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Background: Application of competent cells such as mesenchymal stem cells (MSCs) for treatment of musculoskeletal
disorders in equine athletes is increasingly needed. Moreover, similarities of horse and human in size, load and types
of joint injuries, make horse as a good model for MSCs therapy studies. This study was designed to isolate and charac-
terize stemness signature of equine bone marrow-derived mesenchymal stem cells (BM-MSCs).

Methods: BM of three mares was aspirated and the mononuclear cells (MNCs) were isolated using density gradient.
The primary MNCs were cultured and analyzed after tree passages (P3) for growth characteristics, differentiation poten-
tials, and the expression of genes including CD29, CD34, CD44, CD90, CD105, MHC-I, MHC-II and pluripotency
related genes (Nanog, Oct-4, Sox-2, SSEA-1, -3, -4) using RT-PCR or immunocytochemistry techniques.

Results: The isolated cells in P3 were adherent and fibroblast-like in shape with doubling times of 78.15 h. Their
clonogenic capacity was 8.67=4% and they were able to differentiate to osteogenic, adipogenic and chondrogenic
lineages. Cells showed expression of CD29, CD44, CD90, MHC-I and Sox-2 while no expression for CD34, MHC-II,
CD105, and pluripotency stemness markers was detected.

Conclusions: In conclusion, data showed that isolated cells have the basic and minimal criteria for MSCs, however,

expressing only one pluripotency gene (sox-2).
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Introduction

Most of degenerative diseases including spinal cord,
musculoskeletal, and tendon lesions are not repairable
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with the routine methods, due to loss of tissue cellular
content and inability to replace them (1). Musculoskeletal
disorders in equine athletes have a major influence on
equine performance, and are the main reason for financial
loss in racing industry (2). Fast and full recovery of chron-
ic musculoskeletal disorders and returning to race is of
primary importance. New hopes have been raised by im-
provement in stem cell research field to treat these kinds
of incurable equine diseases. To date, there are several
studies that show the application of different types of stem
cells in the treatment of equine musculoskeletal disorders
(3, 4.

Furthermore, suitability of horse as an animal model for
human studies in musculoskeletal disorders, especially in
cartilage and tendon injuries has been previously empha-
sized (5, 6). The characteristics of horse joint and carti-
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lage, including size, anatomy, and morphology of the
joints, the thickness and composition of cartilage, and low
intrinsic capability for repair are similar to those in hu-
man (5-7). In addition, the hierarchical structure, matrix
composition, the function and the nature of the injuries
of weight-bearing tendons (e.g. Achilles tendon) in the hu-
man athlete and horse have many similarities (8). On the
other hand, the homology of equine immune system pro-
teins to human ones is about 60~98% (9). Moreover, re-
generation techniques applicable to human may need vali-
dation in a large animal model. A report from U.S. Food
and Drug Administration (FDA) has also concluded that
the horse is the most appropriate animal model for testing
and analyzing the clinical effects of mesenchymal stem
cell (MSC)-based therapies for joint injuries in human
due to similarities in size, load and types of joint injuries
(10).

Complete identification and stemness signature of adult
stem cells, in particular MSCs, is the first critical step for
their clinical application. MSCs can be obtained from dif-
ferent tissues such as bone marrow (BM) stroma, peri-
osteum, umbilical cord blood, fat, and skin (11). Despite
of isolation of equine MSCs from many tissues, bone mar-
row is the most common source and it is the most inves-
tigated source. It has been proven that these multipotent
cells are able to differentiate to cartilage, muscle, tendon,
ligament, fat and also some other type of cells such as neu-
rons and hepatocytes which show their pluripotent ca-
pacity (12). In addition, it has been reported that MSCs
are hypoimmunogenic and immunomodulator and escape
from allogeneic rejection (13) and can be used for alloge-
neic cell therapy. Evidence show that transplantations of
allogeneic MSCs have therapeutic effects similar to autolo-
gous transplantation (14).

