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ETHICS AND ORGAN TRANSPLANTATION

Jean Bernard

From the outset, the pioneers of the new methods of transplantation
were acutely aware of the importance of the ethical problems that organ
transplantation involves.

In connection, for instance, with the kidney, Jean Hamburger, Jean
Crosnier and Jean Dormont wrote a report as early as 1965 on the moral
issues raised by organ substitution and transplantation. For the skin and bone
marrow, Jean Dausset analysed the conditions of experimentation on man
and suggested possible solutions to the difficulties experienced.

Transplantation has in fact its own history and geography, and over the
past twenty-five years, two distinct trends have emerged :

- one of them inclines towards diversity : it concerns the diversity of
the organs (even or uneven numbers, dead or living, regenerable or
unregenerable), of the practices in different countries (from the huge publicity
in South Africa to the discretion that reigns in California, and from French
orthodoxy to the sale of organs in Brazil), and of the present laws, which
range from anachronistic to very advanced.

- the second trend is towards unity, and is based on scientific and
technical progress and on the closer relations and exchanges of knowledge
among the teams concerned all over the world.

It is important to stress that the ethical model for transplantation can
be extended to bioethics as a whole. This makes it possible to tackle and
discuss the essential moral problems of biology and medicine, including
experimentation on man, artificial life support, the definition of a person,
profit-making and disinterestedness.

The present review will consider each of the moral problems that
concern the donors and hosts respectively. The donor may be dead or living,
and the deceased donor may be an adult or a foetus.

Deceased adul nor

The very principle of organ removal is controversial : is it lawful to
violate death and dissect a corpse ? The idea that this is forbidden goes back
to the dawn of history and primitive societies. The French writer Vercors
described this worship of the dead in a beautiful novel called "Les animaux
dénaturés” (denatured animals).

Attitudes to organ removal were surveyed in two studies by American
authors : one of them, published in 1980, recorded a neutral attitude, or
1

J. L. Touraine et al. (eds.), Rejection and Tolerance, 1-9.
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grudging approval, by sixty-nine religious groups, and in the other more recent
survey, twenty religious families expressed more varied reactions.

These attitudes, especially those of Buddhists and Moslems, were
motivated by three wishes : not to go against the basic tenets in the
fundamental scriptures, the hope of finding elements in these scriptures that
would justify current practices, and love of one’s neighbour and the desire to
help him.

Pope Pious Xl was the first to lift the ban on removing the cornea.
After that, there was fairly general agreement on the right to organ removal,
with some geographical variations. Thus, as certain eastern religious consider
that the soul remains in the body for a week after death, it is forbidden, in
Japan, to touch a corpse during that week. And as Dominique Lapierre
recounts in The City of Joy, extreme poverty may reduce an Indian father to
selling his body in advance, to provide his daughter with a dowry.

Acknowledgement of the right to remove organs from the dead implies
that two conditions have been fulfilled : firstly, that death is certain and
secondly, consent to such removal.

One of the most remarkable events of our time has been the need for
human societies to define death. This definition may not have been very clear
in the 1930s, when blood from corpses was used for transfusion (Judine,
URSS, 1935) ; this was the first time that human tissue from the dead was
used for therapeutic purposes. The definition necessarily became stricter
when the removal of organs like the kidney became urgent. A moving report
by Jean Hamburger had shown that a young girl whose heart was beating and
whose lungs were breathing could nevertheless be dead. In many countries,
the law defines death as the presence of several symptoms which are
evidence of brain death, and requires two successive flat electro-
encephalograms as well as the agreement of several physicians.

Further progress in biology may change this situation in the future. This
would be the case if the results of experiments by Etienne Wolff on lower
crustaceans, showing that indifferentiated cells can be differentiated into
nerve cells, were first confirmed and then extended to mammals and man. It
may be that every 50 or 100 years, human societies will have to find new
definitions of death.

Consent may have been given either long before death or just before it
(for instance by a person undergoing an operation, or someone condemned to
death). It can also be given by the family of someone who has just died.

The right to remove an organ without consent or agreement may be a
consequence of certain laws. This, for instance is the case in France for the
Caillavet Law of December 22nd, 1976, whose provisions were completed by
the decree of March 31st 1978 for its enforcement. The Americans have
called this law courageous, but no law, however good, can solve all the moral



problems with which physicians have to contend. What is more, there are
great differences between countries and sometimes, as in the United States,
differences between the States of a single country.

Two solutions to the problem of consent can be envisaged. The
presence of a competent trained person capable of having the long
explanatory talk with the bereaved familiy necessary to obtain its consent,
prompted by human solidarity ; or else to advise persons at risk to carry with
them a document allowing or forbidding organ removal in case of sudden
death.

The second solution is the best, and is strongly recommended in
Belgium and Austria. In Turkey, the agreement of 100 000 subjects to organ
removal in case of accidental death was obtained in 1992 as a result of a
vigorous campaign in favour of consent.

However, most healthy people do not think about their death, or dislike
thinking about it and an energetic campaign to educate them to do so is
undoubtedly necessary.

There is a definite relationship, which may be obvious, flaunted,
hypocritical or dissembled, between the wealth of the host and the speed
with which the desired organ becomes available. The resolutions passed by
various American associations like the Transplantation Association are
extremely instructive for their explanations of the different methods of buying
and selling organs, methods which they condemn wholeheartedly or feebly.

In France, the Ministry of Health has issued instructions recommending
that transplantations should only be performed in the public wards of the
hospitals.

Decease nors : the f

Foetal tissue grafting is not a new development, but has been done
since the beginning of the century, under very diverse conditions. The failure
of such grafts in diabetes was already reported in 1928. The effectiveness of
foetal thymus transplantation in treating congenital thymus hypoplasia or
DiGeorge syndrome was recognized in 1960. From Australia to France, and
from the United States to Mexico, more than 1 000 foetal tissue
transplantations have been performed during the past 30 years - the largest
numbers in the former Soviet Union and China.

These foetal tissue or organ grafts have given rise to sharp controversy
between physicians anxious to save their patients and representatives of
moral and spiritual groups who, perhaps rightly, fear that in all good faith, this
type of graft may lead to an increase in the number of voluntary abortions.
Legal proceedings have even been instituted against certain very eminent
physicians. When these matters were referred to the French National Ethics
Consultative Committee by a very embarrassed court, the Committee stated
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that the foetus should be considered as a potential person, and listed three
distinct cases : 1) hematopoietic grafting of the foetal liver should be
permitted when it can save the life of a child with severe immune deficiency
and when no HLA-compatible sibling donor is available ; 2) such grafts should
not be permitted when the foetal tissue is to be used to manufacture
cosmetics and beauty products and 3) cases involving new or recurring
problems concerning, for example, the pancreas, the foetus or diabetes
should be referred to an ethics committee.

Since this opinion was formulated, the situation has become at once
simpler and more complex.

Simpler, because the number of indications for liver grafts has been
reduced, to the benefit of the number for bone marrow graft. More complex,
because of the use of foetal nerve cells for grafts in Parkinson’s disease,
which may involve the need literally to programme abortion as a function of
the chronological development of the necessary foetal nerve cells.

Living donors

At present, the organs taken from living donors are the kidney, bone
marrow and liver, although many more kidneys from corpses than from living
persons are used for grafting.

The removal of an organ from a living person is an amputation. The
donor is usually an adult, but in the case of bone marrow, a self-regenerating
tissue, the donor is fairly often a child.

Adults  Two vital questions are at issue : is the sacrifice acceptable ? and is
refusal acceptable ? The conditions of the sacrifice have been defined and the
donor may either be a member of the patient’s family or a volunteer. Most
studies of donors have dealt with the volunteers. For a long time the attitude
of transplantation centres towards them was very reserved. However, the
authors of an American study recently stressed the importance and moral
value of such altruism, by recalling that in June 1992, 27 000 patients in the
United States ware awaiting an organ. The donor must be fully aware of the
risks involved in organ donation, and pressure must not be brought to bear on
him or her. A psychological examination is desirable. On no account must the
donor be remunerated. The sale of kidneys, and in some cases advertisements
in the press and bargaining over prices, are not part of our civilization’s moral
code.

Acceptance of generous sacrifices is frequent and refusals are rare and
extremely varied. They may involve the refusal by a wanted habitual criminal
to help a brother whom his bone marrow could have saved, or the refusal of a
mother who had agreed to give her bone marrow to her own child, to give it
to save another dying child. In Britain, a man on the list of volunteer bone
marrow donors was persuaded by his wife to change his mind at the last
minute, thus causing the death of another man whom his bone marrow could



have saved.

A number of studies have dealt with the state of mind of the volunteer
donor during the years after organ donation. Two kinds of feeling appear to
predominate : discreet satisfaction at the thought of his courage, combined
with anxiety about a possible deterioration in his health ; much later the
donation is forgotten altogether.

Liver grafts involve particular problems. Like the bone marrow, the liver
is a self-regenerating organ. However, the risk of peroperative death of the
donor, which is very slight for bone marrow removal, must in the case of liver
donation be taken into account. As such method has already be used for
donors of other organs, certain bold innovators made the first attempts at
liver lobe removal in Japan, the United States and in the French city of Lyons,
even before ascertaining the views of the various national ethics committees
which were subsequently consulted.

In Turkey, eight liver lobe transplantations from living persons were
performed between 1990 and 1992. American specialists in ethics considered
that the donation of a living organ could be accepted when the risk for the
donor was less than 1/1000. The exact degree of risk in the case of the liver
is not known, but it is certain that parents whose children’s lives are in
danger are prepared to accept a higher risk than that.

The present ethical attitude to grafting liver from living persons can be
summed up as follows : 1) the only acceptable indication is the one
concerning the grafting of a fragment of liver from a parent to a child
suffering from a liver disease with a fatal outcome ; 2) the dangers involved
in a long wait for a volunteer’s liver may justify this indication ; 3) the only
teams which should be allowed to practice such liver grafts are those that
combine great technical skill with a sense of responsability, and 4) after a
reasonable number of such grafts, say ten, a report should be made to the
national ethics committee.

Child donors The diseases that can be cured by a bone marrow graft often
concern children. At the present time, HLA-compatible donors are brothers
and sisters, and therefore also children. Should such children, who are not
really able to give informed consent, be exposed to the slight but non-
negligible risk involved in a general anaesthetic ? The reply to this question
varies in different countries.

In many of them, parental consent has often been sufficient.
In various States of the USA, an independent Child Advocate is
designated, who may be a jurist or a philosopher. The Advocate studies all

the aspects of the case and gives or withholds the required permission.

In France, the law on bioethics, which has now passed its first reading
in the National Assembly, provides for the designation of a magistrate to give
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or withhold such permission. This provision is reasonable, on condition that
the decision is made within a very short period, as in many cases the
patient’s condition does not allow a long wait.

Here again, a new problem arose a few years ago. In Italy, the only
child of a couple in Lombardy had very serious leukaemia and no compatible
bone marrow donor was available, so that the child was condemned to die.
His parents envisaged having another child, in the hope that its bone marrow
would be compatible. They consulted an Italian doctor, who, in a quandary,
asked for my advice. However, the parents conceived the second child
without waiting for their doctor’s reply. The younger child’s bone marrow
was compatible with that of the older child, and a few months later, the graft
was performed and proved successful. Today, the parents and both children
are healthy and happy.

In other countries, several families who learnt what had happened in
Italy and were confronted with a similar dilemma also conceived a second
child, but the results were less fortunate. Determination of the HLA group of
a foetus leads to abortion when there is incompatibility. In at least two
families, several successive pregnancies were terminated for such
incompatiblity, until in one family, attempts to conceive an HLA-compatible
child were given up, and in the other, an HLA compatible child was at last
born. Are such procedures really acceptable ?

As is often the case in bioethics, progress in research can provide a
solution to a problem created by previous progress. Thus, the use of umbilical
cord blood, first attempted by Eliane Gluckman, and the creation of a
European Cord Blood Bank, might in the near future reduce the gravity and
frequency of the moral questions involved in bone marrow grafting.

The host Other ethical problems concern the host, the first being his
consent to the graft. Here, he must be very fully informed : the surgeon or
physician must explain to the patient the conditions under which the graft will
be performed, and the possible complications and subsequent developments.
These developments should be compared to those expected, i.e. the
prognosis, for other forms of treatment. One such patient, a farmer from the
Poitou district with chronic myeloid leukaemia, was fully informed of the risks
of a bone marrow graft, which might have shortened his life, as occurs in
25% of cases, or saved it (0% of cases). As a result, he refused the graft.
However, in most cases, the hope that the graft will succeed predominates.
One patient given a transplant put it this way : "Moral problems only exist for
those who have never had an organ transplant”.

"If I had understood correctly, my heart pumps my brother’s blood
through my arteries”, a young girl, Marie, with severe medullary deficiency,
told me last year. She had just been grafted with the bone marrow of her
brother, Jacques, which fortunately was compatible with hers. And it was
true ; Marie had become a chimera ; not the chimera of Greek mythology,
with the body of a lion, the head of a unicorn and the tail of a serpent, but a



chimera none the less, since her body contained her brother’s bone marrow
together with her own organs.

The grafting of nerve cells will, if it develops satisfactorily, open up
new possibilities. Here is a story about its implications. Pierre loves Jeanne.
After an accident, Jeanne has to have an arm amputated, and another arm is
grafted in its place. Pierre continues to love Jeanne. Later, Jeanne develops a
serious kidney disease, and undergoes a kidney transplant which proves
successful. Pierre is still in love with her. After a while, a heart transplant is
envisaged. How many of Jeanne’s organs and tissues can be changed
without changing Pierre’s love ? The usual reply is that this depends on the
brain. As long as it is unchanged, love persists. But if nerve cells are grafted,
what is the limit ? How many billions of neurons can be grafted without
Pierre’s love being affected ? A great French poet refused to consider the
question ; Pierre, he said, was in love with his image of Jeanne, which could
not be changed by all the grafts in the world.

Morals and economics

Other problems, less spiritual but nevertheless very important, arise
from the relations between morals and economics in the field of
transplantation.

According to French law, organs and tissues must be given and not
sold. In some countries, however, there has been a dangerous evolution in
this respect. In India, for instance, the buying and selling of organs is an
accepted practice which may even be recommended. In South Africa, the
personal advertisements of an evening newspaper sometimes advertise the
sale of a kidney. A French missionary priest in Africa did not know what
advice to give a poor farmer in Zaire, whose five children were dying of
hunger and who was thinking of selling one of his kidneys, because this
would bring in enough money to feed the children well for several years.

From Bombay to Sydney, Ottawa and Munich, meetings have been
devoted to these questions.

The following classification of donors has been suggested :

- Living member of the family

- Donor deeply moved by misfortune

- Altruist donor outside the family

- Officially remunerated donor

- Unofficiallly remunerated donor (surreptitious trading)

- Donation obtained by criminal threats

A fluctuating moral code is developing, which is temporarily founded on
the following rules :

1. Banning of go betweens

2. Banning of advertising and publicity

3. Donors must be in good health



. Separate medical examinations of donor and host

. Independance of the surgical team operating on the donor

. Long-term sound insurance policy for the donor

. Moderate remuneration for the team performing the transplantation
. Subsidy to be requested from charities to help poor patients in
countries without a social security system.

9. Regular publication of the results obtained by the transplantation
team

10. Grafts confined to a country’s inhabitants only.

ONOO S

The conclusions reached in the studies conducted by American
transplantation teams are not all acceptable, and imply the existence of some
regrettable moral deviations. There is reason to fear the advent of a difficult
period dominatated by money, but there are also grounds for hoping for a
return to more satisfactory ethics, dominated by the absence of trading in
parts of the human body.

The expenses connected with transplantation techniques, hospital
expenses and medical and nursing staff salaries are often considerable. In
many countries such as France, they are entirely met by the social security
system. In various centres in the United States, they have to be paid by the
patient and his family before the grafting, thus giving rise to selection based
on means, which is morally unacceptable.

Even in countries like France, which refuse to give priority to the rich,
very serious problems arise when - as frequently happens - patients whom a
graft could save are on a waiting list.

In such cases, an ethical choice is hard to make, and must take three
kinds of factor into account (but in what order and to what extent ?) : 1) the
need to save the patients most and the degree of urgency at risk 2) the
prospects of success, which imply that the graft should go to the patient
whom it is most likely to save, and 3) the heartless justice of the " first come
first served" principle ; can organs be assigned to persons not residing in a
country, and in what proportion of cases ? Where, in this respect, should one
draw the line between total permissiveness and a total ban ? As the liver graft
pioneer Starzl remarked, "Would Mozart have been given priority ?".

The economic problems of organ transplantation may affect all of
society. Thus, in certain cases, organ grafting may save money, as is the case
for the kidney, because kidney dialysis places a heavy burden on the budgets
of modern societies. By limiting the number of patients dialysed, kidney grafts
save money.

For bone marrow grafts, however, the situation is quite different, as
shown by the following two examples.

A bone marrow graft is a good treatment for thalassemia major (RB-



thalassemia), but it is too costly for the budgets of Mediterranean islands.
Hence the decision to recommend in utero diagnosis and systematic abortion
in the case of thalassemia major, i.e. the death of the foetuses concerned, for
purely financial reasons.

The second example comes from France. In a large provincial town, a
bone marrow graft, the only chance of survival for a leukaemic child, had
been planned for December 10th. However, the hospital’s manager informed
the doctors that he could not agree to the graft, as the year’'s overall
spending had already exceeded the budget, and so the graft would have to be
done the following year, i.e. too late. Only when strong pressure was exerted
on the town’s mayor was the necessary money forthcoming.

It is quite deliberately that | have not so far mentioned xenografts.
Research in this field is in full swing, but not convincing results have so far
been obtained. However, in the near future, important progress may be
expected, either in grafting proper, or in xenoperfusion, with pig liver being
used for a few days as an artificial organ until human liver becomes
obtainable for grafting.

Here again, important strides will create new ethical problems.

One of these concerns the donors. The monkey, in particular, is
receiving a great deal of attention from animal lovers, who are less sensitive
to the fate of the pig. Nevertheless, defenders of animals’ rights are prepared
to ban all xenotransplantation.

Other problems concern the hosts. For instance, in a recent interview, |
was asked whether | would personnally agree to being grafted with the organ
of a baboon. My answer was "yes" for the liver or kidney, but "no" for the
brain.
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The acceleration of knowledge in biological and
medical sciences is one of the remarkable features of our
times and in particular the development of organ and
tissue transplantation has been incredibly rapid ; in the
last 30 years we have passed from the first attempts on
humans during the 50's to multiple organ transplantation
including heart, liver, lung and pancreas. There has also
been an extraordinary increase in the number of
transplants performed so that now 150,000 kidney
transplants have been carried out in the last 20 years.
In fact every year more than 3,500 transplants are
carried out in France alone.

Have we now reached the summit in the development of
organ transplantation ? One can not be certain of this :
if the technique of renal transplantation has been well

established, it is probably not in the case of
11
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transplantations of the other organs such as pancreas,
lung, intestine and liver, and the day is still a long
way off when all the technical factors and indications
for transplantation of these organs becomes firmly
established. One would rather say that we are at a state
of "adolescence" in organ transplantation and that is why
"Crisis of Adolescence" seems appropriate as title of
this paper.

This crisis was predictable with a rapidly expanding
speciality and with constantly changing techniques.
Developments are frequently dramatic and surgically
spectacular and attention from the media, which is often
produced by organ retrieval from brain dead subjects, and
concern as to definition of the time of death, have added
to complexity of the problems involved. So the causes of
the crisis were predictable. One could say that this is a
usual development and that one could predict ethical and
psychological problems in addition to administrative and
organizational ones. It 1is necessary to analyze the
factors to predict what should be done because
adolescence 1is a turbulent period in which the future

stability of the adult period depends.
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This crisis in organ transplantation is
characterized above all by a diminution in the total
number of cases carried out each year. We already reached
a plateau in the years 89 and 90 with an actual reduction
in the total numbers of 10 % in 92. This reduction is
found in all Western countries as indicated by
Eurotransplant as well as by France Transplant. UNOS,
which is the U.S. organization shows no reduction, but
this is associated with an increase in the number of
living donors, the total of whom are responsible for 30 $%
of transplantation in the U.S. compared to 10 % in
France. The diminution in +the number of transplants
applies to all organs amounting to more than 10 % for
cardiac transplants, the statistics of France Transplant
indicate a drop of 5 & in liver transplants and a drop of

15 % in kidney transplants for 1992.

This reduction has not been caused by a lessening of
demand since the waiting 1lists 1in France indicate,
particularly for a kidney transplant patient, an increase
to more than 5,400 in 1992, and the average waiting
period is 23 months. The number of cardiac and 1liver
patients , waiting transplantation remains constant

(between 300 to 500) but this is due to the high
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mortality as compared to renal patients, who are able to
survive a long time with dialysis.

The real cause of the diminution of the transplants
is linked to a 20 % reduction in the availability of
subjects who have suffered cerebral death between 1991 an
1992. This has been primarily due to the success of the
campaign to reduce automobile accidents, but is also due
to the improvement in the treatment of cerebral injuries.
One might expect that in the coming years there will be
further improvement, and a further reduction of the order
of 25 % in cerebral death might be anticipated.

The diminution of availability of organs for
transplantation has also been contributed to by an
obvious increase in the opposition of family members in
giving permission for organ removal. The statistics of
France Transplant show an increase in this opposition
from 47 % in 1991 to 62 % in 1992, which is a striking
increase of 15 %. The increased opposition to providing
permission for organ retrieval on the part of the public
is the cause for considerable concern, and is
inexplicable, in view of the fact that the results
obtained in heart, kidney and liver transplantation show

constant improvement.
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In our attempts to analyze the psychological factors
in the change of attitudes to transplantation one can
refer to the poll carried out recently on a relatively
modest number of 500 persons by "SOFRES" ("Les Frangais
et le don d'organes"). Eighty-nine percent of those
polled were in favour of organ donation but the
percentage diminished to 81 % when they considered organ
donation for themselves. When they made a decision as to
donation when their wife, husband or children were
involved the percentage of approval showed a further drop
to 65 %. The difference between a decision for oneself
compared to a decision for others is important -this
disparity would presumably not be present if everybody
indicated their approval during life.

The cause of refusal to donate is variable : moral
or religious grounds are given as the reason in 37 % of
cases. Twenty-five percent stated that they were
concerned that their body would not be respected after
death and 25 % could not give a reason why they refused.
Lastly 10 % gave fear of the unknown nature of the
procedure as their reason. One might speculate that the
desire to maintain the integrity of the body after death
has a religious basis associated with the desire for
continuing existence in an "after life". It is

interesting to note that the donation of organs 1is
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allowed by the religious authorities of all religions
although this message is not fully appreciated by their

congregations.

This raises the question whether the public has been
properly informed ? The results of the french poll are
extremely striking in that 98 % questioned could not give
the name of the law concerning organ donation (Caillavet
Law) and only 20 % realized that the law had the effect
of presuming consent to organ donation in the absence of
any expressed wish to the contrary. When the public is
questioned as to who they consider best able to provide
direction, 44 % thought that transplant recipients would
be, 33% thought their family doctors, and only 25 %
thought that members of the transplant team would be most
effective. This suggests that there has developed a
certain questioning by the public of the infallibility of

medical and surgical teams.

The information provided to the public by the media
has changed over the course of the last few years. This
has changed the public perception of transplantation and

of the medical profession providing this service.
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Firstly there has been a plethora of information which
one has not the time to absorb. One is subjected to
"background noise" with information about AIDS, HIV
transmission by transfusion and transplants, and by
sensational accounts of organ retrieval, causing a
confusion on the subject of organ transplantation.

The second characteristic of the media presentation is
its entire concentration on sensational occurences with a
notable abscence of any reference to their infrequent

occurrence.

Who is responsible for this state of affairs ? One
can think of three possible groups.

Firstly the journalists. Although they are required
to provide an increasing amount of information to satisfy
the appetite for new in the modern world, they should be
expected to be more responsible and consider the adverse

effects of unbalanced reporting.

Doctors dealing with the media should not be too
ready to claim personal success in their results. For
instance, in renal transplantation one frequently hears
of great success in results obtained over the course of

the first year without reference to the less favourable
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survival over the long term. There is a great danger in
producing incomplete information because the effects of
deceiving the public is to diminish their faith in the
medical profession. An addiditional and later effect of
this incomplete presentation of the results is that it
produces an unrealistic expectation of success which, if
not realized, the public ascribes to the incompetence of
the professionals providing the service.

Thirdly, government officials who in the course of
their work obtaining information which may be provided to
the press, should be aware of the dangers of
misinterpretation or in emphasis of words and statements
in their reports. A good example of this recently occured
in the report of one French Inspector General of Health
when the newspapers headlined "Anarchy in Organ
Retrieval". The word "anarchy" did actually occur in the
report but it was picked up by the journalists for
sensational purposes. In the report the term was
appropriate, but appearing as a headline the effect on
the public was catastrophic and resulted in an increase
in the frequency of refusals of permission for organ
retrieval. A 1little foresight and moderation in the

choice of words would have avoided these damaging effect.
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Another aspect of the crisis concern the necessity
of changes 1in the structure of the organisations who
control the transplantation service. The regulations have
became more complex because in the volume and variety of
transplantations and also formulation of rules regarding
immunological compatibility. This great increase in the
data management requires more expenses and more money. An
increase contribution of the state to this cost should
not be accompanied by increased participation by

governement in medical and scientific decision making.

Let us now consider the possibilities for dealing
with the problems of finding organs for transplantation.
One might consider the possibility of providing some
financial incentive to donors which 1is a subject
presently being discussed in the U.S.A. In France it is
at present not possible as it is contrary to the laws of
the country.

Some people might think it would be reasonable to
provide an incentive in the form of pension or health

benefits from the State.

The other incentive being considered in some circles

is to reserve transplantation to those who have offered
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their organs for salvage in +the past but this is
obviously extremely difficult to apply.

One might pay greater attention +to encouraging
donations on the part of close relatives as is evident in
the Minneapolis group where 60 % of the transplants are
the result of donations of relatives, compared to 30 %
overall in the U.S.A. and 10 % in France. When we
consider the very favourable results (100 % survival of
the kidney transplant taken from HLA identical siblings),
one realizes that this is the most effective source of
transplant material.

The possibility of recovery of transplant from old
subjects, more than 60 should not be excluded. However,
it remains to be proved that the graft survival remains
of the same order as with younger transplant.

The possibility of recovery of organs of brain dead
subjects after cessation of cardiac activity should be
kept in mind. This would require the training of a teams
in suitable hospitals who would be immediately available,
and involve instituting aortic cooling of the organs. The
experience 1in Maastricht has indicated that such a
service would result in an increase of 20 % in organ

retrieval.
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Modelling the future of organ exchange (OPELZ) could
lead to a lesser loss of transplants in combining good
HLA-match with better allocation through more active
exchange in a larger waiting list (10000) - though the
problem of the detrimental effect of a 1longer cold

ischemia time remains to be solved.

Finally, xenografting represents for many a means of
counteracting to a certain degree the shortage of organs.
This might well be a satisfactory solution to the problem
in the future, perhaps in as little as ten years. But
this would require considerable scientific research to
overcome the difficulties now present. We must keep in
mind that xeno grafting is unlikely to be a solution for
all cases and one must guard against having the public
believe that further organ donation was no longer

necessary.

To conteract negative attitudes of the public to
organ transplantation more information and better
information 1is required. The Associations for the
Promotion of Organ Donation have a very important role in
this respect in furthering instruction in schools,
colleges and also in the Armed Forces, to promote the

notion of communal responsability and knowledge of the
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law concerning organ donation. This process of
information should be a continuous activity since it has
been shown that relaxing the process results in the
message being soon forgotten. This is even the case among
nurses and doctors working in transplant team.

The family doctors seldom have the time to attend
meetings of these associations and an effort should be
made to include information about advances in organ
transplantation and organ retrieval in postgraduate
courses.

Finally, it behooves the medical and governmental
serves to ensure that the information provided to the
media does not raise unrealistic expectations and also

does not create anxiety in the population.

Turning to the question of whether the law should
have a place in organ transplantation. The Caillavet Law
is based on the presumed consent and one could expect
that a modification of this statute would be severely
detrimental to our service. Indeed, this Law appears to
be the best available and is envied and copied by other
countries. Recents studies on ethical problems in
transplantation have clearly demonstrated that this Law
is the most effective. If this Law became subject to

restriction in response to ill-informed public opinion, a
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15 % to 20 % increase in refusal is to be expected. The
Caillavet Law is perhaps not perfect but does produce the
greatest saving of human 1life. A possible acceptable
modification of the Law could be the establishment of a
complete computer registration of persons refusing which
would be readily available to the medical team, as is
presently in effect in Belgium.

On the question of legislating the definition of
brain death one must consider that continuing development
in technology such as angiography and isotope procedures
would be incompatible with rigid legal definitions. It
would seem preferable to continue the process established
in 1964 by the Academy of Medicine when publishing rules

regarding the definition of cerebral death.

CONCLUSIONS :

The general population should have a clear idea
whether it whishes to benefit from having an organ
transplantation service. If it does, it must consider the
negative effects of ill-considered regulations and
information. Although regulation is directed to prevent
and diminish the risk of abuses of the service, these
abuses are in fact infrequent and not a serious problem
in the developed world. The effect of ill-considered

regulation is exemplified by a recent direction
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concerning the retrieval of corneal material which
produced in France a reduction to almost zero in the
number of the operation which had allowed 3,000 to 5,000

people to recover their sight in France.

It is a simple calculation to calculate the effects
of a 20 % reduction in organ donations. This would result
in France in a loss of material to carry out life saving
transplantation on 150 cardiac and 150 hepatic patients
and more than 400 cases of renal failure would have to
continue with dialysis.

One might speculate that it is the fear of the
unknown which is responsible for the tendency to produce
legislation to limit progress in organ transplantation.
Although transplantation of kidneys is quite generally
accepted nowadays, one remembers the sensation caused in
1967 when Barnard performed the first cardiac
transplantation. Nowadays transplantation of liver,
lungs, pancreas, and even of total abdominal viscera, is
being performed, and perhaps the rapid progress is
considered to be menacing because it raises the specter
of transplantation of the brain... History shows us that
rapid progress in science can produce a tendency by

legislators to resort to restrictive law making.
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Pr. Murray (who won the Nobel prize for his work in
organ transplantation) at the Congress of Transplantation
in Developing Countries held in Singapore in May 1992
stated "The very success of transplantations has created
a scarcity of donors organs, that in turn has led to
their wunethical allocation. The solution of this
unexpected and degrading situation, does not, in my
opinion, lie in ethics, politics, law or even religions
but in the professional standard of surgical and medical
care".

I believe that one must place one's trust in the
profession which has for the past 30 years Dbeen
performing transplantations which have resulted in the
saving of more than 100,000 lives.

This is not to say that those engaged in
transplantation services do not require the advice, moral
guidance and support of those who have given thought to
the moral, ethical and legal consequences of advances in
medical science, but one might have fear that if these
concerns are manifest by restrictive laws the result
would be an overall reduction in progress of life saving

activities.
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FROM SEROLOGY TO MOLECULAR HISTOCOMPATIBILITY TESTING
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Introduction

The past five years have introduced a wvast technological change in the methodology for
histocompatibility testing. The availability of gene probes for the various HLA loci has allowed to
study the polymorphisms at these loci at the DNA level using the technique of restriction fragment
length polymorphisms. The availability of first allelic sequences together with the new technique of
polymerase chain reaction has very quickly lead to a weaith of information on polymorphic sequence

of all the classical HLA loci (Marsh and Bodmer, Zemmour and Parham).

The first systematic application of DNA typing for histocompatibility testing has in a retrospective
analysis of donor-recipient pairs of kidney transplantation documented a very high degree of
reproducibility between different laboratories for the RFLP analysis used (Opelz et al.). In addition, it
became apparent, that a surprisingly large percentage of the donor and recipient typings were
incorrect. The use of the correct DNA typing results for retrospective matching resulted in an
improved correlation between matching and clinical outcome. Although a number of investigators
maintain, that at least in some centers the quality of serology is better than it appears from this multi-
center study, it is clear that the advantages offered by the new DNA technology should be utilized in

clinical histocompatibility testing.

Advantages of DNA Typing

The major advantages are both of practical and of theoretical nature. On the practical level, it is the
fact that genomic DNA can be extracted from very small amounts of blood. Normally, DNA extracted
from 5 mi of EDTA blood yields enough material to perform several thousand different tests. The
DNA thus extracted may be stored in a simple refrigerator or a - 20°C freezer, thus providing the
opportunity for repeated testing, extended testing, exchange of reagents and for standardization. The
second practical advantage, which is in our opinion the most important one is, that reagents of
defined quality can be produced by anyone in unlimited quantity. This is a very obvious improvement
over the situation in serology, where the time consuming, expensive and frustrating screening for
antisera is the most important cost-factor. It is unquestionable that a multitude of monoclonal
27
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antibodies are available, which - theoretically - can also be expanded in unlimited quantities. There
are, however, not enough different monoclonal anti-HLA antibodies to cover the entire range of
specificities now defined by alloantisera. There is no question at all that monoclonal antibodies are
essential tools for the detection of expression or for the precipitation of HLA molecules.

The most important theoretical advantage of DNA typing is the increased power of resoiution: Many
more alleles can be recognised for the known loci (as for example DRB1, DQB1, HLA-A) and loci
whose polymorphism has been only partially detected by seroiogy (HLA-C, HLA-DP), and
Polymorphisms which have so far not been detected at all by serology. can now be defined to give a
more complete description of the biologicai variability of the MHC. Such polymorphisms include those
of HLA-DQA1, -DPA1 and of the promotors which have been shown to be polymorphic for DRA,
DRB1, DQA1 and DQBA1. It is quite likely that further regulatory and structural polymorphisms of the
MHC will be discovered, all of which can be defined on the DNA-sequence level (Sherman et al.,
Singal et al., Auffray et al., Kimura et al).

The Choice of DNA Typing Techniques

From the above, it becomes obvious, that todate, every sincere histocompatibility typing laboratory
must include DNA typing techniques in order to benefit the patient. As the field is still in a phase of
very rapid technological development, it is very difficult to predict which will be the final techniques.
Presently it appears as if for different clinical needs different techniques will be employed. In the

following, we shall give a brief presentation of the principle technologies available todate.

1. Restriction Fragment Length Polymorphism (RFLP) (Bidwell 1988):

This technique, which has been shown to be highly reproducible in multi-center studies is presently
being phased out, because the technique is time consuming, offers a relatively low power of
resolution at today's standards, requires relatively large amounts of genomic DNA and is generally
performed with radioactive labeling of the gene probes. In spite of these negative aspects, it must be
stressed, that this is the only DNA typing technique so far, for which there has been a large scale
multi-center reproducibility study with very good results (Opelz et al.). In addition, it is a technique in

which it can be very easily recognised, if there have been technical problems.

2. Oligonucleotide Typing of PCR Amplified DNA (Nevinny-Stickel et al. a & b)

This technique is presently most commonly used and utilises non-radioactively labeled
oligonucleotides (for example digoxigenin or biotin iabeling). With this technique, practicaliy all allelic
variants which are presently known, can be typed for except for a very small number of ambiguous
heterozygote types. This technique is very well suited for large scale non-urgent typing, it is however
not fast enough, to be used for prospective typing of organ donors. One major advantage is that most
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steps of the procedure can be automated and that each oligonucleotide hybridisation of a given

membrane can be controlled for specificity and sensitivity.

3. Reverse Oligotyping (Cros et al.):
In this technique, which is very convenient and can be applied for acute donor typing, a set of
oligonucleotides is fixed into a microtiter plate and the ampiified target DNA is hybridised to the

primers in the plate. It appears very difficult with this technique to perform appropriate controls.

4. Specific Amplification (PCR-SSP) (Olerup et al., Bein et al.):

This technique, which relies on the specificity of amplification brought about at the 3' end of the
primer is very fast, so that it can be employed in acute donor typing. Each typing requires a large
number of pipetting steps and the transfer of a large number of amplificates into a gel. This makes it
very cumbersome for large scale testing. The inclusion of a internal positive control does not ruie out

the occasional occurence of an undetected false negative reaction.

5. Sequencing:

Direct sequencing of PCR amplified exons has been shown to represent a feasable alternative to the
other techniques, provided the availability of an automated sequencer. This method provides of
course the highest possible power of resolution, but it is too slow for application in acute donor typing.

Adequate controls can be included by sequencing in both directions and from repeated ampilifications.

From the above, it can be seen that the choice of techniques depends an the clinical needs and it is
becoming apparent, that a well equipped laboratory should be able to perform a fast technique for
donor typing (PCR-SSP or reverse oligotyping) and one technique for large scale typing and control
typing (oligonucleotide typing) as well as the facility for sequencing in order to clarify ambiguous

results and questionable homozygosity.

Standardisation and Quality Control

It is one of the greatest advantages of the DNA technology, that the nucleotide sequence of a given
gene can be used as a standard. The DNA which has been used for the determination of the
sequence can be kept either as DNA or in form of a cell line and can be distributed for
crossreferencing purposes. Since it is possible to ship large numbers of DNA samples at ambient
temperatures, quality control exercises can be easily performed. There is now a number of different
techniques that may lead to a DNA typing result and it must be expected that more new techniques
will appear and present ones will diverge in the different laboratories. Since there is a common
standard consisting of the DNA sequence, it can be left up to the individual laboratory tc choose the
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particular technique which is most suited under the given circumstances. The quality control consists
of a sizable number of coded DNA samples with blind duplicates and triplicates and negative controls
for which a correct result must be reported regardless of the techniques which has led to this result. it
has been our experience that the testing of coded samples and the open reporting of the results has a

very strong educational effect.

