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Introduction

Adipose or fatty tissue is similar to bone marrow ontogenetically 
derived from the embryonic mesoderm [1]. Its contains stromal 
vascular fraction (SVFs) including pre-adipocytes fibroblasts, vas-
cular smooth muscle cells, endothelial cells, resident monocytes 
macrophages lymphocytes and adipose-derived stem cells (ASCs) 
[2]. Stem cells from adipose tissue are greater than those from 
other stem cell sources making them especially suitable for use in 

regenerative medicine [3]. It can be isolated from different types 
of  adipose tissue depots. There are two main types of  adipose tis-
sue depots: white and brown adipose tissue, with each performing 
a distinct biological function. Brown adipose tissue (BAT) is best 
known for its thermogenic properties. In humans BAT is present 
in newborn infants and its amount generally decreases with hu-
mans age to a point where it is virtually absent in the mature adult. 
The functions of  white adipose tissue (WAT) are to store energy 
and to provide insulation throughout development. It is present 
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in several parts of  the body in small depots and can acquire dis-
tinct characteristics based on the location of  the depot. The stem 
cell content of  individual depots is still unexplored. In particular, 
the stem cell population in WAT may hold greater differentiation 
potential and multipotency [4].

Adipose-derived stem cells (ASCs) can be expanded ex vivo in a 
relatively short period of  time and their stemness defined by their 
potential to proliferate and differentiate, gradually decreases dur-
ing serial passages [5]. ASCs secrete cytokines, growth factors and 
bioactive molecules with trophic paracrinem effects in response 
to local microenvironmental cues, and these factors are likely to 
mediate the main mechanisms underlying the regenerative and 
repair potential of  these cells. The cultured ASC preparations 
are heterogeneous and consist of  different populations of  stem 
and progenitor cells with self-renewal properties and multipo-
tent differentiation profiles [6]. Two days after plastic adherence, 
more than 95% of  cells express CD34, co-express mesenchymal 
(CD10/CD13/CD90) and pericytic markers (CD140a and -b) 
and are CD31–/CD45 negative [7]. The heterogeneity of  ASC 
preparations may be due to various causes, including inter donor 
differences in age, body mass index, gender, ethnicity, and disease 
status [8]. MSCs from older donors show no spindle shaped mor-
phology in culture compared with MSCs from younger donors. 
Also the brown adipose tissue and white adipose tissue show dif-
ferent capacities with regard to cell proliferation and yield of  stem 
cells. Epigenetic changes affect stem cell growth and cell differen-
tiation potential. Systemic diseases such as diabetes influence the 
properties of  ASCs, because the hyperglycemic diabetic environ-
ment may impact aspects of  stemness, including the phenotype, 
morphology, and differentiation potential of  ASCs, the potential 
use of  autologous cell therapies in diabetic patients has caused 
controversy [6]. Recent reports suggested that certain growth fac-
tors, such as vascular VEGF, fibroblast growth factor (FGF)-2, 
FGF-4, FGF-6, FGF-7, FGF-9, FGF-17, transforming growth 
factor (TGF)-beta1 TGF-beta2, HGF, keratinocyte growth fac-
tor, platelet-derived growth factor AA, and IGF-1 regulate the 
maintenance of  ASC stemness. These factors affect a plethora 
of  responses such as angiogenesis, cellular migration, apoptosis, 
proliferation and differentiation. In particular, the proliferation of  
ASCs is regulated by paracrine factors such as FGF-2, FGF-4, in-
terleukin (IL)-6 and stromal-derived factor 1, whereas FGF-2, en-
dothelial growth factor, TGF beta and other factors are involved 
in differentiation [6]. 

The aim of  the present study was to differentiate adipose-derived 
mesenchymal stem cells in vitro into insulin-producing cells and to 
determine the therapeutic effect of  islet β-like cells in vivo using 
experimental animals.

Material and Methods

This is an experimental study conducted at the National Center 
for Neurological Sciences (NCNS) Khartoum, Sudan. The adi-
pose tissue was harvested from subcutaneous layer from the ab-
dominal wall of  the donor and processed immediately after col-
lection less than 15 min for stem cell isolation.

