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Recurrence of autoimmunity in pancreas
transplant patients: research update
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Practice Points

Immunological loss of a pancreas or islet graft in a patient with Type 1 diabetes may be caused by
rejection, but also autoimmunity.

Ideally, transplant recipients should be monitored for islet cell autoantibodies to identify those who
acquire autoantibodies on follow-up; these patients are more likely to develop Type 1 diabetes
recurrence within a few years.

It is important to be aware of ongoing research studies that could enroll patients with autoantibody
conversions of suspected Type 1 diabetes recurrence and conduct further investigations with tools not
easily available in clinical practice.

Conventional immunosuppression may suppress alloimmunity and autoimmunity in many patients, but
may not control islet autoimmunity once this has been triggered on follow-up.

Given the limited knowledge and therapeutic choices, further research is clearly needed, including
pilot trials to test therapies that might interfere with recurrent autoimmunity. Thus, new patients
with suspected recurrent diabetes could be referred to centers that are active in this area for further
evaluation and possible inclusion in future trials.

SUMMARY  Type 1diabetesisanautoimmune disorder leading to loss of pancreatic -cells
andinsulin secretion, followed by insulin dependence.Isletand whole pancreas transplantation
restore insulin secretion. Pancreas transplantation is often performed together with a kidney
transplant in patients with end-stage renal disease. With improved immunosuppression,
immunological failures of whole pancreas grafts have become less frequent and are usually
categorized as chronic rejection. However, growing evidence indicates that chronic islet
autoimmunity may eventually lead to recurrent diabetes, despite immunosuppression to
prevent rejection. Thus, islet autoimmunity should be included in the diagnostic work-up of
graft failure and ideally should be routinely assessed pretransplant and on follow-up in Type 1
diabetes recipients of pancreas and islet cell transplants. There is a need to develop new
treatment regimens that can control autoimmunity, as this may not be effectively suppressed
by conventional immunosuppression.
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Current status of pancreas

& islet transplantation

Type 1 diabetes (T1D) is a chronic autoimmune
disorder resulting in the destruction of pancre-
atic B-cells. This is followed by loss of insulin
secretion and lifelong insulin dependence [1-4].
While T1D is traditionally considered T-cell
mediated, autoantibodies to islet cell antigens
and B lymphocytes also play a role in islet auto-
immunity [5-9]. Patients with T1D may develop
chronic complications, including diabetic reti-
nopathy, neuropathy and nephropathy, eventu-
ally leading to blindness and kidney failure [10].
Both pancreas and islet cell transplantations
restore insulin secretion in T1D patients. At
present, pancreas transplantation is associated
with longer graft survival and function than
islet transplantation [11], although it requires
invasive surgery compared with the islet infu-
sion procedure and has a higher risk of periop-
erative morbidity and mortality [12]. Thus, islet
transplants are mostly performed in patients
with brittle diabetes and severe hypoglycemia,
while patients in end-stage renal disease are
candidates for simultaneous pancreas—kid-
ney (SPK) transplantation, which accounts
for the majority of pancreas transplants.
Pancreas transplantation is also a therapeutic
option for patients who previously received
a kidney allograft. By the end of 2009, over
23,000 patients had received a pancreas trans-
plant in the USA [12]. Most transplants were
performed from deceased donors. Most patients
(74%) received SPK transplant, while pancreas
after kidney (PAK) transplants and pancreas
transplants alone (PTA) were performed
less frequently (18 and 8%, respectively). As
reported by Gruessner for the International
Pancreas Transplant Registry, the 1-year patient
survival rate (for transplants performed from 1
January 2005 through to 31 December 2009)
ranged from 95.5 (SPK transplants) to 97.4%
(PTA). The 1-year pancreas graft survival rate
has also improved to 78% for PTA and 85%
for SPK transplants performed between 2005
and 2009. The half-life of pancreas transplants
now extends to approximately 12 years [13,14].
With improved immunosuppression, immuno-
logical failures have become less frequent and
are usually categorized as chronic rejection [15].
However, patients with T1D receiving a pan-
creas transplant are exposed to the potential
risk of recurrence of the original autoimmune
disease in the grafted organ.
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Recurrence of TID in

