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To restore the function of pancreatic islet cells and to achieve radical cure in diabetes mellitus, the
development of an experimental system to treat affected islets at the molecular level is an important step. In
this study, we aimed to develop a technique with which isolated murine islets can be treated for maintenance
of its high—dimensional structure by means of isogeneic transplantation. Islets isolated from Balb/c mice were
embedded in vitro in a murine extracellular matrix gel and were transplanted subcutaneously to mice of the
same strain. The rate of graft survival 24 hours after transplantation was high (86.5 = 8.4%, mean = SEM).
After 10 days, the shape of most islets had changed to the lobulated form with satellite endocrine—cell
clusters. Each islet, however, still had the same percentages of endocrine components as did physiological
islets in vivo: B cells, 74.3% =+ 4.6%; a cells, 17.6% =+ 3.1%; and 0 cells, 6.8% =+ 1.7%. Examination with
the rhodamine isothiocyanate-labeled gelatin method revealed vessels still present within islets but had no
blood flow. We next examined cell-cell interaction by means of the expression of E-cadherin, an intercellular
adhesion molecule. At 24 hours, E-cadherin expression was increased near center of islets, but at 10 days
expression had reverted to the diffuse pattern seen in islets in vivo. Parallel with this change in E-cadherin
expression, the percentage of cells positive for proliferating—cell nuclear antigen had markedly increased to
8.5% =+ 6.3% at 24 hours but then decreased to 0.6% = 0.1%, as observed in islets in vivo. We also tried to
transduce to express an exogenous gene in isolated islets using an adeno—associated virus (AAV) 8 vector, so
that the humanized Renilla green fluorescent protein (hrGFP) gene would be expressed under the
cytomegalovirus promoter. After exposure to the AAVS viral vector, islets were transplanted to murine
subcutaneous tissue. At 10 days, expression of hrGFP was consistently observed but was confined to the
periphery of the islets.

(Tokyo Jikeikai Medical Journal 2012;127:49-61)
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Fig.1. Slot-blot hybridization assay for the titration of AAV8-CMV~-hrGFP
The titers of viral genome particles of each sample were determined by the standard slot-blot assay. This assay detects the
packaged AAV genomes using DNA probes specific for the gene coding for green fluorescent protein. A positive signal in this
assay indicates that AAV virions were produced, and quantitation yields a particle number in virions. The slot-blot assay showed
that the viral titer of finally concentrated AAV8-CMV~-hrGFP is 8.0 X 10" viral genomes/ml.

Fig.2. Morphologic observation of isolated pancreatic islets by the in vitro cultivating method
Morphologic observations of the cultured islets were shown by phase—contrast micrographs at day 1, day 3 and day 9 after
isolation. Representative islets are shown. Original magnification, 100 X .
(A) Morphology of the islets was closely similar to native pancreatic islets of wild—type mice with well-retained three—

dimensional structure at day 1.

(B) The in vitro cultivated islets adhere to the bottom of a culture dish, and spread in the shape of a concentric circle with
monolayer formation, intermingled with fibroblastic cells at the 3 days.
(C) The great portion of three-dimensional structure of the islets collapsed at the 9 days.
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Fig.3. Histological analysis of the native pancreatic islets and the transplanted islets.
Representative pancreatic islets are shown. Original magnification, X 200.
(A) H&E staining of the pancreatic sections from wild—type male Balb/c mice.
(B) Immunostaining for insulin was carried out in the pancreatic sections from wild-type male Balb/c mice using anti—insulin
antibodies.
(C) Histological analysis of the transplanted islets with H&E staining at day 1 after transplantation. The transplanted islets were
closely similar to the native pancreatic islets of wild—type mice.
(D) Immunostaining for insulin was carried out in sections of the transplanted islets using anti—insulin antibodies at dayl after
transplantation.
(E) At the 10 days after transplantation, shape of vast majority of islets was changed to lobulated form with satellite islet-like
clusters composed of pancreatic endocrine—cells.
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Fig.4. Endocrine cells and their construction after 24 hours and 10 days of the transplantation.
The engrafted islets were excised from recipient mice and were subjected to multiple immune—fluorescent (IF) staining with
ant-insulin (green), glucagon (blue) and somatostatin (red) in order to detect 3, cand 0 cell, respectively. construction of these
endocrine cell types were almost comparable to that of islets in vivo: 3 75.6 = 4.3%; & 16.2 £ 2.6%; 6 6.9 £ 1.8%at 24 hours
(A, C). There was no reciprocal change in this endocrine construction after 10 days of the transplantation, 3 74.3 £ 4.6%; &
17.6 = 3.1%; 0 6.8 = 1.7% (B, D). Values represent mean = SEM.Representative pancreatic islets are shown.Scale bar, 50 1
m.
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MRIEER 2 B 72> 7= (Fig. 50).
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N5H0D, E-5 RAY > ORBIIERES &
FRRICHES2ARICE—Th D, TORBRRBEICS
B IHS R RHEIT R e o 72 (Fig. 60).