Conclusion

Although it is very clear that classical HLA serology will remain the technique of choice for the
performance of crossmatches and for the characterisation of preformed HLA antibodies in the sera of
transplant recipients. In addition, it must be acknowledged that the typing for class | determinants is
presently more efficient and less time consuming by classicai serology than by DNA techniques. This
may, however, change in the near future as more automated techniques are becoming availabie. In
the field of bone marrow transplantation, it is widely accepted that subtypes of serologically defined
HLA antigens are of major importance in unrelated bone marrow transplantation. The subtypes
however, cannot be safely determined by serology, but must be defined in one-dimensional isoelectric
focusing, a technique which is too time consuming and cumbersome to be used by all laboratories
involved in donor searches. Also here, there is a rapid development in the direction of a recognition of
these subtypes by DNA techniques. We will therefore strife to first define all these class | subtypes on
the DNA level and will then switch to DNA typing of class | in general, when appropriate, simplified

techniques become available.

From all this, it can be seen that it is the obligation of the histocompatibility testing community to
accept the challenge of the technological change towards molecular biology. The unlimited supply of
test reagents as well as the far improved possibilities for standardisation and quality control on the
DNA level will make this change faster than most serologists today believe.
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Introduction

We have come a long way in transplantation since the pioneering efforts of
David Hume in the late 40’s and early 50’s, when a series of cadaver kidneys
were implanted in the thigh with vascular anastomoses to the femoral vessels
and with the ureter draining onto the skin. No immunosuppression was used

but surprisingly some of these kidneys functioned for several weeks. Since
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that time we have seen major advances in transplantation so that now renal
transplantation is the accepted therapy for most patients with end-stage renal
failure, and liver and cardiac transplantation are the preferred treatment for
many patients with end-stage failure of those organs. In addition, there have
been important developments in lung and pancreatic transplantation amongst
the other organs, such that they can almost be considered as acceptable
therapies in certain situations. Apart from organ transplantation, there have
been continuing advances in tissue transplantation, in particular bone
marrow transplantation which pr(-)vides the treatment of choice for many
types of leukaemia, as well as certain immunodeficiency syndromes, provided
a suitable matched donor (usually a family member) is available.

These enormous advances in the success of transplantation can be
attributed to a number of developments such as the recognition of brain
death and in particular brainstem death, ever improving techniques of organ
preservation, the recognition of HLA as the major histocompatibility
complex of man, as well as the recognition of the importance of the
crossmatch between donor and recipient. However, it is the marked
improvement in immunosuppression that has occurred over these years and
which continues to occur, which has had the biggest impact on improved

graft survival in the transplantation of all organs.
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Table 1 Immunosuppression in organ transplantation, 1950-1980

Total body irradiation

Azathioprine and high dose steroids
Cyclophosphamide

Thoracic duct drainage
Thymectomy

Splenectomy

Graft irradiation

Azathioprine and low dose steroids

Antilymphocyte globulin

From 1950 to 1980 a variety of immunosuppressive regimens had
been used (Table 1), commencing with total body irradiation in the early
years of renal transplantation. But the advent of azathioprine in the early
60’s and the recognition that the addition of steroids provided better
prophylaxis against rejection led to an explosion in renal transplantation.
Results continued to improve after the introduction of azathioprine,
particularly as the morbidity associated with the steroids was found to be

markedly decreased by the use of low dose steroids, but without sacrificing
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Table 2 Immunosuppressive drugs in the 1990’s
Drug Mechanism of action

Cyclosporine Inhibits T cell activation

FK506 Inhibits T cell activation

Mofetil Mycophenolate Inhibits purine metabolism, antiproliferative
Rapamycin Inhibits lymphokine generated signal,

antiproliferative

15-deoxspergualin Not known
Brequinar Sodium Inhibits pyrimidine metabolism, antiproliferative
Leflunomide Not known, antiproliferative

graft survival. The advent of cyclosporine in the early 80’s represented a
major advance in immunosuppression with graft survival in the case of
kidney transplantation improving by 10% to 15%. This in turn resulted in
a rapid expansion of cardiac and liver transplantation throughout the world.
Cyclosporine has many side effects, nephrotoxicity being one of the more
significant ones, and as a result a number of immunosuppressive protocols
are used, all based on cyclosporine. However, there is no evidence that one

protocol is better than another in terms of patient and graft survival. Triple
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therapy (low dose cyclosporine, azathioprine, prednisolone) is a very popular
protocol, only because it is relatively simple to use and relatively free of side
effects.

As cadaveric graft survival today is 80% and better at 1 year in the
case of the kidneys, also of the heart, and not far behind in the case of the
liver, one might be forgiven for feeling that most of the problems of
transplantation have been resolved. This is far from the truth, and several
major obstacles to longterm graft and patient survival remain. These are
tirstly rejection, and chronic rejection in particular. Although acute rejection
leading to the loss of the transplanted organ is relatively uncommon, chronic
rejection causing a steady attrition of grafts after the first year is a major
problem which is not responsive to current therapy. Second, cardiovascular
disease is an ever growing problem as patients survive longer, and indeed
this is the major cause of mortality after renal transplantation in Europe at
this time. Third, infection always remains a hazard in the
immunosuppressed patient but with more effective treatments available for
viral and fungal infections, this has become a far less common cause of
mortality. Finally, as patients survive longer with a functioning graft, the
spectre of cancer in the immunosuppressed patient becomes increasingly
evident. For virtually all types of cancer show an increased incidence in the

transplant population, but the cancers that might have a viral aetiology are
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those that show the highest incidence, e.g. squamous cell cancer of the skin,
cervical cancer of the uterus, and non-Hodgkins lymphoma. As our current
cohort of relatively young patients with long surviving grafts moves into the
cancer age it may well be that we will see an epidemic of cancers occurring
in these patients.

For all these reasons, although graft survival at one year is very
satisfactory, long term graft survival is poor and the morbidity in many of
these long surviving patients is considerable. There is no question that
better, but less toxic and more specific, immunosuppression is required.
Newer approaches to immunosuppression

Immunosuppressive drugs

A large number of new drugs are undergoing clinical trials, or are about to.
Different mechanisms of action and the possibility of synergistic actions may
allow better immunosuppression with less side effects of the drugs
themselves. Some of these newer agents are listed in Table 2, together with
their mechanism of action.

FK506, a macrolide antibiotics, has undergone extensive trials in
Pittsburgh in liver, kidney, small bowel, pancreatic and cardiac
transplantation, and more recently two large multi-centre trials of FK506 in
liver transplantation have been completed in North America and Europe.

FK506 may be an improved immunosuppressive agent in comparison with
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cyclosporine in liver transplantation, but limited data so far does not suggest
it is superior in renal transplantation. It is associated with a number of side
effects, in particular nephrotoxicity, but it does not cause the facial
brutalization seen with cyclosporine nor is it associated with hypertension to
the same extent. In Pittsburgh, FK506 has produced exceptionally good
results also in cardiac transplantation and has allowed a considerable number
of successtful combined liver and small bowel transplantation procedures to
be performed, and more recently successtful small bowel transplantation
alone in a number of patients.

Rapamycin (a macrolide antibiotic) is another very interesting
immunosuppressive agent which is an antiproliterative drug and is highly
potent in experimental models of transplantation. It is about to undergo
clinical trial.

Perhaps of greatest interest and generated by the discovery of these
new immunosuppressive agents, is the increase in knowledge about their
mechanism of action at the molecular level that has emerged in the last few
years. Cyclosporine, FK506, and rapamycin all bind to a family of proteins
in the cytoplasm known as immunophilins.  Cyclosporine binds to an
immunophilin known as cyclophilin, while FK506 and Rapamycin bind to FK
binding protein (FKBP). It is this complex of the drug and its immunophilin

which is the active agent. The complex of cyclosporin and cyclophilin, or
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FK506 and FKBP, each bind to a protein phosphatase known as calcineurin.
Calcineurin is thought to play a key role in the signal transduction which
leads to activation of the IL2 gene and similar genes within the nucleus.
The binding of the drug and its immunophilin complex inhibits this
phosphatase activity of calcineurin, and therefore prevents the signal
transduction which leads to activation of the enhancer region of the IL2
gene, thus blocking transcription of this cytokine gene. On the other hand,
Rapamycin which binds to the same immunophilin as FK506, namely FKBP,
(and indeed to the same epitope) inhibits proliferation of the activated T
cell by blocking the signal generated by IL2 attaching to its IL2 receptors,
and so proliferation of the activated T cell is prevented. What the complex
of Rapamycin/FKBP attaches to is unknown, but it is obviously not
calcineurin. As we unravel the action of these drugs at a molecular level,
which will undoubtedly shed further light on signal transduction, the
possibility of designing drugs with very specitic sites of action seems likely.
Another interesting drug, RS61443 (motetil mycophenolate) is an anti
purine drug and it too prevents proliferation of activated cells. It is
undergoing extensive clinical trials and in early phase I trials look very
impressive both at preventing rejection and also for treating steroid resistant
rejection. Another fascinating observation made in two different

experimental models is that this drug prevents smooth muscle hypertrophy
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which is a feature of chronic rejection. That in itself, if found to occur in
man, could represent a major advance in immunosuppression.

Monoclonal antibodies

Monoclonal antibodies provide an expectation that immunosuppression might
be targeted very precisely to a cell surface molecule involved in cell
activation or in cell interactions involved in the development of an immune
response.

Monoclonal antibodies may act by deletion of the cell bearing the
target, modulation of the target antigen or blinding of the target antigen.
The only antibody in widespread clinical use is OKT3 directed against the
CD3 molecule which is part of the T cell receptor complex. OKT3 is a
potent immunosuppressive agent in preventing rejection or treating steroid
resistant rejection.  Whether it is superior to a good antilymphocyte or
antithymocyte globulin is debatable, and probably the answer is that it is not.
A number of other antibodies have been tested in phase I or in randomised
trials. Some of these are an antibody to the IL2 receptor (anti CD45), an
anti-T cell receptor antibody, an anti-CD4 antibody and an anti-LFA1
antibody. These trials have at least in their very early stages proved to be
rather disappointing compared with the successful immunosuppression
achieved by analogous antibodies in experimental models of

allotransplantation.
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Another more recent but very interesting approach to
immunosuppression is to block the second signal which is required for T cell
activation and which is mediated by the CD28 molecule and its interaction
with B7 on the antigen presenting cell. Again in an experimental system this
has produced impressive specific immunosuppression.

It must be admitted that the promise of monoclonal antibodies in the
clinic has yet to be realised, but nevertheless they do allow
immunosuppression to be targeted very precisely, and this in turn may allow
specific forms of immunosuppression to be induced in due course. The
more recent development of genetic engineering of chimaeric and humanised
antibodies promises to decrease the likelihood of sensitisation against murine
protein, almost inevitable with murine monoclonal antibodies.

Cell transplantation

Over this next decade we are likely to see many attempts to transplant cells
as replacement therapy, in addition to the widely and very successful form
of cell transplantation, namely bone marrow transplantation. In bone
marrow transplantation the isolation and transplantation of haematopoietic
stem cells is likely to represent a significant advance in this area. In other
approaches to cell transplantation developments in the techniques of
transplanting isolated pancreatic islets for type I diabetes in man and the

transplantation of dopamine secreting neuronal tissue in patients with
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Parkinson’s disease may become relatively standard procedures. There are
many problems associated with cell transplantation, all of which are
illustrated in the development of pancreatic islet transplantation in type I
diabetes. Thus, there are the problems associated with the preparation of
a suitably pure islet cell suspension in sutficient numbers to allow correction
of the diabetic state. Until these technical problems are resolved it is very
difficult to evaluate what the extent of the immunological problems are, but
suffice it to say they are likely to be no ditferent than transplantation of
other allogeneic tissues. Although progress has been slow, a considerable
number of successful islet transplants in type I diabetics have been
performed over the last two years as judged by normal levels of c-peptide
secretion after transplantation in a substantial number of patients. However,
the ultimate success of islet transplantation, namely the freedom of the
patient from insulin therapy, has only been achieved in a handful of patients.
Thus, for the moment, a vascularised whole organ pancreatic graft remains
the only eftective way of correcting type 1 diabetes, but this is a major
procedure with considerable morbidity and can only be justified in patients
who require a kidney transplant as a result of their diabetic nephropathy and
who need immunosuppression in any case.
Immunoisolation

Following on from the potential developments in cell transplantation, an
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obvious solution to the problem of rejection of a cell transplant is to isolate
the cellular transplant within a membrane capsule that would allow nutrients
to pass into the capsule and allow the secretory products of the cellular
transplant to pass out of the capsule. Thus, it the technology could be
solved, islet transplantation and neuronal transplantation would be important
areas for the application of this technique. Encouraging results are being
produced in experimental allograft models and clinical application may not

be too far away.

Xenotransplantation

The ever increasing shorttall between supply and demand means that over
the last two or three years there has been an enormous growth of interest
in the possible use of organs from animals for transplantation. Although
transplantation from higher order primates, such as the chimpanzee, could
probably be carried out successfully with modern immunosuppression, this
is not likely to be ethically acceptable any longer. Thus donors that are
more likely to be acceptable for the provision of tissues and organs are
species that we eat, such as the pig. Unfortunately man has natural
cytotoxic antibodies against most species including the pig, the antibodies
being directed mostly against the sugar moiety of the target xenoantigen, gal

1,3 a galactose. Thus transplantation of an organ such as a pig kidney or
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a pig heart into a human would result in hyperacute rejection. If the
problems presented by this natural cytotoxic antibody can be over come by
deleting the recipient of the antibody before transplantation, or of
complement, or indeed by using as organ donors transgenic animals that
might express human complement inhibitors on their endothelium, for
example this might allow successtul transplantation from such disparate
donors to humans. However, successtul xenotransplantation probably still

lies somewhere in the future.

Conclusions

Transplantation has made incredible advances over the past 40 years but
without question the advances we will see over the next 10 to 15 years will
outstrip even those previous, almost miraculous, events in the field of
transplantation, so many of which we have heard described at these courses
here in Lyon over the past 25 years. There are still many problems
associated with transplantation which need to be resolved by better and
more specitic immunosuppression and hopetully it might even prove possible
to induce tolerance to an organ allograft in a human patient in the not too

distant future.
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Introduction

Compared to other major organs such as the kidney, liver, and heart,
transplantation of the lung has not enjoyed widespread application until just recently.
Despite the first attempts at both experimental and clinical pulmonary transplantation
coinciding with those for other major organs, clinical success with the lung did not
keep pace with that for these other organs. In fact, a long string of failures resulted in
virtual abandonment of lung transplantation by 1978. This short review will recount
the history of lung transplantation, the principal causes of the spectacular early
failures, the advances which heralded in the modern era of pulmonary transplantation,
and the refinements that permitted the burst of activity that has occurred over the last
five years. Finally, the formidable challenges that now threaten to cause the "burst " to

implode will be presented.

Experimental Pulmonary Transplantation

The first technically successful allograft of a canine lung is attributed to Carrel
and Guthrie in the early twentieth century [1]. The techniques developed during a

series of autographs and allografts of several organs represented ground breaking
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work in vascular surgery. The achievements earned Dr. Carrel a Nobel Prize in 1912.
Because of a lack of understanding about rejection and technical obstacles, the field
remained dormant until the late 1940's. Improvements in thoracic surgery and
advances in transplantation immunology stimulated renewed efforts, culminating in the
report of Hardin and Kittle in 1954 of prolonged survival of canine lung allograft
recipients which had been immunosuppressed with corticosteroids and azathioprine
[2]. Continued refinements with this model paved the way for the first human lung

allograft in 1963.

Clinical Pulmonary Transplantation

The Beginnings

In the summer of 1963, two human single lung transplants were performed
three weeks apart at Jackson, Mississippi [3] and Pittsburgh, Pennsylvania [4]. In each
instant the recipient had far advanced lung disease but showed remarkable
improvement in ventilation within hours of receiving a new lung. Both were taken off
mechanical ventilation within 24 hours after engraftment and maintained adequate
lung function for the first postoperative week. Immunosuppression consisted of
cortisone and azathioprine. The recipient from Jackson, Mississippi, who had pre-
existing renal insufficiency, succumbed to renal failure and malnutrition on the 17th
postoperative day. The grafted lung, however, appeared normal on both gross and
microscopic evaluation at autopsy. In contrast, the recipient from Pittsburgh
succumbed from overwhelming staphylococcal infection of the engrafted lung which,
in retrospect, may have been present at the time of harvest. These two reports provide
a fascinating account of the problems and challenges that had to be conquered before
pulmonary transplantation came of age. They also spawned a number of attempts at

other centers where the results provided no cause for optimism
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The Promise Not Fulfilled

A total of 38 attempts in the next 15 years produced no long-term survivors! The
longest lived recipient died less than one year following a single lung transplant and
the majority succumbed much more quickly [5]. Breakdown of the bronchial
anastomosis was one of the leading causes of mortality in this era. The other was
infection. Both were believed to stem mainly from reliance on high doses of
corticosteroids to prevent rejection. In the doses required to prevent rejection, these

agents profoundly slowed wound healing and impaired host defense against infection.

The Resurrection

Fortunately, an effective alternative to corticosteroids and azathioprine for
immunosuppression appeared in the form of cyclosporine in 1976. By 1979 it was
being employed successfully in human kidney transplantation and promised
considerable benefits for liver, heart, and lung transplantation. When cyclosporine
was used in conjunction with antilymphocyte globulin to prevent rejection,
corticosteroids could be entirely avoided in the early postoperative period. This
approach toward immunosuppression permitted more rapid and complete healing of
surgical wounds than where high doses of steroids were used immediately following
surgery to achieve the same end. After the group at Stanford demonstrated the
efficacy of cyclosporine-based immunosuppression in a primate model of heart-lung
transplantation, they next applied it to humans. Their report of long-term survival in
three human heart-lung recipients ushered in the modern era of pulmonary
transplantation in 1982 [6]. In the same year, programs were initiated at Harefield
Hospital in England and in Pittsburgh, Pennsylvania for heart-lung transplantation,
and in Toronto where the focus was on single lung transplantation. Many additional

programs followed in the next five years.
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Successes and Limitations

In the ensuing five years, the number of procedures gradually increased. By

early 1987, the total amounted to about 450 cases worldwide. The emphasis was on

heart-lung allografting and the majority of procedures were performed for pulmonary

Figure 1.

The yearly rate of pulmonary transplantation at the University of Pittsburgh
from the inception of the program in 1982 until the end of 1992. During this
period a total of 233 procedures were performed. All but one of the
procedures between 1982 and 1987 were heart-lung transplants. The rate
of heart-lung transplantation actually declined after 1986. The growth in
pulmonary transplantation has been with single and double lung

transplants which currently account for 85% of all procedures.



Figure 2. Actuarial survival rates for recipients of a lung or heart-lung transplant at the
University of Pittsburgh from 1982 to the end of 1992. The mortality rate in
the early postoperative period was higher for heart-lung recipients than for
single or double lung recipients. This reflects a steep rate of loss in the first
4 years of the program when only hean-lung transplantation was being
performed. None-the-less the proportion of recipients with a heart-lung
allograft who were alive after 5 years is nearly 50%, a survival rate far
exceeding that expected of the underlying disease for which transplantation

was performed.
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vascular disease, either primary pulmonary hypertension or puimonary hypertension
secondary to congenital heart disease. Concern over the irreversibility of right
ventricular failure prompted transplant surgeons to graft a new heart as well as new

lungs in recipients with cor pulmonale [7,8]. Single lung allografts were implanted in
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Figure 3. Actuarial survival rates for recipients of lung or heart-lung allografts at the
University of Pittsburgh from 1990 through 1992. Compared to the previous

analysis in Figure 2, survival for the three major forms of pulmonary

transplantation are comparable.
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patients with endstage pulmonary fibrosis but preserved right ventricular function at
Toronto [9].

One year survival during this period ranged from 40 to 50%. The major cause
of death in the early postoperative period was infection. Although dehiscence of
airway anastomoses was encountered, the toll this complication extracted was much
less than in the pre-cyclosporine era. The leading causes of infection in the early
postoperative period were bacteria, cytomegalovirus, and fungi, particularly Candida
species [10]. Perioperative bleeding related to coagulopathies and primary graft
dysfunction related to inadequate graft preservation posed additional major
challenges. Rejection of the lung allograft in the early postoperative period proved to
be quite frequent and discordant with cardiac rejection [7]. Although rarely fatal
because it usually responded to pulsed doses of corticosteroids, acute rejection posed
a substantial diagnostic challenge. Tissue confirmation was considered desirable
prior to therapy, since augmented immunosuppression greatly enhanced the risk for
opportunistic infection. During this era transbronchial biopsy via the fiberoptic
bronchoscope was considered hazardous and the tissue obtained inadequate for
diagnosis. A larger specimen of tissue could be obtained by the transthoracic route,
but only at the expense of considerable morbidity. This situation resulted in many
cases of rejection being diagnosed on clinical grounds alone. Not uncommonly, high
doses of corticosteroids were given to recipients with infection or preservation injury,
often with a dire outcome.

Other limitations slowed the application of pulmonary transplantation during this
period. Procurement of lungs was not centralized and the need for organs not widely
appreciated. Thus, many potential donor lungs went unused. Concern over
preservation of the lung led to elaborate techniques for harvesting and transporting
organs. For example, the donor was brought to the recipient before harvest [6], or the

heart-lung bloc was preserved with an autoperfusion system employing warmed donor
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blood [7]. Such systems often made procurement a logistical nightmare. Probably the
most critical limitation was the growing demand for donor hearts for lone cardiac
transplantation. This reduced the availability of heart-lung blocs, which eventually
resulted in a decline in the rate of pulmonary transplantation at many centers by 1987

(Figure 1).

n in h rst in Pul i

Fortunately, a series of advances converged at this juncture which greatly
propelled activity in pulmonary transplantation. Arguably the most crucial was the
understanding that the failing right ventricle could regain normal function once the
burden of pulmonary hypertension was lifted. This revelation derived from successful
efforts to relieve thrombogenic pulmonary hypertension complicated by cor pulmonale
by thrombectomy [11]. Eliminating the need for a new heart for the majority of potential
lung recipients awaiting heart-lung transplantation stimulated rapid growth of single
and double lung transplantation.

Simplified procurement techniques and a growing awareness of the need for
donor lungs helped to expand the supply. Perfusion of the donor lung with
vasodilators followed by special electrolyte infusions and cryopreservation permitted
ischemic times of up to six hours, resulting in more organs being available through
distant procurement [12].

Up to this time, conventional thinking dictated that single lung transplantation
would be ineffective for treating endstage pulmonary emphysema [13]. Despite
experimental results to the contrary [14], most pulmonary physiologists reasoned that
ventilation perfusion mismatch would worsen following single lung transplantation
from increased perfusion and diminished ventilation to the allograft. Reports of
successful lung transplantation for emphysema in 1989 finally dispelled this mistaken

belief [15]. Consequently, emphysema has become the leading indication for single
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lung transplantation due to the large reservoir of potential candidates who have
prolonged survival despite severe limitations from their underlying disease.

Bleeding in recipients who required cardiopulmonary bypass had long been
one of the feared complications of pulmonary transplantation since unanticipated
pleural and mediastinal adhesions and abnormal bronchial arterial circulation usually
led to serious hemorrhage in these anticoagulated subjects. The technique of
sequential bilateral single lung transplantation avoided the need for cardiopulmonary
bypass in many recipients who required double lung transplantation [16]. Recipients
with cystic fibrosis probably benefitted the most from this advance because prior to this
significant pleural adhesions often eliminated them from consideration for
transplantation.

Control of the infectious complications has been a challenge since the inception
of pulmonary transplantation. Although the situation improved when cyclosporine
became available, infection still remained the leading cause of death. The aggressive
application of fiberoptic bronchoscopy with bronchoalveolar lavage (BAL) dramatically
improved the accuracy and timeliness of diagnosis of infection in the allograft [10]. It
also provided useful information about the course of opportunistic infections in these
recipients. This, along with better monitoring of infection in the donor lung at the time
of harvest, led to more effective specific therapy and regimens for prophylaxis against
most forms of opportunistic pathogens. Broad spectrum antibacterial coverage for the
first three to five postoperative days, based on results of cultures of the donor trachea
and knowledge of the recipient's flora preoperatively, markedly reduced morbidity and
mortality from early bacterial pneumonia [12]. Low dose Amphotericin in recipients
whose donor lung harbored Candida species nearly eliminated life threatening
infection from these agents [10]. Prophylactic treatment of recipients at risk for primary
or secondary infection from cytomegalovirus with ganciclovir, in particular, has

dramatically reduced morbidity and mortality from this all too common and potentially
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lethal infection [17]. Pneumonia from Pneumocystis carinii has all but been eliminated
by the prolonged administration of regimens of oral sulfa drugs such as
trimethoprim/sulfamethoxazole or dapsone [10]. Despite these encouraging
advances, the vigil for infection must be maintained to maintain control of infection
from well recognized agents and to discover new types of infection from heretofore
unrecognized pathogens.

The recognition that transbronchial lung biopsy was a relatively non-invasive
but highly effective approach for the diagnosis of allograft rejection revolutionized the
management of this complication [8]. Prior to this realization in the late 1980's,
detection of acute cellular rejection was a major diagnostic challenge. Because
morbidity from a transthoracic lung biopsy was often unacceptable, diagnosis was
frequently made without benefit of tissue. The relative ease and safety with which
transbronchial lung biopsy may be performed repeatedly in these patients has greatly
facilitated detection and management of acute allograft rejection. It has also
contributed to our understanding of the syndrome of chronic rejection, which will be

described later, as well [18].

The "Burst” of Pulmonary Transplantation

The convergence of these advances and their concerted application by
transplant teams throughout the world have greatly improved survival following all
forms of pulmonary transplantation. These results have engendered tremendous
enthusiasm for the procedure on the part of physicians and patients. Consequently,
the growth of pulmonary transplantation accelerated dramatically between 1987 and
the present. Extrapolation of results from the Registry of the International Society for
Heart and Lung Transplantation [19] and the St. Louis International Lung Transplant

Registry (E.P. Trulock, personal communication) suggests that the total number of



57

procedures performed worldwide in 1987 probably did not exceed 200, but by 1993
the yearly rate was approaching 900. Virtually all of this growth can be attributed to
single and double lung transplantation, as the number of combined heart-lung
allografts during this interval has remained relatively stable at around 200 per year.
Figure 1 depicts activity at the University of Pittsburgh from 1982 through 1992. It is an
accurate reflection of the large trends described above. Whether or not the "burst” will
persist and expansion of activity continue at is present rate is unknown. This will
depend principally on the supply of donor organs. The more the success rate for
pulmonary transplantation improves, however, the greater the disparity between

supply and demand.

Indications for the Various Forms of Pulmonary Transplantation and

Related Survival

Although controversy still exists, there is a growing consensus about indications
for the three principal approaches: single lung, double lung, and combined heart-lung
transplantation. The major indications are listed in Table 1. More experience must
accrue with the use of single and double lung transplantation for pulmonary vascular
disease and the quality of long-term survival following single lung transplantation for
endstage parenchymal lung disease must be better defined before these guidelines
become firm. But at the present rate of activity in the field of pulmonary transplantation,
these issues should be settled soon.

Long-term survival of recipients worldwide has progressively improved during
the last ten years. Figure 2 depicts survival results at the University of Pittsburgh
during this period. The combined five year survival rate now appears to exceed 50%
whereas in the early days of this program only 50% of newly transplanted recipients

lived to be discharged from hospital! In this analysis the two year survival rate for
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Table 1. Indications for the Major Forms of Pulmonary Transplantation

Single Lung Transplantation

A. Emphysema

B. Diffuse Pulmonary Fibrosis
C. Lymphangiomyomatosis
D. Pulmonary Hypertension?

Double Lung Transplantation

A Pulmonary Hypertension
1. Primary Pulmonary Hypertension
2. Collagen Vascular Disease
3. Eisenmenger's Syndrome from Repairable Congenital Heart
Defect

B. Septic Lung Disease

1. Cystic Fibrosis
2. Bronchiectasis
a. ldiopathic
b. Immune deficiency?

C. Emphysema

1. Complicated by recurrent infection or evidence of bronchiectasis
2. Alpha-1-Antitrypsin Deficiency
3. Bullous Lung Disease

Heart-Lung Transplantation
A Pulmonary hypertension from uncorrectable congenital heart disease

b. Pulmonary vascular disease with irreversible left ventricular failure
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recipients of a heart-lung allograft is lower than that for single and double lung
allografts, but the former value is heavily weighted by high initial mortality rates in the
early years of the program. Figure 3 compares survival rates for the three procedures
since 1990. Clearly, survival rates at all times during the postoperative period are
comparable for heart-lung versus lung transplantation. The proportion of recipients
alive after two years is now about 60% for all procedures. In the absence of
transplantation, the expected monrality rate approaches or is 100% for all patients
being considered for transplantation in our program (l.L. Paradis, University of
Pittsburgh, personal communication). Quality of life is also much improved for these
recipients. Although results from formal assessments are still pending, it is clear to
anyone intimately involved with these recipients that they are able to participate in
most of the activities pursued by normal individuals. These achievements have
established a role for pulmonary transplantation in the treatment of endstage
cardiopulmonary diseases, but considerable challenges remain which must be met

before the procedure can be considered highly successful.

The Future of Pulmonary Transplantation - Will the "Burst” Implode?

One of the problems which will retard the widespread application and success
of this promising treatment is common to the entire field of solid organ transplantation.
Although a dire shortage of organs plagues virtually all forms of transplantation, it is
relatively more acute for lung transplantation since many donors who provide suitable
hearts, livers, and kidneys do not provide suitable lungs. The reason for this is that the
lung is more commonly injured and/or infected than other donated organs. Such a
discrepancy is likely to persist despite the advent of better methods for harvesting and
preserving the lung. The recent expansion in the number of lung transplantation

programs throughout the world only aggravates this shortage since it diminishes the
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number of organs available to established centers who have contributed heavily to the
advancements in this field and are best positioned to do so in the future.

Despite encouraging progress in the control of infection, this complication
continues to pose a major challenge. The lung allograft seems to have a unique
vulnerability to infection because of its intimate contact with the external environment
and the fact that current surgical implantation techniques, the relatively non-selective
immunosuppression regimens, and injury from poor preservation and rejection all
combine to impair the mechanisms for lung defense both acutely and chronically.
Consequently, as the prevalence of pneumonitis from bacteria, CMV and P. carinii
declines, other pathogens assume greater importance. For example, infection with
Aspergillus species now represents a major diagnostic and therapeutic dilemma.
Primary infection with Epstein-Barr virus causes minimal direct morbidity, but strongly
predisposes the recipient to lymphoproliferative disease. This transplant-related
neoplasm is particularly common in the pediatric lung recipient and often afflicts the
allograft [20]. Reduction in the level of immunosuppression has proven highly
successful in controlling progression of the neoplasm, but it predisposes the recipient
to allograft rejection. The resurgence of pulmonary tuberculosis in the United States
may eventually create substantial risks for recipients due to contamination of the donor
supply and increased rate of airborne transmission of the disease.

The final problem to be discussed which looms larger than all the others is
chronic allograft rejection. All solid organs appear susceptible to a progressive
decline in function due to a process that has been given the name chronic rejection.
The lung allograft is no exception. By 1985, a syndrome characterized by progressive
obstruction to airflow and the presence of histologic bronchiolitis obliterans was
recognized as a late complication of pulmonary transplantation [21]. In the last five
years the prevalence of this syndrome has been more accurately established as the

number of long term survivors has grown. Depending on how the syndrome is
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defined, the prevalence ranges from 30 to 50% of recipients who live more than six
months. Mechanisms of injury remain poorly defined but likely involve immunologic
responses to donor antigens that are initiated and/or amplified by infection and
probably other still poorly understood factors. For thesg reasons, the syndrome has
come to be known as chronic lung rejection.

Conditions which are strongly associated with the emergence of chronic
rejection include clinically significant ischemic injury to the donor airway in the
immediate postoperative period, recurrent severe acute rejection episodes and
infection with CMV, P. carinii in the early postoperative period, and bacteria in the late
postoperative period [22] (l.L. Paradis, University of Pittsburgh, personal
communication). Most centers have elected to treat this condition by augmenting
immunosuppression, either acutely with pulsed doses of corticosteroids or anti-
lymphocyte globulin, or chronically by pushing maintenance immunosuppression to
tolerance. Response to therapy has generally been disappointing with the majority of
recipients experiencing only a short-term remission or none at all [22]. This group
suffers from a progressive decline in flow rates leading to severe disability and
eventually death. The true rate of mortality has not been established, but probably
approaches 50%. Even when there is a response to therapy, the recipient rarely
regains premorbid levels of lung function. The role of retransplantation in the
treatment of chronic rejection has not been well defined. Although it has been
effective in a handful of recipients [19], it is often a technically challenging procedure
which raises concerns about the ethics of organ utilization. The experimental
immunosuppressive agent, FK-506, has also been employed in the treatment of these
recipients at the University of Pittsburgh. Although it seems to reduce the frequency of
acute allograft rejection when compared to Cyclosporin A [23], it has not had an
appreciable effect on the chronic lung rejection in our hands. As might be expected,

the magnitude of the problem posed by chronic lung rejection has engendered
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considerable pessimism regarding the overall efficacy of pulmonary transplantation in
some transplant physicians. Although this author does not share this degree of
pessimism, he appreciates that better means of prevention and treatment of chronic

rejection are badly needed.

Summary

After thirty years of experience, the field of pulmonary transplantation appears
finally to have achieved the same level of success as cardiac and hepatic
transplantation. Along with prolonging life for patients with endstage lung and heart
disease, pulmonary transplantation has also definitely improved the quality of their
existence. The situation remains far from optimal, however. Shortage of donor lungs,
inadequate control of opportunistic infection, and prevention of chronic allograft
rejection must all be successfully addressed for this promising treatment to benefit all

of the potential candidates who look to it for salvation.
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Introduction

Xenoreactive natural antibodies (XINA) present in the blood of all
individuals and reactive with antigens on cells of phylogenetically widely-
separated species, as well as complement (C) play major roles in initiating
hyperacute rejection (HAR) of a discordant xenograft. Depletion of either of
these entities appears to result in prolongation of graft survival [1-4].

Several years ago, one of us (FHB) suggested that HAR initiated by
XNA + C might be caused by the deposition of recipient XNA on donor organ
endothelial cells (EC), and that the XINA and activated recipient C would
result in EC activation, the consequences of which would lead to HAR. Itis
well known from a series of studies in other systems, that hemorrhage and
thrombosis are the consequences of EC activation by IL-1, TNF,
lipopolysaccharide, or other stimuli. These phenomena appear to be in the
final common pathway leading to rejection of a transplanted discordant organ
no matter whether the rejection episode occurs after 12 to 15 minutes, as with
transplantation of an immediately-vascularized organ from guinea pig to rat,
in1 to 2 hours, as with transplantation from pig to primate, or after several
days, as occurs if XNA and complement are temporarily lowered, or their
actions abrogated, in the primate recipient. We review below, very briefly, the
involvement of XNA, complement, and EC activation in discordant xenograft

rejection.

This is paper #605 from our laboritories.
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Xenoreactive Natural Antibodies

The evidence that XNA are primarily of the IgM isotype is strong,
although one should not at this point rule out a role for IgG. Studies by
immunopathology of rejecting pig hearts in rhesus monkeys show primarily,
if not solely, IgM depositing on the endothelium of the donor organ. IgG,
when found, appears to have the same distribution as albumin, and is thus
likely present secondary to loss of vascular integrity and diffusion of solutes
from the intravascular space into the sub-endothelial tissues [5].

The titers of IgM XNA in different humans vary widely. In recent
studies by Vanhove in our laboratories, studying 50 individuals picked at
random, the titer of XNA varied more than 400 fold between the individual
with the highest titer as compared with the one with the lowest [6]. In our
previous studies of a smaller panel of sera, we found that this variation in titer
did not correlate with either the amount of IgM in the serum nor the titers of
the ABO isohemagglutinins [7].

One obvious goal is to remove the XNA, or lower titers in vivo to levels
at which HAR will not occur. Previously, the two major methods that have
been used were plasmapheresis and absorption of the XNA on donor species
organs, such as the kidney, by passaging blood of the potential recipient
through one or more donor organs before transplantation. Both of these
approaches are effective, however, the XINA rapidly return to the circulation
[1]. Thus, in the last few years, other approaches have been evaluated.

A number of new immunosuppressive agents have become available
that suppress elicited antibody formation. Such agents include mycophenolate
mofetil (RS 61443) [8], 15-deoxyspergualin [9], rapamycin and brequinar [10].
We have shown, primarily in rats, that several of these including RS 61443 as
well as rapamycin and brequinar are able to suppress XNA titers, and if XNA
are depleted by physical methods, to maintain the lowered levels achieved
[10]. In addition, Soares, Bazin, one of us (FHB) and our colleagues have used
a mouse anti-rat i chain monoclonal antibody to suppress XNA to
undetectable levels, which can be maintained for a few days after cessation of
antibody therapy [11]. These approaches will hopefully not only be of use for
clinically-relevant therapies, but will allow testing of important questions
regarding the role of XNA in the rejection process.
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One aspect of the XNA problem deals with the target antigens on pig
EC that are recognized by the XNA. We and others, using various methods to
isolate potential candidate targets, have shown that in addition to the triad
(gp115, gp125, and gp135) we previously identified [12], there are other
prominent target molecules, including ones with molecular weights ranging
from 40 kD to 200 kD [13]. Once identified and isolated, the targets of the
XNA could be administered in vivo in an attempt to block XN A binding to EC,
or used on columns to deplete XNA before transplantation.

Complement

Inhibition of complement has represented a formidable barrier in the
past, however, techniques have recently been introduced that show promise in
this regard. Fearon and colleagues genetically engineered a soluble form of
complement receptor type 1 (sCR1) which has been shown to inhibit
complement and allow prolonged survival of discordant xenografts in both
rats and primates [14]. A highly purified preparation of cobra venom factor
has also yielded encouraging results with minimal toxicity to the recipient.

Dalmasso, working with us in Minnesota, had the idea of introducing
human forms of membrane-associated inhibitors of complement, such as
decay accelerating factor (DAF) [15], into pig EC to inhibit complement.
Dalmasso and we [16], as well as David White and colleagues [17], have
shown that there is potential validity to this idea. A major goal is to derive a
transgenic pig that expresses high levels of human inhibitors of complement.