Mesenchymal Stem Cell Isolation from Adipose Tissue

The adipose tissue sample was placed in sterile petri dish, cut into 

small pieces using surgical blade, washed 5 times, 5 minutes each 
with phosphate buffer saline (PBS) (Fisher scientific) containing 
antibiotic (penicillin/streptomycin) (Biowest.co) until the solution 
appeared clear. Dulbecco modified Eagle medium (DMEM) (Bio-
west.co) with 1mg/ml of  collagenase (Gibco) was then added, 
and incubated for 4 hours at 37°C, followed by adding 10% fetal 
bovine serum (In vitro gen) to neutralize collagenase. The digested 
fat was transferred into sterile test tube centrifuged at 800xg for 
10 minutes. The floating adipocytes, lipids and liquid were aspi-
rated leaving stromal vascular fraction (SVF) pallet. The pallet was 
re-suspended in 160mM NH4Cl (LOBA Chemie) and incubated 
for 10 minutes, the suspension was centrifuged at 400xg for 10 
minutes and then at 1000xg for 30 minutes all at room tempera-
ture. The cells were then washed twice with PBS and centrifuged 
at 400xg for 10 minutes. The cells pallet was then re-suspended 
in PBS and filtered through 100µM nylon mesh. The filtered cells 
were centrifuged at 400xg for 10 minutes, re-suspended in 20% 
FBS/DMEM and placed in petri dish (Nest Biotechnology.com). 
The petri dish was incubated at 37°C in 5% CO2 incubator (Mem-
mert) overnight. The culture medium was changed every 3 days 
until the confluence reaches 80-90% then the cells were passaged.

Cell Identification

After cells isolation and culture from adipose tissue the surface 
antigens of  the cells and their immune phenotypes were stained 
with (PE, PECY5 and FITC) flurochrome coupled with CD13, 
CD34, CD45 and HLADR and identified by Flow cytometry.

In vitro differentiation of  adipose tissue Mesenchymal Stem 
Cells into insulin-producing cells (IPC): Adipose mesenchy-
mal stem cells were differentiated into insulin-producing cells by 
3-step chemical induction protocol. In step 1 the cells were treated 
with high glucose Dulbecco modified Eagle medium (H-DMEM; 
25 mmol/L glucose) supplemented with 20% fetal bovine serum 
and 1µM of  retinoic acid (sigma) then incubated at 37°C, 5% CO2 
for 24h. The medium was then exchanged to H-DMEM (biowest 
co) with only 20% fetal bovine serum for 2 days. In step 2, the 
cells were trypsinized and seeded in extracellular matrix (ECM) 
gel (Gibco) coated well plates. The medium was changed to low 
glucose Dulbecco modified Eagle medium (L-DMEM), supple-
mented with 20% fetal bovine serum, 10 mmol/L nicotinamide 
(stem cell technologies) and 20-ng/mL epidermal growth factor 
(Thermofisher scientific) for 6 days. In step 3, for the maturation 
of  insulin-producing cells, the low glucose medium was supple-
mented with 20% fetal bovine serumand 10nmol/L exendin- 4 
(TOCRIS) for 6 days. Cellular differentiation was monitored by 
using the inverted microscope. The islet β- like cells clusters were 
then stained with diathizone stain (DTZ; Sigma), the differenti-
ated cells were incubated with the staining solution which pre-
pared according to manufacture protocol at 37ºC for 20 minutes 
and then examined under the inverted microscope (Motic-AE20).

Immuno-cytochemical staining for insulin

For immune staining, the differentiated cells were fixed with 4% 
para formaldehyde (SDFCL) for 15 minutes, then washed with 
phosphate buffer saline (PBS) (Fisher scientific). Cells were 
stained using Dakocytomation En Vision+ Dual system –HRP 
Kit (Dakocytomation) and mouse anti-human insulin antibody 
(ZYTOMED systems).
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Measurement of  spontaneous insulin secretion

Fifteen days after differentiation, the cells were stimulated by 
addition of  different glucose concentrations (5.5mmol/L and 
28mmol/L) into DMEM-LG and incubated for 4h at 37°C for 
each concentration respectively. The medium was collected and 
examined for insulin concentration by using insulin ELIZA kit 
(Immunospec Corporation) according to the manufacturer pro-
tocol.