Although some studies have identified the character-
istics of equine MSCs, some of their features, in particular
the expression of embryonic stemness markers and their
multipotency or pluripotency abilities are not completely
shown (3, 15). De Schauwer et al. (3) has determined min-
imal criteria for identification of equine MSCs: 1) adher-
ence to the plastic culture dish in normal condition, 2)
expression of surface antigens CD29, CD44 and CD90 and
no expression of CD14, CD79 ¢, and MHC-II, and 3) in
vitro differentiation to three kinds of cells (osteoblasts,
chondrocytes and adipocytes) under standard differ-
entiation conditions. Expression of Oct4, SSEA-3, SSEA-4,
Nanog and Tra-1-60 (as embryonic stem cell markers) has
been shown in some studies (16-20), while some others
have reported negative results (15). There are some reports
that MSCs are able to differentiate into various cell types

of non-mesodermal lineages such as hepatocytes (21) in
rat, neuron in mice, and epithelial and endothelial cells
in human (22). Thus, it has been suggested that MSCs are
in mid-stage between pluripotent embryonic stem cells
and lineage-restricted adult stem cells and have a great ca-
pacity for differentiation.

Therefore, this study aimed to isolate and characterize
equine BM-MSCs and to identify their growth features,
differentiation potentials and gene expression profile in-
cluding embryonic stemness markers (SSEA-1, SSEA-3,
SSEA-4, Nanog and Sox-2).

Materials and Methods

The experiment protocol was approved by Animal
Welfare Committee of Veterinary faculty, Ferdowsi
University of Mashhad, Iran. All the reagents were pro-
vided by Sigma-Aldrich (Germany) company, except for
those which are mentioned later on. All the culture dishes
and polypropylene tubes were purchased from SPL
(Korea).

Sample Collection and Cell Culture

Bone Marrow Aspiration: Bone marrow (BM) was aspi-
rated from 3 healthy crossbreed mares, aged 6, 9 and 10
years old. To strain horse, xylazine (0.5 mg/kg) was in-
jected intravenously and aspiration location in sternum
was determined by ultrasonography. Then, 10 ml of lido-
caine with adrenalin was used in the aspiration area for
local anesthesia. Using a surgery knife, a surface cut made
and by Jamshidi needle (gauge 13 and 100 mm length)
10~15 ml of bone marrow was aspirated into a 20 ml sy-
ringe which contained 1000 IU/ml heparin. The samples,
in less than 4 hours, were carried on ice to the laboratory.

Cell Isolation and Culture: In laboratory and in steri-
lized condition, the BM samples were diluted by basal me-
dium (DMEM-HG, 10% FBS, 1% Penicillin-Streptomycin
and 0.1% Amphotericin B) twice the volume of the
samples. Then, it was gently poured onto density gradient
media (Histopaque® 1077) to the ratio of 2:1. The tubes
containing samples were centrifuged at 400 g in 4°C for
30 min (in brake off mode). Afterwards, monolayer
nucleated cells (MNCs) were carefully gathered and rinsed
twice by Dulbecco’s Phosphate Buffer Saline (DPBS-) by
centrifugation in 600 g in 4°C for 5 min. The final cell
pellet was diluted in 4 ml basal medium and cell pop-
ulation was counted using Neubauer counting chamber.
Then, cells were cultured at the density of 8x10° cells/cm’
as the primary culture or passage 0 (P0) in 37°C humidi-
fied atmosphere containing 5% CO, condition. Culture



medium was replaced with fresh medium every 3 days. At
confluency of 80~90%, cells came into passage 1 (P1) us-
ing trypsinization where the cells were seeded at the den-
sity of 5x10°. Similar process was conducted until pas-
sages 3 (P3). P3 cells were collected for the next
experiments.

