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Preface

Although haemodialysis is a life saving treatment for patients with end stage renal
failure, kidney transplantation is accepted as the treatment of choice in such patients.
A successful kidney transplantation is not only a life saving procedure, it can give full
rehabilitation to normal life and is less expensive than dialysis. Rehabilitation to
normal life was demonstrated at the latest Transplant Olympic Games, where about
200 bearers of a functional kidney graft showed good sport performance. Technical
failures of kidney transplantation are rare complications and graft rejection is still the
main cause of failure of a kidney transplant. To achieve a successful transplantation,
there are many problems to be solved in respect to the rejection of foreign tissue.

The major approaches to reduce the detrimental effects of allograft rejection are:

~ The appropriate selection of donor and recipient. Maiching for transplantation
antigens will reduce the number of foreign antigens presented to the recipient of a
graft to which rejection can be initiated.

- Adequate detection of rejection by immunological monitoring. Crossmatches
between the donor and the recipient will detect antibodies toward donorantigens. The
presence of these antibodies indicates a state of presensitization of the recipient, which
in a number of cases has been reported to be responsible for acute rejection of the
graft.

Monitoring of the recipient has to be continued after transplantation by evaluating

kidney function and immune function of the recipient. Changes in these parameters
will permit the detection of a possible rejection episode. This has to be followed by
adequate anti-rejection treatment, to prevent loss of the graft.
- Anti-rejection treatment. A great number of agents have been tested for suppres-
sion of the immune reactivity of the recipient. The drugs mostly applied is the
combination of azathioprine and corticosteroids, which are already 20 years in use in
kidney transplantation. A few years ago cyclosporin-A has been introduced as a
powerful immunosuppressive agent, since this drug is not used in combination with
corticosteroids this new treatment lacks the serious side effects of long term cortico-
steroid administration. Anti-lymphocyte serum is used for the treatment of rejection
episodes, however, the use of anti-lymphocyte serum has not yet been generally used
in clinical transplantation.

Total histocompatibility of both major and minor antigen systems between donor
and recipient can only be achieved in the rare cases of a transplantation between
identical twins. In all other cases a transplantation will be performed between related
or non-related donor recipient combinations which are not fully identical in respect of



their histocompatibility antigens. In clinical transplantation the selection of donor
and recipient is most commonly based on matching for antigens encoded for by the
Major Histocompatibility Complex (MHC). The importance of this complex, which
is located on the short arm of chromosome 6 has been shown by the excellent survival
rates of kidneys transplanted between siblings which are identical for the MHC
antigens (van Rood 1967). There is clear evidence that also non-MHC antigens are
involved in the rejection of kidney grafts, since kidney graft rejection has been
reported in a number of transplantations between HLA identical siblings, despite
immunosuppressive therapy (Salamon 1976, Cheigh 1977). This implies that other
antigens, not encoded for by the MHC complex are also involved in kidney graft
rejection. These non-MHC antigens, or so called Minor Histocompatibility Antigens
are already known for a long time in the animal model, especially in the mouse. Their
role in kidney graft rejection is not yet defined. The best studied non-MHC antigens in
the human are the various granulocyte antigens (Lalezari 1980, Thompson 1980).

The first report on the involvement of antibodies to non-MHC antigens in relation
to kidney transplantation in man, has been published by Paul (Paul 1979%). He found
a specific humoral response toward endothelial antigens after kidney transplantation.
The presence of these anti-endothelial antibodies after transplantation during rejec-
tion of the graft and the absence of these antibodies in kidney grafts removed for
non-immunological reasons, does suggest that these antigens do play an important
role in kidney graft rejection (Paul 1979%). The reports on the involvement of
endothelial antigens in human transplantation as well as in vitro studies on non-MHC
antigens were a motive for the study of these antigens present on kidney cells.

In this thesis cell mediated immunity toward canine kidney epithelial cells in kidney
transplantation was investigated to detect the possible role of antigens on kidney
epithelial cells. An in vitro model has been developed, in which reactivity toward these
kidney epithelial cells could be studied.

The experiments presented in this thesis had the following objectives:

- The development of an in vitro model with canine kidney epithelial cells in which
cellular reactions toward these cells can be studied.

