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  Abstract 

 
Objective- To evaluate growth characteristics and differentiation capacity of equine mesenchymal stem 
cell (eMSCs) derived from bone marrow (BM). 
Study design- In vitro experimental study. 
Animals- Four young adult horses (2-5 years old) 
Procedure- Cell morphology and growth characteristics of eMSCs harvested from BM were evaluated in 
standard culture conditions. eMSCs in passage 3 were subjected to osteogenic and adipogenic 
differentiation induction to investigate their differentiation potential.PCR analysis of differentiated cells 
was done to determine differentiation. 
Results-The cells expanded to sufficient quantity for therapeutic purposes within days and they survived 
to later passages while sustained their fibroblast-like morphology. Positive osteogenesis was detected via 
Alizarin Red staining and adipogenesis was confirmed by Oil Red O staining. The cells were more 
potential to differentiate into osteoblasts rather than adipocytes. PCR analysis approve relative expression 
of osteogenic and adipogenic genes. 
Conclusions and Clinical relevance - The results of this study further support eBM-MSCs as a cell 
population with the capacity to proliferate and differentiate down the osteogenic and adipogenic lineages. 
Equine BM is a potentials source of MSCs for cell-based regenerative therapies in horse. 
Keywords- Equine, Bone marrow, Mesenchymal Stem Cell. 

 
 

Introduction 
 
During the past decade, MSCs have been increasingly 
used as therapeutic aid in the field of veterinary 
medicine. They are employed clinically in wound 
repair, tissue engineering and in the field of regenerative 
medicine.1,2 Human MSCs are plastic adherent cells 
which are positive for surface cell markers CD73, 
CD90, CD105 and have the potential to differentiate 
into at least 3 mesenchymal lineages, such as 
osteoblasts, adipocytes and chondrocytes.3,4 

Nonhuman cells might not have the same surface 
markers as human MSCs, so, for now adherence to 
plastic and trilineage potential is likely sufficient to 
identify MSCs in horse and other species.3 

 

 

 

 

 

MSCs derived from BM and AT are the two most 
common equine stem cell types for cell-based 
regenerative therapies in horses.5,6 High proliferative 
potential and early expansion to confluence has made 
these types of cells as proper options for tissue 
engineering purposes.7 
Besides the widespread use of MSCs in regenerative 
medicine, the efficacy of these cells to healing of both 
human and non-human injuries is undetermined.3 So in 
vitro differentiation studies are needed to determine 
MSCs as potential agents for regeneration of a specific 
tissue.8 
In spite of significant importance of MSCs in horse, 
relatively most investigations on MSCs have been 
performed in species other than horses.9 In equine 
medicine, stem cells have been evaluated as efficacious 
treatment options for some major injuries and 
conditions like tendinitis, desmitis and 
osteoarthritis.7,10,11 Cartilage and tendon injuries are 
currently the most used model for stem cell therapies in 
horses.3,12-15 
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The objective of this study was to document the in vitro 
expansion and differentiation characteristics of equine 
BM-MSCs. This study was designed to evaluate 
osteogenic and adipogenic differentiation potential of 
BM-eMSCs but not chondrogenic differentiation, this is 
because “it is clear that typical mesodermal 
differentiation can be induced to form adipocye and 
osteocyte”.16 
 
Materials and Methods 
 
Animals 
 
BM aspirates were collected from sternabrae of 4 horses 
(2-5 years old). The bone marrow collection was 
approved by the Institutional Animal Care and Use 
Committee of the University of Tehran. 
 
Bone marrow harvest 
 
Collection and isolation of eMSCs were performed by 
use of a modification of published protocols.7,17 
For collection, horses were moved to standing stocks 
and sedated. A 10cm band overlying the sternum was 
clipped and scrubbed. The sternum is examined 
ultrasonographically to identify the three most caudal 
sternebrae by the appearance of their intersternebral 
spaces (Fig1). The most caudal one is avoided as it is 
thinner and there is high risk of penetrating into the 
deeper surface. The position of these intersternebral 
spaces is marked on the adjacent hair with a marker pen. 
The area over the sternum was aseptically prepared and 
local anesthesia (2% Lidocaine with Adrenaline, 5ml) 
was infiltrated into subcutaneous tissue and on ventral 
surface of sternum at the predicted entry point of 
aspiration needle. Under aseptic conditions, a small stab 
incision was made through the skin. Then the biopsy 
needle (Jamshidi biopsy needle, Medax medical 
devices, PoggioRusco, Italy, 11G×100MM) was 
introduced through the skin incision. Two 10ml of bone 
marrow was collected, using syringes preloaded with 
heparin (500iu/ml bone marrow aspirated, Fig 2).The 
BM aspirates were shipped to the University of Tehran, 
Faculty of Veterinary Medicine, Stem Cells Research 
Lab. 

