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Abstract

AIM: To determine whether the elevated vascular
endothelial growth factor (VEGF) expression produced
by the transfected vascular endothelial cells (VECs) could
stimulate angiogenesis of the graft islets and exert its
effect on the graft function.

METHODS: Thirty diabetic recipient rats were divided
into three groups (7 = 10 per group). In the control
group, 300 IEQ islets were transplanted in each rat
under the capsule of the right kidney, which were
considered as marginal grafts. In the VEC group, VEC
together with the islets were transplanted in each rat.
In the VEGF group, VEC transfected by pIRES2-EGFP/
VEGF165 plasmid and the islets were transplanted in
each rat. Blood glucose and insulin levels were evaluated
every other day after operation. Intravenous glucose
tolerance test (IVGTT) was performed 10 d after the
transplantation. Hematoxylin and eosin (HE) staining was
used to evaluate the histological features of the graft
islets. Immunohistochemical staining was used to detect
insulin-6, VEGF and CD34 (MVD) expression in the graft
islets.

RESULTS: Blood glucose and insulin levels in the VEGF
group restored to normal 3 d after transplantation. In
contrast, diabetic rats receiving the same islets with or
without normal VECs displayed moderate hyperglycemia
and insulin, without a significant difference between
these two groups. IVGTT showed that both the
amplitude of blood glucose induction and the kinetics
of blood glucose in the VEGF group restored to normal
after transplantation. H&E and immunohistochemical
staining showed the presence of a large amount of
graft islets under the capsule of the kidney, which were
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positively stained with insulin-6 and VEGF antibodies in
the VEGF group. In the cell masses, CD34-stained VECs
were observed. The similar masses were also seen in the
other two groups, but with a fewer positive cells stained
with insulin-6 and CD34 antibodies. No VEGF-positive
cells appeared in these groups. Microvessel density (MVD)
was significantly higher in the VEGF group compared to
the other two groups.

CONCLUSION: Elevated VEGF production by trans-
fected vascular endothelial cells in the site of islet
transplantation stimulates angiogenesis of the islet
grafts. The accelerated islet revascularization in early
stage could improve the outcome of islet transplantation,
and enhance the graft survival.

© 2007 The WIG Press. All rights reserved.

Key words: Islet transplantation; Revascularization;
Vascular endothelial growth factor; Gene transfer;
Vascular endothelial cells

Cheng Y, Liu YF, Zhang JL, Li TM, Zhao N. Elevated vascular
endothelial growth factor production and its effect on
revascularization and function of graft islets in diabetic rats.
World J Gastroentero/ 2007; 13(20): 2862-2866

http://www.wjgnet.com/1007-9327/13/2862.asp

INTRODUCTION

Islet transplantation is considered a potentially curative
treatment for diabetes mellitus. However, the protocol
depends on the sufficiently large amounts of graft islets,
requiring two to four cadaveric pancreas. The native islet
vascular network has been ruined during the isolation'".
It is estimated that > 70% of islet mass becomes stably
engraftedm. So apart from immune rejection, another
critical limitation to islet transplantation is the rate and
extent of islet revascularization”. In this study, we
used rat vascular endothelial cells (VECs) transfected
with VEGF165 to elevate the production of vascular
endothelial growth factor (VEGF) in the site of islet
transplantation, and then determined whether the elevated
VEGF expression could stimulate the angiogenesis in the
grafts. These results would provide proof-of-principle that
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local expression of angiogenic molecules may enhance
islet revascularization, thereby improving the outcome of
marginal islet transplantation with better glycemic control
in diabetic rats.

MATERIALS AND METHODS

Animals and materials

Wistar rats (body weight, 150 £ 20 g) were purchased
from Animal Center of China Medical University. Diabetic
rats were induced by streptozocin (STZ, IP, 60 mg/kg),
and diabetes mellitus was defined when the non-fasting
blood glucose level was greater than 16.8 mmol/L on two

consecutive measurement!’. Then the diabetic recipients
were randomly divided into three groups (z = 10 in each
group). In the control group, the islets were transplanted
under the capsule of the right kidney. In the VEC group,
vascular endothelial cells (VECs) were transplanted
together with the islets. In the VEGF group, VECs
transfected with pIRES2-EGFP/VEGF165 plasmid were
transplanted together with the islets.

pIRES2-EGFP/VEGF165 was propagated in
permissive cells and purified by CsCl density gradient
centrifugation as previously described”. The titer of
pIRES2-EGFP/VEGF165 was 1.1 x 10" plaque-forming
unit (pfu)/mL.