EC Activation

Addition of human serum to monolayers of pig EC in vitro results in
various changes that are characteristic of EC activation. (We do not review in
this paper, the loss of heparan sulfate from EC treated in this manner, which
we have discussed [18].) Perhaps of greatest interest in this regard is that the
EC stimulated with human serum promote coagulation as compared with
quiescent EC. Consistent with these procoagulant changes, that presumably
reflect the up-regulation of the gene for tissue factor and expression of that
product on the cell surface [19], is the observation that a number of different
genes are up-regulated (as measured by accumulation of mRNA) with the
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addition of human serum to the EC. Present studies in our laboratories
suggest that XNA without complement do provide a stimulus to the EC [20].
We believe that these changes may well reflect what takes place in vivo
as well. Guinea pig hearts transplanted to rats that have been treated with
cobra venom factor survive between 2 and 5 days, depending on the addition
of other therapies. Examination of the heart at the time of rejection by
immunopathology shows evidence of IL-1, tissue factor, as well as expression
of P-selectin and E-selectin, all markers of EC activation. Further experiments
will be needed to evaluate to which extent the consequences of EC activation
are the cause of rejection; we regard it as very likely that they play such a role.

Accommodation: a working model for xenograft survival

We have suggested [16] that it may not be necessary to remove XNA
and compromise the complement system, and perhaps manipulate other
factors, for the life-time of the graft, to prevent vascular rejection. (It is
important to emphasize in this context that there will surely be a cell-mediated
immune rejection response in the pig to primate situation if the vascular
problem is averted; we are not dealing with that here, nor discussing the
therapy of such rejection.) Based on findings in allotransplantation across the
ABO barrier [21], we proposed as a working model that if XNA and
complement, and perhaps other factors, are compromised for some time after
the transplant is in place, that at a later time, when the transplanted organ and
the EC of that organ have had time to “heal in”, it may be possible to let XNA,
C and other factors return to normal without evoking EC activation to the
extent that vascular rejection occurs. We have referred to such a situation as
“accommodation” and have discussed possible reasons why accommodation
may be achieved. Whether accommodation, which we believe we did achieve
in one rhesus recipient of a pig heart [18], can be reproducibly achieved must
be the subject of future experiments.
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The first xenotransplantations were performed at the beginning of the twentieth
century. Actually, only 46 xenotransplantations were published between 1906 and
1970, with poor results as the grafts. which were mostly harvested from non human
primates. were all rejected within hours or days.

Since 1977, only 4 tentatives have been published. The last patient, transplanted by
Starzl and coll. (1), had a longer survival thanks to the progresses in
immunosuppressive therapy. and also because the liver is less strongly rejected than
heart or kidney. However. the main reason for the relative scarcity of
xenotransplantations and of experimental studies on the topic during the last decades was
the increasing successes of allotransplantation. Nowadays. the increasing difficulties in
finding organs of human origin triggers a renewed interest in xenotransplantation.

Xenotransplantation is invariably followed by a rejection. Experimentally. when the
donor belongs to a species distant from the recipient, the rejection is extraordinarily fast
and spectacular. occuring within minutes or hours. Such hyperacute rejection 1s
observed in donor-recipient combinations that were termed "discordant” by Calne (2) in
1970. They are distinct from "concordant” combinations between closer species. that are
followed by an acute rejection within 7 to 10 days.

The xenogeneic hyperacute rejection is clinically similar to that observed when an
allotransplantation is unfortunately performed in a hyperimmunized recipient: xenogeneic
acute rejection is clinically and immunologically similar to the acute rejection of
allografts.
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The mechanism of xenograft hyperacute rejection is complex. It involves the

activation of the gratt endothelial cells by antibodies and complement present in the
recipient's serum. Activated endothelial cells preduce various soluble mediators that
participate in the formation of fibrin. in platelet agregation and in vasoconstriction. All

these phenomena lead to hemorrhagic necrosis of the graft.

The recipient's complement plays a pivotal role that has been demonstrated by
several experiments years ago: in 1967, Gewurz and the group of Geod (3) showed that
the transplantation of rabbit. sheep. pig or calf kidneys into dogs was tollowed by the
decrease in complement components in the effluent blood of the graft. Schilling and coll
{4) showed that isolated rat kidneys perfused with normal dog serum dispiayed lesions
of hyperacute rejection within minutes, whereas in kidnevs perfused with
decomplemented sera or with sera depieted from immunoglobulins. the lesions were
delayed. Similarly. isolated rabbit or guinea pig hearts perfused with decomplemented
hman serum survive for a longer period of time than when perfused with normal human
serum.

The isssue which is presently addressed by several groups of searchers, is that of the
mechanism of complement activation during xenograft hyperacute rejection. In the
guinea pig to rat combination, Miyagawa and coll (5} and Termignon and coll (6}
showed that the alternative pahway of complement is engaged. The activation of the
alternative pathway of the recipient's complement can occur through the direct contact
between complement components and endothelial cell membranes. Indeed. the
membranes may be altered. for example. by the release of heparan sulfate described by

Platt and coll (7). during the process of cellular activation.

Preformed antibodies:

Preformed or natural anti-donor antibodies present in the recipient’s serum can

activate the direct pathway of complement once they have bound to the endothelial cells

of the graft. Many groups (8.9, 10, 11. 12, 13) favor this explanation and our present
opinion is that, at least in the guinea pig to rat combination, and chiefly in the pig to

human combination which is more interesting in terms of clinical applications. both
direct and alternative pathways of complement are involved. Indeed. in an in vitro model
of hyperacute rejection using pig endothelial cells in culture and human serum as source

of natural antibodies and complement, we have shown that both C1g-deficient and factor



syngeneic pig sera nor decomplemented human sera were cytotoxic) ( 1),

Therefore. complement activation during hyperacute rejection involves both the
alternative pathway and the direct pathway which is triggered by natural antibodies
combined to xenoantigens borne by endothelial cells.

The antigens recognized by natural antibodies are not precisely known in most
combinations. Platt and coll showed that human sera recognize 115-135 ki) molecules
on pig cells (15). We found that rat natural antibedies bound to 95-110 Kd antigens on
membranes of guinea pig endotheliai ceils (16). The epitopes specifically recognized by

the xenogeneic antibodies are oligosaccharides and are currently under investigation in

We observed that the cytotoxic power of rat serum towards guinea pig cells was
correlated with the titer of rat anti-guinea pig antibodies (9). Plasma exchanges
performed in rais prior to transplantation of a guinea pig heart. induced a decrease in the
natural antibody titers and a significant prolongation of the graft survival: several hours
versus15 min in the control group.

In order to assess the role of these natural antibodies more precisely. isolated guinea
pig hearts were perfused by decomplemented rat serum or by fragments of
immunoglobulins. Immunofluorescence studies showed the deposition of rat
immunoglobulins on the coronary endothelium of guinea pig hearts. Fab' of rat natural
[gM also bound to endothelial cells. We took opportunity of the inability of these Fab’
fragments to activate complement. to mask the xenoantigens of the guinea pig hearts
with these fragments prior to the transplantation into a rat. When guinea pig hearts had
been perfused with a buffer solution or with IgG fragments. they were rejected in 15
min as usual: when they had been perfused with 1gM Fab'. the antigens were protected
for some time and the rejection was significantly delayed up to 28 min (13). Of course,
the gratt was rejected as soon as the 1gM fragments had been eluted from the graft

the role of natural antibodies in hyperacute rejection.

The study of acute rejection of xenografts requires that no hyperacute rejection

occurs. This is achieved either by performing grafts that do not necessitate an immediate
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vascular reconnexion, such as skin grafts, or using concordant donor-recipient
combinations such as, for example, hamster to rat.

While in vivo experiments showed similarities between acute xenogeneic and
allogeneic rejections. xenogeneic MLRs are generally characterized by a weaker
proliferation than allogeneic ML.Rs. This phenomenon is probably not due, as it was
inttially thought. to an inappropriate TCR repertory in recipients' respondig cells. At
least two other findings can explain the weakness of in vitro xenogeneic proliferation:
Bach and coll showed that the recipients’ lymphoid cells may respond weakly to the
cytokines produced by the cells from a distant species. In addition, when the donor and
the recipient belong to widely disparate species, the ligands present on antigen-
presenting cells of the donor may not be complementary of adhesion molecules on
recipient's lymphoid cells.

The weaknes of xenogeneic MLRs raises the hope that the xenogeneic acute rejection
may be easy to prevent. However, this is not necessarily true. since no correlation
between the rate of in vitro xenogeneic proliferation and the intensity of acute rejection

has been established yet.

The choice of a donor: If such correlations existed. they could guide the choice of the

potential donors. At first it was thought that using organs from primates such as
monkeys would help solve the technical, physiological and immunological problems.
Indeed. because of phylogenetic proximity, organs from primates were supposed to be
appropriate substitutes in humans. In addition. the immunological rejection of primate
organs is clinically and immunologically similar to the acute rejection of allografts.
However, given the numerous technical, economical and ethical issues, the scientific
community has begun to study the possibility of using animals more distant from human
as organ donors:

pigs. which are considered as the favorite potential organ donors, are less expensive
than monkeys.
- the risk of transmission of viral diseases is not well known but is probably weaker than
with non human primates, namely in terms of retroviruses.
- the use of pigs should raise fewer protests since this animal is already widely used as
food in many countries: in addition, preliminary discussions with religious authorities
ruling communities who do not consume pork meat, indicate that the transplantation of
pig organs would not be forbidden if allowing to save human life.

- the physiology of pig kidney and liver is close to that of human.
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The treatment of xenogeneic rejection: If non primates are chosen as donors, we will

have to handle hyperacute rejection first, and if the patient overcomes this step, we will
have to treat the acute rejection. Many experimental protocols have been designed to
prevent or inhibit hyperacute rejection. Most of them are based on:

- recipient's depletion from natural antibodies by plasma exchanges or extracorporeal
absorption on xenogeneic organs . or depletion of natural antibody producing CD5+ B
cells using monoclonal antibodies (9, 17).

- inhibition of complement activation with infratoxic dosages of cobra venom factot (18,
19).

- inhibition of various soluble mediators produced by endothelial cells.

None of these treatments have been definitely convincing. It may be that some of
them should be associated. However. two new methods could open new alleys in the
prevention of hyperacute rejection:

- the use of transgenic donors,

- the accomodation of the graft prior to transplantation.

Transgenic animals: Human cells bear glycoproteins on their membranes such as
CD35(CRD). CD46 (Membrane Cofactor Protein), CD55 (Decay Accelerating Factor),

CD39 (Protectin), and Homologous Restriction Factor. that are specific inhibitors of

autologous complement and not of xenogeneic complement. It has already been shown
than CHO cells transfected with human DAF or MCP genes (20) and murine cells
transfected with human CD59 genes (21) are more resistant to lysis by human
complement than non transfected cells. In vivo perfusion of soluble CR1 prolongs
xenograft survival (22). Mice transgenic for DAF and MCP genes have been
produced(23). and a sow bearing human DAF genes now lives in Cambridge (24).
Therefore. the idea would be to use as organ donors transgenic animals expressing
one or several of these proteins which would inhibit human complement and probably

hyperacute rejection.

Accomodation of the graft: A second new method would consist of accomodating the

graft ex vivo prior to the transplantation. It has been shown that depletion of natural
antibodies prior to transplantation and maintenance of low antibody levels, leads to a
state in which the graft survives even after the anti-donor antibodies have returned to

their initial level . Alexandre and coll (25) allowed porcine kidneys to survive in baboons
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after reappearance of natural xenoantibodies that had ben initially depleted. This
situation, "...where temporary removal of an offending antibody before and for some
time period after transplantation, allows survival when the antibody returns. in the
presence of normal levels of complement..." has been named "accomodation” by Bach
(26).

The accomodation phenomenon is presently studied in vitro by Zhao and coll (27),
who showed that after 3 days' incubation with decomplemented normal human serum.
pig endothelial cells are more resistant to human complement lysis (34%) than control
cells preincubated with syngeneic serum (65%). The percentage of lysis by Clg-
deficient serum is not significantly different whether the cells have been "accomodated”
or not: in contrast, factor B-deficient serum is almost not cytotoxic to "accomodated” pig
cells (2%) versus control cells (46%).

This observation suggests that the contact with xenogeneic antibodies before the
transplantaton may inhibit the direct pathway of complement. Further experiments
suggest that the recipients lgG and neither IgM nor IgA are responsible for this
accomodation , and that an ex vivo perfusion of the graft with polyclonal 1gG prior to
the transplantation might effectively delay its hyperacute rejection.

If the dream of overcoming hyperacute rejection could be fulfilled, doctors would be
left with the treatment of acute rejection which would perhaps require fewer imaginative
efforts: progresses in immunosuppressive therapy. total lymphoid irradiation or even
intrathymic graft of xenogeneic cells could be attempted as it already was in allogeneic

sitnations.
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RISK FACTORS FOR REJECTION AND PREDICTIVE FACTORS FOR CHRONIC REJECTION IN
KIDNEY TRANSPLANTATION

Patrice DETEIX, Christine CARRIAS, Eliane ALBUISSON

To know the risk of rejection is one of the main goal for each physician in charge of
transplanted patients. Such a knowledge should allow us to adapt the immunosuppressive
therapy to the level of risk and to avoid to add several high risk factors for the same
allogenic kidney recipient. In the litterature two methods are used : to look for risk
factors in homogeneous but small one-center studies or in heterogeneous multi-center
studies with a large contingent of patients. Risk factors for rejection in kidney
transplantation can be classified in four groups : risk factors peculiar to the donor, to the
recipient, to the couple donor-recipient and to the post-transplant period. Risk factors
related to the donor are age, sex and living or cadaver status. Risk factors related to the
recipient are age, sex, race, primary disease, HLA antigens, blood transfusions prior to
transplantation and immunization. Risk factors related to the couple donor-recipient are
ABO and HLA compatibilities, cold ischemia and delayed graft function, crossmatch
procedures. Risk factors related to the evolution of the graft are the short term
evolution, infections with cytomegalovirus (CMV), immunosuppression and quality of

care.

Material and methods :

For this study we analysed the litterature and our one-center results ; 100 kidney
transplantations were performed between july 1987 and may 1992 using quadruple
immunosuppression with anti-thymocytes globulins (Institut Mérieux) during 10 days.

The shortest follow-up was 9 months. Seven patients were transplanted for the second
79
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time. Ten patients came back to dialysis after rejection, 1 after recurrence of
glomerulonephritis and 1 after transplantectomy with Kaposi in the graft. Two patients
died after antirejection therapy, 2 died with sepsis and multiple organ failure (without
rejection), 1 patient died of an acute lung cytomegalovirus infection. Five years actuarial
survival is 94% for the patient and 82% for the graft (figure 1). The first rejection
was not documented by biopsy, chronic rejection was documented on biopsy and clinical
evolution. CMV infection was documented by positive viremia and/or positive viruria
(rapid detection or viral cultures) and/or seroconversion and/or significant rise of the
anti-CMV antibodies titers or the detection of specific anti-CMV IgM (ELISA). Viral
monitoring was performed weekly from day 0 to day 21 then if clinical symptoms
occured. Analysis of risk factors for acute rejection was performed with Kaplan-Meier
survival curves compared with log-rank test, the end-point was the first rejection. We
also performed comparison of qualitative and quantitative variables using either
chi-square test or Mann-Whitney U test, the outcome variables were acute rejection and

chronic rejection.

Results :

Fivty seven patients (57%) had acute rejection. We found (univariate analysis)
significant statistical link between acute rejection and recipient age (less rejections in
patients older than 60 years, chi-square = 3.87, p = 0.048), acute rejection and CMV
infection (more rejections in patients with CMV infections, chi-square = 14.75, p <
0.0001), and between chronic rejection and acute rejection (more chronic rejection in
patients with acute rejection, chi-square = 9.76, p = 0.0004), chronic rejection and
CMV infection (more chronic rejection among patients with CMV infection, chi-square =

11.58, p < 0.0001). Patients with CMV infection experienced more rejections, 2 years
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after the transplantion 60% of the patients without CMV infection had no rejection while
only 10% of the patients with CMV infection had no rejection (figure 2). Creatinine
levels at 3 and 6 months were also statistically linked to acute rejection (Mann-Whitney

U test, p < 0.0001).

Discussion :

In most of the published studies the outcome variable is the graft loss or the patient
death. To find risk factors for rejection the outcome variable must be either rejection or
graft loss by rejection or death of the patient directly related to rejection. Matas (1) has
shown the importance to consider death with function in analyzing kidney transplant
outcomes particularly when half-lives after the first year are compared. Difficulties
appear also with the definition of the rejection, was a biopsy performed or was the
diagnosis made on clinical grounds? Very few studies have chronic rejection as an
outcome variable. When an event A is a risk factor for an outcome variable X, B can be a
risk factor for A and X, B enhances the statistical link between A and X, the risk factor B
is called confounding factor for A and X ; statistical tools as cross-stratification and
multivariable analysis are used to avoid the action of confounding factors. Among
multivariable methods proportional hazards regression (Cox) is widely used. We must
carefully analyse the published results, Concato [2] in a recent review found 68% of
violations of methodologic guidelines in a random sample of publications in the Lancet and

the New England Journal of Medicine.

Donor risk factor for rejection
One year graft survival is lower when the donor is younger than 10 years [3.,4], this

appears even after exclusion of technical failure and whatever was the recipient age [5].
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About old donors the results seem to be not so good [3,4,6] but Creagh [7] did not notice
any difference in graft survival for donors older than 50 years. In the UNOS 1991
registry 1 year graft survival is lower with female donors who are older than male
donor, the cause of brain death is more often traumatic for males and vascular for the
women [6]. Cadaver versus living donor : one year graft survival is higher when the
donor is a living related donor with 0 mismatch or 1 haplotype (cadaver donor : 79%, O
mismatch living related donor : 94%, 1 haplotype : 90%) in the UNOS 1991 registry
[6] and the difference still exists after one year with half-lives respectively at 7, 27
and 12 years. Sesso [8] found with the Cox model much less graft failure with identical

and haplo-identical related living donor.

Recipient risk factor for rejection

Rate of first rejection and immunologic graft loss are higher with young recipients [4,9]
quadruple immunosuppression reduces the risk of rejection in younger patients for
Ettenger [10]. Howard [11] found no difference in graft survival between recipients
younger or older than 50 years. No significant differences in graft outcome are associated
with the recipient sex [9]. Concerning the race of the recipient Koyama [12] published
in the UNOS registry lower 1 year graft survival and lower half-life after the first year
in black people, more mismatches could be one of the explanations for those bad results.
Lim and Cecka in 1992 published better results with patients whose primary disease was
an IgA glomerulonephritis [13,14]. Sanfilippo in 1984 showed a beneficial effect of
bilateral native nephrectomy with less graft lost from rejection and increase in overall
graft survival [15]. Hendricks and Soulillou claimed in 1983 that recipients with the

class Il antigen DR6 had a lower graft survival than recipients without the DR6 antigen
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[16,17]. The 1 year graft survival of non transfused patients in United States improved
and surpassed the 1 year graft survival of transfused patients in 1989 [18]. Opelz
(Collaborative Transplant Registry) found the same phenomenon, with or without
cyclosporin the 3 years graft survival is now nearly the same with or without
transfusions [19]. Nevertheless Baatard [20] in a recent one-center study found still a
transfusion effect if the recipient received 3 or 4 blood transfusions before the
transplantation. Lagaaij [21,22] reported in 1989 and later the beneficial effect of a
single pre-transplantation transfusion with 1 HLA-DR antigen matched, we need
confirmation by others groups. More and more patients are not transfused before the
transplantation, the ratio of transfused to non transfused recipients is now near from one
[18]. Pouteil-Noble [23] did not found any beneficial effect of platelets transfusions on
4 years graft survival. Sensitization against HLA antigens seems to be a deleterious risk
factor for graft survival. Zhou [24] reported with the UCLA registry a diminution of 7%
of graft survival in sensitized recipients, the HLA matching effect overcame the effect of
sensitization. In the same study it appeared that the loss of transplants occured in the
first three months, the half-life after three month was nearly the same whatever was

the sensitization of the recipients.

Couple donor-recipient, risk factor for rejection

ABO compatible missmatches seem to have a light detrimental effect on 5 years graft
survival [25]. HLA was the overriding factor that determined graft survival, matching
has the highest and most significant relative risk of all the covariates in the study of
UNOS 1991 registry by Cicciarelli ; 3 years graft survival was 84% with 0 mismatch

and 68% with 6 mismatches [26]. Vereestraeten attracted attention on beneficial (donor
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DR5+ recipient DR5- or donor DR7+ recipient DR7-) or detrimental (donor DR6-
recipient DR6+ or donor DR7- recipient DR7+) HLA disparities, with a 20% more 2
years graft survival in recipients with beneficial disparities [27]. Opelz and the
Collaborative Transplant Study have shown the importance of HLA antigen splits [28] and
the great improvement of HLA matching effect when typing is made with molecular
biology [29]. Cold ischemia and acute renal failure could be risk factors for rejection ;
Preuschof reported much more vascular rejection on kidneys from older donors with a
delayed graft function [30]. Crossmatch done before transplantation is wusually a
lymphocytotoxicity crossmatch (National Institute for Health assay) ; Birtch [31] has
shown the relevance of a 51chromium release assay, Takahashi [32] has shown the
significance of an antiglobulin crossmatch test to predict occurence of severe accelerated
rejections in patients who received donor specific transfusions. Kerman [33] has
compared the NIH assay with the anti human globulin test and with a flow cytometry
crossmatch, the two last methods allowed to get better results for patients with a negative
crossmatch ; the 1 year graft survival was repectively 66%, 77% and 83% for patients
having a negative crossmatch with NIH assay, anti-lg test and flow cytomotry test.
Karuppan and Muller [34,35] laid stress on the importance of non-complement fixing
antibodies (anti-HLA) in patients with acute rejection, detrimental effect of weakly
positive  B-cell cytotoxicity crossmatches (with T-cell cytotoxicity negative
crossmatches) has been demonstrated, the patients with rejection had a T cell reactivity
with the flow cytometer. Ting in a review [36] considered a T cell cytotoxicity
crossmatch with IgG against class | HLA antigens in the current serum as the single
definite contra-indication to transplantation. Guerin [37] has shown a favourable graft

outcome in patients transplanted with a positive B-cell crossmatch on current serum.



86

Auto (non-HLA) antibodies are not detrimental [36].

Post transplantation risk factors for rejection.

CMV infection could have a detrimental effect on immunologic graft survival. Von
Willebrand [38] demonstrated association between CMV infection, rejection and
upregulation of HLA class Il antigens in the graft. Fujinami [39] found a sequence
homology and an immunologic cross reactivity between the early-2-protein of CMV and
the beta chain of HLA class Il antigens. In clinical studies Niaudet [40] claimed that CMV
infection had no detrimental effect on graft survival, Lewis [41] found more acute
rejections and a 1 year graft survival decreasing with CMV infections, Dittmer [42]
found more vascular rejections associated with CMV infections. Pouteil-Noble [43] found
a strong association between CMV infection and rejection and also between B-DR or DR
HLA incompatibilities and CMV infection. Blancho [44] published an higher incidence of
CMV infection in DR7 matched recipients. Therapy of CMV infections with interferon
[45] can induce irreversible rejection. Early evolution could be a risk factor : Gulanikar
[46] reported all the patients free of rejection at 3 months as free of rejection one year
after the transplantation. Nicol [47] compared 48 patients with immunologic graft
failure between 12 and 36 months after transplantation to 300 patients with graft
survival at 3 years , among the group with graft failure 39% were free of rejection at 3
months and 27% had 2 or more rejections at 3 month against respectively 62% and 13%
in the group with graft survival at 3 years. The appearance of survival curves in all the
studies shows very well the higher rate of graft loss during the first three months, even
now with very few technical failures, the evolution during the first three months seems

to be a risk factor for more late rejections and chronic rejection. Obviously the kind of
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immunosuppression is a risk factor for rejection, everybody among physicians is looking
for the best protocol with no rejections and no infectious complications. It is impossible
to resume all the trials performed until now, most of the centers use cyclosporin,
steroids and azathioprin. Norman [48] found less rejections, but identical 2 and 5 years
graft survival when he compared patients receiving OKT3 and patients without the
monoclonal antibody. Matas [49] has shown the beneficial effect of antilymphocyte
globulin on the occurence of rejection in recipients with delayed graft function. Hanas
[50] studied a new aspect of cyclosporin efficacy, a low cyclosporin concentration in the
kidney tissue itelf could be a risk factor for rejection. The center effect which has
disappeared in France [51] is still in United States (UNOS) a risk factor for rejection
[52]. Graft survival following rejection is 10 to 30% lower in average and low centers.
Risk factors for chronic rejection have been studied by Almond (53) in a recent
one-center study. Acute rejection, cyclosporine dosage < 5mg/kg/day at one year and

infection were the major risk factors found for the development of chronic rejection.

Busson [51] published a comparison of 9 studies on risk factors in kidney
transplantation, HLA matching, sensitization and retransplantation, recipient age were
found as risk factors in the majority of the studies. Major risk factors for rejection are a
positive T cell crossmatch on the current serum and an ABO incompatibility without any
preparation of the recipient. All others risk factors are relative. Shortage of organs
brings us to take a few risks, it is not possibie to have always a perfect match, no CMV
infection and a recipient without HLA antibodies. Quality of care (monitoring) and

immunosuppression have to overcome the effect of risk factors for rejection.



88

References :

1. Matas AJ, Gillingham KJ, Sutherland DER. Half-life and risk factors for kidney
transplant outcome - importance of death with function. Transplantation
1993;55:757-761.

2. Concato J, Feinstein AR, Holford TR. The risk of determining risk with multivariable
models. Ann Intern Med 1993;118:201-210.

3. Cecka JM, Terasaki Pl. Matching kidneys for size in renal transplantation. Clin
Transplantation 1990;4:82-86.

4. Pirsch JD, d'Alessandro AM, Sollinger HW et al. The effect of donor age, recipient age,
and HLA match on immunologic graft survival in cadaver renal transplant recipients.
Transplantation 1992;53:55-59.

5. De Jong MCJW, Hoitsma AJ, Koene RAP. Influence of donor age on graft rejection in
paediatric kidney transplantation. Nephrol Dial Transplant 1990;5:308-309.

6. Cecka JM, Terasaki Pl. The UNOS scientific renal transplant registry - 1991. In:
Terasaki Pl, Cecka JM, editors. Clinical Transplants 1991. Los Angeles: UCLA Tissue
Typing Laboratory, 1992:1-11.

7. Creagh TA, McLean PA, Donovan MG, Walshe JJ, Murphy DM. Older donors and kidney
transplantation. Transpl Int 1993;6:39-41.

8. Sesso R, Klag MJ, Ancao MS et al. Kidney transplantation from living unrelated
donors. Ann Intern Med 1992;117:983-989.

9. Yuge J, Cecka JM. Sex and age effects in renal transplantation. In: Terasaki Pl, Cecka
JM, editors. Clinical Transplants 1991. Los Angeles: UCLA Tissue Typing Laboratory,

1992: 257-267.



89

10. Ettenger RB, Rosenthal JT, Marik J et al. Successful cadaveric renal transplantation
in infants and young children. Transplant Proc 1989;21:1707-1708.

11. Howard RJ, Pfaff WW, Scornik JC, Salomon DR, Peterson JC, Brunson ME. Kidney
transplantation in older patients. Clin Transplantation 1990;4:181-186.

12. Koyama H, Cecka JM. Race effects. In: Terasaki Pl, Cecka JM, editors. Clinical
Transplants 1991. Los Angeles: UCLA Tissue Typing Laboratory, 1992: 269-280.

13. Lim EC, Chia D, Terasaki P. Studies of sera from IgA nephropathy patients to explain
high kidney graft survival. Hum Immunol 1991;32:81.

14. Lim EC, Terasaki Pl. Outcome of renal transplantation in different primary diseases.
In: Terasaki Pi, Cecka JM, editors. Clinical Transplants 1991. Los Angeles: UCLA Tissue
Typing Laboratory, 1992: 293-303.

15. Sanfilippo F, Vaughn WK, Spees EK. The association of pretransplant native
nephrectomy with decreased renal allograft rejection. Transplantation
1984;37:256-260.

16. Hendriks G, Schreuder G, Claas F. HLA-DRw6 and renal allograft rejection. Br Med J
1983;286:85-87.

17. Soulillou JP, Bignon J. Poor kidney-graft survival in recipients with HLA-DRw6. N
Engl J Med 1983;308:969-970.

18. Ahmed Z, Terasaki PI. Effect of transfusions. in: Terasaki Pl, Cecka JM, editors.
Clinical Transplants 1991. Los Angeles: UCLA Tissue Typing Laboratory, 1992:
305-312.

19. Opelz G. Disappearance of the transfusion effect in renal transplantation. In:
Transplantation and clinical immunology, JL Touraine et all, editors, XXV, Amsterdam,

Excerpta Medica, 1992: 31-34.



90

20. Baatard R, Dantal J, Hourmant M et al. Effect of the number of pregraft blood
transfusions in kidney graft recipients treated with bioreagents and cyclosporin A.
Transplant Int 1991;4:235-238.

21. Lagaaij EL, Hennemann PH, Ruigrok M et al. Effect of one-HLA-DR-antigen-matched
and completely HLA-DR-missatched blood transfusions on survival of heart and kidney
allografts. N Engl J Med 1989;321:701-705.

22. Lagaaij EL, Persijn GG, Van Rood JJ, Claas FHJ. Blood transfusions: selection of
HLA-DR matched blood donors. In: Transplantation and clinical immunology, JL Touraine
et all, editors, XXIV, Amsterdam, Excerpta Medica, 1992: 9-15.

23. Pouteil-Noble C, Betuel H, Raffaele P, Robert F, Dubernard JM, Touraine JL. The
value of platelet transfusions as preparation for kidney transplantation. Transplantation
1991;51:777-781.

24. Zhou YC, Cecka JM. Sensitization in renal transplantation. In: Terasaki Pl, Cecka JM,
editors. Clinical Transplants 1991. Los Angeles: UCLA Tissue Typing Laboratory, 1992:
313-323.

25. Stock P, Sutherland DER, Fryd DS et al. Detrimental effect of ABO-Compatible
mismatching decreases 5-years actuarial graft survival after renal transplantation.
Transplant Proc 1987;19:4522-4524.

26. Cicciarelli J, Cho Y. HLA matching: univariate and multivariate analyses of UNOS
registry data. In: Terasaki Pl, Cecka JM, editors. Clinical Transplants 1991. Los Angeles:
UCLA Tissue Typing Laboratory, 1992: 325-333.

27. Vereerstraeten P, Andrien M, Dupont E, De Pauw L, Kinnaert P, Toussaint C.
Individualization of high-and low-risk HLA-DR incompatibilities in  renal

transplantation. Clin Transplantation 1989;3:54-59.



91
28. Opelz G. Importance of HLA antigen splits for kidney transplant matching. Lancet
1988;2:61-64.
29. Opelz G, Mytilineos J, Scherer S et al. Survival of DNA HLA-DR typed and matched
cadaver kidney transplants. Lancet 1991;338:461
30. Preuschof L, Lobo C, Offermann G. Role of cold ischemia time and vascular rejection
in renal grafts from elderly donors. Transplant Proc 1991:;23:1300-1301.
31. Birtch AG, McConnachie P, Lewis WI. Sensitization following donor-specific
transfusions detected by Cr release assays - Cya modulation of early rejection effects.
Transplant Proc 1987;X1X:805-807.
32. Takahashi H, Okazaki H, Taguma Y et al. Useful antiglobulin cross-match test for
DST-sensitized patients. Transplant Proc 1987;19:794-799.
33. Kerman RH, Van Buren CT, Lewis RM et al. Improved graft survival for flow
cytometry and antihuman globulin crossmatch-negative retransplant recipients.
Transplantation 1990;49:52-56.
34. Karuppan SS, Lindholm A, Méller E. Fewer acute rejection episodes and improved
outcome in kidney-transplanted patients with selection criteria based on crossmatching.
Transplantation 1992;53:666-673.
35. Karuppan SS, Ohlman S, Méoller E. The occurence of cytotoxic and
non-complement-fixing antibodies in the crossmatch serum of patients with early acute
rejection episodes. Transplantation 1992;54:839-844.
36. Ting A. Positive crossmatches-when is it to transplant? Transplant Int 1989;2:2-7.
37. Guerin C, Pomier G, Laverne S, Fleuru H, Le Petit JC, Berthoux F. Renal
transplantation with a current T negative but historical T and/or B positive cross match.

Nephrol Dial Transplant 1991;6:280-285.



92

38. Von Willebrand E, Pettersson E, Ahonen J, Hayry P. CMV infection, class Il antigen
expression, and human kidney allograft rejection. Transplantation 1986;42:364-367.

39. Fujinami RS, Nelson JA, Walker L, Oldstone MB. Sequence homology and immunologic
cross reactivity of human cytomegalovirus with HLA-DR B chain : a means for graft
rejection and immunosuppression. J Virol 1988;62:100.

40. Niaudet P, Raguin G, Lefevre JJ et al. Serological status of cytomegalovirus and
outcome of renal transplantation. Kidney Int 1983;23:850-S53.

41. Lewis RM, Johnson PC, Golden D, Van Buren ChT, Kerman RH, Kahan BD. The adverse
impact of cytomegalovirus infection on clinical outcome in cyclosporine-prednisone
treated renal allograft recipients. Transplantation 1988;45:353-359.

42. Dittmer R, Harfmann P, Busch R, Stenger KO, Bédtge B, Arndt R. CMV infection and
vascular rejection in renal transplant patients. Transplant Proc 1989;21:3600-3601.
43. Pouteil-Noble C, Ecochard R, Landrivon G et al. Cytomegalovirus infection - an
etiological factor for rejection? Transplantation 1993;55:851-857.

44. Blancho G, Josien R, Douillard D, Bignon JD, Cesbron A, Soulillou JP. The influence
of HLA A-B-DR matching on cytomegalovirus disease after renal transplantation.
Evidence that HLA-DR7-matched recipients are more susceptible to cytomegalovirus
disease. Transplantation 1992;54:871-874.

45. Kovaric J, Mayer G, Pohanka E et al. Adverse effect of low-dose prophylactic human
recombinant leukocyte interferon-alpha treatment in renal transplant recipients.
Transplantation 1988;45:402-405.

46. Gulanikar AC, MacDonald AS, Sungurtekin U, Belitsky P. The incidence and impact of
early rejection episodes on graft outcome in recipients of first cadaver kidney

transplants. Transplantation 1992;53:323-328.



93

47. Nicol D, MacDonald AS, Lawen J, Belitsky P. Early prediction of renal allograft loss
beyond one year. Transpl Int 1993;6:153-157.

48. Norman DJ, Shield CF, Barry J et al. Early use of OKT3 monoclonal antibody in renal
transplantation to prevent rejection. Am J Kidney Dis 1988;11:107-110.

49. Matas AJ, Tellis VA, Quinn TA, Glicklich D, Soberman R, Veith FJ. Individualization
of immediate posttransplant immunosuppression. Transplantation 1988;45:406.409.
50. Hanas E, Tufveson G, Lindgren PG, Sjoberg O, Totterman TH. Concentrations of
cyclosporine-A and its metabolites in transplanted human kidney tissue during rejection
and stable graft function. Clin transplantation 1991;5:107-111.

51. Busson M, Prevost P, Bignon JD et al. Multifactorial analysis of the outcome of 6430
cadaver kidney grafts. Transplant Int 1992;5:162-164.

52. Ogura K, Cecka JM. Center effects in renal transplantation. In: Terasaki Pl, Cecka
JM, editors. Clinical Transplants 1991. Los Angeles: UCLA Tissue Typing Laboratory,
1992: 245-256.

53. Almond PS, Matas A, Gillingham K et al. Risk factors for chronic rejection in renal

allograft recipients. Transplantation 1993;55:752-757.



CHARACTERIZATON OF GRAFT INFILTRATING LYMPHOCYTES
INVOLVED IN CARDIAC TRANSPLANT REJECTION

Ren€ J. Duquesnoy, Ricardo Moliterno, Melissa Chen-Woan, Christina Kaufman,
Tony R. Zerbe and Adriana Zeevi, Division of Transplant Pathology, University

of Pittsburgh Medical Center, Pittsburgh, PA 15261

INTRODUCTION

In vitro culturing of graft infiltrating lymphocytes has been useful in
studying cell-mediated mechanisms of transplant immunity [1]. These cultures
are generated in the presence of Interleukin-2 (IL-2) which induces proliferation
of activated T lymphocytes expressing IL.-2 receptors. In heart transplant patients,
lymphocyte growth from endomyocardial biopsies correlates with the rejection
grade assessed by histology [2]. During the first month after transplantation,
about one-third of histologically negative biopsies show lymphocyte growth and
this is associated with a higher incidence and earlier onset of a subsequent
rejection episode [3,4]. During the first three months after transplantation,
lymphocyte growth is also associated with a higher incidence of graft coronary

disease [5]. These findings have led to the implementation of the biopsy growth
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Table 1

Lymphocyte Growth from Endomyocardial Biopsies For
Adult and Pediatric Heart Transplant Patients on
FK506 and CsA Immunosuppression

Adult Patients Pediatric Patients
Frequency Frequency
Histology Drug N of growth N of growth
No rejection CsA 350 41% 89 37%
No rejection FK506 424 35% 60 18%
p<0.001 p<0.01
Rejection CsA 180 62% 76 65%
Rejection FK506 132 51% 29 26%
p<0.02 p<0.001

assay to supplement biopsy histology in the monitoring of heart transplant patients
for rejection.

Donor-specific alloreactivity of biopsy grown lymphocytes has been
determined in proliferation and cytotoxicity assays and increased alloreactivity
has been observed during rejection [1]. These studies have also led to the concept
of a sequential infiltration of class I followed by class II-specific lymphocytes
through the vascular endothelium [6]. Our earlier observations have been
reported in the proceedings of the 1990 CITIC meeting {7]. This summary
describes our recent experience with the biopsy growth assay to monitor adult and
pediatric patients on FK506 immunosuppression, the propagation of lymphocytes

from arterial tissues of long-term heart transplant patients with graft coronary
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disease and the demonstration of heat-shock protein reactive lymphocytes in
endomyocardial biopsies during rejection.