- To investigate whether in vitro stimulation of lymphocytes by kidney epithelial
cells is possible.

‘‘‘‘‘ To study the nature of antigens on kidney epithelial cells which are recognized by
cytotoxic T lymphocytes.

- To evaluate cell mediated cytotoxicity toward kidney epithelial cells as targets in
monitoring cellular rejection after transplantation,



Chapter 1

Immunological aspects of allograft rejection

1.1 General introduction

The dog has been one of the first animals in which kidney transplantations have been
performed. Already in 1905 Carrel reported experimental kidney transplantations in
the dog. He developed the surgical technique for anastomosing the renal vessels,
which is essentially still in use today. The transplantation model was used in a study of
vascular surgery, Carrel stated: “We shall study here only the technique employed to
obtain a good union of the often very small vessels’ (Carrel 1905). Ullman was the first
who reported auto-and allograft kidney transplantations in dogs, not as an attempt to
study the vascular problems but to investigate the phenomenon of organ transplanta-
tion (Ullman 1902). Ullman, neither Carrel mentioned the problem of rejection and
they attributed their failures of longterm functioning of the grafts to technical
problems.

Rejection of transplanted kidneys was not defined until 1923 when Williamson
published the first pictures of a rejected kidney and mentioned the difference between
autografted and allografted kidneys (Williamson 1923). He was the first to consider
the possibility of tissue matching and he suggested that there might be a method of
testing the recipients serum toward donor tissue.

It was Gorer in 1936, whose classical work on the immunology of tumor allograft
rejection described the serological methods to detect tissue antigens (Gorer 1936). He
identified histocompatibility antigens, which were defined as red cell bloodgroups.
Matching for these antigens had a favourable effect on the survival of the transplanted
tumor. He stated that isoantigenic factors are genetically determined and those
present in the grafted tissue and absent in the host are capable of elicting a response
which results in the destruction of the graft (Gorer 1937).

The recognition that the destruction of a graft was an immunelogical phenomenon,
was established by Sir Peter Medawar, who studied the fate of skin grafts of burned
patients during World War 1I. Medawar discovered that second set allografts were
rejected more rapidly than first set allografts and that the accelerated rejection of a
second set allograft was specific, since it pertained only to the grafts obtained from the
same donor as the first set (Medawar 1944).

Medawar observed in mice that this sensitization of allografts could also be induced
by intradermal injections of leucocytes from the skin donor. This observation led to
the conclusion that leucocytes are involved in the process of graft rejection. An
experimental proof that allograft rejection was mediated by a cellular reaction has
been provided by Mitchinson. He performed his classical adoptive transfer experi-
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ments, in which he showed that the sensitized state of the recipient rejecting a tumor
graft can be transferred to a new recipient with lymphoid cells but not with serum
(Mitchingon 1953).

1.2 Immune processes involved in allograft rejection

Burnet proposed the concept of the clonal selection theory and a general theory of the
nature of immunity; ‘I shall always regard the differentiation between self and non-self
as crucial to all immunological theory’ was stated by Burnet (Burnet 1959). It became
obvious that a proportion of lymphocytes was committed to react toward specific
alloantigens, without prior sensitization toward these antigens.

Cellular immunity and allograft rejection

Miller and Good described the central role of the thymus in cellular immunity. They
demonstrated that either neonatal thymectomy or thymectomy of adult mice fol-
lowed by X-ray irradiation and bone marrow reconstitution leads to the abrogation of
the capacity to reject foreign tissues (Miller 1961, Good 1962). The effect of these
procedures was dependent on the depletion of so called thymus related area’s of the
peripheral lymph nodes and spleen. It was not until the late sixties, that the different
functions of T and B lymphocytes were recognized. The primitive lymphoid cells were
shown to originate from the bone marrow and differentiate into two small lympho-
cyte populations: T lymphocytes, maturated under influence of the thymus, responsi-
ble for cell mediated immunity and B lymphocytes, the bursa dependent lymphocytes,
which are responsible for producing antibodies. The Bursa of Fabricius is a lymphoid
organ in chickens, which controls the maturation of B lymphocytes. The equivalent of
the bursa in man is not clearly defined but there are indications that the haemopoietic
tissues itself are the places where B lymphocytes are maturating.