pancreas transplantation

Type 1 diabetes recurrence (T1DR) following
pancreas transplantation was initially docu-
mented by Sutherland’s group in the 1980s [16-19].
They observed T1DR in living donor recipients of
the tail of the pancreas from HLA-identical twins
(five cases) and HLA-identical siblings (five cases)
in the absence of immunosuppression 4—8 weeks
after transplantation. The relative rapid return
to hyperglycemia in the absence of pancreatic
rejection was consistent with the recurrence of
autoimmunity, a conclusion that was supported
by the demonstration of insulitis with a mono-
nuclear cell infiltrate and selective B-cell destruc-
tion. This seminal observation remains one of the
most important pieces of evidence supporting the
concept of cellular immunity as a key pathogenic
mechanism of T1D in humans.

Sibley e al. subsequently examined tissues
obtained by biopsy, pancreatectomy and autopsy
from 100 pancreas grafts. Autoimmune diabetes
recurrence was not noted in patients receiving
immunosuppression (18] and organs from non-
HLA-identical siblings or parents. There were no
instances (0 out of 12) of recurrence of diabetes in
recipients of cadaver donors [19] and no evidence
of anti-islet humoral immune responses in these
patients [18,17] after measuring islet cell autoanti-
bodies using the islet cell antibodies (ICA) test,
which even today remains highly sensitive and
predictive [20]. These data supported the belief
that immunosuppression effectively prevented
recurrence of disease and that this is dependent
on HLA matching between the donor and the
recipient (i.e., it would only occur in the presence
of HLA matching, such as in identical twins or
HLA-identical siblings). While HLA matching
could theoretically facilitate the emergence of
autoimmune responses, it is important to remem-
ber that the recipients of the full HLA-matched
grafts were not immunosuppressed or mildly
immunosuppressed. Thus, a direct comparison
of the likelihood of recurrent autoimmunity in
HLA-matched and -unmatched donor—recipient
pairs cannot be performed.

These concepts were challenged by Bosi ez al.
who studied 23 pancreas transplant recipients
(22 were SPK) and noted the reappearance of
ICA in seven patients, with two having persist-
ing ICA titers [21]. Seven of the nine ICA-positive
patients experienced graft failure 2-35 months
after ICA detection. Since these patients were
HLA mismatched, this study provided evidence
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that the recurrence of ICA may take place in recip-
ients of pancreas transplants regardless of HLA
matching. Moreover, these patients were immu-
nosuppressed with azathioprine, cyclosporine and
prednisone, with or without induction using
anti-lymphocyte globulins.

Other reports provided additional examples of
the recurrence of autoantibodies and some evi-
dence for worse graft outcome in autoantibody-
positive patients [22-24]. Thus, immunosuppres-
sion does not fully prevent the recurrence of
humoral autoimmune responses as measured
by ICA. An anecdotal SPK transplant patient,
reported by Santamaria ez al., experienced recur-
rence of autoimmunity after receiving organs
from an HLA-identical sibling, despite immuno-
suppression with azathioprine and prednisone [2s].
However, diabetes recurred 8 years after trans-
plantation. Islet cell antibodies were demonstrated
to have been present 5 and 8 years subsequent
to the transplantation, and the pathology of the
pancreas transplant demonstrated insulitis with
selective B-cell loss [25]. The prolonged period of
time that preceded recurrence of diabetes in this
patient suggests that immunosuppression might
have inhibited this process and that immuno-
suppressed patients may take time to develop
recurrence of autoimmunity and diabetes.

