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Diabetes mellitus is a global problem. This study investigated adipose-derived
stem cells (ASCs) potential, as an abundant, less invasive source to produce
Insulin producing cells (IPCs), in comparison to bone marrow-derived stem cells
(BMSCs). Histomorphological changes of mesenchymal stem cells were detected.
Quantitative RT-PCR for insulin promoter factor-1 (IPF-1) and insulin genes
expression, insulin staining, immunoassay detection of insulin and C-peptide
levels and glucose challenge test were performed. Mesenchymal stem cells were
identified and islet-like cells isolated by the end of the differentiation process
stained dithizone positive. Differentiated cells of both origins expressed IPF-1 and
insulin genes, producing significant levels of insulin and C-peptide. Interestingly,
IPCs produced insulin in glucose concentration dependent manner with IPCs of
ASCs producing significantly higher insulin levels than those of BMSCs.The
study demonstrated the potential of ASCs as a safer, more promising source of
IPCs providing a possible future therapeutic option for diabetes.
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INTRODUCTION
Diabetes mellitus is becoming an increasingly global burden.
According to the WHO fact sheet 2011, about 382 million
people worldwide suffer from the disease, and the number is
predicted to rise to 592 million by 2035.  The pathogenesis of
diabetes mellitus is characterized by a significant reduction in
the functional mass of insulin producing β-cells (Garber, 2011)
, causing several symptoms that have a serious impact on life
style and eventually lead to destructive complications as heart
diseases, retinopathy, kidney failure, neuropathy, stroke and
amputation (Bener et al., 2009).

Traditional medication in the form of oral hypoglycemic drugs
or insulin injections is neither capable of completely imitating
the endogenously secreted insulin effect, nor guarantee
prevention of long term complications (Mishra et al., 2010).
Furthermore, use of oral hypoglycemic drugs has been
associated with several side effects including gastric upsets
(Fowler, 2007), cardiac problems (Mann et al., 2009) and bone
fractures (Douglas et al., 2009).

Alternative treatment strategies tend to replace nonfunctional
β-cells by whole pancreas or islet transplantation, however,
limited supply of donor tissues, transplantation hazards
together with the insufficient effect of immunosuppressive
regimens, are all hindering obstacles against transplantation
(Naftanel and Harlan, 2004).

Regenerative medicine is accordingly tending to promote the
expansion of existing β-cells within the body or rejuvenate
more efficient cells (Mayhew and Wells, 2010). Recent trials
focus on the pluripotency of mesenchymal stem cells (MSCs)
as a renewable source of cells .Their immunomodulatory

properties and ability to differentiate into various lineages in
the proper microenvironment, qualify them to be a promising
replacement therapy for diabetes (Vija et al., 2009).

Bone marrow-derived stem cells (BMSCs) are considered the
well-established source for stem cells (Barlow et al., 2008)
and showed the potential to differentiate into functional
insulin- producing cells (IPCs) (Sun et al., 2007), however the
combined invasive procedure and reported low yields of stem
cells (Lee et al., 2008) , provoked further research for other
sources of MSCs. It has been reported that IPCS were
successfully differentiated from embryonic stem cells (Sapir et
al., 2005), umbilical cord blood (Yoshida et al., 2005) and
from human eyelid-adipose-derived stem cells (Kang et al.,
2009). Recent studies have reported the ability of pancreatic-
resident Stem/progenitor cells to differentiate to IPCs
(Abraham et al., 2002). Also human liver stem cells were
revealed to have multi-lineage differentiation ability, including
insulin- producing islet- like structure (Herrera et al., 2006).
Yet again, all such sources are still highly limited and hardly
accessible (Kang et al., 2009).

Stem cells for regenerative medicine applications should be
available in abundant amounts, harvested with minimal
invasion, able to be differentiated in a reproducible way and
could be safely transplanted to an autologous or an allogenic
host (Gimble et al., 2002).  Such criteria can be fulfilled in
case of human adipose-derived stem cells (ASCs) (Zuk, 2002).
Additionally, the high incidence of obesity, accompanied by
increasing demands for cosmetic surgeries and enormous
advances in high technology equipment, offer a generous
supply of adipose tissue as a safer and less invasive source for
stem cells (Buang et al., 2012).
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The ability of human ASCs to differentiate in vitro, into
pancreatic phenotype cells using regenerating pancreatic
extract (RPE) has been demonstrated by Lee et al (2008).

