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(n\?s%). e Abstract

AIM: To investigate the differentiation of human
Wharton’s jelly derived mesenchymal stromal cells (W3-
MSCs) to insulin producing clusters (IPC) this study was
conducted.

Institutional review board statement: The study design was
approved by ethical committee of Shiraz University of Medical
Sciences, Shiraz, Iran.

Informed consent statement: Informed consent was received N
from all patients that participated in this study. METHODS: The umbilical cords samples were collected

from full term caesarian section mothers and the
Conflict-of-interest statement: All authors declared that they WJ-MSCs were cultured from tissue explants in High
have no conflict of interest. glucose-Dulbecco’s Modified Eagle Medium (H-DMEM);

) ) ) o H-DMEM supplemented with 10% fetal bovine serum
Data sharing statement: Technical appendix, statistical code, (FBS) and antibiotics. The expression of CD90, CD44
and dataset available from the corresponding author at Dryad CD105. CD34 and CD133 as well as osteoge;ﬂc ané
it ho will id t, citable and - o T . ) - -

Fepostioty, Who Wi' Provide @ permancnt, citable anc open adipogenic differentiation of cells in appropriate medium
access home for the dataset. . .

were also evaluated. The cells were differentiated
Open-Access: This article is an open-access article which was toward IPC with changing the culture medium and
selected by an in-house editor and fully peer-reviewed by external adding the small molecules such as nicotinic acid,
reviewers. It is distributed in accordance with the Creative epidermal growth factor, and exendin-4 during 3 wk
Commons Attribution Non Commercial (CC BY-NC 4.0) license, period. The gene expression of PDX1, NGN3, Glut2,
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the use is non-commercial. See: http://creativecommons.org/ clusf_ters V;{]ere stained \;V!th ?IthlzonT (D:Il:lf) .Whlfh
licenses/by-nc/4.0/ confirms the presence of insulin granules. The insulin

challenge test (low and high glucose concentration in
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RESULTS: WJ-MSCs were positive for mesenchymal
surface markers (CD90, CD44, CD105), and negative for
CD34 and CD133. The accumulation of lipid vacuoles and
deposition of calcium mineral in cells were considered
as adipogenic and osteogenic potential of WJ-MSCs. The
cells also expressed the transcriptional factors such as
Nanog and OCT4. During this three step differentiation,
the WJ]-MSCs morphology was gradually changed from
spindle shaped cells in to epithelioid cells and eventually
to three dimensional clusters. The clusters expressed
PDX1, NGN3, Glut2, and insulin. The cells became
bright red color when stained with DTZ and the insulin
secretion was also confirmed. In glucose challenge test
a significant increase in insulin secretion from 0.91 + 0.04
plu/mL (2.8 mmol/L glucose) to to 8.34 + 0.45 plu/mL
(16.7 mmol/L glucose) was recorded (P < 0.05). The
insulin secretion of undifferentiated WJ-MSCs was not
changed in this challenge test.

CONCLUSION: WJ]-MSCs have the ability to differ-
entiate in to islet-like cells /n vitro. However, this process
needs further optimization in order to generate efficient
and functional IPCs.

Key words: Mesenchymal stromal cells; Umbilical cord;
Beta cell; Islet

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Diabetes is a major chronic metabolic disorder
in the world. Mesenchymal stromal cells (MSCs) has the
ability to differentiate in to functional insulin producing
cells.In this study, human Wharton’s jelly derived MSCs
(The clusters expressed PDX1, NGN3, Glut2, and insulin.
The cells became red color when stained with DTZ and
the insulin secretion was confirmed Wharton’s jelly
derived MSCs were differentiated to insulin producing
clusters (IPCs). More efficient differentiation protocoles
for generation of functional IPCs will be a potential new
source for cell transplantation in diabetic patients.

