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ABSTRACT

15-Deoxyspergualin (15-DS) is a new immuno-
suppressive agent which showed promising results
after experimental allogeneic heart, liver, kidney and
pancreas islet cell transplantation in rodents.
After renal and hepatic transplantation in rats,
long-term grayft tolerance has been achieved by using
15-DS; however, very little is so far known about the
elficacy of 15-DS in larger animals.

In order to assess the immunosuppressive potentials
of 15-DS in a preclinical experiment, heterotopic
cardiac (n=27, group I and classical renal (n=25,
group ID allotransplantations were performed in
Chacma baboons. The following immunosuppressive
regimens were used.:

Groups IA and IIA served as control groups and
received no medication.
Groups IB and IIB were treated with 15-DS alone (4
mg/kg/ day) for postoperative days 0-9.
Groups IC and IIC were treated with Cyclosporine A
(CyA, 10-40 mg/kg/day) for postoperative days 0-30.
Groups ID and IID received the combination of 15-DS
(for postoperative days 0-9) and CyA (postoperative
days 0-30).

Acute rejection episodes were diagnosed using
cyto-immunological monitoring and weekly
myocardial or renal core biopsies.

After cardiac transplantation, the mean graft
survival was 11.0 days for group IA, 28.2 days for



group IB (p <0.05; IB vs. IA), 32.4 days for group IC
and 43.1 days for group ID (p <0.025; ID vs. IA).

After renal transplantation, the corresponding
figures were 12.3 days for group 1IA, 8.5 days for
group IIB, 30.4 days for group IIC and 148.9 days for
group ID (p < 0.025; IID vs. IIA).

After cardiac and renal transplantation, acute
refection was the main cause of graft failure.
Treatment related side effects, mainly gastrointestinal
complications, were observed only in primates which
were treated with 15-DS alone, but not when 15-DS

was combined with CyA. No major infections occurred.

After cardiac transplantation, permanent graft
nonredctivity was not achieved, but a delayed
refection occurred within a mean of 21.8. days after
immunosuppression had been stopped.

Following renal transplantation, graft
nonreactivity was observed in group IID after initial
treatment with 15-DS and CyA. In this group, 4 out of
8 animals (50%) were grayft tolerant up to 340, 2506,
244 and 164 days adfter treatment discontinuation.

Thus, the combination of 15-DS and CyA led to a
significant prolongation of graft survival in both
groups. Using the same drug combination, long-term
graft nonreactivity was achieved in a primate model
after renal transplantation.

In a second study protocol, the efficacy of 15-DS in
combination with CyA was tested after heterotopic
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cardiac xenotransplantation and compared with other
immunosuppressive protocols.

Heterotopic heart transplantations were performecd
in the neck using Vervet monkeys as donors and
Chacma baboons as recipients. The following groups
were investigated:

Group I (n=8): Control, no immunosuppressive
medication.

Group II (n=5): CyA in combination with
azathioprine and methylprednisolone.

Group III (n=0): CyA, azathioprine and
methylprednisolone in combination with
antithymocyte globulin (RATG) for postoperative days
0-9.

Group IV (n=7): CyA, azathioprine and
methylprednisolone were combined with 15-DS for
postoperative days 0-9.

Due to severe treatment related side effects which
were observed in group IV, further immunosuppression
was modified as follows:

Group V (n=5): 15-DS was combined with CyA
and methylprednisolone only.

Acule rejections were treated with 500 mg
methylprednisolone i.v. as a bolus dose for 3 to 5
consecutive days.



The graft survival after xenogeneic heart
transplantation was best in group Il with 43.3 days on
average compared to 10.3 days in the conirol group.
However, 2.3 acute rejections per animal still occurred,
which in most cases led to graft failure in these
animals.

In the 15-DS-treated group 1V, the graft survival
was prolonged to 20.1 days on average. Only 0.14
acute rejections per animal and biopsy occurred, but
severe gastro-intestinal complications and infections
were observed, which made further experiments
necessary to minimize these treatment related
complications. However, by omitting azathioprine, the
mean survival rate in the modified treatment group V
was 35.6 days.

In both 15-DS treated groups, a significantly
reduced number of acute rejection and a decreased
incidence of hyperacute rejections was noted when
compared to the other treatment protocols.