Growth Characteristics

Growth Curve: In order to assess cell growth rate, the
cells were seeded at 3x10* cells/well in 2 twelve-well
plates. Every 24 hours, the cell numbers of 3 wells were
counted and the mean was calculated until 8" day and the
growth curve was drawn based on the gathered data.

Colony Forming Unit-Fibroblast (CFU-F) and Plating
Efficiency (PE): For colony formation evaluation, 5x10°
cells were seeded in each well of a six-well plate. Every
3 days the mediums were changed and after 12 days, cul-
ture medium was discarded and the cells were rinsed with
PBS. The colonies were then stained by 0.5% Crystal
Violet for 10 min. Afterwards, the wells were rinsed by tap
water and the colonies containing over 15 cells were count-
ed under invert microscope. The following formula was
utilized to determine the plating efficiency:

Plating efficiency=the number of colonies/the number
of seeded cellsx100

Cell Population Doubling Time: In each of the pas-
sages, the number of cells was recorded in the beginning
and the end of passage. In order to calculate the pro-
liferation of cells per day, the following formula was used,
where N;=indicates initial seeded cells, Nt is the harvested
cell number, CT is the culture time, PD is cell population
doubling per day and DT shows the proper time for dou-
bling cells (hours).

oo )

D= log2

PD=CD/CT

DT=CT/CD

Characterization of Mesenchymal Stem Cells
Trilineage differentiation potential: P3 cells of all 3
mares were used for trilineage differentiation.
Osteogenic differentiation: 3x10° cells were seeded in
3 wells of a six-well plate. At 50% confluency, basal me-
dium was discarded and two of them were replaced with
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osteogenic medium (basal medium supplemented with 0.1
#M dexamethasone, 10 mM /S -Glycerophosphate diso-
dium salt hydrate and 50 #M 2-Phospho-L-ascorcbic acid
trisodium salt) and the remaining one was left unchanged
as control. The media were changed every 3 days. After
21 days, the cells were fixed with 10% neutral buffered
formalin and then stained using 2% Alizarian Red S in
order to analyze differentiation.

Adipogenic differentiation: 3x10° cells were cultured in
three wells of a six-well plate. After 80% confluency, the
medium was discarded and two of the wells were replaced
with adipogenic medium (basal medium supplemented
with 0.1 #M dexamethasone, 100 1M indomethacin, 500
#M 3-isobutyl-1- methyl xanthine, 1% Insulin-Transfer-
rin-selenium-X) and the other one was replaced with basal
medium. Every 3 days the mediums were changed until
the 21* day, on which the wells were rinsed by PBS, fixed
and stained by fresh Oil Red O to determine adipogenic
differentiation.

Chondrogenic differentiation: 5x10° cells were trans-
ferred into each of the 15-ml polypropylene conical Falcon
tubes, and then centrifuged at 260 g for 5 min (at room
temperature). Supernatant was discarded and 2 ml basal
medium added to the falcons and let them to adapt for
24 hours. The following day, basal medium was sub-
stituted with chondrogenic differentiation medium (basal
medium supplemented with 0.1 1M dexamethasone, 50
1 M 2-Phospho-L-ascorcbic acid trisodium salt, 10 mM
B -Glycerophosphate disodium salt hydrate, 1 mg/ml
Bovine Serum Albumin (BSA), 10 ng/ml human Trans-
forming Growth Factor- 83 (TGF-33) and 10 ng/ml Bone
Morphogenetic Protein-6 (BMP6)) for the treated group
and basal medium was added to the control group wells.
The mediums of each group were replaced with fresh ones
every four days until the end of culture (21 days).
Afterwards, the pellets were stained by Alician Blue for
histological examination.

