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Abstract

Objectives- To isolate, culture-expand and differentiate mesenchymal stem cells from ovine
bone marrow and determine their culture requirements for high expansion rate.

Design- Experimental study.

Animals- Five Shal sheep.

Procedures- In this study, ovine marrow cells were plated and culture expanded through 3
successive subcultures. The resultant cells were then plated at differentiating conditions into
bone, cartilage and adipose cell lineages in order to verify their MSC nature. Furthermore, we
determined the culture requirements of the cells in terms of FBS (fetal bovine serum)
concentration and initiating cell seeding density. In this study, also population doubling time
(PDT) was determined for the isolated cells.

Results- According to our observations, MSCs from ovine marrow appeared fo be fibroblastic
in appearance. They were easily able to differentiate into bone, cartilage and adipose cell
lineages as it was evident in RT-PCR analysis of specific gene expression and specific
staining of differentiated cells. According to our findings, the cells indicated extensive
proliferation when being cultivated at 100 cells/cm® in a medium with 15% FBS. Ovine MSCs
possessed a relatively short population doubling time (24.94:-2.67 hours).

Conclusions and Clinical Relevance- Fibroblastic cells from ovine bone marrow are able to
undergo extensive proliferation and capable of differencing into three skeletal lineages, hence
they are MSCs that are appropriate for cell therapy experimentation.
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Introduction

Mesenchymal stem cells are a kind of adult stem cells that were first isolated from the bone
marrow tissue. These cells have been described as the cells that can adhere on culture surfaces
producing colonies consisting of several fibroblastic cells.' Plastic adherence is the property that
has been used to isolate and culture expand MSCs from several other species”® Further
investigation has revealed that MSCs possessed two fundamental properties as the capacity of
extensive replication and the potential of differentiation into skeletal cell lineages. These
characteristics along with their easy accessibility have rendered them as a suitable cellular
candidate for clinical applications.”” By date, the efficiency of the cells has been indicated in
curing osteogenesis imperfecta, regenerating bone and cardiac muscle and resurfacing articular
cartilage as well as restoring hematopojesis in patients receiving chemotherapy.'*'® Furthermore
MSCs are appropriate cellular materials for tissue engineering applications as well.! 72!

Despite to the established significance of MSCs in tissue regeneration, the safety of the cells for
human applications has yet remained to be clarified. This subject needs more investigations
especially in animal models. A large animal as sheep which is genetically more closely related to
human is less being the subject of MSCs investigations. Most experiments employing sheep as
animal model have directly transplanted isolated MSCs into defect site and have ignored to
determine their in vitro characteristics. In a study by Chen et al MSCs from ovine bone marrow
were loaded onto PLGA scaffolds and transplanted into joint cavity of the same animal to
evaluate their chondrogenic differentiation.’? In the other investigation, by Frosch et al in 2006,
to regenerate the cartilage damage, MSCs isolated from ovine marrow were used to coat the
titanium which implanted into surface lesions in articular cartilage of knee joint.”® Rhodes et al
have isolated MSCs from ovine bone marrow to evaluate their proliferation potential in vitro.™
None of these studies considered MSCs in vitro differentiation potential into skeletal cell lineage
as bone, cartilage and adipose cells. MSCs committee of international society for cell therapy has
proposed that the cells i question can be termed as MSCs if they are able to undergo
differentiation into bone, cartilage and adipose cell lineages.™ In the present study, this subject
was explored. In addition to examination of differentiation potential, culture requirements of
MSCs isolated from the ovine marrow were investigated as well. Study like this, which deals
with MSCs differentiation capacity as well as their culture needs, would help to prepare putative
ovine MSCs in a sufficient number for conducting any experiment in the field of reconstructive
and tissue replacement surgeries.

