis appeared
normal apart from the a, globulins which were elevated in those patients having the shortest survival
times. 1gC, IgM and IgA levels remained largely within normal limits throughout the study.

Conclusions

The immunologically suppressed state of patients with advanced colorectal cancer may be improved
by simple symptomatic treatment and intermittent chemotherapy. However, a return of normal
immunological parameters is not necessarily associated with control of the malignant process.

IMMUNOLOGICAL STUDIES DURING IMMUNOTHERAPY IN
CHRONIC MYELOCYTIC LEUKEMIA

Nicole Carpentier-Bricteux and Gerard Degiovanni

Institut de Médecine, département d’Hématologie (Pr. J. Hugues) et département de
Chirurgic expérimentale (Pr. G, Lejeunce), Université de Liége, Belgique

In an attempt to prevent blastic crisis, twenty patients with chronic myelocy tic (CML), controlled
by chemotherapy, were given immune stimulation: thirteen with BCG plus allogencic blast cells,
seven with BCG alone. Immunizing cells were derived from three lymphoid tissue culture cell lines
established from the peripheral blood of a patient with acute myelogenous leukemia (RPMI 6410)
and two patients with blastic crisis of CML (RPMB 7642 and 7481). These cells have been shown
to carry antigens specifically associated with leukemic myeloblasts (Metzgar and Sokal, 1975).
During immunotherapy, all patients increased their skin test reactivity versus antigens unrelated
to the immune stimulation (Varidase, Candida and Trichophyton extracts) as well as to components
of the vaccine mix ture (PPD, fetal calf serum, cell homogenates). The K-cell cytotoxic activity of
circulating lymphocy tes was assessed in vitro against antibody-coated normal human and heterologous
cultured target cells, This non-specific cytotoxicity varied greatly from patient to patient but
remained unchanged during vaccination. Nineteen of the twenty patients failed to develop an in
vitro direct cell-mediated immune response against the immunizing blast cells. In contrast to those
stimulated by BCG alone, all patients receiving blasts developed highly efficient antibodies cy totoxic
for these cells either in presence of complement or of normal lymphoid cells. This humoral immune
response increased continuously, reaching a plateau after the sixth vaccination. Part of the antibodies
seemed to be directed against transplantation antigens; after their absorption with normal
lymphocy tes, a significant cy totoxicity of the antisera against normal PHA-stimulated lymphocy tes
was lost while no substantial decrease of the humoral cytotoxicity to immunizing cells was recorded.
These results suggest the development of a specific antibody activity against leukemia associated
antigens during immunotherapy of CML with allogeneic blast cells.

PROGNOSTIC CORRELATIONS IN MALIGNANT MELANOMA

A.L. Claudy, J. Viac, N. Pelletier, N, Fouad-Wassef, A. Alario and J. Thivolet

Laboratoire d’Immunopathologie, Clinique Dermatologique, Hopital Edouard Herriot,
69374, Lyon Cedex 2, France

Fifty-two patients with malignant malanoma were studied histologically and by various assays to
determine cell mediated immune responses. Delayed cutaneous reactivity to tuberculin, candidin and
DNCB, PHA and PWM induced lymphocyte blastogenesis and total E-rosette count are not
statistically impaired compared to normal individuals. The active E-rosette count drops significantly
below 15% among patients whose tumour is growing rapidly, and return to normal quickly after
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starting chemotherapy (BCG therapy was ineffective to modify the counts). The fall of active
E-rosette count occurred on average 1.52 months before the clinical appearance of metastasis. No
hypothesis can be advanced for the reason why a fall in the percentage of active E-rosette count
below 15% in melanoma patients means a poor prognosis. A direct correlation between histological
data, active E-rosctte count and evolution can be demonstrated. Two-thirds of patients with
superficial spreading melanomas have both normal active E-rosette counts and a long survival,
while only half of patients with nodular melanomas have normal active E-rosette count and a shorter
survival, According to these data, melanoma patients can be subdivided into five groups in terms of
prognosis:
1. nodular melanomas with a deep level of invasion and a low active E-rosette count: poor
prognosis;
2. nodular melanomas with a high active E-rosette count: carcful follow up, uncertain
prognosis;
3. superficial spreading melanomas with a high active E-rosette count: good prognosis;
4. superficial spreading melanomas with a low active E-rosette count: uncertain prognosis;
5. lentigo maligna melanomas with a constant high active E-rosctte count: excellent prognosis.
The results suggest that both the histopathological findings and the active E-rosette count may be
valuable tests to help assess the prognosis in malignant melanoma patients.

FAILURE OF ALLOGENEIC LEUKEMIC CELLS TO STIMULATE IN
MIXED LYMPHOCYTE CULTURE

D. Collavo, G. Biasi, A. Colombatti and L. Chieco-Bianchi

Laboratory of Experimental Oncology, Institute of Pathological Anatomy, University of Padova

Studies on mixed lymphocyte reaction (MLR) in humans suggest that lymphoblastoid cell lines,
which have the characteristics of thymus-derived (T) lymphocytes, fail to activate normal
allogeneic lymphocytes. In contrast, leukemic cell lines, which have bone-marrow-derived (B)
lymphocytes characteristics, are potent stimulators.

We have observed that both primary virus-induced murine leukemias and murine leukemic cell
lines induced by virus, chemical or physical agents do not stimulate normal spleen cells differing
at the H-2 complex or at M-locus. Repeated attempts to detect inhibitory factors possibly secreted
in the culture medium by a transplantable Moloney virus-induced leukemia (YCB) gave negative
results, Similarly, no important variations were observed when YC8 cells were pretreated with
neuraminidase, to enhance their antigenicity, or preincubated to shed potentially masking
immunoglobulins bound to the cell surface. Using a ““three-party” system, an adherent fraction of
the leukemic cells interfered with the MLR of normal allogeneic cells. Nevertheless, even after
removal of this cell fraction non-adherent leukemic cells did not stimulate normal allogeneic
lymphocytes.

The characterization of the leukemic cell populations used, as to their T- or B-cell origin,
revealed that in all cases T-cell markers are present. Since evidence exists that I-region associated
antigens (Ia) (which may be related to MLR activating determinants) and M-locus stimulatory
products are absent or weakly expressed on T-cells, the T-cell origin of tumors is a possible explana-
tion of their lack of stimulating capacity.

In a *'Cr release assay, leukemic cells were able to generate in vitro cytotoxic T-lymphocytes
(CTL). The tumor cells could sensitize allogeneic normal lymphocytes to kill specifically normal
as well as leukemic targets, even when no stimulation was detected in parallel mixed lymphocyte
cultures,

These results indicate that killer cell generation does not depend on the stimulatory capacity
of the sensitizing cells.