In conclusion, 15-DS is a promising
immunosuppressive agent, but when given alone, graft
survival results are not satisfactory. In combination
with CyA, however, significant improvement of graft
survival was achieved after cardiac and renal
allotransplantation and after cardiac
xenotransplantation in primates.

After cardiac allo- and xenotransplantation, the
number and severity of acute rejection episodes were
significantly reduced by the addition of 15-DS.
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After renal allotransplantation, long-term graft
nonreactivity was observed in 50% of the animals,
when initially treated with 15-DS and CyA.

These findings definitely justify further studies with
15-DS, as it may be a useful adjunct in clinical
IMmuUnosuppression.
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PART I: INTRODUCTION

L1. Immunosuppression after heart transplantation.

Allogeneic heart transplantation (HTx) has become an accep-
ted clinical therapy for end stage cardiac diseases (1). Sufficient
immunosuppressive therapy is, however, mandatory to avoid lethal
rejection crises. “Conventional” immunosuppressive therapy,
which was used for the first 10 years of cardiac transplantation,
consisted of azathioprine, prednisone and antilymphocyte globu-
lin. Severe rejection and infection were the major cause of death,
leading to a 1-year survival rate of only 60% after heart transplanta-
tion. The results have improved dramatically since the introduction
of cyclosporine A-therapy (2,3). This drug is, however, not the pa-
nacea hoped for: Severe acute rejection episodes can still occur and
represent,besides severe infections, the major cause of death follo-
wing transplantation. In addition, Cyclosporine A (CyA) has major
side effects, such as nephro- and hepatotoxicity. A correct dosage
schedule is therefore necessary and blood levels have to be measu-
red regularly.

To improve immunosuppression and to reduce side effects of
CyA, this drug is currently combined with azathioprine and low
dose prednisone. This drug regimen has led to an actuarial 1-year
survival rate of 81% after HTx for adult patients (3). This current
immunosuppressive therapy has not yet reached the final state of
the art, since acute rejection still occurs and severe side effects arc
still observed.

For these reasons, transplantation research should continue to
concentrate on improving immunosuppressive therapy. One of the
ideals in every field of organ transplantation would be the induction
of tolerance against the graft; long term immunosuppressive thera-
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py would then not be necessary. As a consequence of this, not only
allogeneic transplantation would be easily managed, but also xeno-
geneic transplantation using foreign species as organ donors would
become possible. The need for xenogenic transplantation is beco-
ming more prominent due to the shortage of suitable donor organs
for adult recipients as well as for small infants who are waiting for
heart replacement. There exist several congenital heart defects
which can be best treated with heart transplantation (e.g. hypolastic
left heart syndrome) or even using combined heart and lung trans-
plantation. Using current immunosuppressive therapy, experimen-
tal results after xenogeneic heart transplantations are not satisfac-
tory, predominantly because of hyperacute and humoral rejection
episodes which cannot be treated successfully at present (4). In
addition, further problems may be caused by infectious diseases
(especially virus infections), which may be transmitted by the xeno-
genic donor.

In order to improve experimental and clinical results after allo-
geneic and xenogeneic transplantation, a new immunosuppressive
drug, 15-Deoxyspergualin (15-DS) was tested for potency and side
effects in this study.

L2. 15-Deoxyspergualin - 2 new immunosuppressive
drug and its mode of action.

15-DS is a derivative of spergualin, a guanidine-like structure.
Its isolation from bacillus laterosporus and its anti-tumour activity
was first described by TIWASAWA et al. (5). While the exact mode of
its immunosuppressive action is not yet fully understood, it has
been documented that 15-DS plays an important role in antigen
presentation and/or recognition of target antigens by effector cells:
Within the first few days after transplantation, 15-DS reduces the
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expression of target antigens on the transplanted cells. This pheno-
menon has been demonstrated after skin and renal transplantation
in rodents (6). After the 3rd postoperative day, the expression of
major histocompatibility complex class I antigens (MHC class I) on
transplanted kidney cells completely disappeared. Since MHC class
I structures are the most important target antigens for the response
of cytotoxic T-lymphocytes, it is possibly imaginable that the non-
expression of these structures limits the antigen recognition by T-
effector cells (7). This action may be the first step with regard to graft
nonreactivity. There was no influence of 15-DS on MHC class 11
expression (8). This is in contrast to the action of CyA which affects
the expression of MHC class II (9). When 15-DS was started on the
4th day after transplantation, the rejection process had already start-
ed, since the expression of target antigens was not inhibited (6).
Analysis with the Fluorescence-Activated-Cell-Sorter revealed that
15-DS also reduces the expression of MHC class I on splenic macro-
phages. In the peritoneum, a new macrophage population was
created, demonstrating a weaker MHC class 1 expression when
compared to the original population (6); this second macrophage
population was not induced by CyA therapy. The MHC class T and
IT expression on lymphocytes was not affected by 15-DS. These
results confirm the different mode of action of 15-DS and CyA. Furt-
her studies would be necessary to show whether perfusion of the
donor organ with 15-DS results in acceptance of the graft and in
reduction of postoperative immunosuppressive therapy. This pro-
cedure was suggested by LITTLE II et. al.who used CyA for inhibi-
tion of alloantigen presentation in the donor organ (10).