More recent studies revealed that human ASCs could be
differentiated into functional insulin-producing clusters using
multi-step protocols with a mixture of growth factors (Buang
et al., 2012; Okura et al., 2009). Such promising data open the
field for further studies to confirm and optimize the conditions
and abilities of ASCs to differentiate to IPCs.

In hope of finding a possible future treatment alternative for
diabetes, this study aimed to investigate the potential of ASCs
of abdominal origin to produce functional IPCs in comparison
to BMSCs using RPE. This was assessed through observing
histomorphological changes all through the differentiation
process of both ASCs and BMSCs, quantitative determination
of insulin promoter factor-1 (IPF-1) and insulin genes
expression, detection of insulin and C-peptide levels, as well as
testing the possible functionality of the differentiated cells of
both sources in response to stimulation with different glucose
concentrations.

MATERIALS AND METHODS
This study was conducted using the tissue culture laboratory
facilities of Abou- El Reesh pediatric hospital, Al Monira,
Faculty of Medicine, Cairo University, Cairo, Egypt.

Collection of human adipose tissue and bone marrow
samples from donors

Human adipose tissue was obtained from 5 donors aged
between 40 and 60 years undergoing cosmetic surgery after
providing written informed consent. A total of 150-200 ml of
fat tissue was obtained from each patient. All subjects fasted at
least 10 hours before surgery. All the patients had no chronic
diseases nor were on medications.

Meanwhile, bone marrow aspirates were obtained from 5
patients aged between 30 and 60 years, undergoing hip
replacement after providing written informed consent. All
Procedure was in compliance with the declaration of Helsinki
ethical committee. All procedure was conducted in accordance
with the Research Ethical Committee of Faculty of Pharmacy,
Cairo University guidelines for using human material.
(Approval number: BC 981).

Preparation of regenerating pancreatic extract

Regenerating pancreatic extract (RPE) was prepared as
described previously by Lee et al (2008).  Briefly, 20 male
albino rats aged 6 weeks old and weighing (150-200 gm) were
included in the study, fasted overnight and then underwent
about 70 % pancreatic to my, where most of the tail part was
removed while keeping the head part of the pancreas intact.
The animals were kept on antibiotic injection. On the third day
after surgery, animals were sacrificed and directly dissected.

The remaining pancreas was removed into ice cold phosphate
buffer saline (PBS) (Lonza, Walkersville, MD, USA)
containing protease inhibitor cocktail (Sigma,
St.Louis,MO,USA) and homogenized for 4 min using a tissue
homogenizer (Omni, NW Kennesaw, USA). Homogenates
were then centrifuged at 3000 rpm for 10 min. and 12,000 rpm
for 20 min at 4ºC (Sigma Centrifuges, Sci Quip, Newtown,
UK). The clear supernatant was obtained and filtered through a
0.22µm membrane (Millipore, Livingston, UK). Protein
concentration was analyzed by Bradford assay (Sigma-Aldrich,
St. Louis, MO, USA) and the extract was stored in aliquots at -
70 ºC until use. All the experimental procedures were
performed and approved according to the guidelines of the
Research Ethical Committee for Animal Experimentation of
Faculty of Pharmacy, Cairo University (Cairo, Egypt)
(Approval number: BC 981).

Isolation and culture of human ASCs

ASCs were isolated and cultured as described by Zuk (2002).
Briefly, adipose tissue was well washed with PBS containing
2% antibiotic and digested with 0.075% Type I collagenase
(Sigma-Aldrich, St. Louis, MO, USA) at 37 ºC for 45 min with

frequent shaking. Collagenase was then neutralized with
Duelbecco-modified eagle medium (DMEM) -low glucose
(5.5mM/L)  (Lonza, Verviers, Belgium), containing 10% Fetal
bovine serum (FBS) ( Lonza, Verviers, Belgium) and the
mixture was centrifuged at 2000 rpm to obtain the stromal
vascular fraction. The pellet was suspended in lysis buffer,
washed with PBS and centrifuged at 2000 rpm. The white
pellet was resuspended in DMEM containing 10% FBS and
1% Penicillin/Streptomycin/Amphotericin B solution (Lonza,
Walkersville, MD, USA) and strained through 100µm cell
strainer and incubated at 37 ºC in 5% CO2. After 72 hours, the
medium was aspirated and the cells were washed with PBS
containing 1% penicillin/Streptomycin to remove the non-
adherent cells.  The adherent cells were cultured in 25-cm2

culture flasks with a clean stromal medium to be replaced
every third day thereafter.