INTERACTION OF ANTIMICROCOCCUS ANTIBODIES WITH THE LYMPHOID SYSTEM

P. de Baetselier, R. Hooghe, J. Grooten, C. Hamers-Casterman and R. Hamers

Different bacterial vaccines have been used in cancer immunotherapy with some success. However,
the mode of action of these vaccines is still not fully understood. Some of these vaccines can elicit
very high levels of homogeneous antibody populations to the bacterial cell wall components. These

CTIL K
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produced anti-carbohydrates share the same specificity as plants lectins (V-acetylglucose-amine,
fucose, glucose) and like the latter would interfere with the immune system.

The following observations support this idea:

1. Rabbit antimicrococcus antibodies exert a significant immuno-suppressive-like action when
injected in new-born mice. Half of the litter population was injected with antimicrococcus anti-
bodies, the other half with pool rabbit immunoglobulins. After the treatment an amplification
of IgM synthesis (between 10 and 57%) and a depletion of IgG level (between O and 45%) was
observed in the experimental mice.

2, Fluorescent rabbit anticarbohydrates (prepared from antimicrococcal antisera) bind on rabbit
lymphocytes with typical spot and cap formation. The percentage of labelled cells (between 2
and 10%) depends on the anticarbohydrate used and rabbit lymphocytes tested.

3. These fluorescent anticarbohydrates also bind on certain well-established cell lines. They appear
to be more selective than fluorescent ConA which binds all the cell lines tested. The antitumor
immunoprotection with bacterial vaccines may be conferred by an immune response to the
bacterial cell wall carbohydrates. These antibodies elicited in the response would cross-react with
tumor polysaccharide and this might inhibit tumor growth. On the other hand, our results suggest
that the produced anticarbohydrates bind on their own lymphocytes. This would indicate a
breakdown of tolerance against the host membrane components, and would lead to detrimental
auto-immune effects.

CYTOTOXIC EFFECTS OF LYMPHOCYTES FROM MELANOMA PATIENTS AND HEALTHY
DONORS TESTED IN PARALLEL ON MELANOMA CELLS FROM SHORT-TERM CULTURES,
A CELL LINE (NKI4) AND T24 BLADDER CARCINOMA CELLS. PRESENCE OF TAA ON

NKI-4 CELLS?

Jan E. de Vries and Philip Riimke

The Netherlands Cancer Institute Dept. of Immunology, Sarphatistraat 108, Amsterdam

By means of a microcytotoxicity test, using target cells from melanoma cell lines, we found that
lymphocytes from healthy donors showed cytotoxic effects to the same extent as did lymphocy tes
from melanoma patients, To see whether in addition to these “spontaneous” cytotoxic effects,
melanoma specific reactions were still detectable (demonstrating the presence of TAA on melanoma
cells after prolonged culture) lymphocy tes from fourteen stage I, six stage II, thirty-two stage I
melanoma patients and thirty-nine healthy donors were as far as possible tested in parallel on target
cells from eighteen different short-term cultures, a melanoma cell line (NKI-4) and a bladder-
carcinoma cell line (T24).

Compared to a medium control, lymphocy tes from healthy donors and melanoma patients
showed more frequent and stronger cytotoxic effects on NKI-4 than on T24 cells. Within the
different lymphocyte donor groups enormous variations in cytoxic effects were found. However,
stage I and Il melanoma patients showed significant stronger mean cy totoxic effects on NKI-4
cells than did lymphocytes from the healthy donor group, whereas the mean cytotoxic effects on
NKI-4 cells were also significantly stronger than on T24 cells. This may indicate that in addition to
“spontaneous” cytotoxic effects, specific reactions towards NKI-4 cells might be present.

Lymphocytes from healthy donors showed in gencral no or weak cytotoxic effects on melanoma
cells from short-term cultures, whereas lymphocytes from melanoma patients showed in about
40% of the cases tested significant cytotoxic effects, This implies that the use of melanoma cells
from short-term cultures in a standardized way may enable us to monitor individual patients
during the course of the disease. So more attention has to be focused on the usc of target cells from
short-term cultures, particularly since these celis also reflect much more than the in vivo situation.

LYMPHOCYTE POPULATIONS IN CHRONIC LYMPHOCY TIC LEUKEMIA (CLL)

H.-D. Flad,* C. Huber,t K. Bremer, T U. Fink § and H. Huber?

Lymphocytes of the peripheral blood and thoracic duct lymph were studied in patients with CLL
and patients with non-hematological diseases, When stimulated in vitro with PHA lymph lymphocytes
of CLL patients responded markedly as determined by **C-thymidine incorporation, whereas blood
lymphocytes showed a delayed or diminished response. The response of blood and lymph
lymphocytes of control patients was equal. Using purified'?® [-abelled antisera against K-, A-, u-



ABSTRACTS 255

and y-chains and radioautography it was found that the percentage of lymphocy tes bearing K and g
determinants was higher in the blood than in the lymph. Control patients showed a much lower
percentage of lymphocytes with immunoglobulins, which was equal in blood and lymph.
Preliminary experiments suggest that the antibody-dependent lymphocyte mediated cy totoxicity is
diminished in the blood of CLL patients compared to the cytotoxic activity found in the blood of
normal individuals. Furthermore, the membrane dynamics of HL-A-anti-HL-A complexes on the
surface of blood and lymph lymphocy tes were studied by means of membrane fluorescence. In CLL,
the percentage of lymph lymphocytes showing “cap formation” within 2 hr was higher in the lymph
than in the blood. Using autotransfused *H-cytidine labeled blood lymphocy tes, it is shown that the
recovery of labeled cells in the lymph of CLL patients within 48 hr is diminished compared to controls.
It is concluded that in CLL the leukemic cells are B-cells whose capacity to recirculate from
blood to lymph is impaired. Only a minor population of PHA-responsive T-cells appears to
recirculate normally. Consequently, the concentration of T-cells is higher in the lymph than in the
blood, and the leukemic B-lymphocytes accumulate in the vascular pool. The impaired ability for
recirculation and *“cap formation™ suggests a membrane abnormality of the CLL cell. (Supported
by Deutsche Forschungsgemeinschaft and Oesterreichische Forschungsfond).

* Department of Clinical Physiology, University of Ulm, Ulm, Germany.

+ Department of Medicine, University of Innsbruck, Innsbruck, Austria.

i Department of Medicine, Division of Haematology, University of Essen, Essen, Germany.

