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Islet allotransplantation into patients with autoimmune
type 1 diabetes represents a reexposure to autoantigen.
Here, measurement of antibodies to GAD and IA-2 autoantigens before and after islet transplantation in 36
patients (33 receiving islet plus kidney grafts with cyclosporin and steroid-based immunosuppression, and 3
receiving solitary islet transplants with mycophenolate
but cyclosporin-free immunosuppression) demonstrated marked rises in GAD antibodies within 7 days posttransplantation in 5 patients (3 receiving islet after
kidney transplants, and 2 receiving solitary islet transplants) and within 30 days in the third patient receiving
solitary islet transplantation. GAD antibodies were of
the IgG1 subclass, against major autoantigenic epitopes, and in cases of islet after kidney transplants, the
responses were short-lived and not accompanied by
HLA antibodies. Two of these patients had subsequent
marked rises of IA-2 antibodies, and an additional
patient had a marked rise in IgM-GAD antibodies 3
years after transplantation. Insulin independence was
not achieved in patients with autoantibody elevations
and was significantly less frequent in these patients.
These data are consistent with a reactivation of autoimmunity that may be dependent on immunosuppression therapy and is associated with impaired graft
function. Diabetes 50:2464 –2471, 2001

␤

-Cell replacement through transplantation of
pancreas, islets, or even genetically engineered
non–␤-cells remains an attractive cure for type 1
diabetes (1,2). Allotransplantation per se is associated with direct and indirect presentation of alloantigen (3). Both of these modes of antigen presentation
can result in allograft rejection, and successful transplantation requires their avoidance through the use of immunosuppressive therapies. The continuing need to treat
patients who have received a transplant with immunosuppression has been one factor that has limited the application of transplantation in type 1 diabetes. Recently,
however, successful human islet transplantation was re-
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ported with relatively low levels of immunosuppression,
thereby increasing its applicability (4). This success will
undoubtedly increase interest in modifying therapies to
further reduce the levels of immunosuppression and to
induce tolerance so as to avoid long-term immunosuppression (5).
Transplantation in type 1 diabetes is performed in the
presence of an active or memory autoimmune response to
islet autoantigens (6). That this autoimmune background
also potentially contributes to allograft rejection and therefore also needs to be controlled by immunosuppression is
suggested by 1) reports of inflammatory islet infiltration
and selective ␤-cell destruction after human pancreas and
islet transplantation (7–9), 2) a profoundly lower success
rate of islet allotransplantation in autoimmune diabetes
models than in nonautoimmune models (10 –12), 3) a
lower success rate of islet transplantation in patients with
type 1 diabetes than in nonautoimmune patients (1,13,14),
4) associations of graft failure with the presence of islet
autoantibodies pretransplantation (15,16), and 5) rises in
autoantibody titers and T-cell responses posttransplantation that correlate with subsequent graft failure (16 –21).
The relative contribution of islet autoimmunity to graft
survival, however, remains unclear.
Type 1 diabetes–associated autoimmunity is readily
measurable at the humoral level with standardized assays
to the three major diabetes-related autoantigens: insulin,
GAD, and IA-2 (22). We have shown that despite being
under immunosuppression, a minority of patients who
received pancreas plus kidney allografts showed a marked
rise in antibodies to GAD (GADA) and/or protein tyrosine
phosphatase IA-2 (IA-2A) from 1 to 3 years posttransplantation, and that the rise was associated with subsequent pancreas but not kidney graft failure (19). We
studied 36 patients who received islet plus kidney or
islet-only allografts, and remarkably, despite antilymphocyte (ALG)/antithymocyte (ATG) globulin and immunosuppressive treatment, we observed subjects with major
