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Abstract

Type 1 diabetes mellitus (T1DM) is a disease caused by autoimmune
destruction of the pancreatic beta cells. Allogeneic islet transplantation is rec-
ommended for “brittle T1DM patients  as intensive insulin therapy seems to
be associated with an increased incidence of hypoglycemia. The aim of this
article was to describe the studies on human islet isolations verified in the
Diabetes Application and Research Center (DIYAM) in Istanbul University.
Pancreas were harvested from brain-dead donors and stored at -80°C. Media
preparation [dilution, priming, wash, final wash, decontamination and gra-
dient purification solutions, University of Wisconsin (UW) pre-purification
media]; instrument set-up (dissection/perfusion and dissociation systems);
distension [pancreas preparation (trimming and rinsing of the pancreas, can-
nulation into the pancreatic duct)]; making enzyme solution (reconstitution
of enzyme, dilution of enzyme solution, filtration of diluted enzyme solu-
tion); perfusion (perfusion to distend pancreas with enzyme solution); dis-
sociation (pancreas digestion, digested tissue collection); recombination and
purification (using COBE 2991cell processor) were the main phases of islet
isolations. As the primary goal of isolating the pancreatic islets for either in
vivo transplantation or in vitro studies is to achieve a large amount of viable
islets, also viability experiments both in vitro and in vivo using experimental
animals were realized in these studies. An average of 300,000 islets were ob-
tained after purification. We suggest that improvement in amount and viabili-
ty of isolated islets after long-term storage can be achieved when appropriate
storage solutions and new types of enzymes would be used, and in the near
future DIYAM would be among islet transplantation centers worldwide by
starting auto-transplantations of islets of Langerhans for mantaining insulin
production and secretion in pancreotectomized patients.
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Introduction

Diabetes is a disease of vascular sys-
tem which can lead to rapid atherosclerosis!-*.
For this reason, diabetes is a multi-system dis-
ease with capacity to lead disorders of almost
all systems including cardiovascular, renal, oph-
thalmologic and neurologic systems, and a main
disposing factor to neurologic diseases and cor-
onary artery disease®l. Half of hemodialysis pa-
tients are diabetic. Diabetes is the main reason of
blindness in people over 20 years of age!*. For
all of the mentioned reasons, diabetes is a major
health problem of societies, which draws interest
of all disciplines of medicine.

Type 1 diabetes mellitus (T1DM) is a
disease caused by autoimmune destruction of the
pancreatic beta cells, and due to the consequent
shortage of insulin, patients need exogenous in-
sulin for survival®®. However, despite the use
of the intensive insulin treatment is executed,
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chronic complications of the disease are inevitable and unfor-
tunately associated with high morbidity and mortality!”). The
replacement of beta cells by whole pancreas or islet transplan-
tation is the only way to restore the physiological secretion of
insulin. Although total pancreas transplant recoveries adequate
glycemic control and is able to prevent diabetic complications!®,
this procedure is usually recommended in patients with T1IDM
who need a kidney transplant or already transplanted and are
under an immunosuppressive regimen. From this point of view,
also due to high morbidity and mortality associated with sur-
gery in pancreas transplantation, allogeneic islet transplantation
which is much less risky is recommended for “brittle T1DM pa-
tients”"1%, It’s made by a simple method of cell infusion into
the intrahepatic, and recently also into omental environment,
and does not lead to serious hypoglycemic episodes that are as-
sociated with intensive insulin therapy!'l.

For this very important reason, Diabetes Application
and Research Center in Istanbul University was established, and
aims to develop and apply research projects, converting molecu-
lar genetical research with the aim of limiting the organ failures
related with diabetes.

The basic component of the Center has a research lab
(a Clean Room) with all required infrastructure. Being the first
in Turkey to isolate islets of Langerhans from human pancreata,
and as experiments of each center participating in clinical re-
search in islet transplantation is based on information obtained
from studies conducted using animal models!'>'*, our center is
also pioneering experimental isolation and transplantation of is-
lets of Langerhans and helding educational courses on experi-
mental animals such as rats and pigs since 1990.