Already in 1987 it was reported that 15-DS suppresses the ma-
crophage function, but the exact mode of action was not under-
stood (11). These authors used the technique of chemiluminiscence
to demonstrate the suppression of macrophage function; the pro-
duction of oxygen derived free radicals in monocytes was inhibited
by 15-DS (12,13). Recently it was shown that 15-DS inhibits the
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production of Interleukin I (IL-D by in vitro cultivated and PHA-sti-
mulated peritoneal macrophages (6). As a result of this process, the
proliferation of cytotoxic lymphocytes is affected (14). This specific
action of 15-DS is neutralized by the addition of comercially availa-
ble IL-I. TAKASU et. al. confirmed this effect of 15-DS on IL-I secre-
tion by in vitro cultivated hepatic epithelial and Kupffer cells after
liver transplantation (15). This process might protect the transplan-
ted liver from being rejected. The ability of Kupffer cells to secrete
IL-1, has already been described (16). In addition 15-DS might block
the IL-I receptor on T-lymphocytes resulting in inhibition of activa-
tion (17). Already in 1979 there was evidence that treatment of ani-
mals with macrophage suppressing agents induces the prolonga-
tion of survival of transplanted pancreatic islet cells (18).

Further reports describe the efficacy of 15-DS in treating acute
rejection episodes after skin transplantation (19,20). Anexplanation
for this may be found in its suppressive effect on macrophages (12):
First, the presentation of antigen during the rejection process is me-
diated by phagocytosing cells (21). Second, CD4-positive
T-lymphocytes are able to recognize their target antigen specifically
and release cytokines which activate macrophages. These cells then
destroy the graft, a process that can be prevented by suppression of
their function (6,15). This “late” effect of 15-DS does, however, not
affect the graft destruction mediated by CD8-positive lymphocytes
which act independently of macrophages.

A further important advantage of 15-DS lies in its specific mode
of action which is different to that of CyA. Because of their different
working points, a combination of both drugs seems to be obvious.
The function of lymphocytes (by CyA) and macrophages (by 15-
DS) would thereby be affected resulting in a suppression of two
immunologically essential cell populations.
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Subsequently, 15-DS was shown to prolong graft survival after
skin, heart, kidney and pancreas islet cell transplantation in rats
(22,23,24). After renal and hepatic transplantation in particular, spe-
cific graft nonreactivity was achieved in long-term surviving rats
(25,26). In islet cell transplantation in rats, the survival time was
increased from a mean of 5 days to 38.3 days; in heart transplanta-
tion, from a mean of 8.5 days to 32.5 days and in kidney transplan-
tation from a mean of 7 days to more than 170 days. Especially with
kidney transplantation in rats, the long lasting graft acceptance may
be explained by the induction of graft tolerance.

L3. Design of the experimental study.

1. Very little is known about the efficacy of 15-DS in larger
animals. In order to assess its immunosuppressive potential and
side effects in a preclinical experiment, cardiac and renal allotrans-
plantations were performed in Chacma baboons. A special point of
interest in this study group was the potential induction of graft spe-
cific nonreactivity using 15 DS alone or in combination with CyA.