rises in IgG1 GADA within 7 days posttransplantation,
indicating indirect or direct presentation of autoantigen.
Some but not all of these cases were accompanied by the
appearance of HLA class I– or class II–specific antibodies,
suggesting that autoreactivity may be independent of
allorejection. There was a relationship between response
characteristics and both the immunosuppressive treatment received by the patients and graft function. These
data indicate that autoimmunity in patients with type 1
diabetes is likely to contribute significantly to islet alloDIABETES, VOL. 50, NOVEMBER 2001
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graft survival and should be considered in patient management and when designing therapeutic regimens.
RESEARCH DESIGN AND METHODS
Islet and kidney transplants. Between December 1989 and October 2000, 37
islet transplantations were performed either simultaneously with or after
kidney graft in 30 patients with long-term type 1 diabetes and renal failure at
the San Raffaele Hospital Scientific Institute, Milan. In 33 of these cases
performed in 27 patients (median age 40 years [range 32– 61]; median duration
of diabetes 22 years [9 – 47]) a pretransplantation serum sample and at least
three posttransplantation serum samples (median sample number 6 [3–26])
were available for autoantibody measurements and were therefore included in
this study.
In five patients, islets were transplanted simultaneously with kidney graft.
The remaining 28 transplantations were performed after kidney graft alone or
after a simultaneous pancreas and kidney graft in which pancreas failed
mainly for thrombosis (median time after kidney transplantation, 21 months
[1–126]).
In the five patients who received simultaneous islet and kidney transplants,
islets were always from the same donor of the kidney, and in two of these
patients, they were also from two additional donors; in the 28 islet transplants
performed after kidney transplant, islets were transplanted from a single
donor in 11, from two donors in 14, from three donors in 2, and from four
donors in 1 case.
Donors were heart-beating cadavers selected for ABO blood compatibility
and negative cross-match. HLA type was not considered as a criterion for the
donor-recipient matching. Human islets were isolated and purified from
pancreata of cadaver donors using an automated procedure as previously
described (23), with subsequent modifications (24). In all cases, islets were
injected into the liver. In the first seven patients of this series, islets were
injected into a branch of a mesenteric vein reached through a small midline
laparotomy under general anesthesia; the remainder received islets injected
directly into the portal vein, using a percutaneous transhepatic approach,
under local anesthesia with continuous portal pressure monitoring. In 25
cases, patients received ⬎6,000 islet equivalents (IEQ)/kg body wt.
Immunosuppression was based on a combination of cyclosporin and either
azathioprine (18 cases) or mycophenolate (15 cases), with an additional
course of 4 –10 days of ALG or ATG globulin beginning immediately before the
transplant procedure. A single shot of 500 mg of methylprednisolone was
administered on the day of islet transplantation in 31 cases, and in 27 cases,
the patient also received prednisone as part of the chronic immunosuppressive treatment. All transplantation protocols were approved by the institutional ethical committee, and all patients gave informed consent to the
procedure.
Solitary islet transplants. In addition to the 33 patients who received islet
and kidney allografts, another 3 patients (aged 22, 37, and 49 years; duration
of diabetes, 14, 21, and 19 years, respectively) without diabetic nephropathy
received solitary islet allografts; the transplant procedure was the same as in
the kidney transplant cases, and the 3 patients received ⬎6,000 IEQ/kg body
wt from two donors in two cases and from one donor in the other.
Immunosuppression was based on an experimental protocol without cyclosporin, including a single shot of 500 mg of methylprednisolone on the day of
islet transplantation, ATG for 9 days in one subject (patient 1) or anti-IL2R