Nekoei SM, Azarpira N, Sadeghi L, Kamalifar S. In vitro
differentiation of human umbilical cord Wharton’s jelly
mesenchymal stromal cells to insulin producing clusters. World
J Clin Cases 2015; 3(7): 640-649 Available from: URL: http://
www.wjgnet.com/2307-8960/full/v3/i7/640.htm DOI: http://
dx.doi.org/10.12998/wjcc.v3.17.640

INTRODUCTION

Diabetes mellitus is characterized by an absolute or
relative lack of blood insulin and associated the impaired
metabolism of carbohydrates, fats and proteins. Recent
study reported that 382 million people had diabetes
in the world; and by 2035, this number is expected
to be increased to 592 million". Pancreas or islet cell
transplantation is considered as an effective therapy
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for diabetic patients™. However, the limited number of
cadaveric donors and immunological rejection are two
major obstacles to achieve effective long term results™.

Human embryonic stem cell (ESC) is a good promis-
ing source for treating diabetes'. However, ethical
concerns about the use of human embryos and the
risk of tumourigenicity are problems regarding the
use of these cells for clinical use'. Other studies have
made efforts to differentiate pancreatic beta cells from
other sources such as induced pleuripotent stem cells
(IPSs)™® bone marrow-derived mesenchymal stromal
cells”®, or umbilical cord blood cells™..

Mesenchymal stromal cells (MSCs) are isolated
from the Wharton’s jelly or umbilical cord, are easily
obtained and processed compared to ESCs and bone
marrow derived MSCs™"”. The cells have differentiated
into adipogenic, chondrogenic, and osteogenic lineage
and also have expressed the CD105, CD44 and
CD90 and negative for hematopoietic and vascular
markers such as: CD33, CD56, CD31, CD34, CD45"%,
Wharton'’s jelly derived MSCs (WJ-MSCs), have high
proliferation capacity and do not induce teratomas after
transplantation”.

The potential of these postnatal stem cells to
differentiate toward insulin-producing cells has been
evaluated previously. However, the current protocols
are not optimized for efficient transdifferentiation.
Here, we describe the three step modified protocol for
direct differentiation of WJ-MSCs into insulin producing
clusters (IPC). These clusters produce insulin in res-
ponse to different glucose concentration.

MATERIALS AND METHODS

Preparation of human umbilical cord

Human umbilical cord samples were aseptically colle-
cted from full-term delivery by cesarean section at
the Hafez Hospital affiliated to Shiraz University of
Medical Sciences. Informed consent was received from
mothers and the study design was approved by ethical
committee of our university.

Preparation of WJ-MSCs

Umbilical cord Wharton'’s jelly was processed within 2 h
after aseptic collection and cut into pieces of 0.5-1 mm?.
These pieces were placed in 10 cm plates and cultured
in High glucose-Dulbecco’s Modified Eagle Medium;
H-DMEM supplemented with 10% fetal bovine serum
(FBS) and penicillin 100 U/mL, streptomycin 100 pug/mL.
The plates were placed in an incubator with saturated
humidity at 37 C containing 5% CO:z. The medium
was changed every three days; the cell migrated from
the margins of explants. After reaching 70%-80%
confluence, the adherent cells were harvested with
0.05% trypsin-Ethylene diamine tetra acetic acid (EDTA),
(Gibco, Germany) and the cell suspension was used for
subsequent experiments. The presence of transcription
factors that regulate maintenance of pluripotent
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state in ESC (OCT4, Nanog) were studied by reveres
transcription polymerase chain reaction (RT-PCR).

Flow cytometry analysis

The WJ]-MSCs was stained with monoclonal antibodies:
CD90, CD44, CD105, CD34 and CD133 (BiolLegend,
San Diego, Calif., United States) and analyzed using
the FACS Calibur flow cytometer (Becton Dickinson, NJ,
United States).

In vitro osteogenic and adipogenic differentiation

To investigate their capacity for mesodermal differen-
tiation adipogenic and osteogenic differentiation was
carried out by culturing cells with appropriate differ-
entiation medium. For adipocytes differentiation, the WJ-
MSCs were cultured in L-DMEM supplemented with 10%
FBS, 10 nmol/L dexamethasone, 0.5 ug/mL insulin, 2
mmol/L glutamine for 15 d. Then the cells were fixed
with 0.4% paraformaldehyde (PFA) and stained with
oil-red-O (Sigma). For osteoblastic differentiation, the
WJ]-MSCs were cultured L-DMEM supplemented with
10% FBS, 10 nmol/L dexamethasone (Sigma), 10
mmol/L b-glycerol phosphate (Sigma) and 50 mg/mL
ascorbic acid-2 phosphate (Sigma). After fixation, the
differentiated cells were stained with alizarin red stain
and calcium deposition was confirmed.