Isolation and culture of human BMSCs

The aspirates were diluted with PBS in a ratio of 1:1 and the
mononuclear cell fraction (MNC) was obtained by density
gradient centrifugation at 2000 rpm for 20 min. using Ficoll-
Hypaque solution ( Lonza, Verviers, Belgium) . The MNC
were collected in tubes containing DMEM- low glucose,
washed and centrifuged at 1000 rpm for 10 min for 3 times.
Following the final wash, the cells were resuspended in
DMEM-low glucose containing 10%FBS and 1%
Antibiotic/Antimycotic solution of the total culture medium
volume in 25-cm2 culture flasks and incubated at 37ºC / 5%
CO2. The medium was changed after every 3 days.

At 80% confluency, cells from both origins were detached
using Trypsin 0.05%/EDTA0.02% (Lonza, Verviers, Belgium)

Tabe 1 List of primer sequences and reaction conditions of real-time RT-PCR

Gene
GenBank

Accession number
Primer sequence (5'-3')

Product size
(base pair)

Annealing Temperature (ºC) Cycles

GAPDH NM_002046
Forward CATGAGAAGTATGACAACAGCCT

ReverseAGTCCTTCCACGATACCAAAGT
113 59 28

IPF-1 NM_000209
ForwardTGATACTGGATTGGCGTTGTTT
ReverseTCCCAAGGTGGAGTGCTGTAG

70 60 40

Insulin NM_000207
ForwardGCAGCCTTTGTGAACCAACA

ReverseTTCCCCGCACACTAGGTAGAGA
69 59 38
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for further expansion. The isolated cells were labeled with the
anti-human CD73, CD90, CD105 and CD34 antibodies
(DiNonA Inc, Korea) and isotype mice antibodies were used as
control. Results were analyzed using FACS Calibur (Becton-
Dickinson) and Coulter Epics software program. Identification
of MSCs of both origins was further confirmed through
osteogenic and adipogenic differentiation detection after
incubation in the specialized media as previously mentioned
by Dominici et al. (2006). Osteogenic differentiation was
confirmed by staining with Alizarin red, while adipogenic
differentiation was confirmed by staining the accumulations of
oil droplets with Oil red O.

RPE-induced differentiation of ASCs and BMSCs

At passage 3, ASCs and BMSCs were cultured in 6-well plates
with complete medium at a density of 2-3 x 105 cells/ well.
When the culture reached 80%confluency, RPE was added to
the medium at a concentration of 200µg/ml and incubated for
15 days where such medium was changed every 3 days.

All through the differentiation process, morphological changes
were examined using phase-contrast light microscopy
(Olympus CK40, Japan).

Reverse transcription and quantitative real-time polymerase
chain reaction

To evaluate progress of the cultured cells differentiation in
relation to pancreatic development, Insulin promoter factor-1
and insulin genes expression were detected.  Total RNA was
extracted from the cells after one week of using RPE for
differentiation, using RNAeasy kit (QIAGEN, Hilden,
Germany) according to the manufacturer's protocol. cDNA
was synthesized from 500ng of total RNA using SuperScript
III reverse transcriptase RNase H minus (Invitrogen, Carlsbad,
CA) and primers with GADPH as an internal reference.
Primers sequence and reaction conditions are listed in table 1.
Quantitative real time PCR was performed with SYBR Green
supermix (Bio-Rad, Canada) and using iCycler iQ (Bio-Rad,
Hercules, Canada) according to the manufacturer's
instructions. Reactions were done in triplicates and the
specificity of products was determined by melting peak
analysis. Genes expression were normalized to that of GAPDH
and calculated by ΔΔCt method.

Dithizone staining for insulin detection

Cells that were differentiated using RPE for 15 days, were
washed with PBS twice, stored at 37 º C for 15 min. with 1ml
PBS and 10 µl dithizone solution. Cells were then examined
by phase contrast light microscopy.