§ Division of Haematology, Department of Medicine, Technical University of Munich, Munich,
Germany,

ACTIVE IMMUNOTHERAPY IN ACUTE MYELOID LEUKAEMIA

C.B. Freeman, G.M. Taylor and R. Harris
Department of Medical Genetics, St. Mary’s Hospital, Manchester M13 OJH

C.G. Geary, J. E. Maclver, .W. Delamore

University Department of Clinical Haemarology, Manchester Royal Infirmary, Manchester M13

The duration of first remission (23 weeks) in a small group (7) of acute myeloid leukaemia (AML)
patients maintained with irradiated allogeneic leukaemic cells and BCG, after initial induction and
consolidation chemotherapy, was similar to that achieved in comparable trials using conventional
chemotherapy [1]. In a second series of twenty patients in the MRC 6th AML trial, to whom the
same immunotherapy was given but without prior consolidation chemotherapy, the median
duration of first remission was considerably shorter (11 weeks).

Compared with patients receiving other therapeutic protocols, there was a remarkably
high reinduction rate following relapse in both series of patients maintained with immunotherapy
alone. In the first trial five out of six (83%) have achieved a second remission, one patient has
achieved a total of six and another three remissions. In the second trial fourteen out of twenty have
achieved second remissions, five have had three remissions and two patients are now in their 4th
remission. The overall survival figures for both groups are encouraging, in group 1 four out of seven
patients are alive with a current mean survival of 120 weeks and in group 2, ten out of twenty are
alive with a current mean survival of 65 weeks,

The high reinduction rate may result from (1) a beneficial effect of immunotherapy, (2) the
avoidance of drug resistance subsequent upon the use of less chemotherapy, (3) the avoidance of
drug-induced immunosuppression, (4) early diagnosis of relapse or a combination of these factors.
Preliminary data from all centres involved in the MRC 6th AML trial would indicate that patients
receiving immunotherapy have a higher second remission rate than those patients maintained on the
same chemotherapy alone (immunotherapy plus chemotherapy 11/20 second remissions (55%),
chemotherapy alone 2/8 second remissions (25%)). Although the numbers are small these figures
could be most readily cxplained if it is postulated that immunotherapy is exerting some beneficial
effect.

1. Freeman et al., Brit. Med. J. 4, 571-573 (1973).
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CIRCULATING CARCINOEMBRYONIC ANTIGEN (CEA) LEVELS IN
AUSTRALIAN NORMAL AND HOSPITAL POPULATIONS

M.A. Frost and A.S. Coates

The Walter and Eliza Hall Institute of Medical R esearch,
and the Royal Melbourne Hospital, Victoria, Australia

In a study designed to assess the value of current avajlable methods for immunodiagnosis of
human cancer, circulating carcinoembryonic antigen (CEA), levels were measured in 124 healthy control
subjects not selected by smoking history, and in 425 hospital patients, by the zirconyl phosphate
gel radioimmunoassay method using materials supplied by Hoffman-La Roche Inc.

The mean value obtained for normal persons was 2.2 ng/ml (+ 1.2 ng/ml 8.D.) giving a range of
0-4.6 ng/ml. No effect of age, sex or ABO blood group on CEA levels was found. Of 124 normal
persons, two (1.6%) gave values exceeding 5 ng/ml. Among hospital patients highly elevated CEA levels
exceeding 20 ng/ml were obtained in forty-six patients: forty-five of these (98%) had a diagnosis of
cancer. Moderately elevated levels, 10~20 ng/ml, were obtained in nineteen patients; eleven of these
(58%) had a diagnosis of cancer. Mildly elevated levels, 5—10 ng/mi, were obtained in sixty-seven
paticnts; only twenty-three of these (34%) had cancer.

Conversely of the 110 cancer patients studied, 65% had CEA levels exceeding 5 ng/ml, 46%
exceeded 10 ng/ml and 38% exceeded 20 ng/ml. Values exceeding 20 ng/ml were more frequent in
patients with metastatic cancer (42%) than localized cancer (27%).

Cigarctte smoking was found to be significantly associated with elevated CEA levels among the
257 patients with non-malignant diseases; 32% of those patients smoking more than 15 cigarettes daily
had elevated CEA levels, compared with (8%) of other patients with similar diseases. The prevalence
of elevated CEA levels among patients with non-malignant diseases increased progressively according to
the number of cigarettes smoked daily; 8% of non- and ex-smokers, 22% of light smokers (114
cigarettes daily), 31% of moderate smokers (15-29 cigarettes daily) and 39% of heavy smokers (30 or
more cigarettes daily) had CEA levels exceeding 5 ng/ml.

A similar relationship between the prevalence of elevated CEA levels and number of cigarettes
smoked daily was also found among the normal population of the town of Busselton in Western
Australia.

Thus highly elevated levels were virtually specific for cancer, while moderately and mildly
elevated levels were correspondingly less specific, occurring also in patients with non-malignant
diseases, particularly those who smoked.

INCREASED EXPRESSION OF A NORMAL LYMPHOCYTE MEMBRANE ANTIGEN ON
CHRONIC LYMPHATIC LEUKEMIA CELLS

A. Hekman

The Netherlands Cancer Institute, Amsterdam, Holland

Rabbit antisera against 3 M KCl extracts from tonsil lymphocytes were found to show a consistently
stronger reaction with CLL cells than with normal peripheral lymphocytes, without absorption. The
degree of difference between the two cell types was not the same with different methods. In
complement-dependent methods the antisera rcacted with CLL cells to high titers (ca. 1/40 in
cytotoxicity, 1/128 in immunoadherence, 1/32 in immunofluorescence with an anti-C, conjugate),
whereas reactions with normal lymphocytes were often negative, with occasional titers up to 1/4.
Nevertheless the antisera could be completely absorbed with normal lymphocytes, for which
approximately twice as many normal cells as CLL cells were needed. In immunofluorescence with an
anti-Ig conjugate and in immunoferritin labeling experiments normal lymphocy tes always gave a
positive reaction. Reactions with CLL cells were again about twice as strong. From these data it may
be concluded that these antisera detect an antigen of the normal lymphocyte membrane that on CLL
cells is increased to approximately twice the normal amount. For reasons as yet unknown the
reaction of normal lymphocytes in C'-dependent methods is much weaker than would be expected
from the amount of antigen present as detected by other methods.