2. The efficacy of this drug was also assessed in a xenogeneic
model. Concordant cardiac xenotransplantation was performed
using Vervet monkeys as donors and Chacma baboons as reci-
pients. In particular, the incidence of severe and hyperacute rejec-
tion episodes and graft survival rates were noted and compared
with other immunosuppressive protocols consisting either of CyA
alone or of CyA in combination with other immunosuppressive
agents.
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3. In all experimental groups, parameters like frequency and
severity of acute rejection were noted, as well as the occurrence of
treatment related side effects. The animals were followed using
graft biopsies, routine biochemistry of the peripheral blood and
immunological monitoring of the peripheral blood. Graft survival
was also compared between the different treatment groups.

Part II EXPERIMENTS AND RESULTS

1. 15-Deoxyspergualin after cardiac and renal
allotransplantation.

A major aim of the study was to assess the efficacy of 15-
Deoxyspergualin (15-DS) after cardiac allotransplantation in a pre-
clinical experimental model. Since graft tolerance has been repor-
ted after renal transplantation in rodents, a comparative study using
15-DS after renal transplantation was performed in primates as well.

1.1. Experimental animals, material and methods
1.1.1. Donor and recipient animals

Chacma baboons (Papio ursinus, 10 - 15 kg body weight) ser-
ved as donors and recipients in all experimental groups. All animals
received care according to the “Ethical Consideration in Medical
Research, revised edition: 1987" set out by the South African Medical
Research Council, Parow, 1989.
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Donor and recipient animals were matched and compatible
within the AB-blood group system. It was a precondition that donor
and recipient animals were derived from different regions within
South Africa in order to avoid transplantation within family mem-
bers.

1.1.2. Anaesthesia and surgical procedure

After premedication with Ketamine (5 mg/kg b.w.), Pancuro-
nium bromide (0,2 mg/kgb.w.) and Atropine (0,5 mg), anaesthesia
was maintained by a combination of Halothane (1%) with oxygen
4 1/min and N20 6 1/min as inhalation.

1.1.2.1. Heterotopic cardiac transplantation

In 27 animals, heterotopic heart transplantation in the neck
was performed according to the technique of MANN et al. (27).

Donor operation:
After routine midline sternotomy, the pericardium was opened lon-
gitudinally. The inferior (IVC) and superior (SVC) vena cava, aorta
and pulmonary artery were dissected free. Thereafter the pulmona-
ry veins were prepared. Intravenous heparin was administered (380
U/kg). A cardioplegic cannula was inserted into the ascending aor-
ta. The SVC was ligated and the IVC clamped. The descending aorta
was clamped and cardioplegic solution (St.Thomas solution, 15
ml/kg b.w.) was flushed through the ascending aorta into the coro-
nary arteries. The IVC and right upper pulmonary vein were incised
in order to avoid overdistension of the heart. In addition, the heart
was cooled with topical cold saline solution. After perfusion with
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cardioplegic solution, the IVC and all pulmonary veins were ligated.
The heart was excised distally to the ligated vessels. Finally the aorta
and pulmonary artery were dissected as distally as possible. The
heart was placed in cold saline solution.

Recipient operation:

Inthe recipient animal, a skin incision was made anterior to the right
sternocleidomastoid muscle. The muscle was retracted laterally and
the carotid artery and the internal jugular vein were prepared. Par-
ticular attention was taken in order not to injure the vagus nerve.
The carotid artery was clamped first and the aorta of the donor heart
was anastomosed end-to-side to the carotid artery of the recipient
by using runing 5.0 Polypropylene sutures. The internal jugular vein
was next clamped and the pulmonary artery of the donor heart was
anastomosed end-to-side to the internal jugular vein using running
5.0 Polypropylene suture (Fig. 1). After removal of the clamps, two
cannulae were inserted into the left and right ventricles in order to
remove the air from both ventricles. The heart usually defibrillated
spontaneously. In case of ongoing ventricular fibrillation, the hearts
were defibrillated by using internal defibrillation paddles. After ca-
reful haemostasis, the wound was closed. As antibiotic prophylaxis,
the animals received 500 mg Ampicillin intraoperatively and twelve
hourly for the first postoperative day.

1.1.2.2, Classical renal transplantation

Altogether 25 kidneys were transplanted in the usual clinical
manner.

Donor operation:
After midline laparotomy, the abdominal aorta and IVC were pre-
pared at the origin of the renal vessels. All side-branches of the renal




















































































































































































































































































