Biopsy growth monitoring of adult and pediatric_heart transplant patients on

FK506 immunosuppression.

FK506 is an efficient immunosuppressive drug which has particularly
benefited liver and intestinal transplants. In heart transplant patients, FK506
based immunosuppression is associated with less histological rejection than
Cyclosporine (CsA) based treatment. The overall frequency of histological
rejection positive endomyocardial biopsies (EMB) was 26% (of 556 EMB) vs.
38% (of 541 EMB) in adult patients (p<0.001) and, 35% (of 89 EMB) vs. 47% (of
165 EMB) in pediatric patients (p<0.05). Biopsy growth from histologically
positive and negative EMB was significantly less in the FK506 than the CsA
groups (Table 1) [8]. The FK506 influence were especially apparent for the
pediatric heart transplant patients. These findings are consistent with the clinical
experience on the efficacy of FK506 in pediatric heart transplants.

Biopsy growth appears to correlate with plasma levels of FK506. A
preliminary study on 10 patients has shown that FK506 levels were 1.06 + 0.11
ng/ml when there was EMB growth and 2.06 * 0.74 ng/ml when there was no
growth (p<0.01) [8]. A similar experience has been described for liver transplant
patients on FK506 [9]. These findings are consistent with the notion that
monitoring FK506 levels is important for an effective immunosuppressive

management of transplant patients.
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Propagation of lymphocvtes from arterial tissues and post-transplant obstructive

vasculopathy.

Qur initial findings that biopsy growth during the first three months after
transplantation increases the risk of graft coronary disease suggested that cell-
mediated immune mechanisms play a role in the pathogenesis of this obstructive
vasculopathy presumably due to chronic rejection [5]. Recent studies on cultured
arterial tissues from 23 allograft recipients (6 hearts, 6 livers and 11 kidneys)
undergoing retransplantation have shown a correlation between lymphocyte
growth and histologically diagnosed obstructive vasculopathy (100% {N=11} vs.
42% {N=12}, p<0.03) [10]. T -cell phenotyping showed relatively high
frequencies of CD4-CD8-, TCRYd cells in lymphocyte cultures propagated from
arterial tissues with vasculopathy. A functional characterization of such cells may
lead to a better understanding of the cellular mechanisms of chronic rejection
leading to graft coronary disease of heart transplant patients.

Presence of heat shock protein reactive T lymphocytes in cellular infiltrates of

human cardiac allografts.

Recent reports have indicated that heat shock proteins (hsp) can be
recognized by T cells during various immunologically mediated inflammatory
processes including autoimmune disease. Also called stress proteins, hsp play an
important role in maintaining cell integrity. They function as molecular
chaperones by mediating assembly, folding and translocation of intracellular
polypeptides and they are involved in protein degradation and interact with
various receptors. Injurious stimuli to cells induce an increased production of hsp

which could lead to their cell surface expression and subsequent recognition by
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the immune system. We have postulated that allograft infiltrating cells may
recognize heat shock proteins, especially during rejection. This hypothesis was
tested by incubating heart transplant biopsies with soluble Mycobacterium
tuberculosis extracts (MTE), a source of hsp recognized by human T cells.
Studies on 159 biopsies from 89 heart transplant patients have demonstrated that
MTE can induce lymphocyte propagation from heart transplant biopsies. MTE-
induced lymphocyte growth is associated with rejection (MTE alone: 56% vs.
29%; MTE+IL2: 88% vs. 37%). Two phenotype patterns seemed dominant for
biopsy cells propagated with MTE. One consisted of a predominance of
TCRaBCD4 cells and the other showed increased numbers of TCRYS cells.
Subsequent studies with recombinant hsp preparation has shown that hsp 65 and
hsp 70 stimulate lymphocyte growth especially during rejection. Moreover,
ongoing studies with a rat cardiac allograft model have indicated hsp reactive T
cells during rejection. These findings provide first evidence for hsp reactive
lymphocytes in cellular infiltrates during transplant rejection. We believe that the
recruitment of hsp reactive T cells represents a second wave of graft infiltrating
lymphocytes.
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INTRODUCTION

The functions of T tymphocyte sub-populations in allograft rejection have
been extensively studied in animal models of kidney transplantation, but
in most instances, their roles have not been analysed in
immunosuppressed animals. One of the interesting features of
successful clinical renal transplants in immunosuppressed human
patients is that rejection becomes less frequent and less acutely
destructive with passage of time. Because of this, immunosuppression
can be safely tapered to levels that still prevent rejection, but also avoid
most, though not all, the toxic side effects of drug therapy. The
explanation of this changing pattern of rejection remains unknown in

cellular and molecular terms.
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Over 10 years ago, Robert Lechler and | demonstrated in a rat renal
allograft experimental system that if an MHC incompatible kidney was
depleted of its indigenous population of passenger leucocytes, the
immunogenicity of the incompatible graft was strikingly reduced [1]. In
brief, the experimental model was to transplant an (AS x AUG)F kidney
into an AS strain recipient, protect the graft from rejection by a regimen of
immunological enhancement or a 10 day course of cyclosporin A, and
leave the graft in place for 1-3 months. After this time, when the original
passenger leucocytes present in the graft had been replaced by AS strain
cells, the kidney was then retransplanted into another, non-
immunosuppressed AS recipient. In this donor/recipient combination, the
retransplanted graft is accepted indefinitely without undergoing clinical

rejection [2,3].

However in other donor/recipient combinations, eg. AUG kidney into an
AS, the retransplanted graft may suffer rejection, but in an attenuated

form [4].

To account for this variation, we put forward the hypothesis that there are
two pathways by which T cells can be sensitised to MHC incompatible
tissues. The first or direct pathway involves a direct activation of the
recipient's CD4+ T cells by the allogeneic dendritic cells within the graft.
The second, or indirect pathway is identical to that followed by non-
viable, “nominal” antigens ie. macromolecules are internalised by the
recipient’s antigen presenting cells, processed into peptides, bound by
the recipient’'s MHC class Il molecules, and presented at the cell surface

of the presenting cell as a self-MHC restricted allogeneic peptide.
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The hypothesis predicted some clear differences between the two
pathways. Firstly, it seems highly probable that the direct pathway T cells
dominate primary allograft rejection taking place in previously un-
sensitised recipients. The reason for this is the very high frequency of
cells able to respond by this pathway. Itis known that in the MLC, the in
vitro equivalent of the recognition stage of the allograft response, up to
10% of lymphocytes in the responder population are activated.
Furthermore, if the sensitising population is depleted of allogeneic
dendritic cells, the responding cells fail to incorporate labelled thymidine
[5,6] suggesting that all the responding cells of the MLC are triggered by

the direct pathway, which is not self-MHC restricted.

The indirect pathway contrasts with the direct in that in non-sensitised
hosts, the frequencies of precursors responding to self-MHC bound
peptides derived from nominal antigens is at least 2 or 3 log orders lower.
Thus it is not to be expected that T cells sensitised by this pathway would
play a large role in primary graft rejection. However, once T cell clones of
the indirect pathway have been expanded after sensitisation, there is no
reason why they should not be important effector cells. They are of course
subject to immune response gene effects, and this may be one reason for
the variation seen in different donor/recipient combinations. The other
important distinction between the two pathways is that the T cells have

quite different specificity.

When the above hypothesis was suggested, no clear examples of self-
MHC restricted T cells specific for peptides derived from allogeneic MHC
molecules were known. There are now numerous examples of them in
mouse, rat, and human systems [7-9]. Their role in allograft rejection still

remains to be fully defined.
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In this paper, | will summarise recent studies on the functions of T cells

sensitised by the direct pathway [10,11]

An AS (RT1 ') anti AUG (RT1€) T cell line was raised in vitro. Its properties

conformed to those of direct pathway T cells. It was specific for AUG class
I MHC, was not self MHC restricted, gave minimal proliferative responses
to third party stimulators, and was composed predominantly of CD4+ T
cells. AT cell clone, L12.4, was derived from the line by limiting dilution,

and was also shown to have the above properties. The T cell line
showed a very weak cytolytic activity against S1Cr labelled AUG T blasts,

but L12.4 was non-cytotoxic. Both the T cell line and L12.4 secreted IL-2

in response to stimulation with AUG strain cells.

The effector function of these cells in kidney allograft rejection was then
examined, using as target grafts kidneys harvested from normal AUG rats,
and AUG kidneys that had been “parked” for =50 days in AS recipients,
thus depleting them of AUG strain passenger cells. All recipients were
male AS rats that had been irradiated (5Gy) one day before
transplantation. At completion of the transplant, the rats were injected
intravenously with T cells of the AS anti-AUG line, L12.4, T cells

harvested from normal AS rats, or no cells.

The results were as follows. The irradiated AS recipients not given any T
cells accepted kidneys from normal AUG donors for more than 50 days.
There was a weak early rejection in 5 of 8 recipients but this resolved.
Only 1 of the 8 rats developed chronic rejection, and died on day 42. The
rats that were transplanted with kidneys from normal AUG donors, and
which received 55-83 million normal AS T cells suffered acute rejection in

3 of 5 animals, but there were 2 animals that survived with normal blood
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ureas for the duration of the experiment (50 days). The group of rats
transplanted with normal AUG kidneys and given 10 million of the AS anti
AUG T cell line, or the same number of L12.4 cells rejected all the
kidneys acutely. Subsequently, a dose response study has shown that
even 1 million of the AS anti AUG T cell is sufficient to cause acute graft

rejection of normal AUG kidneys.

In contrast to the above results, we found that AUG kidneys depleted of
passenger leucocytes were not rejected even if as many as 10 million
cells of the AS anti AUG T cell line or a similar number of L12.4 cells were

given.

We interpret these results as showing that T cell sensitised by the direct
pathway are potent initiators of acute allograft rejection, provided that the
target kidneys still contain passenger dendritic cells of donor genotype.
Once these have been replaced by recipient-derived cells, T cells of the
direct pathway are no longer capable of causing graft rejection. The
further implication arising from these experiments is that in those
combinations in which rejection of passenger cell depleted kidneys does
occur, the late and attenuated form of rejection is mediated by another
population of T cells. We have speculated that this second population of

T cells may be those sensitised by the indirect pathway.

Returning to the fate of T cells sensitised by the direct pathway, one
possible interpretation of our results might be that the target kidney
allograft did not express AUG MHC class Il molecules, ie. the ligand of the
T cell line and L12.4 Immunohistological studies demonstrated the
expression of AUG class II, mainly on tubular epithelial cells. If these

tubular cells were grown in vitro, in the presence of supernatants
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harvested from cultures of the AS anti AUG T cell line, abundant

expression of AUG class Il was demonstrated by cell fluorimetry.

The next question asked was whether class Il expressing AUG tubular
epithelial cells stimulated a proliferative response by the AS anti AUG T
cell line, or L12.4. Interestingly, no proliferation occured, and further
investigation showed that these T cells, if co-cultured with AUG renal
tubular cells overnight, and then stimulated with AUG antigen presenting
cells, failed to undergo a proliferative response. Specificity controls of the
same T cells co-cultured overnight with AS strain renal tubular cells and
then stimulated with AUG antigen presenting cells, proliferated normall.
We therefore conclude that the direct pathway sensitised T cells have
been induced to enter an anergic state by the AUG tubular epithelial

cells.

In conclusion, the sum of this evidence suggests that T cells sensitised by
the direct pathway are the dominant effectors in acute kidney allograft
rejection in previously non-sensitised recipients. When the indigenous
passenger leucocytes of the graft are replaced by recipient derived cells,
the T cells of the direct pathway interact with class |l molecules expressed
on tubular epithelial cells, and perhaps other cell types, which induce

anergy.
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Introduction

The immune response to alloantigens can be either cell-mediated or humoral.
Both types of immune reactions contribute to organ allograft rejection. T cell
responses to alloantigens are vigorous with as many as 2 percent of host's T celis
reacting against a single allogeneic MHC molecule.

An important question in transplantation is the molecular structure of the
determinants on allogeneic MHC molecules which elicit T cell activation. Foreign
MHC molecules differ from self molecules by polymorphisms in amino acid sequence
at the top, sides and floor of the peptide binding groove. Evidence has been
accumulated that one population of host T cells recognizes the peptide bound into the
groove of the allogeneic MHC molecule, while another population recognizes
peptides derived from the processing and presentation of the allogeneic MHC
molecule by host APCs. These two distinct populations are the mediators of direct and
indirect allorecognition, respectively. The direct recognition pathway is the primary

mechanism accounting for acute rejection, while the indirect recognition pathway is
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responsible for the development of humoral immunity to HLA and chronic rejection [1-
5]. In the following we will discuss the molecular basis of allogeneic recognition, the
cellular and humoral basis of rejection and anti-idiotypic mechanisms contributing to

the down-regulation of the immune response.

Hular Basi eic R niti

A. The Direct Recognition Pgthway, Acute rejection episodes are mainly attributable
to the recognition of donor HLA antigens by CD4 and CD8 cells which acquire effector
function, killing allogeneic target cells from the transplanted tissue. This in vivo
reaction is mirrored jn vitro by the mixed lymphocyte culture reaction. MLC reaction
(MLR) occurs only when the responding and the stimulating cells differ by MHC-class i
antigens, activating the proliferation of CD4 cells. During MLR, cytolytic T
lymphocytes, which lyse target cells, are generated. These cells carry the CD8
phenotype and will kill target cells only if they differ from the responder by an MHC-
class | antigens. The response is specific in that killing of third party cells occurs only if
these targets share a class | MHC allele with the original stimulator. Transfectants
expressing the respective antigen can be efficiently killed and antibodies against the
target antigen can block the CML response.

MLC-reactivity, however, does not require processing of the allogeneic target by
host APCs. Purified T cells of responder origin are stimulated by donor B cells,
monocytes or dendritic cells. In fact, what the responding T cells recognize is an
endogenous or exogenous peptide presented by donor MHC molecules. There is a
wide array of evidence supporting this view, yet we will document it with data from our
own laboratory, showing that: 1) alloreactive T cell clones discriminate between MHC
antigens which differ by residues situated in the floor of the peptide-binding groove
and 2) alloreactive TCC show species and cell-type specificity. The first conclusion

emerges from experiments in which we stimulated T cells from a responder carrying
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the DRB1*0407 allele with PBMCs from his HLA-half identical sibling who differed by a
haplotype carrying the DRB1*0406 allele. These two variants of DR4 differ by one
amino acid at position 37 (which is at the bottom of the antigen binding groove) and 86

(which is on the side of the groove).
Some of the resulting TCCs were stimulated by PBMCs carrying the DRB1*0406

allele but not by other variants of DR4. However, from the pattern of reaction seen with
other TCCs we can infer that at least 3 distinct peptide/MHC complexes were
recognized. Thus, TCC 10.4 reacted exclusively to the peptide bound to DRB1*0406.
TCC 20.1 also recognized a peptide bound to DR31*0406; however, this peptide/MHC
complex is different from that recognized by TCC 10.4, resembling the complex
presented by the DRB1*0402 and 0405 molecule which also stimulate TCC 20.1. TCC
20.3 recognizes yet a different complex presented only by DRB1*0406 and 0405.
Mouse L cells transfected with the DRB1*0406 gene did not elicit stimulation of any of
the TCCs indicating that their response was directed against a species specific
peptide, produced by human, but not by mouse cells (Table 1).

There was cross-stimulation of one clone (TCC 20.3) by DR9 homozygous cells.
Because of the wide amino-acid differences between DR9 and DR4 alleles, this
response is best explained by molecular mimicry between the DR9+ peptide complex
and the DR4+ peptide complex. These data, therefore, indicate that direct recognition
is triggered by complexes formed by allogeneic MHC molecules with peptides bound
to the groove. These complexes are stimulatory because of molecular mimicry.

Indirect R nition Pathway. In this pathway, T cells recognize graft MHC
alloantigens that have been processed and presented by host APCs [1-5]. Indirect
recognition is restricted by the host MHC class Il molecule, which has bound a peptide
derived from the processing of an allogeneic MHC molecule and, therefore,

corresponds to the classical pathway of conventional antigen recognition by CD4 T
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TABLE 1 PATTERNS OF ALLOREACTIVITY EXHIBITED BY TCCs FROM
A DRP1*0407 RESPONDER PRIMED TO A DRB1*0406 STIMULATOR

STIMULATOR'S
DBB1* TCC 10.4 JCC 201 JCC 203

401 - - -

402 - ++++ -
403 - - -
404 - - -
405 - ++++ ++++
406 : ++++ ++++ ++++
407 - - -
408 - - -
101, 301 - - -
1501, 301 - - -
1101, 701 - - -
801 - - -
901 - - ++++

1301,1401 - - -
L Cell 406
Transfectant - - -

cells. The involvement of alloantigen-specific CD4 T helper cells, as mediators of
alloantibody generation, suggests that the indirect pathway plays an essential role in
chronic rejection, e.g. in the steady, but continuous attrition (2-5%/year) of organ

allografts late after transplantation [1-7].
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The indirect recognition pathway can be demonstrated experimentally by
immunizing T celis with synthetic peptides corresponding to hypervariable regions of
an allogeneic MHC molecule, for example DR [1,2]. T cells recognizing a synthetic
peptide corresponding to the dominant epitope of the allogeneic MHC molecule will
be restimulated by allogeneic cells expressing the respective antigen [1]. Stimulation
requires, however, the presence in the culture of responder's APCs since the
allopeptide has to be processed and presented by a host MCH class Il molecule, for
recognition to occur [1-5]. Alternatively, stimulation can be induced by allogeneic cells
expressing both the host restriction element and the allogeneic MHC molecule from
which the peptide derived [1[. Table 2 summarizes results of previous studies from our
laboratory, documenting these conclusions [1,4,5]. The fact that recognition of an
(DR1) allopeptide is MHC-class !l restricted and requires processing was documented
in experiments in which we showed that: 1) TCC recognized the peptide only when
presented by syngeneic APCs or by APCs sharing with the responder an HLA-DR
(DR11) allele; 2) the response was inhibited by mAb specific for HLA-DR and for CD4,
and 3) glutaraldehyde fixation of APCs prevented peptide processing and
presentation [1-5]. Taken together these data indicate that allogeneic MHC molecules,
which are processed by host APC, trigger T cell alloreactivity.

ribution of Dir nd Indir: niti hw Il lior
Since both the direct and indirect pathway are involved in allorecognition the relative
contribution of each pathway to alloreactivity requires an analysis of the size of the
corresponding populations of T cells engaged in an MLC response.

To address this question we stimulated in MLC T cells from an HLA-DR11/DR12
responder with cells carrying the DR1 antigen. After priming, T cells were challenged
in an LDA test with six partially overlapping synthetic peptides derived from the
sequence of the DRB1*0101 molecule (residues 1-20, 11-30, 21-42, 31-50, 43-62, 51-

70 and 66-90) and with cells carrying the DR1 or the DQ 1 antigen. The frequency of
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T cells responding to the DR1 molecule, as expressed on allogeneic DR1 positive
cells and on L-cell transfectants, was 1/328 and 1/361 respectively. The frequency of
DQ1-reactive T cells was 1/1,529. Of the six synthetic peptides, only one, which
corresponds to residue 21-42 was stimulatory, hence, representing the dominant DR1
epitope which T cells recognize. The frequency of peptide-reactive T cells was
1:43,992 [56]. These data, therefore, demonstrate that cells engaged in indirect
recognition of peptides derived from the processing of the DR1 molecule are 100 times
less frequent that cells engaged in the direct recognition pathway. The response to
the peptide occurred only in the presence of responder APCs or of APCs sharing with
the responder the DR12 antigen. These results demonstrate formally that allopeptides
derived from the processing and presentation of donor MHC molecules by host-
derived APC trigger alloreactivity.

Biassed Usage of TCR VB genes_in_Indirect Allorecognition. Because indirect
allorecognition involves a self-MHC-class ll-restricted response against the dominant
epitope of a given allogeneic MHC molecule, the TCR usage in this response may be
biased by its MHC restrictive element. To explore this hypothesis we immunized in

vitro T cells from three unrelated individuals, sharing the DRB1*1101 allele, with

peptide 21-42 which comprises the dominant epitope of the DR1 molecule. In all three
responders reactivity to peptide 21-42 was restricted by the DR11 molecule. The
resulting T cell lines (TCL) showed a limited usage of VB genes. All the TCLs shared
the expression of VB13.2 [4]. Since indirect recognition of allopeptide may play an
important role in antibody-mediated allograft rejection, knowledge of the TCR-
repertoire involved in the response to a given alloepitope may permit the development
of strategies aimed at the specific ablation of T helper cells.

TCR-Usage in Lymphocytic Infilirates of the Graft, In an effort to establish whether the
repertoire of alloreactive cells infiltrating the graft or circulating in the blood differs, we

monitored 15 cardiac allograft recipients over 1-6 months following transplantation, as
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follows. Peripheral blood lymphocytes were obtained at the time of biopsy, e.g.
weekly over the first 2 months and monthly thereafter. PBMCs were primed in 7-day
MLC with irradiated stimulating cells (splenocytes) from the donor and expanded for
an additional week in medium supplemented with riL2. After 2 weeks, when no donor
cells were left in the cultures, primed recipient T cells were subjected to quantitative
PCR-analysis of TCR-VB gene usage, as described [1,3-5]. Heart biopsies obtained
concomitant with the peripheral blood were placed in cultures in complete tissue
culture medium with riL2. Lymphocyte growth was scored at 24 and 48 hours. After
48 hours, cultures were split: one part was used for quantitative PCR of TCR-V gene
expression and another was expanded further for functional testings.

Comparison of TCR expression in PBMC and in cells infiltrating the graft showed
that the latter comprised only a fraction of the families found in the peripheral
circulation. As illustrated in Table 3 the size of TCR families expanding in the graft (as
expressed by percent of total cpm), was equal or greater than that encountered when
recipient PBMC were primed to the donor in MLC. Testing of biopsy culture for anti-
donor reactivity showed that T cells infiltrating the graft proliferated in response to
donor stimulating cells. This oligoclonal T cell proliferation was characteristic of grade
1-3 rejection.

In some secondary rejection episodes we found that the TCR prevailing during
the primary rejection, such as VB6, VB7 and VB 13.2 had expanded again (Table 3).
This may indicate that the rejection was second-set in nature, e.g. that it represented a
memory response directed against a previously recognized epitope. Supporting this
view were pathology data, indicating that the secondary rejection was more severe,
accompanied by vasculitis and by lg, complement and fibrin deposition on the walls of
the vessels. In most of these cases, anti-donor HLA antibodies were also found in
patient's serum, depleted of soluble HLA antigens. The recurrence of the same TCR in

a biopsy is, therefore, indicative of a more violent form of rejection.
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TABLE 2

TCC

TCC+
syngeneic
APC

TCC +
Syngeneic
APC +
Anti-DR
MAb

REACTIVITY (cpm 103) OF ALLOPEPTIDE SPECIFIC TCCs
FROM A DR 11,12 RESPONDER TO DR1 PEPTIDE 21-42 AND TO

ALLOGENEIC CELLS

DR Phenotype of PBMCs added to cultures

DR1 DR11, 12 DR11,16 DR12,8 DR1, 11
Peptide | Not fixed Fixed
Yes No
+ 53 1 49 0.1 0.1 38
- 0.1 0.1 0.1 0.1 9
- 0.6 0.3 0.1 29 35
+ 0.6 0.5 0.1 0.1 0.1
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Fig.1 Actuarial Survival of Heart Allografts in Recipients
With and Without Acute Rejection Episodes
During the First 30 Weeks Post-transplantation
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Fig.2 Actuarial Survival of Heart Allografts in Recipients

with and without Presensitization
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Table 4 Association Between Early (<3 Months) Acute Rejection
and Anti-HLA Antibodies

Acute Rejection

+ -
+ 85 80 165

Ab1
_ 10 93 103
95 173 268

p<0.0001
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In other sequential biopsies there was no preferential expansion of a particular
TCR, seemingly indicating that the antigenic focus of T cell reactivity has changed over
time.

Clonal expansion, as measured by quantitative PCR of TCR VB genes, was also

mirrored in a rise in the titer of anti-TCR antibodies. We quantitated anti-TCR
antibodies by ELISA using as antigen synthetic peptides derived from the CDR2
region of VB8 and VB2 (Marchalonis et al, in preparation). In most instances, the titer
of the antibodies increased in the proximity of rejection, suggesting that the TCR per se
may represent the target of network regulation.
Relationship Between Acute and Chronic Rejection. Chronic rejection may represent
the end-result of multiple rejection episodes and/or it may constitute a distinct
pathologic entity. To determine the impact of acute rejection on long-term outcome we
calculated the actuarial heart allograft survival at five years in patients with or without
an acute rejection episocde during the first year. Survival was significantly lower
(p<0.01) in patients who had at least one rejection during the first year post-
transplantation (Fig. 1).

Next, we explored the relationship between the occurence of a rejection episode
and the development of circulating anti-HLA antibodies following transplantation.
There was a positive association between anti-HLA antibodies and acute rejection,
indicating that these two events are inter-related (Table 4). The actuarial heart
allograft survival of patients developing anti-HLA antibodies of IgG class was
significantly lower than that observed in patients without antibodies or with antibodies
of IgM class (Fig. 2).

T helper cells mediating the differentiation and affinity maturation of anti-HLA Ig,
therefore, contribute to antibody-mediated humoral rejection.

There was heterogeneity, however, within the antibody producing group, in that

some patients tolerated the graft for 5 years or more in spite of having shown anti-HLA
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antibodies. It is possible that such patients develop, anti-anti-HLA or anti-idiotypic
antibodies. To explore this possibility we tested Ab1 negative sera from anti-HLA
antibody producers, for Ab2 activity. In both cardiac and renal transplantation we
found that the development of Ab2 correlates with better survival rates at 5 years
[6,7,8].

Summary and Conclusions

Allograft rejection is a complex phenomenon in which both the cellular and the
humoral arm of the immune response are involved. Our studies indicate that the
earliest event occuring following transplantation resides in T cell recognition of
allogeneic molecules via the direct pathway. This event is due primarily to molecular
mimicry between complexes of self MHC plus peptide to which the host's immune
response has been previously exposed and allogeneic MHC molecule(s). Direct
recognition eventually results in acute rejection episodes, damaging the graft. During
acute rejection there is a relatively oligoclonal proliferation of T cells which may be
positively or negatively regulated by anti-TCR antibodies.

HLA antigens shed from the injured cells during acute rejection are processed
and presented by host APCs to syngeneic T cells. Such T cells participate in the self-
MHC-restricted pathway of indirect recognition which generates the help required for
DTH and antibody-mediated rejection

Anti-HLA antibodies accompany severe (probably "memory"-type) acute rejection
episodes and are likely to be the primary mediators of chronic rejection. We believe
that suppression of anti-HLA antibodies by anti-idiotypic antibodies to HLA is an
important feed-back mechanism which ultimately determines the long-term outcome of

organ allografts.
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INTRODUCTION

Self tolerance is under the strict control of T Tymphocytes and is
imposed during early T cell differentiation in the thymus [1-5]. Which
particular cell types in the thymus induce self tolerance (negative
selection) is controversial [5,6]. The prevailing view is that tolerance
induction is Targely a reflection of T cells encountering the contingent
of bone-marrow-derived cells in the medulla [7-9]. These cells,
especially dendritic cells [9], have a proven role in tolerance induction
and are strategically positioned at the cortico-medullary junction. The
role of thymic epithelial cells (TEC) in tolerance induction is less
clear. In this paper we review our recent studies on the tolerogenicity
of TEC in bone marrow (BM) and fetal liver (FL) chimeras. For allogeneic
(mouse — mouse) chimeras, we present evidence that TEC are strongly

tolerogenic for some T cells but only weakly tolerogenic for others. For
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xenogeneic (rat - mouse) chimeras, by contrast, TEC are almost
nontolerogenic.

TEC and split tolerance.

Early studies on the effects of depleting BM-derived cells from
fetal thymuses with deoxyguanosine (dguo) led to the conclusion that TEC
are essentially nontolerogenic [7,8]. In particular, it was reported that
T cells differentiating in allogeneic dgquo-treated thymuses display no
detectable tolerance in terms of CD8" cytotoxic T lymphocyte precursors
(CTLp) [7]. This applied to responses measured in vitro. Under in vivo
conditions, however, several investigators have found that intrathymic
contact with MHC alloantigens expressed selectively on TEC, especially
medullary TEC, is sufficient to induce quite strong tolerance in terms of
skin graft rejection [10-12]. At the level of CD4" cells, tolerance is
also apparent in vitro in mixed lymphocyte cultures [13]. Collectively,
these data indicate that the tolerogenicity of TEC depends critically upon
the assay used for measuring tolerance. To seek further information on
this issue we have studied tolerance induction in bone marrow chimeras
(BMC).

Tolerogenicity of TEC in bone marrow chimeras.

The rationale for studying tolerance in BMC is that pretreatment of
the host mice with irradiation, especially supralethal irradiation,
destroys virtually all host BM-derived cells. This means that, after BM
reconstitution, the chimeras show complete repopulation with donor-derived
cells. The donor stem cells repopulating the host thymus thus encounter
host MHC antigens displayed selectively on TEC (and other non BM-derived

cells). To ensure complete removal of host BM-derived cells, we prepare
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parent — F, BMC with two rounds of irradiation and (T-depleted) BM
reconstitution, using a total dose of 2300 cGy [14-18]; anti-T cell
antibodies are injected initially to remove residual radioresistant T
cells. Within 1-2 months these chimeras show complete reconstitution with
donor-derived cells; host BM-derived cells are undetectable throughout the
body, inciuding the thymus [14]. Host MHC expression is restricted to non
BM-derived cells and is conspicuous on TEC, especially medullary TEC [18].
In extrathymic tissues, MHC expression is limited to Tow-level staining of
various stromal cells (with the exception of follicular dendritic cells
which show quite strong staining) [15,16].

Since host MHC expression in BMC is evident in both the intrathymic
and extrathymic environments, studying tolerance imposed in the thymus
necessitates examining thymocytes rather than peripheral T cells. We have
concentrated on examining tolerance at the level of CD8" T cells [17]. To
prepare mature "single-positive" (SP) CD478" cells from thymus, we use a
combination of antibody plus C treatment followed by positive panning.
This treatment yields a pure population of mature (HSA™) (D8 SP
thymocytes. The results of comparing the function of SP CD8" cells
prepared from the thymus of parent —F, BMC vs. normal parental strain mice
can be summarized as follows (Table 1) [17].

In the case of primary mixed lymphocyte reactions (MLR) in vitro,
CD8" SP thymocytes from the chimeras respond quite well to third-party
spleen antigen-presenting ceils (APC) but show almost complete
unresponsiveness to host-type APC. By this parameter, the chimera CD8"
cells show near-complete tolerance to host class I antigens. Different

results apply when lymphokines are added to the cultures. Under these
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Table 1. T cell tolerance in supralethally-irradiated parent - F; BMC:

different levels of tolerance of CD8" cells in thymocytes vs.

LN
Extent of tolerance relative to T cells

from normal parental strain mice
Assay for measuring cD4—8" cD4"8*
tolerance LN thymocytes
MLR, no lymphokines very strong very strong
MLR, with Tymphokines strong limited
CTL, bulk cultures moderate limited
CTL, Tlimiting dilution Timited very Timited
GVHD on transfer very strong very strong

The data are summarized from ref. 17.

conditions, the chimera CD8" thymocytes display only partial tolerance to
host antigens: responses are lower than to third-party antigens but only
by a factor of 3-4 fold. The capacity of lymphokines to abrogate
tolerance is also apparent in CTL assays. Thus, when CTL are generated in
bulk cultures with high doses of lymphokines (EL-4 supernatant), CTL
responses to host-type target cells are only 2-3 fold less than to third-

party targets. Even less tolerance is evident when CTLp are quantitated
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Table 2. Different levels of tolerance in adult irradiated SCID mice

reconstituted with allogeneic vs. xenogeneic FL cells

Adult irradiated (250 cGy) SCID

mice reconstituted with:

Allogeneic Xenogeneic

(AKR/J or B6) (Lewis rat)
Assay FL cells FL cells
Incidence of spontaneous lethal GVHD undetectable 90-100%
Lethal GVHD on adoptive transfer to none 90-100%
adult irradiated SCID hosts
Splenomegaly on transfer to neonatal undetectable marked
SCID hosts
MLR of lymph node T cells to host APC weak strong
in vitro
CTLp frequency to host antigens by Tow Tow

limiting dilution analysis

A summary of unpublished data of C.D. Surh and J. Sprent

by Timiting dilution analysis. In this assay —which involves exposure to
lymphokines plus antigen for 7 days — the reduction in CTLp specific for
host antigens is only about 20% relative to normal parental strain mice.

Collectively, these data on in vitro responses of CD8" thymocytes



130

indicate that tolerance to host antigens is marked in the absence of
exogenous lymphokines but quite Timited when the cells are supplemented
with Tymphokines. The key question is whether tolerance is evident under
in vivo conditions. To examine this question, we tested whether CD8" SP
thymocytes from the chimeras are capable of inducing lethal graft-versus-
host disease (GVHD) after transfer to irradiated host-type F, recipients.
The results are clear cut: the chimera CD8" cells produce a high incidence
of lethal GVHD in third-party irradiated hosts but fail to kill host-type
F, recipients, even in high doses. The complete tolerance seen in this
GVHD assay is also observed when the chimera CD8" thymocytes are first
"parked" for 2 weeks in a neutral environment (irradiated donor-strain
mice). Thus, tolerance does not seem to be a reflection of persistent
contact with host antigens in the chimera hosts [19]. It should be
mentioned that, in all of the assay systems described above, complete
tolerance is observed in double chimeras, i.e. in chimeras reconstituted
with BM cells taken from both parental strains. Thus, the presence of
host-type BM-derived cells (BM-derived cells of the opposite parental
strain) leads to complete tolerance induction.

The above findings reinforce the view that TEC are strongly
tolerogenic, but only in certain assays. To explain this split tolerance,
some workers [20] argue that TEC are intrinsically just as tolerogenic as
BM-derived cells but express only a limited range of self peptides: TEC
produce strong tolerance to these peptides but cannot induce tolerance to
other self peptides, e.g. to peptides present on BM-derived cells but not
on TEC. Since there is no direct evidence that there are more than minimal

differences in the range of self peptides on BM-derived cells vs TEC, we
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prefer the idea that the tolerogenicity of TEC is restricted to high-
affinity T cells, low-affinity cells being spared [14,17,21]. Our
rationale for this idea is as follows.

We view high-affinity T cells as cells able to respond well to
antigen in the absence of added Tymphokines [21,22]. These cells undergo
strong signalling during interaction with APC and are induced to
synthesize their own growth factors (plus the receptors for these
factors). These helper-independent (HI)}) T cells function effectively
under in vivo conditions and are largely responsible for such in vivo
effector functions as skin graft rejection and GVHD. We view Tow affinity
T cells as crippled cells. These cells receive suboptimal signals from
APC during antigen recognition and are driven to synthesize only the
receptors for growth factors (e.g. IL-2R) and not the growth factors (e.g.
IL-2) themselves. The function of these crippled cells depends critically
upon the availability of "help" (growth factors) released from neighboring
cells. These helper-dependent (HD) cells function well under artificial
conditions in vitro, e.g. in the presence of lymphokines in CTL assays
[23], but probably make only a minor contribution to typical immune
responses occurring in vivo.

In the case of tolerance induction, we argue that the high-affinity
of HI T cells makes these cells hypersusceptible to tolerance induction
during early differentiation in the thymus. Tolerizing (deleting) these
cells does not require professional APC (BM-derived cells), and contact
with TEC is sufficient to cause clonal deletion. The situation with HD
cells is different. Because of their low affinity, these cells are more

difficult to tolerize. Clonal deletion of these cells is under the strict
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control of professional APC: contact with antigen expressed only on TEC
and not on BM-derived cells fails to delete low-affinity T cells and these
cells are allowed to escape to the periphery.

Based on the above 1ine of reasoning, our overall conclusion is that
TEC are strongly tolerogenic for T cells, but only for high-affinity
cells. Tolerance induction of Tow-affinity cells requires contact with
antigen on professional APC.

Post-thymic tolerance in chimeras.

Since host class I expression in chimeras is apparent in both the
intrathymic and extrathymic environments, the question arises whether the
low-affinity T cells escaping tolerance induction in the thymus succumb to
tolerance in the post-thymic environment. This does indeed appear to be
the case (Table 1). Thus, for CTLp, the precursor frequency of host-
specific T cells is much lower in spleen and lymph nodes than in the
thymus [17]. The same finding applies to Tlymphokine-dependent
proliferative responses [17].

These findings indicate that tolerance induction of CD8" cells in
chimeras is a two-step process: some cells undergo tolerance induction
(deletion) in the thymus but others are tolerized in the periphery. These
data might be taken as support for the popular idea that post-thymic
mechanisms of tolerance are required for normal self tolerance induction
[24-26]. Our own view is that the post-thymic tolerance we observe in
chimeras is highly artificial and reflects that the low-affinity T cells
escaping deletion in the thymus are actually semi-tolerized [14,17].
These residual Tlow-affinity cells can be rescued from tolerance by

exposure to lymphokines in vitro (e.g. in CTL assays) and also by
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depriving the cells from contact with antigen, (e.g. by parking the cells
in a neutral environment). When left in situ in the chimeras, however,
exit of the cells into the post-thymic environment leads to exposure to
host antigens in the relative absence of lymphokines. Semi-tolerance then
proceeds to full tolerance and the cells die. Why is this situation
artificial? The point to emphasize is that, in the normal (nonchimeric)
thymus, antigen is expressed on BM-derived cells as well as on TEC. T
cells escaping tolerance induction by TEC would thus be deleted by the
adjacent BM-derived cells. For this reason, the split tolerance we see in
chimeras is probably irrelevant to tolerance occurring in the normal
thymus.