In vitro differentiation of WJ-MSCs to insulin producing
clusters

The cultured WI-MSCs from 4" passage with 80% to
90% confluency were induced to differentiate into IPC
in three separate stages.

In first sage, the MSC monolayer was treated
for 24 h with high glucose Dulbecco modified Eagle
medium-F12 (DMEM-F12) supplemented with10% FBS,
10 mol/L of retinoic acid (RA; Sigma-Aldrich) and 1%
antibiotic; then the medium was switched to DMEM-F12
containing only 10% FBS for 2 d.

In second stage, the cells were detached with 0.
5% trypsin-EDTA and seeded in 0.1% gelatin (Sigma-
Aldrich) coated plates. The medium was switched to
DMEM-F12, supplemented with 10% FBS, 10 mmol/L
nicotinic acid (Sigma-Aldrich), and 20 ng/mL epidermal
growth factor (EGF, Sigma-Aldrich) for one week.

In third stage, in order to mature the insulin-pro-
ducing cells, the DMEM-F12 medium was supplemented
with 10% FBS and exendin-4 (Sigma-Aldrich) for one
week. Glucagon-Like Peptide-1 or Exendin-4 is an
insulin secretagogue, with glucoregulatory effects.

The formation of islet like clusters was daily monitored
and the DTZ staining confirmed the presence of insulin
granules. The genes expression of pancreatic endocrine
cell development was monitored in the end of each step.
The cells which were cultured in L-DMEM containing only
10% FBS was considered as a control group.

RT-PCR
The total RNA was extracted from WJ-MSCs s before
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and after third stage of differentiation by using Mini-
RNease RNA extraction kit (Cinnagen, Iran). The cDNA
was synthesized using MMULV reverse transcriptase
(Cinnagen, Iran). The reaction condition for cDNA synth-
esis was: pre-heating at 42 °C for 90 min; followed by
annealing at 85 C for 5 s. The synthesized cDNA was
used to examine the expression of pancreatic specific
transcription factors as listed in Table 1. Amplification
used a fluorescence-quantitative PCR instrument (ABI
Prism7500, step one plus) by using SYBER Green (TAK-
ARA, Japan) following the manufacturer’s instructions.
Amplification was carried out as follows: denaturing at
95 °C for 5 min; followed by 40 cycle denaturation at
95 °C for 1 min; annealing for 1 min. The final stage
was run to generate a melting curve for verification of
amplification product specificity. Beta actin gene was
used as a control. The products were also visualized by
gel electrophoresis.

Dithizone staining
Diphenylthiocarbazone, Dithizone (DTZ), (Sigma,
United States) is a zinc-chelating substance which is
used for identification of insulin granules in pancreatic
beta-cells as bright crimson red. The Acinar cells remain
unstained.

In order to evaluation insulin production in IPC at
the end of 3™ week, the differentiated clusters were
examined.

Insulin secretion

The clusters, were rinsed twice in Krebs-Ringer HEPES
(KRH) buffer (125 mmol/L NaCl, 4.74 mmol/L KCL, 1
mmol/L CaClz, 1.2 mmol/L KH2PO4, 1.2 mmol/L MgSO0s4,
5 mmol/L NaHCOs, 25 mmol/L HEPES, 0.1 mmol/L
0.1%BSA, pH = 7.4) containing 2.8 mmol/L glucose
(Low glucose concentration) (Sigma-Aldrich, United
States).

After 1 h incubation, the medium was collected
for insulin assay and the cells were stimulated with
KRH buffer containing 16.7 mmol/L glucose for 1 h
(High glucose concentration). The insulin level was
determined by Enzyme linked Immunoassay kit and the
results were compared with undifferentiated MSC cells
as control group.