Further evidence for T1IDR has been reported
in recipients of allogeneic cadaver donor SPK
transplants, where pancreas transplant biopsies
demonstrated the selective loss of B-islet cells [26].
In this report, two SPK transplant recipients were
treated with cyclosporine A, steroids and aza-
thioprine. GADG5 and 1A2 autoantibodies were
expressed in one patient at the time of hyperglyce-
mia and not present in the other. The first patient
had a 1A/1DR HLA match with the donor; the
second was a six-antigen mismatch. Pancreas
transplant pathology demonstrated the selective
loss of B-islet cells in both patients and insulitis
in one patient (3 months post-hyperglycemia,
29 months following transplantation).

Braghi ¢f al. retrospectively analyzed a cohort
of 110 SPK transplant cases and followed 75 of
these patients for up to 11.2 years [27]. Pancreas
graft survival was not affected by the presence of
GAD/IA2 antibodies before the transplant. A total
0f 59% (n = 44) of the patients remained antibody
negative at follow-up, 17% (n = 13) had stable
antibody levels, 17% (n = 13) had declining levels
and 7% (n = 5) had increasing levels. Of the last
five, four lost graft function after 0.7-2.3 years of
follow-up. No data were available on the presence
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of autoreactive T cells in these patients, nor on
the lesion in the graft, investigated by means of
pancreatic biopsies. Other investigators reported
the presence of T1D-associated autoantibodies in
SPK transplant recipients [24,28].

Studies of recurrence of T1D at the
University of Miami

Most of the aforementioned studies lacked biopsy
data to demonstrate insulitis and/or B-cell loss,
and none of these studies could examine circulat-
ing autoreactive T cells in these patients to a great
extent because assays to measure such cells are
difficult to perform and were not well established
at the time. We have been able to collect such
data from studies in our cohort of SPK transplant
recipients, as we have identified several patients
with T1DR; furthermore, a recent case report of
recurrent disease from Japan also acquired biopsy
data [29]. Figure 1 illustrates recurrent diabetes,
autoimmune responses, biopsy data and treat-
ment effects in one of our patients. All of our
SPK transplant patients have T1D and had no
detectable C-peptide response to a Sustacal test
before transplantation, and they have end-stage
renal disease. Pancreas transplants drain into
the bladder (exocrine), which allows monitoring
of the pancreas transplant exocrine function by
measuring urine amylase levels. Our published
studies of three such patients demonstrate the
cardinal features of T1IDR which are [30,31):

* Hyperglycemia without rejection and no func-
tional changes of the exocrine pancreas (urine
amylase) or kidney (serum creatinine) grafts,
with selective loss of insulin secretion;

= Biopsies demonstrating insulitis and/or

B-cell loss;

= The persistence or reappearance of autoanti-
bodies, prior to diabetes recurrence;

= The presence of circulating autoreactive T cells
around the time of diabetes recurrence and on
further follow-up, which in vitro predomi-
nantly produced proinflammatory cytokines

(e.g., IFN-y);

* In vivo evidence that the SPK transplant
patients” autoreactive CD4 T cells specific for
the islet autoantigen GADG5 can specifically
mediate B-cell destruction in HLA-mis-
matched islet grafts when T cells and islets are
co-transplanted under the kidney capsule of
immunodeficient mice;
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Figure 1. Recurrence of diabetes in a simultaneous pancreas-kidney transplant patient. The patient was a 41-year-old Caucasian
male (HLA A2/A3, B57/B60, DR4 [DRB1*0405]/DR6) who developed Type 1 diabetes 7 years of age. He received a SPK transplant

from an HLA A2/A30, B41/B60, DR4/DRX donor at age 32 years. The transplant reversed diabetes, but the patient returned to insulin
dependence 5 years later, while kidney and exocrine pancreas allografts had normal function. (A) Autoantibody levels before transplant
and at follow-up. The patient had GAD and IA2 autoantibodies before transplantation, which persisted despite immunosuppression
and titers increased on follow-up. Color-matched, horizontal lines represent the cut-off level for each autoantibody. Autoantibody
levels are expressed as the ratio of the index level of the patient/upper limit of the normal index (cut-off). For all autoantibodies, a value
greater than 1 denotes a positive result. (B) Pancreas transplant biopsy stained as labeled, obtained approximately 6 months after the
recurrence of hyperglycemia. Insulitis is marked by the presence of T (CD3, CD4) and B (CD20) lymphocytes infiltrating the islets, while
insulin staining demonstrates B-cell loss. (C) Serum C-peptide levels and percentage of GAD tetramer-positive T cells in the CD4 T-cell
population from the time of hyperglycemia recurrence. C-peptide was still detectable at diagnosis, confirming the function of residual
B-cells observed at biopsy. Autoreactive T cells were detected at the time of biopsy, approximately 6 months after the recurrence