Gowans established the central role of lymphocytes for both types of immune
responses with labeling studies of circulating lymphocytes. He labeled lymphocytes
and demonstrated a pool of recirculating lymphocytes, which pass from the blood
into the lymph nodes and spleen and back to the blood by the main lymphatic
channel, the thoracic duct (Gowans 1964).

The differentiation between self and non-self is based on recognition of cell surface
antigens by T and B cells of the host. The receptor for antigens on the surface of B
lymphocytes is an immunoglobulin molecule. B cells respond to foreign antigens with
the production of antibodies, with an idiotype identical to the receptor present on the
surface of the B cell before stimulation. T cell recognition leads to the induction of
helper T cells, which can either collaborate with B cells resulting in the proliferation of
Beells into antibody producing plasma cells or to the activation of T killer cells, which
results in a direct killing of the allogeneic, or virus infected target cells. The mechan-
ismof T cell recognition is still under extensive study. T cells can recognize products of
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self and foreign MHC products, the latter being a major barrier in organ transplanta-
tion. T cells recognize antigens together with receptor molecules which are controlled
by the MHC complex. For example virus infected target cells are only killed by T cells
which were sensitized by virus infected cells carrying the same MHC products as the
target cells. This is known as MHC restriction of T cell recognition (Zinkernage!
1974).

The two different mechanisms of T cell recognition: Allogeneic and altered self
recognition raised the question whether T cell activation is caused by different
receptors present on the T cells or that one receptor may be responsible for both
reactions. Matzinger proposed that T cells recognize neither antigen, nor MHC
molecules alone but rather the molecular complexes composed of the two (Matzinger
1981). This is in contrast with the two receptor theory as described by Lafferty, who
postulated that lymphocyte activation requires the presentation of both antigen and
an inductive MHC molecule to the responder T cell (Lafferty 1980). This second
signal, by way of the inductive MHC molecule, is also able to bind antigen to its
surface and is also called co-stimulator. Lafferty proposed that specificity of this
reaction is expressed at the level of the co-stimulator. This mechanism is known as
dual recognition and suggests the presence of two separate receptors, one for antigens
as well as one for MHC products (Janeway 1976).

Humoral immunity and allograft rejection.

Allograft rejection is mediated by both humoral and cellular mechanisms. The precise
action of the cells involved in antibody mediated rejection is still largely unknown.
The occurrence of circulating antibodies after renal transplantation is now well
established. In a number of patients, antibodies directed toward T or B cells can be
detected before transplantation. This can be a result of previous immunisations by
blood transfusions, pregnancies or unknown origin. A high incidence of hyperacute
rejection has been reported in cases where these circulating antibodies do crossreact
with the donor lymphocytes (Kissmeyer 1966, Patel 1969). This type of rejection
occurs within a few minutes to hours after transplantation, resulting in interstitial
haemorrhage of the kidney, which becomes swollen, blue and motted. There is no
treatment for this hyperacute rejection and it has to be followed by nefrectomy.

Clear evidence is available that not all positive crossmatches do result in a hyper-
acute rejection, crossmatches against donor B lymphocytes are mostly not associated
with hyperacute rejection { Ettenger 1979, Jeannet 1981). Moreover there are reports
on the enchancing effect of positive B cell crossmatches (d’Apice 1979, Jeannet 1980).

A graft induced antibody mediated reaction can lead to chronic or late acute
rejection. IgM and C; deposits on the basement membrane of the glomerulus of the
transplanted kidney have been reported in the cases of chronic rejection (Porter 1968),
It has been suggested that this is caused by a reaction of circulating antibody with the
antigens present on the capillary basement membrane of the graft.



1.3 The influence of MHC and non-MHC antigens on allograft
rejection

Major histoeompatibility antigens

The use of inbred strains of mice made it possible to investigate the murine major
histocompatibility system { H-2 system). Snell introduced the term histocompatibility
antigens for those antigens, which are involved in rejection (Snell 1948).

