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Recurrent autoimmunity destroys nonobese diabetic
(NOD) islet isografts, but whether recurrent autoim-
munity contributes to islet graft destruction in im-
munocompetent allogeneic recipients is unknown. In
the NOD, a single dose of streptozocin prevents or de-
lays primary autoimmunity, allowing the detection of
alloimmunity alone in chemically diabetic hosts (strep-
tozocin-NOD) to be compared to the combined effects
of autoimmunity and alloimmunity in spontaneously
diabetic NODs (autoimmune-NOD). Islets were iso-
lated from prediabetic NOD (H-2K“DP), nonobese resis-
tant (NOR) (H-2K9DP), Balb/cByJ (H-29) and B10.BR (H-
2%) donors and transplanted to either the renal subcap-
sule or the intraportal site in autoimmune-NODs or
streptozocin-NODs. MHC-matched NOR islets had in-
definite graft survival in streptozocin-NODs. However,
NOR islets showed graft loss at 12.6 = 3.2 days in renal
subcapsule and at 6.8 +0.1days in intraportal site of
autoimmune-NODs. Partially MHC-matched Balb/cByJ
islet grafts failed significantly sooner in autoimmune-
NODs than in streptozocin-NODs (p <0.005). Fully
MHC-mismatched B10.BR islet grafts also failed soon-
er in autoimmune-NODs, but the difference did not
reach significance (p <0.06). Although the streptozoc-
in-NOD was functionally tolerant of MHC-matched
NOR islets, NOR islets transplanted into autoimmune-
NODs failed sooner than NOD islets in both renal sub-
capsule (12.6 = 3.2days vs. 26.4 + 10.5days, p =0.009)
and intraportal sites (6.8 = 0.1 days vs. 11.5 = 1.7 days,
p =0.014). In the autoimmune-NODs, the intraportal
site consistently showed shorter graft survival than the
renal subcapsule site (NOD: p =0.009, NOR: p =0.014,
Balb/cByJ: p =0.008, B10.BR: p =0.032). In con-
clusion, autoimmune processes facilitate the alloim-
mune response to minor and major histocompatibility
antigens and accelerate graft destruction. The same
autoimmune processes are more pronounced in the in-
traportal site.

Key words: Autoimmunity, islets of Langerhans, major
histocompatibility complex, NOD mouse, rejection

138

Received 21 December 2000, revised and accepted for
publication 22 March 2001

Introduction

Type | diabetes mellitus results from autoimmune destruction
of the insulin-producing beta cells of the islets of Langerhans
(1,2). If isologous beta cells are re-introduced by transplan-
tation, they are susceptible to recurrent autoimmune disease.
In humans, Sutherland et al. (3) found recurrence of autoim-
mune disease following whole organ pancreas transplan-
tation between identical twins. Likewise, recurrent autoim-
mune disease destroys isologous islet or whole-organ pan-
creas grafts in the diabetes-prone BB rat (4,5) and the
nonobese diabetic (NOD) mouse (6,7).

Whether autoimmune disease recurrence occurs following
clinical allogeneic transplantation is less clear. In humans, dis-
ease recurrence after whole-organ pancreas transplantation
in immunosuppressed hosts is rare and reportable (8). How-
ever, recurrent autoimmunity may play a significant role in
allogeneic human islet transplantation. The Newsletter of the
International Islet Transplantation Registry (9) shows that islet
transplantation in type | diabetic patients has a markedly
lower success rate than the success rate in patients rendered
diabetic by pancreatectomy.

Animal models of type | diabetes provide some evidence
suggesting a role for autoimmune destruction of allogeneic
islet grafts. Both Wang et al. (10) and Markmann et al. (11)
observed that immunomodulated islet grafts could be de-
stroyed in the diabetic NOD. In addition, there are numerous
strategies that prolong allogeneic islet survival in autoim-
mune-free, chemically induced diabetic murine recipients.
However, similar strategies are not effective in autoimmune
NOD mice (12-14). These investigations demonstrated that
the recurrent autoimmune process could destroy alloislet
grafts in the absence of alloimmunity.

This study addresses the question: what happens to allogen-
eic islet grafts when the alloimmune system is fully intact in
the presence of autoimmunity? A model was developed to
test the contribution of autoimmunity to alloislet destruction
by observing the fate of islet grafts in the presence of both
autoimmunity and alloimmunity vs. alloimmunity alone.

