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Abstract 
 

Stem cells are classes of undifferentiated cells that are able to differentiate into specialized cell 

types. The present study investigates the mechanism and regulation of differentiation from bone 

marrow mesenchymal stem cells (MSCs) into adipose cell line. MSCs were isolated from bone 

marrow of adult Sprague Dawely rats. Cells were cultured in MSCs expansion medium, for 2-3 

weeks. The colony forming unit assay and immunophenotyping were performed. The cells were 

cultured in adipogenic differentiation medium for 21 days and their differentiation were 

determined by oil red staining and controlling the expression of peroxisome proliferation-activated 

receptor γ (PPARγ), lipoprotein lipase (LPL), leptin and adiponectin genes. 
After 1 week of MSCs growth in culture, the cells showed small spindle-shaped fibroblastoid 

feature. Also, the flowcytometric assay showed higher expression of Cluster of Differentiation 

(CD)29 followed by CD90 and CD44. In addition, the adipogenic differentiation was apparent 

after 1 week of incubation. Moreover, RT-PCR revealed that the cells express PPARγ, lipoprotein 

lipase (LPL), leptin and adiponectin. 
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Introduction 

 

Mesenchymal stem cells (MSCs) are non-

hematopoietic cells, typically isolated from the 

stromal fraction of adult bone marrow [1]. 

Murine MSCs are classically obtained from the 

femurs and tibias of rat [2]. After their initial 

isolation from human and rat, MSCs have since 

been successfully harvested from many other 

specie [3]. They have also been isolated from 

tissues [4]. 

After placing whole bone marrow cells in 

plastic culture dishes with medium supplemented 

with 10% fetal calf serum, Friedenstein et al. [5] 

demonstrated that bone marrow contains 

hematopoietic non-adherent cells (HSCs) along 

with a rare population of plastic-adherent cells 

(MSCs).After a few days, these adherent cells, of 

heterogeneous appearance, start to proliferate. 

The initial clones of adherent cells expanded into 

round-shaped colonies composed of fibroblastoid 

mailto:manona_87@hotmail.com


Adipogenic Differentiation of Mesenchymal Stem Cell Scientific Journal for Damietta Faculty of Science 2 (2013) 9-13 

10 

  

cells, thus the term of Colony Forming Unit-

fibroblasts (CFU-f) [6]. 

In order to facilitate studying MSC biology, 

there are three criteria needed to identify MSCs: 

1) Plastic adherence, 2) Expression of cluster of 

differentiation (CD) markers, Rat bone marrow-

MSCs express of cell-surface markers such as 

CD29, CD44, CD90 and CD106, and rBM-MSCs 

were -ve for CD45, CD34 [7], and 3) Capacity to 

differentiate into osteocytes, adipocytes and 

chondrocytes [8]. 

In vitro, adipogenesis can be induced by 

treating MSCs with dexamethasone, isobutyl 

methyl xanthine (IBMX) and indomethacin [9]. 

The differentiation might be confirmed using oil-

red staining technique and controlling the 

expression of specific proteins [1]. 

 

 

Materials and methods 

 

Harvesting and Culturing of MSC 

 

Adult inbred male Sprague Dawley (SD) rats that 

weighing 180 to 210 g were served as bone 

marrow donors. Bone marrow was obtained from 

the femurs and tibia of adult SD rats [5]. Rat 

bone marrow cells were cultured in basic media 

(Dulbecco's modified Eagle's medium (DMEM), 

Sigma Chemical Comp. St. Louis, MO, USA) 

containing 10% fetal bovine serum (FBS, 

Sigma). The cells were then cultured in DMEM 

containing 10% FBS, penicillin (100 U ml
-1

) and 

streptomycin (100 µg ml
-1

) at 37°C in a 

humidified atmosphere that contained 5% 

CO2.MSC was detached with trypsin/EDTA, 

used for experiments after the 3
rd

 passage. 

 

Flow cytometry for cell surface antigen 

expressions 

 

The identification of adherent cells was 

performed by flow cytometric analysis according 

to the previously reported method [10]. The 

immunophenotyping was performed on EPICS-

XL flow cytometry (Coulter, Miami, Fl). The 

cells were analyzed with the most appropriate 

gate using the combination of forward and side 

scatters.  