Gene expression profiling

Reverse Transcription - Polymerase Chain Reaction
(RT-PCR)

RNA Extraction and cDNA synthesis: Total RNA of
cells was extracted by DenaZist kit (Iran) under the man-
ufacture protocol. Briefly, each sample was lysed and ho-
mogenized in 1 ml Gl buffer. The homogenate was in-
cubated at room temperature (20°C) for 10 minutes. Then,
200 1«1 chloroform was added and sample was centrifuged
at 12,000 g for 15 min at 4°C and upper phase containing
RNA was precipitated with equivalent of half the volume
aqueous phase of the isopropyl alcohol and the same vol-
ume from G2 buffer. Afterwards washing was performed
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by 75% ethanol and sample was dried in contact with air,
and resuspended in diethyl pyrocarbonate (DEPC)-treated
water. In order to remove any possible genomic DNA, five
unit RNase free DNAse I (Roche, Germany) was added
per each 20 g of RNA and incubated at 34°C for 20 min
followed by adding 0.8 «1 0.5 M EDTA and heat in-
activation of the enzyme at 75 °C for 10 min. RNA concen-
tration, purity and quality were appraised using NanoDrop
2000 (Thermo Scientific, USA) and gel electrophoresis.
Then ¢cDNA was synthesized by AccuPower® RT Premix
kit (Bioneer, USA). 1 1£g of RNA was mixed with 0.5 «g
Oligo(dT);s Primer (Fermentas, USA) and it was added to
the kit, then reached 20 w1 using diethyl pyrocarbonate
(DEPC)-treated water. The kit was incubated at 42°C for
60 min and finally at 70°C for 10 min to deactivate reverse
transcriptase enzyme.

Polymerase Chain Reaction (PCR): Specific primers of
GAPDH, CD29, CD34, CD44, CD9%0, CD105, Sox-2, Oct-4
and Nanog genes were designed based on the available se-
quences in GeneBank (NCBI) using Primer Premier soft-
ware (PREMIER Biosoft International, USA) (Table 1).
Glyceraldehyde-3-phosphate  dehydrogenase (GAPDH)
used as internal control.

PCR was performed in 25 1 final volume with tag pol-
ymerase enzyme (Pars Tous, Iran) at the following con-

dition: initial denaturation at 95°C for 5 min, 30 cycles
at 95°C for 30 s (denaturation), 51 ~61°C for 45 s (anneal-
ing for different primers), 72°C for 1 min (elongation) and
final extension at 72°C for 10 min, and then cooling to
room temperature. PCR products were visualized with
ethidium bromide (Cinnagen, Iran) on a 1.5% agarose gel
(Cinnagen, Iran). A 100 bp DNA ladder (Fermentas, USA)
used as marker to determine the size of amplified
products.

Immunocytochemistry: To detect expression of some
specific markers in isolated MSCs, immunocytochemistry
method was performed. 6x10* undifferentiated cells at P3
were grown overnight on coverslips and then fixed with
4% paraformaldehyde for 15 min at room temperature.
Afterward cells were permeabilized with Triton X-100 di-
luted in PBS for 10 min. After washing 3 times with PBS,
endogenous peroxidases were blocked with 3% H202
(Merck, Germany) in PBS for 30 min, then cells were in-
cubated in 4% BSA in PBS for 1 h at room temperature
to prevent the nonspecific binding of the antibodies.
Coverslips were incubated overnight with different pri-
mary antibodies: Nanog (1:100, Santa Cruz Biotechnology,
USA), SSEA-1 (1:100, Santa Cruz Biotechnology, USA),
SSEA-3 (1:100, Abcam, USA) and SSEA-4 (1:100, Santa
Cruz Biotechnology, USA) diluted in 1% BSA in PBS at

