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of appropriate cell types in cell replacement therapy  

[1] . Stem cell therapies provide unique opportuni-
ties for treating many diseases including that of  

the heart and brain, which have limited regenerative  

capacity [2] .  

Stem cells are a unique type of cells that form  

the basis of the development, growth and survival  

of a living organism. Though the term is often used  

to describe controversial embryonic stem cells,  

there are many different types of stem cells, clas-
sified by their original location and/or method of  

formation. Stem cells are undifferentiated cells  

that go on developing into any of more than 200  
type of cells that adult human body hold [3] .  

Mesenchymal stem cells (MSCs) (also known  
as skeletal stem cells or bone marrow stromal stem  

cells) are plastic adherent, non-hematopoietic cells  

that reside in a perivascular niche in the bone  
marrow stroma, that possess self renewal and multi-
lineage (multipotent) differentiation capacity [4] .  
In the 2006 International Society for Cellular  

Therapy position paper that conveyed a set of  

simple criteria for defining a culture of cells as a  

culture of MSCs. The criteria were; adherence to  

plastic; expression of CD44, CD105, CD90, CD73  

receptors; lack of hematopoietic (such as CD14,  
CD31, CD33, CD34, and CD45) and endothelial  
markers; in vitro differentiation to cartilage, bone,  

and fat; chemical induction in nonclonal cultures  

[5] .  

Based on these criteria, isolation of MSC-like  
cells has been reported from different tissues other  
than bone marrow including adipose tissue, umbil-
ical cord, dental pulp, skeletal muscle, periodontal  

ligament and even brain [6] . MSCs also has been  
isolated from peripheral blood, cord Wharton’s  
jelly, amniotic fluid, compact bone, periosteum,  
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synovial membrane and synovial fluid, articular  
cartilage and foetal tissues [7] . Only bone marrow-
derived MSCs have documented evidence of stem-
ness including the ability to form bone and bone  
marrow organ upon serial transplantation in vivo  

[8].  

According to multi-lineage differentiation po-
tential, it was believed that MSCs mediated tissue  

and organ repair. MSCs strategically form niches  
in perivascular spaces in almost every region of  

the body. It is thought that such localization allows  

them to detect local and distant tissue damage, as  
in wound infliction, and respond by migration to  
these sites and promoting tissue repair and healing  

[9].In the last 20 years, MSCs were isolated from  

a wide range of tissues and organs. Furthermore,  
it was demonstrated that under specific stimuli  

MSCs possessed an incredible capacity of trans-
differentiation, developing in mesodermal (myo-
cyte, osteocyte, endothelium, adipocyte, and car-
diomyocyte), ectodermal (neuronal), and  
endodermal (hepatic, pancreatic, respiratory epi-
thelium) lineages [10] .  

Although the fascinating therapeutic effects of  
MSCs in cerebral and spinal cord injury, hemato-
logical disorders, cardiovascular diseases, diabetes,  

immune diseases, graft versus host diseases and  
cancer are well documented, the in depth mecha-
nisms of how MSCs act remain a matter for debate  

and exploration. The generally putative concepts  
cover transdifferentiation, cell fusion, paracrine  

effects, microvesicles carrying messenger RNA  
(mRNA) or micro RNA (miRNA) and mitochon-
drial transfer [11] .  

Human Erythropoietin (EPO) is an acidic gly-
coprotein with a molecular mass of 30.4kDa. Its  

165 amino acid residues chain forms four antipar-
allel a -helices, two (3 -sheets and two intra-chain  
disulfide bridges [12] . The continuous formation  
of new red blood cells (RBCs) is regulated by the  

EPO. The nucleotide sequence of the human EPO  

cDNA was reported in 1985. Since then, human  

EPO has become a major therapeutic agent to treat  
anemia of chronic renal failure and other diseases.  

More recently, EPO has also been observed to  

protect endothelial, neural, cardiac, and other cell  

types against cytotoxic damage [13] .  