antibodies (Simulect) on the day of islet transplantation in the other two
patients, with an additional dose on day 4 in one of these; all three patients
received mycophenolate and, in addition, vitamin D3 and metformin as
adjuvants. The protocol was approved by the institutional ethical committee,
and all patients gave informed consent for the procedure.
Posttransplantation monitoring, blood glucose management, and assessment of islet function. During the first 10 days after transplantation, the
blood glucose level was kept at 5.5 to 8.2 mmol/l by continuous intravenous
insulin administration and subsequently by intensified subcutaneous insulin
therapy (3– 4 injections/day). Insulin doses were progressively tapered according to blood glucose levels and discontinued when fasting and postprandial
blood glucose levels were ⬍6.6 and ⬍8.8 mmol/l, respectively (25). Patients
were considered insulin-independent when these blood glucose levels were
maintained without exogenous insulin for at least 1 week. In insulin-treated
transplantation patients, the target level of glycated hemoglobin was ⬍7.0%.
An assessment of islet function measurement of fasting serum C-peptide was
performed by radioimmunoassay (Diagnostic Products, Los Angeles, CA)
daily during the first month, as long as patients remained hospitalized, and at
least once 3, 6, and 12 months and every subsequent year after transplantation.
The intra- and interassay coefficients of variation of C-peptide measurement
were 3 and 5%, respectively.
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Measurement of GADA, IA-2A, and antibodies to insulin. GADA and
IA-2A measurements were performed by radiobinding assay with in vitro
translated 35S-methionine–labeled GAD65 or IA-2, as previously described
(26,27). Results were converted into arbitrary units by extrapolation from a
standard curve with a local standard, designated as 100 units. The thresholds
for positivity were determined from the 99th centile of control subjects and
corresponded to 3 units for GADA and 1 unit for IA-2A. These GADA: and
IA-2A assays obtained the and following performances at the First Combined
Islet Autoantibody Workshop: GADA: 88% sensitivity, 98% specificity, 100%
reproducibility; and IA-2A: 70% sensitivity, 99% specificity, and 100% reproducibility (22). Antibodies to insulin (IAs) were measured using a competitive
protein A/G insulin radiobinding microassay (28).
GAD epitope antibody reactivity. GAD epitope antibody reactivity was
measured against GAD65, GAD67, and GAD65/67 chimeras by radiobinding
assay as previously described (29). The following GAD constructs were used to
measure antibody binding: full-length GAD65 and GAD67, the GAD651–95/
GAD67102–593 (amino-terminal GAD65 epitopes), the GAD671–101/GAD6596 –234/
GAD67244 –593 (amino-central GAD65 epitopes), the GAD671–101/
GAD65235– 444/GAD67453–593 (carboxy-central GAD65 epitopes), and the
GAD671– 452/GAD65445–585 (carboxy-terminal GAD65 epitopes) chimeras. Radiobinding assays were carried out as for GADA.
GADA and IA-2A IgG subclass and isotype. For GADA and IA-2A IgG
subclass (IgG1, IgG2, IgG3, and IgG4) and isotype (IgM, IgA, and IgE) antibody
analysis, the protein A/G radiobinding assays were used, substituting the
addition of the protein A/G Sepharose with IgG subclass or isotype-specific
antibody-bound Sepharose beads, as previously described (30). Results were
expressed as SD scores calculated from the mean ⫾ SD of results obtained
after subtraction of nonspecific binding to beads coated with anti-rat IgM for
control subjects. The mean ⫹ 3 SD was used as the threshold for detection.
HLA class I and class II antibodies. Antibodies to HLA class I and class II
antigens were measured by flow cytofluorimetry using a commercial kit (One
Lambda, Canoga Park, CA).
Statistical analyses. Insulin independence was defined as a condition of
normoglycemia in the absence of administration of exogenous insulin. The
achievement of insulin independence and 95% CI were calculated by KaplanMeier analysis, and comparison between groups was performed using the
log-rank test. For all statistical methods, the Statistical Package for Social
Sciences (SPSS, Chicago, IL) was used.