 
 

 
 
 
 
 
Mesenchymal stem cell isolation and culture 
 
To isolate mononuclear cell fraction (MNCF), each BM 
aspirate was diluted with equal volumes of Dulbecco 
modified Eagle medium (DMEM, Gibco,UK). Atotal of 
30ml diluted aspirate was loaded on 9ml of ficollhypaque 
(Lymphopreb, Oslo, Norway), centrifuged at 400g for 
25minutes at room temperature and the interphase 
collected after aspirating and discarding the supernatant. 
The interphase (MNCF) was washed with 9ml PBS 
(phosphate buffered saline) and centrifuged at 2200rpm 
for 8 minutes. The supernatant was discarded and the cells 
were washed with PBS a second time at 2100rpm for 6 
minutes. The cells were plated at a cell density of 
100,000/cm² in T25flasks in 5ml DMEM containing fetal 
bovine serum (FBS, Gibco, UK) and 1% penicillin-
streptomycin100x (Sigma-Aldrich, USA). Then, the 
cultures were incubated at 37°C in a humidifies 
atmosphere (95%) containing 5% CO2. The culture 
medium was completely replaced after 2 days in order to 
remove non-adherent cells. Medium was subsequently 
changed twice weekly. Once cells reached 80-90% 
confluence, adherent cells were washed twice in PBS, 
detached using (0.05% Trypsin/EDTA 1x, Sigma-Aldrich, 
USA) and replated according to standard cultural 
technique at 1:3 or 1:4 dilution (1st passage) and at a 
density of 3000cells/cm². In order to characterize the 
harvested cells as multipotential cells, multilineage 
differentiation was inducted (as described in introduction 
section, chondrogenic differentiation was not performed).  
 
Differentiation 
 
 In this study, the passage 3 of MSCs were cultivated in 6 
well plates to reach confluence for induction of 
osteogenic and adipogenic differentiation. 
 
Osteogenesis assay 
 
After 70-80% confluence was achieved in passage 3 of 
cell cultures, they were exposed to commercially 
available osteogenesis induction media (Gibco, UK). 
Cells were incubated at 37°C and 5% CO2 for 3 weeks 

Figure 2. Successful aspiration of bone 
marrow requires attaching a heparin-loaded 

syringe to the inserted Jamshidi needle. 

Figure 1. The ultrasonographic appearance of 
intersternal space between sternebrae 4 and 5. 
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with medium changed twice weekly. Cultured cells were 
subsequently fixed with 70% methanol for 10 min and 
stained with Alizarin red solution to identify 
mineralization (calcium deposits in the matrix), which is 
an indicator of osteogenic differentiation. 
 
Adipogenesis assay 
 
When passage 3 of cultures reached 100% confluence, 
adipogenesis induction media was induced in culture 
using commercially available adipogenesis induction 
media (Gibco, UK). The cultures were incubated for 10 
days at 37°C and 5%CO2. The medium was changed 3 
times a week. At the end of the differentiation period, 
culture were fixed with 4%formalin at room temperature, 
washed by 70% ethanol and stained by Oil Red O solution 
to detect lipid vacuoles, suggesting adipogenic potential 
of our MSCs culture. 
 
RNA collection and PCR analysis 
 
On day 14, cells were briefly washed with PBS solution, 
and total RNA was collected and purified from cells that 
had been induced to differentiate by use of a high pure 
RNA isolation kit (Roche Diagnostics, Switzerland). The 
quantity of RNA samples was assessed 
spectrophotometrically using Nanodrop ND-1000 
(Nanodrop Technologies, Wilmington, Delaware, USA). 
Then 1 µg of extracted RNA was reverse transcribed into 
cDNA using the BioRT cDNA First Strand Synthesis Kit 
(Hangzhou Bioer Technology, Japan) according to the 
manufacture’s specifications. Quantitative real-time RT-
PCR was performed on a light cycler instrument (Eco™ 
Real-Time PCR, Illumina, USA), using SYBR Premix Ex 
Taq technology (TakaraBio, Japan). SYBR Green master 
mix (10 µl), 2 µl of cDNA samples, 0.5 µl of forward and 
reverse primers (10 pmol) and 7 µl of nuclease-free water 
(Qiagen, Hilden, Germany) were mixed in a capillary tube 
(Roche Diagnostics, Switzerland) ito conduct PCR in a 
20µl of reaction volume. Thermal cycling consist of an 
initial activation step for 30 s at 95_C, 40 cycles including 
a denaturation step for 5 s at 95_C and a combined 
annealing/extension step for 20 s at 60_C. Primers were 
designed through use of equine gene sequences 
(Appendix; Gen Bank accession Nos. XM_001502519.3,  
XM_003365243.1, XM_001492430.1 and 
XM_001489577 for core binding factor alpha1 
(Cbfa1)/runt related transcription factor 2 (Runx2), 
transcription factor ostreix (Osx), peroxisome 
proliferator-activated receptor-gamma (PPAR-g) and 
lipoprotein lipase (LPL), respectively. 
In this study equine bone marrow derived MSCs were 
characterized using recognized molecular markers for 
“stemness” namely: Cbfa1, Osx (osteogenesis markers), 
PPAR-g and LPL (adipogenesis markers). The sequences 
of primers are listed in Table1. The differentiated cells 
were characterized morphologically and relative 
expression of osteogenic and adipogenic genes (core 

