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ABSTRACT

The production of cells capable of expressing
gene(s) of interest is important for a variety of
applications in biomedicine and biotechnology,
including gene therapy and a novel method of
stem cell therapy in the various diseases.
Achieving high levels of transgene expression
for the longer period of time, without adversely
affecting cell viability and differentiation capac-
ity of the cells, is crucial. In the present study,
we investigated the efficiency of plasmid vector
for the production of transgenic cMSCs and
examined any functional change of cells after
transfection. To do so first we have collected
bone marrows from the adult goats and cultured
them for isolation of mesenchymal stem cells
(cBM-MSCs). These cells were characterized us-
ing MSC specific markers including differentia-
tion into osteocytes and adipocytes. Transfec-
tion with plasmid vector did not adversely affect
cBM-MSCs morphology, viability or differentia-
tion potential, and transgene expression levels
were unaffected beyond passage 12th. The re-
sults indicated that we have been able to gener-
ate transgenic caprine MSC (tcBM-MSC) and
transfection of cBM-MSCs using plasmid vector
resulted in very high and stable transfection ef-
ficiency. This finding may have considerable
significance in improving the efficacy of MSC-
based therapies and their tracking in animal
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model.
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1. INTRODUCTION

Mesenchymal stem cells (MSCs) are multipotent, self-
renewing cell population isolated from different sources
especially from bone marrow and look extremely prom-
ising due to their potential to differentiation into cells of
different lineages including chondrocytes, osteoblasts
and adipocytes [1], their trans-differentiation potentiality
to form connective tissue like, muscle, heart, blood ves-
sels and nerves etc. [2-4], their ability to home to sites of
injury after systemic delivery [5,6] and their evasion of
normal host immune responses [7], easy to isolate from
almost all individuals as well as their ability not to form
teratomas [8]. These cells are currently being used for
transplantation into various diseases viz improvement to
myocardial and cerebral function (after cerebral infarc-
tion), repair of liver damage [9], bone fracture [10],
healing of wound [11,12], repair of damaged ligaments
and joint damage [13,14], repair of spinal cord injury
[15,16] etc.

So far most of the applications of MSC have been
studied in laboratory animal with an aim of their applica-
tion in human being. However, recently MSC of domes-
tic animals are being studied in-depth and in near future
these cells would be used for therapeutics in divergent
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areas of diseases as well as a vehicle for gene delivery.
However, to understand their regenerative potentiality,
thorough transplantation studies should be undertaken.
But one of the challenges lies in tracking stem cells fol-
lowing in vivo transplantation to understand the fate of
the transplanted cells.

While there are many ways to label and track cells, but
the transgenic MSC expressing green fluorescent protein
(GFP) has been found efficient because it can be detected
with high sensitivity and specificity, combined with its
relative ease of insertion, expression, and detection [17].
Currently many methods are available to produce trans-
genic cells for the functional studies of genes, drug dis-
covery and gene therapy. But attempts have been made to
generate transgenic MSC with reporter gene in different
species using viral and non viral based vectors [18] with
varying success. In most of the studies it has been re-
ported that plasmid vector is very less efficient [18] and
stable transgenic MSC could not be generated. However,
comparatively stable transgenic MSC [19] has been gen-
erated using viral based transgenesis particularly len-
tivirus in different species including human beings [20-
23].

So far very less attempts have been made to generate
stable transgenic MSC in domestic animal [24]. There-
fore, in the present study, an attempt was made to trans-
fect bone marrow derived caprine MSC using a plasmid
vector with reporter gene so that transgenic stem cells
can be generated for their further use in transplantation
studies.

2. MATERIALS AND METHODS

All the chemicals used in this study were procured
from Sigma, unless indicated. The primary and secon-
dary antibodies used for immunocytochemistry and
FACS analysis were purchased from Santa Cruz Biotech-
nology, USA.