RESULTS

Increased islet autoimmunity after islet /kidney transplantation. GADA and IA-2A were negative (n ⫽ 22) or
at low titer (n ⫽ 10) in all but 1 of the 33 patients who
underwent islet and kidney transplantation. No relationship between the detection of GADA or IA-2A at the
time of transplantation was found with either achievement of insulin independence or a reduction of insulin
requirement 12 months posttransplantation (data not
shown).
In three patients who received islet after kidney transplantation (patients A, B, and C), marked rises in GADA
were seen within 5 days posttransplantation (Figs. 1 and
2A). These reached a peak 8 –12 days posttransplantation
and subsequently declined. GADA were of the IgG1 subclass in all three patients (Fig. 2B) and were directed
against the major carboxy central 235– 444 and carboxy
terminal 445–585 epitopes and showed no evidence of
spreading (Fig. 2C). Patient A also had lesser concomitant
rises in IgG2 and IgG3-GADA. No IgG4-GADA were detected in any patients. In patient A, additional IgG1 IA-2
antibody levels rose gradually from ⬃6 months posttransplantation to very high levels almost 2 years posttransplantation. A second rise in GADA directed against the same
carboxy central 235– 444 and carboxy terminal 445–585
epitopes was also seen 2 years posttransplantation in this
patient. In a fourth patient (D), a rise in GADA was seen
3.2 years posttransplantation. This was of an IgM and not
IgG isotype (Fig. 2B) and was directed against the carboxy
central 235– 444 epitope (Fig. 2C). Significant changes in
2465
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FIG. 1. Schematic representation of islet autoantibodies before and after islet transplantation in 33 cases of islet plus kidney transplantation.

IA titers were not found in these four patients, and in none
of these four patients could antibodies to HLA class I or
class II molecules be demonstrated posttransplantation
(data not shown). All four patients received ⬎6,000 IEQ/kg
body wt from a single donor. Three (patients A, B, and C)
previously had received a pancreas allograft.
No major rises in GADA or IA-2A were observed in the
remaining 29 patients. GADA and/or IA-2A had minor
increases with fluctuations at low titer in eight patients, they remained stable in an additional two patients, they declined in one patient, and they remained
negative in the remaining 18 patients throughout followup (Fig. 1).
Increased islet autoimmunity is associated with
decreased graft function. Insulin independence was
achieved in 13 of the 33 patients for periods of 1– 48
months. All 13 were in the group of 25 patients who had
received ⬎6,000 IEQ/kg body wt. None of the four patients
with marked rises in islet autoantibodies achieved insulin
independence during follow-up (P ⫽ 0.04 vs. remainder
receiving ⬎6,000 IEQ/kg body wt) (Fig. 3). Nevertheless,
all four had prolonged periods (⬎4 months) of C-peptide
levels of ⬎1 ng/ml, and insulin requirement was reduced
by ⬎50% in all four patients, suggesting partial islet
function. A marked reduction in C-peptide coincided with
the rise in IA-2A and the second rise in GADA in patient A
(Fig. 2A).
Increased islet autoimmunity may be a marker of
insufficient immunosuppression during islet transplantation. In the three patients who received solitary
2466

islet allografts under the experimental immunosuppressive protocol including ATG or anti-IL2R globulin, plus
mycophenolate and vitamin D3, complete or partial islet
function was not achieved, suggesting that immunosuppression was inadequate for islet survival. The antibody
profiles of these are shown in Fig. 4. Patient 1, who
received ATG induction, showed a marked rise in IgG1
GADA commencing at day 5 posttransplantation to a peak
at day 9. They were directed against all GAD epitopes and
were particularly high against the minor NH2-terminal
epitope. IA-2A remained negative, and IA did not change.
HLA class I antibodies appeared already at day 8, and by
day 14 posttransplantation, strong HLA class II antibodies
were also present. C-peptide was detected until day 8.
These findings are consistent with rapid complete rejection of transplanted islets. Patient 2 received anti-IL2R
instead of ATG. This patient developed strong IgG1 antibodies against the major carboxy central GAD65235– 444 epitope
at day 5 posttransplantation. No HLA antibodies were
detected until removal of the immunosuppressive treatment (because of islet graft failure) and were against both
class I and class II antigens 6 months posttransplantation.
IA-2As were also markedly elevated at 6 months. C-peptide
was detectable until day 6. These findings would be
consistent with a rapid autoimmune-mediated destruction
of islet ␤-cells, which is followed by alloimmunity and IA-2
autoimmunity to the remaining graft ␤-cells and non–␤cells once the immunosuppression was removed. Patient 3
had no detectable GADA at the time of transplantation and
showed no alloantibodies within the first 14 days postDIABETES, VOL. 50, NOVEMBER 2001
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FIG. 2. Antibody changes in four patients who had major rises in GAD or IA-2 antibodies after islet/kidney transplantation. A: Levels of GADA
(F), IA-2A (‚), or IA (E) and basal C-peptide (X) are shown relative to time after islet transplantation. All four patients received one islet
preparation at day 0. None became insulin-independent. B: GADA IgG subclass (IgG1 [F], IgG2, [‚], IgG3 [X], IgG4 [E]) and IgM (䡺) levels
identify IgG1 as the major response in patients A, B, and C and IgM in patient D. C: GAD epitope reactivity (carboxy central 235– 444 [F], carboxy
terminal 445–585 [Œ], amino central 96 –234 [E], NH2-terminal 1–95 [X], and GAD67 [䡺]) is predominantly against the major GAD autoantigenic
epitopes (carboxy central and carboxy terminal) in all four patients.