The increase in antigen expression seems to be specific for CLL cells. Control cells included
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lymphocytes from cord blood and from patients with infectious mononucleosis, and two lymphoid
cell lines, Raji and EB-3. The few cases of other leukemias (2 ALL, 1 AML, 1 CML) also reacted as
normal cells. Tonsil lymphocytes could not be tested because of poor viability. Separation of normal
lymphocytes into T- and B-cells did not increase the cytotoxic reaction. Together with the lack of
increased reactivity of B-cell lines this seems to exclude a correlation between the increased antigen
expression and the B-cell character of CLL cells.

STUDIES ON THE BIOLOGICAL AND CHEMICAL NATURE OF A COMPONENT
IN TRANSFER FACTOR WITH IMMUNOLOGICALLY NONSPECIFIC ACTIVITY

Kai Krohn, Arja Uotila, Pentti Grohn, Jugani Viisinen and Kari-Matti Hiltunen

The Institute of Biomedical Sciences, University of Tampere, Tampere 52, Finland

Fractionation of human leucocyte dialysates on Sephadex G-10 yielded nine fractions, of which
fractions I, IIf and VI could transfer Oidiomycin sensitivity: fraction VI could further induce skin
sensitivity to PPD in uremic subjects. Further analysis of fraction VI on thin-layer chromatography
revealed three components. Two of these were identified as tyrosine and a ribose containing
nucleotide: these components were clearly contaminants from adjacent, biologically inactive
fraction V. The remaining spot adsorbed u.v. light strongly at 254 nm and had a slight fluorescence
at 366 nm. This spot was isolated preparately from TLC plate and analysed further for its
biological and chemical character. In generalized sarcoidosis, skin reactions to six different antigens
could be induced in patients who before the transfer were skin test negative but had a positive
in vitro reaction as measured by blast transformation test. This component also increased the number
of E-rosette-forming cells in cases of sarcoidosis and malignant melanoma. Chemical studies revealed
no phosphorus, d-ribose and d-deoxyribose, thus definitely ruling out the possibility of the compound
being a nucleotide. The nitrogen content was 14%. Ninhydrin test was negative but the spot could be
stained by the N-halogenation—ortho—Tolidine method, a reaction specific for secondary amines. The
component resisted treatment with pronase and could not be hydrolysed with 6 N HCI for 20 hr at
120°C. We must therefore conclude that there is no proof for this active component of TF being a
polynucleotide or a peptide. The component probably contains a heterocyclic ring. Qur results indicate
that part of TF’s activity is due to the action of an immunologically nonspecific component.

CYTOTOXICITY OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES FOR BLADDER
CARCINOMA CELLS AND UNRELATED SHORT-TERM CULTURES

M. Moore and Nicola Robinson

Khristie Hospital and Holt Radium Institute, Patterson Laboratories, Manchester M20 9BX

In an analysis of the specificity of the cell-mediated immune reaction to carcinoma of the human
urinary bladder, experiments were performed to determine the cytotoxicity of peripheral blood
lymphocytes from patients with bladder carcinoma for bladder cancer (T24)- and normal bladder
(HCV)-derived cell lines and as well as several unrelated human tissue-derived cells in short-term
culture originating from a variety of other cancers, normal and foetal tissues. In parallel, the
cytotoxicity of lymphocytes from patients with a variety of untreated malignant diseases and non-
malignant genitourinary conditions was simultaneously assessed against the same targets.

Effector cells prepared from bladder cancer patients by Ficoll-Triosil sedimentation of peripheral
blood were toxic for both T24 cells and several unrelated short-term cultures while under comparable
conditions HCV cells and cells originating from a squamous carcinoma of skin were resistant. Greater
selectivity of reactivity of bladder cancer patients’ lymphocytes for T24 cells was achieved by
alternative methods of lymphocy te purification, viz. defibrination of venous blood, gelatin sedimenta-
tion, nylon column incubation and Tris-NH, Cl lysis of red cells. However, under these conditions of
separation, effector cells from patients with unrelated cancers, not appreciably cytotoxic for targets
derived from tissues other than the bladder, also frequently reduced the survival of T24 cells. The
pattern of reactivity was thus one of target cell sensitivity rather than tumour- or organ-specificity.
The importance of using several target cells in tests of tumour specificity and purified lymphocyte
populations is emphasized in this study.
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SPONTANEOUS CELL-MEDIATED CYTOTOXICITY (SCMC) OF NORMAL HUMAN
LYMPHOCYTES AGAINST *'Cr-LABELED HUMAN MELANOMA CELLS: A PHENOMENON
MEDIATED BY LYMPHOTOXIN

H.H. Peter,* R.F. Eifet and J.R. Kalden

In previous studies it was demonstrated that peripheral blood lymphocytes from healthy donors
exhibit considerable SCMC when tested in vitro against 5'Cr-labeled IGR3 melanoma target cells.
The lymphocy tes were isolated by Ficoll density gradient centrifugation (fraction F), followed by
removal of phagocytic and adherent cells (fraction FFF) and subsequent removal of cells adhering to
[gG—anti-IgG columns (fraction FFF-C). The highest SCMC activity was found in the lymphocyte
fraction depleted of mononuclear phagocytes (fraction FFF); activity in fraction I was slightly but
not significantly lower, whereas the B-cell free fraction FFF-C showed strongly reduced SCMC
although it contained the highest percentage of T-cells. Since SCMC paralleled very closely antibody-
dependent cellular cytotoxicity (ADCC) at a lower level of sensitivity, it was suggested that in both
assays the same non-phagocy tic non-adherent, non-T-lymphocy tes were operating as effector cells.

To gain further insight into the mechanism by which normal lymphocy tes react against IGR3
target cells, the cell-free culture media from miixed lymphocyte tumor cell cultures (MLTC) were
harvested after 6, 12 and 53 hr of incubation and tested for lymphotoxin activity (LTA) by
measuring their inhibitory effect on DNA synthesis of growing target cell cultures. IGR3 and
Hela monolayers served as target cells and against both cell types significant LTA was detectable
already in cell-free culture media from 6-hr MLTCs with F and FFF effector lymphocy tes, while
only weak LTA was found in supernatants of MLTCs with FF-C lymphocy tes.

The same cell-free media exhibiting LTA caused a strong increase in SCMC when added to
mixtures of *Cr-labeled IGR3 target cells and freshly prepared normal lymphocy tes of fractions
FFF and FFF-C. This effect could not be removed by absorption of the supernatants with a solid
phase rabbit—anti-human-Ig immunadsorbent, suggesting that it was not related to antibody. FFF-C
lymphocy tes which were unable to produce significant LTA in MLTCs with IGR3 melanoma cells
induced nevertheless increased target cell lysis when reacted in SCMC assays with IGR3 target cells
in the presence of LTA containing supernatants from MLTCs with FFT' lymphocy tes. Results from
preliminary experiments indicate that the cell type in lymphocyte fraction FFF-C which cooperates
with LTA belongs predominantly to the “Null” cell compartment.