Materials and Methods

Bone marrow cell culture

Four sheep of Shal strains with about 12 months age were used in this study, before experiments;
approval of animal use was obtained from the Royan institute ethic committee. The animals were
kept in the facility of Royan institute (Karaj, Iran) till become acclimatized to housing and diet.
Under general anesthesia by Ketamine (22 mg/kg) and xylazine (0.2 mg/kg) IM injection, bone
marrow aspirate (about 10 ml) were drawn from the humerous, collected into 50 ml tube
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containing 7500 unit heparin and shipped on the ice to cell culture facility of Royan Institutc.
Bone marrow aspirates were added with 5 ml DMEM medium (Dulbeccoo’s modified cagle
medium, sigma, USA) supplemented with 100 IU/ml penicillin (Sigma, USA), 100 1U/ml
streptomycin (Sigma, USA), 10% FBS (Fetal Bovine Serum) and centrifuged at 300 g for 5
minutes. Supernatant was discarded, cell pellet resuspended in 1 ml DMEM medium and plated
at 5x10° cells/em’ in 75-cm” culture flasks in an atmosphere of 5% CO2 and 37 °C. About 3-4
days after culture initiation, culture medium was replaced with fresh DMEM and the tlasks were
incubated with a medium replacement of 2 times a week until became confluent. At this stage,
cultures were trypsinized and subcultured at 5x10° cells/em?®. Cell passages were repeated up to
subculture 3 when sufficient cell were available to continue the experiments.

Differentiation

To evaluate in vitro differentiation potential, passaged-3 cells were cultivated under osteogenic,
chondrogenic and adipogenic conditions at the end of which the culture explored for the
differentiation using specific staining as well as RT-PCR analysis.

Osteogenesis: Confluent passaged-3 cells in 6-well culture plates were used to induce bonc
differentiation. Osteogenic medium was consisted of DMEM supplemented with 50 mg/ml
ascorbic 2-phosphate (Sigma, USA). 10 nM dexamethasone (Sigma, USA) and 10 mM B-
glycerole phosphate (Sigma, USA). The cultures were incubated at 37 C° and 5% CO2 for 2]
days with the medium replacement of three times a week. Alizarin red staining was used to detect
whether or not the mineralized matrix was formed in the cultures. For staining, the cultures were
first fixed by methanol for 10 minutes, then subjected to alizarin red solution for 2 minutes,
washed by distilled water and observed with light microscope.

Chondrogenesis: To induce the cartilage differentiation, micro mass culture system was used.
For this purpose, 2.5x10° passaged-3 cells were pelleted under 300 g for 5 minute and cultured in
a chondrogenic DMEM medium supplemented with 10 ng/ml TGF- 3 (transforming growth
factor-8; Sigma, USA), 10 ng/ml BMP-6 (bone morphogenetic protein-6; Sigma, USA), 50
mg/ml insulin/ transferin/selenium+ premix (Sigma, USA), 1.25 mg BSA (bovine serum
albumin; Sigma, USA) and 1% FBS (Gibco, UK). The chondrogenic culture was maintained at
37 °C, 5% CO2 for 2] days with a medium replacement of three times a week. To examine
cartilage differentiation, the pellets were subjected to the following: fixing in 10% formalin;
dehydrating in ascending concentrations of ethanol; clearing in xylene; embedding in paraffin
wax and sectioning at Sum. The sections were stained in toluidine blue for 30 second at room
temperature and viewed by light microscope.

Adipogenesis: Adipogenic DMEM medium containing 100 nM dexamethasone (Sigma, USA)
and 50 mg/ml indomethasine (Sigma, USA)} was added on the confluent passaged-3 cells in 6-
well culture plate. The cultures were incubated at 37 °C and 5% CO2 for 21 days during which
the medium was changed 3 times a week. At the end of culture period, the cells were fixed with
4% formalin at room temperature, washed with 70% ethanol, stained by oil red solution in 99%
isopropanol for 15 minute and observed by light microscope.