2.1. Isolation and Expansion of cBM-MSCs

The goats of around one year old of either sex were
selected for bone marrow collection which were main-
tained in the Animal Shed of Physiology and Climatol-
ogy Division, Indian Veterinary Research Institute, 1zat-
nagar, India. The permission for institute ethical com-
mittee was taken for collection of bone marrow from
caprine. The selected goat was anesthetized using stan-
dard protocol. The area of iliac crest (site of collection)
on either side was prepared aseptically. The bone marrow
aspirate was collected with the help of an 18G bone
marrow biopsy needle from the lateral aspect of iliac
crest. About 4 - 5 ml bone marrow aspirate was drawn/
aspirated. Immediately after collection bone marrow as-
pirate brought to the laboratory and processed.
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The marrow sample was diluted with equal amount of
Dulbecco’s phosphate buffered saline (DPBS, Invitrogen,
#cat. 14190-144) and slowly layered onto 10 ml of Fi-
col-Hypaque (Sigma, #cat. 1077). The sample was sub-
jected to centrifuge at 2000 rpm for 30 min and the nu-
cleated cells were collected from the interface. The cells
were washed with two volumes of DPBS and collected
by centrifugation at 2000 rpm for 10 min. The cells were
resuspended, counted and plated at 2 x 10° cells/cm® in
T-25 tissue culture flasks. The cells were maintained in
culture medium with antibiotics (mixture of 100 units/ml
of penicillin and 100 pg/ml of streptomycin (Gibco #cat.
15140-122) in incubator with atmosphere of 5% CO,,
95% humidity at 37°C for 48 hours. The culture medium
used for cell propagations was DMEM-low glucose
(HyClone, #cat. SH30021.01) + 15% serum. After 48
hours of primary culture, the non adherent cells were
removed by changing the medium. The medium was
changed every third days thereafter. The confluent cells
were propagated 1.3 ratios with trypsinisation method.

2.2. Assessment of Cell Viability Using
Probes for Membrane Integrity

Approximately 10° cBM-MSCs were suspended in 1
ml PBS in 15 ml centrifuge tube and 2 pg propidium
iodide (PI) was added. After incubation on ice for 5 min
in dark, the cells were analysed on flow cytometer with
excitation at 488 nm and emission collected at >550 nm.

2.3. Chromosome Analysis

The chromosome analysis was done using conven-
tional Giemsa staining method. In early growing (48 hr
of seeding) cBM-MSCs, culture media was replaced by
colcemid (0.05 pg/ml, PAA, #cat. J01-003) containing
media & incubated for 15 hrs at 37°C, 5% CO, in CO,
incubator. The cells were trypsinized and treated with
0.56% KCI hypotonic solution for 30 min. After this,
cells pellet were treated with 3.1 methanol, acetic acid
and slides were prepared using this. The slides were
stained with Giemsa stain and observed under micro-
scope at 100% in oil immersion.

2.4. In Vitro Differentiation

To induce adipogenic differentiation, normal and
transgenic MSCs were cultured to near confluence and
the complete media was replaced by adipogenic induc-
tion medium consisting of DMEM containing + 10%
FBS (Gibco, #cat. 16000-044) and antibiotics + 100
nmol-Dexamethasone (Sigma, #cat. D2915) + 50 mg/ml-
indomethacin (Sigma, #cat.17378.) + 10 pg/ml — insulin
(Sigma, #cat.16634). The induction medium was changed
every 3 days. At the end of the differentiation period,
cells were fixed with 4% paraformaldehyde for 10 min
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and lipid droplets were stained by Oil Red O (Sigma,
#cat.00625) staining.

To induce osteogenic differentiation, the confluent
cBM-MSC were incubated in osteogenic induction me-
dium consisting of DMEM medium containing 10% FBS,
antibiotics, 10 nmol Dexamethasone (Sigma #cat. D2915),
10 mmol glycerophosphate (Sigma #cat. (G9422), 0.3
mM-L ascorbic acid (Sigma #cat. A4403). The induction
medium was changed every 3 days. The bone matrix
mineralization was evaluated by Alizarin red S (Sigma
#cat. A5533) staining. The induced cells were also ex-
amined for alkaline phosphatase activity. For further
confirmation of differentiation, RNA was isolated from
differentiated cells and ¢cDNA was synthesised from
RNA for real time PCR analysis of osteogenic and adi-
pogenic gene expression.

2.5. Alkaline Phosphatase Staining

The cBM-MSCs were in vitro differentiated cells were
subjected to alkaline phosphatase staining. Cell mono-
layer was rinsed in DPBS, fixed in 4% paraformaldehyde
and then overlaid with AP stain, (Naphthol AS-MX Phos-
phate (0.5 mg/ml) and Fast Red TR salt (1 mg/ml) (Mil-
lipore, USA) mixed in 100 mM Tris-HCI, pH-8.2) for 4
hours at 37°C, rinsed again with DPBS. Stained cells
were observed under inverted light microscope (Olym-
pus-1X51S8F3, Japan).

2.6. Immunocytochemistry

Normal as well as transgenic cBM-MSCs, cultured on
cover slip in six well plate up to 70% - 80% confluency
were fixed using 4% paraformaldehyde in 1X PBS for 20
min and were washed thrice with 1x PBS at room tem-
perature. The cells were incubated in permeabialization
solution containing 0.3% Triton X-100 and 4% BSA in
PBS 20 min for detection of intracellular markers. The
cells were washed thrice with 1x PBS at room tempera-
ture. Non specific binding sites were blocked with 10%
normal goat serum in PBS for 40 min at room tempera-
ture and the cells were washed thrice with 1X PBS. Cells
were treated with primary antibodies from Santacruiz viz
CD105 (#sc-19793), CD90 (#sc-9162) and CD73 (#sc-
25603) (1200 dilution) for each markers for overnight at
4°C and washed thrice with 1x PBS. The cells were then
incubated with respective secondary antibodies (1800
dilution) for one hour at room temperature and washed
thrice with 1x PBS. The cells were counter stained with
DAPI to stain the nucleus. The cells were examined un-
der ZEISS fluorescent microscope. Mesenchymal stem
cells were stained simultaneously without addition of
primary antibody as control for each antibody.