Administered in the prediabetic state, streptozocin prevents



or significantly delays primary autoimmunity in the NOD
mouse (12,15). Prevention of early primary autoimmunity
clearly obviates recurrent autoimmunity; however, the mech-
anism of this is incompletely understood (12,15). We took
advantage of the ability of streptozocin to prevent recurrent
autoimmunity in the NOD mouse.

Islet donor strains were selected based on major histocom-
patibility complex (MHC) match with the NOD mouse. Non-
obese resistant (NOR) mice are MHC identical and differ
from NODs only in minor antigens (16). The NOR strain was
first identified in the Jackson NOD colony after inadvertent
contamination of the NOD colony with C57BL/KsJ mice
housed in the same facility. Genetically, the NOR mice have
approximately 11.6% of the NOD genome replaced with that
from the C57BL/KsJ strain. Segments of the C57BL/KsJ ge-
nome have been identified on chromosomes 1, 2, 4, 5, 7, 11,
12, and 18 of the NOR mice. The C57BL/KsJ strain, itself, is
a recombinant congenic strain resulting from genetic con-
tamination of Cb7BL/6J with DBA/2J. Studies by Serreze
et al. show that the diabetes resistance of the NOR strain is
most likely conferred by a protective diabetes resistance lo-
cus, /dd13" on chromosome 2. The presence of homozygos-
ity at the /dd 73" allele confers diabetes resistance even in the
presence of other diabetes susceptibility (/dd) genes (17).
The NOD alloimmune response to NOR is weak, as NOR skin
grafts survive 5-6weeks in NOD recipients (16). Because of
the genetic similarity between NOR and NOD, autoimmunity
might predominate in NOR islet graft failure in the NOD. In
contrast, the B10.BR strain is fully MHC mismatched with the
NOD mouse; whether autoimmunity contributes to allogen-
eic destruction of fully MHC-mismatched grafts is unknown.
The Balb/c strain was selected as an islet donor because it
has a single MHC class | disparity with the NOD.

Islet graft survival was compared between streptozocin-
treated NODs (no recurrent autoimmunity) and autoimmune
diabetic NODs (potentially both recurrent autoimmunity and
alloimmunity). The isolated effect of alloimmunity was com-
pared to the combined effects of alloimmunity and autoim-
munity for both renal subcapsule and intraportal sites in the
NOD mouse.

Materials and Methods

Animals

Female NOD (H-2K? I-E~ D) mice were purchased from Jackson Labora-
tory (Bar Harbor, ME, USA) and were maintained under pathogen-free
conditions at our facility. NOR (H-2K¢ |-E- DP), Balb/cByJ (H-29) and
B10.BR (H-25) mice were also purchased from Jackson Laboratory. NOR,
Balb/cByJ, B10.BR and prediabetic (6-7-week-old) NOD mice served as
islet donors. Spontaneous autoimmune diabetic NOD mice (12-25 weeks
old) and young NOD mice (6-7 weeks old) with chemically induced dia-
betes served as islet recipients. Chemical diabetes was induced in the
recipients by a single (220 mg/kg) intraperitoneal injection of streptozocin
(Sigma, St Louis, MO, USA). Blood glucose levels were measured with the
Accu-Chek Easy blood glucose monitoring system (Boehringer-Mannheim
Biochemicals, Indianapolis, IN, USA). Spontaneous autoimmune and
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streptozocin-induced diabetes were diagnosed by blood glucose levels
greater than 400mg/dL on 2 consecutive days. NOD mice typically be-
came diabetic within 5 days after streptozocin injection. Spontaneous
autoimmune NOD mice (auNOD) and streptozocin-induced NOD mice
(stzNOD) received islet grafts within 2weeks of the diagnosis of diabetes.

Islet isolation

Islets were prepared as described by Gotoh et al. (18). For islet isolation,
2mL of Hanks' balanced salt solution (HBSS) (Life Technologies, Rockville,
MD, USA) containing 2mg/mL collagenase (Sigma type V) was injected
into the common bile duct of mice. The distended pancreas was removed
and incubated at 37 °C for 16 min. The islets were purified by centrifugation
on Ficoll gradients comprising four different densities (25, 23, 21.5, 11%).
The tissue fragments at the interface of the 21.56% and 23% layers were
collected, washed and resuspended in HBSS. Individual islets, free of at-
tached acinar, vascular, and ductal tissue were selected and removed with
a Pasteur pipette under a dissecting microscope, yielding highly purified
islets for transplantation.