Statistical analysis

The data were presented as means £ SD. Each
experiment was repeated 3 times. Data was assessed
by one-way ANOVA followed by Tukey’s test for
pair wise comparison. P < 0.05 was considered as
statistically significant. The statistical analysis was
performed using Graph Pad Prism 5 software.

RESULTS

Cell morphology and Inmunophenotyping of WJ-MSCs
WJ-MSCs formed a homogenous monolayer of adherent
spindle shaped cells (Figure 1). Flow cytometry ana-
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Table 1 Primer pairs for amplification of transcription factors

Names Forward (F) 5°-3° Reverse(R) 5 -3~

Insulin GCAGCCTTTGTGAACCAACA TTCCCCGCACACTAGGTAGAGA
PDX1 GGATGAAGTCTACCAAAGCTCACGC CCAGATCTTGATGTGTCTCTCGGTC
NGN3 CAATCGAATGCACAACCTCA GGGAGACTGGGGAGTAGAGG
GLUT2 AGGACTTCTGTGGACCTTATGTG GTTCATGTCAAAAAGCAGGG
NANOG CAGAAGGCCTCAGCACCTAC ATTGTTCCAGGTCTGGTTGC
Oct-4 CAGTGCCCGAAACCCACAC GGAGACCCAGCAGCCTCAAA
B-actin GATCGGCGGCTCCATCCTG GACTCGTCATACTCCTGCTTGC

detected. Expressions of the mentioned genes led to in
vitro production of functional IPCs. Results represent
three separate experiments (Figure 7A and B).

Insulin secretion after glucose challenge test

In respect of insulin secretion, a significant increase in
insulin secretion from 0.91 + 0.04 plu/mL (2.8 mmol/
L glucose) to to 8.34 + 0.45 plu/mL (16.7 mmol/L
glucose) was recorded (P < 0.05). The insulin secretion
was detected in undifferentiated WJ-MSCs (0.3 £ 0.03
ulu/mL) which was not changed in glucose challenge
test.

Figure 1 The Wharton’s Jelly mesenchymal stromal cells were grown

from the edge of tissue explants (x 100). DISCUSSION

Type 1 diabetes mellitus is caused by an autoimmune
lyses showed that the W]-MSCs were positive for destruction of pancreatic beta cells. Although the insulin
mesenchymal markers (CD90, CD44, CD105), and therapy remains the routine treatment for diabetes, but
negative for CD34 and CD133 (Figure 2). The ESCs whole pancrease organ transplant or transplantation of
transcriptional factors such as Nanog and OCT4, also pancreatic islets of Langerhans provides a cure for this
expressed. disorder™™?!, Various types of stem cells such as ESCs,

induced pleuripotent stem cells (IPs) and mesenchymal
In vitro osteogenic and adipogenic differentiation of WJ- stromal cells have been differentiated into IPCs by
MSCs genetic modification and/or modification in culture
The accumulation of lipid vacuoles (Stained red color  conditions”®'*?, Using of ESCs has several limitations
in Oil Red O) in cells was considered as adipogenic such as ethical problem, immune rejection, and risk of
differentiation. Deposition of calcium minerals (stained tumorigenesis.

as orange red color with Alizarin Red) was also consi- To overcome these problems, human IPS is ideal for
dered as osteogenic potential of these cells (Figures 3 personalized therapy. However, epigenetic changes, and
and 4). chromosomal instability during reprogramming remain
the obstacle’ .
Morphological Changes before and after differentiation Generation of IPCs from MSCs from a variety of
of WJ-MSCs tissues such as bone marrow, umbilical cord, and
In passage 4 (P4), the W]-MSCs were step wise adipose tissue represents an alternative therapy. MSCs
differentiated toward insulin producing cells. can also be used as a cellular vehicle for the expression
In stage 1, the cells have shown spindle-shaped of human insulin®**,
morphology (Figure 5A). Cell morphology was gradually The MSC numbers in bone marrow and umbilical

changed into round epithelioid cells and by addition cord blood are low and require multiple ex vivo expan-
of beta cell maturation factor such as nicotinamide in sion. Extra-embryonic tissue such as fetal membrane
stage 3, three dimensional clusters were formed (Figure and umbilical cord Wharton'’s jelly has the stemness
5B-D). These clusters were stained red color with DTZ phenotype, immunoprivileged properties, and faster