The investigation of the H-2 system in the mouse has been an important step for
elucidating the Human Leucocyte Antigen (HLA) system in man. Amos and Ceppel-
lini established the role of HLA as the strongest antigen system in man by skin graft
experiments (Amos 1969, Ceppellini 1969).

HIL.A mismatched siblings had a significant shorter survival time of their skin
allografts than HLA matched sibling donor recipient combinations. Kidney trans-
plantation between HLA-A and HLA-B matched, related donor recipient combina-
tions has been proven to have a good graft prognosis (van Rood 1967). Application of
the HLA-A and B typing (serological defined SD or Class 1 antigens) to unrelated
cadaver donor situations has been less promising in respect to graft survival. It is now
well established that matching for class ] antigens results in an overall improvement of
10-15% of 1 year cadaver graft survival. This overall result can be separated over two
groups of cadaver kidney recipients in respect to the graft survival time. If anti-leuco-
cyte antibodies are detected in the recipients, due to previous immunisations like
pregnancies or blood transfusions, there is more improvement in graft survival when
donor and recipient are matched for the HLA-A and HLA-B locus (van Hooff 1976,
Opelz 1977). This implicates that in the group without circulating antibodies (the so
called non-responders) there is no important improvement in graft survival after
matching for the HLA-A and HLA-B antigens. Despite the small effect on graft
survival, there is a great effect on patient survival in the class | identical donor
recipient combinations, compared to class | mismatched combinations (van Rood
1977).

Bach suggested in 1970 that Mixed Leucocyte Culture (MLC) non-responsiveness
{matching for class 11 antigens) might be more important than matching for class 1
antigens (Bach 1970). This was confirmed by Cochrum, who found in retrospective
studies more significant influence on graft survival for class Il antigens than for class |
antigens (Cochrum 1973). The first prospective study on this subject was performed in
the Rhesus monkey model by van Es, who clearly demonstrated that prospective
matching for class [l antigens outweighted matching for class 1 antigens (van Es 1977).

Minor histocompatibility antigens

Since skin and kidney graft rejection and graft versus host disease occurs in HLA
identical sibling allografts, there is no doubt that also non-HLA antigens are involved
in rejection. The difference between MHC antigens and non-M HC antigens was first
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described in mice by Counce. Usinginbred strains of mice he described differences in
the intensity of allograft rejection of tumors between mice carrying the first three
identified histocompatibility loci H-1, H-2 and H-3{Counce 1956). He transplanted
tumor cells between C57B1/ 10 (H-2° to B10.122 { H-2¢) which is across the H-2 barrier
and to the B10-LP which only differed at the H-3 locus from CS7BI/ 10. A transplant
of 1000 tumor cells{ mouse across the H-2 histocompatibility barrier was rejected by
all mice. Grafting 1000 tumor cells across the H-3 barrier from C57Bl/ to BIOLP mice
killed 909% of the recipients.

This indicates that the H-3 barrier was much weaker and not able to induce
rejection of the CS7BI/ 10 tumor cells. This distinction between a ‘strong” H-2 locus
and a ‘weak’ non H-2 locus was confirmed by skin graft experiments. Skin grafts
across an H-2 barrier were rejected in an average of 8.5 days, whereas skin graits
across an H-3 (or H-1) barrier survived for about 24 days.

Based on these results Counce defined a strong Histocompatibility locus as: *A
locus such that a difference between donor and host at this locus will prevent the
progressive growth of nearly all tumor homotransplants and cause the rapid rejection
of skin homografts’. A weak Histocompatibility locus was defined as ‘a locus such
that a difference between donor and host at this locus will permit the progressive
growth of various tumor homotransplants and fail to cause a rapid rejection of skin
homografts' (Counce 1956).

Since all other loci discovered so far, were weak by this definition, they were called
non H-2 loci. Except differences in rejection of allografts, also other fundamental
differences between H-2 and non H-2 loci have been described. This led to the
designation of H-2 as the Major Histocompatibility Complex (MHC) and the non
H-2 loci as Minor Histocompatibility loci (MIH) in mice.