Islet isolation and transplant

Islets were isolated and purified according to the modified
Minnesota program'®. Briefly, after intraductal infusion
of 10-12 mL of cold Hank’s balanced solution containing
1.5 mg/mL type V collagenase (C9263, Sigma), the
pancreas was surgically procured and digested at 37°C for
15-20 min. During the digestion, the pancreas was observed
closely, and digestion was stopped by RPMI11640 containing
200 mL/L serum when the emulsion appeared. The islets
were purified by discontinuous Ficoll density gradient (25%,
23%, 20.5% and 11%) centrifugation at 3000 r/min for 10
min at 4°C. The distinct islets were collected and washed,
and finally the 300 IEQ islets free of acinar cells, vessels,
lymph nodes and ducts, which were considered as marginal
grafts, were used for transplantation.

For the islet transduction by vectors, aliquots of the
islets were incubated with VEGF vector at a defined
multiplicity of infection (MOI) in 2 mL of serum-free
RPMI1640 medium at 37°C for 2 h. After washing with
Hanks’ balanced salt solution, transduced islets were used
for transplantation.

Detection of islet function

Blood glucose and insulin levels were evaluated every other
day after operation. The intravenous glucose tolerance test
(IVGTT) was performed 10 d after transplantation. Rats
were fasted for 5 h and injected intravenously with 500 g/L
dextrose solution at a dose of 0.5 g/kg body weight, as
previously described”. Blood glucose levels were measured
before and at 1, 5, 10, 15, 30, 60 and 90 min after glucose
infusion.

Histological observation
Hematoxylin and eosin (H&E) and immunohistochemical
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Figure 1 Glucose (A) and insulin (B) levels in the diabetic rats after
transplantation.

staining of islet grafts were performed. Briefly, animals
were killed 14 d after transplantation, and islet grafts were
retrieved from individual animals. After fixing in 10%
phosphate-buffered formalin overnight, islet grafts were
embedded in paraffin. The paraffin-embedded islet grafts
were cut into consecutive sections (4-pum thick), which
were immunostained with anti-insulin-6, rat anti-CDD31 and
rabbit anti-VEGF165 antibodies, respectively. Microvessel
density (MVD) was determined under light microscopy
after sections were immunostained with anti-CD34
antibodies, as previously described®. Clusters of stained
endothelial cells were counted as a single microvessel.
MVD expressed as average number of three highest area
identified within a single 200 X field.

Statistical analysis

Data were expressed as mean * SE. Statistical analyses
of data were performed by ANOVA. Unpaired ANOVA
analysis of variance was used to compare between two
different treatment groups. P value < 0.05 was considered
statistically significant.

RESULTS

Graft islet function after transplantation

The blood glucose and plasma insulin levels in the diabetic
recipients of the VEGF group restored to normal 3 d after
transplantation. In contrast, diabetic rats receiving the same
islets with or without normal VECs displayed moderate
hyperglycemia (13-14 mmol/L), and insulin (¢ ulU/mL),
without a significant difference between these two groups
(Figure 1). We observed a significant difference in both
the amplitude of blood glucose induction and kinetics
of blood glucose decline between VEGE group and the
other two groups, but no obvious difference between
the control and VEC groups. In response to injection of
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Figure 4 Immunohistochemical staining of VEGF in graft islets transplanted under the kidney capsule (x 400). A: Control group; B: VEC group; C: VEGF group.

a high dose of glucose, elevated blood glucose levels in
the VEGF group were restored to a normal range within
90 min, whereas blood glucose levels in the control and
VEC groups were increased to a significantly higher
amplitude after glucose infusion and remained at the
hyperglycemic level.