2.7. FACS Analysis

FACS analysis was performed to investigate the ex-
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pression of MSCs specific transcriptional markers viz.
CD-73 (#sc-25603), CD-105 (#sc-19793) as well as he-
matopoitic stem cells marker CD-45 (#sc-25590) in
cBM-MSCs. Cells were harvested and aliquoted at a
density of 1.0 x 10° cells/ml for each staining. The cell
suspensions were incubated for 15 min at 4°C (on ice)
with 10% normal goat serum in PBS to block nonspecific
binding of the primary antibody. After washing the cells
were incubated with primary antibodies against CD-73
and CD-105 overnight at a conc. of 2 pg/ml at 4°C. After
three DPBS washes, cells were incubated with FITC
conjugated anti goat secondary antibody for 2 hr at 4°C
in dark. Thereafter, the cells were fixed with 1% PFA for
5 min. Cells were washed thrice and analyzed using a
flow cytometer (Becton Dickinson, San Jose, CA, USA)
using a negative control processed in similar manner but
without primary antibody. The data obtained was ana-
lyzed using Cell Quest program and plotted as single
parameter histogram.

2.8. In-Vitro Transdifferentiation of
Mesenchymal Stem Cells into Neurons

The normal and transgenic cBM-MSCs at passage four
were induced to become neuronal-like cells under in vi-
tro conditions as per given methods [25]. Briefly, sub-
confluent (approximately 80% - 85% confluent) cultures
of cBM-MSCs were maintained in DMEM + 20% FBS.
Twenty-four hours prior to neuronal induction, media
were replaced with pre-induction media consisting of
DMEM + 20% FBS + 1 mM f-mercaptoethanol (BME)
(Sigma #cat. M7522). To initiate neuronal differentiation,
the preinduction media were removed, and the cells were
transferred to neuronal induction media composed of
DMEM + 2 - 10 mM BME. Cells were fixed for immu-
nocytochemistry at times ranging from 24 hr to 6 days
post-induction. The cells were observed every 12 hr for
change in morphology. Differentiated cBM-MSCs were
fixed in 4% paraformaldehyde and processed for immu-
nostaining using neuron specific markers. Molecular
characterizations of differentiated cells were also done to
validate the neuronal differentiations.

2.9. Real Time PCR

For gene expression analysis, different passage of
c¢BM-MSCs and ifferentiated cells were isolated by using
Trypsin-EDTA and washed with 1X PBS. The cells were
transferred in 2 ml DNAase and RNAse free tube for
RNA isolation. The total RNA was isolated using mini
RNA kit as per manufacturer’s protocol (Zymo Research,
Cat No. R1005). The cDNA were synthesized from total
RNA using cDNA synthesis kit (Biorad, Cat No. 170 -
8891) as per the manufacturer’s instructions.

The gene expression of cBM-MSC and transdiferenti-
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ated cells were analysed by Real Time Polymerase Chain
Reaction (Biorad) and Evagreen supermix (Biorad, Cat
No. 172-5200), as a double stranded DNA-specific fluo-
rescent dye. For real time amplification of genes, primers
were designed in beacon software. The reaction mix was
prepared in a volume of 10 pl by mixing 3.0 pl nuclease
free water, 5.0 ul Evagreen supermix, 0.5 pl of forward
and reverse primer each and 1.0 pl of cDNA. The condi-
tions for thermocycling were as follow, initial denatura-
tion at 95°C for 30 sec followed by 40 cycles (denatura-
tion at 95°C for 3 sec, annealing for 10 sec at specific
temperature for each gene as mentioned in Table 1.