(Figure 6). proliferation than adult MSCs and is considered as
unlimited source for tissue engineering and regenerative
Gene expression analysis medicine!®®. The WJ-MSCs express HLA-G6 isoform, the

After differentiation, mRNA expression of pancreatic unique ability which is important in immune modulation.
development transcription factors and beta cell specific Therefore, these cells are particularly suitable for cell
gene such as PDX1, NGN3, Glut2 and insulin were based therapy. These tissues are normally discarded
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Figure 2 Flow cytometry histogram of Wharton’s jelly derived mesenchymal stromal cells (CD90, CD105, CD44). WJ-MSCs are positive for these markers.
Dark Blue lines indicate background fluorescence obtained with isotype control. WJ-MSCs: Wharton'’s jelly derived mesenchymal stromal cells.

Figure 3 Fat droplets confirmed the adipogenic potential of Wharton’s Figure 4 Calcium deposition confirmed the osteogenic potential of Wharton’s
jelly derived mesenchymal stromal cells (Oil Red O staining x 400). jelly derived mesenchymal stromal cells (Alizarin Red staining x 100).

Figure 5 Morphological differentiation of insulin producing clusters from Wharton’s jelly derived mesenchymal stromal cells in different stages (A-D x
100). A: WJ-MSCs were typically an adherent spindle shape; B and C: The cells gradually formed clusters in the medium 14 d after differentiation; D: At the end of
final stage clusters were floated in the medium. WJ-MSCs: Wharton’s jelly derived mesenchymal stromal cells.
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Ladder

B-actin Insulin 0 bP
72 bp 92 bp

Ngn3
253 bp

Figure 6 Dithizone staining. The differentiated cells stained as Figure 7 Expression of Ngn3, Insulin, PDX1, Oct4 and Nanog transcription

red color (x 100).

factors were confirmed by electrophoresis.

Table 2 Comparison between different methods of islet like cells clusters differentiation from different stem cell sources

Stem cell sources

Differentiation protocol Efficiency Ref.
(generation of insulin
producing cell)