Islet transplantation

Four hundred and fifty to five hundred and fifty freshly isolated islets (ap-
proximately 500 islet equivalents) were picked up with an infusion set and
transplanted into the renal subcapsular space of the left kidney or into
the hepatic portal system. Intraportal islet transplantation was selectively
directed into the right hepatic lobe. Just before islet graft injection, the left
branch of the portal vein was clamped using a Kleinert-Kutz microclip with
angled blade (Pilling Weck, Fort Washington, PA, USA). Using a 27-gauge
needle infusion set, the injection was made into the ileo-colic vein. After
the removal of the needle from the vein, the clamp was also removed. The
total clamping time was less than 5min. Hemostasis was easily achieved
with gentle pressure using a cotton tip.

Assessment of graft function

Islet graft function was monitored daily by measuring nonfasting blood
glucose. All recipient mice became normoglycemic within 24 h after trans-
plantation. Graft loss was determined when the nonfasting blood glucose
exceeded 200mg/dL for 2 consecutive days.

Histology

The left kidneys or the right lobes of the liver containing islet grafts were
removed within 48 h after the determination of graft loss. The tissues were
fixed in 10% formalin solution, embedded in paraffin, and stained with
hematoxylin and eosin. Paraffin-embedded sections were stained for insu-
lin and glucagon (DAKO, Carpinteria, CA, USA) using standard immuno-
peroxidase techniques, and evaluated blindly by a pathologist.

Statistics

Differences in the duration of graft survival between groups were evalu-
ated with the Kaplan—-Meier log-rank test. A p-value of <0.05 was con-
sidered statistically significant.

Results

NOD islets in stzNODs and auNODs

StzZNOD recipients of isologous NOD islets demonstrated
more than 150days’ graft survival in both renal subcapsule
and intraportal sites. Some of the grafts failed starting at Day
163 in the intraportal site and Day 183 in the renal subcapsu-
le site. In contrast to the result in stzZNODs, isologous NOD
islets transplanted into auNODs failed after 26.4 = 10.5 days
(p <0.011) in the renal subcapsule site and after
11.5 = 1.7 days (p <0.01) in the intraportal site (Table 1). Graft
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Table 1: Survival of intraportal and renal capsular isogeneic prediabetic NOD donor islets in chemically (stzNOD) and spontaneously (auNOD)

NOD recipients

Donor/recipient Graft site Graft survival time (d) Mean = SD
NOD/stzNOD Renal subcapsule site 183, 202, >300, >300 >180
NOD/stzNOD Portal site 1563, 186, >300, >300 >1560
NOD/auNOD Renal subcapsule site 19, 20, 21, 28, 44 26.4+10.5
NOD/auNOD Portal site 10,11, 11,12, 14 11.56+1.7

failure in auNOD recipients could only result from autoim-
mune recurrence since these grafts were isologous.

Allo-and autoimmunity contribute to the failure of NOR
and Balb/c, B10.BR, and B10.D2 islets in auNODs

In the stzNOD (alloimmunity only), NOR islets functioned for
more than 100days in the renal subcapsule (n=4) and for
more than 60days (n=2) in the intraportal site. In auNOD
mice (alloimmunity and recurrent autoimmunity), NOR islet
grafts failed after 12.6 £ 3.2days in the renal subcapsule site
(p <0.005 compared to stzNOD, Figure 1A-1) and
6.8 = 1.0days in the intraportal site (p <0.05 compared to
stzNOD, Figure 1A-2). Note that NOR and NOD functioned
indefinitely in stzNOD recipients; however, NOR islets failed
much more quickly than NOD islets in auNOD recipients (Fig-
ure 2), strongly suggesting that the minor histocompatibility
antigens of the NOR strain become immunogenic only in the
presence of an active autoimmune process.