2.10. Transfection of cBM-MSCs

A total number of 50,000 cells were plated per well in
a 12-well tissue culture plate. After 24 hours of culture,
Lipofectamine-2000 mediated (LF2000) (1 mg/mL) (#cat
no. 31985-062, Invitrogen) transient transfection was
performed according to the protocol given by the sup-
plier (Invitrogen), varying transfection reagent volumes
and the amount of DNA (pAcGFP1-Cl1, Cat No-632470,
Clonotech, USA) were carried out in OPTIMEMI1 (Gibco),
without serum or antibiotics. In one well of 24 well tis-
sue culture dish, first dilution of amplified plasmid DNA
(0.8 - 1.6 pg) in 100pl of Opti-MEM"I (Cat. No. 31985,
Gibco) was done followed by a gentle mixing. Appropri-
ate amount of lipofectamine was mixed well in 100 pl of
Opti-MEM"I medium in another well and incubated for
5 min at room temperature. After the incubation, diluted
plasmid DNA and Lipofectamine-2000 was mixed to-
gether (total volume now 200 pl) followed by further
incubation for 25 - 30 min at room temperature to allow
the DNA-Lipofectamine 2000 complexes to form. Before
the transfection, culture medium of MSC was changed to

serum and antibiotics free DMEM and washed with it
(serum and antibiotic free DMEM medium) twice before
addition of DNA and Lipofectamine complex. Once the
plasmid DNA and lipofectamine complex was ready to
use, 800 pl fresh media was added to it and the total
content was mixed gently by rocking the plate back and
forth. The complex was added on the semi confluent
cBM-MSCs and the cells were kept in CO, incubator at
37°C. The cells were observed under microscope and
after six hours of transfection, the medium was replaced
with fresh one ml DMEM supplemented with serum.
Expression of GFP which indicated successful transfec-
tion was observed after 24 hr of transfection under fluo-
rescence microscope. After 72 hr of transfection, the pre-
vious media was replaced by selection media containing
neomycin (G418, sigma) @ 300 ug/ml which was con-
tinued at least for two weeks. Subsequently ttBM-MSC
were passaged and propagated to increase the cell popu-
lation and characterized to check for the MSC character-
istics as that of the primary MSC culture.

3. RESULTS

3.1. Growth and Culture Characteristics of
cBM-MSCs

Bone marrow was harvested from iliac crest of the
goats and buffy coat was separated from the bone mar-
row and cells were plated into 25 mm culture flask at the
density of 5 x 10° cells using DMEM culture media (Fig-
ure 1(A)). Non-adherent cells were carefully removed
after 48 hours and fresh medium was replaced. Thereaf-
ter, this step was repeated every 24 hours for up to 96
hours of initial culture. Then, the adherent cells (passage
0) were washed with 1x Dulbecco’s phosphate-buffer

Table 1. Primers and conditions used for gene specific real time PCR analysis.

S. No Target Gene Primer sequence, 5'-3" Annealmgo Product Reference_ sequence
temperature (°C) (bp) accession no.
f 5’ggagaaacctgccaagtatg3’
1. GAPDH r 5"tgagtatcgctatigaagtcd’ 65 126 DQ152956.1
THY1 f 5’cctectgetaacagtettac3’
2 (CD9%0) r 5’atccttggtggtgaagttg3’ 60 27 BC104530
ENG f 5’agcgatggcatgactctg3’
3. (CD105) r 5’aggctgtecgtgttgatg3’ 65 231 NM_001076397
f 5’aacacacagtggtgctctcttce3’
4. CD73 r S'tgttgtotiggptatatatecctaga3’ 60 401 BC114093.1
f 5’-caccatcactgagcgaatga-3’
5 ADIPSIN R 5'-ttgtggttgccgcagat-3’ 60 138 BC102479.1
f 5’-cttcgtgtccaagcaggag-3’
6 OSTEOCALCIN X s 60 99 AY661470.1
r 5’-tccageggatctgggtag-3
7 CD34 f5"-cagectetacgatgtete-3” | 60 276 AB021662
r 5’-gtaataatggaagaagtcaca-3
] CD45 f 5’-aaccgctctctcaaccatag-3 60 288 AJA00864

r 5’-tcatcttccacgcagtctac-3’
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Figure 1. Bone marrow was collected from iliac crest of adult goat and immediately processed for the separation of nucleated cells
using density gradient medium by centrifugation method and cells were cultured in DMEM low glucose with FBS and antibiotic. (A)
day of culture after centrifugation and proper washing of cells. (B) Cells acquiring the spindle shape on day 6th of culture after fre-
quent change of medium. (C) Day 8th of culture cells are more confluent and showing typical MSC like morphology. (D) On Day
11th cells are approximately 70% - 80% confluent. (E) Cells of passage Sth showing typical spindle shape. (F) Cells of passage 10
and (G) Cells of passage 15th. Scale bar—(A), (C), & (E) 200 um and (B), (D), (F) & (G) 500 pum.

saline (1X DPBS), and fresh medium was added every 3
- 4 days. The initial adherent cells were observed as tri-
angle or spindle shaped morphology within 5 - 6 days
(Figure 1(B)). In 7 - 8 days culture became more con-
fluent (Figure 1(C)), and reached 80% - 90% of conflu-
ence within 10 - 11 days (Figure 1(D)). In subsequent
passages, cBM-MSCs maintained their characteristic
spindle-shape (Figure 1(E)), passage 10th (Figure 1(F)).
The cells were propagated and brought beyond 15th pas-
sage (Figure 1(G)).

