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Abstract

¥

Mice, deficient for vascular endothelial growth
factor VEGF-A in pancreatic istets, have reduced
insulin gene expression levels and an impaired
glucose tolerance, Here, we investigated whether
VEGF-A was required for physiological glucase-
stimulated insuiin secretion and insulin content,
We performed in situ pancreas perfusions and
islet perifusions on mice lacking VEGF-A in the
pancreatic epithelium in order to study their
ability to secrete insulin in response to glucose,
We identified insulin secretion defects in the

panereata of VEGF-A deficient mice, includ-
ing a delayed and blunted response o glucose.
Istet perifusion experiments revealed a missing
first phase and weaker second phase of insulin
secretion, in two of three VEGF-A deficient mice,
On average, insulin content in VEGF-A deficient
istets was significantly reduced when compared
with controi islets. We conclude that VEGF-A is
required in pancreatic islets for normal glucose-
stimulated insulin secretion and physiciogical
insulin content. Thus, VEGF-A is a key factor for
pancreatic islet funcrion.

Abbreviations

v

VEGF-A  Vascular endothelial growth factor A
VEGFR2  VEGF-Areceptor2

VEGFKO  Pdx1-Cre x VEGF-A loxP mouse

Introduction

4

Pancreatic islets express high levels of vascular
endothelial growth factor, VEGF-A, throughout
life. VEGF-A establishes and maintains a dense
capillary network inside islets by signalling to
VEGFR2-expressing endothelial cells [1-3]. A
physiological requirement for islet VEGF-A is
revealed by a glucose tolerance defect in mice
lacking VEGF-A (VEGF KO} [3]. Interestingly,
overexpression of VEGF-A in mouse pancreatic
islets improves their insulin content as well as
success of subsequent islet transplantation {4,5].
Moreover, decreased insulin secretion was
observed in STAT3-deficient mouse pancreatic
islets, coinciding with a reduced VEGF-A expres-
sion in these islets [6),

These findings raise the question whether the
VEGE-A induced capillary network affects gle-
cose-stimulated insulin secretion. We therefore

analyzed the physiological role of VEGF-A in
insulin secretion.

Istets deficient for VEGF-A were recently demon-
strated to express lower insulin mRNA levels 7).
Since posttranscriptional regulation was shown
to affect insulin content and secretory granule
biogenesis [8], we also explored whether VEGF-A
was required for physiological insuiin protein
content,

Materials and Methods

¥

Mice

VEGF KO mice (Pdx1-Cre x VEGFloxP) expressed
Cre recombinase under the Pdxi prometer and
had hoth VEGF-A alleles floxed {3} Littermates
with no homozygous VEGF-A deletion ware used
as controls. Mice were kept in accordance with -
the Gertnan and Swiss law and the NiH principles
of laboratery animal care, :

In situ pancreas perfusion

Mice were anesthetized and prepared as previ-
ously described [9]. In brief, the pancreas was
perfused at 37°C with a basal solution (KRB can-
taining 10mmoljl leucine, 0.25% {raction V BSA
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Fig.1 Kinetics of glucose and arginine stimulatedinswlin secretion during in situ pancreas perfusions. Mice were perfused with each solution for 10 miautes,
and the effluent was collected overy minute, starting with basal solution {grey bar), fallewed by 10mmoll glucose (black bar), then basal selution, next
2mmol/l arginine (black bar), and finally basal solution. a Insulin secretion fer minute was presented 25 means + SEM of S control mice to be compared with

(b-g) & single VEGF XQ mice,

and 40g/l dextrap), supplemented with 2.8mmolfl glucose,
10mmolfl glucose or 2menolf] arginine, at a flow rate of 15ml/  each fraction was determined by RIA.

min, Afrer 30min perfusion with basal solution containing
2.8 mmol/] glucose, the effluent was collected in 1-min intervals
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from a catheter placed in the porta vein. The insulin content of
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Fg.2  Insulinkinetics of glucose stimelated insulin secretion during pancreaticistet perifusions, and insufin content. a-d Secreted insulin in the efluent of
pancreatic islets perifused with 3.3 mmeif glucose and stimulatary 16.7 mmolfl glucase concentrations. a Seceated insulin of islets isolated from 3 contral
mice (1-2 sets of islets per mouse). Data are means s SEM. b-d Insulin secreted by istets fsolated from 3 VEGF KO mice {F set of islets per mouse). eInsulin
contentin pancreaticislets isolated from 3 control mice (white bar) and 3 VEGF KO mice (black bar). Vakses are means+5EM. ** *p<0.001 (Student's btest).

islet perifusion experiments

VEGF KO and control islets were simultaneously perifused at
37°C in a 12-channei perifusion system {10] with KRB contain-
ing {in mmol]} 2.5 CaCl,, 10,0 HEPES, 4.7 KCI, 1.2 KH,PO, 1.2
M50y, 123.0 NaCl, 20.2 NaH(0; and 0.2 % bovine serum albu-
min. During a 40-min starvation period, the mouse islets were
perifused with the KRB supplemented with 3.3 mmol{l glucose.
For stisnulation, the glucose concentration was raised to
16.7 mmol/l. Effluent was collected in intervals of 5 min duiing
starvation period, .5 min during first phase and 2 min during
second phase. Insulin, secreted by 15 islets per channel, was
measured by RIA.