Insulin and C-peptide secretion detection

Insulin level was quantitatively determined in the waste
medium of both differentiated and control undifferentiated
ASCs and BMSCs using the electrochemiluminescence
immunoassay (ECLIA) method with Elecsys E2010 insulin kit
(Ref.12017547) (Roche Diagnostics, IN, USA) that detects
human insulin with no cross reactivity to pro-insulin or C-
peptide (Sapin et al., 2001).

C-peptide level was also determined in the waste medium of
both differentiated and undifferentiated cells using
chemiluminescence immunoassay (CLIA) method with C-

peptide CLIA kit (AccuLite CLIA kit ,Monobind Inc. ,
California, USA).

Glucose challenge test

To investigate the functionality of the resultant IPCs, IPCs of
ASCs and BMSCs origins were collected, washed with PBS
and incubated for 12 hours in 6- well plates at cell density of
2x105 cells/well, with DMEM-low glucose and 10%FBS. IPCs
were then stimulated by incubation at 37 ºc with three different
glucose concentrations (5.5mmol, 16.7 mmol and 25mmol) for
2 hours each. Insulin level released was then determined in the
culture medium by ECLIA method using Elecsys E2010
insulin kit.

Statistical analysis

Results are expressed as mean ±S.E. and were examined by
one-way analysis of variance. Data analyses were performed
with the use of Graphpad prism 5.0. Tukey-Kramer's test was
used for multiple comparisons, and the level of significance
was set at P < 0.05.

RESULTS
Identification of ASCs and BMSCs

Spindle-shaped forms characteristic of mesenchymal stem
cells, began to appear in both culture types within the first
week.  80% confluence for BMSCs and ASCs was reached
within 10-14 days, where they showed uniform fibroblast-like
cells as shown in Figure 1A and B respectively.

Figure 1. Histomorphological identification of MSCs of
both origins. Undifferentiated spindle-shaped mesenchmyal
stem cells of A) bone marrow (BMSCs), and B) adipose tissue
origin (ASCs) after the third passage. Magnification (200X)

Flowcytometric analysis of ASCs and BMSCs after the third
passage showed that cells expressed different cell surface
markers CD105, CD90 and CD73 while CD34 expression was
not detected. Such results correlate well with the criteria of
mesenchymal stem cells (Dominici et al., 2006).  Such results
were further confirmed with the osteogenic and adipogenic
differentiation of mesenchymal cells of both origins. Alizarin
red stained calcium mineral deposits and Oil red O stained the
accumulated oil droplets as shown in Figure 2 A and B
respectively.
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Figure 2. Differentiation of Mesenchymal stem cells of both
origins. A) Osteogenic differentiation of MSCs showing
calcium-mineral deposits stained red with Alizarin red
staining. Magnification (200X). B) Adipogenic differentiation
of MSCs showing Oil red O staining of oil droplets.
Magnification (200X).

RPE-induced differentiation of ASCs and BMSCs

At passage 3, ASCs and BMSCs were treated with RPE at a
concentration of 200µg/ml for 15 days. Histomorphological
changes were detected microscopically all through the
differentiation process, where after 3 days both BMCs and
ASCs began to take spheroidal shape as shown in Figure 3A
and B respectively. On day 7, cells of both origins began to
assemble together in clusters (Figure 3 C and D) .Such cells
increased in both number and masses going on day 11 as
shown in fig. 3E and F. On day 15, such clusters were
completely differentiated to full islet-like clusters showing
secretory granules (Fig. 3 G and H).

Figure 3. Histomorphological detection of BMSCs and
ASCs differentiation progress into IPCs using RPE. A and
B: photomicrographs of BMSCs (magnification 40x) and
ASCs (magnification 10x) beginning to take spheroidal shape
on day 3 of the differentiation process respectively. C and D:
Day 7 of the differentiation process, showing islet- like cells of
BMSCs and ASCs origin forming small aggregates
respectively. (Magnification 40x). E and F: Day 11 of the
differentiation process revealing respective islet-like cells of
BMSCs and ASCs origin assembling together in clusters
(Magnification 40x)  ).  G and H: Day 15 of the differentiation
process, showing fully differentiated islet-like clusters of
BMSCs and ASCs origin respectively with increased masses
(Magnification 100x ).