3.2. Characterisation of cBM-MSCs

Analysis of transcript abundance of target genes based
real time PCR assay showed that under standard culture
conditions, cBM-MSCs were found positive for CD105
and CD90 (Figure 2(a)) but negative for haematopoietic
cell surface markers like CD45 and CD34 (Figure 2(b)).
Furthermore, corresponding cell surface marker proteins
were successfully localized in passage four cBM-MSCs
monolayer via immunocytochemistry such as CD105
(Figures 3(a)-(c)), CD90 (Figures 3(d)-(f)) and CD73
(Figures 3(g)-(i)). Nucleus was counter stained with
DAPL

3.3. FACS Analysis

To verify the cells derived from the caprine bone mar-
row are mesenchymal stem cells, a panel of antibodies
against MSC markers was chosen to evaluate that the
cultured cells are MSC. The CD73 and CD105 positive
cells were 65.73% (Figure 4(g)) and 73.29% (Figures
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Lane2- CD-34
Lane3 - CD-45
Figure 2. For gene expression analysis, the cultured of different
passage were used for checking MSC specific genes by real
time PCR. Passage 1 to 4 were used for analysis of Eng (En-
doglin) and Thyl and reveled that cells were positive for these
markers. Passage fourth cells were also checked for the expres-
sion of MSC negative marker CD34 and CD45 and no expres-
sion were found in the cultured cells. Gel electrophoresis of
PCR amplified products of cBM-MSCs in 2% agarose gel (a)
Showing the house keeping and MSCs specific markers Eng
and Thyl. (b) Passage four cells were negative for CD34 and
CD45.

4(a) and (b)), respectively and only 0.07% cells were
expressed the CD45 which indicated negative for hae-
mopoietic cells (Figure 4(c)), these results indicate that
the cultured cells were MSC.

The cell viability during passaging was checked by
FASC analysis after staining by PI stain indicated that
around that 92% cells were healthy and 8% cells were
dead (Figure 4(d)).
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Figure 3. Immunolocalization of surface antigens associated markers in cBM-MSCs monolayer. Cells were
stained with primary antibodies directed against CD105 (b), CD90 (e), and CD73 (h), and stained by FITC
conjugated secondary antibodies. In alternative panels, (a), (d) & (g) representative fields of DAPI. In next
panels (c), (f), (i) is merger photographs of DAPI and FTTC (Scalebar = 100 pm).
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Figure 4. The cultured cBM-MSCs of passage four were used for FACS analysis. MSC specific genes CD73 and CD105 as well
as negative marker CD45 were used to ruled out the contamination of other cells. Calibrated histogram representing the number
of events in the Y-axis and FTTC-fluorescent intensity (FLH-1) on X-axis. (a) The shadowed histogram indicate 65.73% positive
for CD-73. (b) 73.29% for CD-105 and (c) CD-45 showed 0.07%. (d) Passage four cells were used to check the cellular viability
and integrity of plasma membrane of cells by FACS analysis after PI staining and 92% cells were live and around 8% cells were
found dead. (e¢) cBM-MSCs showed normal chromosomes during in vitro culture.

Copyright © 2013 SciRes. OPEN ACCESS
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Chromosome analysis during in vitro propagation in-
dicated the normal pattern of caprine chromosomes (Fig-
ure 4(e)).

3.4. Multi-Differentiation Potential of
cBM-MSCs

To induce the adipogenesis, after 21 days of co-culture
with specific induction media, small lipid droplets ap-
peared within the cytoplasm of ¢cBM-MSCs. Reddish
colored lipid droplets could be demonstrated by Oil Red
O staining on 21% day of culture indicative of positive
result for primary MSC culture (Figure 5(a)). The con-
trol were incubated in normal DMEM culture medium
for the same period of time at for the treatment and
stained with Oil Red O staining, and showed negative for
the presence of lipid droplet (Figure 5(b)).

To induce the osteogenic differentiation, 70% - 80%
confluence cells was replaced by differentiation medium
and cultured for 21 days and media was changed peri-
odically. After 7th - 8th day of co-incubation the cellular
aggregates were observed in osteogenic differentiation
culture plates and gradually increased till the end of the
experiment. These aggregates in culture plate were char-
acterized by calcium deposits, which were demonstrated
reddish brownish when stained with Alizarin red stain
(Figure 5(c)) as well as alkaline phosphatase staining
(Figure 5(g)), control shows no any change after staining
(Figure 5(d)). Control was negative for Alizarin red stain
which indicated the absence of calcium deposit.