(5) A 5E

BB S HIIE O BB LT, PCNA Z
T BRI Ko TRt 2 A 72, 414K
S HIAEIZ 331 5 PCNA B 1E2R130.5 £ 0.1 (mean
+SEM) % TdH DA (Fig. 7A, D), Bl H%ZD
JEE M B W TG E# 185+ 6.3 (mean +
SEM) % &#EINL TWw/z (Fig. 7B, D). #4E10
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Fig.5. Evaluation of blood streams in the engrafted islets by RITC-labeled gelatin method.
Blood streams within native islets in vivo were readily identified by the RITC labeling (A).Small vessels were still observed by
H&E staining within the engrafted islets, indicating presence of residual vessel for the microcirculation of islets. However,
RITC labeling was not detected at 24 hours (B), and was barely seen only around the engrafted islets and 10 days after the
transplantation (C). In fig. 5a, blue, Insulin;red, RITC-labeled gelatin.In fig.5b and ¢, blue, Glucagon; green, insulin; red,RITC—
labeled gelatin.Representative pancreatic islets are shown. Scale bar, 50 £ m.
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Fig.6. Epithelial (E-) cadherin expression in the islets at 24 hours and 10 days after the transplantation.
E-cadherin was homogeneousely expressed among endocrine cells of native islets in vivo (A). However in the engrafted islets
of 24 hours after the transplantation, the expression of E-cadherin was decreased at 3 cells especially near margin of the islets,
and was increased near the center of the islets (B).This marked characteristic change was restored at the 10 days of the
transplantation to the homogeneous pattern seen in the native islets in vivo (C). Representative pancreatic islets are shown.Scale
bar: 50 /£ m.
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Fig.7. Detection of Proliferation Cell Nuclear Antigen (PCNA) in the islets after the transplantation.
Rate of PCNA-positive cells in native islets in vivo is very low (0.5 & 0.1%) (A, D). Drastic increase in the rate of PCNA—
positive cells (18.5 & 6.3%) was detected (B,D), but this change was restored to 0.6 = 0.1% at the 10 days seen in native islets
in vivo (C, D). Values represent mean = SEM.Representative pancreatic islets are shown.Scale bar: 100 /£ m.
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Fig. 8. Expression of the exogeneous gene transduced

into cultured MING cells via AAV8-CMV—
hrGFP viral vector.
Merged image of the MING cells, phase—contrast
image and fluorescence micrograph.Observation
was performed at 10 days of the infection for
expression of hrGFP. Original magnification, X
200.

Fig.9. Expression of hrGFP in the islets at the 10 days after the ex vivo gene transduction.
Isolated murine islets were subjected to the ex vivo gene transduction via the AAV vector, were embedded by the extra—cellular
matrix gel, and were transplanted to subcutaneous tissue of the same strain—mice. After 10 days of the transplantation, the
excised graft was observed by H&E (A) and hrGFP (B) staining. Expression of hrGFP could be seen but limited to the periphery
of the islets. Expression at the center region of the islets was very few. Total rate of GFP-positive cells was 6.3 & 2.1%. Values
represent mean = SEM.Representative pancreatic islets are shown. Original magnification, X 200.
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