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Clinical Trial Registry
The islet transplantation was
performed based on the clinical trial
‘Clinical Study of Allogeneic Islet
Transplantation for Treatment of Type
1 Diabetes’ (UMIN000014381).

ABSTRACT
Here, we report a case of allogeneic islet transplantation in Japan. A 48-year-old man
received intraportal islet transplantation (5,945 islet equivalent/kg), and stabilization of
blood glucose levels and suppression of hypoglycemia were achieved. In the present case,
we used our original assessment method to detect the responses of the recipient’s T cells
to islet autoantigens over time to monitor cellular autoimmunity. Other markers could not
predict graft dysfunction in advance, but our method detected the activation of islet
antigen-specific CD8+ T-cell responses before the deterioration of pancreatic b-cell func-
tion, indicating the possibility of the non-invasive detection of pancreatic b-cell damage
due to recurrent autoimmunity.

INTRODUCTION
Islet transplantation is an effective treatment for unstable type 1
diabetes1. However, the lack of a valid method to detect rejec-
tion or the occurrence of autoimmunity after transplantation is
a challenge. Currently, the only way to identify the cause of
post-transplant recurrent diabetes is histological analysis of the

islets by liver biopsy. However, biopsies are rarely carried out
due to their unreliability and invasive nature.
Although it has high potential, as shown in the first success-

ful case of living islet transplantation2, until recently, islet trans-
plantation has only been examined in a small-scale clinical
study in Japan3.
Here, we report a case of allogeneic islet transplantation to a

type 1 diabetes patient in Japan. As a noteworthy evaluation,
we measured the reactivity of the recipient’s cytotoxic T cells to
multiple islet-related autoantigens over time before and after
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transplantation to monitor cellular autoimmunity by using the
assay we established4,5. T-cell responses are suggested as an
early biomarker for the diagnosis of recurrent autoimmunity
after islet transplantation.

CASE REPORT
A 48-year-old man with type 1 diabetes underwent islet trans-
plantation from a 59-year-old female non-heart beating donor
in January 2017. Islet isolation and transplantation were carried
out using a previously reported method6 with modifications.
The clinical characteristics and isolation factors are shown in
Table S1.
The islets (411,230 islet equivalent [5,945 islet equivalent/kg])

were transplanted intraportally. The immunosuppressive regi-
men consisted of anti-thymocyte globulin and etanercept for
induction. Maintenance therapy consisted of tacrolimus at
trough levels of 5–10 ng/mL and mycophenolate mofetil at
1,500–2,000 mg/day. Leukopenia and renal dysfunction were
not observed. At 10 months after transplantation, the patient
developed Herpes zoster, but recovered with antiviral medica-
tion.
Islet graft function was evaluated for 2 years (Table 1). Gly-

cated hemoglobin levels improved from 8.6% to 7.5% and 7.0%
at 1 and 2 years after transplantation, respectively. Continuous
glucose monitoring data showed improved glycemic control, in
particular, hypoglycemia was reduced (Figure 1, Table S2).
There was no severe hypoglycemia and very few hypoglycemia
unawareness events for 2 years post-transplant (Table 1). The
serum concentrations of fasting/mixed-meal stimulated C-
peptide were increased from <0.01/0.01 ng/mL before trans-
plantation to 0.53/1.93 ng/mL at 28 days after transplantation,
which were maintained for up to 90 days, but began to decline
thereafter. The area under the curve of serum C-peptide also
increased at 28 days after transplantation, but started to
decrease at 6 months (Table 1; Figure 2).
Monitoring of antibodies against class I and II human leuko-

cyte antigens and islet autoantigens was carried out every 3–
6 months (Table 1). The panel reactive anti-human leukocyte
antigens antibodies remained negative, and islet-related autoan-
tibodies neither newly developed nor increased. Proinsulin was
high only at 90 and 120 days, which might indicate the

destruction of the transplanted b-cells, but does not show the
cause of the problem.
To monitor the emergence or recurrence of islet-specific

cytotoxic cellular autoimmunity, we analyzed CD8+ T-cell
responses specific for the islet antigens glutamic acid
decarboxylase-65, preproinsulin, islet-specific glucose-6-
phosphatase catalytic subunit-related protein and zinc
transporter-8, as previously described5,7, before and at 28 days,
90 days, 6 months, 12 months and 18 months after transplan-
tation. The methods and peptide list for the experiments are
shown in the Appendix and Table S3. The frequency of islet
antigen-specific interferon-gamma-producing CD8+ T cells,
indicating type 1 cytotoxic T cells, was increased at 90 days
after islet transplantation, indicating the period just before the
deterioration of islet graft function, and gradually decreased
thereafter. Notably, the frequencies of antigens glutamic acid
decarboxylase-65-, islet-specific glucose-6-phosphatase catalytic
subunit-related protein- and zinc transporter-8 antibody-
specific type 1 cytotoxic T cells were >1.0% of CD8+ T cells at
90 days, which were higher than during pre-transplantation
(Figure 3). Taken together, our developed method might be
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able to detect autoimmune flare-ups before the full-scale
destruction of b-cells.

DISCUSSION
In current clinical practice, there is no method for detecting
recurrent autoimmunity before transplanted islets are destroyed.
Matsumoto et al.6 reported allogeneic islet transplantation

using potent induction immunotherapy (anti-thymocyte globu-
lin, anakinra and etanercept). The present patient underwent
islet transplantation using their immunosuppressive protocol,
but without anakinra, which is not approved in Japan. Good
glycemic control and endogenous insulin secretion were main-
tained in this patient for at least 2 years of observation. How-
ever, there was a decrease in insulin secretion after 3 months
post-transplant. Islet antigen-specific T-cell activity was elevated
even before the lowering of graft function became apparent.
We and others have reported the detection of islet-specific

CD8 activation in cases of graft failure8,9. However, these stud-
ies used a single antigen at a single time point. Because there
are multiple immunological targets of islet destruction, we used

multiple antigens and followed the patient longitudinally from
before transplantation and identified the activation of islet-
specific CD8 cells just before graft dysfunction. As a limitation,
we do not have such immunological data from other islet
transplanted patients, as this is the first case who underwent
islet transplantation with the analyses in Japan. Based on our
previous report showing that the frequencies of islet-specific
glucose-6-phosphatase catalytic subunit-related protein-specific
CD8+ were 0.49 – 0.78% in 15 individuals without diabetes7,
the frequency of the specific T cells on 90 days in the present
case were considered to be elevated.
This method might have the potential to detect b-cell injury

in islet transplant recipients before clinical symptoms appear.
This might provide an early window for therapeutic interven-
tion.
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