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Abstract

Mouse embryonic stem cells (MESCs) are potency to differentiate into mature pancreatic islet cells and
using for tissue repair treatment. Advanced glycation end-products (AGEs) are accrual of long lived
proteins of various tissues and have been implicated in chronic complications in diabetes mellitus, but the
pathogenic role of AGEs on pancreatic islet cells is remains unclear. Stem cell differentiation is carried out
based on standard protocol followed in the laboratory. In results the differentiated stem cells shows
extensive self-renewal capacity and grow in highly viable for long term in the culture media, had
remarkable size, formed aggregates, which built tissue like structures and closer examination by light
microscopy analysis revealed islet cell like morphology. Administration of GFBS +iron on induced
pancreatic islet cells is observed induce charity of cells. Conclusion this findings demonstrate that AGEs
directly cause insulin secretory defects and toxicity, most likely by impairing pancreatic cell functions,
which may contribute to the development of diabetes. This approach offers a promising an ample supply of
insulin producing cells for cell transplantation therapy and maintains the complication factors in diabetic
mellitus, suggesting that further improvement is needed.

Keywords: Embryonic stem cell, insulin producing cell, diabetes, Glycated bovine albumin

Introduction Every year increasing mortality, report said that
Diabetes mellitus (DM) is a multifactorial disease around 350 million cases and 4.9 million people
characterized by hyperglycemia and glucose die from diabetes 2. This indicates that the
intolerance due to insulin deficiency, one major diagnostic and therapeutic possibilities are still
contributing factor to diabetic complications ™. limited at the moment. So, to prevent diabetic
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complications,
important.

Stem cells are self-renewing elements that can
generate many specialized cell types function in
the body. Embryonic stem (ES) cells have the
capacity to proliferate and differentiate into any
cells of the body. Alike stem cells could provide a
potentially unlimited source of differentiated cells
for the treatment of many diseases and aging ©!.
Perhaps the most important application is that
immunologically matched pluripotent cells are
useful tools for the study of disease states and for
cell based therapies ™. However, still many
questions about stem cell differentiation and
therapy are remain. Example, previously one
study showed that the embryonic stem cells can be
efficiently induced to differentiate into insulin
producing cells can self-assemble to form
functional pancreatic islet like structures /. This
results suggest that ES cells will provide a
powerful tool to study pancreatic development,
function and treat the disease. In view, although
the understanding basic level mechanism of
formation of cells or tissues and defect by
complicated substances produced in the body are
still remains. So, the aim of the study is to explore
the morphology changes of invitro differentiation
of mouse embryonic stem cells (MESC) into
functional pancreatic islet like cluster cells and to
test efficacy of glycated albumin. The focuses on
the role that advanced glycation plays in the
initiation  and  progression  of  diabetic
complications, which can ameliorate the toxic
effects of these products and speculate about
novel therapeutic interventions. It has been
reported as stepwise protocol, by which they
obtained similar to insulin producing pancreatic

an early diagnosis is very

islet cells . Similarly, the exciting prospect of
generating pluripotent cells from any source
warrants a deep understanding of the
reprogramming process. This will lead to
improvements in efficiency and methods of
generation and ensure the safety of the cells for
therapeutic use.

Albumin is one of longest proteins of plasma [,
Glycated albumin is a potential disease marker in
in vitro and in vivo models. Glycation is non-
enzymatic process in protein with sugar
molecules, which are the factor in worsening of
many degenerative diseases . Advanced
Glycation End Products (AGE), a group of
modified proteins with damaging potential, is one
contributing factor in diabetic mellitus . In links
one report revealed that AGEs is involved in the
stimulate several upstream signaling pathways
(51011 Based on the recent and reviews, we
examined the possible effects of glycated product
on induced pancreatic islet cells using GFBS. Iron
is one of the important essential minerals, and its
abnormal homeostasis such as deficiency or
overload is associated with the pathogenesis of
various chronic diseases including diabetes 2231,
Although recent reviews have discussed the
associations of iron overload with the risk of
insulin resistance and type 2 diabetes [*15]
Increasing evidence has indicated that iron
overload not only increases risks of insulin
resistance and diabetes, but also causes
cardiovascular diseases in diabetic and non-
diabetic subjects ). New insights are needed to
understand the possible mechanisms by iron
overload may cause the onset of diabetes and
diabetic complications.

| - Stem cell

3

Fig.1 Separation of stem cells ** (Courtesy: Ikuo Nishigaki et al., 2011)
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Fig:2 a, b Model protocol for differentiation of pancreatic islet like cluster ! (Courtesy: Nadya Lumelsky et

al., 2001)

