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Current status of islet transplantation in Japan: report from Japanese Isler Transplantation
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Islet transplantation in Japan
—Report from the Japanese Islet Transplantation Registry—

The Japanese Society for Pancreas and Islet Transplantation

[Summary)

Objective: The program of islet transplantation in Japan was started in April, 2004. The program is character-
ized by islet isolation from non-heart-beating {NHB) donors and a national coverage system for donation, isolation,
and transplantation, Here, we summarize the results of the first 3-year islet transplantation program in Japan.

Materials and methods: Two new centers {Tohoku and Osaka) have been added to the previous five institutes
{Fukushima, Chiba, Kyoto, Kobe, and Fukuoka) forming a national team since 2004. At the beginning, recipients
were limited only to patients with no history of kidney transplantation. We expanded the program in September
2006 1o include patients for islet after kidney (IAK) with stable renal function and limited steroid use {below 10
mg/day) using a continued immunosuppressive regimen for kidney transplantation. Recipients were selected accord-
ing to a candidate evaluation system conducted by three diabetologists. Selection and listing criteria for transplanta-
tion include regional priority, ABO blood type, previous islet transplants that are insulin independent, and a longer
waiting time. Isolation and purification procedures of pancreatic islets are performed according to individual proto-
cols in each institute. Immunosuppression is based on sirolimus/tacrolimus combined with basiliximab induction.
Two or three consecutive infusions of >5,000 IE/kg are planned for each recipient until achievement of insulin in-
dependency.

Results: One hundred forty three recipients are currently registered. Sixty four isolations and 33 transplants
were performed in 17 IDDM recipients including 2 JAK recipients. All but one donor (63/64) were NHB. All recipi-
ents were free from hypoglycemic episodes after transplantation. Three of these recipients remain insulin independ-
ent and the others are currently followed with a minimal dose of exogenous insulin. Mean level of HbA.. before
transplant was 8.8 1.8 and patients who had 1, 2, or 3 transplants were 7.5+ 1.4%, 6.5+1.4%, and 6212 %,
respectively.

Conclusion: The feasibility of islet transplantation including IAK using NHB donors was confirmed by a multi-
centric trial in Japan with a high rate of graft function.

Keywords: Japanese Society for Pancreas and Islet Transplantation, non-heart-beating donor, islet transplantation,
type 1 diabetes mellitus
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Bone Marrow Traffic to Regenerating Islets Induced by Streptozotocin
Injection and Partial Pancreatectomy in Mice

K. Ohtake, T. Saito, Y. Satoh, A. Kenjo, T. Kimura, S. Asawa, T. Anazawa, and M. Gotoh

ABSTRACT

The role of bone marrow (BM)-derived cells in the process of pancreatic islet regeneration
remains unclear. The purpose of this study was to determine the role of BM cells in the
repair process or regeneration of pancreatic islets in mice using chimeric green fluorescent
protein (GFP) expressing BM cells. BM-infused chimeric mice were made diabetic by
streptozotocin (STZ) injection or 60% partial pancreatectomy. GFP-positive cells within
the islets and pancreas were studied immunohistologically. STZ treatment induced a
10-fold increase in PCNA-positive cells within the islets on day 7 posttreatment.
GFP-positive cells increased in number within the islets as well as in the pancreatic
parenchyma immediately after STZ injection. The partial pancreatectomy induced 2- to
3-fold increases on day 7 to 28 posttreatment. GFP-positive cells increased in number in
pancreatic parenchyma but not within the islets. BM traffic to the pancreas significantly
increased in the 2 models inducing islet regeneration. In both models, GFP-positive cells
were not positive for antibodies against insulin, glucagon, or somatostatin, but were
positive for markers of macrophages or fibroblasts, suggesting their involvement in the

initiation of islet regeneration.

ECENT STUDIES on stem cells have suggested that
the bone marrow (BM) has cells with the potential to
differentiate into mature cells of various organs.’ In con-
trast, the developmental plasticity of adult hematopoietic
stem cells to various organs is reported to be less than
expected, and transdifferentiation may not be a general
phenomenon.” However, this does not exclude the possibil-
ity of BM cell participation in regenerating tissue. Recently
it was found that traffic of BM cells to inflamed tissue after
reperfusion injury is critical for rapid tissue repair.® Traffic
of BM-derived cells in the process of pancreatic islet
regeneration remains to be determined. The purpose of this
study was to examine the role of BM cells in regenerating
islets in a model using genetically labeled syngeneic BM
transplantation.

MATERIALS AND METHODS

After 12 Gy whole body irradiation, 1 X 10° donor whole BM cells
from green fluorescent protein (GFP) +/— mice were transplanted
into C57BL/6 recipients via the tail vein as previously described.*
Four weeks after BM transplantation, chimeric mice were made
diabetic by administering streptozotocin (STZ) at a dose of 200
mg/kg into the peritoneal cavity or subjected to 60% partial
pancreatectomy.

Sections of paraformaldehyde-fixed, paraffin-embedded pan-

© 2008 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710

Transplantation Proceedings, 40, 449-451 (2008)

creas were stained with hematoxylin-eosin or PCNA. Sections of
paraformaldehyde-fixed, TISSUE-TEK-mounted frozen pancreas
were stained by an immunohistochemical or an immunofluorescent
technique using antibodies specific for insulin, glucagon, soma-
tostatin, fibroblasts (FSP-1),* and macrophages (F4/80).