RT-PCR analysis

This was performed to assess expression of a set of chondrocyte, osteocyte and adipocyte related
genes in differentiated cultures of MSCs. Total RNA was isolated using the RNX™( -Plus)
Isolation of RNA(RN7713C; CmnaGen Inc., Tehran, Iran). Before RT, a sample of the isolated

s Vel.: 2 No.: § Year: 2007 55



RNA was ftreated, with 1U/pul of RNase-free DNasel (EN0521: Fermentas,Opelstrasse
9,Germany) per 1 mg of RNA in order to eliminate residual DNA in the presence of 40 U/ul of
ribonuclease inhibitor (E00311; Fermentasm, Germany) and 1*reaction buffer with MgC12 for 30
min at 37 C. To inactivate the DNasel, 1 pl of 25mM EDTA was added and incubated at 65 C for
10 min. Standard RT reactions were performed with 2 pg total RNA using Random hexamer as a
primer designed for equine genes (see below) and a RevertAid™ First Strand ¢cDNA Synthesis
Kit (K1622; Fermentas, Germany) according to the manufacturer’s instructions. For every
reaction set, ore RNA sample was prepared without RevertAid'™M-MuLV Reverse
Transcriptase (RT ~ reaction) to provide a negative control in the subsequent PCR. To minimize
variation in the RT reaction, all RNA samples from a single experimental setup were reverse
transcribed simultaneously. Reaction mixtures for PCR included 2 pl ¢DNA, 1xPCR
bufiér(AMSlM; CinnaGen Co., Tehran, Iran), 200 uM dNTPs, 0.5 uM of ecach antisense and
sense primer, and 1U Taq DNA polymerase.

Tabie 1: The similarity percent of amplified sequences from ovine differentiated cultures using equine
primers to sequences of other species

Gene Name Other Speices Similarity Percent Other Species Similarity
’ Percent

Aggrecan Other speices 96% Equus caballus 89%
Collagen 11 Bos taurus 87%% Equus caballus 85%
Peroxisome
proliferator-
activated Bos taurus 95% Equus caballus 91%
receptor alpha
{PPARA)
Peroxisome
proliferator-
activated
recepior Bos taurus 99% Equus caballus 93%
gamma
(PPARG)
lipoprotein
lipase Bos taurus 96% L.quus caballus 90%
Collagen 1 Bos taurus 7% Equus caballus 97%

Because of the lack of specific gene sequence for sheep osteocyte, chondrocyte and adipocyte
(except for GAPDH and Osteocalcin), we designed the primers for equine bone, cartilage and
adipose-specific genes and used them in order to amplify the genes in sheep differentiated
cultures. The bands of amplified fragments were recovered from the gel by QIlAquick® Gel
Extraction kit and then sequenced by Chromas Software version 2.31. BLAST results of these
sequences, show that there are many similarities between them and sequences related to genes of
other species close to sheep. Therefore, it confirmed that the equine specific primers were able to
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amplify our interest fragments in sheep genome. Sequenced gene fragments were registered in
NCBI site and they were assigned the accession numbers. The similarity percent of these
sequences to sequences of other spectes and also primers sequences are indicated in Table | and
2 respectively.

Table 2: Primers used in RT-PCR analysis; * indicates the gencs that were not found in gene banks.