Table 1. Characteristics of primer pairs which were used in the experiment

Gene Accession Number Primer Sequence Annealing Temperature  Product Size (bp)
Equine GAPDH NM_001163856 F*: TGTCATCAACGGAAAGGC 56 cDNA°=183
NC_009149 R GCATCAGCAGAAGGAGCA gDNA?=429
Equine CD29 XM 001492665 F: AATCGGGACAAGTTACCTCA 56 234
R: CTTCCAAATCAGCAGCAAT
Equine CD34 XM 001491596 F: TGATGAATCGCCGTAGT 56 cDNA =204
R: CGGGTTGTCTCGCTGA gDNA=907
Equine CD44 NM_ 001085435 F: AACCTCGGGTCCCATAC 56 193
R: TCCATTGAGCCCACTTGC
Equine CD90 XM 001503225 F: AGAATACCACCGCCACA 51 155
R:GGATAAGTAGAGGACCTTGATG
Equine CD105 XM 003364144 F: GACGCCAATCACAACATACA 60 158
R: TCCACATAGGACGCTACGAC
Equine MHCH NM_ 001123381 F: CTGGGTCTCCCTGTCGTTG 56 110
R: CCTTGGGCACTGTCACTG
Equine MHCHII NM 001142816 F: GGAACGGGCAGCAGGACAT 56 184
R: AAGCCATTCACAGAGCAGACCA
Equine Sox-2 XM 003363345 F: TGGACCAACGGAGGCTATG 56 198
R: CCCTTGCTGGGAGTACGAC
Oct-4 F: GTTGTCCGGGTCTGGTTCT 57 189
R: GTGGAAAGGTGGCATGTAGAC
Nanog F: CAGCAGACCTCTCCTTGACC 55 187
R: TTCCTTGTCCCACTCTCACC

F: Forward primer; PR: Reverse primer; ‘cDNA: complementary DNA; ngNA: genomic DNA.



4°C in humid chamber. After washing 3 times, the cells
were incubated 2 h with secondary IgM (Jackson
Immunoresearch, USA) or IgG (Dianova, Germany) anti-
bodies conjugated to horseradish peroxidase (HRP) di-
luted 1:500 in 1% BSA in PBS. Reaction between antigen
and antibody was visualized by 3,3’-Diaminobenzidine tet-
rahydrochloride hydrate (DAB) substrate. The NTERA2
(human testicular embryonic carcinoma cell line) was
used as positive control for Nanog, SSEA-3, and SSEA-4
and P19 cells (cell line derived from a teratocarcinoma in
mice) was used as positive control for SSEA-1.

Results

Morphology of cultured cells

MNCs containing MSCs were cultured as PO at day 0.
Dead or non-attachable cells were removed by the first
medium change after 3 days in culture. The first colonies
of MSCs were observed 4 days after MNCs seeding. The
morphology of MSCs in colonies was heterogeneous and
had spindle-shaped fibroblast-like, asteroid and triangular
shape (Fig. 1A). In addition, considerable number of
round-shaped cells were observed at P1 (Fig. 1B). At the
end of P3, an almost homogeneous fibroblast-like pop-
ulation of MSCs was obtained (Fig. 1C) which was used
for further analysis.

Growth Characteristics

Growth Curve: Growth curve of BM-MSCs showed an
initial lag phase of 3 days, followed by an exponential
phase for 3 days and then the cells were entered to plateau
phase at the day 6 or 7. On day 8, the cell population im-
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mediately starts to decrease (Fig. 2).

Colony Forming Unit-Fibroblast (CFU-F) and Plating
Efficiency (PE): Cultured MSCs in wells with density of
5x10” produced averagely 43.3+20.1 colonies which show
their colonogenic capability (Table 2). The mean percent-
age of PE BM-MSCs at the P3 was 8.67+4% and the de-
tails of different horses are also presented in Table 2.

Cell Population Doubling Time: PD (PD=CD/CT) of
cells from 0.5 in passage 1 was decreased to 0.32 in pas-
sage 3. Consequently, the needed time for doubling of
population (DT) were increased from 48.62 hours in pas-
sage 1 to 78.15 hours in passage 3 (Table 3).

Conformation of MSC characteristics: To identify the
isolated cells as MSCs, their trilineage differentiation po-
tentials and gene expression profiling were analyzed. In
addition, the expression of embryonic stemness markers
was investigated to clarify their potency.