Materials and methods

Stem Cell: The embryonic stem cell line used for
this project was CMTI-1 (Millipore Co., Billerica,
MA, U.S.A)). Briefly ESCs were maintained on
precoated gelatin T flasks (Nunc, Roskilde,
Denmark) with or without mitotically inactivated
feeder layer of primary culture of mouse
embryonic fibroblast (PMEF-P3 cells; Millipore
Co.) in ESC medium containing knockout
Dulbecco’s modified Eagle medium (KO-DMEM,;
Invitrogen, Paisley, U.K), supplemented with 100
U/ml penicillin, 100 pg/ml streptomycin, 100 uM
B-mercaptoethanol, 2 mM L-glutamine, 1% non-
essential amino acids, 15% FBS, and 1000 U/ml
leukemia inhibitory factor (LIF; Chemicon,
Temecula, CA, U.S.A.). Cultures were grown in
5% CO, at 37°C and were checked frequently and
the medium was changed every two days. All
chemicals used were of analytical grade and water
was purified by using a Millipore Milli Q system
(Millipore Co.).

Glycation of Fetal Bovine Serum (GFBS): For the
glycation of FBS, 100 ml of FBS was incubated
with 50 mM glucose at 37°C for 50 days under
sterile conditions. After the incubation, the

mixture was dialyzed against 67 mM phosphate
buffer (pH 7.4) at 4°C. The dialysate was used as
GFBS after having been concentrated by using an
Aquacide Il (Calbiochem Novabiochem Corp.,
La Jolla, CA, U.S.A)). Pentosidine content was
evaluated as a measure of glycations. The
concentration of pentosidine in GFBS was 0.03
pug/ml in experimental media. The extent of
glycation of GFBS was assayed with a
commercial kit (Nippon Roche, Tokyo, Japan)
and expressed as the FV. The FV of the prepared
GFBS was 12 mM, whereas that of the original
FBS was 0.16 mM.

Differentiation method of Mouse ES Cells into
Insulin producing Cells

Stem cells were differentiated without feeder
cells:

Stage 1: mouse ES cells were cultured on a gelatin
coated culture surface without a feeder layer in
ESC medium for 4 days to maintain the cells in
the undifferentiated state. Stage 2: Stem cell
separation on Histopaque density gradient: ES
cells grown on the feeder cell layers were
collected by centrifugation after trypsin treatment,
resuspended in 4 ml of ES medium, and subjected
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to Histopaque density-gradient separation "

(Fig.1). Stage 3: separated ES cells were
transferred to flasks coated with Poly-L-ornithine
and laminin peptide. To select nestin-positive
cells, ES cells were maintained for 7 days in
culture flasks containing serum-free medium
supplemented with ITS solution having final
concentrations of 10 mg/l insulin, 56 mg/l
transferrin, 6.7 mg/l selenium, and 5 mg/l
fibronectin. Stage 4: Nestin-positive cells were
cultured for 4 days in the presence of Activin B
(10 ng/ml, GIBCO/BRL) in serum-free medium to
expand the pancreatic progenitor cells. Stage 5: In
order to induce the differentiation of the cells into
insulin-producing cells, 10 mM nicotinamide
(Sigma) was added to the cultures ™. The
differentiation of stem cells into insulin producing
cells was determined by stimulating the cells for
insulin  production using glucose and by
subjecting the cells for insulin release test. As our
interest is strongly set on the effect of glycated
bovine serum and/with iron on stem cell, our data
was collected only using stem cells differentiated
by method 21!,

Results

Morphological changes of ESC differentiation
The differentiated cells morphology changes were
investigated under converted microscope for
assess the function. Under inversed microscope,

differentiated ESCs were typical spindle-like cells
changed rapidly into round or oval types with
confluence of many colonies formed and abundant
in endocrinal granules (Fig.3a, b) when compared
to undifferentiated state of adherent spindle and
fibrocyte- like. Some cells changed into neuron-
like cells with typical processes (fig.3c). Nestin
was regarded as an important premarker for islet
cell differentiation, and its expression was
observed under microscope. Nestin could be
observed obviously shows nestin positivity in pre-
differentiated spindle-like cells (Figure 3.d, e),
while no nestin positivity in differentiated islet-
like cells. Many neurons like structure was formed
at the end of stage 4 medium containing B27
media supplement and bFGF may be due to
growth factor action (fig.3e). Differentiated
pancreatic islet cells were form compact colonies
of cobblestone-like cells and well established
monolayers and complete reorganization into a
three-dimensional islet like structure (fig3.f). At
the end of final stage, after differentiation of the
cells gradually formed clusters and floated in the
medium. It seems therefore that the induction of
an increase in the number of insulin producing
cells may be one of the several protocols. On
administration of GFBS + iron on islet cells we
observed charring of cluster might be involved in
the severity of cells injury when compared with
glucose treatment (fig.3g-h).

