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Abstract. The effects on pancreatic islet allograft
survival of donor-specific blood transfusions (DST)
in combination with pre- and posttransplant immunosuppression were studied. A total of 12 groups of
rats (n= 105) with chemically induced diabetes
underwent islet allotransplantation. Multiple DST
or third-party blood transfusions (TI")were given
prior to transplantation. Pretransplant immunosuppression consisted of azathioprine and prednisolone, and low-dose cyclosporinA was used for
posttransplant immunosuppression. TPT, as well as
separate or combined pre- and posttransplant immunosuppression without blood transfusions, did
not prolong islet allograft survival. DST resulted in
either primary nonfunction of the islet allografts or
a markedly decreased islet allograft survival. These
findings contrast with the beneficial effect of DST
on whole-organ allograft survival in rats previously
described by others.
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The prolongation of renal and cardiac allograft survival in rats by means of combined donor-specific
blood transfusions (DST) and immunosuppression
has been demonstrated in several studies [3, 6, 7, 9,
lo]. However, it was reported that the survival of
nonvascularized pancreatic rat islet allografts following DST alone was shortened rather than prolonged, in contrast to the results of renal allotransplantation [2]. The present experiment was designed
to investigate the effects of DST, third-party blood
transfusions (TPT), and immunosuppression on the
survival of nonvascularized pancreatic islet allografts in rats.
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Materials and methods

Animals
Lewis rats (RTIL)(Simonson, Gilroy, Calif.) weighing 250-300g
were used as islet graft recipients. The animals were rendered
diabetic (plasma glucose > 400 mg%)by the IV administration of
55 mg/kg streptozotocin (Sigma, St. Louis, Mo.) 1 week prior to
transplantation. Fischer rats (RTILv')(Sirnonson, Gilroy. Calif.)
weighing 200-250 g served as pancreas and blood donors. Blood
for TF'T was obtained from ACI rats (RTP) (Simonson, Gilroy,
Calif.).

Islet transplantation
Pancreatic islets were isolated according to a previously described technique [14]. Briefly, donor animals were laparotomized under ether anesthesia and the common duct was cannulated. The pancreas was distended by the injection of 20ml
Hanks' solution containing 0.32 mg/rnl type XI collagenase
(Sigma, St. Louis, Mo.; 2200 1U/mg). A total pancreatectomy
was carried out, maintaining the integrity of the pancreatic capsule. The pancreas was incubated with an additional 5 ml
enzyme solution for 25 min at 37"C, and digestion was stopped
by the addition of 50ml cold Hanks' solution. The pancreatic
tissue was gently dispersed and washed by centrifugation, then
passed through a steel mesh (pore size, 800 pm), discarding the
lymph nodes and ductal and vascular structures. The filtrate was
centrifuged and suspended in a discontinuous gradient of dextran (Sigma, St.Louis, Mo.; mol.wt. 70,000, industrial grade) in
Hanks' solution, containing three layers with a density of
1.094g/ml, 1.081 g/ml. and 1.041 g/ml, respectively. The gradient was centrifuged at 500 g for 10 min and pure islets were
harvested from the interface of the topmost layers with a pipet.
Finally, the islets were washed twice by centrifugation in
RPMI 1640 medium.
Diabetic recipient rats were laparotomized under ether anesthesia, and pancreatic islets from two donors (1700-2200 islets
with a tissue volume of 0.05 ml dispersed in 2 ml RPMI 1640)
were injected in a mesenteric vein with a 23-gauge butterfly
needle. The animals were bled daily during the first 2 weeks after
transplantation and twice per week thereafter for plasma glucose
measurement. Allograft rejection was considered to have occurred on the first of 3 consecutive days at which plasma glucose
levels of > 200 mg% were measured in previously normoglycemic recipients.
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Transfusion and immunosuppression
Transfusions of 1 ml whole heparinized blood (either DST or
TPT) were given IV at 5, 4,3, 2, and 1 week prior to islet transplantation. Pretransplant immunosuppress,ion, consisting of
24 mg/kg azathioprine and 20 mg/kg prednisolone (AZA/Pred),
was given IV immediately following the third and fourth transfusions, and a double dose was injected following the fifth transfusion, as described by Zheng et al. (171. Postoperatively, 1 mg/kg
cyclosponn A (CyA) dissolved in intralipid (Kabi Baxter, Alameda, Calif.) was daily injected IP. The treatment protocols in
12different groups of islet allograft recipients are shown in
Table 1.

Statistical analysis
A two-tailed Student’s t-test was used for the statistical analysis.