of hyperglycemia on two samples and again at several time points approximately 1 year after treatment. The horizontal blue line
represents the cut-off of the tetramer assay (0.25%). (D) Flow cytometry plots demonstrating GAD-autoreactive CD4 T cells (upper

right quadrant, percentage of such cells is indicated). The numbers above the plots match those in (C) to link the data with the time of
follow-up. Tetramer staining with irrelevant peptide was <0.1% (not shown).

DM: Diabetes; H&E: Hematoxylin and eosin; PE: Phycoerythrin; SPK: Simultaneous pancreas-kidney; Tx: Treatment.

Reproduced with permission from [29] © American Diabetes Association (2010).
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= The presence of autoreactive T cells in the cir-
culation of several patients, both CD4 and
CD8 T cells, correlated with disease activity
and progression. In patients who received
additional immunosuppression in an attempt
to salvage the residual B-cell mass demon-
strated at biopsy, autoreactive T cells were no
longer detected after treatment but reappeared
on later follow-up. Their return was followed
by a further and complete loss of C-peptide.

Thus, with frequent sampling, it was pos-
sible to detect changes in autoantibodies and
circulating autoreactive T cells. Fluctuations
of autoreactive T cells reflected the effects of
immunosuppressive therapy and disease progres-
sion, which were assessed by metabolic evalua-
tion and pancreas transplant biopsy [30]. Another
key component of our work is that we can study
autoreactive T cells in the pancreas transplant
and pancreas transplant lymph nodes (obtained
through open biopsy based on clinical need). We
demonstrated proinsulin-reactive CD4 T cells
in the peripheral blood, the pancreas transplant
and pancreas transplant lymph nodes of a SPK
transplant patient; in another [30], we demon-
strated GAD-reactive CD4 T cells against the
same epitope in both pancreas transplant lymph
nodes and the circulation. In this patient, the
cells in the circulation and pancreas transplant
lymph nodes had the same T-cell receptor (iden-
tical V- and CDR3). Thus, T cells reacting
against the same autoantigens were present in
the circulation and in the target organ, which
links these T cells with the disease process and
shows that tetramer assays can detect disease-
relevant autoreactive T cells. The return and
further persistence of T-cell responses against
the same autoantigen specificity with similar/
identical T-cell receptor restriction provided
indirect evidence for the persistence of a T-cell
memory phenotype, which was associated with
recurrent diabetes in these patients [30,31].