Insulin content

Islets were isolated from 3 VEGF X0 and 3 control mice. Groups
of 15 similar sized islets {(3-4 observations/mouse) were lysed,
and the insulin content was determined as previously described
(10,

Results

¥

We performed in situ pancreas perfusions on six VEGF KO mice
and their contro} littermates. On average, glucose stimulated
insulin secretion was biphasic in contrel mice (o Fig, 1a). In
contrast, insulin secretion in VEGF KO mice was variable and
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therefore presented individually for each mouse (o Fig. 1b~g),
Noimal biphasic insulin secretion was lost in four of the six mice
(@ Fig. 1b-e) and glucose stimulated insulin secretion was
attenuated andfor defayed in all but one case (¢ Fig. 1g). In this
case, the mouse had a normal pancreas rather than the pale and
small pancreas characteristic of a VEGF-A deletion. Interestingly,
along with the missing VEGF KO phenotype, this mouse had a
normal hiphasic insulin secretion (¢ Fig. 1g). In addition to the
defecrs in glucose-stimulated insulin secretion, we also observed
that the arginine response was largely undetectable in four of
the six mutantt mice (© Fig. 1b,c,d.f).

Islet perifusions were performed with non-stimulatory
(2.3 mmolfl} and stimulatory (16.7 mmol{l} glucose concentra-
tions (@ Fig. 2a—d). In these experiments, insulin secretion of
similar sized VEGF KO and contzol islets was measured simulta-
neously in a 12-channel perifusion system [10]. Glucose stimu-
lated insulin secretion was biphasic in 3 islet preparations of 3
control mice (@ Fig. 2a, merged graph). In contrast, perifusion
experiments with islets from VEGF KO mice (two of three),
revealed a missing first phase of insulin secretion (® Fig. 2b,c),
whereas the second phase was detectable (© Fig. 2b.c). Similar
to the in situ pancreas perfusion experiments, we identified
one VEGE KO mouse with a normal biphasic insulin secretion
(o Fig.2d).

Finally, istets of a similar size were isolated from VEGF KO mice
and control littermates to measure their insulin canteat, As
shown in e Fig, 2e, VEGF-A deficient islets contained 2.6-fold
less insulin when compared with control islets.

Discussion

v

VEGE-A js required for development and maintenance of the
particularly dense capillaty network characteristic of pancreatic
istets [1-3]. This capillary network is necessary for normat glu-
cose tolerance of mice [3], raising the question whether the
VEGF-A induced capiilary network is required for the ability of
pancreatic islets to secrete insulin. Here we identified insulin
secretion defects in VEGF KO mice by using two independent
methods, in situ pancreas perfusion and islet perifusion. Both
methads revealed either a loss of andfor a delay in first pitase
insulin secretion in mest VEGF KO mice.

At first glance, our findings seem to contradict a recently pub-
lished study that showed an improved glucose tolerance in mice
treated with VEGF inhibitors [1). In these mice, many capillaries
regressed from the pancreatic islets. However, in contrast to the
VEGF KO islets, their vascular basement membranes remained
within the islets [1}. Therefore, this difference in the vascular
basement membrane might explain the different results in the
glucose tolerance of VEGF KO mice and VEGF inhibitor treated
mice.

Our recent study suppotts this interpretation. We have shown
that capillary endothelial cells provide beta cels with a vascular
basement membrane and that this basement membrane is
needed for physiological insulin gene expression levels [7].

Bacause gene expression does not necessarily corcelate with
protein expression, due to posttranscriptienal regulation [8], we
addressed the question whether the VEGF-A induced capillary
network also affects toral insulin content of pancreatic istets,
Our results show that posttranscriptional regulation does not
compensate for decreased insulin gene expression in the absence
of VEGF-A, instead, insulin content is reduced to a similar extent
as insulin gene expression,

In summary, our data demonstrate that the VEGF-A induced
capillary network is required in vivo for pancreatic beta cell
function at the levels of insulin gene expression, insulin content
and insulin secretion.
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