Tolerance in rat — mouse chimeras.

The above data refer to tolerance induction across allogeneic (H-2)
barriers. Recently, we have been studying tolerance of xenogeneic rat T
cells differentiating from stem cells in mice, specifically in SCID mice.
These mice are devoid of mature T and B cells because of a failure to
rearrange TCR and Ig genes [27]; the SCID thymus is atrophic, and
thymopoiesis is limited to incomplete differentiation of CD478~ stem
cells. Since the SCID defect is restricted to stem cells, full
restoration of T and B cells can be induced by injecting the mice with
stem cells [27]. Interestingly, this also applies to rat stem cells.
Thus, providing the hosts are conditioned with light irradiation (250
cGy), injecting adult SCID mice with rat FL cells (4 x 107 day-15 Lewis FL
i.v.) leads to complete repopulation with a full spectrum of rat-derived
T and B cells [28]. The thymus enlarges to near-normal size and contains

the usual ratio of thymocyte subsets; > 90% of the cells in the thymus are
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of rat origin, and the few residual mouse-derived cells are TCR™.
Repopulation with rat-derived cells also applies to myeloid and erythroid
cells as well as to BM-derived APC. To avoid confusion it should be
mentioned that the paucity of host-derived hemopoietic cells in rat - SCID
chimeras is largely a reflection of the heightened sensitivity of SCID
cells to irradiation [27,29], a dose of 250 cGy being sufficient to
destroy most host stem cells.

Rat — SCID chimeras prepared from Lewis rat FL cells appear quite
healthy for the first 2 months post-reconstitution. Thereafter, the mice
gradually deteriorate with weight loss and ruffled fur (C.D. Surh and J.
Sprent, unpublished). Skin lesions suggestive of GVHD appear at about 3
months. These lesions progress and by 4-5 months the mice display a
pattern of florid cutaneous GVHD with severe dermatitis and widespread
lToss of hair. This syndrome is eventually lethal and few mice survive
beyond 6 months. Diarrhea is mild, and GVHD is largely confined to the
skin.

Initially, we thought that the GVHD developing in rat — SCID
chimeras might reflect minor contamination of the rat FL cells with mature
T cells. We now think this is unlikely for two reasons (C.D. Surh and J.
Sprent, unpublished). First, severe GVHD occurs with transfer of even
very early (day 13) FL cells. Second, thymectomizing the SCID hosts
before FL injection prevents GVHD. This latter finding indicates that the
development of GVHD is thymus dependent and implies that GVHD reflects a
failure to induce tolerance of newly-formed T cells. Our data on the lack
of tolerance in rat — SCID chimeras can be summarized as follows (Table

2); these data have yet to be published.
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In the case of GVHD, transferring either peripheral T cells or
thymocytes from rat — SCID chimeras into secondary SCID hosts leads to
rapid induction of GVHD and death. This is especially pronounced when the
chimera T cells are transferred to neonatal SCID hosts. In this situation
the recipients develop marked splenomegaly and die within a few weeks.
Similar lack of tolerance applies to primary MLR in vitro (carried out in
the absence of 1lymphokines using unseparated lymph node T cells as
responders). Interestingly, the chimera T cells show quite strong
tolerance in terms of CTL assays. This finding implies that the lack of
tolerance in the chimeras applies only to CD4" cells and not to CD8" cells.

In interpreting these data, it should be emphasized that
reconstituting SCID hosts with H-2-different mouse FL cells, e.g. AKR/J or
B6 FL, fails to cause GVHD (Table 1). Moreover, the donor T cells
recovered from these allogeneic chimeras show quite strong tolerance to
the host in functional studies. Lack of tolerance induction thus seems to
be unique to rat stem cells.

Since rat - SCID chimeras prepared with 250 cGy show a profound Tack
of host-derived APC, the question arises whether supplementing the
chimeras with host hemopoietic cells would promote tolerance induction.
In support of this idea we find that, when rat — SCID chimeras are
prepared with a mixture of rat and SCID FL cells, GVHD is much less
evident. To prevent GVHD completely, however, it 1is necessary to
supplement the SCID FL cells with normal B cells (taken from H-2
compatible BALB/c mice). These data apply to adult SCID mice conditioned
with 250 cGy. What happens when rat FL cells are transferred to

nonirradiated SCID mice? In this situation, the overwhelming numbers of
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host APC would be expected to be strongly tolerogenic for rat T cells. In
practice, however, rat FL cells fail to differentiate in nonirradiated
adult SCID mice, presumably because of rejection by host NK cells [30,31].
In neonatal SCID mice, by contrast, NK function is limited, and rat FL
cells differentiate into mature T cells without conditioning the hosts
with irradiation. The key finding with these neonatally injected SCID
mice is that the rat T cells arising in these hosts show full tolerance
and fail to cause GVHD; significantly, these rat — neonatal SCID chimeras
show prominent survival of host hemopoietic cells. These data on neonatal
SCID mice provide further evidence that tolerance induction in rat — SCID
chimeras is largely under the control of BM-derived cells.

Concluding comments.

It is notable that restoration of adult irradiated SCID mice with H-
2-different mouse FL cells leads to strong tolerance and no signs of GVHD.
This finding is in agreement with the studies on parent - F, chimeras and
provides further evidence that contact of early T cells with TEC (or other
non BM-derived cells) is sufficient for tolerance induction. This does
not seem to apply to rat T cells, however, because reconstituting adult
irradiated SCID mice with rat FL cells fails to cause tolerance and the
recipients eventually die from GVHD. Tolerance of rat T cells in SCID
mice depends critically upon contact with large numbers of host APC. This
occurs when rat FL cells differentiate in nonirradiated neonatal SCID
hosts.

Why mouse TEC tolerize mouse T cells but fail to tolerize rat T
cells is unclear. The possibility we are exploring is that rat T cells

interact poorly with mouse TEC because of mismatching of their respective
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cell-surface adhesion molecules. The main problem with this idea is that
positive selection of T cells in rat - SCID chimeras seems to be normal.
Thus, one is forced to argue that mismatching of adhesion molecules on rat
T cells and mouse TEC selectively impairs negative selection without
affecting positive selection. Resolving this issue will presumably hinge
on defining the range of adhesion molecules involved in positive and
negative selection. At present, direct evidence on this crucial issue is

rather sparse.
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HLA Matching in Liver Transplant Immunity
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INTRODUCTON

The role of HLA in transplantation has been generally viewed that HLA
matching is good for transplant outcome. This is demonstrated with the higher
survival rates of kidney and heart transplants from donors with increased HLA
matching. However, this concept seems less applicable to liver transplantation and it
has become apparent that the effect of HLA is considerably more complex.

The role of HLA in transplantation should be assessed analogous to the way
we view the physical characteristics of H2O. Cooling of H2O results in ice and
heating of H20 produces steam. Each of these physical forms of H20 has very unique
features. However, mixing ice and steam will lead to only lukewarm water. To
critically understand its role in transplantation, HLA cannot be studied like lukewarm
water. The functional characteristics of HLA are complex and different properties of
HLA need to be assessed separately. HLA serves not only as a system of
transplantation antigens involved in rejection but it also plays a crucial role in antigen
presentation leading to T cell-mediated responses relevant to transplant immunity.
This summary deals with recent experience how HLA matching affects liver

transplant outcome.
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HLA matching and liver transplant survival.

It is well known that HLA matching prolongs kidney and heart transplant
survival by reducing the incidence and severity of rejection. However, a study
published by Markus et al [1] in 1988 revealed the surprising finding that HLA
matching was associated with lower survival rates of liver transplants. These
observations were made with cyclosporine-treated patients and of special interest was
the negative effect of HLA-DR matching on liver transplant outcome. Similar results
have recently been reported for FK506 treated patients in Pittsburgh [2] and liver
transplant recipients in the Eurotransplant program [3].

Dualistic role of HI.A in liver transplantation.

In the original report by Markus et al [1], the concept was proposed that HLA
matching has a dualistic effect on liver transplantation. In one way, it may diminish
transplant rejection but conversely, HLA matching could promote MHC-restricted
immunologically-mediated injury associated with viral infection and autoimmunity.
As been observed for other organ transplants, HLA is an important system of
transplantation antigens involved in cellular rejection of liver transplants. This has
been demonstrated not only with the isolation of HLA-specific alloreactive T
lymphocytes from rejecting liver transplants [4], but also by associations between
HLA-DR mismatching with a higher rate of graft failures due to rejection [1], and
cholangitic/cholestatic rejection [5].

To better understand the role of HLA in transplantation, one must consider
that besides rejection, other immune mechanisms will contribute to allograft failure.
Such immune responses could be directed towards viral or other microbial antigens or
are associated with autoimmune disease and many could operate through MHC-

restricted mechanisms. Of clinical relevance are infections with hepatitis B virus,
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cytomegalovirus and Epstein Barr virus. Cytotoxic T cells specific for these viruses
have been shown to function through HLA-restricted mechanisms. Such lymphocytes
would be more efficient in causing injury if the infected target cells in the allograft
expresses shared HL A antigens [6].

In many liver transplant recipients, the pathogenesis of the original disease has
an immunologic basis. Several liver diseases show HLA associations suggesting that
their etiology involves MHC-restricted immune mechanisms. With replacement of
the diseased liver by a normal allograft it can be expected that immune cells
responsible for the original disease will remain in the recipient. If such lymphocytes
operate through HLA-restricted effector mechanisms they would be more efficient in
causing injury to liver allografts that share HLA antigens with the recipient [6].
Relevant to this concept are findings by Houssin’s group [7] showing that HL A class
I matching is associated with recurrent viral hepatitis B after liver transplantation.

Effect of HLA-DR matching on CMV hepatitis and chronic liver transplant rejection.

Manez et al [8] have recently reported that HLA-DR sharing between donor
and recipient is associated with higher incidence and earlier onset of CMV hepatitis
of liver transplant patients. No associations were found for HLA-A and HLA-B
antigen sharing. Class I restricted immune responses to CMV are mediated by CD8
positive T cells which are believed to play a major role in the development of
protective immunity to CMV infection [9]. Conversely, class II MHC-restricted
CMV-specific T cells have generally the CD4 phenotype and can be expected to
produce lymphokines which mediate inflammatory processes leading to hepatic
injury. During CMYV hepatitis, there is de novo expression of HLA-DR molecules on
hepatocyte membranes [10]. These HLA-DR molecules on infected hepatocytes

could present CMV antigen to graft infiltrating CMV-specific lymphocytes. This
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process would be more efficient with antigenically compatible HLA-DR molecules
and this would enhance the intragraft activation of CMV-specific T cells and
subsequent cell-mediated inflammatory processes.

The studies by Manez et al [8] have also demonstrated a higher incidence and
earlier onset of chronic rejection in liver transplant patients who experienced CMV
hepatitis. O’Grady et al [11] reported an association between CMV infection and
vanishing bile syndrome, a manifestation of chronic rejection, and that HLA-DR
matching of the liver donor presented an additional risk. These investigators
concluded that HLA-DR status was not a predisposing factor to CMV infection. The
data by Manez et al [8] suggest instead that HLLA-DR matching increases the risk for
CMV hepatitis which then leads to a higher incidence of chronic rejection. In kidney
transplants, CMV disease has been found in association with HLLA antigen matching
[12-14].

The development of vanishing bile duct syndrome is related to a persistent
CMV infection of the liver allograft [15]. Although no data are available about
infiltrating CMV-specific lymphocytes in liver allografts, evidence has been obtained
for the persistence of primed CMV-specific T cells in bronchoalveolar lavages from
lung transplant patients [16]. Relevant are findings that CMYV infection is associated
with a higher risk for chronic rejection of lung allografts [17]. Altogether, one might
speculate that the persistence of intragraft CMV-specific cellular immunity may
accelerate chronic rejection of liver allografts.

The studies by Manez et al [8] indicated that HLLA-DR matching is associated
with an earlier onset but not a higher frequency of chronic liver transplant rejection.
Since the HLA-DR matching effect was also seen in patients without CMV hepatitis,

one must conclude that additional HLA-DR restricted immune responses to other
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antigens including viruses and autoantigens must be involved. Donaldson et al [18]
have suggested that HLA-DR restricted responses to HLA class I antigen mismatches

may play a role in the development of chronic rejection.

SUMMARY

The findings summarized in this report are consistent with the concept of the
dualistic role of HLA in liver transplantation. HLA is an important system of
transplantation antigens involved in humoral and cellular immune rejection.
Matching for HLA would reduce the rejection mediated injury of liver allografts. On
the other hand, HLA plays an important role in the immune responses to other
antigens including these involved in infection and autoimmune disease. Matching for
HLA may promote such antigen-specific immune mechanisms of liver graft injury.
Most intriguing is the relationship between HLA and chronic rejection, a significant
complication for long-term liver transplant survivors. Although HLA-specific
immunity seems an important factor for chronic rejection, other immunological
mechanisms which may well be HLA restricted, must be considered. A better
understanding of the different roles of HLA in various immunological processes
within the allograft may lead to improved management strategies for transplant

recipients.
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The field of organ transplantation has grown dramatically over the last 35
years, and one of the key advances that has led to this growth is the
introduction of Cyclosporin A as an effective immunosuppressive agent (1).
So successful has allotransplantation become with improvement in terms of
survival (2), quality of life (3, 4) and cost benefit (5) that ever greater numbers
of patients are being referred by physicians for consideration of
transplantation. This has resulted in a relative shortage in the number of
donor organs and in no area is this more marked than in the field of cardio-
pulmonary transplantation. In the United Kingdom 454 patients received
thoracic organ transplants in the year ending 31 December 1992 while the
waiting list grew to 706 patients (6) and the number of patients passing

through the assessment procedure is more than three times that number. 25 -
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30% of patients waiting for heart or lung transplants die before suitable

organs become available for them.

A similarly bleak picture is seen for kidney transplantation. The disparity in
numbers between the waiting list and operations performed is shown in
figure 1. It is estimated that between 2500 and 4000 kidneys are required
annually to meet the demand (7) , while a recent audit of intensive care units
in England suggested an absolute maximum of 1700 potential donors (8).
Even were all of these patients consented for donation and medically suitable

there would still be a shortfall in the supply compared to the demand.

The true need may be even higher than estimated since waiting lists are kept
artificially low in the knowledge that there is a limited donor resource. With
the unprecedented success of transplantation the operations are sought not
only to save life as was initially the case, but also to improve the quality of
life. Hence the indications for transplantation are widening with a dwindling

donor resource.

Public education has ensured that fewer potentially transplantable organs are
lost through ignorance and prejudice, but even so the shortage becomes
worse each year. Artificial organs such as renal dialysis machines provide
partial answers, but progress in the development of totally implantable
artificial organs has perhaps been disappointing particularly in view of the
huge resource invested in this area. The artificial heart is probably the most
successful of the artificial organs, but even though it is a relatively simple
pump problems remain with the power supply, biocompatibility, thrombosis

and infection. It is likely that this will be developed to a state of clinical
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Figure 1: Comparison of renal transplant waiting list and number of
transplants performed

usefulness in the near future, but there is currently no prospect of a totally

artificial alternative to the more complex metabolic organs such as the lungs,

liver or kidney.

It is our belief that the field of xenotransplantation, that is the transplantation

of organs between species provides the best solution to the shortage of
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transplantable organs. The use of animals already bred and slaughtered in
large numbers for food poses fewer ethical problems than those posed using a
closely related primate species for donor organs. In addition the use of an
animal such as the pig which is bred easily in captivity with high parity

ensures a ready supply of organs.

The phenomenon of hyperacute xenograft rejection (HXR) occurring within
minutes of revascularisation of a transplanted organ has prevented the use of
discordant animal organs to date. This phenomenon has several elements
including the recognition of foreign tissue by preformed naturally occurring
antibodies (PNAB) and the activation of the complement cascade by either
alternative or classical pathways. Debate centres on the relative importance
of these mechanisms in causation of the violent rejection seen in discordant
species combinations. To some extent the use of non-human primate organs
may overcome the problem since HXR is not seen in such combinations, but
first set rejection still occurs. In addition it is unlikely that these animals can
provide the organs in the quantity required or of an appropriate physical size
and there may be deep-rooted moral objections to the use of animals which

are so closely related to man.

A great deal has been written describing the discordant xenograft rejection
process. Preformed naturally occurring anti-species IgM antibody binds to
donor endothelium and activates complement via the classical pathway (9)
although in some species combination it would appear that alternative
pathway complement activation assumes greater importance. Although it is

probable that antigenic determinants are glycoproteins this remains unproven
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at present. Tissue factor and plasminogen activator inhibitor are synthesised
and heparan sulphate is lost (10). These processes promote the accumulation
of fibrin and in addition platelet activating factor is released stimulating the
adhesion of platelets (11). Neutrophil polymorphs are retained in the organ
by their cell surface complement receptors and play an important role in the
intravascular compartment in the generation of further inflammatory
mediators and the disruption of the endothelial barriers to blood cells and
proteins. The resultant platelet thrombi cause ischaemia and failure of the

transplanted organ.

Discordant xenograft survival may be prolonged from minutes to hours in
experimental models using techniques such as plasmapheresis or
xenoabsorption to remove PNAB. Complement depletion with cobra venom
factor (CVF) has a similar effect. Graft survival may also be prolonged by
depletion of cellular fractions but none of these techniques have produced a
xenograft which functions for more than a few hours and none can be

envisaged in clinical use to provide long term maintenance of xenografted

organs.

Although the role of PNAB is established another area which is becoming
more clearly defined is the role of complement through both the classical and
alternative pathways. It appears that the regulators of complement activation
which are present on all cell surfaces are species specific and those in a
xenografted organ fail to inhibit recipient complement activity. A novel
approach to complement control would be to express appropriate recipient
species RCA's on the xenograft cells. Indeed such an approach is already in

use in nature in several micro-organisms. Schistoma Mansoni do not activate
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the human complement cascade after they have been in the human blood
stream. The failure to activate complement is blocked by antibody against
DAF (Decay Accelerating Factor - a complement control protein) suggesting
that the parasites insert host DAF into their surfaces (12). Similarly the
vaccinia virus is able to encode for secretory proteins which bind host C3 and

C4 products to protect against attack by complement (13).

There is experimental evidence to suggest that the manipulation of RCA's will
protect an organ against xenogeneic complement. The transfection of cell
lines with gene constructs coding for human DAF and MCP (Membrane
Cofactor Protein) have provided almost complete protection against human

complement but not rabbit complement (14).

It is hoped that the introduction of cDNA constructs into the genome of an
animal could produce transgenic animals which would express human DAF
and MCP and thus protect transplanted donor organs from hyperacute
complement mediated rejection. Mice transgenic for human DAF have
already been produced although expression is variable (15, 16) and a
transgenic breeding programme in pigs incorporating the DAF cDNA
construct has been undertaken. Again expression is somewhat variable. To
date 27 live transgenic pigs have been born from a total of 150 piglets. This

holds promise for the future.

Clearly there is a long way to go before the RCA's are reliably expressed
throughout all organ systems and on the vascular endothelium and there will
need to be detailed experimental assessment before the clinical application of

discordant xenografting. However this approach seems likely to produce a
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useful strategy for the establishment of clinical xenograft programmes (15, 17)
and it may be as early as five years from now that the first successful

transplants are performed using organs from transgenic animals.

If hyperacute rejection could be completely prevented it is not clear what
would be the fate of the discordant xenograft, although studies of concordant
grafts suggest that there would be many features in common with allograft
rejection. Destruction by newly generated antibody and cellular rejection
both occur although of course both these processes may be controlled by

existing immunosuppressive techniques.

Assuming that HXR can be overcome an animal must be selected as a
potential donor for man. The ideal animal must fulfil several criteria. It must
be available in large numbers and able to breed easily in captivity. Clearly it
must be of an adequate size to produce organs anatomically and
physiologically similar to man. For preference it should already be bred as a
food source since this is likely to be more readily acceptable to the public than
taking an animal which is naturally wild and establishing new breeding

colonies which may have highly organised social structures.

The pig has long been quoted as an animal which meets these requirements
producing large litters, with rapid growth of offspring, needing relatively
small areas for rearing and having low breeding and maintenance costs. In
addition there is relatively easy availability of gnotobiotic animals which may
be an important consideration when transplanting organs across species

barriers. Clearly the transmission zoonoses with the organ is undesirable.



156

Table 1: The clinical application of xenotransplantation

Year Organ Donor Cases | Survival
1964 Kidney Chimpanzee |12 <9months
1964 Kidney Monkey 1 10 days
1964 Kidney Baboon 1 4.5 days
1964 Kidney Baboon 6 <2 months
1964 Heart Chimpanzee |1 2 hours
1968 Heart Sheep 1 0

1968 Heart Pig 1 4 minutes
1969 Heart Chimpanzee |1 Short time
1969-73 | Liver Chimpanzee |3 <14 days
1977 Heart Baboon 1 5 hours
1977 Heart Chimpanzee |1 4 days
1984 Heart Baboon 1 20 days
1992 Liver Baboon 1 70 days
1992 Heart Pig 1 <24 hours
1993 Liver Baboon 1 30 days

Other diseases too may be transmitted in the transplant organ and neoplasia
must also be considered. The best information comes from a large post-
mortem series performed in the United States which reported an incidence of
swine neoplasia of 0.004% of which the majority were malignant lymphomas
and embryonal nephromas. However this data is far from perfect since the

animals were all relatively immature having come to slaughter for food.
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Congenital anomalies may also prove to be an important consideration but in
the same series were reported as around 0.5% for congenital cardiac defects,
and it seems unlikely that any of these considerations will ultimately prove a
bar to the successful use of the pig as a cardiac xenograft donor. The question
of whether or not the more complex synthetic organs such as the liver or

pancreas will ever be usable remains open at this time.

Clinical experience of xenotransplantation has been limited to around 30
cases (Table 1) and with two notable exceptions in 1993 these attempts have
been limited to concordant combinations. Although none of these grafts
survived beyond nine months, and indeed most for a much shorter period a
great deal of useful information has been revealed. It is clear that one species
organs can function usefully in another species body although what the long
term implications of for example a chronically different albumen level will
prove to be remain a matter of speculation. It appears that the most likely
organ to function usefully at present is the heart and comparative
physiological studies of human and porcine hearts have shown similar

haemodynamic function suggesting that they may work successfully in man.
Conclusion:

The success of allotransplantation has improved dramatically over the last 35
years. Much of this success has been due to improvements in
immunosuppression. New drugs with novel modes of action may further
improve graft and patient survival, but allotransplantation remains limited by
donor organ supply and xenotransplantation is probably the only way to

provide an adequate number of organs for all those in need. Currently
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available drugs have not been shown to confer any advantage in the
prevention of hyperacute xenograft rejection dictating novel approaches
based on examples from the natural world. Genetic modification of donor
animals may prove the solution and transgenic breeding programmes are
already established. Other obstacles both physiological and moral must be
overcome before widespread acceptance of xenotransplantation but there is
growing impetus in this direction. It is only a matter of years before clinical

xenotransplantation programmes are established.
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PERCUTANEOUS ASPIRATION AND DRAINAGE OF FLUID
COLLECTIONS AFTER PANCREATIC OR RENAL TRANSPLANTATION

C. Pangaud, D. Lyonnet - Service de Radiologie Pavillon P
Hoé6pital Edouard Herriot - LYON

Percutaneous Aspiration and Drainage of Abdominal Fluid Collections
after Pancreatic Transplantation.

Whole or segmental PT is sometimes complicated by the development of
intra-abdominal fluid collections. Detection of fluid after PT can be accomplished
with US, CT, or RM. Indications for radiologic procedures of the abdomen and pelvis
after transplantation are fever, abdominal pain, abdominal distension, suspected
hemorrhage. Fluid can be localized in a peripancreatic location or it can present as
free ascites of a variable amount. The sizes of the collections are variable and are
sometimes difficult to precisely measure because of their irregular shape. MR
imaging is the preferred imaging technique for estimating volume and shape of the
fluid collection. T1 and T2 signal intensity sometimes allows to charaterize the fluid.
But CT is the most common technique for symptomatic pancreas recipients, often more
useful than US when an adynamic ileus is present, and the occurence of multiple
fluid collections and interloop free peritoneal fluid makes CT more effective than US.
CT scans are done after bowel opacification, with or whithout contrast medium
injection.

The most common abnormality identified by US after PT is the presence of
focal peripancreatic fluid in 50 to 60% of examinations. The large fluid collections
most commonly represent sterile pseudocysts (exocrin pancreatic secretions) often in
association with polymer injection of the pancreas duct in segmental PT, or abscesses.
Technical failures are still a major obstacle to successful pancreas transplantation,
of which thrombosis and infection are the two most frequent. There is a high
incidence of intra-abdominal infection after pancreas transplantation ( near 20%)
with a high mortality rate in this group (20-30%). Infections occur with all
techniques, but the incidence is highest with enteric drainage which carries a high
risk of contamination at the site of the bladder anastomosis. The lowest incidence of
infection is with duct injection. Other fluid collections include hematoma,
lymphocele.

Percutaneous aspiration and drainage : techniques

Guided percutaneous aspiration of fluid collections is a safe and effective
technique for obtaining samples of fluid. US or CT guided aspiration can be
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performed. An anterior or lateral approach is used. The needle course is planned in
order to avoid the ponction of intestinal loops. Sizes of needles include 18 to 22 G.
Under local anesthetic, the needle is placed into the collection, and fluid samples are
aspirated. Percutaneous drainage can be accomplished with Seldinger technique : we
use a sheathed needle to provide an access to the collection (18G), then a J guidewire
is passed through the sheath, and a pigtail catheter (7 to 12 F) can be positioned
deeper into the collection, sutured to the skin. The trocar technique allows rapid
insertion of the catheter without the difficulties of a cumbersome catheter exchange
when using Seldinger technique. Procedures are performed under CT guidance,
sometimes with the adjunction of fluoroscopy. The final catheter position can be
confirmed radiographically with contrast material. All patients undergo antibiotic
treatment at the time of catheter placement.

Results

US or CT guided percutaneous abdominal aspiration of abdominal fluid
collections is generally successful in all cases without complications. Bacteriological
results may not completely reflect the character of the fluid because all patients are
treated for abdominal sepsis with broad-spectrum antibiotics at the time of catheter
drainage. Percutaneous catheter drainage is not very successful in treating large
and/or intraperitoneal infected abdominal fluid collections after pancreatic
transplantation with the graft in-situ. Continued immunosuppression and necrotic
activity of the pancreatic enzymes compromise the therapeutic effect of adequate
catheter drainage : percutaneous aspiration or drainage of these abscesses often is
followed by surgical exploration with the graft removal, concomittent debridement of
necrotic tissue and use of large-bore catheters for drainage. Nonetheless, PCD has
been shown to be useful as an adjunct to surgical drainage and more recently to
preclude surgical drainage in some of these immunocompromised patients, factors of
decision including a precise anatomic definition (fluid collection and transplant), a
safe percutaneous access route using large-bore catheter, an attentive post-
procedural management. In our serie, PCD as exclusive treatment of multiple infected
collections was successful in one patient with a segmental graft. Infections in
recipient of segmental grafts are more likely to resolve with retention of graft
function than in those who have infection due to whole pancreas transplantation. PCD
can also be performed after surgical exploration for fluid reaccumulation.

Percutaneous aspiration and drainage in complications of renal
transplant

Percutaneous procedures can be used as a prelude to or substitute for
surgery in the diagnosis and management of perirenal various fluid collections.
Patients with declining renal function, fever, mass should be suspected of having
peritransplant fluid collections that include : lymphocele, hematoma, urinoma,
abscess.

Technique and results

Percutaneous aspiration or drainage are realized with the same techniques
than peripancreatic fluid collections. Percutaneous techniques comprise useful
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adjunctive or definitive therapy.

Symptomatic lymphoceles occur in 1 to 20% of renal recipients ; large
collections may deviate and compress the transplanted ureter, causing obstruction or
may compress the iliac vein. Needle aspiration and complete percutaneous drainage
not only yields the diagnosis but relieves the symptoms immediately. Multiloculated
lymphocele collections may require additional punctures. If lymphocele recurs,
Betadine (povidone-iodine) sclerosis is often effective in preventing reaccumulation
of fluid once the lymphocele cavity is collapsed, without any significant complication
rate. Sometimes conservative treatment is not sufficient and surgical exploration is
indicated.

Urinary extravasation, though not common, is a serious complication of renal
transplantation, and prompt diagnosis is imperative. Vascular insufficiency is the
usual cause of ureteral or calyceal fistulas. An urinoma can be drained
percutaneously and a percutaneous nephrostomy allows urinary diversion ; diverting
the urinary flow enables a fistula to close, or at least, improves the condition of
patient for later surgical correction. Sometimes an ureteral internal-external stent or
a double ] ureteral stent can be used to divert urine and stent the ureter.

Isolated paratransplant abscess is not a common problem but is often
associated with other complications such as urinary fistula, lymphocele or hematoma.
Percutaneous aspiration can rapidly help to yield the diagnosis. Abscess can be
successfully drained percutaneously with the graft in situ.

In Summary

Directed diagnostic aspiration is useful in determining the etiology of fluid
collections. The use and safety percutaneous drainage in carefuly selected patients
with posttransplant complications allows collection drainage under local anesthesic
with a low complication rate, ultimately providing a better surgical candidate if
definitive percutaneous treatment is unsuccessful.
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INTRODUCTION

The incidence of urologic complications is approximately 10% of
all renal transplant patients. These complications may have
consegences such as graft loss and even death and the surgical
correction is required. The surgical complications can be divided
into: A) Urologic B) Vascular C) Lymphatic and D) extrarenal.1 More
than 90% of urological complications are due to urinary fistulae and

. . 2
ureteric obstruction.

TECHNIQUE OF RENAL ACCESS IN TRANSPIANT PATIENT
The approach to the transplanted kidney depends on the surgical

anatomy. Eshghi and Smith3 described an endourologic approach to
transplant kidney; the patient is placed supine with the involved side
make slightly oblique with a bolster or sand bag under the hip.
Percutaneous nephrostomy is performed after insertion of ureteral
catheter and retrograde injection of contrast medium. The stylet is
removed, a J-tip guide wire is introduced through the sheath of the 18
gauge needle and manipulated into the ureter. After dilation of the
nephrostomy tract to a 34F sheath is left in the renal pelvis and the

nephroscope is introduced through it.

EARLY OBSTRUCTION
Early obstruction can be caused mainly by technical errors

(inadequate hemostasis of distal ureteral blood vessels.)4
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Salvatierra et a15 reported acute angulation of the
ureteroneocystostomy. Ureteral necrosis usually happens in the
presence of ureteral obstruction and appears within the first six
weeks following transplantation.6 Acute rejection may produce an

obstruction confusing the clinical picture.7

The diagnosis of obstruction in the first 24 hours is manifested
by a sudden drop of urine output. Differential diagnosis can be done
from acute tubular necrosis or hyperacute rejection or thrombosis of
the renal artery or vein. Noninvasive ultrasound, Technetium 99m DTPA
radioisotope renogram study and CT are useful techniques in confirming
the diagnosis of obstruction which may not be obvious in the early
stage. When the diagnosis is in doubt, antegrade nephrostogram study
can be done and the nephrostomy tube could be used for the
decompression of the collecting system.

The management of early obstruction is individualized, however,
cystoscopy and minimal invasive procedures or reoperation are
necessary. Cystoscopy should be performed in order to remove
obstructing blood clots or gently attempt for inserting a catheter

into the ureter.

LATE OBSTRUCTION

Lymphocele can be caused most likely due to leakage of lymph from
recipient lymphatic channels. Obstruction from lymphoceles is not
rare and have been reported to occur in 12-18% after renal
transplantation.8 Ureteral strictures is another cause of late
obstruction which can usually be found at the ureterovesical junction9
and can developed from 3 months to 3 1/2 years after transplantation.
Late ureteral obstruction can be also caused by blood clots,10 rupture
of an intra-renal abscesslo, perinephric abscess obstructing the

ureter,11 fungus balllz.
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The diagnosis of the ureteral obstruction in the post-transplant
period presents as a gradually deterioriation of the renal function

13,14

which may mimic progressive hydronephrosis or chronic

14,15 I.V.U. periodically is instrumental provided renal

rejection.
function is adequate and ultrasound is an effective examination when a
patient is allergic or has poor renal function.16 Antegrade
pyelography is useful not only in defining the point of obstruction
but also in treating infection proximal to the obstruction.

The management of late obstruction depends on the causative
factor. 1In case of lymphocele, multiple aspirations have been
successful but recurrence and infection can be occurred.5
Laparoscopic fenestration between lymphocele and peritoneal cavity is
an indication for these cases who have failed to resolve.

Ureteral stenosis can be managed by balloon dilation
ureteroplasty or incision of the stricture and placement of an
indwelling stent. In cases with severe obstruction when antegrade
manipulation has failed revisional surgery is required and a second
Politano-Leadbetter ureteroneocystostomy can be performed.4

Successful percutaneous reanastomosis of a transplanted kidney

reported by Korth et al.17

URINARY FISTULA

Three to ten percent of the patients following renal
transplantation will develop urihary fistula which can be divided into
primary or secondary after primary urinary obstruction. Urinary
leakage is likely to occur in patients whose the vascularization of

3 Other causes

the ureter has been damaged during donor nephrectomy.l
may be necrosis of the ureter or leakage from the ureter-bladder
anastomosis or the cystostomy. The development of fistulae within the

first week is most likely to occur due to ureteric necrosis or



168

technical failure and those after that time due to chronic ischemia
including rejection.

The diagnosis of the leakage can be done by the presenting
features as swelling and pain at the area of the allogragt, oliguria
or anuria, fever, hypertension and increased level of creatinine.
Noninvasive procedures such as radionuclide scans can be used and may
reveal extravasation of the isotope in the pelvis. Ultrasound will
show collection around the kidney or dilation if obstruction exists.19
I.V.U. may be obtained cautiously because renal failure may be
precipitated.20 Retrograde pyelography or cystography should be
avoided because of complications or infections but these can be used
in order to establishing the diagnosis.

Urinary leakage may originate from the cystostomy suture line or
from the ureter bladder anastomosis. Fistulae developing within the
first week after transplantation is deemed to be technical failure or
due to more chronic ischemia including rejection. Waltzer et a1l®
reported immediate repair with a three layer bladder closure and
prolonged bladder drainage.

Calyceal fistulas as Palmer et al21 reported are more often seen
in cadaveric grafts with multiple renal arteries. Desai et al22
managed several complications of urological transplant by use of wide

drainage. Self retaining stents are useful; to allow the complication

to resolve without further surgical intervention, to stabilize the

condition before an open operative repair, to protect the high risk
anastomosis of the complication.23 Hunter et al24 observed that there
is a higher incidence of urinary tract infection in the group of

patients when the J stent is left for six weeks or more.

STONES

Renal allograft calculus formation is a relatively uncommon
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complication, occurring in less than 1 percent of all transplanted
kidneys and only 78 cases of urinary caculi in transplanted kidneys
reported before 1985.25 Predisposing factors are secondary
hyperparathyroidism, renal tubular acidosis, papillary necrosis,
hypercalciuria, hyperoxaluria, nonabsorbable suture material
obstruction and recurrent infection.2® Urinary stents also has
resulted in the formation of renal calculi in transplanted kidneys,
since an indwelling stent acts as a foreign body and caused
encrustations on the stent and then stone formation. cCaldwell and
Burn527 reported 4 patients in whom iatrogenic calculi developed
because of indwelling stents were used in 2 to correct urological
complications after renal transplantation. The authors referred that
the difference in the time required to develop complications might
well be a function of stent material that the first was of

polyurethrane and the second was of silicone.

TREATMENT

Percutaneous antegrade techniques can be adapted for the removal
of renal calculi in transplanted kidneys. The pelvic location of the
transplant kidney requires a puncture in the anterior abdominal wall.

Dilatation of the nephrostomy tract is required allowing insertion of

the sheath of the nephroscope for the inspection of the interior of
the collecting system. Eshghi and Smith3 in 1986 described an
approach to a staghorn calculus and infundibular stenosis in a
transplanted kidney. Other authors reported a case in which
combination ESWL and percutaneous extraction were used to remove

26 A flexible nephroscope

multiple calculi from a renal allograft.
allows inspection of every part of the kidney. It can be passed down

the transplanted ureter into the bladder or into an ileal loop. Stone
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baskets or small grasping forceps may be passed through this flexible

instrument to remove smaller stones.

RENAL ARTERY STENOSIS (RTAS)

RTAs have been reported to occur in 5-25% of renal allograft
recipients. The etiology of the narrowing is multifact:oria128 and
includes progressive atherosclerotic changes in the receipient artery,
faulty suture technique, renal artery trauma, secondary to pulsatile
perfusion cannuals or donor surgery perfusion injury, turbulent flow
secondary to malpositioning of the kidney, kinking or compression of
the renal artery and immunologic factors, which may have an influence
on the degree of intimal hyperplasia.

The diagnosis can be performed by elevation of the mean serum
creatinine and the mean blood pressure can be confirmed by
selective arteriography according to Seldinger's method reduced
luminal width by at least 60%.2° 1Indications for arteriography
include severe and drug resistant hypertension within the first year
after transplantation converting inhibitor induced renal failure and
persistent graft dysfunction in the absence of rejection on biopsy.