The major histocompatibility complex can be subdivided in three classes of genes,
which all have specific functions in control of the different molecules invelved in
immunological responsiveness. Class I genes control the former serological or SD
antigens and are encoded for by the K, D and L loci of the H-2 complex in the mouse,
which code for 40-45.000 mol. weight molecules associated with B2m at the cell
surface. The Class 11 genes, [* genes include antigens which are responsible for the
control of MLC stimulation, lymphocyte activating determinants (lad); Class 11 genes
code for a 32.000 mol. weight and B molecules (28.000 mol. weight) associated as
dimer at the cell surface. Finally the Class [H genes are controlling the complement
component C4, The MHC of the mouse can be extrapolated with great simmilarity to
other species. It has been described for many mammalian species such as the dog,
Rhesus monkey, Guinea pig, rabbit and man.

Major histocompatibility antigens of the dog

The canine MHC complex is analogous to that of man. There are three series of
serological detectable (class [) antigens, called DLA-A, DLA-Band DLA-C. Vriesen-
dorp showed a great linkage disequilibrum between the alleles of the three serological
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detectable series of antigens {Vriesendorp 1973). Mixed leucocyte reactions have been
performed in the dog since 1968 (Serre 1968). After the initial report on mixed
leucocyte stimulation in the dog many different technigues have been used for mixed
leucocyte cultures {Gluckmann 1973, Grosse-Wilde [973, v. Tweel 1974, Bach 1975).
The locus responsible for this mixed leucocyte reaction is called DLA-D and is
situated closely near the SD loci (v. Tweel 1974). There is a great linkage disequi-
librum between the class I lociand the DLA-D locus in the dog (Grosse-Wilde 1975).

Minor histocompatibility systems of the dog

The red bloodgroup system in the dog can be considered as a minor histocompatibili-
ty system. Transfusions across bloodgroup antigen barriers do result in a shorter red
cell survival time in some cases. Swisher studied the bloodgroup systems in dogs and
differentiated at least seven major bloodgroups coded for A to G (Swisher 1961). Only
the bloodgroup A antigens induce powerful haemolysin reactions when transfused
into recipients carrying anti-bloodgroup A antibodies. These reactions were not
observed when transfusions were performed across the other bloodgroup antigen
barriers. Transfusion reactions are only seen when the recipient is pre-sensitized, since
natural antibodies to red cell antigens are not present in the dog, first transfusions
never lead to the well known transfusion reaction with tremor, fever and emesis. In
contrast with man transfusion reactions in dogs are never fatal. Since the first
transfusion never provokes a reaction, the bloodgroup system in dogs does not have
much practical implication in veterinarian practice.

The detection of minor histocompatibility antigens which are not present on red
blood cells is more complex, due to the problems of producing antisera against such
antigens. To study these minor antigens, grafting experiments between DLA matched
littermates and DL A mismatched dogs have to be performed. Westbroek showed
with small bowel transplantation experiments that indeed non-MHC antigens are
involved in the rejection of small bowel tissue in the dog (Westbroek 1970).

Bijnen found that the mean survival time (MST) of kidney transplantations
between SD and LD identical mongrel dog combinations is significant shorter than
the survival of kidney transplantations between DLA identical, non-sibling beagle
combinations. The MST of kidney transplantations between DLA identical and one
haplotype mismatched littermate beagles did not differ significant, He concluded that
the cumulative effect of non-DLA histocompatibility systems is comparable with the
DLA histocompatibility system and might even be underestimated (Bijnen 1978).

1.4 Immunosuppression

A great number of agents and treatments have been tested for suppression of the
immune system of the recipient in order to obtain long time graft survival. The
immune response of the recipient can be modified by either non-specific immuno-
suppression or donor specific immunosuppression.
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Non-specific immunosuppression