Placenta-derived
Mesenchymal stem cells

Human embryonic
stem cells

Human embryonic
stem cells

hESC lines YT1 and YT2

Human embryonic
stem cells

Human embryonic
stem cells

(0-MEM + 1% BSA + 1 x ITS + 0.3 mmol/L taurine) 3 d 65%-70% ILCs (represents Kadam et al™"
(0-MEM + 1.5% BSA + 1 x ITS + 3 mmol/L taurine + GLP-1 + 20%-25% beta-cells per islet)
nicotinamide) 7 d
(0-MEM + 1.5% BSA + 1 x ITS + 3 mmol/L taurine + GLP-1 +
nicotinamide) 10 d
(DMEM-F12, 20% SR, 2 mmol/L GlutaMAX, 1% NEAA and 61.7% + 9.5% insulin positive Wei et al™
0.1 mmol B-mercaptoethanol) 7 d cells
(DMEM-F12, 1% ITS, 2 mmol/L GlutaMAX, 5 pg/mL Fibronectin) 7 d
(DMEM-F12, 1% N2, 2% B27, 2 mmol/L GlutaMAX, 10 ng/mL bFGF)
7d
(DMEM-F12, 1% N2, 2% B27, 2 mmol/L
GlutaMAX, and 10 mmol/L nicotinamide) for 7-9 d
(DMEM-F12, 100 ng/mL activin A, 1 pmol/L wortmannin, 1% N2, 1% 41.6% +11.8% insulin Wei et al™
B27)4d positive cells
(IMDM/F12, 2 umol/L retinoic acid, 20 ng/mL FGF7, 50 ng/mL
Noggin, 0.25 ymol/L KAAD-cyclopamine, 1% B27) 4 d
(DMEM, 50 ng/mL EGF, 1% ITS, 1% N2) 5 d
(DMEM-F12, 1% ITS, 10 ng/ mL bFGF, 10 mM nicotinamide, 50 ng/mL
exendin-4) 7-9 d
(RPMI1640, 0.2% FBS, 0.56 N2, 0.56 B27, 100 ng/mL activin A, 17.1% insulin positive cells Hua et al™
1 mmol/L wortmannin) 4 d
(RPMI1640, 0.5% FBS, 0.5%
ITS, 0.56 B27, 2 mM retinoic acid, 20 ng/mL FGF-7, 50 ng/mL Noggin)
4d
(DMEM, 0.5% FBS, 1% ITS, 16 N2, 50 ng/mL EGF) 5 d
(DMEM/F12, 1% ITS, 10 ng/mL bFGF, 10 mmol/L nicotinamide,
50 ng/mL
exendin-4, 10 ng/mL BMP4) until maturation
(MCDB-LG, 100 ng/mL GDFS8, 2.5 mmol/L MCX-928, 100 ng/mL) 1 d 6%-10% insulin positive cells Bruin et al™!
(MCDB-LG, 100 ng/mL GDF8) 2-4 d
(MCDB-LG, 50 ng/mL FGF7) 2 d
(MCDB-HG, 50 ng/mL FGF7, 20 ng/mL ActivinA, 0.25 umol/L
SANT-1, 2 pmol/L Retinoic Acid, 200 nmol/L LDN193189) 4 d
(MCDB-HG, 0.25 pmol/L SANT-1, 200 nmol/L LDN193189,
500 nmol/L TBP, 100 nmol/L CYP26A inhibitor) 3 d
(MCDB-HG, 200 nmol/L LDN193189, 1 umol/L ALKS5i, 100 nmol/L
CYP26A inhibitor) 3 d
(MCDB-HG, 200 nmol/L LDN193189, 1 umol/L ALK5i) 3 d
(MCDB-HG, 200 nmol/L LDN193189, 1 umol/L ALKS5i, 100 nmol/L
VitaminA) 7-14 d
(EB formation) 2 d 24.5% insulin producing cell Bose et a
(DMEM-F12, KSR, ActivinA, Retinoic acid) 6 d
(DMEM-F12, KSR, bFGF, Noggin) 12 d
(DMEM-F12, N2, B27, Laminin, bFGF, Nicotinamid, GLP-1) 12 d
(CMRL1066, Nicotinamid, ITS, Zn2504, Glutamax, HEPES, KSR,
GLP-1, Exendin1, HGF) 10 d

71351
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Bone marrow

(Human BMSCs were transfected with adenovirus carrying PDX1

36]

50% of cells was Milanesi et al'

mesenchymal stem cells or VEGF) 2d differentiated to beta cell
Human bone (RPMI 1640, 5.5 mmol/L glucose, 5% FCS, 10 mmol/L nicotinamide,  20% insulin producing cell Tang et I’
marrow-derived 10 nmol/L exendin 4)
stem cells 5d
Human bone (DMEM, 0.5 mmol/L p-mercaptoethanol) 2 d 5% insulin producing cell Gabr et al™
marrow-derived (DMEM, 1% non-essential amino acids, 20 ng/mL bFGF, 20 ng/mL
mesenchymal EGF, 2% B27, 2 mmol/L L-glutamine) 8 d
stem cells (DMEM, 10 ng/mL betacellulin, 10 ng/mL activin-A, 2% B27,
10 mmol/L nicotinamide) 8 d
Human labia minor (DMEM/F12,1TS) 7 d 50% insulin positive cell Kim et al®
dermis-derived (DMEM, 10% FBS, 100 U/mL penicillin/streptomycin, ITS, 2 x 10° cells generated around
fibroblasts 10 mmol/L nicotinamide) 7 d 400-600 ICAs
Human adipose tissue (DMEM/F12,17.5 mmol/L glucose, 1% BSA, 1 x ITS, 4 nmol/L activin Chandra et al™”

derived adult stem cells
2 ng/mL FGF) 2d

A, 1 mmol/L sodium butyrate, 50 mmol/L 2-mercaptoethanol,

(DMEM/F12, 17.5 mmol/L glucose, 1% BSA, ITS, 0.3 mmol/L

Taurine) 2d

(DMEM/F12, 17.5 mmol/L glucose, 1.5%
BSA, ITS, 3 mmol/L Taurine, 100 nmol/L

GLP-1, 1 mmol/L nicotinamide

and 1x non-essential amino acids) 12-14 d

41]