Results
Islet allograft survival is shown in Table 1. Islet
transplantation without blood transfusions or immunosuppression (series I) resulted in a mean
( f SE) allograft survival of 8.1 f 0.9 days. Separate
or combined pre- and posttransplant immunosuppression without blood transfusions (series 11, 111,
IV) did not prolong allograft survival ( P - NS). DST
without immunosuppression resulted in primary
nonfunction of all grafts (series V); the same result
was obtained with DST in combination with pre- or
posttransplant immunosuppression (series VI, VII).
Pretransplant AZA/Pred with DST and posttransplant CyA resulted in a decreased allograft survival
of 1.0f0.5 days (P<O.OOl). TPT alone did not affect islet allograft survival (series IX), but combined
with pretransplant immunosuppression alone
(series X), it led to a decreased allograft survival of
2.5 f 0.9 days ( P < 0.001). No prolongation of allo-

graft survival was recorded for combinations of
TFT and posttransplant immunosuppression
(series XI, XII).
Discussion
The mechanisms by which DST exerts a beneficial
effect on allograft survival is unknown. It has been
suggested that this effect is due to suppressor cell
stimulation, but others have provided evidence for
the clonal deletion of immunoreactive cells by DST
in combination with immunosuppression [5, 7, 10,
13, 15, 161. According to the clonal deletion theory,
the beneficial effect of DST is explained by the induction of immunoreactive cell clones that respond
with an accelerated cell division on restimulation. If
immunosuppressive drugs are given in conjunction
with a secondary stimulus, such as an allograft, the
susceptible clones of responding cells are selectively
killed. Complete clonal deletion may not occur, but
the effect is suftlcient to lower significantly the dose
of immunosuppression necessary to abrogate the rejection response [13]. Several authors have found
support for the clonal deletion theory in rat heart allograft studies with DST pretreatment of recipients
[lo. 12, 171.
In the present study, the successful DST protocol of Zheng et al. [17] was adopted in a pancreatic
islet allotransplant model, using the identical recipient strain. A major histocompatibility-complex-compatible, allogeneic, donor-recipient strain
combination was tested as previously described in
similar experiments (91. In the present experiment,
the pre- and posttransplant immunosuppressive
regimen itself could not prolong islet allograft survival. DST alone resulted in primary allograft non-

Tabk 1. Treatment protocols and allograft survival (in days) in 12 groups of pancreatic islet transplant recipients. DST, Donor-specific
blood transfusions; TPT, third-party blood transfusions; AZA/Pred, azathioprine and prednisolone; CyA, cyclosporin A; NS, not statistically significant
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Series

Transfusion

Pretransplant
immunosuppression

Posttransplant
immunosuppression

n

I

-

-

-

13

I1
111

-

IV

-

V
VI

DST
DST
DST

7

AZA/Pred
-

M A / Fred

CYA
CYA

7
8
8

MA/ Red

-

DST

AZA/Pred

CYA
CYA

6
11

IX
X
XI

TPT
TPT

MA/Pred

TPT

-

XI1

TPT

AZA/ Fred

CYA
CYA

12
10
9
8

VI I
VIII

-

-

-

6

Survival
(mean f SE)

P values
vs series I

8.1 f0.9
9.6f 3.5
9.9f 3.5

-

5.9 f 0.6

Of0
Of0
Of0
1.0f0.5
9.1 f3.7
2.5 f 0.9
3.9f3.3
5.5 f 3.7

NS
NS
NS

P< 0.001
NS

P< 0.001
NS
NS
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function, probably due to accelerated rejection, as
concomitant controls were successful in all cases [41.
DST combined with immunosuppression resulted
in significantly decreased allograft survival. Islet allograft survival was not prolonged by TPT. Instead,
a decrease in graft survival was found following
TPT, possibly due to the sharing of minor histocompatibility antigens of blood and islet donors and
subsequent sensitization.
The results of this study show a harmful effect
of the DST protocol on islet allograft survival,
whereas a beneficial effect on whole-organ grafting
has been observed. These findings cannot be explained by the clonal deletion theory. Gray et al. [2]
have reported similar observations in a rat pancreatic islet and renal transplant experiment. These
authors described a successful DST protocol for
renal allografts, and the relative unresponsiveness
obtained was explained by the production of suppressor cells. However, islet transplants conducted
in a similar fashion resulted in primary nonfunction
of all grafts due to accelerated rejection.
Perloff and Barker [9] found a prolongation of
rat cardiac allograft survival following DST,but this
. effect was not observed in pancreatic or skin allografts. In contrast, Selawry et al. [ll]have been successful in prolonging rat islet allograft survival with
DST combined with posttransplant antilymphocytic
serum (ALS) therapy. Donor-specific unresponsiveness was not obtained with this regimen, as skin
grafts were separately rejected. It was suggested that
enhancement by blocking antibody resulted in extended islet allograft survival. It has also previously
been demonstrated that immunosuppressive agents,
successfully used to prevent the rejection of vascularized whole-organ grafts, are ineffective in prolonging the survival of islet transplants [8]. The
possibility should therefore be considered that other
mechanisms play a dominant role in the rejection of
nonvascularized grafts as opposed to whole-organ
transplants.
The presence of cytotoxic lymphocytes in unrejected renal allografts following DST treatment in
rats has been described by Ruiz et al. [lo]. Bendtzen
et al. [l] found interleukin-1, a product of activated
mononuclear cells and localized immune reactions,
to be cytotoxic for pancreatic islet cells, which
could be an explanation for the different behavior
of cardiac, renal, and islet allografts. Clearly, the rejection process in pancreatic islet allografts should
be the subject of further investigation.
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