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ABSTRACT. Islet transplantation has become a widely accepted therapeutic option for selected
patients with type 1 diabetes mellitus. However, in order to achieve insulin independence a great
number of islets are often pooled from 2 to 4 pancreata donors. Mostly, it is due to the massive loss of
islets immediately after transplant. The endothelium plays a key role in the function of native islets
and during the revascularization process after islet transplantation. However, if a delayed
revascularization occurs, even the remaining islets will also undergo to cell death and late graft
dysfunction. Therefore, it is essential to understand how the signals are released from endothelial
cells, which might regulate both differentiation of pancreatic progenitors and thereby maintenance of
the graft function. New strategies to facilitate islet engraftment and a prompt revascularization could

be designed to intervene and might lead to improve future results of islet transplantation.
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GROSS ANATOMY OF THE
PANCREAS VASCULAR SUPPLY

The pancreas has a rich arterial vasculari-
zation received from direct branches of the
abdominal aorta (celiac trunk and superior
mesenteric artery) with a volume of blood
supply about 1% of the cardiac output.'
From above on the superior border, the
celiac trunk provides the vascularization then
it gives rise to the common hepatic artery
and the splenic artery. Thereby, the common
hepatic artery supplies the tissues on the

right through its branches running toward the
head of the pancreas. Meanwhile on the left
portion, the splenic artery gives branches to
supply arterial blood from the body to tail of
the pancreas. From beneath the superior
mesenteric artery and its branches supply the
pancreas and forms arcades and collateral
circulation between both sides.'” In general,
the main venous circulation of the pancreas
drains into the splenic artery and the superior
mesenteric vein (SMV). The splenic vein
arises in the splenic hilum to the tail of the
pancreas and runs from left to right on the
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posterior surface of the pancreatic body.
Then, both the horizontal splenic vein and
the vertical SMV form the portal vein.'*

In situ Vascular Network of the Islets

Microscopically, the pancreatic tissues are
composed with approximately 98% acinar and
ductal cells and just about 2% of islets cells.
The pancreatic islets are clutters, like “islands”
of endocrine cells embedded and scattered into
enormous amount of the acinar tissues.” Most
of the islets are spheroidal irregular clusters
with wide size distribution from 50 - 200 um,
which are composed from 800 — 3,000 cells.
However in the context of islet studies and
transplantation, it is often considered as 1 islet
equivalent (IEQ) the size of 150 um, and to
be formed of 2,500 cells in average.>* How-
ever, there are significant differences among
species, which have to be considered when
conducting research using animal models,
such as; number of islets, distribution on the
pancreata, proportion and integration of each
cell lineages into the islets, etc.'

Since the islets contain all lineages of hor-
mone-producing cells, they are the functional
units of the endocrine pancreatic tissues. The
main populations of islet cells are a-, -, 8-, pp-,
and e-cells, which produce and secrete gluca-
gon, insulin, pancreatic somatostatin, pancreatic
polypeptide and ghrelin, respectively, in
response to the specific-secretagogues and stim-
ulus."** The pancreatic hormones are promptly
secreted by the islets into the bloodstream to
tightly control the glycaemia in response to the
metabolic demands. Therefore, it is due to this
key role sustaining a delicate balanced of the
metabolic needs that they have a high vascular
supply. It is roughly estimated exocrine tissues
received 85% while islets received 15% of total
pancreas blood flow. Considering these facts, it
is then estimated that islets received 10 times
more blood supply than exocrine tissues.”

Cellular Structure and Interactions of the
Endothelium and Islets

Since the development, blood vessels and
islets have close relationship, which initiate

the organogenesis of the pancreas through the
signals released from the endothelium. In
order to achieve it, endothelium regulates the
blood flow, angiogenesis, formation and
selectivity of the immunological barriers
between the blood and the pancreatic tissues.’
The function of the islets is largely influence
by the availability of endocrine signals,
nutrients and oxygen delivered from theses
blood vessels. Due to vigorous metabolic
activity, islets mass has a rapid turn over and
contain a population of precursors within the
islets, which are responsible to maintain the
appropriate mass of endocrine cells."

In addition, each islet receives innervation and
a great vascular supply with at least 2 or 3 affer-
ent arterioles that form numerous capillary inside
the islet core to delivery all necessary nutrients
and oxygen. In the same manner, from the
capillaries and small venules the secreted hor-
mones are drained out from the islet and incorpo-
rated into the bloodstream.'* The endothelium
from the islets vessels is formed of fenestrated
endothelial cells. These fenestrations are formed
in response to the stimulus of vascular endothe-
lial growth factor-A (VEGF-A) and angiopoie-
tin-1 directly secreted by the islet cells.® On the
other hand, endothelial cells secrete fibroblast
growth factor-2 (FGF-2) and hepatocyte growth
factor (HGF), which has a potent effect on g-cells
enhancing their capacity to newly produce and
secrete insulin glucose-responsiveness perfor-
mance (Fig. 1).7‘10 Furthermore, when knockout
animals for VEGF-A or HGF are generated, they
display abnormalities of the islet vessels, have
impaired islet function and lose their glucose-
stimulated insulin secretion capacities.®®