Memory cells & autoimmunity in islet cell
transplantation & spontaneous T1D

Studies in islet cell transplant recipients also show
that autoimmunity negatively affects graft out-
come [32,33] and that some immunosuppression
regimens may actually favor the emergence of
autoreactive memory T cells. Lymphopenia
has been demonstrated to stimulate homeo-
static proliferation, resulting in proliferation of
memory cell populations, which are enriched
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in autoreactive T cells [34-36]. The homeostatic
expansion of memory cells has been linked with
islet autoimmunity. Specifically, in patients
receiving islet transplants, the lymphopenia
induced by immunosuppression is followed by
increased production of IL-7, IL-15 and in vive
proliferation of CD45RO* T cells, which are
highly enriched in autoreactive T cells. GAD-
reactive CD8 T cells (detected using the HLA-
A*0201-GADGS,, ,,, pentamer) were enriched
up to 34-fold in the patients studied and
expressed markers of memory cells (CD45R0)
(37). These findings implicate the involvement
of memory T cells with recurrent islet autoim-
munity in islet transplant recipients, for which
there is histological evidence from two patients
138.39]. HLA-A*0201-restricted CD8 T cells with
cytotoxic function reacting with a pre-proinsulin
epitope were also linked with spontaneous diabe-
tes development and recurrent autoimmunity in
islet graft recipients (40-43]. The presence of auto-
reactive CD8 T cells pretransplant was recently
correlated with graft failure in islet transplant
recipients treated with ATG, tacrolimus and
mycophenolate mofetil therapy [32.44].
Literature data also show strong associations
of memory autoreactive T cells when patients
originally develop T1D. Indeed, memory T cells
[45-51] and B cells [52-54] have been linked to a
variety of autoimmune conditions, including in
models of T1D [55,56], and not exclusively under
conditions of lymphopenia [55.57). A partial expla-
nation for this phenomenon may be that normal
stimuli for the generation and survival of mem-
ory cells also include self-antigens [36]. Recent
studies show that the memory cell compart-
ment of T1D patients is enriched in autoreactive
T cells. A study by Viglietta ez al. (s8] provided
initial evidence for an association of memory
cells with T1D. These investigators discovered
that GADG65-reactive T cells from T1D patients
no longer required a second costimulatory signal
for clonal expansion, as these cell were strikingly
less dependent on CD28/B7-1 costimulation for
proliferation than equivalent cells from healthy
controls. These findings were consistent with pre-
vious 7 vivo activation and differentiation into
memory cells of these GADG65-reactive T cells.
Monti ez al. examined islet-specific autoreactive
T cells in patients and healthy subjects [59. While
such responses were detected in both patients
and controls when examining iz vitro, stimu-
lated responses in unselected peripheral blood
mononuclear cells or in unselected CD4 T-cell

www.futuremedicine.com

233



REVIEW Pugliese, Reijonen, Nepom & Burke Il

234

populations, CD45RO* memory autoreactive
T cells were only detected in T1D patients and
not in controls. The same was true for GADG65
CDS8 autoreactive T cells, which were directly
assessed ex vivo following purification with an
HLA-A*0201 pentamer that detects T cells react-
ing against the GADG5,,, ., peptide. In another
study, Waid ez al. identified a T-cell subset
defined by CD4" and CD40 expression (T, )
that is significantly expanded in the peripheral
blood of T1D patients but not in healthy subjects
or patients with Type 2 diabetes [60). Most T .,
cells in T1D patients carried a memory pheno-
type and previous reports have associated CD40
function with the generation of CD8 memory
T cells [61].

Thus, memory autoreactive CD4 and CD8
T cells appear to be a major obstacle to the treat-
ment of islet autoimmunity in both spontaneous
disease and its recurrence after transplantation.
As noted, our clinical experience in attempting
to treat recurrent diabetes shows that additional
T- and B-cell-directed immunosuppression does
not afford lasting protection once autoimmunity
has been reactivated. Therefore, conventional
immunosuppression may control rejection but
not always control recurrent autoimmunity [30].
A possible explanation is that, as suggested by our
data and the aforementioned literature, memory
autoreactive T cells play a role in TIDR and,
once activated, these cells cannot be controlled
by conventional anti-rejection regimens.

T1DR is an underappreciated condition

In our cohort, recurrent diabetes explains 50%
of the immunological failures observed, the
other 50% being caused by chronic rejection.
Thus, chronic islet autoimmunity is as frequent
as chronic rejection and represents a major
cause of immunological failure. In our cohort,
approximately 5% of our patients may develop
T1DR while another 5% may develop chronic
rejection. Similar rates were described in earlier
studies [19.27]. With more than 23,000 pancreas
transplants performed in the USA (and more
worldwide) a condition that compromises graft
outcome with similar frequency to chronic rejec-
tion is of clear clinical significance. The loss of
insulin secretion compromises blood glucose
control, negatively impacts quality of life and
may jeopardize the survival of the kidney graft
given the deleterious effects of hyperglycemia on
the kidney. Thus, there is a compelling case that
further studies of islet autoimmunity in pancreas

Diabetes Manage. (2011) 1(2)

transplant recipients are needed to address key
questions about this previously underappreciated
condition. While at present islet autoimmunity
is not routinely assessed in pancreas transplant
recipients, it should be possible for most trans-
plant centers to at least monitor autoantibodies,
given that these assays are widely available even
through clinical laboratories.