The number of GFP-positive cells within the islets and in
pancreatic parenchyma were counted serially for 1 month in 2
models. All data were expressed as mean values + SD. Differences
between groups were examined for statistical significance using the
Student ¢ test. P < .05 denoted a statistically significant difference.

RESULTS

The STZ treatment induced a significant increase in the
number of PCNA-positive cells within the pancreatic islets
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Fig 1. (a) Changes in the number of PCNA-positive cells within pancreatic islets following STZ treatment (**P < .01). (b) Changes in
the number of GFP-positive cells within pancreatic islets following STZ treatment (*P < .05). (¢} Changes in the number of GFP-positive
cells in pancreatic parenchyma following STZ treatment. (l) Number of round cells; ((C]) number of spindle-shaped celis (*P < .05).

over the control on day 7 posttreatment (0.38 + 0.07 vs 0.16
+ (0.83/islet; P < .01) (Fig 1a). Exogenous insulin treatment
further increased the number of PCNA-positive cells (1.58
+ 0.03/islet; P < .01). GFP-positive cells significantly
increased in number within the islets on day 1 over the
control (14.5 = 8.8 vs 4.4 * 1.8/islet; P < .05) and gradually
decreased until day 7 (Fig 1b). GFP-positive cells in the
pancreatic parenchyma consisted of round and spindle-
shaped cells. Both types of GFP-positive cells increased in
number in the pancreatic parenchyma following STZ treat-
ment (Fig 1c).

The partial pancreatectomy also induced a significant
increase in the number of PCNA-positive cells within the
pancreatic islets of the remnant pancreas at 1 and 4 weeks
posttreatment over the control (0.56 = 0.24, 0.76 + 0.31 vs
0.22 = 0.1l/islet; P < .05, P < .01, respectively) (Fig 2a).
The round GFP-positive cells within the islets were not
significantly different during the observation period (Fig
2b). In contrast, round GFP-positive cells in the pancreatic
parenchyma significantly increased in number on day 1, and

spindle-shaped GFP-positive cells increased on days 1 to 28
following pancreatectomy (Fig 2c).

In both models inducing islet regeneration, GFP-positive
cells were not positive for antibodies against insulin, gluca-
gon, or somatostatin, but were positive for F4/80 or anti-
FSP-1.

DISCUSSION

STZ treatment induced a 10-fold increase in PCNA-
positive cells within the islets on day 7 posttreatment.
The partial pancreatectomy induced 2- to 3-fold in-
creases on days 7 to 28 posttreatment. In the former
model, GFP-positive cells increased in number within the
islets as well as in the pancreatic parenchyma following
STZ injection. In the latter model, GFP-positive cells
increased in number in the pancreatic parenchyma but
not within the islets themselves. BM traffic to the pan-
creas significantly increased in the 2 models inducing islet
regeneration. This report showed that BM traffic in-
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Fig 2. (a) Changes in the number of PCNA-positive cells in each islet following partial pancreatectomy (*P < .05, **P < .01). (b) Changes
in the number of GFP-positive cells in each islet following partial pancreatectomy. (c) Changes in the number of GFP-positive cells in
pancreas following partial pancreatectomy. (M) Number of round cells; [C]) number of spindle-shaped cells (*P < .05).
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creased to the area surrounding regenerating islets in the
partially pancreatectomized model, and to the islet itseif
in the STZ model.

Thus, what is the role of this initial increase in traffic to
the islets or to the pancreatic parenchyma around the
islets? Although no trace of these cells to differentiate
into pancreatic endocrine cells was found, some of the
GFP-positive cells were positive for macrophage or fi-
broblast markers, suggesting a role in initiating the
regeneration of islets. This is consistent with the findings
of Minatoguchi et al,> who reported that enhanced
mobilization of neurophils and macrophages from BM
led to prompt absorption of necrotic tissue after myocar-
dial infarction leading to acceleration of the healing
process and mycocardial regeneration. It is also compa-
rable with the report by Hess et al,® who showed that
BM-derived stem cells initiated pancreatic regeneration
in a model using STZ-induced pancreatic damage. The
infiltrating cells have characteristics consistent with the
phenotypes of macrophages and fibroblasts. Experiments
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are currently in progress to determine the roles of these
cells on islet regeneration.
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Islet transplantation in Japan
—Report from Japanese Islet Transplantation Registry—

The Japanese Society for Pancreas and Islet transplantation

[Summary]

The program of islet transplantation in Japan was started in 2004. One hundred twenty nine recipients are cur-
rently registered. Sixty five isolations and 34 transplants were performed in 18 insulin-dependent diabetes mellitus
recipients including 2 TAK recipients. All but one donor (64/65) were non-heart-beating donors. All recipients were
free from hypoglycemic episodes after transplantation. Three of these recipients became insulin independent tran-
siently and most the other patients are currently being followed with a minimal dose of cxogenous insulin.

Keywords: Japanese Society for Pancreas and Islet Transplantation, non heart-beating donor, islet transplantation,

type 1 diabetes mellitus
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