Histological findings
HE staining showed that a large amount of cell masses,
which were different from the kidney native cells, were
seen under the capsule of the kidney in the VEGF group.
There were some vascular endothelial cells around and in
the center of the masses. In the control and VEC groups,
the similar cell masses were observed, but more fibrosis
was seen in the center of the masses, where no vascular
endothelial cells were seen (Figure 2).
Immunohistochemistry showed a large amount of
insulin-6-positive cells in cell masses of the VEGFE group,
whereas insulin-6-positive cells were seldom seen in the
other two groups (Figure 3).
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VEGF165 was expressed in the VEGFE group but not
in the control and VEC groups (Figure 4). As shown in
Figure 5, a significant difference in the relative intensity
of immunostaining for anti-CD34 antibody was observed
between the VEGF and the other two groups, thereby
indicating an increased degree of revascularization of
transplanted islets in the VEGE group. MVD in the islet
grafts was significantly higher in the VEGFE group (74.3
+ 6.74) compared to the VEC group (11.43 + 2.22) and
control groups (10.9 £ 2.45) (P < 0.05).

DISCUSSION

Pancreatic islet transplantation has been proposed as
a treatment for diabetic patients in order to restore
physiological insulin secretion, to reduce hyper-/hypogly-
cemia events and consequently to improve the quality
of life. Successful islet transplantation depends on the
infusion of sufficiently large quantities of islets, but
more than 70% islets would become inactive in the early
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Figure 5 Immunohistochemical staining of CD34 in graft islets transplanted under the kidney capsule (x 400). A: Control group; B: VEC group; C: VEGF group.

stage (7-14 d after transplantation)”. Many factors may
contribute to islet death, including initial blood-mediated
inflammation reaction (IBMIR), immunoattack, and
ischemic injury due to insufficient blood supply’'?. Tslet
survival depends on the diffusion of oxygen and nutrients.
Pancreatic islets are heavily vasculatized, and they receive
their blood supply from an afferent arteriole that branches
into a glomerular-like network of microvessels, which
forms a local intra-islet portal system through which
blood flows from the central core of {3 cells to the non-f3
cell mantle. Islet capillaries are fenestrated, which may be
important for the efficient release of secreted products
into the bloodstream'"”. Moreover, B cells may require
more oxygen than most other cell types, as suggested by
the finding that islets constitute only 1% of the pancreatic
mass but receive 10% of the pancreatic blood supply'™¥.

During the process of islet isolation, the circulation
within the islets and the extra-islet vascularization are
disrupted. Formation of new vessels may be too slow
to allow survival of an optimal number of cells. Furuya
et al” demonstrated that the native endothelial cell in
the graft islets reduced gradually, and disappeared 5 d
after the transplantation. New blood vessels develop over
a period of about 14 d, or even 4 wk which is not fast
enough to prevent the marked loss of islet cells occurring
during the first few days after transplantation'®. The
mechanisms that regulate the revascularization of islets
are poorly understood. Some studies"” have suggested
that the reduction of the endothelial cells from the donors
may contribute to the poor revascularization. However, in
our experiment, a large number of endothelial cells were
transplanted together with the graft islets. We observed
that in the early stage after transplantation, the process
of revascularization was not changed and no vessels were
formed although the endothelial cells survived.

It has been suggested that growth factors may be
important in this process. VEGF is known to be one
of the most important factors associated with angioge-
nesis'"'* Therapeutic angiogenesis has been used
for treating coronary and peripheral artery diseases
by facilitating new vessel formation using plasmid or
adenoviral vector-mediated VEGF gene delivery in a
number of clinical trials"”*!, VEGF may be a mediator
in islets because it increases vascular permeability'™,
which is important for the maintenance of normal
endocrine function in highly vascularized organs and
in devascularized islets™. VEGF may play a role in the

maintenance of the islet capillary system” and initiate the
revascularization of islets during transplantation™. VEGF
expression is increased in the graft islets, but significantly
reduced 2-3 d after transplantation and is not sufficient for
revascularization””. Therefore, evaluation of local VEGF
expression may provide a crucial clue for improving
revascularization and survival of graft islets.