Conclusion

Overall, there is mounting evidence that dia-
betes-associated autoantibodies may persist or
reappear in SPK transplant recipients, suggesting
the possibility of recurrent autoimmunity despite
immunosuppression and regardless of HLA
matching. The prevalence of this phenomenon,
which is so far mostly assessed through the pres-
ence of autoantibodies, may be higher than pre-
viously estimated. Underestimates could result
from the frequent occurrence of rejection in ear-
lier studies, which until the early 1990s curtailed
the long-term graft survival rates and prevented
studies with a long follow-up period. A critical
consideration is that recurrent autoimmunity
may take many years to develop in immuno-
suppressed patients [25] while it develops quickly
in HLA-matched recipients of living related
HLA-matched donors who are not immuno-
suppressed [16,25). Similarly, we lack long-term
follow-up data and robust studies in recipients
of islet cell transplants [24,27,62-65]. Pancreas and
islet transplantation in T1D recipients pose a
special challenge regarding the need to address
the underlying autoimmunity. This problem has
been largely underestimated. Future studies will
enable improvements in diagnosis, prediction
and therapy of diabetes recurrence in pancreas
transplant recipients. The lessons learned will be
highly relevant to spontaneous disease and may
ultimately contribute to curing T1D.

Future perspective
We identify two major obstacles to advancing
progress in the field: the lack of extensively vali-
dated laboratory markers of TIDR to aid in the
diagnosis and prediction of this condition, and
a satisfactory knowledge of the phenotypes and
function of T cells involved in recurrent disease
that will guide new and more directed therapeu-
tic efforts. Our ongoing studies are focused on
specifically addressing these critical problems.
For the past few years we have been inves-
tigating whether islet-specific autoimmune
responses are risk factors for TIDR in SPK
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transplant recipients, independent of allo-
immunity. We were aided in this endeavor by
access to serial, banked samples from more than
200 SPK transplant recipients, from whom we
are generating extensive data by testing for
GAD and IA2 autoantibodies. Combined
with many years of past and ongoing follow-
up and outcomes data, data/samples are prov-
ing quite powerful in assessing T1DR risk.
Our unpublished data from ongoing analysis
of over 200 SPK transplant patients show that
GAD and A2 autoantibodies also mark islet
autoimmunity in transplant recipients. For
each patient, we test a pretransplant sample
and multiple samples on follow-up, with the
number of samples tested varying according to
the length of follow-up, sample availability (this
is an infrequent limitation) and in relation to
relevant events during the clinical follow-up. A
key finding, which confirms and extends earlier
studies [27.66], is that autoantibody conversion,
as opposed to persistence or negativity, is asso-
ciated with a high risk of developing T1DR.
It therefore appears that it is not just the mere
presence of autoantibodies but rather the reacti-
vation of the humoral autoimmune response on
follow-up that marks recurrent autoimmunity
and perhaps follows some as yet unknown trig-
gering event. In this context, we believe that
autoantibody testing will become the main-
stay in T1DR diagnosis and prediction [67-69].
Advances in prediction through expanded auto-
antibody panels that include additional auto-
antibodies and novel biomarkers will facilitate
the design of additional trials.