binding for stemness was determined by Quantitative 
Real Time PCR (QRT-PCR).  
 
Results 

 
Cell morphology and culture characteristics 
 
After 3 days in culture, BM-eMSCs observed as 1-10 cell 
colonies of plastic adherent cells with a fibroblastic 
appearance (Fig2A). This elongated fusiform cells 
proliferated homogeneously in monolayer of swirling 
spindle-shaped cells.  
BM derived cells became focally confluent in a requiring 
trypsinization in 18±3 days (fig 2B). We cultivated BM-
MSCs up to passage 7.In the early passages, the BM-
MSCs appeared as long, spindle shaped cells. Although 
the overall appearance of cell culture was not altered 
substantially during the passages, this morphology 
changed to a more flattened and elongated cell body (Fig 
2C) Due to lack of contact inhibition in confluents 
cultures cells grew in multiple layers. Cultures at third 
passage yielded enough cells for our next experiment on 
equine lower extremity wound healing. 
 
Differentiation 
 
Cell differentiation of MSCs into adipocytes and 
osteoblast was observed in the inducted cultures under 
appropriate conditions.  
 
Osteogenic differentiation 
 
The first evidences suggesting osteogenic potential of the 
BM-eMSCs appeared as layered cell clusters surrounded 
by mineralized matrix in the culture, 4 days after 
induction of differentiation. By this time of osteogenic 
induction, the phenotype of cells altered to cubical star-
shaped cells with sharp extension and they became larger 
in size. The mineralized culture stained red with Alizarin 
Red 8 days after induction, indicating the formation of 
calcium phosphate crystals by osteoblasts (Fig4A).  
Quantitative PCR analyses of Cbfa1/Runx2 and Osx 
mRNA expression revealed remarkable expression of 
these osteogenic marker genes comparing to controls 
(Fig5A). 
These results are very important, since Runx2 and Osx 
transcriptional activities are essential for osteogenesis and 
consequent bone formation.18 
 
Adipogenic differentiation 
 
The first signs of adipogenic differentiation became 
apparent as lipid vacuoles in the differentiating cells 
7days after induction of differentiation. By day 12 this 
droplets became more numerous and larger and stained 
red with Oil-Red-O staining (Fig4B). 
QRT-PCR analysis indicated that the mRNA of 
adipocyte-specific genes including LPL, PPAR-gamma 



IJVS 2014; 9(1); Serial No:20 
 

48 
 

were largely produced in adipogenic culture comparing to 
control ones (Fig5B).  PPAR is key regulator of adipocyte 
differentiation and lipid storage and expression of LPL 
gene is essential for lipid mobilization and storage in 

adipose tissue so expression of these marker genes 
suggests a promising adipogenesis.19, 20 

 
 
 

Table 1. Primers used for real-time PCR quantification 
 

Equus caballus Accession number Forward & Reverse primers  Amplicon 

PPAR-g XM_001492430.1 F: 5'-TAGCTCCCATCGCTTAGGTT-3' 
R: 5'-CCAAAATGGCATCTCCGTGT-3' 

20 
20 126 

LPL XM_001489577 F: 5'-CGAGCGCTCCATTCATCTCT-3' 
R: 5'-CAGGCAGAGCCCTTTCTCAA-3' 

20 
20 106 

Cbfa1(Runx2) XM_001502519.3 F: 5'-GCGCATTCCTCATCCCAGTA-3' 
R: 5'-GGCTCAGGTAGGAGGGGTAA-3' 

20 
20 176 

Osx XM_003365243.1 
XM_001494930.3 

F: 5'-CTCCCCACCTCCTGCAAC-3' 
R: 5'-TCCACCACTGCCCTCCAAC-3' 

18 
19 101 

GAPDH NM_001163856.1 F: 5'-CCCACTCTTCCACCTTCGAT-3' 
R: 5'-CTCCTTCTCTTGCTGGGTGA-3' 

20 
20 179 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BA 

Figure 3. Morphology of Equine BM-MSCs at the beginning of the culture and at confluence (A) Plastic adherent 
cells appeared with elongated fibroblastic morphology (magnification 40x) ;(B) The cells became confluent after 

18±3 days in culture (magnification20x). 