Differentiated cBM-MSCs into adipogenic and osteo-
genic cells were characterized by molecular methods by
real time PCR using osteogenic and adipogenic specific
markers. Gel picture of PCR products shows positive for
both Osteocalcin and Adipsin (Figure 5(f)) and negative
for control.

3.5. Generation of Transgenic Mesenchymal
Stem Cells and Their Characterization

Once the cBM-MSCs was characterized by molecular
method, immunocytochemistry, FACS and in vitro dif-
ferentiation into other mesenchymal lineage like adipo-
cytes and osteocytes and checked for the normal karyo-
typing, these cells were used for the generation of trans-
genic cells. After the establishment of primary culture as
MSC, early passage cBM-MSCs were transfected by
plasmid vector using lipfectamine as a vehicle in 12
wells plate. After 12 hr of transfection, few cells were
started showing GFP expression (Figure 6(a)) and it was
increased in subsequent hours (Figure 6(b)), and was sta-
ble after 72 hr of transfection (Figures 6(c) and (d)). More
than 67% cells were positive for the GFP expression as
observed by FACS analysis (Figure 7(F)). After 72 hr,
the cells were kept in the selection media contain-
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Figure 5. cBM-MSCs were in vitro differentiated into osteo-
cytes and adipocytes. (a) Adipogenesis induced lipid droplets
observed in red color after specific Oil Red O staining in in
vitro cultured cBM-MSCs (Scale bar = 200 um). (b) Control for
adipogenic differentiations, absence of lipid droplet. (¢) On
osteogenic differentiation of cBM-MSCs, brownish colored
mineral deposition (arrow) as demonstrated by alizarin red
staining (Scale bar = 200 um). (d) Control showing negative for
the same. (e¢) Alkaline phosphatase positive cells. (f) In vitro
differentiated ¢cBM-MSCs in adipogenic and osteogenic cells
were used for molecular characterization using real time PCR.
Gel electrophoresis of PCR amplified products of cBM-MSCs
in 2% agarose gel.

Figure 6. Passage three cBM-MSCs were plated in a 12-well
tissue culture plate 24 hrs before the transfection procedure.
DNA/Lipofectamine complex was prepared and adherent cells
were washed with FBS and antibiotic free media and complex
was added. (a) After 12 hrs of transfection, few cells started
showing green colour under fluorescent microscope (Olympus,
Japan). (b) 24 hrs of transfection more number of cells were
showing the green colour. (c) After 72 hrs, large number of
cells were expressing the green fluorencence. (d) Green color
was stable at 96 hrs indicating continued GFP expression (Scale
bar (a) & (b) 200 um, (¢) & (d) 500 pum).

ing 300 pg/ml G418, and continued in the selection me-
dium. The cells were further passaged and propagated
subsequently to increase the cells populations. At pass-
age 3rd, cells were checked for GFP expression and 97%
cells were showing GFP expression under fluorescent
microscope. The tcBM-MSCs were successfully propa-
gated beyond 12th passage by sub culturing them with
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Figure 7. Transgenic cells were passaged and propagated further and reached beyond passage 12th. (A) Passage one cells are show-
ing the green fluorescence. (B) Passage 3rd cells. (C) Passage 5th cells. (D) Passage 8th cells continued showing GFP expression. (E)
Passage 10th cells are showing the stable GFP expression. (F) In first passage around 67.9% cells expressing the GFP when checked

by FACS. Scale bar 500 um.

trypsinization and the cells were maintaining the GFP
expression during different passage (Figure 7). These
cells were used for the transplantation studies in rabbit
model (data not shown).

To establish that the transfection did not change the
MSC characteristics, the tcB-MSCs were further charac-
terized for MSC characteristics. The cell viability of
tcB-MSCs checked by FASC analysis indicated that
around that 91.45% cells were healthy and 8.55% cells
were dead (Figure 8(a)). The tcB-MSCs carried normal
pattern of caprine chromosomes (Figure 8(b)).

3.6. Characterization of tcBM-MSCs

Analysis of transcript abundance of target genes based
real time PCR assay showed that under standard culture
conditions, transgenic MSCs were found positive for
CD73, CD90 and CD105 (Figure 8(c)) and negative for
haematopoietic cell surface markers like CD45 and
CD34 (Figure 8(d)). Furthermore, corresponding cell
surface marker proteins were also successfully localized
in tcBM-MSCs monolayer via immunocytochemistry
such as CD73, CD90 and CD90 using alexaflour (Figure
9) it showed positive for the above MSC specific mark-
ers.