Accession number Gene name Primer sequence AT

F: 5" tig gac ttt ggc aga ata cc 3

B *
FJ200438 Aggrecan R: 5'ctt cca cca atg teg tat cc 3' >
F: 5" geg gag acl act gga ttg
9 & e &ve BE
F1200439 Collagen 11 R: 5" ti ctt gte ctt got cit ge 3 38
peroxisome proliferater- F. 5 aaacanceaneceanaate 3
F1200440% activated receptor alpha R: %’ualcc(ci g{fﬂ;"ﬂ;&ﬂ% 3¢ 60
(PPAR a) o dleeeglcliy
peroxisome proliferator- F- 5 aapagcasascaniodeaiad’
F1200441% activated receptor gamma( @5 a8 fncicfuca‘afaf:c%, 60
PPAR g) +- Beecticacs a
F: 5° ccc aga aca tea cct acc ac 3'
FI200442% Coellagenl . L. 58
R: 5" gga gpp agt tia cag gaa ge 3
_ F: 5" tetctt gge ata cag cet g 3
17 B [ty
[11200435 LPL R: 5" atg cee tae (gg tuctg 3 39
. . E: 5" act gag cga tac caa aca cc 3’ 5
XMO01504101.1 Collagen type X R: S'ggt cea it agt cet cic fec 3 62
F: 5 gga gaa acc tge caa gta g 3'
DOL52956.] GAPDH R: 5'tga gtg teg clg fttg aa gre 3 60
. F: S'age gag gig gtg aag agac 3’
NM_001040009.1 Osteocalcin . o o1
- R:5'get cat cac agt cag petteg 3
XM_001917620.1 Collagen type 111 F:y'ugaiggigetacitigaa 3 54

R: 5 aac atc cte ctt caa cag ¢ 3'

Sheep MSC culture requirements
Since MSCs are present in a low quantity in bone marrow samples, culture expansion of them is a
necessary step prior to their applications. To recognize culture requirements of these cells, in tais
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study, FBS concentrations in medium and mitiating cell seeding density were eptimized for
maximum proliferation of the cells.

Initiating cell seeding density: Passaged-3 cells were plated at densities of 100, 500, 1000, 2000
and 5000 cells/em” in 6-well culture plates with a DMEM medium supplemented with 10%, FBS.
A week after culture initiation, the cells were trypsinized, lifted and counted with
hemocytometer. Fold increase were then calculated for each cultures which, in this term, the
cultures with different initiating cell densities were statistically compared.

Serum concentration: MSCs expansion is strongly dependent on FBS presence in medium. To
determine optimal serum concentration, passaged-3 cells were plated at density of 100 cells /em”
in 6-well culture plates with the DMEM medium supplemented with FBS concentrations of 57,
10%, 15% and 20%. One week after culture imitiation, the cells were hfted and counted with
hemocytometer. Fold increase in cell number was determined for each culture group and in this
regard, the FBS concentrations were statistically compared.

Population doubling time (PDT)

After optimal cell seeding density and FBS concentrations was determined, the cells were
cultivated under these conditions and their PDT was calculated. For this purpose, passaged-3
cells were plated at 100 cells;cm? in a DMEM supplemented with 15% FBS and incubated for a
period of 10 days when the culture terminated, the cell were lifted and counted with
hemocytometer. Using the following equation, PDT was determined. In this equation N is the
mitiating cell number, NO the harvesting cell number and C.T stands for culture time.

CT
(PDT)= -~

Log-—-x3.31
N

0

Colonogenic assays: MSCs are known to be cojonogenic cells since they were first isolated and
introduced. Colonogenic potential of the cells is indeed indicative of theilr expansion capacity in
vitro. In this study, passaged-3 MSCs from sheep were plated at 100 cells’ 10 cin Petri dish and
allowed to generate cell colonies for 10 days when the culturcs were obscrved under phase
contrast invert microscope in order to count the colonies number.

Statistical analysis: Repeated Mecasure ANOVA with one within subject cffeci was used to
analyze the data. Pairwise comparison of the data of FBS concentrations and initial cell sceding
density was performed using LSD post hoc. Furthermore, Mauchly method was used to test the
sphericity of the data. All values stated as statistical means + standard deviations. The used
software was the SPSS version 13. A P value of <0.05 was considered to be statistically
significant.
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Results

Cell culture

At early days, the primary cultures were consisted mainly of fibroblastic cells and a few small
clear cells (Fig. 1A). Two weeks after culture initiation, all available surfaces of the culture dish
covered with a monolayer in which the bundles of fibroblastic cells extended in differ:nt
divections (Fig. 1B). During subcultures, the cells maintained their fibroblastic morphology « nd

approach confluency in 10 days.