Laboratory animals experiment

A total of  8 albino Wister rats, aged 6 to 20 weeks and weighed 
(165-360g) were obtained from the Experimental Animals Center, 
Faculty of  Veterinary Medicine, University of  Khartoum, Sudan. 
Rats were housed in plastic cages in a room kept at 25°C with a 
12-h light and dark cycle, and were allowed free access to a com-
mercial pelleted diet and drinking water throughout the experi-
ment. To induce type 1 DM, 30mg/kg of  sterptozotocin (STZ) 
solution in acidified saline (pH4.5) was injected intraperitoneally 
into the rats on 3 consecutive days. Rats were divided into control 
group and transplantation group, 4 rats for each group. Three 
days after STZ induction, the rats in the transplantation group 
were injected intraperitoneally with 6x106 differentiated insulin 
producing cells suspended in 1ml of  normal saline. While the 
control group underwent the same procedure, but only injected 
with normal saline. Blood samples were collected from the tail 
vein every day, and glucose level in the blood was measured using 
blood glucose meter (ONE TOUCH, select). The experimental 
protocol involving the rats was approved in accordance with the 
guide for the care and use of  laboratory animals prepared by the 
Faculty of  Veterinary Medicine, University of  Khartoum.

Results

Adipose Derived Cells

Under the inverted microscope small size growing cells with plas-
tic adherent characteristics appeared first, the characteristic shape 

of  MSC was detected three weeks later (Figure 2).

Phenotypic characterization of  mesenchymal stem cells

Phenotypic characterization of  adipose tissue showed: positive 
CD34 and CD13 markers (Figure 3, 4) while CD 45 and HLA-
DR cellswere negative (Figure5).

In vitro differentiation of  mesenchymal stem cells from adi-
pose tissue into insulin-producing cells

In step 1 no changes in cell morphology, in step 2 decreased pro-
liferation rate, and cell shape became short and turned into round, 
and in step 3 cluster of  islet like cell was formed (Figure 6).

Detection of  insulin inside the differentiated cell by Diathi-
zone stain

Diathizone stain results showed red cells as indicator for positive 
insulin production (Figure7).

Immuno-cytochemical staining for insulin

The insulin immune staining results showed positive immuno-
reactivity to anti-human insulin antibody (Figure 8)

Secretion of  insulin by insulin- producing cells

The secretion of  insulin analyzed by ELISA showed negative re-
sults in the low glucose concentration medium, with 0.00 scale 
reading, while the high concentration medium showed positive 
result, with >3.5 u/ml scale reading.

Laboratory animals experiment.

The transplanted groupshowed significant reduction of  glucose 
level compared with control group (P>0.021) (Figure 8). The 
results also showed steady decrease of  glucose level over time 
(P>0.000). The Pearson correlation test proved that age and 
weight had no effect on glucose level.

Figure1. Protocol of  in vitro differentiation of  MSCs to β-like cells.

Step 1

Step 2

Step 3

• Treatment of  cells with H-DMEM (25 mmol/L glucose) supple-
mented with:-10% fetal bovine serum 

• 1µ M of  retinoic acid and incubated at 37°C, 5% CO2 for 24 hrs .
• Medium exchange to H-DMEM with only 10% fetal bovine serum 

for 2 days.

• plates coating with extra cellular matrix, and the cells were seeded in 
(ECM) gel coated plates.

• Medium change (for 6 days) to L-DMEM supplemented with:-
• 10% FBS
• 10 mmol/L nicotinamide
• 20-ng/mL epidermal growth factor.

• Maturation of  insulin-producing cells in L-DMEM (with regular me-
dium changing for 6 days ) supplemented with:-

• 10% FBS
• 10nmol/L exendin-4.

3-step protocol was used to differentiate MSC to β-like cells.
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Discussion

The classic sources of  stem cells are embryo and bone marrow. 
Harvesting of  these sources are facing either ethical or technical 
problem. Researchers found adipose tissue as an ideal source of  
stem cells harvesting [9]. Different methods for isolation of  MSC 
from adipose tissue were used, a commonly enzymatic proces-
sion and density centrifugation to isolate the SVF, which contains 
MSC was reported [10]. In the present study the same technique 
was used to isolate MSC from adipose tissue. Collagenase was 
used as digestive enzyme and LDMEM as culture medium, the 
concentration of  FBS was 20%. Bieback et al., reported that the 
culture conditions could enhance or change properties of  MSC 
if  protocols are not standardized. Classical basal culturing me-
dia for MSC consists of  DMEM or α-MEM supplemented with 

10% to 20% of  fetal bovine serum [11]. Another study reported 
that when cells were grown in Dulbecco’s modified Eagle’s me-
dium (DMEM) the isolated ADSC, expanded easily, developed 
a fibroblast-like morphology and their differentiation capability 
were more effective [12].