In another experiment, 500 islet equivalents from allogeneic
MHC-mismatched Balb/c mice were transplanted into the re-
nal subcapsule or the portal system of stzZNODs and auN-
ODs. Although their genetic backgrounds are different, Balb/
¢ (H-2D9) mice differ from NOD (H-2DP) at only one MHC
class I locus. In the stzNOD (alloimmunity only), Balb/c islets
survived 19.8 = 7.5days in the renal subcapsule (n=5) and
13.8 =5.4days (n=D5) in the intraportal site. In auNOD mice
(alloimmunity and recurrent autoimmunity), Balb/c islet grafts
failed after 10.5+ 1.5days (n=5) in the renal capsule site
(p=0.002 compared to stzZNOD, Figure 1B-1) and
78+ 0.8days (n=5) in the intraportal site (p =0.002 com-
pared to stzNOD, Figure 1B-2).

Next, a fully MHC-mismatched donor strain was selected.
Five hundred islet equivalents from B10.BR mice (H-25) were
transplanted into the renal subcapsule or the portal system
of stzNODs and auNODs. In the stzNOD (alloimmunity only),
B10.BR islets survived 11.8 = 0.8 days in the renal subcapsule
(n=5) and 12.0 =4.2days (n=D5) in the intraportal site. In
auNOD mice (alloimmunity and recurrent autoimmunity),
B10.BR islet grafts failed after 10.2 = 1.3days (n=5) in the
renal capsule site (p =0.074 compared to stzNOD, Figure
1C-1) and 7.8 = 1.3days (n=4) in the intraportal site (p =
0.067 compared to stzNOD, Figure 1C-2).

Islet grafts from the strain B10.D2, whose MHC genotype is
the same as Balb/c (H-29), but whose genetic background is

similar to B10.BR, were transplanted to the renal subcapsule
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of stzNODs and auNODs. B10.D2 islets failed sooner in the
auNOD (n=4, 8.3*=1.0days) than in the stzNOD (n=4,
18.0 = 10days, p =0.017).

Renal subcapsule vs. intraportal site for islet en-
graftment in the auNOD

From the previous experiments, it was observed that islet
grafts in the auNOD failed sooner in the intraportal site than
in the renal subcapsule. For NOD, NOR, Balb/c and B10.BR
donor islets, failure in the renal subcapsule site occurred at
26.4+10.5, 126 +3.2, 10.5 1.5 and 10.5 *+ 1.3days com-
pared to 11.5*+17 6.8+0.1, 78 =0.8 and 7.8 = 1.3days, re-
spectively (all p <0.05).

The effect of autoimmunity on the immune response
to minor histocompatibility antigens

There are two possible explanations for the difference in the
rate of islet graft loss between NOD and NOR islets in auN-
ODs. These are: (i) that NOR islets are more susceptible to
recurrent autoimmunity or (ii) that autoimmunity augments
what would otherwise be a negligible alloimmune response
to NOR minor antigens. To help differentiate between those
possibilities, NOR and NOD islet grafts in auNODs were
evaluated by insulin and glucagon staining. If NOR islets are
destroyed by a pure autoimmune process, then alpha cells
should persist following autoimmune beta cell destruction.
Destruction of alpha cells would suggest the presence of al-
loimmunity or both processes together.

Histologic analysis of NOD islet isografts procured at the time
of graft failure in auNODs revealed persistence of glucagon-
staining cells. In the renal subcapsule grafts, some islets con-
tained beta cells, but these islets were heavily infiltrated with
lymphocytes. However, some ‘islets” contained only aggre-
gates of alpha cells, suggesting alpha cell persistence (Figure
3B.C). In contrast, NOR islet allografts often stained nega-
tively for insulin and glucagon, indicating beta and alpha cell
destruction. Aggregates of NOR alpha cells were not demon-
strated, and the few remaining isolated alpha cells were as-
sociated with heavily infiltrated beta cell islet remnants (Fig-
ure 3E,F).

NOD and NOR islet transplants into the intraportal site of the
auNOD showed a pattern of alpha cell staining similar to that
seen with the renal subcapsular grafts. NOD islet isografts
revealed persistence of alpha cells despite the total loss of
beta cells (Figure 4B,C). In contrast, the few alpha cells that
remained in NOR allografts were associated with residual
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Figure 1: Allogeneic islet graft survival in NOD mice. Islet grafts from NOR (A), Balb/c (B), B10.BR (C) were transplanted into spon-
taneously autoimmune NOD recipients (auNOD) and streptozocin-treated NOD recipients (stzZNOD) using two different sites: renal subcapsu-
le (1) and intraportal (2).
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Figure 2: Comparison of the graft survival between isogeneic NOD and MHC-compatible allogeneic NOR islet grafts in spon-
taneously autoimmune diabetic NODs transplanted into two sites: (A) renal subcapsule and (B) intraportal.

beta cells, and occasional apoptotic alpha cells were present
(Figure 4EF).