70% to 77% insulin producing ~ Criscimanna et al'

cell

Human Adult (RPMI-1640, 100 ng/mL Activin A) 2-3 d
Fibroblast-Like Limbal (RPMI-1640, 2% FBS, 50 ng/mL bFGF) 3-4 d
Stem Cells (DMEM, 10% FBS, 1% B27, 2% N2, 1 mmol/L nicotinamide) 3-4 d

(DMEM, 10% FBS, 1% B27, 2% N2, 1 mmol/L nicotinamide, 50 ng/mL

exendin-4) 3-4 d

(RPMI-1640, 100 ng/mL Activin A) 2-3 d
(RPMI-1640, 2% FBS, 50 ng/mL FGF 10 pmol/L) 3-4 d
(DMEM, 1% B27, 50 ng/mL FGF 10.2 pmol/ L retinoic acid) 3-4 d
(DMEM, 1% B27, 50 ng/mL exendin-4) 3-4 d

Dental pulp stem cells

(DMEM-KO, 1% BSA, 1x ITS, 4 nmol/L activin A, 1 mM sodium
butyrate, 50 pmol/L 2-mercaptoethanol) 2 d
(DMEM-KO, 1% BSA, ITS, 0.3 mmol/L taurine) 2 d

(DMEM-KO, 1.5% BSA, ITS,

3 mmol/L taurine,

2x10° =

(Number of cells generated
from around 156 + 23 ILCs)

Govindasamy et al

100 nmol/L GLP-1, 1 mmol/L nicotinamide, 1x non-essential amino

acids) 5d
Stem cells from human
exfoliated deciduous
teeth (SHED)
Dental pulp stem cells

butyrate) 2 d

(KO-DMEM, 1% BSA, 1 x ITS, 4 nmol/L activinA, 1 mmol/L sodium

(KO-DMEM, 1% BSA, ITS, 0.3 mmol/L taurine) 1 d
(KO-DMEM, 1.5% BSA,
ITS, 3 mmol/L taurine, 100 nmol/L glucagon-like peptide-1,

1 mmol/L nicotinamide) 7 d

Kanafi et al™

231 + 21 number of generated
ILCs from initial cell seeding
density 2 x 10°

112 + 2 number of generated =

Kanafi et al’
ILCs from initial cell seeding

density

2x10°

MEM: Minimum Essential Medium Eagle; BSA: Bovine serum albumin; ITS: Insulin transferin selenium; ILCs: Islet like clusters; GlutaMAX: Glutamin;
NEAA: Non-essential amino acids; DMEM: Dulbecco’s Modified Eagle Medium; bFGF: Basic Fibroblast growth factor; FGF7: Fibroblast growth factor 7;
Cyclopamine-KAAD: A Smoothened (Smo) antagonist; EGF: Epidermal growth factor; BMP4: Bone morphogenetic protein 4, MCDP: Name of medium; LG:
Low glucose; HG: High glucose; SANT-1: (4-Benzyl-piperazin-1-yl)-(3,5-dimethyl-1-phenyl-1H-pyrazol-4-ylmethylene)-amine; HEPES: 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid; KSR: Name of medium for embryonic stem cell culture; GLP-1: Glucagon-like peptide-1; HGF: Hepatocyte growth factor;

KO-DMEM: Knockout DMEM.