Expression of IPF-1 and insulin genes

Insulin promoter factor-1 and insulin genes were not
significantly detected in the undifferentiated cells of either
origin. On the other hand, the differentiated cells of both ASCs
and BMSCs origins markedly expressed both genes. Real time
RT-PCR for IPF-1 gene in differentiated ASCs showed about
6.2 fold increase from their corresponding undifferentiated
cells and 6 times increase on comparing differentiated BMSCs
to the undifferentiated cells (Figure 4 A).  Meanwhile, insulin
gene expression was significantly increased by about 6.5 and
6.2 times upon comparing differentiated ASCS and BMSCs
with the relative undifferentiated cells respectively (Figure 4

B). Interestingly, there was no significant difference in the
relative fold change of either genes expression upon
comparing results of differentiated ASCs and BMSCs.

Figure 4 Quantitative real–time PCR for gene expressions
A of IPF-1 and B insulin in differentiated IPCs of ASCs and
BMSCs. Data are expressed as mean ±SE of three
experiments. * and ‡ indicate significant difference of
differentiated ASCs and BMSCs from their respective
undifferentiated controls at p<0.05

Detection of insulin and C-peptide levels in ASCs and
BMSCs

To detect whether insulin mRNAs were newly transcribed
during differentiation and whether insulin hormone was
produced, the isolated islet-like clusters were incubated with
dithizone and were red stained upon examination with light
microscopy (Figure 5A). For quantitative detection of the
insulin level produced, chemiluminescence immunoassay for
insulin and C-peptide levels was performed. Differentiated
ASCs and BMSCs produced insulin with a mean of with no
significant difference between insulin levels produced in the
differentiated cells of both origins (Figure 5 B). Similarly, C-
peptide was remarkably detected only in the differentiated
cells of ASCs and BMSCs but not in the undifferentiated cells,
with no significant difference in C-peptide level between the
differentiated cells of adipose and bone marrow origin
(Figure5 C).

Figure 5. Detection of insulin and C-peptide at the end of
differentiation process A Dithizone staining of insulin-
producing cells at the end of the differentiation process of ASCs
and BMSCs using RPE. Quantitative detection of  B) insulin
secretion and C) C-peptide from differentiated IPCs of ASCs
and BMSCs. Data are expressed as mean±SE of three
experiments. * and ‡ indicate significant difference of
differentiated ASCs and BMSCs from their respective
undifferentiated controls at p<0.05

Glucose challenge test

The functionality of the IPCs differentiated from both ASCs
and BMSCs was investigated by determining insulin levels
released upon stimulation by three different glucose
concentrations. IPCs of adipose and bone marrow origins
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Day 7 of the differentiation process, showing islet- like cells of
BMSCs and ASCs origin forming small aggregates
respectively. (Magnification 40x). E and F: Day 11 of the
differentiation process revealing respective islet-like cells of
BMSCs and ASCs origin assembling together in clusters
(Magnification 40x)  ).  G and H: Day 15 of the differentiation
process, showing fully differentiated islet-like clusters of
BMSCs and ASCs origin respectively with increased masses
(Magnification 100x ).

Expression of IPF-1 and insulin genes

Insulin promoter factor-1 and insulin genes were not
significantly detected in the undifferentiated cells of either
origin. On the other hand, the differentiated cells of both ASCs
and BMSCs origins markedly expressed both genes. Real time
RT-PCR for IPF-1 gene in differentiated ASCs showed about
6.2 fold increase from their corresponding undifferentiated
cells and 6 times increase on comparing differentiated BMSCs
to the undifferentiated cells (Figure 4 A).  Meanwhile, insulin
gene expression was significantly increased by about 6.5 and
6.2 times upon comparing differentiated ASCS and BMSCs
with the relative undifferentiated cells respectively (Figure 4

B). Interestingly, there was no significant difference in the
relative fold change of either genes expression upon
comparing results of differentiated ASCs and BMSCs.