Discussion

Streptozocin is commonly used to induce diabetes in rodents
and other animal models of diabetes. In the prediabetic NOD
mouse, a single dose of streptozocin prevents or significantly
delays recurrent autoimmune destruction of beta cells in
isologous islet transplants (12,15). In our experiments, NOD
islet grafts functioned for more than 150days both in the
renal subcapsular and in the intraportal site of stzZNODs. Graft
failure was seen in some of the NOD-to-stzNOD transplants,
starting at Day 153 in the intraportal site and at Day 183 in
the renal subcapsule site (Table 1). This might be due to ‘pri-
mary autoimmunity” or unspecific graft failure. Why strepto-
zocin prevents or delays recurrent autoimmune disease is un-
clear, but the necessary timing of the injection, before the
development of autoimmune diabetes, suggests that loss of
autoantigen before the development of primary disease inter-
feres with the later development of autoimmune mechan-
isms. Thus, maneuvers to eliminate the autoantigen before
the onset of autoimmune diabetes abrogate the mechanisms
leading to recurrent autoimmunity following isologous islet
transplant. For example, Itoh et al. (19) found that pancrea-
tectomized prediabetic NODs do not destroy NOD islet isog-
rafts. Because of the effect of streptozocin on recurrent auto-
immunity in the NOD mouse, a long autoimmune disease-
free window is created, during which it is possible to observe
the isolated effects of alloimmunity on islet graft function
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(stzNOD). Comparison between islet recipients in which
there is alloimmunity only (stzNOD) and recipients which po-
tentially have both alloimmunity and autoimmunity (auNOD)
allows direct observation of an interaction between autoim-
mune and alloimmune processes.

Allogeneic islet donor strains were picked for their differing
degree of MHC compatibility with the NOD mouse. Fully
MHC-compatible NOR and partially MHC-compatible BALB/
c islets transplanted to the renal capsule and portal vein were
destroyed more rapidly in the auNOD than in the stzNOD,
suggesting that the combined effects of alloimmunity and
autoimmunity contributed to alloislet graft destruction. In
contrast, little difference in islet graft survival was seen for
fully MHC-incompatible B10.BR islets in the auNOD and
stzNOD. The important role of MHC in the contribution of
recurrent autoimmunity was confirmed by the study using
B10.D2 donors, which have the same MHC as Balb/c and
the same background as B10.BR. In contrast to B10.BR, the
B10.D2 islet grafts showed the same pattern of accelerated
graft loss in the auNOD as Balb/c islet grafts. Although these
experiments were not designed to determine whether recur-
rent autoimmunity has MHC-restricted pathways, the effect
of recurrent autoimmunity on alloislet graft destruction was
more clearly observed when the MHC was better matched.
It is possible that MHC-compatible islet grafts are more sus-
ceptible to recurrent autoimmunity. Alternatively, autoimmun-
ity may be operative in the ultimate failure of poorly MHC-
matched islet grafts, but graft failure was so rapid that the
relative contributions could not be determined with our
model.
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Figure 3: NOD (A B, C) and NOR (D E, F) islet grafts in the renal subcapsular site (RC) of a spontaneously autoimmune NOD
recipient. A, D: Grafts from NOD and NOR. Both demonstrate that residual islets are visible but are surrounded and infiltrated by mono-
nuclear cells. B: Some residual NOD islets showed complete absence of insulin-containing beta cells (arrows). C: Immunological staining of
an adjacent section for glucagon reveals aggregates of alpha cells (arrows) in the insulin-negative residual islets of section B. E, F: Although
some alpha cells are visible in islet grafts from NOR, they are always accompanied by beta cells.