During fetal development, EPO is produced  

mainly by hepatocytes and interstitial cells of the  

liver. Following birth, the kidney (peritubular  
fibroblasts in the renal cortex) accounts for ~80%  

of EPO production [14] . EPO mRNA is also detect-
able in liver, spleen, bone marrow, lung and brain,  

and EPO may be translated in small amounts in  
these organs [12] . Aside from the kidney and liver,  
EPO and EPO-receptor (EPO-R) are expressed in  

the brain and in the cardiovascular, digestive,  

endocrine, female and male reproductive, and  

respiratory systems [15] . It is found that Neurons  
express EPO-R and astrocytes produce EPO [16] .  

Erythropoietin is essential for the survival,  

proliferation, and differentiation of erythrocyte  
progenitors in bone marrow. Erythrocyte production  
is continuously adjusted to regulate the loss of  
senescent red blood cells and to guarantee optimal  

tissue oxygenation [17] . EPO is a tissue-protective  
hormone with more pleiotropic potential than had  
previously been thought. Beside its essential role  

for survival, proliferation, and differentiation of  

erythrocyte progenitors in bone marrow, EPO  

carries non erythropoietic functions. More recently,  
EPO has also been observed to protect endothelial,  

neural, cardiac, and other cell types [13] . It can  
prevent the tissue destruction surrounding a site  

of injury by signaling via a non-hemopoietic re-
ceptor [18] . EPO also prevents apoptosis in reduced  

or absent oxygen tension, excitotoxicity, and free  

radical exposure [19] .  

Material and Methods  

This work was performed at the Unit of Bio-
chemistry and Molecular Biology at The Medical  

Biochemistry Department, Faculty of Medicine,  

Cairo University, and Cairo, Egypt between 2014  
and 2015. Ethical committee approval was taken  
from our Faculty of Medicine, Cairo University.  

Preparation of BM-derived MSCs:  

Bone marrow was isolated and propagated  
according to the standard described method [20] .  
On day 14, the adherent colonies of cells were  

trypsinized, and counted. By optic and transmission  
electron microscopes, MSCs in culture were char-
acterized by their adhesiveness and fusiform shape.  

Flow cytometry identification of cells:  

MSCs were washed and resuspended in phos-
phate-buffered saline. CD29, CD105 and CD34  

all monoclonal antibodies (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) were added directly to cells  

and kept for 1 hour in 4°C. The cells were then  

incubated with antimouse immunoglobulin G flu-
orescein conjugated secondary antibody (Millipore  

Corp, Temecula, CA) for 45 minutes on ice. Cell  

suspensions were washed twice and analyzed on  

a FACS caliber flow cytometer.  



STAT-5 (RQ)  

BAX (RQ)  

BCL-2 (RQ)  

Caspase-3 (RQ)  

BAX/BCL-2  

Proliferation  
(Cell n/mL)  

1.17±0.22  

1.08±0.07  

1.06±0.07  

1.15±0.25  

1.02±0.09  

84.83±3.71  

7.68±1.76  

0.17±0.06  

9.00±2.13  

0.18±0.07  

0.02±0.01  

95.33±3.56  

Table (1): The oligonucleotide primers sequence of studied  

genes.  

Primer sequence  

Caspase -3  

BAX  

Forward primer : 5’- CTGGACTGCGGTATTG  
AGAC - 3’  

Reverse primer : 5’- CCGGGTGCGGTAGAGT  
AAGC - 3’  

Forward primer : 5’- GTTGCCCTCTTCTACT  
TTG - 3’  

Reverse primer : 5’- AGCCACCCTGGTCTT  
G -- 3’  

*: Significant (p<0.05). **: Highly significant (p<0.001).  
Levels are expressed as mean ± SD.  
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120  

100  

80  

60  

40  

20  

0  

Proliferation (cell n/mL)  

Non induced  Induced  cells with epo  

1.4  

1.2  

1  

0.8  

0.6  

0.4  

0.2  

0  

p<0. 00 1

Non induced Induced cells with epo  

Fig. (1): Comparison ofproliferation assay between the two  

studied groups.  