In summary our data show that (a) the IGR3 melanoma cell line provides sensitive indicator cells
for the estimation of LTA in both 5'Cr release assays and in assays measuring inhibition of DNA
synthesis. (b) The production of non-specific LTA occurs in short-term MLTCs involving normal
human peripheral blood lymphocy tes and IGR3 melanoma cells. (c) High LTA is generated by
lymphocytes of fractions F and FFF incubated with IGR3 stimulator cells, while very little LTA is
generated by lymphocytes of the B-cell fraction FFF-C. (d) SCMC against IGR3 melanoma cells can
be explained on the basis of a cooperation between a non-specific cy totoxic mediator produced by
Iymphocytes which are retained on IgG—anti-IgG columns (most likely B-cells) and an amplifying
effect promoted by lymphocytes which are not retained on IgG—anti-IgG columns (most likely
“Null” cells).

* Abteilung fiir Klinische Immunologie und Transfusionsmedizin, Medizinische Hochschule,
Hannover, West Germany.
T Universititskinderklinik, Miinchen, West Germany.,

THE IMMUNE REACTION TO HUMAN BREAST CANCER TISSUE

M. Maureen Roberts

Department of Clinical Surgery, University of Edinburgh

The aim of this study was to determine the incidence of cellular and humoral immune reactions to
autologous tumour in patients undergoing mastectomy for primary breast cancer. A group of patients
who had benign tumours of the breast were similarly tested.

Methods

An extract of tumour tissue was prepared by high-speed centrifugation and dialysis, and the
protein concentration standardized. Both supernatant and deposit fractions were tested.
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The tests employed were (a) skin rcactions to tumour extract and leucocy te migration using
buffy coat cells in pooled human and autologous serum. Both tests were performed 21 days after
mastectomy or biopsy; (b) Ouchterlony analysis and complement fixation by a micro-titre method
using pre- and post-mastectomy serum samples.

Results

Cellular immunity. Only the deposit fraction of the extract gave positive reactions on either
in vivo or in vitro tests. On electron microscopy this fraction was shown to contain the cell
membranes. Strong positive reactions to tumour were observed in seven and moderate reactions in
six of thirty-seven patients with breast cancer on skin testing. Eleven of forty patients were positive
by the leucocy te migration test. Serum ““blocking factors” were detected in only three patients.
Identical results were found in the group of twenty-nine women with benign tumours of the breast,
also tested with autologous tissue extracts. Fifteen were positive on skin testing, ten on leucocyte
migration and blocking factors were detected in the serum of two patients.

Humoral immunity. Serum antibodies to breast cancer tissue were found in four of sixty patients
by Ouchterlony analysis, and in two of forty tested by complement fixation. Tissue extracts of cancer
were highly anti-complementary. No positive reactions were observed in a total of sixty patients with
benign tumours tested by one or both methods.

Conclusion. The clinical relevance of these findings can only be determined when the prognosis of
the patients is known. The incidence of cellular immune reactions at the time of mastectomy is 35%
but this is also true in benign breast disease. The specificity of the reaction is therefore in doubt. On
the other hand, humoral immune reactions, though infrequent, were found only in cancer, and this
may be related to the abnormalities in serum and tissue immunoglobulins levels which are also
present.

THE EFFECT OF RADIOTHERAPY, AND CHEMOTHERAPY AND METHANOL
EXTRACTION RESIDUE OF AN ANTI-TUBERCULOSIS VACCINE ON PATIENTS
WITH LUNG CANCER*

E. Robinson,t A. Bartal, Y. Cohen and R. Haasz

Rambam Government Hospital, The Aba Khoushy School of Medicine, Department of Oncology
and Nuclear Medicine, Haifa, Israel

MER is a methanol extraction residue of BCG. It is a non-viable material which has been found to
be an immunostimulant, We have previously reported that the combination of radiotherapy or
chemotherapy with MER was more effective in retarding tumor growth and in prolonging the
survival of tumor-bearing mice as compared to radiotherapy or chemotherapy alone. In man, phase I
studies with MER have shown that it can be administered safely to patients, and that it stimulates
their immune response, In the present study twenty-one patients with locally advanced or metastatic
lung cancer were treated by radiotherapy and/or chemotherapy. Eleven of the patients received in
addition to the conventional treagment immunotherapy by MER, and the other ten patients served
as controls, MER was given on the back of the patients by ten injections each containing 0.1 mg for a
total of 1.0 mg per treatment. The immunotherapy was repeated every month. Two to nine courses
were given to each patient. The immune status of the patients was determined before and after each
treatment by skin tests (PPD, Streptokinase—streptodornase, and candidine) and by lymphocyte
culture stimulated by the same antigens and PHA.

There was no difference in the survival between the MER treated and control patients. But after
MER treatment the skin reactivity to PPD became stronger (0.05 level) and the lymphocy te stimula-
tion index to PPD and candidine becomes higher (0.02 for PPD and 0.01 for candidine).

Reports in the literature indicate a direct relationship between immunocompetence and survival
in lung cancer. It seems that it is worthwhile to try the combination of conventional and MER
treatment in patients with a smaller tumor load in the aim to achieve a better survival.

* This work was supported in part by a donation in memory of the late Luise Giiterman, admin-
istered by the Office of the Administrator General and the Medical Research Fund.

T Associate Professor and Established Investigator of the Chief Scientist’s Bureau, Ministry of
Health.
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ADJUVANT IMMUNOTHERAPY IN CARCINOMA OFF THE PROSTATE
M.R.G. Robinson,” C.C. Rigby,{r R.B.C. Pugh,Jr R.J. Shearer,? D.C. Dumonde® and L.C. Vaughan$

The prostate is a suitable organ for the direct injection of BCG (Bacille Calmette-Guerin) into
tumours. A preliminary study with nine sensitized dogs has shown that intraprostatic injection of
PPD (Purified Protein Derivative) produces a localized cell-mediated hypersensitivity reaction
within the prostate without harming the normal tissues of the genito-urinary tract, and without
producing a major constitutional disturbance.

Subsequently the prostates of six patients with advanced metastatic prostatic cancer have been
injected with BCG (Glaxo Freeze-dried Vaccine) to sce if adjuvant immunotherapy causes tumour
destruction in this disease. The BCG has been given at weekly intervals, in increasing doses of 1 to 6
cm?®, by multiple injections into the gland. Histological changes have been studied in Tru-cut
needle biopsies.