Our study aimed to investigate the effect of VEGF
production on islet revascularization and function
by transplanting the endothelial cells transducted by
VEGF165 together with 300 IEQ islets, which is
considered a marginal mass for diabetic rats. In the
presence of islet impairment, revascularization appears
to ensue irrespective of whether islets are transplanted
intra-portally in the liver, retrogradely into the spleen, or
under the kidney capsule. In our experiment, the islets
were transplanted under the kidney capsule in order
to facilitate histological observations. Unlike previous
studies, we used endothelial cells, not the graft islets, as
the “target cells” in our experiment. Endothelial cells take
part in the revascularization, and are easy to obtain and
be transducted. Our results validated the concept that
clevated local production of VEGF helps facilitate islet
revascularization, as reflected by the significantly increased
CD34 immunostaining under the kidney capsule that was
grafted with the VEGF vector-transduced endothelial cells.

The newly transplanted islets are hypoxic, causing
islet cells to undergo apoptosis and/or necrosis, which
contribute to the loss of functional -cell mass after
transplantation[zsl. Our results also showed that the elevated
VEGF expression contributed to the increased islet
masses as reflected by H&E and immunohistochemical
staining for insulin, which was associated with improved
glycemic control in the diabetic recipient rats. Taken
together, these results demonstrate that local VEGF
production significantly enhances islet revascularization
and improve glycemic control in STZ-induced diabetic
rats. Our study may provide a novel strategy to accelerate
islet revascularization and improve long-term survival of
functional islet masses after transplantation.

REFERENCES

1  Stagner JI, Samols E. Altered microcirculation and secretion in
transplanted islets. Transplant Proc 1994; 26: 1100-1102

2 Shapiro AM, Ryan EA, Lakey JR. Diabetes. Islet cell
transplantation. Lancet 2001; 358 Suppl: 521

3 Boker A, Rothenberg L, Hernandez C, Kenyon NS, Ricordi

www.wjgnet.com



2866 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

May 28, 2007  Volume 13 Number 20

10

11

12

13

14

15

C, Alejandro R. Human islet transplantation: update. World |
Surg 2001; 25: 481-486

Dehghani GA, Sotoodeh M, Omrani GR. Trophic effects of
vanadium on beta-cells of STZ-induced insulin dependent
diabetic rats &amp; evidence for long-term relief of diabetes
mellitus. Indian | Med Res 1999; 110: 70-75

Yu M, Qian YQ, Lu SY, Chen GS, Ye J. Construction of VEGF
eukaryotic expression vector and its expression in endothelial
cells and cardiac myocytes in-vitro. Xibao Yufen Zimian Yixue
ZaZhi 2003; 19: 223-224

Hering BJ, Matsumoto I, Sawada T, Nakano M, Sakai
T, Kandaswamy R, Sutherland DE. Impact of two-layer
pancreas preservation on islet isolation and transplantation.
Transplantation 2002; 74: 1813-1816

Russell JC, Graham SE, Dolphin PJ. Glucose tolerance and
insulin resistance in the JCR: LA-corpulent rat: effect of
miglitol (Bay m1099). Metabolism 1999; 48: 701-706

Imao T, Egawa M, Takashima H, Koshida K, Namiki M.
Inverse correlation of microvessel density with metastasis and
prognosis in renal cell carcinoma. Int | Urol 2004; 11: 948-953
Fontaine MJ, Fan W. Islet cell transplantation as a cure
for insulin dependent diabetes: current improvements in
preserving islet cell mass and function. Hepatobiliary Pancreat
Dis Int 2003; 2: 170-179

Ozmen L, Ekdahl KN, Elgue G, Larsson R, Korsgren O,
Nilsson B. Inhibition of thrombin abrogates the instant
blood-mediated inflammatory reaction triggered by isolated
human islets: possible application of the thrombin inhibitor
melagatran in clinical islet transplantation. Diabetes 2002; 51:
1779-1784

Gainer AL, Suarez-Pinzon WL, Min WP, Swiston JR,
Hancock-Friesen C, Korbutt GS, Rajotte RV, Warnock GL,
Elliott JF. Improved survival of biolistically transfected mouse
islet allografts expressing CTLA4-Ig or soluble Fas ligand.
Transplantation 1998; 66: 194-199