. .
TER e

Nestin positive cells
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After Histopaque Cells grow in PLO coated flask

Pancreatic islet like cluster

glucose treatment

Discussion

Embryonic stem cells (ESC) are pluripotent
derived from the earliest stages of embryonic
development. It has been previously demonstrated
that ES cells can coordinately differentiate into
multiple cell types found throughout the body
(1829 " Interestingly, previous one report shown as
to spontaneously reassociate and aggregates with
three dimensional architectures as typical of
native islets cells %, It is important to note that
insulin production and form clusters similar of
normal islets. Because, there was an argument that
Islet like cells differentiated from ESC were
falsely insulin positive from insulin uptake [,
Besides, many reports proven that insulin positive
cells form aggregates morphologically similar to

GFBS treatment

GFBS+ iron
Fig:3. Differentiation of pancreatic islet cells from embryonic stem cells and effects on glycated protein

normal pancreatic islets . To clarify that, we
simulated to conducted experiment, alike our
results obtained that ES cell generates populations
that self-assemble into structures resembling
pancreatic  islets both  topologically and
functionally (Fig.3f). Once homing of these cells
to pancreatic islets has occurred, local cell to cell
interaction as well as paracrine factors may
initiate differentiation.

Morphological changes of ESC differentiation
were observed under inversed microscope,
undifferentiated state stem cells were typical of
adherent spindle and fibrocyte like structure but in
differentiation these spindle like cells changed
rapidly into round or oval types with confluence
of embryoid bodies formed (fig.3a, b).
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Microscopic analysis of the embryonic bodies
(EB) margin revealed loose and floating cell
aggregates, from which single cells were released
(Fig.3b). Depending on the size of the EB, cells
were produced per day. These generated cells
accumulated in the culture media and were
carefully analyzed. Some cells changed into
neuron like cells with typical processes (fig.3e).
Nestin is a marker of precursors of pancreatic islet
cells >4 B-mercaptoethanol is a neurocyte
inducer involved in increased the potency of
nicotinamide to differentiate islets cells. So in our
study, its similar observed that nestin positive
ESCs could differentiate into prepancreatic islet
cells. Its formed well established monolayers of
pancreatic islet cells and complete reorganization
into a three-dimensional islet like structure. These
cells were morphologically similar to pancreatic
islet cells (fig.3f). They proliferated also in
suspension and had properties completely
different from the started adherent growing
cultures (Fig f). One study showed that high
glucose is a potent inducer for pancreatic islet
differentiation and nicotinamide was used to
preserve islet viability and function ! In our
primary experiment shows high glucose alone
could not effectively induce ESC to differentiate
into islet like cells. After nicotinamide was added,
they could effectively transform ESCs into
aggregated to many colonies of pancreatic islet-
like cells (fig.3f). This may imply that
nicotinamide could be an effective inducer, or
transforming into other cell types. we did not test
the insulin secretion based on the number of cells,
but the increased insulin in supernatant might be
mainly from increased insulin excretion by islet-
like cells.

Several studies, suggesting that formation of
advanced glycation end products (AGEs), is one
of the contributing factor and even predictors for
diabetic complications . Further evidence
indicates that AGEs affect insulin secretion by
beta cell death **?7. In order to curiosity to find
out this effects on differentiated pancreatic stem
cells, we administered GFBS+ iron for one week.
Iron is a very important essential mineral

contribute certain pathogenic outcomes in the
body. Increased level iron was significantly
associated with an increased risk of insulin
resistance and also increases the risk of
cardiovascular disease in diabetic patients (%],
Similarly, our result also obtained that affects
insulin secretion and cell death, it may due to
toxicity of glycated albumin. From this observed
evidence we concluded that glycated fetal bovine
serum induce toxicity to differentiated pancreatic
islet cells. Although more systemic clinic
observation remains needed for clarifying the
outcomes of various iron chelators for diabetes
and its complications.

Conclusion

The islet like functional cells can be differentiated
from mouse embryonic stem cells, which may be
a new approach for cell based therapy of diabetic
mellitus. The current article reports a potential
generate  insulin  producing islet  cells
differentiation from embryonic stem cells. The
AGEs is play pathological role in the development
and progression of diabetic diseases, which were
in insulin resistance, B cell failure and diabetic
complications It is also very interesting that the
observation of insulin positive cells are lower in
the GFBS + iron treated culture flasks than that of
the controls. The reason for this discrepancy may
be attributed to the fact that some islet cells may
have been completely destroyed with no
possibility of recovery, whereas the others were
partially damaged. In this respect, glycated
albumin may induce toxicity by the destruction of
the insulin positive cells, may depends upon the
use of different AGE precursors and different
concentration, mechanism is unknown. It needs
further research for fully understood of AGE for
therapeutic approaches against the pathological
events in diabetes and associated diseases.
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