The patients have not suffered a major constitutional disturbance following BCG prostatic
injections, although most of them have had a mild pyrexial reaction for 48 hr. There has been no
clinical evidence of damage to the urogenital tract. Two patients at post-mortem had granulomatous
lesions in the lungs and liver, but none of the patients had evidence of hepatic dysfunction.

Histologically small focal granulomas have been found in the prostate after patients have received
more than two injections of BCG. There has been destruction of tumour in these small areas,
although adjacent tumour cells have not been affected. Four cases have shown an improvement in
micturition and general condition. Two patients remained well 8 and 4 months after BCG injection
respectively, One died 4 months later with carcinomatosis but no difficulty in micturition. The fourth
patient died from a pulmonary embolus. Two patients have shown no subjective or objective clinical
response.

Adjuvant immunotherapy with BCG should now be tried in patients with less advanced prostatic
cancer, who have had the bulk of their tumour destroyed by transurethral resection and oestrogen
therapy or orchidectomy.

* Pontefract General Infirmary, Y orkshire.

T Institute of Urology, London.

¥ Kennedy Institute of Rheumatology, London.
§ Royal Veterinary College, London.

ALKYLATING DRUG-CARRIER-IMMUNOGLOBULIN CONJUGATES FOR EXPERIMENTAL
AND CLINICAL ANTI-CANCER THERAPY

G.F. Rowland, G.J. O’Neill and D.A.L. Davies
Searle Research Laboratories, High Wycombe, England

Drug-antibody conjugate (DRAC), designed to localize anti-cancer drugs at the tumour site, can
show progressive loss of antibody activity and water-solubility with increasing levels of drug
substitution, In the present work, conjugates were prepared by a technique which helps to overcome
these problems. The alkylating agent phenylenediamine mustard is first linked to a carrier molecule
(polyglutamic acid) using a water-soluble carbodiimide. The drug-carrier is then linked to
immunoglobulin prepared from rabbit anti-mouse lymphoma serum to form a carrier linked drug-
antibody conjugate (““Carrier-DRAC”). The conjugate contained 90 moles of drug per mole
immunoglobulin, was water soluble and retained two-thirds of the original antibody activity. On
injection into lymphoma bearing mice the conjugate was highly effective in suppressing tumour
growth.

Phenylalanine mustard (Melphalan) was also linked to immunoglobulin by the carrier method.

A conjugate with goat anti-human melanoma antibody was prepared containing 98 moles Melphalan
per mole immunoglobulin, This preparation retained specific anti-tumour antibody activity, cross-
reacting with melanoma of two patients.
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EFFECT OF CHEMOTHERAPEUTIC DRUGS ON THE SENSITIVITY OF TUMOR CELLS
TO KILLING BY ANTIBODY AND COMPLEMENT

M. Segerling,* $.H. Ohanian™ and T. Borsost

Antibody sensitized guinea-pig hepatoma cells, L-1 and L-10, are normally of higher resistance to
killing by guinea-pig complement (GPC) than by human complement. This could not be ascribed to
antigen expression, class of antibody, activation and fixation of the GPC components C4 and C3 to
the cell surface. The high resistance to killing by GPC could be due to the lack of activation and
fixation of the later acting complement components and/or repair mechanisms of cell surface sites
damaged by antibody and GPC.

Seventeen hours pretreatment of the tumor cells with actinomycin D (25 ug/ml), hydroxy-urea
(500 ug/m), puromycin (20 pg/ml), mitomycin C (20 ug/ml), adriamycin (40 ug/ml) or azacy tidine
(20 pg/ml) render them susceptible to killing by antibody and GPC, Some preparations of tumor
cells treated with cyclophosphamide (500 pg/ml), vincristine sulfate (20 ug/ml) or methotrexate
(500 ug/ml) were rendered susceptible while other preparations were not rendered susceptible.
Cytosine arabinoside (100 ug/ml) and 6-Mercaptopurine (500 pg/mi) and 5-Fluor-Uracile (500 pug/ml)
were not effective.

The increased sensitivity to antibody-GPC mediated killing of the tumor cells was dependent of
the concentration of the active drugs of the concentration of the antibody and of time and
temperature, The effect of active drugs can be reversed in 7 hr and is dose and temperature dependent.
The increased susceptibility of tumor cells is not due to increased expression of antigen or to
increased binding of GP C4 and C3.

The studies indicate that intracellular events under metabolic and/or synthetic control modulate
the susceptibility of tumor cells killing by complement. The results suggest that at least some part of
the in vivo effectiveness of chemotherapeutic drugs may be due to their ability to increase the
susceptibility of the tumor cells to immune attack by complement.

* Ruhr University, Bochum, Germany.
t National Institute of Health, Bethesda, U.S.A.

SUPPRESSION OF IN VITRO LYMPHOCYTE STIMULATION IN CANCER PATIENTS
TREATED WITH RADIOTHERAPY

B. Serrou,” I.B. Dubois,T and C. Thierry*

Lymphoblastic transformation tests in sixty cancer patients have been performed before, during
and after treatment with physical agents and the lymphocyte uptake of tritiated thymidine under the
influence of mitogens such as phytohemagglutinin, pokeweed mitogen and concanavalin A has
been evaluated. The results showed a marked depression in cellular immunity in patients treated
in this manner. This depression can persist after irradiation which is a criterion for poor short-term
prognosis. 1t might also repair to normal values with occasionally an increase over initial values, i.e.
immunological rebound phenomenon which is a criterion for favorable short-term prognosis. The
passage on fiberglass columns of lymphocytes from these patients demonstrated a non-adherent
population (25% of the total population). In a large number of cases, the response of the non-
adherent population to the same mitogens returned either to or above pre-treatment level, this being
on a per-cell basis, This would suggest that the mitogen-responsive lymphocy te population may
diminish under the effect of radiotherapy, in such a way that it could be masked by a non-responsive
lymphocyte population. The possible existence of a depressor cell population, eliminated by passage
on a fiberglass column, should also be considered.