after birth and using them is not associated with ethical
problem™®”,

In this study, WJ-MSCs were isolated and their differ-
entiation into adipocytes, and osteocytes confirmed their
multilineage potentials. The retinoic acid we used to start
the differentiation process. RA is an essential molecule
for dorsal pancreas development in mouse. The effects
of RA are achieved through RA binding and activation
of retinoic acid receptors such as RARa, RARB, and
RARy. Over expression of RARB was detected in early
stage of pancreases differentiation and absence of RARB
impaired the terminal differentiation of o and p-cells™®*?,
In vitamin-A deficiency, pancreatic islet function was
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Impaired. RA directly induces Pdx1 expression in ESCs
and Pdx1 is an important transcription factor in the
early development of pancreatic progenitors and bud
expansion®?!l, The retinoic acid response element
is located at upstream of the transcription start site
of Pdx1. Retinoie Acid Receptor (RARB) expression
is depended on epigenetic regulation™®'?). Hyper
methylation of the RARB2 promoter was reported
in pancreatic cancer, and diabetes. Therefore, it is
postulated that the epigenetic silencing of RARB,
combined with vitamin A deficiency, may play a role in
pathogenesis of diabetes!'*'¥, Glucose is considered as
a growth factor for p-cells replication both in vitro and in
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vivo®?. Subsequently, using of EGF was associated with
proinsulin biosynthesis and 3H-thymidine incorporation in
experimental model®**. Nicotinamide was used during
the second stage of differentiation. Various published
protocols reported this substance as an effective inducer
in pancreatic differentiation. Nicotinamide preserve islet
viability through poly-ADP-ribose polymerase®®’,

Glucagon-like peptide 1 (GLP-1) and its long acting
mimetic exendin-4 are usually used for treatment of
type 2 diabetes. Exendin 4 simultaneously stimulates
beta cell secretory capacity as well as maintains insulin
stores by translational control of proinsulin biosynthesis.
Exendin-4 can also stimulate b-cell replication in human
islets from young donors®*2%,

In our study, at the end of in vitro differentiation
protocols, pancreatic endocrine genes and insulin were
expressed. However, the insulin secretion after glucose
challenge test was very low. As mentioned previously,
incomplete beta cell phenotype and consequently poor
insulin release in response to glucose challenge test
might explain this problem!®*>,

In the literature, various sources of mesenchymal
stem were differentiated into insulin secreting cells with
different efficacy ™! (Table 2). However, the insulin
secretion capacity of the cells was variable. The insulin
challenge test was done with different protocols; the
concentration of insulin was measured with different
assays and reference range. Therefore, the comparison
of data was not easily performed.

In our experience, differentiation of W3-MSCs to
form IPCs needs further optimization for clinical practice.
To overcome this problem, addition of growth factors,
extracellular matrix and/or culturing the cells in three
dimensional environments are suggestive.
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Background

Different types of stem cells such as embryonic stem cells (ESCs), induced
pleuripotent stem cells and mesenchymal stromal cells have been differentiated
into insulin producing cells by modification in cell culture conditions and addition
of small molecules. Umbilical cord Wharton’s jelly derived stromal cells has the
stemness phenotype, with faster proliferation than adult mesenchymal stromal
cells (MSCs) and is considered as a good source for generation of insulin
producing cells.

Research frontiers
In this research, insulin producing clusters (IPC) was differentiated from
Wharton's jelly MSCs (WJ-MSCs) without any genetic manipulation.

Innovations and breakthroughs
The IPCs was differentiated from WJ-MSCs by changing the cell culture medium

Roishidenge ~ WJCC | www.wjgnet.com

647

Nekoei SM et a/. Stromal cells and islet like clusters

and growth factors without genetic manipulation. However, the insulin release
in response to glucose challenge test was not sufficient. Similar studies used
various sources of mesenchymal stem and differentiated into insulin secreting
cells with different efficacy and variable insulin secretion capacity. The insulin
challenge test was done with different protocols; the concentration of insulin was
measured with different assays and reference range. Therefore, the comparison
of data was not easily performed.

Applications
Differentiation of WJ-MSCs to form IPCs needs further optimization for clinical
practice.

Peer-review
The authors have performed a good study, the manuscript is interesting.
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