Before the development of interventional radiologic techniques
surgical procedures were usually required to correct the arterial
lesions. These operations have been associated with a 15% graft loss,
a 13% reoperation rate and a 5% mortality rate.30 Percutaneous
transluminal angioplasty (PTA) has been the procedure of choice.31 In
a mean follow-up period of 30 months, hypertension was cured or
improved in 83% of the patients with functioning kidneys.31 In

patients with mild or moderate azotemia, the improvement in blood

pressure is paralleled by a decrease in blood urea and creatinine.32
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This event was more evident in patients with atheromatous than
fibromuscular disease.>? Brawn and Ramsay33 concluded from their
results that the improvement rates may be spurious and that the "true
benefit of PTA may in fact be the cure rate alone." others>?
reported that only 2.6% of the patients had post PTA stenosis in
excess of 75% (76% of patients pre-PTA). The complications of the
procedure include vascular thrombosis, initial flap, arterial
perforation by the balloon catheter, pseudoaneurysm and artery
dissection.29

In conclusion, PTA is a safe and convenient procedure in the

renal allograft recipient with renovascular hypertension.
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DILATION OR OPEN SURGERY IN TREATMENT
OF URETERAL STENOSIS

G. BENOIT, R. DERGHAM, P. BLANCHET, H. BENSADOUN, B.
CHARPENTIER, A. JARDIN

INTRODUCTION

Ureteral stenosis in kidney transplantation is a relatively frequent
complication which requires surgical treatment to preserve renal
function. In 1981 Goldstein reviewed 4307 kidney transplantations
and estimated the incidence of obstruction at 2.6 %. Kinnaert reported
an incidence of ureteral obstruction after kidney transplantation which
varied between 2 and 7.5 % (7, 11).

The occurence of ureteral stenosis is influenced by the surgical
procedure, and is best prevented by using a short ureter and an
extravesical procedure for uretero vesical reimplantation (12, 23, 30).
Ureteral obstruction can be diagnosed by ultrasonography when
plasma creatinine levels increase, IVP may also be done and the
diagnosis may be confirmed by anterograde pyelography.

Today there are two forms of surgical treatment for ureteral stenosis :
open surgical techniques or minimally invasive endourological
techniques. The aim of this paper is to report the results of these two
different therapeutic techniques.

PATIENTS AND METHODS

Between 1978 and 1992, 1500 kidney transplantations were performed
in the department of urology and nephrology in Bicétre hospital.
Urinary tract continuity was reestablished by uretero ureteral
anastomosis in 111 patients and the remainder underwent uretero-
cystostomy with the Politano Leadbetter procedure (14) for 811 cases
and the Lich Gregoir procedure for 518 patients (31).

In this paper only cases of ureteral stenosis which required surgical
correction are studied. Cases of mild upper urinary tract dilation with
normal renal function are excluded.

38 patients developped ureteral stenosis (2.5 %) : 3 patients underwent
uretero-ureteral anastomosis (2.7 %). 32 were treated with the
Leadbetter procedure (3.9 %) and 3 with the extravesical Gregoir
procedure (0.5 %).

Services d'urologie et de néphrologie, Hopital de Bicétre, Université Paris-Sud, 78 rue
du Général Leclerc, 94270 BICETRE CEDEX FRANCE
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The mean diagnosis time of ureteral stenosis after transplantation was
6.5 month ( range 9 days - 5 years). In 9 patients the stenosis was
located at the ureteropelvic junction and in 8 patients this obstruction
was related to the inverted position of the transplanted kidney in line
with our procedure for the right kidney at the beginning of our series of
locating the renal pelvis anteriorly.

In 29 patients the stenosis was located at the distal ureter, for 2
patients after uretero ureteral anastomosis, in 24 patients after the
Leadbetter procedure and in the 3 remaining patients after the Gregoir
procedure. The surgical treatment has been changed over the survey of
the study. Before 1986 all patients were treated surgically with a
transperitoneal approach and anastomosis of the dilated ureter with
the ipsilateral native ureter. Since 1986 patients have been treated by
a percutaneous approach. Under general anesthesia we place the
patient in a position which allows us to puncture the kidney and carry
out a cystoscopy at the same time. The convexity of the kidney is
punctured under ultrasonography, with a 22 gauge Chiba needle. An
anterograde pyelography is performed and we introduce a guide wire
into the ureter. The nephrostomy is dilated with a 14 F dilator and we
introduce a cobra stent into the renal pelvis to intubate the ureter and
a guide wire is pushed beyond the stenotic area. A cystoscopy can be
done if necessary to catch the guide wire and facilitate the progression
of the balloon catheter through the stenosis. The stenosis is dilated
under fluoroscopic control and a double J stent is left in the ureter.

We used a 7 F diameter double J stent in the 14 first patients and in
the 7 remaining patients we used a 10 French double J stent. The
stent was left in place for 2 months.

The criteria of success is the disappearance of the stasis and the
normalisation of renal function.

RESULTS

75 % of the cases of stenosis occured during the first year post
transplantation. 17 patients (10 males and 7 females mean age 33.3
years) were treated by open surgery and the mean creatininemia value
was 245 umol/l. 6 cases of stenosis were located at the uretero pelvic
junction, and 11 were located in the distal ureter. In 9 patients the
stenotic portion of the ureter was removed, and the transplant ureter
was reanastomosed with the native one. In 6 cases, the ureter was
reimplanted in the bladder and in 2 patients the ureter was freed from
external compression. 2 patients have been reoperated for recurrence
of stenosis and 6 patients returned to dialysis, 2 after failure of the
operative procedure and 4 due to chronic graft rejection .

The mean hospitalisation time was 10 days. The mean time of follow
up was 126 months ( range : 84-156 months). 11 of the 17 patients
have normal renal function with a blood creatinine level at 1 year of
105 pmol/1, at 5 years 115umol/1 and at 10 years 130 pmol/1.

21 patients (14 males, 7 females, mean age 42 years) have been treated
with a minimally invasive technique. The mean blood creatinine level
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before the operations was 237 pmol/1. 3 cases of stenosis were located
at the pyeloureteral junction, and 18 were located at the ureterovesical
anastomosis. In one patient it was impossible to intubate the stenosis
with the guide wire under radiological control. This was accomplished
percutaneously under direct vision with a flexible ureteroscope
pushing the guide wire through the stenotic area and pushing it
through the cystoscope. On this way it was possible to dilate the
stenosis and to introduce a double J stent.

All the endourological procedures have been carried out using a
percutaneous approach and anterograde dilation as it is difficult to
locate the ureteral orifice in cases of ureteroneocystostomy. In cases of
ureteroureterostomy we can easily locate the ureteral meatus by
cystoscopic analysis but it is difficult to pull the guide wire to stiffen it.
For this reason the dilations have been done percutaneously.

The mean hospitalisation time was 3 days and the mean follow up time
was 66 months (range : 12 to 108 months). We have had 9 failures, 3
because of stenosis at the pyeloureteral junction, one because of
internal compression and 5 cases of stenosis at the ureterovesical
anastomosis. For these 9 patients one was treated percutaneously and
8 by incisional surgery. 14 of the 21 patients have normal renal
function (66 %) with a blood creatinine level at 1 year of 105 pmol/1, at
3 - 5 years 115 umol/1 . We lost one kidney because of surgical failure
and 6 kidneys were lost by chronic rejection. Our success rate
improved over time the beginning of our study : it was 30 % and is now
70 %. 25 of the 38 patients who developped ureteral stenosis after
kidney transplantation have normal renal function. 3 kidneys were lost
by obstruction and 10 because of chronic rejection. One patient with a
functioning kidney died from pulmonary infection by pneumocystis
carini.

DISCUSSION

The incidence of ureteral stenosis can be evaluated in different ways.
In a previous article (27) we published an incidence rate of betwen 2,5
and 6,5 % according to the incidence of stenosis requiring surgical
intervention and the incidence of radiological stasis of the urinary
system.

Mundy reports 9 % of stenosis and 6,4 % of severe stenosis based on
1000 transplantations,Oosteroff reports 3,3 % of severe stenosis with
1038 renal grafts and Salvatiera reports 1,1 % of ureteral stenosis
based on 860 transplantations (20, 21, 22, 23). The incidence of
stenosis in our series according to the type of anastomosis is identical
to that of Canton's (pyeloureteral 1,2 %, Leadbetter 5,2 %, Gregoir 2,8
% (3)). The etiology of these stenosis is related to technical problems.
Pyeloureteral junction stenosis occurs when the kidney is transplanted
in an inverted position (8, 9) and stenosis is ten times more frequent if
the ureter is longer (2). We had few cases of stenosis when we utilised
the extra vesical Gregoir procedure for ureterovesical reimplantation
(12, 30).
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75 % of the cases of stenosis were diagnosed during the first year,
similar to Thonalla and Canton, whereas Kinnaert reported an increase
in the incidence of stenosis from 4,5 % at one year to 9,5 % at 5 years
(3, 11, 28).

Stenosis was diagnosed using echographical analysis which shows
dilation of the excretory system associated with an increase in the
blood creatinine level. In cases of doubt we used a renal scan with
DTPA 99 TC and a lasikix® (furosemide) washout test, which was rarely
of any use (9). We have no experience of the Whitaker test (19, 29) ,
because percutaneous nephrostomy of the graft is a simple way for
identifying stenosis and assessing renal function and improvement
after derivation (6, 15, 29).

Since 1986 we have used endourologic of treatment which is a simple
procedure. Open surgery can be used in cases of failure of
percutaneous treatment. This minimally invasive treatment has a low
morbidity rate. Farah reported one case of arteriovenous fistula at the
point of puncture (4). Reviewing our results, we can anticipate some
failure with the percutaneous technique. The percutaneous technique
with anterograde dilation should not be used in cases of obstruction of
the pyeloureteral junction or in cases of external compression of the
ureter. If these two conditions are eliminated we observe a decrease in
the failure rate (1). The other factor which improved our results was
the utilisation of a 10 French double J stent, kept in place for 2
months. In these latter conditions we have had a 70 % success rate,
which is comparable to the results of open surgery. The success rates
reported in the literature are comparable to our results. Streem reports
a 50 % success rate with 8 cases of stenosis, Farah reports a 53 %
success rate with 17 cases, Gansbeke reports a 50 % success rate with
6 cases and Jones reports a 83 % success rate wich 38 cases of
stenosis with 36 dilations (4, 5, 10, 25).

CONCLUSION

The treatment of stenosis begins with the preservation of the peripyelic
and periureteral fat during organ procurement and by using a short
ureter reimplanted in the bladder with an extravesical procedure.
Incisional surgical repair is done by anastomosing the transplanted
ureter in the native one, which shows a constant success rate. This
incisional operation invoives a 10 days hospitalisation. Minimally
invasive surgery with shorter hospitalisation shows a comparable
success rate, if positive indications are selected : i. e. recent distal
ureteral stenosis, we can achieve a 70 % success rate with dilation of
the stenosis and by maintaining a 10 F double J stent in place tor 2
monthes. The early diagnosis of stenosis is very important and this
requires very close urological observation during the first year after
kidney transplantation. Minimally invasive anterograde dilation should
be the treatment of first choice, in cases of recent ureteral stenosis.
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INTRODUCTION

Renal transplantation is associated with several complications that lead to
significant graft loss, patient morbidity and, occasionally, mortality. Among them,
vascular complications occur in up to 30 % of the patients (1). The present report
studies the renal transplant artery stenosis (RTAS) which is the most frequent
vascular complication in renal transplantation (1, 2).

DEFINITION

its definition varies from an author to another. Some speak of significant stenosis
only when the arterial diameter is reduced of 80 % (3) but hemodynamic turbulences
appear as soon as the arterial diameter is reduced of 50 % and this is the figure
quoted by most authors (4,5).

EPIDEMIOLOGY

As a result of definition differences, its frequency changes a lot according to
authors : 1,5 % to 16 % of transplants (1, 3-13). The survey of more than 8.500
transplants found in the literature gave out an average prevalence of 4,72 %.

MECHANISMS AND RISK FACTORS

There are two types of anastomosis of the graft artery : either end-to-end to the
hypogastric artery or end-to-side to the external iliac artery. In both cases stenoses
can be divided into three categories according to their position as to the anastomosis
(14):

- preanastomotic on the recipient artery
- anastomotic on the suture line
- postanastomotic on the graft artery itself.

Mechanisms of these stenoses are different according to their position. The rarest
stenoses are the preanastomotic ones. They are related either to atherosclerotic
disease on the recipient arteries or to surgical clamp injuries on these arteries (5,
14, 15).
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Most of the time, the etiology of stenoses which are definitely anastomotic is
surgical : tight sutures, incomplete intimal approximation, excessive vessel length,
twisting of the vascular pedicle (kinking), large discrepancies between the donor and
the recipient arterial size. They can also be related to local reactions to suture
material (3, 5, 12, 14, 16, 17). A few cases of anastomotic stenoses related to
rejection have been noticed (10, 14).

The main cause of postanastomotic stenoses is acute or chronic rejection. The

histologic changes in the stenosed arteries shows subintimal fibrosis and intimal
proliferation as in the vascular lesions of rejection, and immunoglobulin and
complement nodular deposits have been found in stenosed arterial walls (3, 10-13,
17).
Disturbed hemodynamics beyond anastomoses, especially those beyond end-to-side
anastomoses, have also been incriminated (17). At last, surgical injuries of the graft
artery can entail postanastomotic strictures : clamp injury, graft perfusion catheter
injury, excessive dissection around graft artery leading to the destruction of the
vasa vasorum (3, 5).

Suitable knowledge of all these mechanisms enable us to define risk factors of
RTAS. Stenoses occur more often in the case of cadaver graft in which rejection
reactions are stronger (5, 6, 12, 13). They are more frequent in case of
transplantation from a child donnor to an adult recipient or when there are polar
arteries : in both cases, surgical difficulties are more important (5, 9). The
frequency of stenosis is similar in case of end-to-end anastomosis and in case of end-
to-side anastomosis. But stenosis occur predominantly at the anastomosis with end-
to-end anastomosis and beyond the anastomosis with end-to-side anastomosis (3, 5).

SIGNS AND SYMPTOMS
RTAS essentially entails severe hypertension, often reluctant to medical

treatment, either alone or associated to a moderate renal function impairment (2, 3,
9-12, 14).

However, it is estimated that about 50 % of graft recipients exhibit hypertension
and there is a number of other causes of hypertension and/or renal function
impairment in them. The main ones are : acute or chronic rejection, ATN,
hypertension caused by the native kidneys, reccurence of the original renal disease on
the transplant, steroid or cyclosporin-induced hypertension, ureteral obstruction or
preexisting essential hypertension (4, 7, 12, 14, 16, 18).

In some cases, an arterial bruit is heard over the transplant. This sign has but little
worth as its presence is not necessary. It also can be heard just because of disturbed
hemodynamics beyond the anastomosis with no significant stenosis. However, the
appearance of such a bruit which did not exist just after the transplantation certainly
has a more important diagnostic value (2, 3, 10, 12).
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DIAGNOSIS

Today, the screening for RTAS depends on Color Doppler Sonography. It allows to
visualize and to quantify the degree of the stenosis especially if it is localized on the
main arterial pedicle (14). A recent survey found a sensibility and a specificity rate
of 95 % and 92 % for the detection of pedicular complications and of 77 % and 100 %
for the detection of intra renal vascular complications (19).
The color doppler sonography is not only a good screening test but also allows to
estimate the efficiency of the treatment of the RTAS by radiological dilatation or by

surgery.

In all cases, an intra arterial angiography allows the diagnosis of RTAS. It is the
most accurate imaging technique for the evaluation of renal artery stenoses. It
clearly depicts the three types of stenoses and is considered the gold standard for
quantification of degree of stenosis and demonstration of multiple stenoses. It is
usually performed with intra arterial digital substraction and a low quantity of
contrast media (2, 14).

Even if the graft recipient exhibit hypertension and a significant RTAS, it doesn't
mean that the artery stenosis is the only cause of hypertension since there is a
number of other causes of hypertension in graft recipients. Some authors advised to
perform selective renin evaluation in the graft vein (20) but in most authors’
experience, those determinations didn't seem to be helpful. Some patients with severe
hypertension corrected by surgery of the stenosis had normal renin values. In the
opposite, some patients without hypertension or with chronic rejection can exhibit
high renin values (10, 13, 21). Therefore, those determinations are rarely
performed. Some authors also advised to perform systematic renal biopsy before
treating a RTAS to rule out chronic rejection (3). Indeed, treating a RTAS associated
with severe chronic rejection would be useless. However, renal biopsy can be
dangerous in hypertensive patients.

WHEN TO SEAK FOR A RTAS ?
The development delay of RTAS varies a lot but it usually appears in the year
following the transplantation (median delay : 12 months) (3, 14).

As a number of graft recipients exhibit hypertension, it seems to us that seaking
for a RTAS should be reserved for patients with specific hypertensive profils such as
newly developped hypertension or marked hypertension resistant to medical therapy
associed or not with declining renal function (2, 3, 9-13, 21).

TREATMENT
There are 3 main therapeutic possibilities : either a simple antihypertensive
medical treatment, or an invasive therapy (radiological or surgical).
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Medical treatment

The efficiency of the medical treatment of RTAS is difficult to estimate because
there are only few data about it. Deglise-Fawre et al (22) studied 40 RTAS bearing
patients, all treated medically with a mean follow-up period of 60 months. During this
period, only 7 grafts were lost, 6 from chronic rejection and only one from graft
artery thrombosis. The BP and the renal function have been controled in the 33 other
patients all along the follow-up period. Others found similar results with, however,
less patients (table 1)(1, 12, 23). Beside to arterial thrombosis, the other graft
losses were related either to chronic rejection or to hypertension because the
patients were not compliant to the treatment.

Thus, the medical treatment can allow a prolonged graft survical. But it's a
treatment for life, associating several anti hypertensive drugs and one of the risk is
that patients become non compliant to the therapy. The decrease of blood pressure
(BP) induced by the treatment may also entail thrombosis of very tight stenoses. So,
when the stenosis is very tight, most authors advise an invasive therapy even if BP
is controlled by the medical treatment.

Percutaneous transluminal angioplasty (PTA)

PTA have been developped since 1979 (16) but a number of technical improvments
have occured since that time. The main difficulties are related to the type
(anastomotic stenoses are often fibrous and difficult to dilate), the degree (the
catheter can't pass throught some very tight stenoses) or the site of stenoses (the
stenoses localized in a curve or involving an end-to-end anastomosis to the
hypogastric artery are more difficult to reach).

There are many publications about the results of PTA on RTAS (1, 4, 6-8, 18, 23-
28). The table 2 shows the results of the main ones with a total number of 222 PTA.
Technical successes were defined as PTA leading to the disapearance of any
significant stenosis. The technical success rates are almost the same in all the studies
(mean : 79 %). Today, those rates should be better because of technical
improvments. The short-term clinical success rates (estimated on the disapearance
of stenosis and the control of BP, 1 month later) are also similar for every author
and rather good (mean : 81,1 %). However, the middle-term clinical success rates
are very different from one author to another. They were evaluated after an average
follow-up period of 1 to 3 years. Some authors found very good middle-term success
rates (more than 80 %) but others found very low rates (20 to 40 %). These
differencies can't be explained by differencies in follow-up and are probably related
to the type of stenosis. For example, Roberts et al. dilated a number of anastomotic
stenoses to the hypogastric artery which are known to be difficult to dilate (7). The
average middle-term success rate was 58,2 % for a mean follow-up period of 2
years.
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Number Good | Graft losses | Follow-up Reference
of results {months)

patients
Deglise-Favre 40 33 7 (1) 60 22
(1991)
Jordan 5 3 2(1) ND 1
(1982)
Whiteside 5 4 1(1) 50 23
(1982)

Table 1 : RTAS : Results of medical treatment.

(ND : Not Determined)

(The figures put in brackets indicate the graft losses directly related to RTAS.)

Number | Technical Clinical success Reference
of success
patients Short-term Middle-term
(1 month) (1 to 3 years)

Benoit 49 69,4 % ND 40,8 % 25
(1991)

De Meyer 17 82,4 % ND 74 % 6
(1989)

Roberts 22 ND ND 22,8% 7
(1989)

Greenstein 39 84,6 % 84,8 % 69,4 % 4
(1987)

Raynaud 43 81,4 % 74 % 67 % 26
(1986)

Mollenkopf 17 76,5 % 92,3 % 83,3 % 27
(1983)

Grossman 17 88,2 % ND 86,7 % 8
(1982)

Our data 18 77,8 % 78,9 % 37,5%

Total 222 79 % 81,1 % 58,2 %

Table 2 : RTAS : Results of PTA.

ND : Not Determined)
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Numbers Mean serum creatinine Reference
of patients

Before PTA After PTA p
Raynaud 32 165 153 NS 26
(1986)
Mollenkopf 4 329 130 < .05 27
(1983)
Grossman 13 164 147 < .01 8
(1982)
Whiteside 4 208 138 < .05 23
(1982)
Our data 13 283 173 < .05

(NS : Not Significant)
Table 3 : RTAS : Effects ot PTA on renal function.
Restenosis New PTA Success Failure Reference

Benoit 28,6 % 8 5 3 25
(1991)
De Meyer 23,1 % ND ND ND 6
(1989)
Roberts 31,8 % 3 0 3 7
(1989)
Greenstein 7,7 % 3 0 3 4
(1987)
Raynaud 20 % 6 4 2 26
(1986)
Mollenkopf 16,4 % 2 2 0 27
(1983)
Grossman 0% _ - - 8
(1982)
Our data 50 % 6 4 2
[ Total 21,5 % 28 15 13

Table 4 : RTAS : Restenosis after PTA.

(ND : Not Determined)
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Number of patients

Middle-term success

Patch angioplasty 61 73,8%
Resection-reanastomosis 69 87 %
(direct)

Resection-reanastomosis 21 76,2 %
(indirect)

Crossed reanastomosis 58 86,2 %
(direct or indirect)

Venous or arterial bypass 63 74,7 %
Arteriolysis 11 45,5 %
Dacron bypass 5 80 %
Total 288 78,8 %

Table S : RTAS : Results of surgical repair.
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So, even if the technical success and short-term clinical success rates are very
good, there is a results degradation with the time going on.

An accurate evaluation of the effects of PTA on renal function is difficult. Renal
function may improve as soon as the day after PTA. In other patients it remains
stable. A transient decline in renal function after PTA possibly due to the toxicity of
contrast media may occur. One month after, the effects of contrast media have
diseappered but rejection may have occured and caused impairment of renal function.
One the other hand, some anti hypertensive drugs may be discontinued and renal
impairment related to these drugs is diminished. However, most of the time, the drop
in serum creatinine level is significant but the number of patients studied is very low
(table 3) (8, 23, 26, 27).

Many middle-term PTA failures are related to restenosis. Those restenoses occur
between 2 months and 2 years after the PTA. Their prevalence is about 20 %. More
than one half of the restenoses reported in the literature could be successfully dilated
by a new PTA (table 4) (4, 6-8, 25-27)

There is a wide variety of potential complications of PTA related to the arterial
puncture (groin hematoma), the contrast media (ATN) or the catheterism (main or
polar artery thrombosis or dissection). The overall morbidity rate is between 5 %
and 28 % according to authors (8, 26, 29). In case of arterial thrombosis induced by
PTA, some grafts could be saved thanks to immediate intra arterial fibrinolysis
throught the dilatation catheter (26). Thus, the average graft loss rate is only 4,8 %.
No mortality related to PTA has been noticed.

Vascular surgery

There are many surgical procedures. The most used are resection-reanastomosis
techniques : the stenosed aera is resected and reanastomosed either directly or
throught a venous autograft. The reanastomosis can be done on the same iliac artery
or crossed (done on the other iliac artery of the same side : external iliac artery if it
was on the hypogastric artery and vice-versa). In saphenous or arterial bypass, the
stenosed aera is only bypassed and not resected. Patch angioplasty is essentially used
for anastomotic stenoses. A venous graft is inserted in the arterial wall to increase
the arterial diameter. Dacron bypass or arteriolysis (lysis of peri arterial adhesions)
are less used procedures (3, 6, 9, 10, 12, 13, 17, 23, 24)

The table 5 shows the review of 288 surgical repairs of RTAS from the literature.
The middle-term success rates evaluated on the control of BP, 1 to 3 years after
surgery, are similar for all procedures (about 80 %). The only one to show a lower
rate is arteriolysis (45 %). This is probably because peri arterial adhesions are
rarely the only cause of RTAS.
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The renal function is improved in 66 % to 100 % of the patients. The drop in
creatinine level is similar to that observed after PTA (6, 17, 24).

The rate of restenosis is less than that observed with PTA (0 % to 15 % according
to authors). The appearance delay is the same (2 months to 2 years) (3, 6, 7, 13,
23-25).

The overall surgical morbidity rate is between 5 % to 30 % wich is similar to that
observed with PTA. But the mortality is greater (up to 7 %) (23, 25). The review of
272 surgical repairs in the literature also shows a greater graft loss rate (11 %)

In summary...

Surgery seems to be more efficient especially in middle-term studies, with a lower
restenosis rate. PTA seems to be less dangerous (without any mortality and with a
lower graft loss rate). However, no randomised study have been done to suitably
compare these two invasive techniques.

CONCLUSION : which treatment for RTAS?

Medical treatment should always be used and even should be tried alone when the
stenosis is not very tight. In case of tight stenoses, an invasive therapy should be
proposed.

Some authors prefer surgery because it is more efficient, especially in long-term
sudies (30). But the majority think PTA should be tried first because it is less
dangerous (no mortality and lower graft losses rate) (4, 6, 8, 23, 26-28).

In case of failure of PTA or restenosis, a surgical repair or a new PTA should be
discussed (50 % of the restenoses can be successfully redilated).

Today, a third possibility is appearing : the percutaneous stent. We have placed a
stent in one case of recurrent stenosis, incompletely dilated by PTA. One month
later, the clinical results were good. However, more follow-up and further studies
are requested to evaluate the efficiency of such a therapy.

The anastomotic stenoses (difficult to dilate) or the stenoses localised in a curve
(difficult to recah) should benefit of surgery because of the poor results of PTA in
thoses cases (4, 7, 8, 31).
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Urinary fistula as a complication of renal transplantation

Albalate P, Molina G, Feitosa LC, Martin X, Dubernard JM.

1 - SUMMARY
1.1 Patients and results

From January 1988 to December 1992, 791 renal transplantations were made by the transplantation
department of the Edouard Herriot hospital. Among those, 130 were kidney-panceas transplantations.
The urinary fistula, as a complication of the transplantation, appeared on 23 patients (2.9 %) : 20
fistulas were located at the uretero-vesical anastomosis, 2 at the bladder and 1 at the pelvis.

Among the wole, 4 occured on kidneys with a severed lower polar artery, on 2 patients the
anastomosis was carried out on small ans fragile bladders and, in 1 case, the urethra showed sings of
serious trauma. The other kidneys were macroscopically normal.

The GREGORY anastomosis was the most frequently used : on 20 patients. On 2 other patients the
anastomosis was a LEADBETTER. On 1 other patient the anastomosis was a uretero-ureteral with a
clean ureteral.

All fistulas appeared during the first month following the transplantation.

The flow of urine by drainage is the most frequent symptom (10 pantients). Next is pain accompanied
by a swell of the operated area (5 patients). Other symtoms were reported but much less frequently.

1.2 Patients and Treatments

On 8 patients, an urgent cystography was the only examination made, and its usage associated with
and echography (3 patients) an a scanner (6 patients).
The pyelography by nephrostomic probe was used on 4 patients. Other examinations were made but

with less frequency.

The endoscopic treatment, wich consists of a nephrostomia ans the fitting ofa double J probe, was
appplied to 10 patients. The basic endoscopy, wtith the fitting of a double J probe was carried out on 3
patients. 4 LEADBETTER and 1 PAQUIN transplantations were made.

1 patient underwent the elargment of the bladder and intestine by the fitting of a nephrostomic probe.

2- INTRODUCTION

The urinary fistula is a serious complication of the renal transplantation. The frequency of the type of
complication ranges from 3 to 10 %, although SALVATIERRA (1) reports only 1.7 % in a series of
860 renal transplantations. GOLDSTEIN (2) reports 4.7 % in a series of 4307 transplantations.
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NOVIC (3) a rate of 3.5 % in series published in 1981 and 1989. But other authors such a TILNEY (4)
and FOX (5) report up to 12 %.

Nevertheless, the frequency of urinary fistulas has decreased these last years due to improvements in
surgery and to the use of new immuno-suppressive drugs which reduces the doses of steroids.
however, the urinary fistula is complication very difficult to eradicate since in most cases its
etiopatholigy is related to the vascular deficiency of the excretory path.

This document proposes the sudy of the frequency of the urinary fistulas in our department ant the
treatments used.

3- PATIENTS AND METHODS

From january 1988 to December 1992, 791 renal transplantations were made by the transplantation
department of the Edouard herriot hospital. Among those, 130 were kidney-pancreas transplantations.
All patient files reporting urinary fistulas as a complication to renal transplantation were studied. The
following criteria wereselected : age, characteristics of the removed kidney, presence or not an
immediate dieresis, symptomatology, date of appearance of fistulas, the type of examnination made for
diagnostic, location of the fistulas ans treatment given.

4- DISCUSSION

The urinary fistula as a complication to renal transplantations occurs during 23 transp”lantations
among the 791 made by our department these last 5 years.

This result is 2.9 % lower than SALVATIERRA's (1.7 %) (1) and OOSERHOFF's (7), but higher
those published by most authors who rreport rates ranging from 3 to 10 % (8,9,10).

This serious complication, determined by number of global factors (such as uraemia, amenia,
hypoproteinemia and immunosuppression) and local factors (vascular deficiency of the urethra) leads to
a high morbi-mortality as highlighted by SHIFF (11) who reports rates of 30 % of transplant loss and
25 % of mortality in his own series. SPIGOS (12) reports 34 % of loss and 13 % mortality.

Our series shows that fistulas appeared on 5 patients following urethra vascularisation problems, on 3
patients with small and fragiles bladders. The rest of the fistulas (16 of them-65 %) appeared on
macroscopically normalkidneys.

This implies eventual technical errors but most of all the importance og global factors in the pathogen
of urinary fistulas

Anyhow, we condider that the lower polar sessels must be absoluted respected ant that the dissection of
the ilio-renal must be undertaken very carefully during removal.

20 fistulas (86.9 %) occured on patients treated by anastomosis by the GREGORY technique (the one
we use the most), 2 (8.6 %) treated by LEADBETTER technique and 1 (4.3 %) by ureteo-ureteral
anastomosis with clean urethra.

95.6 % of the patients showed immediate dieresis although we do not condider this as a significant
factor in urinary fistulas. It is not even mentioned by some of the authors we have referred to
previously.

All fistulas appeared during the first month following the transplantation although some were early :

7 (30.4 %) during the first 24 hours and 11 (47.8 %) during the first 7 days. Similar figures are
produced by CRUZ NAVARRO (14) with even 3 fistulas cases developing 3 months after the
operation.

Frome a clinical point of vue, the most frequent event is a flow of urune by drainage (46.4 %). Then
comes a swell of the operated area with abdominal pain (5 patients - 21.7 %). Other effects such as
scrotal oedema, anuria and a rise of creatrinine were less frequent.

The technique the most frequnatly used for diagnostics was the cystography used on 8 patients (34.7
%).
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Then follows the cystography in association with a scanner (6 patients - 26 %) or in association with a
echography and an intra-veinal urography (3 patients - 13 %). Also, 4 pyelographies by nephrostomy
probe were made (17.3 %). In 2 cases we made an urgent cystoscopy which was enough to make the
diagnostic.

These techniques allow, not only to confirm the diagnostic of fistula, but also their location and their
expansion. It is not necessary to use all these techniques to do a diagnostic : it is sufficient to use
those that will confirm it being at the same time the less agressive as possible.

20 (89.9 %) fistulas were located by the urethra, 2 (8.6 %) by the bladder and 1 (4.3 %) by the pelvis.
The treatment was endodcopical for 34.7 % of the patients. In 30.4 % of the cases (7 patients) a
LEADBETTER type transplantation was made, in 8.6 % (2 patients) we once again did a GREGORY
transplantation and 1 PAQUIN type. For 17.3 % of the patients (4) the reimplantation was
pyelo-ureteral with a clean urethra. In once case the receiver had a small and weak bladder : we enlarged
the bladder ant the small intestine by fitting a nephrostomy probe.

There is no unique solution to the treatment of urinary fistulas as a complication of renal
trasplantation. Some authors advise urology endoscopitechniques at the beginning : nephrostomy
percutane and drainage of the urinome, followed by surgical repair if required (15,16,17). Others advise
open surgery as the first step (14,18). As for us, we condider that endoscopic surgery is very important
in dealing with urinary fistulas, under the condition that the surgery be clearly defined.

Also, we think that in case of suspected fistulas immediate medico-surgery action must be undertaken.
When fistulas are large or numerous, we recommend open surgery. for small calicial leaks of
obstructive origin, for pyelo-ureteral fistulas with minor necrosis and for small fistulas at the
uretero-vesical anastomosis level, we recommend, to begin with, an endoscopic treatment : open
surgery would then be used in case of failure.

CONCLUSION

1. urinary fistulas as a complication to renal transplantation appeared on 2.9 % of our patients.

2. Vascular disruptions of the urethra are a predominant factor in the pathogen of this complication.

3. Most fistulas appeared during the first week and all of them within the first month,

4. A medico-surgery attitude must be the response to urinary fistulas thus reducing the morbi-mortality
on this serious complication.

5. Endoscopic surgery plays an important role in the treatment of urinary fistulas. Someimes as a
definitive treatment and sometimes to improve the renal function and proceed later on to definitive

surgery.
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INTRODUCTION

Vesico-ureteric reflux (VUR) is a risk factor for the development
of acute or chronic urinary tract infections (UTI) in transplant
recipients. In the early years of renal transplantation, the
treatments commonly described were nephroureterectomy for
native Kkidneys or ureteral reimplantation for kidney
transplants. Surgical management was indicated in massive or
symptomatic VUR.

The first injections of polytetrafluoroethylene (PTFE) or Teflon
paste in the treatment of VUR were realized by Matouschek in
1981 (1). The advantages of this endoscopic treatment are the
low rate of morbidity avoiding the difficulties and complications
of an open surgical approach and an easy fulfilment with short-

lasting anesthesia. Endoscopic treatment of VUR by submucosal
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injection of Teflon paste is effective in 80 to 95 % of native
refluxing ureters (2,3). This technique can also be applied to

replanted ureters (4). We report our experience with this

technique in VUR in haemodialysis patients waiting for renal

transplantation and in transplanted refluxing ureters.

MATERIAL AND METHODS

Between January 1986 and July 1991, 3 groups of patients were
investigated. Group 1 consisted of 28 haemodialysis patients (15
males ; mean age 41,5 years, ext 15-63) with VUR waiting for
renal transplantation, group 2 consisted of 11 renal transplant
patients (8 males ; mean age 38 years-ext 14-60) with
endoscopically treated native VUR prior to transplantation,
group 3 consisted of 30 patients (16 males ; age 17 to 60-mean
42.0 years) presenting a VUR in the transplanted kidney.
Group 1 and group 2 represent respectively 47 VUR including
19 bilateral VUR and19 VUR including 7 bilateral VUR. Grading
of VUR was established according to the international
classification (5). The ureters with low grade were injected in
cases of controlateral high-grade VUR or when the patient had
recurrent UTL In group 1 there was 5 grades I, 8 grades II, 22
grades III, 8 grades IV and 4 grades V ; in group 2 there was 1
grade I, 7 grades II, 6 grades III, 5 grades IV. In group 3, the

reflux was grade II in 9 cases, grade III in 16 cases and grade
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recurrent UTL In group 1 there was S grades I, 8 grades II, 22
grades III, 8 grades IV and 4 grades V ; in group 2 there was 1
grade I, 7 grades II, 6 grades III, 5 grades IV. In group 3, the
reflux was grade II in 9 cases, grade IIl in 16 cases and grade
IV in 5 cases. The correction of VUR was indicated in group 1 &
2 because of recurrent UTI in 18 cases and high-grade VUR in
10 cases. The VUR was diagnosed by retrograde cystography at
the pretransplant medical visit or for patients of group 3, it was
diagnosed in 22 patients with reccurent urinary tract infections
(UTI) and for renal function deterioration in 6 patients. In 2
cases VUR was suspected because of recurrent pain of the graft.
The technique used for reimplantation were the extravesical
technique derived from the method of De Campos-Freire (6) in
28 cases and a Leadbetter-Politano replantation in 2 cases (LP).
For the group 1 and 2, mean durations of haemodialysis were
respectively 48 months (ext 6-120 mo) and 50 months (ext 2-
144 mo). The mean durations between respectively the
endoscopic treatment and kidney transplantation (group 2) and
kidney transplantation and the endoscopic treatment (group 3)
were 13,4 months (ext 2-35 mo) and 3,12 years (ext 0,5-11
years).

The technique used was derived from that described by Puri

and O'Donnell (7). The procedure was performed under general
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anaesthesia. The ureteric orifice was first identified and an
endoscopic needle was introduced between the ureter and the
detrusor. Polytef paste diluted in glycerin (3/1 vol) was then
injected. The mean amont in groups 1 & 2 and group 3 were
respectivelly 2,1 ml (ext 1 to 6) and 2.5 ml (ext 1.5 to 10).
Identification of the ureteral orifice in groups 1 & 2 was
difficult because the detrusor walls became sclerotic and
atrophic with long-lived haemodialysis and low urine output. In
group 3, needle puncture of the orifice was difficult in 14 cases
due to the site of the reimplantation and the orientation of the
ureter. The easiest cases being those where reimplantation was
on the fixed part of the bladder. The patients were discharged
the following day after renal ultrasound was performed to
exclude renal dilatation.

Iterative endoscopic treatments were performed in 5 cases in
group 1, 3 cases in group 2 and 8 cases in group 3. The standard
voiding cystographies was performed post-injection at 1 month
systematically and a second injection was done in case of
failure. If the VUR was not cured and was classified as high-
grade, a nephroureterectomy was performed prior to
transplantation in groups 1 & 2. After transplantation, standard

voiding cystography was performed.
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RESULT S

The mean follow-up periods in groups 1 ; 2 ; 3 were
respectivelly 10,4 months (ext 1-72 mo), 30,3 mo (ext 1-53)
and 9,6 months (ext 1-60 months). No morbidity related to the
technique was observed.

In groupl & 2, complete disappearance of VUR were observed
in 51 and 90 %. After only one endoscopic injection, VUR in
groups 1 & 2 were cured respectivelly in 42 and 70 %. There
was an improvement in 6 cases in group 1: the refluxing
ureteral units of various grades were converted to grade I and
followed by urinary cultures. In group 3 the reflux was cured
in 9 cases (30 %) including the 2 ureters reimplanted according
to LP technique. Succesful cases were grade IIl in 7 cases and
grade II in 2 cases. Only one injection was required for these
succesful cases. In group 1, mean durations of haemodialysis
between succesful cases and failures were respectively 46 and
57 months. Recurrent urinary tract infection leading to death
was observed in one patient of group 3.