3.7. Multi-Differentiation Potential of
tcBM-MSCs

The tcBM-MSCs also successfully differentiated into
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Figure 8. (a) Passage 3rd transgenic cells were used to check
the cell viability after PI staining by FACS analysis and around
91.45% cells live and 8.55% cells were dead. (b) Passage 3rd
transgenic cells were used for chromosome analysis and found
the normal chromosomes. For gene expression analysis, these
transgenic cells of different passage were used checked for
MSC specific genes by real time PCR. Passage 1 to 5 and 10
were used for analysis of Eng. Thyl and CD73 reveled that cells
are positive for the specific said markers, passage 2nd cells
were also checked for the expression of MSC negative marker
including CD34 and CD45 and no expression were found in the
cultured cells. Gel electrophoresis of PCR amplified products
of transgenic cBM-MSCs in 2% agarose gel. (¢c) Showing posi-
tive the house keeping and MSCs specific markers endoglin,
Thyl and CD73. (d) Passage 2nd cells were negative for CD34
and CD45.
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CDI105

Figure 9. Immunolocalization of surface antigens associated
markers in transgenic cBM-MSCs monolayer were done. Cells
were stained with primary antibodies directed against CD105
(b), CD90 (e), and CD73 (h), and stained by FITC conjugated
secondary antibodies. In alternative panels, (a) (d) and (g) rep-
resentative fields of DAPI. In next panels (¢), (f), (i) is merger
photographs of DAPI and FITC (Scalebar = 100 pm).

adipogenic (Figure 10(a)) as well as osteogenic cells
(Figure 10(c)) which was comparable with non trans-
fected MSC cells. Differentiated cBM-MSCs into adipo-
genic and osteogenic cells were characterized by mo-
lecular methods using real time PCR. Gel electrophoresis
of PCR products showed positive for Osteocalcin and
Adipsin markers (Figure 10(f)).

3.8. Transdifferentiation of Transgenic MSC
into Neurons

Passage 3rd tcBM-MSCs were used to transdifferenti-
ate into neurons. Initially cells were maintained in sub
confluent cultures in serum-containing medium supple-
mented with ImM BME for 24 hr for pre-induction.
Cells become rounded in structure after 24 hr of pre-in-
duction (Figure 11(a)). To effect neuronal differentiation,
the previous media were replaced by serum-free medium
containing 2 - 8 mM BME. Cells were observed 12 hr of
exposure to differentiation media, change in morphology
of some of the cBM-MSCs were apparent. Responsive
cells progressively assumed neuronal morphological
characteristics over the first 24 hr of neuronal induction.
Initially, cytoplasm in the flat cBM-MSCs retracted to-
wards the nucleus, forming a contracted multipolar, cell
body, protruding membranous, process-like extensions
peripherally (Figure 11(b)). Over the subsequent hours,
cell bodies became increasingly spherical and the cells
adopted the morphological features typical of neurons
such as refractile cell bodies and long branching proc-
esses. Processes continued to elaborate, displaying pri-
mary, secondary branches few cells showed tertiary branch-
ing also. Even after transdifferentiation of tcBM-MSCs
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Figure 10. cBM-MSCs were in vitro differentiated into osteo-
cytes and adipocytes. (a) Adipogenesis induced lipid droplets
observed in res color after specific Oil Red O staining in in
vitro cultured cBM-MSCs (Scale bar =200 um). (b) Control for
adipogenic differentiations, absence of lipid droplet. (c) On
osteogenic differentiation, brownish colored mineral deposition
(arrow) were observed as demonstrated by alizarin red staining
(Scale bar = 200 um). (d) Control showing negative for the
alizarin red staining. (¢) Alkaline phosphatase positive cells. (f)
In vitro differentiated cBM-MSCs in adipogenic and osteogenic
cells were used for molecular characterization using real time
PCR. Gel electrophoresis of PCR amplified products of ¢cBM-
MSCs in 2% agarose gel.

Figure 11. Neuronal differentiation of transgenic cBM-MSCs,
passage four cells were used for the transdifferentiation into
neurons. (a) After 24 hrs of pre-induction, cytoplasm were re-
tracted toward nucleus and ¢cBM-MSCs became rounded in
structure. (b) Cytoplasm retracted towards the nucleus, forming
a contracted multipolar, cell body, protruding membranous,
process-like extensions peripherally. (c) fluorescent photo-
graphs of same field taken under. The neuronal differentiation
protocol was initiated once the cells were sub confluent.

expressing the GFP under fluorescent microscope which
indicate the stable transfection of the cBM-MSC (Fig-
ures 11(c) and (e)). Control was run simultaneously and
no change in morphology of cells was observed (Figure