 

Adipogenesis assay 

 

The 3
rd

 passage cells were treated for 3 weeks 

with adipogenic differentiation medium (DMEM-

LG, 10 ml l
-1

 FBS, 1 μmol l
-1

 dexamethasone, 10 

μg ml
-1

 bovine insulin, 0.5 mmol l
-1

 1-methyl-3-

IBMX and 100 μmol l
-1

 indomethacin). Lipid 

accumulation was detected by: 1) oil O Red 

staining 2) RT-PCR analysis of adipocytic 

markers expression, RNA extractions were 

performed with QIAamp RNA Blood Mini kit 

(Qiagen). Reverse transcriptions of cDNAs was 

done using QuantiTect Reverse Transcription Kit 

(Qiagen). cDNAs was then amplified using, 

Leptin:  

 

5´TTCACACACGCAGTCGGTATC3´ (sense)  

5´GTGAAGCCCGGGAATGAAG3´ (antisense), 

 

LPL:  

5´GTACAGTCTTGGAGCCCATGC3´ (sense)  

5´GCCAGTAATTCTATTGACCTTCTTGTT3´ 

(antisense), 

 

PPARγ:  

5´CATACATAAAGTCCTTCCCGCTG3´ 

(sense) 

 

5´TTGTCTGTTGTCTTTCCTGTCAAGA3´ 

(antisense) 

 

Adiponectin:  

5´GGGATTACTGCAACCGAAGG3´ (sense)  

5´CCATCCAACCTGCACAAGTTT3´ 

(antisense),  

 

PCR reactions were carried out in 8 µmole l
-1

 

Fermentas٭ PCR Master Mix, 2x, 6 µmole l
-1

 

primers, 2 µmole per l cDNAs in a thermal 

cycler: one cycle at 95°C for 5min, followed by 

35 cycles at 95°C for 1min, 58°C for 45 sec, and 

72°C for 35 sec, and then final extension at 72°C 

for 5 min. 

 

 

Results  

 

Harvest and Culture of MSC 

 

MSCs were generated and grown for at least 2 

passages in culture. Contaminating HSCs were 

depleted during passage 1 and MSCs were 
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morphologically defined by a fibroblast-like 

appearance under an inverse microscopy. 

 

Fibroblast-Like Colony-Forming Unit Assay 

 

MSCs after isolation from bone marrow were 

characteristic by their adherence to plastic and 

were able to form fibroblast like colonies. The 

photomicrographs of rat bone marrow 

mesenchymal stem cell (MSCs) after one week of 

culture showed that, these cells grew in colonies 

that contained heterogeneous small spindle-

shaped fibroblastoid cells and these cells were 

more rounded. 

 

Flow cytometry for cell surface expression assay 

 

The immunophenotypes of MSCs surface 

markers obtained from 5 groups of bone marrow 

donor rats was tested by flow cytometric analysis 

using CD90, CD29, CD45, CD34, CD44 surface 

markers. 

As in Table 1 and Fig. 1, the frequency of the 

presence of CD29 was the highest (97.6%) which 

is followed by that of CD90 (96.3%) and that of 

CD44 (94.5%). A lower frequency were found 

for CD45 (1.7%) and for CD34 (0.28%). 

 
 

 

Table 1: Immunophenotyping of MSCs surface markers 

     

Test CD29 CD44 CD90 CD45 CD34 

     

1 98.3 93.7 96.7 1.97 0.2 

2 96.6 95.3 97.3 1.38 0.3 

3 96.7 94.6 95.4 1.56 0.4 

4 98.5 94.8 96.2 1.88 0.2 

5 97.8 93.9 95.8 1.73 0.3 

Mean ±SD 97.6 ± 0.9 94.5 ± 0.7 96.3 ± 0.7 1.7 ± 0.2 0.28 ± 0.1 

     

1, Flow cytometry analysis test 1; 2, test; 3, test3; 4, test4; 5, test5 

 

 

 

 
 

Fig. 1 Immunophenotyping of Mesenchymal Stem 

Cells (MSCs) surface markers 

 

 

Adipogenic assay 

 

Adipogenic differentiation was apparent after 1 

week of incubation with adipogenic induction 

medium. Between the culture periods of 3±2 

weeks, almost all cells contained numerous Oil 

Red O-positive lipid droplets. Photomicrographs 

of MSCs showing differentiative potential. 

Adipocyte differentiation is visualized by highly 

refractive intracellular lipid vacuoles and droplets 

appear as cherry red spheres within the cells and 

by Oil Red O staining. 

 

Reverse transcription polymerase chain reaction 

 

Differentiation was further demonstrated by RT-

PCR analysis of adipocytic markers expression. 

Rat MSCs in basic culture conditions expressed 

A) Lipoprotein Lipase B) Adiponectin C) Leptin 

and a transcription factor known to be involved 

in control of adipocytic differentiation D) PPAR-

γ at different time intervals, after 4 days, 7 days 

14 days and 21 days .After staining gel by 

ethidioum bromide then visualized by 

translmrater and photographed by gel 

decumention  system. 