Another interesting finding of this investigation is that recur-
rent autoimmunity appears to augment alloimmunity. This
was suggested by the significantly more rapid graft loss of
NOR islets than isogeneic NOD islets, and by the observation
that NOR islet grafts were accepted by NODs unless autoim-
munity was present. Although the immunopathologic pattern
of recurrent autoimmune destruction of isolated islet grafts is
not established, it was hypothesized that recurrent autoim-
munity might spare nonbeta cells. If so, then an immunopa-
thologic approach could be used to determine if autoimmun-
ity was the sole mechanism of NOR islet graft destruction.
Selective nonbeta cell (alpha and PP cells) persistence has
been demonstrated in primary disease in NOD mice (20) and
humans (21). However, it is not known whether this same
phenomenon would be seen with transplanted islet grafts
that fail from recurrent autoimmunity. The histologic pattern
of primary autoimmune isletitis in the native pancreas and
recurrent autoimmune destruction of transplanted islet grafts
might be different. For example, a primed autoimmune re-

American Journal of Transplantation 2001; 1: 138-145

sponse might nonspecifically injure ‘innocent bystanders’
such as the alpha cell. Kaufman et al. (22) suggested that
the contribution of nonspecific islet destruction, initiated by
macrophages and macrophage-derived cytokines, signifi-
cantly affects islet transplant outcome. Both /n vitro (23,24)
and /n vivo (25) studies show that various inflammatory cyto-
kines may damage isolated or transplanted islets. Some in
vitro studies using isolated islets (26) and beta cell lines (27)
show no difference in the sensitivity of beta cells and alpha
cells to cytokine-induced destruction. These reports suggest
that alpha cells as well as beta cells of isolated islet grafts
might be destroyed by recurrent autoimmunity alone. How-
ever, the immunohistochemical analysis in our study did not
show alpha cell loss. At the point of graft loss, the isogeneic
islet grafts in auNODs (only recurrent autoimmunity can oc-
cur) showed aggregates of alpha cells in the renal subcapsu-
le consistent with the previous observations of Markees et al.
(13). Similarly, we found high concentrations of alpha cells
within NOD islet remnants in the intraportal site of auNODs.
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Flgure 4: NOD (A B, C) and NOR (D E, F) islet grafts in the mtraportal site (Po) of spontaneously autoimmune diabetic NOD
recipients. A, B, C: Adjacent sections of a typical section containing residual NOD islets showing persistence of alpha cells with complete
absence of beta cells. The residual NOD alpha cells lack degenerative changes. D, E, F: Residual NOR islet grafts always contain both beta

cells and alpha cells. Some residual alpha cells show apoptosis (arrow).

These findings are evidence that recurrent autoimmunity, just
like the primary disease, results in selective beta cell destruc-
tion and alpha cell persistence. The histological pattern of
NOR islet graft destruction differed from that of isogeneic
NOD islet grafts. NOR islet grafts lacked evidence of selective
alpha cell persistence. The main point is that evidence of allo-
immune destruction of NOR islets was found only in autoim-
mune-competent NODs. Thus, autoimmunity can enhance
the alloimmune response to minor antigen differences.

The interaction and relative contribution of alloimmunity and
autoimmunity to alloislet graft destruction is the next subject
to pursue. However, our current experiments clearly pointed
out that the combination of alloimmunity and autoimmunity
is more aggressive than alloimmunity or autoimmunity alone.

Two possible mechanisms may underlie the rapid islet graft
failure seen with alloimmunity and recurrent autoimmunity.
First, the destruction of target cells by one immune pathway,
alloimmunity or autoimmunity, could increase the availability
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of antigen for presentation to T cells reactive in the other
pathway. Second, common cytokine cascades, such as INF-
g (28), utilized by both alloimmunity and autoimmunity could
enhance the T cell activation for both of these pathways.

Finally, the study found differences in graft survival between
the intraportal and renal subcapsule. In the human, the intra-
portal site is currently the standard (29). However, these ex-
periments demonstrate that recurrent autoimmunity leads to
rapid graft failure in the intraportal site. Since there do appear
to be site differences in the NOD, and because the intraportal
site has become the standard in humans, intraportal islet
transplantation in NODs may be a more relevant experimen-
tal model for type | diabetes.

In summary, the findings in this study indicate that autoim-
munity contributes to allogeneic islet transplant destruction in
the NOD mouse. Furthermore, autoimmune processes may
facilitate or augment alloimmune responses to minor or
major histocompatibility differences. The findings underscore
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the barriers to intraportal islet transplantation in autoimmune
type | diabetics without the benefit of immunosuppression.
Strategies to induce ‘tolerance’ to islet grafts in type | diabetic
patients will need to address these two important and inter-
acting mechanisms of islet graft destruction.
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