Since our pancreas transplants are performed
with bladder drainage, urine amylase levels are
of critical importance for the clinical diagnosis
of T1DR, allowing differentiation from trans-
plant rejection and for validating autoantibodies
as risk factors for TIDR. Most transplant cen-
ters perform pancreas transplants with enteric
drainage and cannot easily differentiate exo-
crine and endocrine function. As we progress
with our studies, our cohort will be exception-
ally well suited to address the next set of critical
questions and to validate biomarkers of diabe-
tes recurrence. Findings from this cohort can
then be applied to clinical practice, and help in
diagnosing T1DR and assessing its prevalence
at multiple centers. Better predictive tools are
within reach and are required for prevention
trials to block autoimmunity at earlier stages in
transplanted patients.
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Consideration should be given to coordinated
efforts to collect pancreas transplant biopsies
from patients with suspected T1DR when the
opportunity presents or there is clinical indica-
tion. In our experience, a biopsy demonstrating
insulitis but the presence of surviving B-cells
around the time of T1DR diagnosis has been
critical in the decision to proceed with additional
immunosuppression or, in the case of one patient
with complete B-cell loss, with re-transplant-
ation [30]. The study of pancreas transplant
biopsy specimens will lead to improved under-
standing of the pathology of TIDR. It will also
allow further investigations of the pancreas
remodeling phenomena involving the conver-
sion of ductal cells into insulin-producing cells,
which we have observed in several of our SPK
transplant recipients with T1DR [70].

The assessment of autoreactive CD4 and
CD8 T cells against multiple autoantigen speci-
ficities, both pre- and post-transplant, will be
critical to study recurrent autoimmunity. Our
ongoing studies are also addressing the limited
knowledge regarding autoreactive T cells in
SPK transplant patients [30,31]. We are investi-
gating phenotypic and functional changes in
autoreactive T cells in relation to autoantibody
conversion. Demonstrating a link between
autoantibody conversion and functional/phe-
notypic changes in persisting memory autore-
active T cells would provide a strong rationale
for therapeutic interventions that specifically
target memory cells and could allow us to iden-
tify novel therapeutic targets based on the func-
tional assessments. During the last few years,
there has been tremendous development and
increased availability of multiple platforms to
study autoreactive T cells. While our studies
have so far been based on class II tetramers to
detect CD4 autoreactive T cells after in vitro
antigenic stimulation, novel tetramer reagents
and other assay platforms allow autoreactive
T cells to be measured, both CD4 and CDS8
T cells, against a variety of islet autoantigens
and multiple epitopes [71]. Moreover, some
T-cell assays measure autoreactive T cells
directly ex vivo, some simultaneously with mul-
tiple autoantigens using MHC multimers [71],
thus allowing for more extensive evaluation of
the autoimmune response and more meaningful
phenotypic studies.

Based on the above, the best way forward
is probably the organization of coordinated,
multicenter research efforts that bring together
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expertise, technology and facilitate patient
enrollment to most effectively identify recipi-
ents with T1DR or islet autoimmunity. This
would allow clinical trials to test the safety
and efficacy of new interventions at the onset
of T1DR, and studies could be conducted
in autoantibody converters to monitor auto-
reactive T cells and identify additional predic-
tive markers. There are a number of therapeutic
regimens that could be tested by clinical trials;
for example, based on the suspected role of
memory cells, antimemory cell drugs could be
a reasonable approach. There are other agents
that have been and are being used in clinical
trials for the prevention and treatment of new-
onset T1D that could be used in transplant
patients. In addition to immunosuppressive
drugs, there are agents that are believed to have
immunomodulatory functions and approaches,
based on the administration of autoantigens
(72,73]. Much consideration has recently been
given to the concept of using combination
therapies to contain autoimmunity in newly
diagnosed patients, when effects of multiple
agents are believed to be synergistic [74.75], and
this may help to target immunosuppression,
immunomodulation, antigen specificity and

regeneration of B-cells. As discussed, pancreas
transplant biopsies could be very valuable for
understanding the effects of therapies and
evaluating possible regeneration [76-78]. Thus,
cross-fertilization between the immunology
of T1D and transplantation fields is likely to
play a key role in the design of future trials
in transplant patients with recurrent auto-
immunity and will be relevant to the treatment
of spontaneous disease.
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