Figure 4 Quantitative real–time PCR for gene expressions
A of IPF-1 and B insulin in differentiated IPCs of ASCs and
BMSCs. Data are expressed as mean ±SE of three
experiments. * and ‡ indicate significant difference of
differentiated ASCs and BMSCs from their respective
undifferentiated controls at p<0.05

Detection of insulin and C-peptide levels in ASCs and
BMSCs

To detect whether insulin mRNAs were newly transcribed
during differentiation and whether insulin hormone was
produced, the isolated islet-like clusters were incubated with
dithizone and were red stained upon examination with light
microscopy (Figure 5A). For quantitative detection of the
insulin level produced, chemiluminescence immunoassay for
insulin and C-peptide levels was performed. Differentiated
ASCs and BMSCs produced insulin with a mean of with no
significant difference between insulin levels produced in the
differentiated cells of both origins (Figure 5 B). Similarly, C-
peptide was remarkably detected only in the differentiated
cells of ASCs and BMSCs but not in the undifferentiated cells,
with no significant difference in C-peptide level between the
differentiated cells of adipose and bone marrow origin
(Figure5 C).

Figure 5. Detection of insulin and C-peptide at the end of
differentiation process A Dithizone staining of insulin-
producing cells at the end of the differentiation process of ASCs
and BMSCs using RPE. Quantitative detection of  B) insulin
secretion and C) C-peptide from differentiated IPCs of ASCs
and BMSCs. Data are expressed as mean±SE of three
experiments. * and ‡ indicate significant difference of
differentiated ASCs and BMSCs from their respective
undifferentiated controls at p<0.05

Glucose challenge test

The functionality of the IPCs differentiated from both ASCs
and BMSCs was investigated by determining insulin levels
released upon stimulation by three different glucose
concentrations. IPCs of adipose and bone marrow origins
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Figure 2. Differentiation of Mesenchymal stem cells of both
origins. A) Osteogenic differentiation of MSCs showing
calcium-mineral deposits stained red with Alizarin red
staining. Magnification (200X). B) Adipogenic differentiation
of MSCs showing Oil red O staining of oil droplets.
Magnification (200X).

RPE-induced differentiation of ASCs and BMSCs

At passage 3, ASCs and BMSCs were treated with RPE at a
concentration of 200µg/ml for 15 days. Histomorphological
changes were detected microscopically all through the
differentiation process, where after 3 days both BMCs and
ASCs began to take spheroidal shape as shown in Figure 3A
and B respectively. On day 7, cells of both origins began to
assemble together in clusters (Figure 3 C and D) .Such cells
increased in both number and masses going on day 11 as
shown in fig. 3E and F. On day 15, such clusters were
completely differentiated to full islet-like clusters showing
secretory granules (Fig. 3 G and H).

Figure 3. Histomorphological detection of BMSCs and
ASCs differentiation progress into IPCs using RPE. A and
B: photomicrographs of BMSCs (magnification 40x) and
ASCs (magnification 10x) beginning to take spheroidal shape
on day 3 of the differentiation process respectively. C and D:
Day 7 of the differentiation process, showing islet- like cells of
BMSCs and ASCs origin forming small aggregates
respectively. (Magnification 40x). E and F: Day 11 of the
differentiation process revealing respective islet-like cells of
BMSCs and ASCs origin assembling together in clusters
(Magnification 40x)  ).  G and H: Day 15 of the differentiation
process, showing fully differentiated islet-like clusters of
BMSCs and ASCs origin respectively with increased masses
(Magnification 100x ).

Expression of IPF-1 and insulin genes

Insulin promoter factor-1 and insulin genes were not
significantly detected in the undifferentiated cells of either
origin. On the other hand, the differentiated cells of both ASCs
and BMSCs origins markedly expressed both genes. Real time
RT-PCR for IPF-1 gene in differentiated ASCs showed about
6.2 fold increase from their corresponding undifferentiated
cells and 6 times increase on comparing differentiated BMSCs
to the undifferentiated cells (Figure 4 A).  Meanwhile, insulin
gene expression was significantly increased by about 6.5 and
6.2 times upon comparing differentiated ASCS and BMSCs
with the relative undifferentiated cells respectively (Figure 4

B). Interestingly, there was no significant difference in the
relative fold change of either genes expression upon
comparing results of differentiated ASCs and BMSCs.