Anti-lymphocyte serum.: Woodruff showed an inhibitory effect of anti-lymphocyte
serum (ALS) on cell mediated immunity of the recipient. The injection of lympho-
cytes, thymocytes or other lymphoid cells into a non-compatible animal leads to the
production of a serum, which gives a profound depression of the number of circu-
lating T cells when injected into the donor of the lymphoid cells (Woodruff 1963). It
has been reported that ALS is a very potent immunosuppressive agent in most animal
species (Starzl 1967). Its clinical use is still a controversial subject (Najarian 1976,
Sheil 1973, Thomas 1977). Recently Toledo-Pereyra showed that ALS is a good
adjuvant therapeutic agent for the treatment of recurrent rejection episodes in clinical
cadaver kidney transplantation (Toledo-Pereyra 1982). A prospective randomized
trial to compare the effectiveness of rabbit anti-thymocyte globulin (RATG) in the
treatment of acute renal graft rejection with high dose prednisone treatment has been
performed by Hoitsma ( Hoitsma 1982). In this study the treatment of acute rejections
in the cadaver donor situation using the high potency RATG as the single agent, was
an effective and safe method which is steroid sparing and as effective as high dose
prednison treatment. One of the main problems of ALS in clinical transplantation is
the lack of standarisation of production of ALS. The newest development in this field
is the use of monoclonal antibodies provided by hybridomas using the technique of
Kohler (Kohler 1975) which can be directed toward T cells or subsets of T cells, The
OKT 3, a monoclonal antibody has been used clinically in Boston, so far without very
spectacular results (Cosimi 1981).

Total lymphoid irradiation: Total lymphoid irradiation (TLI) has potentials for use
in clinical transplantation. Slavin reported prolongation of skin and heart allograft
survival in rodents treated with TL1(Slavin 1978). The combination of TLI and the
administration of donor bonemarrow resulted in permanent chimeras. In these
chimeras indefinite graft survival was obtained without graft versus host disease. Such
chimeras have also been produced in mongrel dogs (Slavin 1979). Total lymphoid
irradiation is effective for its general immunosuppressive effect as well as its ability to
specific tolerance with bonemarrow transplantation. Najarian showed in a clinical
trial that the immunosuppressive effects of pre-transplant TLI are diminished when
transplantation is delayed (Majarian 1982). A synergistic effect op post-transplant
TLI and immunosuppression with low dose anti-lymphocyte globulin or cyclosporin-
A has been reported by Bentley (Bentley 1983).

Blood transfusions: The benificial effect of pre~transplant blood transfusions is now
generally accepted. The mechanism by which blood transfusions lead to prolonged
graft survival is still not understood. Third party blood transfusions are correlated
with prolonged graft survival in clinical as well as experimental transplantation. The
blood transfusion effect can be considered as a non-specific immunosuppression of
the recipient. Keown has suggested that damaged red cells present in transfused blood
may impair mononuclear phagocytic cell function, resulting in a non-specific sup-
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pression of the immune response (Keown 1979). Van der Linden showed a benificial
effect of whole blood transfusions given in combination with immunosuppression
{van der Linden 1982). A graft survival prolonging effect of per-operative blood
transfusions was obtained in non-relaied donor recipient combinations in the dog
{van der Linden 1982). This observation might have great implications for clinical
transplantation because per-operative blood transfusions exclude the danger of
pre-transplant sensitization of the recipient by circulating antibodies induced after
transfusions, which may cross-react with the donor kidney antigens. Williams con-
firmed the benificial effect of blood transfusions given per-operatively in the cadaver
renal allograft situation. She observed a change in one year graft survival from 349
with no transfusions to 859 one vear graft survival after two units of whole blood
given during operation (Williams 1980). A multicentre analysis performed by Opelz
with data of 65 North American centers however could not show any beneficial effect
of per-operatively given blood transfusions (Opelz 1981).

Interesting data for the discussion on the mechanism of the blood transfusion effect
on allograft rejection have been presented by Jeekel. He found that blood transfu-
sions given pre-operatively to the donor modified the immune response toward the
grafted kidneys in rats, dogsand in man. In the rat a third party blood transfusion to
the donor reduced graft survival, whereas recipient leucocytes injected into the donor
had a prolonging effect on the allografted kidney. In dogs the enhancing effect of a
per-operative given blood transfusion could be abrogated with a third party blood
transfusion given to the donor. In a retrospective study in man a significant impaired
graft survival has been observed if the donor was not transfused (Jeekel 1980). This
result has been confirmed by Frisk, who found that the positive effect of donor
transfusion seems to be of the same magnitude as that registered from pre-operative
blood transfusions given to the recipient in his centre (Frisk 1983).