Human Islet Isolation in DIYAM

We obtained the pancreata (Fig.1) from brain-dead do-
nors and isolated islets according to “Current Human Islet Isola-
tion Protocol”t'! edited by Lakey JRT et al.; briefly, to maintain
cold chain kept the pancreata firstly in 0.9% isotonic sodium
chloride or University of Wisconsin Solution (UW) for about
30 to 60 minutes until arrival to the clean room; then stored at
-80°C. When working, depending on the weight of organs, bea-
kers containing one percent of Liberase HI (Liberase; Boering-
er-Mannheim/Roche) were placed on ice. Then the enzymes
were kept at room temperature for about 5 minutes, later diluted
with cold Hank’s balanced salt solution (HBSS). The digestive
system consisting of silicone tubes, Ricordi Chamber, peristaltic
pump, water bath were reached at 37 °C. Pancreata were per-
fused on perfusion unit by infusion of Liberase HI/HBSS mix.
The tissues were pieced and placed into Ricordi Chamber. Re-
maining Liberase HI/HBSS mix added to the system, then circu-
lation started by adding dilution solution. The collection phases
continued with recombination and purification of islets by using
COBE 2991 cell processor from acinar tissuel'*. Acinar cells
started to be seen as blocks in samples that were taken at 10 min-
utes. Separated acinar cells were detected in 16 minutes. Acinar
cells increased from 17 minutes and free islets began to appear.
And then, number of free islets began to increase (Fig.2). During
the islet recombination phase, fluorescein diacetate and propidi-
um iodide (FDA/PI) stain was used to assess the viability of the
islets. In addition, samples were stained with dithizone (DTZ)
for detecting islets. In a second step, after staining with trypan
blue some of cells appearing alive under light microscopy, cap-
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tured the added DTZ, while others did not. Thus we thought
that a part of living cells were islets. To detect the viability in
vivo, nearly 1500 islets were transplanted intraportally to inbred
Wistar albino rats which were made diabetic by streptozotocin
(STZ) and fed with regular rodent chow whose glycemia val-
ues (mg/dl) were obtained from vein blood samples on days —1,
0, +1, +2, and +195. Slightly lower levels were found on early
post-transplant days +1 vs —1 (p=0.045) and 0 (p=0.028). An
increase was detected on day +2 vs +1 (p=0.077). No statistical
difference was noted on day +195. An average of 300,000 islets
with diameter 50-350 um but mostly 50-100 um were obtained
after purification.

Figure 1: Whole pancreas obtained from brain-dead donor. It was pro-
cessed for isolating Islets of Langerhans.

Figure 2: Human islets isolated during the recombination phase of is-
let isolation. Figure shows direct image of human islets of Langerhans
under dissecting microscope. In the isolation process, first, acinar cells
were seen as blocks. Following the increase of the number of acinar
cells, free islets began to appear and increase.

Conclusion

The donor factors and variables in the isolation process
can affect the ability to obtain successful human islet isolation%.
Our results suggest that by conserving pancreatic tissue for more
than one month at -80°C, it’s still possible to obtain viable islets,
even though it would be less in number. We think that viable
islet yield may increase when appropriate storage solutions!'®!
and new types of enzymes could be used. Furthermore, it seems
that at least for auto-transplantation, it could be possible to iso-
late viable islets at a sufficient amount, remote to operation of
pancreatomized patients who cannot be auto-transplanted on the
same day due to various factors. However, further investigations
should be performed for the realization of our thoughts. Until
today, our Centre conducted 25 human islet isolations (14 isola-
tions from February 2014 by the license renewal of the Ministry
of Health) and is able to verify auto-transplantation of islets of
Langerhans as soon as the legal proceedings are completed.
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