* Department of Chemotherapy and Immunology, Centre Paul Lamarque, Hépital St-Eloi, 34059,
Montpellier, France.
T Department of Radiotherapy, Centre Paul Lamarque, Hopital St-Eloi, 34059, Montpellier, France.
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IMMUNO- VERSUS CHEMOTHERAPY DURING COMPLETE REMISSION (CR) OF ACUTE
LYMPHOBLASTIC LEUKEMIA (ALL)

EORTC Hemopathies Working Party*

Eighty-six ALL patients (<21 y.o.) in their first CR were randomized to receive for 1 year as
consolidation either polychemotherapy (P): successively (L-asparaginase + 6 MP), (6 MP +
prednisolone), (BCNU + cyclophosphamide) and (methotrexate -+ vincristine), or monochemotherapy
(M): methotrexate (MTX) interspersed by reinductions (Predn. + vincristine). The patients still in CR
after the year were again randomized, tfor maintenance by chemotherapy (C): (6 MP + MTX) inter-
spersed by reinductions, or by immunotherapy (I): BCG + non-irradiated allogeneic ALL blasts,

During consolidation, no difference in relapses nor in death rate was seen between (P) and (M).
During maintenance, 3 deaths in CR occurred in (C): (3/17) in contrast to (I): (0/21). The % of
patients in CR after 2 years of maintenance was 62 in (I} and 55 or 85 in (C) depending on whether
death in CR was interpreted as relapse or withdrawal. The difference between (I) and (C) is not
significant, In conclusion, hitherto, (I} and (C) appear to be equal value for maintenance of ALL.

* Presented by P. Stryckmans, Secretary for the Group.

CELL-MEDIATED CYTOTOXICITY (CMC) IN PATIENTS WITH ACUTE MYELOID
LEUKAEMIA RECEIVING IMMUNOTHERAPY

G.M. Taylor, R. Harris and C.B. Freeman
Department of Medical Genetics, St. Mary’s Hospital, Manchester M13 OJH

We arc trcating a number of acute mycloid leukaemia (AML) patients during remission with active
immunotherapy and without maintenance chemotherapy (see ref. 1) as part of the MRC 6th AML trial.
The treatment protocol is based on immunotherapy trials carried out at the Royal Marsden and St.
Bartholomew’s Hospitals [2] and entails the weekly subcutaneous injection of X-irradiated
allogencic AML blasts and BCG, If immunotherapy is to become an acceptable form of treatment
in AML, and cancer in general, objective measurement of its effects are necessary. To our knowledge
no evidence has been presented showing that lymphocy tes from patients treated with active
immunotherapy using allogeneic AML blasts are capable of killing either allogeneic (donor) or
autochthonous blasts. Using the fact that allogeneic lymphocytes stimulate the differentiation of
killer cells in mixed lymphocyte culture we took lymphocytes from healthy controls and from AML
patients recciving immunotherapy and cultured them in vitro for 6 days, either alone or with AML
immunotherapy blasts (AML-I) or with cell lines, The lymphocytes were then harvested and tested
for cytotoxicity against 'Cr-labeled AML-I test blasts and cell lines as target cells, Unstimulated
normal and patient lymphocy tes were usually not cytotoxic to any of the target cells, whilst AML-I
stimulated normal lymphocy tes were cy totoxic to AML-I targets only in 1/8 tests compared with
6/8 positive cytotoxic tests on AML patients. Control cultures consisting of normal or patient
lymphocy tes stimulated with Raji (Burkitt’s lymphoma) or MICH (lymphoblastoid) cells showed
similar cy totoxic effects on AML-I, Raji and MICH cells indicating that the response to AML-I
blasts in patients reflected their treatment with immunotherapy. Since normal individuals did not
develop cytotoxicity to AML-I blasts we conclude that patients possess a pool of memory
lymphocytes, resulting from immunotherapy, capable of restimulation in vitro by the AML-I blasts, and
to a lesser extent by cell-lines. We feel that this assay should be a useful method of cvaluating the
response of patients to immunotherapy and in the search for tumour-associated antigens on the
patients’ own leukaemia cells.
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REMOVAL OF SUPPRESSION OF T-LYMPHOCYTES BY PROTEOLYTIC ENZYMES IN
PATIENTS WITH CANCER

R.D. Thornes

Royal College of Surgeons in Ireland, Dublin 2

It was discovered by accident that the induction of fibrinolysis by the proteoly tic enzymes, Brinase
or Streptokinase, removes suppression of the cellular immune mechanism.

Enhanced proteolysis restores skin tests for delayed hypersensitivity, enhances PHA response,
lymphocyte migration and rosetting of lymphocytes. The rate of resuppression of lymphocyte
activity appears to be related to tumour load.

Our experience with fifty patients will be presented.

CLINICAL USE OF SIMULTANEOUS TWO-WAVELENGTH FLUORESCENCE
MICROSCOPY IN PARAPROTEINAEMIA

B. Van Camp
Internal Medicine, Prof. P.P. Lambert, University Hospital Brugmann, V.U.B.

Using the immediate filter exchange system for FITC and TRITC [1], two antigenic determinants
can be recognized simultaneously in one cell. The method for studying intracy toplasmic immuno-
globulins in bone marrow by fluorescence microscopy has been extensively reported by Hijmans
etal [2].

By these means we studied thirty-five bone marrows of patients with monoclonal gammopathies
(m.g.). They are presented on a clinical basis.

1. Nine patients with non-myelomatous m.g. showed “reactive plasmocy tosis”. Intracy toplasmicly

a clone of plasma cells secreting only the paraprotein was found. They never exceeded 90% of
immunocytes. The morphological appearance in fluorescence varied from normal plasma cells
to rather lymphoid cells. The monoclonal proliferation perhaps started already at the level of
the young lymphocyte. Therefore it could be interesting to study its surface immunoglobulins.

2. Twenty myeloma patients (13 IgG, 3 IgA, 1 IgM and 3 lambda) showed a clearcut malignant
proliferation (more than 99% of immunocy tes), with a definite suppression of the other Ig-
secreting plasma cells. Some cases had less than 6% normal looking plasma cells, but were all
secreting the paraprotein. The monoclonal reaction started thus already intracellular at the
normal looking sites of the bone marrow. In addition in those patients showing more than
30 m.g. % Bence-Jones proteinuria, only light chain secreting cells were found.

3. Five treated myelomas and one macroglobulinaemia were also examined. Some of them were
treated for over more than 6 years. Preliminary results show that the intracytoplasmic
distribution followed quite closely the clinical picture. In one case reticulo-sarcomatous cells
were scen secreting only light chains, Our first results suggest that a clinical remission can be
detected and followed.

In conclusion, this fluorescence method can give a lot of information in patients with m.g.:

as a supportive diagnosis,
in cell morphology,
in the course of therapy.