100 -
90 +
80
70 4
60
50 +
40

Cell numbers (x10%)

307 —+— H1
20 - e H2
10 —a H3

Days

Fig. 2. The growth curve of the equine BM-MSCs at P3. Cells enter
the 3 days of log phase after 3 days of lag phase, and reach the
plateau phase at the day 6 or 7.

Fig. 1. The morphology of equine BM-MSCs. (A) Heterogeneous, spindle-shaped fibroblast-like, asteroid and, triangular shape of equine
MSCs at P1. (B) Round-shape cells among fibroblast-like cells at early passages, and (C) almost homogeneous fibroblast-like population

of equine MSCs at the end of P3.
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Trilineage differentiation potential

Osteogenic differentiation: The cultured cells after ex-
posure to osteogenic inductive medium for 21 days, se-
creted and deposited extracellular calcium crystals which
were identified by Alizarian Red S staining (Fig. 3A and
3B).

Adipogenic differentiation: Adipogenic differentiating
inductive medium resulted in appearance of cytosolic lip-
id droplets after 21 days, which were identified and
stained with Oil Red O staining (Fig. 3C).

Chondrogenic differentiation: Histological staining and
analysis of extracellular-matrix proteoglycans with Alcian
Blue showed chondrogenic differentiation in micropellets
which were exposed to chondrogenic inductive medium

Table 2. Clonogenic capacity and mean of plating efficiency per-
centage (PE %) of equine mesenchymal stem cells at passage 3

for 21 days. The morphology of cells had changed from
fibroblast-like cells to round cells within lacunae in treat-
ed groups (Fig. 3D).

In all trilineage differentiation assays, control groups
were treated with basal growth medium without any addi-
tive inductive components (Fig. 3E~H).

Gene expression profiling

Expression of MSC marker genes at mRNA level: For
RT-PCR analysis, GAPDH was used as internal control.
GAPDH primers sets would amplify two fragments (183
bp and 429 bp) from genomic DNA, and only one frag-
ment (183 bp) form cDNA. Hence, observation of only 183
bp amplicon in PCR products confirmed the absence of
any DNA contamination in all samples. In addition, pri-

Table 3. Population doubling per day (PD) and doubling time (DT)
for equine mesenchymal stem cells at passage 1 to 3

Number of colonies o o Passage 1 : Passage 2 Passage 3
(mean +SD) PD DT PD DT PD DT
Cells from animal 1 49424 9.8+4.8 H1° 0.52 47.10 0.42 59.11 0.32 76.51
Cells from animal 2 42.3+15.3 8.46+3 H2 0.47 51.22 0.38 63.62 0.38 64.16
Cells from animal 3 38.6+21.2 7.73+4.2 H3 0.51 47.54 0.43 55.65 0.26 93.79
Total average 43.3+20.1 8.67+4 Mean  0.50 48.62 0.41 59.46 0.32 78.15

Plating efficiency was calculated as the percentage of colonies
formed from the total number of seeded cells.

*H1, 2, 3 indicate different horses. "DT was calculated as hours
at each passage.

Fig. 3. Tri-lineage differentiation of equine BM-MSCs. Macroscopic (A) and microscopic (B, x40) view of Alizarin Red S stained differentiated
BM-MSCs. Oil Red O stained fat droplet in adipogenic treatment (C, x400). Proteoglycans are stained with Alcian Blue in a pellet of
chondrogenic differentiation group (D, x200). E-H are the control for A-D in which cultured with basal growth medium.



mer sets for CD34 were also designed as intron-spanning
primers giving rise to different PCR fragments from DNA
and cDNA.

Observation of PCR products of undifferentiated P3
MSCs from each horse revealed that they expressed CD29,
CD44, CD90, and MHC 1. However, they did not showed
expression of CD34, CD105 (hematopoietic marker) and
MHC-IT (Fig. 4A).