transplantation. A slight rise in GADA was detected from
day 7 but was not pronounced until after day 14 posttransplantation. Both HLA alloantibodies and high-titer IgG1
and IgG3 GADA against the carboxy central 235– 444 and
carboxy terminal 445–585 epitopes were present 31 days
after transplantation. Immunosuppression was removed
7 days later, with a subsequent rise in both HLA class I
and class II antibodies but not GADA or IA-2A. C-peptide
was already markedly reduced at day 14.
Increased islet autoimmunity can occur in the absence of major histocompatibility complex antigen
matching. Of the three patients with immediate rises in
GADA after receiving islet and kidney transplants, two
were identical twins (patients A and B) who received
distinct islet preparations. One of these (patient A) received islets that shared one HLA DR allele, whereas
patients B and C received islets with no HLA A, B, or DR
match. Patient D shared one HLA A allele (Table 1). The
absence of matching in two of these cases suggests that
autoantigen may be presented by recipient antigen-presenting cells.
Of the three patients who received solitary islet allografts, patient 1, who had marked early allo- and autoantibodies, shared no HLA A, B, or DR alleles with donor
islets from the first preparation received and shared one
HLA A and B allele with donor islets from the second
preparation received 7 days later. Antibody responses
were already present by the time patient 1 received the
DIABETES, VOL. 50, NOVEMBER 2001

FIG. 3. Achievement of insulin independence after islet transplantation in 25 patients who received >6,000 IEQ/kg body wt. The data are
shown as a cumulative frequency calculated using Kaplan-Meyer analysis. Insulin independence was achieved in a total of 13 patients; 8 of
these were no longer insulin-independent at the end of follow-up. The
number of cases that remained at follow-up intervals of 4 months are
shown for those who had marked rises in GADA (broken line; n ⴝ 4)
and those who had relatively stable GADA and IA-2A posttransplantation (solid line; n ⴝ 21). Patients who had marked rises in GADA
achieved insulin independence significantly less frequently than those
who had stable antibody titers (P ⴝ 0.04). Error bars indicate the 95%
CI at 24 months after islet transplantation.
2467
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FIG. 4. Antibody changes in three patients who received solitary islet transplantation. A: Levels of GADA (F), IA-2A (‚), or IA (E) and basal
C-peptide (X) are shown relative to time after islet transplantation. Arrows indicate the time of receiving islet preparations. The period of
treatment with immunosuppression is shown underneath the abscissa. No patient became insulin-independent. B: GADA IgG subclass (IgG1 [F],
IgG2 [‚], IgG3 [X], IgG4 [E]) and IgM (䡺) levels identify IgG1 as the major response in all three patients. C: GAD epitope reactivity (carboxy
central 235– 444 [F], carboxy terminal 445–585 [Œ], amino central 96 –234 [E], NH2-terminal 1–95 [X], GAD67 [䡺]).

second islet preparation. Patient 2, who had marked early
autoantibodies, shared one HLA A and one HLA DR allele
with donor islets. Patient 3 shared a single HLA A allele
with both donor islet preparations.
DISCUSSION