Failures were treated as follows: in group 1, 9
nephroureterectomies were performed ; in group 3 they were
managed by ureteral replantation according to LP technique (4
cases), anastomosis of the renal ureter graft on the native ureter
(2 cases), replantation of the renal pelvis graft on the native
ureter in one case. Two nephrectomies were performed as

chronic rejection was associated with end-stage renal failure. In
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25 cases (all groups mixed) no further treatment was indicated
and medical treatment of UTI was prescribed whenever

necessary.

DISCUSSION

The succes rate obtained in these series 1 ; 2 ; 3 are respectively
51 ; 90 ; 30% with a mean follow-up of 10,4 ; 30,3 and 60
months. Expected group 2, the results are not correlated with
those obtained on native ureters (90 %) according to Geiss in a
multicenter survey (8). Moreover these results are different
from those obtained on reimplanted ureters in non uremic
patients (2).

Our policy is to attempt endocopic treatment in infected grade
I-IT VUR, alteration of renal function and in high degrees of
VUR (9). Preservation of the native kidney avoids morbidity
and maintain fluid balance, erythropoietin and vitamine D3
production. Open surgery for correction of VUR includes the use
of the native ureter when available or iterative replantation in
the bladder. This procedure is sometimes difficult, can lead to
secondary urological complications such as stenoses and
fistulaes and can disturb the transplant. The incidence of UTI
episodes in patients with high-grade native VUR is not different
from that in patients without native VUR deemed as the

treatment of native VUR advisable before transplantation (10).
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The bad local conditions with bladder mucosa and detrusor
alterations, the difficulties to spot the ureteral orifices in long-
lived haemodialysis patients are probably factors affecting
success in group 1. In group 2, renal transplantation improves
bladder capacity with diuresis and maintains the good results of
endoscopic treatment in low and moderate grade VUR.
Endoscopic treatment of high grade VUR also in native and
transplanted kidneys (groupe 1 & 3) gives poor results (4/16
successes) though in group 2 all high grade VUR have been
cured emphasizing increased transplant diuresis.

In group 3, the type of reimplantation leading to anatomical
particularities of the ureteral orifice (e.g: extravesical technique)
explains that injection of polytef paste between the ureter and
detrusor is very difficult. The myotomy performed in
extravesical replantation doesn't allow a solid support to the
ureter and doesn't allow polytef paste to reinforce the anti-
reflux mechanism. This extravesical technique however is used
in a number of centers and has been shown to produce minimal
rate of stenoses and fistulae (11).

There are three problems with the endoscopic treatment. First,
distant migrations of PTFE particles after periurethral injection
of Teflon has been well documented in primates (12) and in one
patient after treatment of urinary incontinence (13). Second,

long-term maintenance of the initial successful results is not
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well known: pediatric series have reported a recurrence rate of
3 to 6% with a maximun follow-up of one year (14). Staerman et
al (15) has reported a recurrence rate of 7,7% in his adult serie
with an average follow-up of more than 3 years ; Gabriele et al
(16) has not reported recurrences in his serie of endoscopic
treatment of VUR following by kidney transplantation. However
this drawback is compensated by the possibility of reinjection
with good results. Third, the long-terme biocompatibility of
Teflon paste still persists.

Polytef paste did not produce any particular complications in
this immuno-suppressed population. It is composed of inert
particles and provokes an inflamatory granuloma-type reaction.
We found this was typical during a histo-pathological
examination after a surgical replantation in one of our patients.
Polytef paste did not cause any other problems during the
surgical correction of reflux after failure of endoscopic
treatment. This has also been confirmed by Lacombe (17). The
discovery of a new material with a higher biocompatibility and
identical physical properties than Teflon paste will make the
endoscopic treatment of VUR more acceptable in clinical
practice.

Endoscopic subureteric injection of Teflon paste is an attractive
method for primary VUR in haemodialysis patients with 64 %

success rate and it increases until 90% after kidney
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transplantation. It avoids the need for nephro-ureterectomy
preserving renal hormonal function. Despite the low rate of
success of endoscopic treatment of VUR in transplanted kidneys
(group 3), it appears to be justified to consider it as the first
choice of treatment for symptomatic reflux as repeated open
surgery in these cases is associated with significant morbidity
(18). This procedure allows a secondary open surgical treatment
in case of failure. The morbidity of open surgery in transplant
patients is significant (30 % of repeated procedures according to
Mundy (19)) and is associated with an high risk of loss of the

tranplanted organ.
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Nonsurgical interventions are important methods of treating bile duct
complications after liver transplantation. Complication are classified as biliary

leaks or biliary obstruction.

Biliary Leaks after Liver Transplantation

Bile duct leaks after liver transplantation are from the T-tube site, the bile
duct anastomosis or a nonanastomotic site in the donor bile ducts. Bile leaks occur

early, usually within days to a few weeks after transplantation.

T-tube site leaks are common and if small, may resolve spontaneously.
They are almost never associated with hepatic artery thrombosis. T-tube links
become significant because cyclosporin must be administered intravenously if the
leak is treated with external diversion, because bilomas may become infected, and

because spontaneous healing may be slow.
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Endoscopic techniques for T-tube leaks after liver transplantation have
become the treatment of choice. Nasobiliary or endoscopic stents with or without
sphincterotomy have been used. Recent studies show that endoscopic therapy
results in closure of T-tube bile leaks in over 90% of T-tube leaks.1-2 This is the
same closure rate for endoscopic therapy of biliary fistulas as in the non-transplant
population.2 Percutaneous catheter drainage of bilomas may also be necessary.3
Transhepatic drainage, surgical closure, or conversion to choledochojejunostomy
may be necessary in the infrequent case in which endoscopic drainage fails to cure

the bile leak.

Recently, we have abandoned the T-tube stent in favor of a straight catheter
inserted into the donor cystic duct remnant and anchored with a hemorrhoidal
band. We have seen only one bile leak (catheter dislodged) with this technique in

approximately 50 grafts in the last year.

Anastomotic bile leaks are sometimes treated with endoscopic or
transhepatic techniques. Results are variable because some of these leaks are from
donor duct ischemia. If patency of the hepatic artery is established, endoscopic or

transhepatic drainage may be useful.

Nonanastomotic bile leaks usually result from bile duct ischemia from
hepatic artery thrombosis.# Transhepatic biliary drainage of bile ducts and
bilomas is helpful to temporize prior to retransplantation, sometimes for several
months.5 In children who may form arterial collaterals, biliary stenting, and

biloma drainage may salvage the graft.
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Biliary Obstruction After Liver Transplantation

Biliary obstruction after transplantation is usually caused by bile duct
strictures. Unusual causes of bile duct obstruction include cystic duct mucoceles,

malpositioned stents, ampullary stenosis, and malignancy.

Anastomotic bile duct strictures occur in 2-5% of liver transplants.0,7 The
vast majority of anastomotic strictures are successfully treated with endoscopic or
transhepatic balloon dilatation. In our experience balloon dilatation of

anastomotic strictures resulted in duct patency in 11 of 12 grafts. Anastomotic

revision should be performed only if percutaneous dilatations fail. Hepatic artery
patency should be established, since anastomotic strictures are occasionally the

dominant cholangiographic finding with hepatic artery thrombosis.

Nonanastomotic bile duct strictures present a much more complex problem.
Nonanastomotic strictures are caused by hepatic artery thrombosis or stenosis,
prolonged graft ischemia time, ABO blood group donor-recipient incompatibility,

chronic ductopenic rejection, or are without known cause.4.8-10

We have used percutaneous biliary decompression stenting and balloon
dilatation as the primary therapy for nonanastomotic strictures. Exceptions to this
include grafts with very diffuse strictures developing within two weeks of
transplantation and grafts with poor synthetic function. Early in our experience we
stented patients with ductopenic rejection, but no longer attempt this because we

were unable to change their clinical course.
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We have percutaneously stented and/or dilated nonanastomotic strictures in
37 grafts with nonanastomotic strictures. Etiologies of the strictures included
hepatic artery thrombosis or stenosis (8), graft ischemia time > 11.5 hours (12),
ductopenic rejection (3), and cause unknown (16). Two grafts had more than one
possible etiology. 75% of these grafts survived 1-7 years, with 56% having near

normal liver function.

Nonanastomotic strictures have required long periods of percutaneous
stenting and multiple balloon dilatations. Stent times with 8 to 12 F transhepatic
catheters range from 1-27 months (mean 9 months). This is because

nonanastomotic strictures develop slowly. Early sludge causes obstruction; firm

strictures requiring repeat dilatations often form after several weeks to months.
Strictures also may extend more peripherally or new strictures may form weeks to
months after initial presentation. Biliary stone and sludge often needs to be
removed by baskets or balloons.!1 Because of the slow evolution of
nonanastomotic strictures we have not found endoscopic dilatations to be helpful.

Endoscopic removal of bile duct sludge occasionally has some benefit.

In conclusion, percutaneous therapy is the treatment of choice for almost all

anastomotic and many nonanastomotic post-transplantations bile duct strictures.
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INTRODUCTION

T-cell tolerance can be defined as specific unresponsiveness of T
cells to a nominal antigen or to an alloantigen. In the case of the nominal
antigen, the unresponsiveness is expected to be directed towards peptides
derived from the protein and associated with self major histocompatibility
complex (MHC) molecules. In the case of the alloantigen, the
unresponsiveness is expected to be directed to epitopes on the foreign MHC
molecule itself as well as to undefined self-peptides associated with foreign
MHC molecules. It is also possible that some peptides derived from foreign
MHC molecules could be presented by self MHC molecules (1). Physical
elimination of self-reactive T cells during their maturation in the thymus is the
best-known mechanism for the establishment of self-tolerance, along with a
variety of non-deletional mechanisms of tolerance in the thymus and the
periphery (2, 3, 4). A detailed knowledge of tolerance induction in mature
peripheral T cells is essential for therapeutic intervention, merely to
understand and ensure tolerance in organ transplantation. It must be
stressed that 3 different situations might bring about some clue on
transplantation tolerance, namely in "in vitro" models, in experimental models
and finally in the organ transplant human situation. But this last situation is
hardly complex, occuring in an immunological status barely "naive" and
associated with other events which might interfere with the establishment and
the maintenance of tolerance such as immunosuppressive drugs, as viral

infections, blood transfusions.
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TOLERANCE TO ALLOGRAFTS IN HUMAN TRANSPLANT RECIPIENTS

In Human, peripheral blood lymphocytes (PBL) of allograft
recipients disclose low proliferative and cytotoxic reactivity against the
specific donor but not against third-party cells (5, 6). Two main explanations
have been suggested to account for this phenomenon : clonal cell deletion of
donor reactive cells and suppression of these cells (7, 8).

Recently, the concept of anergy has attracted renewed interest :
antigenic stimulation without costimulatory signals leads to an absence of
response and to a long-lasting subsequent state of anergy without
immunological response after optimal antigenic stimulation. Although there is
no widely accepted definition and characterization of anergic cells, one can
define anergy as the persistence of antigen-specific cells with a functional T
cell receptor as judged by Ca influx after antigenic stimulation without IL-2
secretion or proliferation. However, although this notion is still controversial,
in several models of anergy, specific antigen reactive cells (ARC) can display
IL2-receptors (CD25) after antigenic stimulation. Especially in self tolerance
or in allogenic hyporesponsiveness to Mls after i.v. preimmunization, ARC are
present, do not proliferate or secrete IL-2, but display IL2-receptors after
activation with the tolerogen or anti-TCR. Thus, anergic cells do not display
the effector functions enumerated above but may be not "inert". We have
recently shown that both helper and cytotoxic donor-reactive cells are still
present in long-term kidney transplant recipients (9), thus eliminating the
clonal deletion hypothesis. Therefore, in order to explain allograft
acceptance, two non-mutually exclusive hypotheses remain : suppression
and/or clonal anergy. In our previous work, the absence of clonal deletion
was evidenced by limiting dilution analysis. Since we used strong
allostimulation (by LCL) and growth factors, because of this probable
supramaximal stimulation it was not possible to test the hypothesis of an
anergic state toward donor cells. In a recent study (10), we studied T cells
from 8 transplant recipients who displayed a clear hyporesponsiveness after
donor cell stimulation, as judged by IL-2 production, proliferation, or cytotoxic
activity. We next wondered if the specific alloreactive cells could be activated
as shown by an increase in cell size or in the expression of CD25 after
allogenic stimulation. Thus, using cytofluorometry, we counted CD25-positive
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cells after autologous, donor or third-party cell stimulation during the first days
of a conventional MLC. Recipients'T cells displayed the same increase in cell
size and similar acquisition of CD25 after donor or third party cell stimulation,
contrasting with their specific hyporesponsiveness toward donor cell
stimulation. These data illustrate the possible involvement of "anergy" in
human allogenic tolerance.

There is no realm explanation for the induction and maintenance
of this state of anergy. But it has been recently shown that specific allogeneic
tolerance to donor tissues can be induced by the transfer of donor
lymphohemopoietic cells (11), establishing a state of mixed chimerism. On
the other hand cell migration which has been shown after liver
transplantation in human, quickly transforms both the graft and the recipient
into chimeras and could lead to self perpetuating and presumably linked
changes on the host immune response (12). Recent data show that migration
of dendritic and lymphoid cells is associated with graft acceptance rather than
rejection, depending on the quality of immunosuppression, the
immunological substrate of the organs, donor-recipient histocompatibility and
perhaps other factors. This illustrates the fine margin between graft rejection
and acceptance.

TOLERANCE IN EXPERIMENTAL MODELS

There are four major mechanisms of T-cell tolerance that have
been described : (1) clonal deletion ; (2) clonal anergy : (3) the veto cell
phenomenon ; (4) active suppression. These mechanisms have been mainly
defined by specific experimental models that have changed over time.

(1) Cional deletion (13)

In general, there is a substantial evidence for deletion of those
immature T-cells that have a T-cell receptor (TCR) with high affinity for self-
peptides associated with self MHC molecules expressed on the surface of
dendritic/epithelial cells in the thymus. In the normal mouse, evidence for
deletion is the reduction of sbusets of mature T-cells in the thymus and in the
periphery which express certain v genes which confer reactivity to certain
self-MHC class Il and MIs antigens. Typical examples are represented by
deletion of vB5 and vB11 TCR in I.E.D mice, and deletion of vB6 TCR in Mis 12
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mice. The reduction of the appropriate vp subset of T cells is also observed
when transgenes encording the |.E. antigen are expressed in the thymus of
strains that ordinarily do not express IL.E.

(2) Clonal anergy (14)

In its strictest sense, clonal anergy in T cells refers to cloned T-cell
line that have been rendered unresponsive to the antigen and antigen
presenting cells (APC) that ordinarily elicit a response. T cell clones can be
rendered anergic for at least several days by exposing the T cells to antigen
and fixed APC. In addition, pancreatic B cells expressing foreign I.LE.b
antigens by virtue of I.E.b transgenes under the control of the insulin promoter
render I.E.b reactive T-cell clones anergic. These results suggest that APC
lacking certain costimulatory signals can paralyze rather than activate, T-
cells. In a broader sense, anergy has also been used to describe the specific
unresponsive state of T-cells derived from tolerant mice when no evidence for
clonal deletion has been observed, as assessed by the lack of reduction of
appropriate vp} expressing subsets of T-cells.

Thus, tolerant transgeneic mice expressing foreign class | or class
Il MHC transgenes on the B cell or acinar cells of the pancreas, and radiation
chimeras tolerant of certain Mls antigens have been described as disclosing
evidence of clonal anergy.

Recently, there are two new aspects which have been put forward
in the concept of anergy. First, an altered regulation of the IL2 pathway has
been proposed as an explanation of the tolerance state observed after blood
transfusion in the rat (15). In this case, no true deletion of antigen-reactive
cells has been observed, and these allograft recipients do not make active
IL2, whereas the expression of the IL2 gene is produced. The cells obtained
from these tolerant rats do not respond to IL2 and a decreased expression of
o and B chain of the IL2-receptor is observed.

Second, several monoclonal antibodies (mAb) administered
either in vivo or in vitro are able to induce a state of immunological tolerance.
These mAD include anti CD4 (16), anti v + T cells (17), and anti CD3 (18). It
must be added that in vitro induction of allo antigen specific
hyporesponsiveness in human T lymphocytes can be carried out by blocking
interactions of CD 28 with its natural ligand B7/BB1 (19). In this case IL2 and
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IFN o« mRNA are blocked, and not IL4 mRNA, and this hyporesponsiveness is
restored by adding exogenous IL2 to the culture.

(3) The veto cell phenomenon

A poorly defined subset of cells is able to induce in the host a
negative signal which has been named the veto phenomenon. In a very
convincing publication of Thomas J. et al. (20), it has been shown that veto
cells can induce long term kidney allograft tolerance in primates without
chronic immunosuppression. In this system, total donor bone marrow cells
were fractionated into subpopulations. In "in vitro" proliferation and cytotoxic
assays and in vivo studies showed that the suppression was mediated by a
small population of bone marrow cells that express a CD2+, CD8+, CD16+,
DR-, CD3-, CD8- phenotype. This subpopulation was also able to suppress
the acute organ allograft rejection and in vivo and in vitro CTL response,
suggesting that a veto mechanism may control the induction phase of
allograft tolerance in this model and allowing the development of host
immunoregulatory mechanisms necessary for maintaining graft tolerance.

(4) Suppression and suppressor T cells

Although suppressor T cells (TS) have been cloned in only few
instances, the existence of a functional cadre of T cells that acts to
downregulate the immune response in well documented (8).
Alloreactive suppressor cells were showed in lymph nodes of mice that had
been lettraly irradiated, reconstituted with syngenic bone marrow, and given
a heart allograft. Ts have since been shown to be present in many allogeneic
systems but studies in which their exact nature (lymphocyte a macrophage),
CD8+ or CD4+ phenotype, specificity (non specific, antigen-specific, or anti-
idiotypic) and sensitivity to irradiation and various drugs was examined have
lead to couplicting reports. Very recent data (21) have shown that the
maintenance of transplantation tolerance induced in adult mice after short
term treatment with nonlytic monoclonal antibodies to CD4 and CD8 was
due to the induction of "infectious" transplantation tolerance namely that CD4
+ T cells from tolerant mice disabled naive lymphocytes so that they too
could not reject the grafts. This process of "infectious tolerance" either is or
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very close to a T-cell suppression system and explain why no further
immunosuppression was needed to maintain long term transplantation
tolerance.

CONCLUSION

In the light of data presented here, it is conceivable that induction
of tolerance in human comes of age. Experiments are needed to define more
precisely the induction of anergic T cells in transplant recipients as well as
the pattern of lymphokine secretion.
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INDUCTION OF IMMUNOLOGIC TOLERANCE

The acquisition of immunologic tolerance is primarily achieved by selective deletion
of self-reactive T cells within the thymus, whereby the interaction between self-antigen
and the T cell receptor at an immature stage in T cell differentiation aborts further
development of the cell (1,2). Within the thymus, developing thymocytes are subjected
to both positive and negative selection. It is believed that positive selection permits
development of thymocytes bearing receptors capable of binding self-MHC and foreign
peptide. Negative selection (or tolerance induction), on the other hand, is thought to arrest
the maturation of those thymocytes with high affinity for self-MHC (3). Both bone marrow
derived antigen presenting cells and thymic epithelial cells have been demonstrated to be
involved in tolerance induction within the thymus (4-7).

The ultimate goal of transplantation tolerance is induction of a specific
unresponsiveness to donor alloantigens, with retention of full reactivity to all other non-self
antigens. This was first established by the experiments of Billingham, Brent and Medawar
demonstrating permanent acceptance of allogeneic skin grafts in mice exposed to donor
lymphohematopoietic cells during neonatal or perinatal life (8). The cellular basis of the

tolerant state in this model is likely to be multifactorial but the prevailing view is that the
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unresponsiveness is primarily mediated by the intrathymic deletion or functional
inactivation of donor reactive T cells (9-12).

The induction of a comparable state of tolerance in the adult immunocompetent
host would be highly attractive but has proven exceedingly difficult to achieve. Most
strategies have relied on pretreatment of adult hosts with immunosuppressive agents prior
to reconstitution with donor lymphohematopoietic cells. The immunosuppression ensures
engraftment of the donor cells by crippling the mature T cells and, in effect, recreates the
immunologic naivety of the neonatal model of Billingham, et a/. (13-17). However, the
intensity of the conditioning regimen renders such protocols impractical for clinical utility
and therefore attempts to induce transplantation tolerance mandate development of
strategies to minimize the risks of the preparative regimens. In the following sections we
describe our efforts to assess the feasibility of inducing transplantation tolerance by direct

inoculation of donor cells into the thymus of the adult allogeneic recipients.

INTRATHYMIC TRANSPLANTATION OF PANCREATIC ISLETS

We considered the observation by Billingham and Medawar that cells of
hematopoietic origin were able to induce tolerance when injected into neonates, but
parenchymal cellular populations of liver, testicle, and kidney were unable to promote
tolerance. We hypothesized that this might be explained by the consideration that only
cells of the hematopoietic origin have the capacity to migrate to and populate the thymic
microenvironment where they would be able to influence T cell maturation. This
hypothesis was further supported by studies examining the effect of intrathymic
inoculation of soluble and cellular antigens on subsequent immune responsiveness of the

host. Staples et a/. found that bovine y globulin injected into the thymus of sublethally
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irradiated rats depressed both anti-y globulin antibody synthesis and DTH responses to the
antigen more effectively than when injected into lymph nodes or spleen (18). More
recently, Shimonkevitz and Bevan reported that intrathymic injection of allogeneic double
negative (CD4-CD8-) prothymocytes (cells previously not thought to have tolerogenic
capacities) into lethally irradiated, bone marrow reconstituted mice induced a marked
decrease in CTL precursor frequency toward donor alloantigens, suggesting that deletion
and/or functional inactivation of alloreactive cells had occurred (19). We sought to
examine whether allogeneic cells normally incapable of homing to the thymus, when
introduced directly into the thymus could have a similar impact on maturing T cells,
possibly causing specific tolerance of their alloantigens.

We initially sought to characterize the thymus as a transplant site for pancreatic
islets in recipients rendered chemically diabetic (20). Lewis (RT1') or DA (RT1°) rats were
used as islet donors and WF (RT 1Y) rats were used as recipients. Freshly isolated islets
were inoculated into conventional islet transplant sites (beneath the renal capsule or
embolized in the portal vein), into a known immunologically privileged site (the abdominally
displaced testicle), or into both lobes of the thymus (Table 1). Transplants to either the
liver or the renal subcapsule in non-immunosuppressed WF recipients were promptly
rejected. Transplants to the thymus were slightly prolonged, with one of seven grafts
surviving indefinitely. We attempted to improve these initial results by adding a single
intraperitoneal dose (1 ml) of rabbit anti-rat lymphocyte serum (ALS) at the time of
transplantation to the experimental regimen. The addition of ALS slightly prolonged
survival of islets transplanted to either the liver or the renal subcapsule. While graft

survival was further increased by transplantation to a classic immunologically privileged



230

Table 1. Survival of Fresh Lewis Islet Allografts in WF Recipients

Site of Days of Islet Allograft Survival
Islet Transplantation

without ALS 1 ml of ALS
Liver (intraportal) 5,8,8,9 (8)* 6,22, 29, 35, 36 (29)
Renal subcapsule 9,9, 10, 13 (9.5) 217, 33, 38, 47, 61, >200x2 (47)
Testicle -- 50, 50, 76, 110, >200x2 (76)
Thymus 13, 13, 16, 17, 17, 28, 33, 57, >200x10 (>200)

18, >200 (17)

* Median survival time.
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Figure 1. Representative blood glucose profiles of WF rats transplanted with
freshly isolated pancreatic islets. (1) Streptozotocin administration. (2)
Intrathymic transplantation of fresh Lewis islets with concomitant intraperitoneal
administration of ALS (1cc). (3) Second renal subcapsular transplants of either
Lewis (e--®) or DA (0--0) islets. (4) Thymectomy. (5) Removal of islet-bearing
kidneys.
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site (the testicle), most of the islet grafts were rejected between 50 and 110 days. In
marked contrast, intrathymic islet allograft survival was vastly superior with the majority
of the grafts surviving indefinitely.

Similar results were obtained in spontaneously diabetic BB recipients (21). Diabetic
BB rats received either intrathymic or renal subcapsular WF islet grafts. All recipients of
intrathymic WF islets maintained normal serum glucose levels for > 120 days, while

recipients of renal subcapsular WF grafts became hyperglycemic after 23 and 64 days.

ASSESSMENT OF UNRESPONSIVENESS IN INTRATHYMIC ISLET RECIPIENTS

Given the unique properties of the thymus in the evolution of T cell tolerance, we
next explored whether prolonged residence of allogeneic islets in the thymus might induce
specific unresponsiveness to extrathymic donor-strain alloantigens. WF rats harboring long
term intrathymic Lewis islets failed to reject secondary extrathymic donor strain Lewis islet
allografts (Fig. 1). The donor specific nature of this unresponsiveness was confirmed by
demonstrating rejection of "third party” DA (Rt1° renal subcapsular islet grafts in long
term WF recipients of intrathymic Lewis islets. Similarly, BB rats with long term
intrathymic Lewis islet allografts received secondary intraportal Lewis islet grafts. All
animals remained normoglycemic for > 60 days and remained so following islet-bearing
thymectomy to evaluate the function of the secondary intraportal graft.

The composition of pancreatic islets includes not only endocrine elements but also
non-endocrine intra-islet antigen presenting cells (APCs). Indeed, it is thought that the
latter populations, which include highly immunogenic APCs such as dendritic cells and
macrophages, contribute to the immunogenicity of islet allografts (22). To determine

which cell population was necessary for inducing the tolerant state observed after
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intrathymic islet transplantation, we examined the capacity of intrathymic inocula of islets
depleted of APCs by in vitro culture to promote survival of secondary donor-strain grafts
transplanted beneath the renal capsule (23). WEF rats in which long-term (> 120 days)

normoglycemia had been achieved by intrathymic transplantation of in vitro cultured Lewis

islets in conjunction with a single i.p. dose of ALS received freshly isolated Lewis islets
beneath the renal capsule 120 days after thymic inoculation. All animals promptly
developed hyperglycemia demonstrating that retransplantation had provoked the rejection
of both the primary intrathymic and extrathymic test grafts, and that tolerance induction

in this model requires the presence of intra-islet APCs.

INTRATHYMIC ISLET XENOGRAFTS (RAT - MOUSE)

Based upon our initial success utilizing the thymus as a transplant site for pancreatic
islet allografts, we investigated the survival of islet xenografts in this organ (24). lIslets
were isolated from WF (RT1"Y) rats and transplanted into the thymus or the renal
subcapsule of streptozotocin diabetic C57BL/6 (H-2°) mice (Table 2). When no
immunosuppression was administered, islet xenografts to the thymus did not survive
significantly longer than those to the renal subcapsule. The addition of a single dose (0.5
cc) of rabbit anti-mouse thymocyte serum at the time of transplantation significantly
prolonged intrathymic islet xenograft survivaland 7 of 14 animals remained normoglycemic
beyond 100 days. Animals harboring long term intrathymic islet xenografts accepted
subsequent extrathymic donor-strain islet xenografts suggesting that the presence of
xenogeneic islets in the thymic microenvironment may have promoted unresponsiveness

to donor strain xenoantigens.
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Table 2. Survival of WF Islet Xenografts in C57/BL6 Mice

Transplant Site ATS Graft Survival in Days (MST)*
Renal Subcapsule (RSC) - 12,12,12,14,20,21,21,26 (17.3)
+ 31,39,43,43,53 (41.8)
Thymus - 11,12,12,12,13,22,22,39 (17.9)T
+ 39,40,57,59,68,70,90,>100x3,>150x4 (>94.5)8

"Mean Survival Time
tNot significant vs RSC without ATS group
8P < .001 vs RSC with ATS group

Table 3. Survival of Lewis Islet Allografts in WF Recipients

Site of Lewis

Group ALS Treatment Days of Islet Allograft Survival
BMC Inoculation
1 None None 9,9, 10, 13 (9.5)%*
2 None + 8,9, 14, 15, 18, >173% (14.5)
3 Intravenous + 13, 16, 21, 23, 32, 32 (22)*
4 Thymus + 12, 28, >130x2, >148,
>159, >183 (>130)2
5 Testicle + 7, 8,8, 10 (8)

* Median survival time. ¥ Animal reverted to hyperglycemia after removal of islet-bearing
kidney.
+P>.1vs group2. 2P <04 vs. groups 2 or 3.
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INDUCTION OF DONOR-SPECIFIC UNRESPONSIVENESS BY
INTRATHYMIC TRANSPLANTATION OF LYMPHOHEMATOPOIETIC CELLS

As described above, the results of our investigations utilizing /in vitro cultured islets
have demonstrated that it is the intra-islet APCs, and not the islet endocrine cells, that lead
to the induction of tolerance (23). Specifically, the intrathymic transplantation of
pancreatic islet allografts into transiently immunosuppressed rats lead to a state of
donor-specific unresponsiveness while the intrathymic transplantation of APC-depleted
islets failed to do so. Based upon these experiments, we attempted to extend our
observations to evaluate the potential of intrathymic inocula of lymphohematopoietic cells
to promote the survival of islet allografts as well as vascularized allografts. We utilized
bone marrow cells because of their proven ability to promote neonatal tolerance and
hematopoietic chimerism, and the fact that they contain precursors capable of
differentiation into cells of macrophage/dendritic cell lineage.

Naive WF rats that were not pretreated with bone marrow cells or ALS rapidly
rejected Lewis islet allografts (MST: 9.5 days) (Table 3) (25). The addition of a single i.p.
dose of ALS and intrathymic saline 14 days prior to Lewis islet transplantation increased
the islet allograft survival but the majority of the grafts were ultimately rejected (MST:
14.5 days). When Lewis bone marrow cells were given intrathymically, 5 of 7 WF
recipients remained normoglycemic indefinitely (MST > 130 days). These animals were
eventually sacrificed and histologic examination of the islet-bearing kidney revealed
well-granulated islets and absence of intra-islet mononuclear cell infiltration.

The thymic specificity of the tolerant state was evaluated in two ways. First,

intravenous administration of Lewis bone marrow cells in conjunction with ALS 14 days
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prior to islet transplantation lead to modest prolongation of Lewis islet allograft survival;
however, all allografts eventually underwent rejection within 32 days (MST: 22 days).
Second, intratesticular inoculation of Lewis bone marrow cells and i.p. ALS 14 days prior
to Lewis islet transplantation was also used. This approach was based upon the fact that
the prolonged residence of allogeneic tissue in an immunologically privileged site has been
shown to weaken the host’s immune responsiveness to subsequent donor-strain allografts
transplanted to conventional sites (26). Since the thymic parenchyma is relatively
inaccessible to the peripheral immune system, it was possible that the unresponsiveness
observed in intrathymically treated rats was due only to the presence of the bone marrow
cell inoculum and not due to the unique roles of the thymus in T cell maturation and the
induction of self-tolerance. When an intratesticular conditioning inoculum of bone marrow
cell was used, all animals rapidly rejected their grafts (MST: 8 days), indicating that the
protective influence of the intrathymic bone marrow inoculum on subsequent allografts
was unlikely to be explained entirely by its presence in a privileged site. The donor specific
nature of the conditioning inoculum was also evaluated. WF animals pretreated with either
intrathymic or intravenous Lewis bone marrow cells rejected islet allografts of "third party"
DA (RT1?) donors within 10 days.

We next examined the efficacy of intrathymic inoculation of donor bone marrow
cells to promote the survival of vascularized organ allografts. In the high responder
combination (DA — Lewis) the normally vigorous response of Lewis rats to DA orthotopic
liver allografts was abrogated by the intrathymic inoculation of recipients with donor strain
bone marrow cells and a single i.p. dose of ALS (27). The thymic specificity of this

approach was verified by the inability of donor-strain cells administered i.v. to promote the
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survival of liver allografts. Furthermore, the donor specific nature of this approach was
verified by the failure of the intrathymic inoculation of WF bone marrow cells to prolong
DA liver allograft survival in Lewis rats.

Comparable results was obtained when heterotopic cardiac allografts were used as
test graft. Lewis cardiac allografts transplanted to naive WF recipients were rejected
promptly (MST: 14 days). Pretreatment of recipients with 1 cc of ALS and intrathymic
saline 14 days prior to cardiac transplantation prolonged survival (MST: 24 days),
however, all grafts were ultimately rejected. In marked contrast, intrathymic donor Lewis
bone marrow cells and ALS prior to transplantation lead to heart graft survival beyond 200
daysin 8 out of 9 WF animals. The intravenous administration of donor bone marrow cells

with ALS failed to prolong survival of cardiac allografts (MST: 10 days) (28).

MECHANISM OF UNRESPONSIVENESS INDUCED BY INTRATHYMIC CELLULAR
TRANSPLANTATION

Islet allografts transplanted intrathymically to nonimmunosuppressed rats with
chemically-induced diabetes enjoyed substantially prolonged survivaland, if the hosts were
briefly immunosuppressed with a single dose of ALS, permanent allograft survival was
obtained. Although the precise mechanisms responsible for these findings remain to be
elucidated, a partial explanation is suggested by several known morphologic and
physiologic characteristics of the organ. Ultrastructural as well as kinetic studies have
demonstrated the presence of a blood-thymus barrier surrounding the capillaries in the
thymic cortex which prevents extravasation of low molecular weight proteins and

radiolabelled cells (29). In addition, although the thymus possesses efferent lymphatics,
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it lacks an afferent lymphatic supply (30). These details of vascular anatomy may account
for the findings of Michie et a/. that there is little recirculation of mature T lymphocytes
through the thymic parenchyma (31). Despite the classification of the thymus as a primary
lymphoid organ, it is relatively removed from the immune surveillance which takes place
in other tissues, thus explaining the sanctuary it provides for allografts. Though these
anatomic and physiclogical features might account for the survival of allografts implanted
into the thymus, they fail to explain the observation that intrathymic islet recipients accept
subsequent donor-strain grafts transplanted extrathymically, i.e. are rendered tolerant.

Several mechanisms could account for the unresponsiveness of long-term recipients
of intrathymic allogeneic islets to subsequent extrathymic transplants. These inciude: 1)
nonspecific immunosuppressionresulting from disruption of thymic function; 2) generation
of suppressor/regulatory cells; 3)deletion or inactivation within the thymus of donor
reactive T cell populations which could otherwise be expected to destroy extrathymic
grafts. Immunofluorescent analysis of lymphocyte subpopulations in the lymph nodes
revealed no differences between thymic allograft recipients and naive controls,
demonstrating that thymic manipulation had not produced a state of global T cell
immunodeficiency.

Todetermine whether suppression was contributing to the tolerant state, we performed
adoptive transfer studies in which 250-300 x 10¢ spleen cells from either non-transplanted
WF controls or WF rats harboring established (>200 days) intrathymic Lewis islet allografts
were transferred to sublethally irradiated WF hosts. Twenty-four hours later, these animals
received islets from Lewis donors beneath the renal capsule. Islet survival in rats given

splenocytes from intrathymic recipients was not significantly different from that of the control
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group and thus provided no evidence for the presence of suppressor cells in tolerant animals.
To assess whether the deletion or functional inactivation of donor reactive T cells lead
to the tolerant state mixed lymphocyte cultures (MLC) and limiting dilution analyses (LDA) of
donor-specific cytotoxic T lymphocyte precursors (pCTL) were performed using lymphoid cells
from long term recipients of intrathymic islets. MLC responses of lymph node cells from islet
allograft acceptors to donor-strain and third party stimulator cells were indistinguishable from
the responses of naive animals. However, LDA analysis of cervical lymph nodes from these
animals showed significantly reduced (40 to 60%) pCTL frequencies to donor-strain alloantigens
(Lewis) as compared with untransplanted controls (20). In the same recipients, the pCTL
frequencies for DA alloantigens were unchanged. In animals with long term islet or cardiac
allograft survival achieved by intrathymic bone marrow cell inoculation, lymph node cells
responded normally to third party DA stimulators in a MLC system, however, proliferation of
these cells to Lewis stimulators was consistently decreased as compared with responses of
unmanipulated controls (25,28). Analysis of pCTL frequencies in recipients bearing established
islet or cardiac allografts as a result of pretreatment with intrathymic bone marrow demonstrated
significant reductions in pCTL frequencies toward donor (Lewis) alloantigens as compared to
the naive host. All animals had similar pCTL frequencies to third party DA alloantigens.
Together, these results support the conclusion that the unresponsive state induced by long-term
residence of the intrathymic allograft is mediated primarily by intrathymic deletion or
inactivation of T cell precursors recognizing alloantigens expressed on the graft.
In several models of specific unresponsiveness achieved by allogeneic bone marrow cell

transplantation, tolerance has been shown to correlate with the presence of microchimerism in
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the thymus and peripheral lymphoid organs of the recipients (32, 33). To determine whether
a similar chimeric state had developed in our model, the lymphoid organs of WF rats that had
received intrathymic Lewis bone marrow cells (without subsequent islet grafts) were examined
at various times after inoculation by immunofluorescence and immunohistochemistry utilizing
a murine monoclonal antibody specific for Lewis class I alloantigens. By FACS analysis,
chimerism was detected in the thymus for only 4-5 days after intrathymic transfer and not
observed in the lymph nodes of these animals at any time after intrathymic injection. However,
immunohistochemistry routinely demonstrated the presence of donor strain cells scattered
throughout the thymus in animals inoculated with Lewis bone marrow 2 to 45 days earlier.
Similarly, in animals which had accepted Lewis islet grafts after conditioning with intrathymic
Lewis bone marrow, donor-strain cells were found in the thymus when it was examined 140-170
days after inoculation, although the number of cells was markedly reduced as compared to
organs examined at earlier time points. In contrast, donor-strain cells were not detected in the
thymus or lymph nodes of animals given intravenous bone marrow cells. Thus, it appears that
the thymic microenvironment can support the long-term survival of implanted hematopoietic cells
and is capable of protecting them (or their descendants) from elimination by immune
mechanisms.