In the present study; the growing cells showed plastic adherent 
characteristics and appeared very small in size; the characteristic 
shape of  MSC was detected after three weeks in culture. In anoth-
er study; ADSCs formed clusters of  elongated, spindle-shaped 
(fibroblast-like) MSCs within 3 days and reached cell confluence 
after one week by using enzymatic digestion to isolate AD-MSCs 
and cultured the cells in DMEM-F12 [13].

The Mesenchymal and tissue stem cells committee of  the Interna-

Figure 2. MSCs from Adipose Tissue.

A B

DC

Adipose tissue views: A small size MSCs in P0, B in P1, C in P2 and D P3 MSCs increasing number of  cells with occasional colony 
formation in culture medium. Magnification:A x10, B, C and D x40.

Figure 3. Charactrization of  MSCs for CD34
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Figure 4. Charactrization of  MSCs for CD13.
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Figure 5. Charactrization of  MSCs for CD45 and HLA-DR.
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Figure 6. In Vitro Differentiation of  Mesenchymal Stem Cell.

A B

Microscopic photos to AD-MCS differentiation into β-like cells. A shows differentiated cells in Step2 differentiated protocol, B shows 
differentiated cell in Step3 differentiated protocol. Magnification x40
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tional Society for Cellular Therapy (ISCT) had proposed minimal 
criteria to define MSCs including capability to adhere to plastic, 
specific surface antigen expression and multipotent differentiation 
potential [14]. Our cell culture showed its capability to adhere to 
plastic and underwent several passages. Also these cells expressed 
CD34 and CD13 as positive markers while CD45 and HLADR as 
negative markers. CD34 marker was reported in ISCT guidelines 
as specific positive marker for the MSC from the adipose tissue, 

while CD45, CD14 and HLADR as a negative marker [15].

The cells were capable to differentiate into insulin producing cells 
by three steps protocol which mimics in vivo pancreatic formation 
and development. In the differentiation process, the structural 
changes of  cells could be observed and divided to two phases, 
spheroid cell cluster formation and functional maturation of  the 
islet- like cells [16]. In the present study the morphological chang-

Figure 7. Diathizone stain for insulin producing cells.

A B

Diathizone stain for insulin producing cells fromAD-MCS, the red color is indicator for positive insulin production. Magnification; 
A 40X, B x100.

Figure 8. Immuno-reactivity to anti-human insulin Antibody.

A B

Immuno-reactivity to Anti-human insulin antibody A&B, AD-MCS. The brown color is indicator for positivity of  insulin production. 
Magnification; A&B x100.

Figure 9. Glucose levels in rats after transplantation of  β-like cells.
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es appeared in step 2 after the addition of  nicotinamide. Nicotina-
mide, has long been proven to be a potent inducer of  endocrine 
differentiation [17] and used in most differentiation protocols. To 
obtain insulin-producing cells. Many studies have confirmed that 
nicotinamide could promote islet β-cell Proliferation [18]. Cells 
clusters were formed within 15 days of  differentiation, in con-
trary to the study of  Karaoz et al., it took them 38 days to induce 
the formation of  clusters after co-culture with isolated islets [19]. 
The cells were positive DTZ and showed immuno-reactivity to 
anti-human insulin antibody and responded to high glucose con-
centration after 15 days of  differentiation, consistent with other 
studies [20], while in Johnson et al., experiments ADSC differenti-
ated into insulin producing cells and DTZ positive clusters were 
observed after 30 days [21].

To evaluate the efficacy of  IPC therapy in type 1 DM induced 
rats, the treated group that received the differentiated cells (IPC) 
showed significant steady reduction of  the glucose level com-
pared with the control group. Armita et al., showed significant 
lower level of  glucose when the differentiated cells (IPC) were 
transplanted to STZ diabetic rats, with significant higher level of  
insulin. The Improvement of  insulin secretion was attributed to 
the migration of  stem cells to the site of  damage and promotion 
of  structural and functional repair and thus restoration of  the 
normal insulin level in the body [22].

Conclusions

The study showed that AD-MSCs can be differentiated into islet 
β- like cells in vitro and function as insulin producing cells both 
in vitro and in vivo, these cells are promising source of  stem cells 
for β- cells regeneration. Optimization of  methodology seems to 
yield different results.
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