This study was supported by a grant of the N.F.W.G.O., Belgium Nr. F.G.O.
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SPECIFICITY OF AN ANTISERUM FROM A MONKEY IMMUNIZED WITH HUMAN
MELANOMA CELLS

C. Vennegoor

Dept. of Immunology, Antoni van Leeuwenhoekhuis, Sarphatistraat 108, The Netherlands

The aim of the study is the preparation of a strong and specific antiserum against malignant
melanoma cells to enable screening of patients for reappearance of tumor in an early stage. Initial
results with antisera from rabbits werc unsatisfactory. Therefore, it was decided to immunize an
animal more closely related to man (compare the work of Metzgar et al., J. Nat. Cancer Inst. 50, 1065
(1975)). A Macaca speciosa was immunized with 1-month cultured melanoma cells (Dr. Balner and
co-workers, REP/TNO, Rijswijk, The Netherlands). Antibodies were measured with the complement-
dependent serum cytotoxicity test.

The pre-immunization serum was negative on all cells tested. The antiserum absorbed with pooled
peripheral lymphocy tes from twenty healthy donors was positive on 3/7 melanoma cell line cells
tested, weakly positive on the melanoma cells used for immunization, and positive on brain cells.
Negative reactions were found with normal peripheral lymphocy tes, normal bladder, embryonal
kidney, embryonal lung, bladder carcinoma, mammary carcinoma, and cervix carcinoma cell line
cells, Cells from an originally negatively reacting melanoma cell line reacted strongly positive when
they had become murine leukemia virus (MuLV)-producing after artificial infection. A 2 M KI
extract prepared from membranes of melanoma cells showed a considerably higher inhibition of
the complement-dependent serumn cy totoxicity than an extract similarly prepared from normal
peripheral lymphocytes. After absorption with melanoma or brain cells the antiserum became
negative on melanoma cells, whereas it remained positive on melanoma cells after absorption with
embryonal kidney cells. On brain cells the antiserum became negative after absorption with each of
the three cell types mentioned.

These results indicate that it is possible to prepare specific antisera against malignant melanoma
cells, although brain cells possess antigens which cross-react with those on the tumor cells.

ANTI-TUMOUR IMMUNOPROTECTION BY AN IMMUNOBACTERIAL-LECTIN APPROACH

R. Verlocs,® G. Atassi and L. Kanarck

Laboratory of Experimental Chemotherapy, Service de Médecine er d’Investigation Clinique,
Institut Jules Bordet, Bruxelles, Belgium
Laboratorium voor chemie der proteinen, Instituut voor Molekulaire Biologie,
Vrije Universiteit Brussel, St. Genesius Rode

Our approach deals with a common feature of all tumours: the difference in viscosity of the tumour
cell membrane.

Lectine, such as concanavalin A (ConA) and wheat germ agglutinin (WGA), bind to tumour cells
and in a smaller degree to normal cells, but agglutinate only tumour celis or transformed cells [1].

Those plant proteins have a carbohydrate binding capacity, ConA binds to glucosec and mannose
residues, while WGA binds N-acetylglucosamine (NAG); they inhibit tumour growth in vivo but they
have no therapeutical value because of their hacmagglutinating capacity and toxic effect on normal
cells {2].

Micrococcus lysodeikticus is a nonpathologic gram-positive bacterium that stimulates production
of high titre antibodies and homogeneous structure as shown by clectrophoresis and sequence [3].

Anti-micrococcus antibodies are directed either against the bacterium specific carbohydrate,
mainly anti-glucose, or against the peptide of the peptidoglycan moiety of the cell wall.

As anti-micrococci bave an anti-glucose specificity we used this immunobacterial system as
an equivalent of ConA.

Further preparation of an antigen (CWC) consisted in coupling of a polymer of NAG on the
peptide moiety of the cell wall of M. lysodeikticus in order to break down tolerance to the NAG
polysaccharide.

By in vivo screening against leukemia L1210 in BDF mice and Ehrlich ascites tumour in BALB/C
mice, we found that prior vaccinations with the antigen CWC protect mice against L1210 challenge
and Ehrlich tumour, with cures of 14-28% of the animals and a mean survival time of 170-200%
for 10° tumour cells.
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Vaccinations with M, lysodeikticus enhance tumour growth while passive transfer of rabbit anti-
micrococcus antibodies cures mice of 10° L1210 challenge, sometimes in 80% of the mice, depending
on the antibody dose and specificity. Some anti-micrococcus antibodies agglutinate lymphocy tes,
however they do not agglutinate RB cells of any species and vaccinations for years in rabbits did not
reveal any toxicity or pathogenicity.
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LYMPHOCYTE FUNCTIONS IN MYELOMA PATIENTS

O. Wetter and K.H. Linder
D-43 Essen, Hufelandstr. 55, Klinikum

Peripheral blood lymphocytes (PBL) and bone marrow lymphocytes (BML) of patients with
multiple myeloma have been studied by mitogenic stimulation, spontancous rosette formation (SRF)
and surface-lg, Eight out of cleven patients showed a reduced response to PHA when compared to
PBL of normal individuals. Using ConA and PWM fifteen out of twenty patients showed an impaired
reactivity, Considering PHA as a T-cell stimulant and PWM as a B-cell stimulant these results indicate
an unspecific impairment of lymphocy te functions in myeloma patients.

Seven out of sixteen patients showed reduced SRE. We tried if inhibition of SRI" by ALG would
provide a more sensitive assay for lymphocyte function in myeloma. All nine patients treated so far
showed a significantly reduced inhibition of SRF by ALG. Three out of these nine patients exhibited
normal SRF. So, in these cases by ALG a previously undetected peculiarity in myeloma lymphocytes
has been revealed.

BML of normals have been tested for rosette inhibition, Our preliminary results indicate a stronger
resistance to inhibition by ALG in normal BML compared to normal PBL. Differences of the ability to
form E-rosettes also have been found betwcen PBL and BML of normals by other authors (Vogel, J.E.,
et al., Proc. Nat. Acad. Sci. USA, 72, 1175 (1975) and have been ascribed to lymphocyte maturation
processes.

By immunofluorescence experiments no differences of surface-Ig have been found between normals
and patients.

Summary

It has been found that PBL in myeloma patients often show an impaired mitogenic response. In
addition and more specifically, inhibition of SRF by ALG reveals differences to normals. As rosette
inhibition of PBL and BML has been found different in normals the results in myeloma patients
could be explained by altered compartmentalization in such patients due to heavy bone marrow infil-
tration. Other explanations are possible. Lymphocytotoxins are present in sera of 70% of myeloma
patients and may block ALG binding sites.

As myelomatosis is characterized by the accumulation of plasma cells generaily considered of
exclusive B-cell origin, the involvement of T-cells as shown by our results deserves further interest.
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