Pharmacological immunosuppression: The most widely used immunosuppressive
agents are azathioprine and corticosteroids. Azathioprine (a derivative of 6 mercap-
topurine developed for the treatment of malignancies) showed to be a strong immu-
nosuppressive agent and it has been the basic immunosuppressive drug since the early
sixties (Calne 1961). The combination of azathioprine and corticosteroids for phar-
macological immunosuppression dates from 1963, when Murray showed reasonable
prolongation of cadaver donor kidney grafts (Murray 1963).

Many other drugs have been investigated since then, one showed the combination
of immunosuppression and relative safety: Cyclosporin-A, a fungus metabolite has
shown to have marked immunosuppressive properties ( Borel 1976). It has firstly been
demonstrated to prolong skin grafts in mice and heterotopic cardiac allografts in rats
(Kostakis 1977). This agent has now been used in several clinical situations and it has
the great advantage that it gives profound immunosuppressive action, probably
acting on the early phase of T cell differentiation, without the serious side effects of
steroids like Cushing’s syndrom, induction of diabetes and bone necrosis. The main
drawback of Cyclosporin-A however is its nefrotoxicity (Calne 1978).

The clinical results with Cyclosporin-A are very promising. Calne reported an
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actual survival time of 869 one year graft survival in the cadaver donor situation
compared with the normal 55% one year survival in his centre with conventional
immunosuppression (Calne [981).

Donor specific immunosuppression

Immunological tolerance was produced by Billingham in the 1950s. He injected
mouse fetuses in utero with tissue homogenates of foreign strains and induced a
complete tolerance toward antigens of the injected strain (Billingham 1953).

Immunological enhancement: Snell defined enhancement as: the enhanced or pro-
longed growth of allografts, due to the presence in the graft recipient of alloantibody
directed against the alloantigens of the donor (Snell 1970). The possible mechanisms
of kidney graft enhancement are still unknown.

Jeekel showed that the administration of donor cells prior to skin grafting in mice
resulted in prolonged acceptance of the skin graft, provided that more than 2
injections were given (active enhancement). A similar effect was observed when serum
of mice, which were treated with i.v. injections of donor tissues, was transferred to
recipients of skins from the same donor as the one used for sensitisation of the serum
donor (passive enhancement) (Jeekel 1971).

Fabre clearly demonstrated in rats that the injections of kidney donor antigens to
the recipient before transplantation can provoke an accelerated rejection as well as a
prolonged acceptance of the kidney graft. The effect of such treatment varies,
depending on dose, time and route of administration of the antigens (Fabre 1974).

Injection of anti-donor antibodies into the recipient before transplantation can
result into passive enhancement as well as, hyperacute rejection (Koene 1973). Hyper-
acute rejection is probably mediated by complement components activated by anti-
bodies that have attached to the graft. It has been demonstrated that in the case of
passive enhancement the specific 1gG and cytotoxic T cell responses are deficient
while reactivity in MLR is preserved (Kostakis 1977).

The interactions of cellular and humoral responses leading to enhancement are still
largely unknown. A blockage of the interaction of helper T cells which are necessary
for the interaction of 1gG and cytotoxic T cells is supposed to be responsible for the
enhancing effect. Immunological enhancement has no place in clinical transplanta-
tion due to practical problems of inducing enhancement in the cadaver donor
situation as well as difficulties in extrapolating studies from inbred animals to man.

Donor specific blood transfusions: In 1978 the San Francisco group initiated a
deliberate donor specific blood transfusion (DST) protocol for living related kidney
transplantation (Salvaticrra 1980). The positive effect of this protocol has been
confirmed by other groups (Takahashi 1982, Leivestad 1982), Whether the prolonga-
tion of graft survival in living non-related donor recipient combinations depends on
selection or may be attributed to the induction of specific unresponsiveness is still not
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clear, Leivestad found in some patients a donor specific reduced MLC after DST and
often an association of increased CML reactivety toward donor cells was observed
(Leivestad 1982). The mechanism of this change in MLC and CML reactivety and
their influence on grafi survival has to be further examined.
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