Differentiation

Osteogenesis: At osteogenic culture, nodule-
like aggregations were appeared. Upon
alizarin red staining, these nodules stained
red indicating that they were nuncrahized
during the induction neriod (Fig. 2A). RT-
PCR analysis were indicated that the mRNA

of bone specific proteins  including
osteocalein, and collagen 1 was largely
produced in the culture (Fig. 213).

Chondrogenesis:  The  sections  from
nmicomass culturcs for cartilage
differentiation were stained
methachromatically purple with woluidine

blue staining (Fig. 2C). RT-PCR analysis
revealed that the mRNA of collagen I, X
and aggrecan macromolecules were largely
produced in either differentiated cells (Fig.
ald).

Adipogenic cultures: about 10 days after
induction initiation, the first lipid droplets
were  appeared inside of the cells and
imcreased i number as the time progressed.
These droplets were positively stained red

with oil red staining for adipocyle detection
(Fig. 2E). RT-PCR analysis were further
confirmed the expression of adipocyte marker
genes including PPAR-alpha, PPAR-gamma?2
and LPL in the cultures (Fig. 2F).

Culture requirements

A

=\

o
4

Figure 1: Ovine Marrow cell culrure. A) The cells

aL primary cultures, day 5 after culture imitiation B)
primary culture at contluency, nhase contrast iverl
MICroscopic (mages.

Initiating cell seeding density: According to our data, significantly more fold increase were
observed at cultures with seeding density of 100 cetl/em® compared with the cultures initiated at
500, 1000, 2000 and 5000 cells/em® (Fig.3 up) (P<0.05).
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Figure 2: Ovine MSCs differentiabon potential: A: The cells were able to
differentiate into bone. This was evident in alizarin red staining (A) and RT-
PCR analysts (B). More over, ovine cells had the capacity to differentiate into
chondroblast and deposit cartilage matrix that was methachromatically stained
purple with toluidine blue (C). At differentiated cultures cartilage specific
genes were expressed. Ovine MSCs isolated in this study, were also able to
differentite into adipocytes when cultivated at adipogenic culture. Lipid droplet
in differentiated cells were stained red by oil red staining (E). According to the
RT-PCR analysis, adipocyte-specific genes were expressed at adipogenic
cultures. RT+ denotes the sample with Reverse Transcriptase Enzyme and RT-
the sample without Reverse franscriptase Enzyme.
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FBS concentrations: Statistical comparison
indicated that more fold increase occurred at the 90

cultures supplemented with 15% FBS than 5%, fg
10% and 20% FBS concentrations (Fig.3 &
down). 50
& 40
Population doubling time (PDT) i '
Population of passaged-3 sheep MSCs appeared 10
100

to have a rather high expansion rate so that their 2 i —_—T
number was doubled in 24.94 hours when o S S
plated at 100 cells'em’ in a medium

supplemented with 15% FBS.. 160

140
Colonogenic ability : :
According to our results, sheep MSCs appeared 72;
to produce an average of 50.2 colonies per 100 =
cells that were plated in 10 cm culture dishes. -
.
5% 15% 20%