 

 

Discussion 

 

As mentioned before in literature murine MSCs 

were obtained from the femurs and tibias of rat 
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[2]. The present study demonstrated that after 

placing whole bone marrow cells in plastic 

culture dishes with medium bone marrow 

contains hematopoietic non-adherent cells 

(HSCs) along with a rare population of plastic-

adherent cells (MSCs).  After a few days, the 

adherent cells, of heterogeneous appearance, start 

to proliferate. The initial clones of adherent cells 

expanded into round-shaped colonies composed 

of fibroblastoid cells, thus the term of Colony 

Forming Unit-fibroblasts (CFU-f). These results 

are consistent with those reported in many studies 

[6,2]. 

The next point in the current study was to 

investigate cell-surface markers. Our data 

reported that all cultured cells expressed positive 

mesenchymal CD29, CD44 and CD90 and were 

negative for CD45 and CD34 surface marker 

these findings are in agreement with other studies 

including those of Macedo et al. [7] and 

Dominici et al. [8].  

The last point in this study was to examine the 

in vitro, adipogenesis induced by treating MSCs 

with a hormonal cocktail containing 

dexamethasone, IBMX and indomethacin. The 

differentiation was confirmed by using oil-red 

staining technique. Also, this study further 

demonstrated that these morphologically 

adipocyte cells can express specific genes for 

adipocyte lipid-binding protein; our results 

confirmed the findings of [1,9]. The results of 

this study not only established the condition 

under which the MSCs can be adipogenically 

differentiated but also optimized such 

differentiation. 
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 عربىالملخص ال

 

 

 التحول الدهني للخلايا الجزعيه الوسطيه المستخلصه من نخاع عظام الجرذان البيضاء
 

محمد أحمد صبح
1

, منه الله أسامه صدقي الإمام
2

إبراهيم حلمي السيد، 
3

محمد محمد مشالي، 
2

محمد عبد القادر صبحي، 
1 

1 
 مصر، المنصوره، ةمركز الكلي والمسالك البولي

2 
 مصر،  جامعه دمياط، كليه العلوم، قسم الكيمياء

3 
 مصر ،جامعه المنوفيه، التكنولوجيا الحيويهمعهد الهندسه الوراثيه و

 

أنواع الخلايا إلي  علي التمايز ةالتي لها القدري فئه من الخلايا الغيرمتمايزه والخلايا الجزعيه ه

 آلية في الدراسة الحالية تبحثلذلك فإن و الخلايا الشحمية والغضروفية والعظميه.مثل  المتخصصة

 إلي خلايا شحمية. العظام نخاعالخلايا الجزعيه الوسطيه المستخلصه من تمايز  وتنظيم

سيقان الجرذان البيضاء الجزعيه الوسطيه من عظام أفخاد ووعلي هذا فقد تم إستخلاص الخلايا  

 ةن هذه الخلايا الوسطيه تبدأ في النمو مكونوزراعتها في وسط غذائي. ولقد أوضحت الدراسه الحاليه أ

العديد من المستعمرات الدائريه تحتوي علي خلايا إبريه الشكل بعد بضعه أيام. وقد إستمرت هذه الخلايا 

إختفت أسابيع و ةالنضج الكامل و ذلك في مدة تراوحت ما بين أسبوعين إلي ثلاث ةفي النمو حتي مرحل

 الخلايا الأبري. هذه المستعمرات و أظهرت  شكل

 باستخدام سطح الخليةبها علي  ةخاص ةولقد تم تشخيص هذه الخلايا عن طريق علامات ظاهري

 CD29مع  ةإيجابي ةأعطت نتيج ةأن هذه الخلايا الوسطي ةالحالي ةو لقد بينت الدراس التدفق الخلوي.

 CD45سبة ل سلبية بالن ةأعطت نتيجبينما   CD90 (96.7%) و CD44 (93.7%) و (98.3%)

 سطح الخلية(. علامات) CD34 (0.2%) و  (1.97%)

 ةيحدث التحول الدهني عن طريق معالجه الخلايا الجزعيه الوسطيأظهرت نتائج هذه الدراسة أنه  لقدو

 و  isobutyl methyl xanthine (IBMX) و dexamethasoneبكوكتيل هرموني مكون من )

indomethacin حمراء  ةعن طريق تكون قطرات دهني ةالخلايا الدهني(. وكذلك تم التعرف علي

التحول الدهني عن طريق التعبير الجيني . ولقد تم أيضا التأكد من Oil Red Oبإستخدام صبغة 

-Lipoprotein-Lipase  ,Leptin ,Adiponectin PPARالشحمي ) \لبروتينات النسيج الدهني 

γ  )  يوما 21 ويوما   14 ،أيام 7  ،أيام  4على فترات زمنية مختلفة، بعد. 
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