Fotiadis C, Xekouki P, Papalois AE, Antonakis PT,
Sfiniadakis I, Flogeras D, Karampela E, Zografos G. Effects
of mycophenolate mofetil vs cyclosporine administration on
graft survival and function after islet allotransplantation in
diabetic rats. World | Gastroenterol 2005; 11: 2733-2738
Jansson L, Carlsson PO. Graft vascular function after
transplantation of pancreatic islets. Diabetologia 2002; 45:
749-763

Barshes NR, Wyllie S, Goss JA. Inflammation-mediated
dysfunction and apoptosis in pancreatic islet transplantation:
implications for intrahepatic grafts. | Leukoc Biol 2005; 77:
587-597

Furuya H, Kimura T, Murakami M, Katayama K, Hirose K,
Yamaguchi A. Revascularization and function of pancreatic
islet isografts in diabetic rats following transplantation. Cell

www.wjgnet.com

16

17

18

19
20

21

22

23

24

25

26

27

28

Transplant 2003; 12: 537-544

Brissova M, Fowler M, Wiebe P, Shostak A, Shiota M, Radhika
A, Lin PC, Gannon M, Powers AC. Intraislet endothelial cells
contribute to revascularization of transplanted pancreatic
islets. Diabetes 2004; 53: 1318-1325

Brown LF, Detmar M, Claffey K, Nagy JA, Feng D, Dvorak
AM, Dvorak HF. Vascular permeability factor/vascular
endothelial growth factor: a multifunctional angiogenic
cytokine. EXS 1997; 79: 233-269

Shimizu H, Mitsuhashi N, Ohtsuka M, Ito H, Kimura F,
Ambiru S, Togawa A, Yoshidome H, Kato A, Miyazaki
M. Vascular endothelial growth factor and angiopoietins
regulate sinusoidal regeneration and remodeling after partial
hepatectomy in rats. World | Gastroenterol 2005; 11: 7254-7260
Isner JM. Myocardial gene therapy. Nature 2002; 415: 234-239
Koransky ML, Robbins RC, Blau HM. VEGF gene delivery for
treatment of ischemic cardiovascular disease. Trends Cardiovasc
Med 2002; 12: 108-114

Khan TA, Sellke FW, Laham R]. Gene therapy progress and
prospects: therapeutic angiogenesis for limb and myocardial
ischemia. Gene Ther 2003; 10: 285-291

Sigrist S, Mechine-Neuville A, Mandes K, Calenda V, Braun
S, Legeay G, Bellocq JP, Pinget M, Kessler L. Influence of
VEGF on the viability of encapsulated pancreatic rat islets
after transplantation in diabetic mice. Cell Transplant 2003; 12:
627-635

Gorden DL, Mandriota SJ, Montesano R, Orci L, Pepper
MS. Vascular endothelial growth factor is increased in
devascularized rat islets of Langerhans in vitro. Transplantation
1997; 63: 436-443

Kuroda M, Oka T, Oka Y, Yamochi T, Ohtsubo K, Mori S,
Watanabe T, Machinami R, Ohnishi S. Colocalization of
vascular endothelial growth factor (vascular permeability
factor) and insulin in pancreatic islet cells. ] Clin Endocrinol
Metab 1995; 80: 3196-3200

Vasir B, Aiello LP, Yoon KH, Quickel RR, Bonner-Weir S,
Weir GC. Hypoxia induces vascular endothelial growth factor
gene and protein expression in cultured rat islet cells. Diabetes
1998; 47: 1894-1903

Vasir B, Jonas JC, Steil GM, Hollister-Lock J, Hasenkamp
W, Sharma A, Bonner-Weir S, Weir GC. Gene expression of
VEGF and its receptors Flk-1/KDR and Flt-1 in cultured and
transplanted rat islets. Transplantation 2001; 71: 924-935
Okuda T, Azuma T, Ohtani M, Masaki R, Ito Y, Yamazaki
Y, Ito S, Kuriyama M. Hypoxia-inducible factor 1 alpha and
vascular endothelial growth factor overexpression in ischemic
colitis. World | Gastroenterol 2005; 11: 1535-1539

Carlsson PO, Mattsson G. Oxygen tension and blood flow in
relation to revascularization in transplanted adult and fetal rat
pancreatic islets. Cell Transplant 2002; 11: 813-820

S- Editor Wang] L- Editor Kumar M E- Editor Che YB