A B

Figure 4. Cell differentiation of Equine BM-MSCs into adipocytes and osteoblasts. (A) Osteogenesis, 8 days after 
induction to osteogenesis, cell clusters and mineralised matrix that stained positive by alizarin red staining were 

detected; (B) Adipogenesis, 14 days after induction of differentiation, numerous lipid droplets (stained in red with Oil 
Red O staining) became apparent as cytoplasmic accumulations. 
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Figure 5- Fold change expression of osteogenic and adipogenic genes.(A) Fold change expression of osteogenic genes (Osx 

and Cbfa1/Runx2); (B) Fold change expression of adipogenic genes (PPAR and LPL). 
 
 
 

Discussion 
 

MSCs can be harvested from several tissues such asBM,7, 

21-24 AT,25 peripheral blood23 and umbilical cord blood15 in 
horse. 
BM-MSCs and AT-MSCs are the 2 most common equine 
stem cell types used for cell therapies in horse.5, 26 

Technically, harvesting MSCs from BM and AT is easy 
but the technique employed for acquisition of MSCs from 
adipose tissue is more invasive due to standing surgical 
position of the animal and is riskier due to donor site 
morbidity.24, 26 
Additionally, the harvest of MSCs is more cosmetically 
acceptable and the initial isolation process is less 
complicated compared with that of AT-MSCs.25 Yield of 
MSCs from BM is lower when compared to AT, but their 
chondrogenic and osteogenic differentiation capacity is 
superior to AT-MSCs and they are investigated more in 
MSCs studies.5, 6, 25, 27 Moreover, isolation of BM-MSCs 
is faster than AT-MSCs and in terms of purity, isolation 
from bone marrow yields more pure population cells in 
contrast to that of  adipose tissue which is contaminated 
by fibroblasts and adipocytes.24  
The focus of this study was to characterize BM-eMSCs 
based on adherence to plastic flasks, growth 
characteristics and osteogenic and adipogenic 
differentiation potential. 
In this study, polystyrene adherent cells from bone 
marrow cultivated in standard media containing 15%FBS 
which is the least concentration with the highest 
mitogenic effect.28 BM-eMSCs appeared as large 
elongated fibroblast like cells and divided like bone 
marrow stromal cells and tissue-specific cells from other 
species.29, 30 

Bone marrow-derived stem cells have the capacity to 
proliferate even in high passages[31]. In the present study, 
the undifferentiated cells which were passaged 7 times 
maintained their overall morphological and growth 
characteristics. This finding was similar to that of 
previous studies.7, 24 There was some inconsistency with 
the results of recent study on equine AT-MSCs which 
revealed morphological change of cells at later passages 
and detachment of them from plastic flasks at passage 5 to 
passage 6.4 
According to previous investigations, the equine BM- 
derived MSCs were more capable of osteogenic 
differentiation than were adipose-derived cells and they 
produced more mineral in the culture treated with 
induction media comparing to untreated cells.23, 25, 32 
In this study, morphological changes suggesting 
osteogenic differentiation was detected after 4days in the 
inducted culture. This finding was comparable to results 
of a study conducted by7 who revealed that oseogenic 
differentiation of BM-MSCs occurred after 3-4 days. 
However, two other studies have reported that time period 
required to achieve osteogenic differentiation of BM-
eMSCsis 2or 3 weeks respectively.18, 28 
In terms of adipogenic differentiation, elongated 
confluent fibroblastic cells started to change to oval-
shaped cells containing large lipid vacuoles after 7days of 
exposure to induction medium which was in accordance 
with the findings of Baghban Eslaminejad.28 BM-
eMSCsshowed adipogenic potential 10 days after 
exposure to induction medium as described by Koch.3 
The use of rabbit serum has been confirmed to enhance 
adipogenesis in BM-MSCS in man33-35 and 
rodents.33There is some reports describing that BM-
eMSCs show lower adipogenic differentiation capacity 
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than AT-MSCs. They also found adding 5% rabbit serum 
as a requirement for successful adipogenesis of equine 
BM-MSCs.7, 25 Another study reported that addition of 
15% rabbit serum to adipogenic induction medium has 
successfully induced adipogenesis of equine BM-MSCs.26 