Several recent studies have also confirmed the feasibility of promoting prolonged survival
of skin, cardiac, and renal allografts in adult rodents following intrathymic inoculation of donor
spleen or glomerular (containing APCs) cells (34-39). The induction of unresponsiveness
requires transient reduction of peripheral mature T cells at the time of the intrathymic

transplantation of the conditioning inoculum. The requisite tolerogenic component of the
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conditioning inoculum appears to be cells of the macrophage/dendritic cell lineage, populations
known to have a critical role in the development of T cell tolerance in the thymus. The
plausible mechanism for the unresponsiveness following the intrathymic transplantation of donor
antigen presenting cells is the efficacy of these populations to establish thymic microchimerism
leading to the deletion and/or functional inactivation of alloreactive T cell clones. Protocols
based upon the intrathymic model of tolerance induction may have widespread clinical
applicability, with the potential for successful transplantation in the absence of chronic

immunosuppression.



241

REFERENCES

10.

11.

12.

Goodnow CC, Crosbie J, Jorgensen H, Brink RA, Basten A: Induction of self-tolerance
in mature peripheral B cells. Nature, 1989; 342:385-391.

Ramsdell F, Fowlkes BJ: Clonal deletion versus clonal anergy: the role of the
thymus in inducing self tolerance. Science, 1990; 248:1342-1348.

Kappler JW, Roehm N, Marrack P: T cell tolerance by clonal elimination in the
thymus. Cell, 1987; 49:273-280.

Lo D, Ron Y, Sprent J: Induction of MHC-restricted specificity and tolerance in the
thymus. Immunol. Res., 1986; 5:212-221.

Suzuki G, Kawase Y, Hirokawa K: Tolerance induction in the organ-cultured thymus
lobes upon contact with allogeneic thymus lobes. Eur. J. Immunol., 1989;
19:1525-1530.

Ramsdell F, Lantz T, Fowlkes BJ: A nondeletional mechanism of thymic self
tolerance. Science, 1989; 246:1038-1041.

Salaun J, Bandeira A, Khazaal I, Calman F, Coltey M, Coutinho A, LeDouarin
NM: Thymic epithelium tolerizes for histocompatibility antigens. Science, 1990;
247:1471-1474.

Billingham RE, Brent L, Medawar PB: ‘Actively acquired tolerance’ of foreign
cells. Nature (Lond.) 1953; 172:603-606.

MacDonald HR, Pedrazzini T, Schneider R, Louis JA, Zinkernagel RM,

Hengartner H: Intrathymic elimination of Mls*-reactive (Vb6 +) cells during neonatal
tolerance induction to Mis®-encoded antigens. J. Exp. Med., 1988;
167:2005-2010.

Streilein JW: Neonatal tolerance of H-2 alloantigens. Procuring graft
acceptance the “old-fashioned” way. Transplantation, 1991; 52:1-10.

Wood PJ, Strome PG, Streilein JW: Characterization of cytotoxic cells in mice
rendered neonatally tolerant of MHC alloantigens: evidence for repertoire
modification. J. Immunol., 1987; 138:3661-3668.

Gowas JL, McGregor DD, Cowen DM: The role of small lymphocytes in the
rejection of homografts of skin. In: The immunologically competent cell. Ciba
Found. Study group 10. Wostenholme GE, O'Conner M, eds. Churchill,
London, 1963; p. 20.



242

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Monaco AP: Studies in rodents on the use of polyclonal anti-lymphocyte serum and
donor specific bone marrow to induce specific unresponsiveness to skin allografts.
Transpl. Proc., 1991; 23:2061-2067.

Mayumi H, Good RA: Long-lasting skin allograft tolerance in adult mice induced
across fully allogeneic (multimajor H-2 plus multiminor histocompatibility) antigens
by a tolerance-inducing method using cyclophosphamide. J. Exp. Med., 1989; 169:
213-238.

Eto M, MayumiH, Tomita Y, Yoshikai Y, Nishimura Y, Nomoto K: The requirement
of intrathymic mixed chimerism and clonal deletion for a long-lasting skin allograft
tolerance in cyclophosphamide-induced tolerance. Eur. J. Immunol., 1990; 20:
2005-2013.

Cobbold SP, Martin G, Qin S, Waldmann H: Monoclonal antibodies promote
marrow engraftment and tissue graft tolerance. Nature, 1986; 323: 164-166.

listad ST, Sachs D: Reconstitution with syngeneic plus allogeneic or
syngeneic bone marrow leads to specific acceptance of allografts or xenografts.
Nature, 1984; 307:170-172.

Staples PJ, Gery |, Waksman BH: Role of the thymus in tolerance. Ill. Tolerance to
bovine v globulin after direct injection of antigen into the shielded thymus of
irradiated rats. J. Exp. Med., 1966; 124: 127-139.

Shimonkevitz RP, Bevan MJ: Split tolerance induced by the intrathymic
adoptive transfer of thymocyte stem cells. J. Exp. Med.,1988; 168: 143-156.

Posselt AM, Barker CF, Tomaszewski JE, Markmann JF, Choti MA, Naji A:
Induction of Donor-Specific Unresponsiveness by Intrathymic Islet Transplantation.
Science, 1990; 249: 1293-1295.

Posselt AM, Naji A, Roark JH, Markmann JF and Barker CF: Intrathymic Islet
Transplantation in the Spontaneously Diabetic BB Rat. Annals of Surgery, 1991;
214(4) 363-373.

Lafferty KJ, Prowse SJ, Simeonovic CJ: Immunobiology of tissue transplantation:
a return to the passenger leukocyte concept. Ann. Rev. Immunol., 1983;
1:143-173.

Campos L, Posselt AM, Mayo GL, Pete K, Deli BC, Barker CF, Naji A: Intrathymic
Transplantation of Non-Immunogenic Islet Allografts Fails To Promote Induction of
Donor-Specific Unresponsiveness. Transplantation (In Press).



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

243

Mayo GL, Posselt AM, Campos L, Barker CF, Naji A: Intrathymic Transplantation
Promotes Survival of Islet Xenografts (Rat -~ Mouse). Transpl. Proc. (In Press).

Posselt AM, Odorico JS, Barker CF, Naji A: Promotion of Pancreatic Islet Allograft
Survival by Intrathymic Transplantation of Bone Marrow. Diabetes, 1992;
41:771-775.

Barker CF, Billingham RE: Immunologically privileged sites. In: Kunkel HG,
Dixon FJ, eds. Advances in immunology: Vol.25, New York, Academic Press,
1977.

Campos L, Alfrey EJ, Posselt AM, Odorico JS, Barker CF, Naji A: Prolonged
Survival of Rat Orthotopic Liver Allografts After Intrathymic Inoculation of
Donor-Strain Cells. Transplantation, 1993; 65:866-870.

Odorico JS, Barker CF, Posselt AM, Naji A: Induction of donor-specific tolerance
to rat cardiac allografts by intrathymic inoculation of bone marrow. Surgery, 1992;
112:370-377.

Raviola E, Karnovsky MJ: Evidence for a blood-thymus barrier using
electron-opaque tracers. J. Exp. Med., 1972; 136:466-.

Weiss L, ed.: The blood cells and hematopoietic tissues. McGraw-Hill, 1977;
pp. 503-522.

Michie SA, Kirkpatrick EA, Rouse RV: Rare peripheral T cells migrate to and
persist in normal mouse thymus. J. Exp. Med., 1988; 168:1929-1934.

Streilein JW, Strome PG, Wood PJ: Failure of in vitro assays to predict accurately
the existence of neonatally-induced H-2 tolerance. Transplantation, 1989;
48:630-634.

Morrissey PJ, Sharrow SO, Kohno Y, Brozofsky JA, Singer A: Correlation of
intrathymic tolerance with intrathymic chimerism in neonatally tolerized mice.
Transplantation, 1985; 40:68.

Remuzzi G, Rammi M, Limberti O, et al: Kidney graft survival in rats without
immunosuppression after intrathymic glomerular transplantation. Lancet, 1991;
337:750.

Ohzako H, Monaco AP: Induction of specific unresponsiveness (tolerance) to skin
allografts by intrathymic donor-specific splenocyte injection in antilymphocyte
serum treated mice. Transplantation, 1992; 10:90.



244

36.

37.

38.

39.

Goss J, Nakafusa Y, Flye W: Intrathymic injection of donor alloantigens induces
donor-specific vascularized allograft tolerance without immunosuppression. Ann.
Surg, 1992; 216:409.

Oluwole SF, Chowdhury NC, Fawwaz R, et al: Induction of specific
unresponsiveness to rat cardiac allografts by pretreatment with intrathymic donor
major histocompatibility complex class | antigens. Transplant Proc., 1993; 25:299.

Krokos NV, Brons IGM, Sriwatanawongsa V, et al: Intrathymic injection of donor
antigen-presenting cells prolongs heart graft survival. Transplant Proc., 1993;
25:303.

Odorico JS, Posselt AM, Naji A, et al: Promotion of rat cardiac allograft survival by
intrathymic inoculation of donor splenocytes. Transplantation, 1993; 55:1104.



USE OF ANTI-CD4 MONOCLONAL ANTIRODIES FOR
TOLERANCE INDUCTION

Kathryn J. Wood

Nuffield Department of Surgery, University of Oxford, John
Radcliffe Hospital, Oxford OX3 9DU England

INTRODUCTION

Polyclonal antibody preparations, anti-lymphocyte globulin (ALG or ALS)
and anti-thymocyte globulin (ATG) have been used successfully as anti-
reiection agents for many years (1). Monoclonal antibodies (mabs)
targeting a number cell surface mclecules cn either T cells, most notabily,
CD4 (e.g.. (2-6)), CD25 (IL-2R) and CD11a/CD18 (LFA-1) (7-10), or the
cells of the organ graft, CD54 (ICAM-1) (8) have also been shown to be
capable of prolonging graft survival. The ability of antibodies, either
polycional or monocionai to create an environment for the induction of
toierance to ailoantigen is currently under investigation.

When a T cell encounters any antigen it can make 3 choices, it can ignore
the antigen and therefore will be unaffected as a result of the encounter; it
can become activated or it can switch off and therefore be unresponsive to
subsequent stimulation by the same antigen, a process that will lead to
tolerance. The response to antigen can therefore be modified in either a
positive or a negative fashion dependent on a number of parameters
including for example, the status of the recipient, the route of antigen
delivery, the form of the antigen, or the timing between the first and second
antigen exposure. The administration of alicantigen to an adult subject
may therefore modify the way in which the immune system responds to
those antigens when they are encountered for the second time. The first
encounter with ailoantigen may be at the time of transplantation, in other
words the organ graft itself, but can also occur if potential transplant
recipients are exposed to alloantigen in a controlled manner before
transplantation, for example as a result of blood transfusion. Anti-CD4
mabs can be used to manipulate the environment in which the antigen
encounter takes place, thereby promoting inactivation rather than
activation of alloreactive T cells. The strategies adopted by research
aroups working in this area fall into one of two broad categories, those that
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aim to use anti-CD4 mab therapy to induce tolerance or unresponsiveness
to alloantigen in the long term after transplantation and those with the
much more difficult aim of inducing specific unresponsiveness to donor
alloantigens at the time of transplantation. This review will focus on
selected examples of strategies using anti-CD4 mabs t¢ induce olerance
to alloantigen.

TOLERANCE IN THE LONG TERM AFTER TRANSPLANTATION
Anti-CD4 mabs have been shown to faciitate the induction of tolerance to
alioantigens in variety of experimeniai modeis (e.g.. (2-6)). Depietion of
the target cells is not always essential for tolerance to be induced,
blockade of the function of the CD4 molecule may be sufficient in some
circumstances (11-14). My own research group has shown that tolerance
to alloantigens expressed by cardiac allografts can be induced in the long
term, ie 50-100 days after transplantation, when recipient are treated in the
peri-operative period with either depleting or non-depleting anti-CD4 mabs
(14, 15). Although both types of mab are effective, the treatment protocol
used has to be designed to take into account the molecular properties of
the mab involved. For example, using a depleting anti-CD4 mab YTS 191,
(the kind gift of Professor Herman Waldmann (2)), tolerance to allcantigen
can be achieved foilowing treatment with oniy 50ug of mab the day before
and the day of transpiantation (15); no further immunosuppression is
required. in contrast, this same protocol was totally ineffective when a non-
depleting anti-CD4 mab, KT6 (the kind gift of Dr Kyuhei Tomonari), was
used. To achieve prolonged cardiac allograft survival using this anti-CD4
mab, KT6 had to be administered both at the time of transplantation and on
the 12th post-operative day (14).

Anti-CD4 mab therapy administered at the time of transplantation creates
an environment for the induction cf tolerance to donor alloantigens in the
long term, but in the early post-operative period the immunosuppressive
effects induced by treatment with the anti-CD4 mabs lack antigen
specificity. For example, when C3H. He (H-2K) mice are treated with the
depleting anti-CD4 mab YTS 191 as described above, the animals are
immunocompromised for approximately 21 days following antibody
treatment (16). During this time, the survival of cardiac allografts from a
number of different strains of mice show prolonged survival. However, as
the time after transplantation increases tolerance to the alloantigens of the
organ donor is induced. The induction of tolerance does not cccur as a
single event, instead tolerance induction appears to be a dynamic process
that continues tc evelve for at least the first 100 days after transplantation in
this mouse model (15, 17). For example, by 50 days after transplantation
recipients of a C57BL/10 (H-20) heart graft can be shown to be tolerant of
C57 alioantigens provided that the mice are challenged with a second C57
heart graft. If the mice are challenged at this time point with a C57 skin
graft, the grafts are rejected. Thus in the early phases of induction,
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tolerance appears to be tissue specific. As the post-transplant period
progresses, ie >100 days after transplantation, recipients also exhibit
tolerance to donor antigens expressed by other types of tissue including
skin.

The experimental studies using anti-CD4 mabs in vivo, including data
obtained in primates (12, 13) lock promising. Trials designed to evaluate
the efficacy of an anti-CD4 mab, OKT4A, in clinical renal transplantation
are currently in progress (18). it shouid be noted however, that the mab
therapy is being added to an existing immunosuppressive protocoi
involving other agents. in ali of the promising experimental studies
reported, anti-CD4 mabs have been used as the sole immunosuppressive
agent. While it is ethically very difficult to exclude proven agents, such as
cyclosporin from a clinical protocol, the possibility that these agents may
diminish or abrogate the tolerance inducing potential of the anti-CD4 mab
under investigation should not be overiooked.

TOLERANCE AT THE TIME OF TRANSPLANTATION.

The administration of alloantigen in the form of one or more blood
transfusions before transplantation has been shown in experimental
medels (e.g.. (19-21)) and the clinic {e.g.. (22, 23)) to improve graft
outcome. This phencmenon is known as the blood transfusion effect.
However, in recent years, whilst experimental data have continued to
support this approach as a means of modifying the immune response to
alioantigen before transpiantation, the beneficial effect of transfusions on
graft prolongation in clinicai transpiantation has been iess marked, and in
some centres has disappeared aitogether (24-26). This combined with the
introduction of heamopoeitin and the risks of infection associated with the
use of blood products have resulted in a change in transfusion policy at
some centres, particularly in the USA. If antigen pretreatment is to
continue alternative strategies are required.

A number of studies have shown that the efficacy of pretreatment with
donor antigen can be improved if antigen treatment is combined with
another immunosuppressive agent, for example ALS. This approach has
been shown tc be successful when ALS is used in combination with donor
antigen at the time of transplantation. Monaco and his coileagues
designed a strategy for the induction of tolerance to skin grafts in mice that
invoived combining ALS therapy with bone marrow from the organ donor
(27). The rationale for this protocol was that ALS would eliminate host
ieukocytes at the time of transplantation, thereby reverting the recipient's
immune system to a more immature state which had been shown by
Medawar and his co-workers to favour the induction of unresponsiveness.
This strategy has subseauently been developed successfully in higher
animal models, including primates, and is currently being evaluated in
clinical renal transplantation (28-30). Clearly the use of donor antigen in
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conjunction with other immunologically non-specific immunosuppressive
agents will not result in the induction of unresponsiveness to donor
alloantigens in the short term. However, it is hoped that the requirement for
immunosuppressive drug therapy to maintain the survival of the kidney
graft will diminish as tolerance develops. Preliminary data from the trial are
encouraging, but longer follow-up times are required before a full
assessment of efficacy can be made (30, 31).

it may be possibie to use mabs instead of ALS in this type of approach for
the induction of toierance to alioantigen. Two different groups have shown
that it is possible to induce tolerance to soluble protein antigens by treating
recipients with the antigen at the same time as treatment with an anti-CD4
mab (32, 33). My own laboratory has adapted these approaches for use in
transplantation. We have shown that by administering donor antigen in
combination with anti-CD4 mab before transplantation unresponsiveness
to a subsequent cardiac allograft can induced that is both immunologically
specific at the time of transplantation and effective in the long term (16). In
this case, recipients are pretreated with donor antigen, in the form of a
blood transfusion together with anti-CD4 mab before transplantation.
Recipients are then rested until the nonspecific effects of the anti-CD4 mab
therapy have decayed and immunocompetence to all other, but not donor
alloantigens, has recovered. Thus when the heart graft is transplanted,
they are specificaliy unresponsiveness to the alioantigens of the organ
donor.

MECHANISMS OF TOLERANCE INDUCTION

Above | have described just a few of the strategies that are currently being
explored for the induction of tolerance to alloantigen in adults using anti-
CD4 mabs. The mechanisms responsible for the induction and
maintenance of peripheral tolerance to alloantigen are still being
investigated, particularly at the molecular level, and continue to be hotly
debated. Four, non-mutually exclusive hypotheses have been proposed to
explain the induction of periphera! tolerance. These are in broad terms,
deletion, anergy, ignorance and suppression. What is clear from all
studies is that tolerance induction is a dynamic process and any or all of
these mechanisms may be operating at different stages of the induction
process and maintenance process. What is aiso clear is the confusion
generated by different definitions for the terms are used to describe what
may be the same phenomenal!

The mechanism responsible for the induction and maintenance of
tolerance following anti-CD4 mab therapy are complex. As mentioned
above, the induction of tolerance in anti-CD4 treated recipients is a
dynamic process. A number of studies have shown that anergic T cells
are present in anti-CD4 treated mice with long term surviving allografts (34,
35). Anergic T cells are usually identified because although they are
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present in a tolerant animal they are unable to respond when stimulated
through their antigen receptor with either antigen or a mab specific for the
TCR they express. In some models anergy has also been shown to be
associated with a down reguiation of cell surface expression of TCR and
accessory molecules such as CD8 (36, 37).

The cytokine envircnment may also play a role in influencing the outcome
when T cells encounter antigen. It has been suggested that the cytokines,
-4 and 1L-10 that are produced by T2 cells, may be associated with the
development of unresponsiveness (38, 39) or aiternativeiy that a iow or

defective production of the TH1 cytokines, IL-2 and interferon-y (IFNy) might
be responsible (40-42). Clearly the two situations may be related.
Certainly, many studies have shown that there is a difference between the
pattern and kinetics of cytokine expression in rejecting and tolerant
recipients (e.g.. (41, 42)). Hcwever, convincing evidence that the
develcpment of a TH2-like environment is the critical factor for the
induction of tolerance to alloantigen is stili awaited, so far only causai
associations have been impiied. Clear evidence supporting these ideas
wiil ltkeiy only be obtained from studies which attempt to manipulate the
cytokine environment in vivo. So far little has been done in this area, but

studies using for example antibodies to IFN-y, an important TiH1 cytokine,
have proved ineffective to date at both inhibiting graft rejection and
inducing tolerance (43).

in many transplant models, it is possible to adoptively transfer celis from
animals bearing long term surviving allografts to a fresh syngeneic
recipient and show that these are able to modify the rejection response to a
fresh graft (44). It is important to note that suppressor cells are most
frequently described in the maintenance phase of graft survival, usually 50
or more days after transplantation in rodent models. Mice bearing long
term surviving grafts as a resuit of anti-CD4 mab therapy are no exception.
Thus it may be that the mechanisms responsible for tolerance induction
converge in the longer term after transplantation. Although it remains
possible to demonstrate the phenomenon of suppression, the idea that
suppressor cells control unresponsiveness has largely fallen into disrepute
because even with advances in technology, it has proved very difficult to
isolate and characterise cells with suppresscr activity. In the recent
literature suppressor or regulatory cells seem to be enjoying a revival of
interest and it may not be too long before speculation regarding their
existence is finally put to rest.

Another phenomenon which can be considered as fitting into the same
category as suppression is that of infectious tolerance. Again
demonstrable in recipient bearing long term surviving allografts, where the
transfer of naive syngeneic lymphocytes to the recipient will not induce
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graft rejection (e.g.. (5, 45)). Recent elegant experiments from Waldmann
and his colleagues have shown that in mice rendered tolerant to skin grafts
by treatment with anti-CD4 and anti-CD8 mabs, a CD4* population of cell
in the tolerant host is responsible for switching off the naive cells (46).
Interestingly, the naive cells must be resident in the toleraint host for 14
days before they lose the capacity to reject a fresh graft. Experiments of
this type may heip eiucidate the molecular properiies of the celis
responsibie for maintaining toierance 1o alloantigen in the iong term.

CONCLUSIONS

Anti-CD4 mabs are powerful immunosuppressive agents in vivo.
Experimental studies suggest that these agents may not only induce long
term graft survival. but may also facilitate the induction of tolerance to
alloantigens.
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Monoclonal antibodies (mAbs) to the CD4 protein are potent immunosuppressive agents
which were shown to induce long term survival of skin, heart and pancreatic islet
allografts in murine models and to delay the rejection of skin and kidney allografts in
monkeys (1). Treatment with anti-CD4 antibodies was also reported to prevent the
progression of several spontaneous auto-immune diseases in mice (e.g. diabetes in the
NOD mouse, lupus-like disease of NZB/NZW, BxSB and MLR/Ipr strains). One
remarkable effect of anti-CD4 antibodies is their capacity to induce long term tolerance
to their own antigens and to foreign antigens presented during their administration (2-
5). For all these reasons, numerous preliminary clinical trials have been initiated with
murine or chimeric anti-CD4 antibodies in auto-immune or chronic inflammatory
diseases such as psoriasis, inflammatory bowel diseases, multiple sclerosis, rheumatoid
arthritis, vasculitis or polychondritis (6,7). Although nearly all these trials were not
placebo-controled, some beneficial clinical effects were suggested and the side effects
were reported to be minimal. However, in several recent trials, a very short course of
humanized anti-CD4 antibodies was shown to induce long lasting profond CD4%*
lymphocyte depletion, especially in patients who were treated with low doses of
methotrexate or corticosteroids. Such side effect carries a risk of severe iatrogenic
immunodeficiency which should not be acceptable in most clinical situations.
Furthermore in some reports, CD4* lymphocyte depletion was not associated with
clinical improvement. Conversely, several murine mAbs were shown to induce clinical
remissions without depleting circulating CD4+ cells. The efficacy of these non-depleting
treatments have been extensively demonstrated in animal models (2, 8-10) but their
mechanisms of action are still poorly understood. We therefore re-examined the effect of

anti-CD4 mAbs on in vitro responses of normal peripheral blood lymphocytes to
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various stimuli, including allogeneic B cells in mixed lymphocyte cultures (MLC) and

the superantigen staphylococcal enterotoxin B (SEB).
Anti-CD4 mAb therapy in rheumatoid arthritis and psoriasis

We performed a first clinical trial in rheumatoid arthritis with BL4, mouse IgG2a mAb
prepared in our laboratory (11). The objective was to determine the daily dose of
antibody required to achieve saturation of all CD4 molecules on peripheral T cells, owing
to the fact that, in vitro, nearly all anti-CD4 mAbs were reported to inhibit primary
MLC only at saturating concentrations, whatever their subclass and fine epitope
specificity (12). Furthermore, all beneficial effects reported in animal models of
allografts and auto-immune diseases had been achieved at dosages far higher than those
used in previous clinical trials. Six patients with severe rheumatoid arthritis were
treated. A daily dose of 40 mg (0.8 mg/kg/d) was sufficient to achieve saturation (11)
and down regulation of CD4 surface expression (13). CD4t lymphocyte counts in
peripheral blood dropped during BL4 infusion but returned to pre-treatment values
three days after completion of a 10 day-treatment (11). Delayed hypersensitivity
reactions to recall antigens were depressed and clinical indices of disease activity were

markedly improved in the six patients during one or two months following treatment.

The second phase I/Il trial was performed in three patients with severe psoriasis who
were treated during one week with BB14/BF5, a murine anti-CD4 IgG1 mAb (14).
Doses were 0.2 mg/kg/d in one patient and 0.4 to 0.8 mg/kg/d in the two others.
Clinical improvement, with major reduction of Psoriasis Area Severity Index, was
manifest within a few days of treatment and continued for 2 to 3 weeks. Lesional skin
samples demonstrated (1) gradual improvement in parakeratosis, papillomatosis and
acanthosis, (2) decreased expression of ICAM-1 and HLA-DR by keratinocytes, (3) an
increase in CDlat Langerhans cell number, (4) partial decrase in epidermal T cell
infiltrate, but (5) no significant change in the dermal infiltrate, especially no decrease
of dermal CD4* lymphocytes. Peripheral blood CD4* cell counts were within the
normal range immediately after completion of antibody treatment, while
immunohistochemical markers of keratinocyte alterations were progressively
disappearing. This study showed that a brief course of anti-CD4 mAb at relatively low
doses initiated major changes in the skin lesions, which continued to improve in the

absence of antibody. This effect suggested that anti-CD4 mAb had not only blocked
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cytokine synthesis by activated CD4* cells in the dermis, but had possibly modulated
activation signals generated through the CD3/TCR complex in such a way that the
activated T cells involved in the generation of tissue lesions were selectively made

anergic and/or deleted.
Inhibition of in vitro proliferative T cell responses by anti-CD4mAbs

Studies of in vitro effects of anti-CD4 mAbs on T cell proliferative responses yielded
highly divergent results which may be accounted for by differences in antibody epitope
specificity, subclass and nature of cell suspensions (peripheral blood mononuclear cells
or lymphocytes, purified CD4% lymphocytes or T cell clones). In most reports, anti-
CD4 mAbs did not modify responses to phytohemagglutinin (PHA) and concanavalin A
(Con A) (12,15-17), but partially reduced the responses to anti-CD3 antibodies (16-
19), phorbol esters (16,17) and allogeneic cells in MLC (12,15,17,20). Similarly
activation of purified T cells or CD4* cell lines by specific antigens were reported to be
decreased by anti-CD4 mAbs or their F(ab')2 fragments (15,19).

Our own studies were performed with peripheral blood mononuclear cells partially
depleted from monocytes by treatment with L-leucine methylester or by blood
defibrination and adherence, yielding mononuclear cell suspensions containing 1.4 +0.8
percent monocytes as identified by flow cytometry after staining with an anti-CD14
mAb. The results in table | demonstrate a moderate but significant inhibition of 3H-
thymidine incorporation stimulated by SEB, Pokeweed mitogen (PWM), PHA and by the
anti-CD3 antibody OKT3 in solid phase. Interestingly inhibition was not reproducibly
observed when the experiments were performed with cell suspensions containing about

10 % of monocytes (not shown).
Induction of apoptosis

Newell and coworkers first reported that cross-linking of surface CD4 molecules
followed by stimulation with anti-TCR monoclonal antibody of mouse spleen T cells
induced cell apoptosis whereas the same treatment followed by activation by anti-CD3
antibody resulted in cell proliferation (21). Although the difference in the signalling
pathways triggered by these two mAbs which recognized different epitopes of the
TCR/CD3 complex was not clear, this study suggested that prior ligation of surface CD4

molecules could modify peripheral mature T cells in such a way that a TCR-mediated
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Table 1. Inhibition of proliferative responses to T cell mitogens by B-F5
(anti-CD4 mouse IgG1) M

Stimulant n Anti-CD4 mAb (2) Inhibition  p value (3)
(%)
- +
0 19 2.2+ 0.5 1.1£0.2 37 NS
MLC 21 32.4 £ 23.7 10.4 + 8.9 68 p <0.05
SEB (50 ng/ml) 16 24.0 £ 3.1 15.7+ 2.8 34 p < 0.05
PWM (1 pg/ml) 14 11.1+1.6 8.0+6.8 28 p <0.05
PHA (20 pg/ml) 16 46.2 + 6.3 37.1 47 25 p < 0.05
ConA (10 ug/ml) 5 35.7 £ 8.7 21.7+3.3 39 NS
OKT3 (liquid phase) 7 10.1 £ 2.5 99+2.6 2 NS
OKT3 (solid phase) 13 46.3+5.3 27.2 +47 41 p < 0.05
PMA (50 ng/ml) 5 11.8+ 2.9 13.1+£ 3.5 -11 NS
PMA + iono 5 34.0£ 5.8 26.8+ 6.5 21 NS
(50ng/ml + 1ug/ml)
(1) peripheral blood mononuclear cells (monocytes 1.4 + 0.8 percent) ;
(2) 3HT-dpm mean + SE ;
(3) student's t test on paired values. NS : not significant
Table 2. Primary MLR. Effect of various antibodies
IgG class BL60O(1)
- +
RPMI medium - 0.85(2) 20.0
normal mouse IgG polyclonal 0.69 16.7
832ALB (a1-m) lgG1 1.05 19.4
BE104 (b2-m) IgG2a 1.42 20.1
BL2 (DR) lgG2b 4.09 12.5
AFOL1 (LFA1, CD11a) 0.54 1.8
B-F5 (CD4) IgG1 0.41 2.82
B-F5 pulse 3h 0.60 6.1
B-F5 F(ab')2 0.91 4.6
BL4 (CD4) lgG2a 0.41 5.5
13B8.2 (CD4) IgG1 1.08 11.0

(1) mitomycin-treated BL60 cells (Burkitt's lymphoma cell line)

(2)dpm x 10-3 at day 6
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activating signal would trigger cell death. This could represent an in vitro model of
peripheral T cell tolerance by clonal deletion. More recently, Banda and coworkers
reported experiments of cross-linking of CD4 proteins by either anti-CD4 mAbs or by
HIV gp120 and anti-gp120 antibodies (22), followed by activation by anti-TCR
antibodies. Under such experimental conditions, a proportion of CD4+ T cells underwent
apoptosis. In those experiments apoptosis only occurred when cross-linking of CD4 was
performed prior to that of TCR, suggesting again that ligation of CD4 had converted a

TCR-mediated activation signal into programmed cell death.

Knowing that superantigens can induce clonal deletion of immature T cells when
presented in the thymus but, instead, polyclonal activation of mature T cells, we used the
superantigen SEB to study whether prior ligation of CD4 could induce apoptosis of the
subset of SEB-responding CD4t+ cells. The results show a significant increase of
apoptotic cells, as determined by nuclear condensation and/or fragmentation after
staining with Hoechst 33342 (23); Such effect was achieved at antibody concentration
as low as 0.1 pg/ml, that is 100 times lower than concentrations required to saturate

all CD4* molecules.
Induction of clonal anergy

Peripheral blood lymphocytes were co-cultured with mitomycin-treated Burkitt's
lymphoma cell lines (BL60, Raji, Daudi) and their proliferative response was measured
by 3H—thymidine incorporation after 6 days of primary culture in presence or absence
of anti-CD4 mAbs. In this model, anti-CD4 mAbs and their F(ab')2 fragments induced a
dose-dependent inhibition of proliferation, even if present during the first 3h of
culture, or if added at various time intervals after initiation of the culture. A similar
effect was observed with an anti-CD11a antibody and anti-HLA-DR antibody, but not

with subclass control antibodies of other specificities (table 2).

Inhibition of MLC in this model was associated with a complete suppression of IL-2 and
IFNy synthesis (as demonstrated by Northern blot analysis of mRNA in the cell pellet and
determination of cytokines by ELISA in culture supernatants). In parallel VLA-1
expression was markedly decreased as well as the percentage of CD4+ blasts identified
by their light scattering properties by flow cytometry. In contrast the surface

expression of CD25 was not decreased (table 3). Therefore anti-CD4-treated cells
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Table 3. Inhibition of primary MLR by anti-CD4 mAb

Treatment 34-T CD25 IL-2 blasts IFNy  VLA-1
day 1 dpmx103 % ng/ml CD4+ CD4- U/mi %

- - 0.8 2.8 0.00 1.9 2.0 1.36 1.6
B-F5 - 0.4 3.0 0.00 1.6 1.8 0.1 1.6

- BL60-m 28.0 19.9 0.39 14.3 33.3 12.7 15.2
B-F5 BL60-m 12.1 17.7 0.00 8.9 26.9 3.0 5.3

Table 4. Induction of clonal anergy by primary MLR in the
presence of the anti-CD4 mAb BF5

treatment dpm x 10-3 (1)
di di0 d6 di2 di7
- BL60O - 22.8 6.6 5.3
B-F5  BL60 - 2.9 4.8 4.4
- BL60 BL60 - 43.2 7.6
B-FS BL60 BL60 - 14.4 7.7
- BL60  Raji - 34.2 70.7
B-FS  BL60 Raiji - 24.8 72.4

(1) Peripheral blood lymphocytes were stimulated by mitomycin-treated BL60 cells
with or without B-F5 mAb during 6 days, then resuspended in normal medium and re-

stimulated at day 10 with BL60 or Raji cells.
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presented a typical dissociation between a normal expression of IL-2 receptor o chain
and a lack of IL-2 synthesis. Such profile has been reported in anergic T cells (24). In
order to study whether a primary culture in presence of anti-CD4 mAb not only blocked
the primary response of CD4* lymphocytes, but rendered them refractory to a
subsequent stimulation in absence of antibody, cells were re-stimulated at day 10 with
the same stimulator or third party cells and 3H-thymidine incorporation was evaluated
at days 12 (secondary response) and 17 (primary response). A typical experiment is
presented in table 4, showing that exposure to anti-CD4 mAb during the primary
culture blocked a further response to the same stimulator but did not impair the
primary response to a third party cell line. Interestingly this specific unresponsiveness
to allogeneic cells could not be achieved if cells were exposed to riL-2 or to an anti-

CD28 IgM mAb along with anti-CD4 during the primary culture.

Discussion

The present studies demonstrate that anti-CD4 mAbs may modify the activation of
human peripheral blood T cells by superantigens or allogeneic stimulating B
lymphoblasts. However the outcome in these two models was different. Part of SEB-
stimulated T cells were shown to undergo apoptosis after prior ligation of their CD4
molecules by anti-CD4 mAbs or F(ab')2 fragments. Neither antibody nor SEB added
separately could induce significant apoptosis over background levels, indicating the
need for coordinated signals through CD4 and TCR. This model has some similarities
with those of Newell et a/.(21) and Banda et al. (22) who used anti-TCR mAbs instead
of superantigens, but differs from them by at least two features : 1/ with SEB, cross-
linking of CD4 by two layers of antibodies is not necessary, and apoptosis can be induced
by low amounts of anti-CD4 mAbs of different isotypes (lgG1 or IgG2a) or even with
F(ab')2 fragments. Under these conditions capping of CD4 proteins and down regulation
of surface expression are limited to a very small proportion of cell surface CD4
proteins. 2/ Induction of apoptosis by SEB does not occur when the percentage of
monocytes is raised from 1% to 5-10 %, suggesting that monocytes generate survival
and co-activation signals. One possible candidate is B7/CD28 interaction (25).
Although the fusion protein CTLA4 Ig does not block the proliferative response to SEB
by itself (26) it might synergise with anti-CD4 mAbs to induce apoptosis.

Experiments along this line are presently in progress.
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In the MLC model there was no evidence of apoptosis but the percentage of activated T
cells may be too low to detect apoptotic cells. Conversely there was a clear evidence of
clonal unresponsiveness and typical features of anergized T cells (CD25%, no IL-2
expression). So far a similar in vitro induction of anergy in mature T cells has only be
reported with anti-CD3 antibodies (27) and with CTLA4 Ig (28), but this situation is
very close to that achieved by non depleting anti-CD4 mAbs in vivo (2). It is expected
that these and other in vitro models will help to clarify the mechanisms whereby anti-
CD4 antibodies may induce clonal deletion and clonal anergy in mature T cells in order
to provide, together with antigen, a powerful tool of specific immuno-intervention in

transplantation and auto-immune diseases.
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INTRODUCTION

Transplantation of normal hemopoietic stem cells from the fetal liver can cure a
number of diseases in experimental animals as well as in humans. Because of
immune immaturity of the human fetus during the first trimester of gestation,
fetal liver cells of 8-12 weeks post-fertilization are devoid of any T lymphocyte ;
therefore they do not induce graft-versus-host disease (GvHD) after
transplantation into an allogeneic host, despite full mismatch [1]. Prevention of
rejection of these transplanted stem cells can be ensured by immunodeficiency
disease of the host, by immunosuppressive treatment or by immune immaturity
of the host when the transplant is performed into a fetal patient [2]. The stem
cells from the fetal donor progressively differentiate into T lymphocytes within
the environment of host antigens, and give rise to mature T cells exerting their
functional activities and restoring immune defenses to the patient [3]. In most
cases, the fetal donor and the patient host are fully mismatched at the class I and
the class IT loci of the major histocompatibility complex (MHC). T lymphocytes
deriving from the donor stem cells are therefore confronted with HLA-different
host cells (monocytes-macrophages, B lymphocytes, NK cells, target cells of

various kinds, etc) after they have matured in this HLA-different host
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environment. This situation provides us with a unique model to study
recognition of "self" and "allo" by helper and cytotoxic T cells, as well as the
acquisition of tolerance during T cell ontogeny. Positive and negative selection
processes are further demonstrated to be separate phenomena, likely to be

induced by distinct cell categories.

PATIENTS

Since October 1974, 63 patients have been treated in our institution by fetal liver
and thymus transplantation for severe immunodeficiency <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>