Expression of embryonic stemness genes at mRNA
and/or protein levels: mRNA expression analysis of
Nanog, Oct-4 and Sox-2 in P3 cells showed that the cells
express only Sox-2 as a pluripotentcy marker (Fig. 4B and
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4C).

Immunocytochemical analysis of all samples was done
to investigate the expression of SSEA-1, -3, -4 and Nanog
at protein level. No expression of these mentioned mark-
ers was found in the cells. Groups were stained with DAB
substrate in the presence of HRP-conjugated secondary
antibody. Positive and negative controls were included in
the immunostaining process of all markers (Fig. 5).

Discussion

In this study we succeeded to isolate and characterize

Sox-2
Nanog
Oct-4

Fig. 4. Expression of surface and pluripotency markers of MSCs at mRNA level. RT-PCR showed the expression of GAPDH, CD29, CD44,
CD90, MHC- and lack of expression of CD34, CD105 and MHCHI. In NTC, dH20O was used for template as a control negative, and
in RT sample, RNA was used instead of template to control genomic DNA contamination (A). The expression of SOX-2 gene was observed
(B), and no expression of Oct-4 and Nanog was detected (C). M: 100 bp DNA ladder.

Nanog SSEA-3

Positive control

Negative control

Equine MSCs

SSEA-4

Fig. 5. Immunocytochemical analy-
sis of pluripotency markers (Nanog,
SSEA-1, -3 and -4) in equine MSCs
at passage 3. The first row belongs
to the positive control samples (A, G
and J: NTERA2 cell line, and D: P19
cell line); the cells at the second row
(B, E, H and K) are the same cells
of first row without using secondary
antibody, and the third row cells (C,
F, I and L) are equine MSCs at P 3.
No expression of pluripotency mark-
ers was found in equine MSCs.
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equine BM-MSCs. The isolated cells were fibroblast-like
in shape, were attached to the culture dish and they ex-
pressed putative equine MSCs markers including CD29,
CD44, CD90 and MHC-I and had no expression of CD34
and MHC-II (3). These cells properly differentiated to
three osteogenic, adipogenic and chondrogenic lineages
under specific differentiating mediums. Embryonic and
pluripotency markers such as SOX-2 were detected at
RNA level, but no expression was found for SSEA-1, -3,
-4 and Nanog at protein level. The average of population
doubling time (PDT) of cells during three passages was
62.07 hours and the PE% was 8.67%.

The plastic-adherence ability of MSCs is a general fea-
ture (3). MSCs population was heterogeneous in morphol-
ogy at first passage. The heterogeneity degree of cells was
decreased in later passages and fibroblast-like cells with
two narrow ends were dominant in agreement with pre-
vious study (23).

Regarding growth characteristics, the lag phase (2 days)
probably is due to stress of centrifugation and trypsiniza-
tion of cells before the culture in 12-well plates. This lag
time is similar to the results reported by Baghban
Eslaminejad et al. (24). However, Lange-Consiglio et al.
(25) reported 6 days for lag phase of BM-MSCs and less
than 24 hours for adipose-derived MSCs (AMSCs).
Finally, they found that the growth rate of AMSCs is high-
er than BM-MSCs. Moreover, Alipour ae al. (26) observed
3 days for lag time and 8 days for log phase of AMSCs.
It seems that the growth rate of AMSCs is more than
BM-MSCs. Moreover, different log phase of BM-MSCs in
different studies might show that cells with different char-
acteristics, at least regarding growth rate capabilities, have
been isolated in these studies.