Bax 

Fig. (2): Comparison between BAX gene expression ofthe  

two studied groups.  
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Treatment with erythropoietin:  
By 14th  day from start, MSCs growth was  

established. Cells were divided into 2 equal frac-
tions, each fraction represent group. Each group  

more divided into 6 subfractions.  
-  First group was treated with 10 IU/mL EPO for  

successive 5 days.  
-  Second group served as a control group.  

The following investigations were performed:  

• Gene expression of caspase-3, BAX/BCL-2 ratio  
and STAT-5.  

• Cell proliferation assay.  

Total RNA was extracted from cell culture using  

QIAGEN® RNeasy® Micro system for Total RNA  

Isolation and purification (QIAGEN, Austin, Texas,  
USA). The total RNA (0. 5-2 µg) was used for cDNA  

conversion using high capacity cDNA reverse  
transcription kit (#K1 62 1, Fermentas, USA). Real-
time qPCR amplification and analysis were per-
formed using SYBR® Green PCR Master Mix  

Reagents Kit (Catalog Number 4309155) and Ap-
plied Biosystem Instrument with software version  

3.1 (StepOneTM, USA). The qPCR assay with the  

primer sets were optimized at the annealing tem-
perature (Table 1).  

Statistical analysis:  
Data were coded and entered using the statistical  

package SPSS version 22. Data was summarized  
using mean ± standard deviation. Comparisons be-
tween groups were done using analysis of variance  

(ANOVA) with multiple comparisons bonferroni post  
hoc test. Correlation was done to test for linear  

relations between quantitative variables by Pearson  

correlation coefficient. p-values less than 0.05 were  
considered as statistically significant.  

Results  

The study showed the following results:  

Table (2): Comparison between variables measured in the two  

studied groups.  

Non-EPO EPO treated group  
Items treated group Mean ± SD p-value  

Mean ± SD (RQ)  

<0.001**  

<0.001**  

<0.001**  

<0.001**  

<0.001**  

BCL-2 Forward primer : 5’- CGGGAGAACAGGGTA  
TGA - 3’  

Reverse primer : 5’- CAGGCTGGAAGGAGA  
AGAT - 3’  

STAT-5 Forward primer : 5’- ACCAACTTCCCCAACA  
TTCCT - 3’  

Reverse primer : 5’- ACTATGGCTGCCTGCC  

AGAA - 3’  

GAPDH 
 

Forward primer : 5’ - TGCTGGTGCTGAGTA  
TGTCG - 3’  

Reverse primer : 5’ - TTGAGAGCAATGCC  
AGCC - 3’  

MTT cell proliferation assay:  
Proliferation rate was assessed using Trevigen’s  

TACS® MTT Cell Proliferation Assay (Gaithersburg  

MD 20877).  
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Non induced Induced cells with epo  

Fig. (3): Comparison between BCL-2 gene expression of the  

two studied groups.  

Non induced Induced cells with epo  

Fig. (5): Comparison between Caspase-3 gene expression of  

the two studied groups.  

In comparison to non-EPO treated group, EPO  

treated group shows:  

-  Significant increase in gene expression of STAT-5  
and BCL-2 & significant decrease in gene expres-
sion of BAX and Caspase-3.  

Non induced Induced cells with epo  

Fig. (4): BAX/BCL-2 ratio of the two studied groups.  

10  
STAT-5  

Non induced Induced cells with epo  

Fig. (6): Comparison between STAT-5 gene expression of the  
two studied groups.  

-  Significant increase in proliferation assay & signif-
icant decrease in BAX/BCL-2 ratio (Table 2 &  

Figs. 1-6).  