Islet transplantation in patients with autoimmune type 1
diabetes represents a reexposure of patient immune system to autoantigen in the context of allo–major histocompatibility complex. In this study, we showed that such
exposure can, even in the presence of active immunosuppression, result in both immediate marked elevation of
type 1 diabetes–associated autoimmunity to GAD and, as
previously reported after pancreas transplantation (19),
late autoimmune responses in a minority of patients. The
occurrence of autoimmunity was independent of donorrecipient HLA matching and autoantibody titer at the time
of transplantation, also occurred in the absence of alloimmunity, and was associated with reduced posttransplantation islet function.
The only unequivocal example of rapid transplant-induced
reactivation of ␤-cell–specific autoimmunity reported so
far in human type 1 diabetes is the recurrence of insulitis and clinical disease weeks after technically suc2468

cessful segmental pancreatic transplantation between
identical and nonimmunosuppressed twins (7). In those
studies, a recurrent T-cell (mainly CD8⫹)–mediated autoimmunity was not accompanied by a reactivation of
humoral autoimmunity as assessed by immunohistochemistry of graft biopsies.
Unlike the twin-to-twin transplant model, our cases are
HLA-mismatched and immunosuppressed. Under these conditions, an immediate elevation of GADA after islet transplantation was seen in five patients, four of whom had low
GADA titer before transplantation. Evidence that this was
a recurrence of a quiescent but already mature autoimmune memory is seen in the rapidity and intensity of the
IgG response and the absence of a detectable IgM response to autoantigens in these patients. HLA antibodies
were readily detectable in one patient who received solitary islet allografts (patient 1), indicating that the accompanying autoantibody response may have arisen indirectly
from islet damage and inflammation associated with acute
rejection in this case. Although assays used for the measurement of alloantibodies may be less sensitive than the
autoantibody radiobinding assays, we found no evidence
of an accompanying alloimmune response at the humoral
level in the remaining four patients with immediate GAD
DIABETES, VOL. 50, NOVEMBER 2001
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TABLE 1
HLA alleles of donors and recipients in cases of markedly
elevated islet autoantibodies
Patients

A

Recipient HLA
B
DR

Islet kidney
transplants
Patient A
3, 29
Patient B
3, 29
Patient C
3, 24
Patient D
1, 9
Solitary islet
transplants
Patient 1
24, 31
Patient 2
Patient 3

2, 29
1, 2

44, 62
44, 62
18, 44
18

4,
4,
3,
11,

11
11
4
7

35, 52

4

8, 18
8, 52

3, 11
3, 16

Islet donor HLA
A
B
DR

24 35, 61
1, 30
8, 13
1, 11 52, 55
1, 32 27, 35
2, 10
2, 24
2
1, 24
1, 68

18,
44,
51,
51,
14,

11, 16
3, 13
7, 14
NT

38
3, 11
35
11
50
7, 11
57
7, 11
44 11, 13

Alleles in bold are shared between recipient and donor. NT, not
tested.

antibody responses, suggesting that these patients had a
direct and selective recurrence of autoimmunity. T-cell
studies were not performed, but it should be noted that
previous studies of T-cell response to alloantigen after
islet transplantation could also demonstrate autoreactivity
without accompanying alloresponses (21). Recently, a rise
in GADA was also reported after the transplantation of
fetal islets in nonimmunosuppressed patients with type 1
diabetes, further indicating the ability of islets to recall
autoimmune memory (31). Of potential interest was the
observation that two of the patients who showed immediate GADA rises were identical twins, suggesting genetic
influence.
The immediate GADA responses in patients A, B, and C
were short-lived. The responses reached peak levels within 2 weeks posttransplantation and subsequently declined
at rates not largely divergent from the half-life of circulating IgG1 (32). A short-lived response could be explained
by direct presentation of antigen by donor antigen-presenting cells, T-cell–independent B-cell stimulation by soluble
antigen, clearance of immunogenic autoantigen, and active
immune regulation or immunosuppression. Complete mismatch of genotyped HLA loci was observed in two of the
patients with GAD responses, but direct presentation via
HLA-DP or cross-presentation is possible in these cases.
An alternative scenario is that soluble autoantigen is released from damaged islets and either taken up by recipient antigen-presenting cells relocated in the inflammatory
response or reaches immune cell sites containing autoreactive memory lymphocytes, such as pancreatic draining
lymph nodes. Resolution of the autoimmune response and
stable C-peptide levels after this immediate autoantibody
response suggest that it is not associated with an ongoing
active immune-mediated ␤-cell destruction if immunosuppression is adequate. Indeed, such antibody responses
may not necessarily be accompanied by T-cell–mediated
islet destruction. Inadequate immunosuppression resulting in allorejection (patient 1) or unsuppressed autoimmunity (patient 2) was, however, associated with rapid islet
allograft failure.
Although numbers remain small, the ability to achieve
DIABETES, VOL. 50, NOVEMBER 2001