Assessment of colony forming unit (PE%), as one of the
MSCs ability (27) which indicates their self-renewal ca-
pacity and quality of cell preparations (28), was 8.67% in
12 days. Lovati et al. (29) and Bourzac et al. (30) calcu-
lated 42% and 32% for equine BM-MSCs in 28 days,
respectively. The difference is probably due to the time
for colony formation or different characteristics of isolated
cells. In addition, it has been shown that the number of
colonies is affected by cell isolation method (30). Based
on colony formation assay, it seems that BM-MSCs have
more self-renewal capacity than AMSCs, as Alipour et al.
(26) reported 5.5% PE for AMSCs. Population doubling
time (PDT) which assay cell expansion in vitro (31), was
decreased with increasing the passage numbers. Vidal et
al. (23) and Burk et al. (32) observed 33.6 and 98 hours
for PDT of BM-MSCs, respectively. Ranera et al. (33) re-
ported 59 hours of PDT for equine BM-MSCs and 52

hours for AMSCs. In another study, PDT for equine
AMSCs was between 40 to 46 hours (26). In addition to
difference between species, the culture conditions, growth
factors and cell seeding number are affecting PDT.

Differentiation of human and equine MSCs toward os-
teogenic, adipogenic and chondrogenic lineages under the
influence of defined medium, is one of the minimal cri-
teria for their confirmation (3, 34). In our study, BM-MSCs
at P3 were differentiated to these three lineages similar
to other studies (29, 35). This finding approves the multi-
potency of our isolated BM-MSCs.

The expression of specific CD markers for equine MSCs
was examined by RT-PCR at the mRNA level. A com-
parative study showed that the mRNA level of equine CD
markers, follows the same patterns of relevant protein ex-
pression, then in the lack of proper antibody, RT-PCR is
a valuable alternative (36). Gene expression analysis of
isolated cells at P3 confirmed a specific expression profile
for BM-MSCs. Despite of CD29 and CD44 is not included
in ISCT minimal criteria for BM-MSCs (34), but De
Schauwer et al. (3) stated that these markers are also im-
portant for characterization of the equine MSCs (3). Sox-2
gene expression was also analyzed by RT-PCR as a pluri-
potency marker. Sox-2 is an essential transcription factor
in undifferentiated embryonic stem cells for maintaining
pluripotency (37). Expression of sox-2 in our isolated cells
is agreement with other studies which reported sox-2 ex-
pression at mRNA level for equine BM-, FAT- and Cord
Blood- MSCs (38, 39). Marfe et al. (40) only reported 15%
expression of Sox-2 in equine blood-derived stem cells at
protein level.

Expression of pluripotency markers in equine MSCs is
some studies confirmed the expression of Oct-4 (as anoth-
er critical transcription factor for self-renewal in un-
differentiated embryonic stem cells) in equine MSCs at
protein level (17-19), whereas other studies observed no
expression in equine MSCs (15). There are also positive
results for SSEA-1, -3, -4, TRA-1-60 and TRA-1-81 ex-
pression (as other embryonic markers) in equine MSCs
(17, 18), but Guest et al. (15) reported no expression of
these markers in equine MSCs. In this study, no ex-
pression of Nanog, SSEA-1, -3 and -4 was observed in
equine MSCs at protein level. The used mABs and control
cell lines in our study were belonged to human and mice.
The lack of specific mAB and appropriate control group,
probably play an important role in these negative results
(3). Moreover, different results in various study might
show that the isolated cell population in these studies are
different each other with specific characteristics. So, iden-
tification and purification of specific cells using more



techniques and markers are strongly suggested. The iso-
lated cells in this study also did not expressed Nanog and
Oct-4 mRNA. Nevertheless, Ranera et al. (38) and Violini
et al. (39) showed the expression of Nanog using gqRT-PCR,
and Marfe et al. (40) showed that 15% of cells were able
to express Nanog.

In conclusion, this study succeed to isolate and charac-
terize equine BM-MSCs with detailed data regarding their
growth characteristics, differentiation capacities, ex-
pression of specific genes and pluripotency stemness
markers. The results show that isolated BM-MSCs have
the minimal defined criteria of MSCs.
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