Figure 4 Quantitative real–time PCR for gene expressions
A of IPF-1 and B insulin in differentiated IPCs of ASCs and
BMSCs. Data are expressed as mean ±SE of three
experiments. * and ‡ indicate significant difference of
differentiated ASCs and BMSCs from their respective
undifferentiated controls at p<0.05

Detection of insulin and C-peptide levels in ASCs and
BMSCs

To detect whether insulin mRNAs were newly transcribed
during differentiation and whether insulin hormone was
produced, the isolated islet-like clusters were incubated with
dithizone and were red stained upon examination with light
microscopy (Figure 5A). For quantitative detection of the
insulin level produced, chemiluminescence immunoassay for
insulin and C-peptide levels was performed. Differentiated
ASCs and BMSCs produced insulin with a mean of with no
significant difference between insulin levels produced in the
differentiated cells of both origins (Figure 5 B). Similarly, C-
peptide was remarkably detected only in the differentiated
cells of ASCs and BMSCs but not in the undifferentiated cells,
with no significant difference in C-peptide level between the
differentiated cells of adipose and bone marrow origin
(Figure5 C).

Figure 5. Detection of insulin and C-peptide at the end of
differentiation process A Dithizone staining of insulin-
producing cells at the end of the differentiation process of ASCs
and BMSCs using RPE. Quantitative detection of  B) insulin
secretion and C) C-peptide from differentiated IPCs of ASCs
and BMSCs. Data are expressed as mean±SE of three
experiments. * and ‡ indicate significant difference of
differentiated ASCs and BMSCs from their respective
undifferentiated controls at p<0.05

Glucose challenge test

The functionality of the IPCs differentiated from both ASCs
and BMSCs was investigated by determining insulin levels
released upon stimulation by three different glucose
concentrations. IPCs of adipose and bone marrow origins
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showed a concentration-dependent increase in glucose-
stimulated insulin secretion on incubation with 16.7 mmol and
25 mmol glucose concentrations in comparison to the basal
insulin level produced at 5.5mmol glucose-containing medium.

For IPCs of ASCs, insulin level significantly increased from
the basal level secreted at 5.5mM/L glucose concentration,
reaching approximately 3 and 4 fold after incubation with 16.7
mM/L and 25mM/L glucose concentrations respectively.
Whereas IPCs of BMSCs showed a significant increase of 2.8
and 3.7 fold at 16.7 mM/L and 25 mM/L glucose concentration
respectively, compared to its basal level.

Interestingly, IPCs of ASCs produced significantly higher
insulin levels than that produced by those of BMSCs, at
glucose concentration of 16.7mM/L and 25mM/L (Figure 6).

Figure 6. Physiological function of IPCs derived from
ASCs and BMSCs in response to glucose challenge test.
Insulin released in the culture media of the differentiated cells
of both origins was detected upon stimulation with three
different glucose concentrations. * and ‡ indicate significant
difference of glucose- stimulated ASCs and BMSCs from their
corresponding basal glucose concentration (5.5mM)
respectively. † and § indicate significant difference of 25 mM
glucose- stimulated ASCs and BMSCs from their
corresponding 16.7mM glucose concentration respectively. ∑
and € indicate significant difference between ASCs and
BMSCs at 16.7mM and 25 mM glucose concentration
respectively.

DISCUSSION
In the present study, we focused on the comparison between the
potential of both human ASCs as a more novel, less invasive and
more abundant source of MSCs, and BMSCs which is a well-studied
source, for differentiation into functional IPCs, in an attempt to find
possible alternative strategies for diabetes treatment that can be used
in the near future.

Our results showed that MSCs of both origins began to appear as
spindle-shaped cells after 10-14 days. Both ASCs and BMSCs
positively expressed stem cell markers CD105, CD90 and CD73 and
did not express CD34. Further characterization of the isolated MSCs
was done through positive osteogenic and adipogenic differentiation.
Such results correlate well with the important definitive criteria for
MSCs (Chen et al., 2009; Dominici et al., 2006 and Kim et al, 2003).

In the present study, differentiation of ASCs and BMSCs into IPCs
was promoted by using RPE. It has been suggested that throughout
pancreas repair, growth factors that induce pancreatic regeneration are
highly produced (Zhou et al., 2008). Additionally, Lee and colleagues
(2008), reported that RPE contains some specific soluble beta cell
regeneration and stem cell differentiation factors that proved to

promote stem cell differentiation, beta cell proliferation and
production of insulin.