Fold increase

Cell seeding density

e
(e}

Fold increase

Discussion 0
10%
In this study, fibroblastic cell monolayer Serum concentration
developed at ovine marrow cell culture were
collected and examined in terms of their
tripotent dlfferent.lah(l)n . pqtentlal that .IS The ceils possessed significantty more fold increase
proposed asla Cnterllon gl}dlcatmg MSC? ld_entlty when initiated at 100 celis/ em®; *: P<(.05. Down:
of the cells in question.” Our findings mdicated  They also exhibited maximum proliferation at the
that the cells are able to undergo differentiation  presence of 15% FBS in culture medium.*: P<0.05
into three skeletal cell lineages as bone,
cartilage and adipose cells hence could be considered as MSCs that are described elsewhere.” In
previous investigations, the cells isolated from ovine marrow have directly been transplanted into
tissue defect as MSCs without confirmation of their MSC nature®*** as it was done in this study.
Furthermore, investigations considering in vitro differentiations of MSCs would also be of great
importance especially with respect to their applications in cell based-treatment of tissue defects.
In cell therapy strategies; it is believed that transplanted cells should be of differentiated lineages
in order to avoid their unwanted differentiation into the cells other than those native to defect site.
Therefore, in vitro differentiations of the cells into mmterest cells could be a necessary step prior
their transplantation. In the present investigation, we also determined culture requirement of the
1solated cells which is so far not yet to be reported.
Large animals in stem cell investigations are of great importance since in contrast to rodents they
are genetically more closely related to humans. In the other words, the scaling up and preclinical
development of therapeutic procedures, and particularly those involving cell or gene therapies,
require an intermediate step between rodent or in vitro assays and clinicl trials, both for safety
and for the investigation of efficacy. Results from large animal models have been much more
predictive with regard to human clinical trials than have results from in vitro assays or rodent
models.***’ Furthermore one limitation associated with mice as a model is their limited life

Figure 3: Ovine MSCs culture requirements. Up:
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expectancies especially the inbred or immunodeficient strains used for human xenografts that
preclude long-term follow-up. Given the significance of large animal model 1 stem cell
nvestigation, in this study MSCs from sheep bone marrow were isolated and characterized. This
has not been done before.

According to the previous investigations, MSCs occur at low frequencies in bone marrow
samples.” Therefore, any experimental work with MSCs requires in vitro expansion of the cells
which 1s largely dependent on the presence of FBS in culture medium. On the other hand, MSCs
developed in a medium containing FBS would be immunogenic and may transfer bovine
pathogens upon transplantation.‘io In spite of extensive attempt that has been made to substitute
the bovine serum, less success has been achieved.”®’ In this study, therefore, ovine MSCs were
cultivated in different concentrations of FBS to determine the least concentration with the highest
mitogenic ¢ffect, which this was achieved by 15% FBS in the medium.

The other factor affecting the rate of MSCs proliferation would be the cell seeding density at
culture injtiation.”* Based on our findings, the best seeding density in which the more fold
increase could occur was determined as 100 cells /em®. This data can be used to optimize the
culture condition for maximum proliferation of the cells. This is of utmost importance especially
at cell therapy strategies where the rapid expansion of cells would be desired.

In spite of the considerable attempts that have been made to define the antigenic profile of human
MSCs, no dcfinitive single marker has so far been introduced. In this regard, several markers
including CD133, LNGFR {low affinity nerve growth factor recepter) and STRO-1 have been
proposed as markers of human MSCs.”" " However, the identification of MSCs, especially those
from animal source, among the other cells and hence their isolation would be a difficult task
owing to the lack of distinct specitic marker, To overcome this problem, MSCs committee of the
international society for cell therapy has proposed that MSCs from animal source should possess
two characteristic criteria: a) They must be adherent on plastic surfaces of culture dish. b) They
must be able to produce bone, cartilage and adipose cell lineages.” Since the isolated cells of the
present study were easily diiferentiated into bone, cartilage and adipose cells and also they were
plastic adherent cell, we convinced that they were the MSCs described elsewhere.

Taken together, ovine marrow contains a population of fibroblastic cells that are abie to
differentiate into bone, cartilage and adipose cells hence being mesenchymal stem cell in nature.
These cells exhibited cxtensive proliferation when being provided with a medium supplemented
with 15% FBS. Furthermore, the culture of these cells exhibit extensive expansion when being
initiated at the density of 100 cells / ¢m’. In general, the cells possessed rapid expansion rate as it
was well evident in their population doubling time (PDN). Using the data introduced in this
study, it could be possible to prepare ovine MSCs in sufficient numbers [or tissue regeneration
application. Moreover, in this study we determine the sequence of a number of ovine related
genes and registered them in NCBI site.
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