MSCs Isolation and identification:  
A-  MSCs in culture:  

(A) (B)  

Fig. (7): (A): Spindle shaped MSCs at one week culture, (B): MSCs at 2 weeks culture.  
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B- Analysis of MSCs based on cell surface marker expression:  

Fig. (8): Flow cytometric characterization analyses of bone marrow-derived MSCs.  

Discussion  

MSCs represent a hopeful gate in protective  

and treatment strategies through many mechanisms  

including engraftment property, paracrine secretion  

activity and transdifferentiation capacity [21] . Ap-
optosis is programmed cell death characterized by  
cytoplasmic condensation and nuclear fragmenta-
tion. Apoptosis signaling pathways fall under two  
categories: receptor-mediated apoptosis and mito-
chondrial-dependent apoptosis [22] . BCL-2 is a 26- 
kDa protein located in mitochondrial membranes;  

over expression of BCL-2 inhibits apoptosis [23] .  

In contrast, BAX, a cytosolic protein in normal  
living cells, can induce apoptosis and quickly  

translocates to mitochondria at an early stage of  

the apoptotic process. The anti-apoptotic effect of  

BCL-2 hinders the activity of the BAX pro-
apoptotic protein. The ratio of BAX and BCL-2 in  

the outer membrane of the mitochondrion is a  
determining factor for the release of cytochrome  

C, and its binding to cytosolic Apaf-1 (apoptotic  

protease activating factor 1) and pro-caspase 9 to  

form complexes activates caspase9, which then  
activates caspase3 and ultimately initiates apoptosis  

[24] .  

EPO inhibits apoptosis by increasing anti-
apoptotic factors such as BCL-2, BCL-XL, XIAP,  

(Hsp70s) that inhibit apoptosis through the mito-
chondrial membrane consolidation and preventing  
the entrance of cytochrome C into the cytoplasm  

and inhibit caspase triggering apoptosis [25] . EPO  
treatment showed anti-apoptotic effect not in vivo  

only, but also in vitro. The anti-apoptotic function  
of EPO has been clearly demonstrated. EPO-treated  

cell culture revealed down-regulation of apoptotic  
genes e.g. BAX and caspase-3 and up-regulation  
of anti-apoptotic genes BCL-2 and STAT5, thus  

increase BCL-2/BAX ratio which is considered a  
good indicator of apoptosis.  

Signal transducer and activator of transcription  
STAT5 is an essential regulator of cell differentia-
tion, proliferation and survival. Following stimu-
lation with specific cytokines, growth factors and  

hormones, the latent transcription factor is phos-
phorylated by receptor-associated JAK tyrosine  

kinases [26] . STAT5 constitutive activation results  

in increased cell proliferation and reduced cell  

apoptosis, and is as such an important player in  
cancer initiation and progression [27] . EPO in-
creased phosphorylation of STAT5 and furthermore,  
EPO modulated the nuclear translocation of phos-
pho-STAT5, which increased expression of BCL-
XL and decreased levels of caspase-3 [28] .  

Looking through the upper results, EPO increase  

remarkably the proliferation assay of EPO-treated  

cell culture compared to non EPO-treated group.  

EPO may increase proliferation assay by up-
regulation of STAT5, increase anti-apoptotic ratio  
BCL-2/BAX and by anti-inflammatory effect.  
EPO expresses tissue protection via inhibition of  

NF- icB activation. Moreover, EPO impairs the  

formation of pro-inflammatory factors such as  

TNF-a , IL-6, IL 12/IL-23 subunits and NO via  
inducible NO synthase (iNOS) by macrophages  
[29] . Others suggested that erythropoietin observed  

anti-apoptotic effects could be partially explained  
by the noted effects on the antioxidant enzyme  

SOD and glutathione which were significantly  
increased after erythropoietin treatment [30] .  

Conclusion:  
Administration of EPO promotes MSCs growth  

and proliferation most probably through many  

mechanisms strongly approved, apoptotic profile  

correction.  
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