In our study, IPCs began to form during differentiation process
and become self-assembled into islet-like clusters showing plenty
of secretory granules by the end of the induction process. Such
morphological findings correlate well with previous studies,
where BMSCs of rats were successfully differentiated into IPCs
with similar structures to those of islets after using RPE for 14
days (Xie et al., 2013). Parallel findings were also reported for
human ASCs that were differentiated into IPCs, using a mixture of
nicotinamide, activin A and glucagon-like peptide (Buang et al.,
2012) and a 6-step differentiation protocol using different glucose
concentrations-containing DMEM, nicotinamide and exendin
(Okura et al., 2009). It is here worth mentioning that our study
may be the first to demonstrate the morphological changes of
human ASCs differentiation into IPCs using RPE.

Differentiation of stem cells into IPCs was also assessed in the
present study, by detection of IPF-1 and insulin genes expression.
Insulin promoter factor-1 is known to be essential for pancreatic
development and beta cell maturation. Suppression of this gene
was shown to cause absence of the pancreas in mice (Jonsson et
al., 1994). In this study, IPF-1 was expressed only in the
differentiated cells of both origins but not in the control
undifferentiated cells. Similarly, insulin gene was expressed only
in the differentiated cells of both origins. Such results confirm
previous reports where IPF-1and insulin genes were successfully
expressed in IPCs of human ASCs after induction with RPE (Lee
et al., 2008). It also matches a more recent study, where RPE
succeeded in promoting both IPF-1 and insulin genes expression
in IPCs derived from BMSCs of rats (Xie et al., 2013).

Furthermore, our results demonstrated positive dithizone staining
only for the differentiated IPCs. The study showed that both
insulin hormone and C-peptide were detected in measurable levels
only in the differentiated cells of both origins. Such outcome,
confirms the newly production of insulin by the differentiated
cells. Lee and colleagues (2008), reported finding C-peptide
positive cells only in differentiated culture of ASCs using RPE for
induction of differentiation. Recently, RPE was also reported to
show significant increase of C-peptide level produced by BMSCs
of rats (Xie et al., 2013).
The current study provides evidence for the functionality of IPCs
derived from MSCs of both origins as demonstrated by the significant
glucose-dependent increase of insulin level produced during glucose
challenge test. Such findings correlate with previous studies
performed using RPE or different growth factors. Okura and
colleagues (2009), showed that insulin level secreted from IPCs of
adipose tissue origin significantly increased upon incubation with
high glucose concentration- containing medium compared to that
of low glucose. Using nicotinamide, activin A, glucagon-like
peptide for 3- week differentiation process, IPCs differentiated
from human ASCs were also reported to show a significant
increase in insulin level produced upon stimulation with medium
and high level glucose concentrations (Buang et al., 2012). More
recently, Xie and colleagues (2013) , reported that using RPE
together with traditional growth factors, significantly increased
the level of insulin hormone released from IPCs of BMSCs of rats
in response to increasing glucose concentrations.

It is here worth mentioning; that our study contributes to this field
of research by showing that resembling results can be achieved in
both human BMSCs and ASCs.

On comparing the levels of insulin produced by the differentiated
cells of adipose and bone marrow sources, we found that IPCs of
ASCs origin showed a slight but significant increase in the levels
of insulin in response to glucose challenge. Such interesting
finding shows that despite IPCs of ASCs and BMSCs origins
produced close basal line levels of insulin hormone; yet, IPCs of
adipose origin were more responsive upon glucose stimulation.
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We suggest that such outcome, can be attributed to the fact that
adipose tissue is an active and a major endocrine organ; where in the
past few decades, several studies showed that adipose tissue is not
only an organ for energy storage, but has been reported to secrete a
number of biologically active hormones and molecules that play an
important role in glucose homeostasis and insulin secretion as
adiponectin and leptin (Diez and Iglesias, 2003; Wisse, 2004).
Moreover, ASCs were reported to have hypoimmunogenic
properties (Jonsson et al., 1994), which provide a potential source
of islet like cells without the limitation of immune rejection.

In conclusion, our study shows that in comparison to BMSCs,
ASCs were equally and successfully differentiated into IPCs using
RPE. Such IPCs expressed important genes related to pancreatic
development and interestingly produced higher insulin levels in
response to increasing glucose stimulation than those of bone
marrow origin. Such findings highlight the promising potential of
ASCs as an easily accessible, more abundant source of IPCs
compared to other sources of MSCs. This qualifies ASCs to be
present as a future therapeutic option for treating diabetes and its
associated diseases. Further research is required to investigate the
ability of IPCs derived from ASCs in vivo.
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