According to Koch3 ” it appears that a concentration of 
5% rabbit serum may be optimal in order to balance 
enhanced induction against increased cell detachment 
with higher serum concentrations”.  
However, similar to results of two other studies21,22 

adipogenic differentiation of BM-MSCs has been 
achieved without addition of rabbit serum in our study. 
MSC frequency is directly related to age of the donor7, so 
all of the equine donors we used were young animals for 
which a higher MSC frequency would be expected. 
Currently, several research groups worldwide are 
investigating BM-MSCs as promising candidates for 
treatment of traumatic ligament and tendon injuries in the 
horse.14, 36 
Despite the importance of managing lower extremity 
wounds in horses, the efficacy of MSC therapy for 
treatments of chronic non healing wounds of lower limb 
has not been studies in equine species. 
Based on promising results of these experiments in other 
species37-40, we would like to propose MSCs as potential 

treatments for wound healing in our successive 
experiment. 
These data will be the basis of future efforts to 
standardize the isolation, expansion, differentiation and 
transplantation of equine Mesenchymal stem cells in 
clinical practice.     
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  چكيده

 
  به چند رده سلولي تمايز جداسازي و:  مزانشيمي مشتق از مغز استخوان اسببنيادي سلولهاي 

  
  ، 1، سيد مهدي قمصري1*، محمد مهدي دهقان1اديب هاشمي... ا، فرج1الناز آزاد

  1نياپگاه عباس، 3، سيد مهدي نصيري2رضا صداقت

  

  .، دانشكده دامپزشكي دانشگاه تهران، تهران، ايرانجراحي و راديولوژيگروه 1                                     
  .گروه پاتولوژي، دانشكده پزشكي دانشگاه شاهد، تهران، ايران2                                                                                

  گروه كلينيكال پاتولوژي، دانشكده دامپزشكي دانشگاه تهران، تهران، ايران3                                                                     

 بررسي خصوصيات رشد و قابليت تمايز سلولهاي بنيادي استخراج شده از مغز استخوان در اسب -فهد
  ي تجربي خارج از محيط بدنمطالعه -مطالعه حطر

  )سال2- 5 سن(ر رأس اسب بالغ جوان چها -اتحيوان
سلولهاي بنيادي مزانشيمال استخراج شده از مغز استخوان از جهت ريخت شناسي و خصوصيات رشد در محيط كشت استاندارد  -كارروش

 .ژ سوم انجام شددر مورد سلولهاي پاسا ، فرايند القاء تمايزآديپوژنيك و استئوژنيك جهت بررسي قابليت تمايز. مورد بررسي قرار گرفتند
  .سلولهاي تمايز يافته براي تعيين تمايز انجام شدPCR آزمايش 
و سلولها حتي در پاساژهاي بالا زنده ماندند . تكثير سلولها منجر به توليد مقاديركافي سلول براي اهداف درماني شد طي چند روز،- نتايج

 ادي مرانشيمي به سلولهاي استخواني توسط رنگ آميزي آليزارين رد وهاي بنيلتمايز مثبت سلو. ستي خود را حفظ كردندشكل فيبروبلا
هاي آديپوژنيك و استئوژنيك را تاييد نيز بيان نسبي ژن PCRآزمايش  .به سلولهاي چربي رنگ آميزي اويل رد انجام شد براي تاييد تمايز

قابليت سلولهاي بنيادي مزانشيمال استخراج شده از مغز استخوان اسب در تمايز به بافت استخواني در مقايسه با تمايز به بافت چربي  .نمود
  .بيشتر بود
در اسب  استخراج شده از مغز استخوان يسلولهاي بنيادي مزانشيمكه  همانند مطالعات قبلي نشان داد نتايج اين مطالعه نيز -گيرينتيجه

به عنوان   مي تواند مغز استخوان اسبو  باشندهاي استئوژنيك و آديپوژنيك ميبا قابليت تكثير و تمايز به رده عنوان يك جمعيت سلوليهب
 .مورد استفاده قرار گيردي سلولي در اسب بازسازي كننده با پايه هايدرمان براي يبالقوه سلولهاي بنيادي مزانشيم يك منبع

  ، تمايزسب، مغز استخوان، سلولهاي بنيادي مزانشيميا -كليد واژگان
                                                 
 

  