The islets and endothelium has also several
key interactions through the extracellular matri-
ces (ECM) such collagen I, IV, laminin-1,
fibronectin. These ECMs are capable to modu-
late important epigenetic changes, which
include induction of insulin gene expression,
stimulate B-cell replication and regulate the
secretion of several paracrine factors (Fig. 1).
Finally, the endothelium plays also an impor-
tant role in the regulation of immune responses
leading them, to either to autoimmune and
alloimmune destruction, otherwise allowing
tolerance of B-cells.
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The Role of Vascular Endothelial Cells
After Islet Transplantation

Isolated islets are completely devascularized
due to the permanent disruption of the vascular
supply; under these conditions they are exposed
to prolong ischemia. Therefore, if revasculari-
zation is delayed, it would result in oxygen and
nutrients extend deficit, leading to cell death
and graft failure.*'""'? That is one of the rea-
sons why in the clinical setting, islet transplan-
tations used a large amount islets often pulled
from several donors to achieve insulin freedom.
It is estimated that only about 40% of the islet
will successfully engraft and maintain the graft

function over time. The prolong ischemia and
delayed revascularization are important factors,
which lead most of the islets to graft failure.*'>
Idealistically, the process of revascularization
would involve reestablishment of both arterial
and venous circulation. However, at least
14 days are required to complete the process of
revascularization when no further facilitating
interventions are used.'>"?

In contrast, when pancreas transplantation is
performed these revascularization issues are
minor or none. Since both arterial and venous
microcirculations have been mostly preserved
and major revascularization is surgically com-
pleted. Therefore, it is clear that survival,

FIGURE 1. The scheme shows the reciprocal interactions between endothelial cells and islet cells.
Insulin mediates the production of nitric oxide (NO) through the regulation of the endothelial nitric
oxide synthase (eNOS). VEGF-A induces the formation of both new vessels and their fenestrae on
the surface of endothelial cells. HGF released from the endothelial maintain both glucose-stimu-
lated insulin release and g-cell mass by inducing their proliferation. ECMs including laminins, colla-
gens and fibronectin produced by the endothelial cells, promotes g-cell growth, maintenance of
their differentiation phenotype and ultimately results in higher insulin production.

Endothelial cells

NN~
/Y
Laminin-1
Collagen IV ..

S P S

eNOS
Regulated by insulin
Receptor PI-3K

O

QC)) Insulin

0% —>
—

Islet cells



REVASCULARIZATION OF ISLET GRAFTS 31

engraftment, and function of the transplanted
islets largely depends in how promptly revascu-
larization is completed.4 Naturally, when islets
are engrafted into a sinusoidal blood vessel per-
fusion, and oxygen delivery within the islets
would considerably less in comparison to
native islets. Revascularization of those islets
engraft into the liver may also modify the cellu-
lar structure of endothelial cells and ECMs. The
newly formed vessels for the islet grafts pri-
marily arise from the endothelial cells residing
within the islets and connect to the recipient
endothelial becoming chimeric vessels. Inter-
ventions with angiogenic factors, such as
FGF-2, and VEGF accelerate the process
attracting endothelial cells, to induce both pro-
liferation and differentiation to produce a neo-
vascular network at the transplantation
site.**!? The intra-islet endothelial cells play a
key role in the process of revascularization.
However, those endothelial cells are particu-
larly fragile and mostly disappear when islet
are cultured after isolation. The islet isolation
process is extremely hazardous to the endothe-
lial cells and they required special conditions to
recover from the stress, which are not compati-
ble to conventional islet culture.

The overcome this major drawback, investi-
gators have sought approach using co-trans-
plant to address this problem. The use of either
angiogenic precursors bone marrow-derived or
expanded endothelial precursors that will
undergo differentiation, and thus contribute to
the reestablishment of the vascular network of
the transplanted islets.'*">

Recently, an elegant study has shown the use
of prevascularized site of transplantation,
which is capable to engraft islets. The vascular
network established into the subcutaneous tis-
sues was able to engraft islets for >100 days
while maintaining their metabolic function
comparable to native islets.'?

CONCLUSION

The blood vessels provide the islets with sig-
nals, nutrients and oxygen, which regulate both
islet function and proliferation. Under physiolog-
ical conditions, the endothelium produce several

growth factors such HGF, FGF-2 and ECMs
(laminins and collagens), which can induce
B-cells proliferation, and enhances insulin secre-
tion. In response to the stimuli to maintain an
adequate vascular supply islets release, VEGF-
A, angiopoietin-1 and insulin, which serves as
signal and strongly interact with endothelial cells
to proliferate and regulate the blood flow. The
native islets received a high vascular supply and
undergone to prolong ischemia when are sub-
jected to islet isolation. Thus, isolated islet func-
tion may be seriously comprised until
revascularization is complete. Islet revasculari-
zation is critical step, which can lead to islet sur-
vival and successful graft function or graft
failure. An ideal islet engraftment must provide
with adequate oxygen and nutrient supplies, and
supporting extracellular matrix in order to main-
tain long-term results. To assess both safety and
function of the graft accessibility and less inva-
sive methods should be explored. Its application
may provide with valuable insights toward the
therapeutic benefit of islet transplantation.

ABBREVIATIONS
ECM Extracellular Matrices
eNOS endothelial Nitric Oxide Synthase
FGEF-2 Fibroblast Growth Factor-2
HGF Hepatocyte Growth Factor
IEQ islet equivalent
NO Nitric Oxide
SMV Superior Mesenteric Vein
VEGF-A Vascular  Endothelial ~ Growth
Factor-A
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