insulin independence in patients who received sufficient
islet numbers seemed to be markedly decreased in patients with autoantibody elevations posttransplantation.
None of these patients became insulin-independent, whereas in the series of patients who received similar islet/
kidney transplantation, insulin independence within 12
months posttransplantation was achieved in ⬎60% of patients who did not show elevations in autoantibodies. It may
be argued, therefore, that recurrent autoimmunity is a major
cause for the decreased function of islet allografts in patients
with type 1 diabetes compared with islets autotransplanted
(33,34) or transplanted into patients with type 2 diabetes (14)
or without diabetes (13). Our data also suggest that some
therapies may be better suited for the prevention of this
recurrence than others and may therefore be more effective
in maintaining islet allograft function in patients with type 1
diabetes. Immediate GAD antibody responses were observed
in two of the three patients who received solitary islet transplants; this was significantly more frequent than in patients
receiving islet/kidney transplants (P ⬍ 0.05). Although there
were several differences between these patients and those
who received islet/kidney transplants, it is noteworthy that
these three patients did not receive cyclosporin or other
calcineurin inhibitors. Also noteworthy is that the recently
reported successful solitary islet transplantation using a
combination of the calcineurin inhibitor FK506, anti–IL-2
receptor, and rapamycin did not show rises in islet autoantibodies (4).
This study identified GAD as a key autoantigen in the
reexposure of patients with autoimmune diabetes to ␤cells. Responses in all but one case were against the major
autoantibody epitopes (29). It is interesting that epitope
recognition differed in the one patient who had concurrent
strong alloreactivity (patient 1), in whom the dominant
response was against the minor NH2-terminal epitope. This
anecdotal finding may indicate diversity when autoimmunity accompanies allorejection. Studies of the early
response to native ␤-cell autoantigens suggest insulin autoantibodies as the first to appear (35). Although IAs were
not studied systematically in all patients because of a
confounding humoral response to exogenously administered insulin in these patients, we were unable to demonstrate a rise in IA in any of the patients who exhibited rises
in GADA, and indeed patients B, C, and 2 had undetectable
levels of IA throughout follow-up. Several reasons could
be postulated for the relative absence of insulin reactivity,
including the possibility that treatment with exogenous
insulin induces tolerance. IA-2A responses were rare,
but in the one patient in whom IA-2A did rise while on
immunosuppressive therapy, the antibody response occurred several months after GADA, was sustained, and
was followed by a second rise in GADA and a concomitant
fall in C-peptide levels. Late responses to autoantigen
while receiving immunosuppression were found in one
other patient (patient D). In this case, the response was
atypical, with relatively strong IgM antibodies against the
major GAD epitope, persisting for ⬎12 months without a
switch to IgG, and not accompanied by obvious decreased
graft function. The late rise in autoantibodies seen in
patient A is similar to what we have previously observed
in a minority of patients with type 1 diabetes who underwent pancreas transplantation (19). Patients who under2469
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went pancreas transplantation did not, however, show an
immediate rise in islet autoantibodies, suggesting an overall lower capacity to stimulate the memory autoimmune
response.
In conclusion, this study demonstrated that autoimmunity after islet transplantation is a clinically relevant occurrence in patients with type 1 diabetes. Its avoidance is
likely to be of benefit for islet allograft survival and
function, and therapies that can prevent the recurrence of
memory autoimmune responses are therefore advocated
for successful islet transplantation.
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