11(f)).
4. DISCUSSION

Mesenchymal stem cells show great promises as a bio-
logical therapeutic for a diverse range of unmet medical
needs. The reasons for this are many and include, ease of
isolation and expansion in culture, multipotency, parac-
rine effects, immunomodulatory properties, migratory
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behavior and ethical considerations. Though the bone
marrow may be the preferred homing organ for MSCs
injected intravenously in the normal untroubled animal
[26-28], but this is not the case when inflammation is
present in the animal, in this condition MSC appear to
preferentially home to the site of inflammation when
injected intravenously [29,30]. MSC may demonstrate
plasticity beyond their traditional mesodermal lineage, in
that they have been induced to generate, in vitro at least,
into tissues of both ectodermal (neurons) and endodermal
(hepatocytes) nature [31,32]. In addition, their ease and
reproducibility of isolation, high expansion potential and
capacity for useful modification using molecular bio-
logical engineering techniques, make them good candi-
dates for the repair and regeneration of a large variety of
tissues. They have been shown in preclinical studies to
improve many incurable disease including myocardial
function, cerebral function, liver damage and joint dam-
age [33-38]. MSC appear to have a major advantage over
many other cell types for cellular therapy, in that they are
immunologically privileged and in large out bred animals
can generally be transplanted across MHC barriers with-
out the need for immunosuppression [39]. This has im-
portant implications for the therapeutic application of
MSC [40].

The present study was carried out to isolate caprine
MSC from bone marrow and generation of transgenic
MSC using plasmid based vector for their future use in
cell based therapeutics and transgenic animal production.
The present study was focused with isolation of MSC
from caprine bone marrow and generation of transgenic
MSC using plasmid based vector. We had successfully
isolated caprine MSC showing typical mesenchymal
fibroblastic phenotypes (Figure 1) which were similar to
the other reports [41,42]. The isolated cBM-MSCs were
positive for CD90 and CD105 and negative for CD45
and CD34 (Figure 3), suggesting that the established
cBM-MSCs were not from hematopoietic lineages [43-
46]. We also demonstrated through differentiation studies
that cBM-MSCs have the potentials to differentiate into
adipogenic and osteogenic cell lineages (Figures 5(a)
and (c)) as was observed by other researcher [47] who
reported that murine MSCs can be differentiated into
several specialized mesodermal cell types like bone,
tendon, cartilage, musle and heart.

The production of cells capable of expressing gene(s)
of interest is important for a variety of applications in
biomedicine and biotechnology, including gene therapy
and a novel method of stem cells therapy in the various
diseases. Achieving high levels of transgene expression
for the longer period of time, without adversely affecting
cell viability and differentiation capacity of the cells, is
crucial. Tracking of cells after transplantation into the
animal is necessary to check the ability of MSC in re-
generation of particular tissue. It will enhance the im-
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portance of stem cells therapy in the treatment of incur-
able disease. A variety of studies using vectors based on
oncogenic retroviruses have been attempted to transduce
MSC:s, but there have been problems due to a number of
issues. A major limitation of transduction approaches
involving oncogenic retroviral vectors such as Moloney
murine leukaemia virus (MoMLYV) is a general lack of
long-term transgene expression [48,49], possibly due to
the inactivation of the retroviral long terminal repeat
vectors based on murine stem cell virus appear to be less
prone to transcriptional silencing of viral gene expression
and, thus, appear to be more promising. Transduction of
MSCs with MoMLV and murine stem cell virus-based
vectors were shown to be inefficient, as they required drug
selection to enrich transduced cells [49,50], multiple
rounds of transduction for several days [51-53], or highly
concentrated vector stocks [54]. To bypass safety con-
cerns associated with viral vectors and other instrument
handling, alternative, non-viral based methods for trans
gene delivery were established for MSCs. Unfortunately,
traditional transfection methods have shown little suc-
cess in delivering plasmid DNA into primary MSCs,
usually resulting in low transfection efficiencies and high
cell mortality.

In the present experiment, the plasmid vector pAc-
GFP1-C1 was chosen to transfect the cBM-MSCs and
we generated the stable transgenic caprine bone marrow
MSCs (tcBM-MSCs). In primary culture of transfected
cells around 67% was expressing GFP (Figure 7(F)) and
after antibiotic selection about 97% cells were showing
GFP expression at third passage (Figure 2). The tcBM-
MSCs were successfully propagated beyond twelfth pas-
sage (P12) and the cells showed robust GFP expression
throughout the passages. One group of researcher [55]
reported that by plasmid, transfected MSC have shown
high viabilities (>90%) and recoveries (>52%) while
maintaining their multipotency, this might be an advan-
tageous transfection strategy when the goal is to express
a therapeutic gene in a safe and transient way.

To verify that the transgenic cells retained typical
MSC characters following transfection, the ttBM-MSCs
cells were checked for expression of MSC specific genes
by different methods and found positive for the expres-
sion of MSC specific genes CD73, CD90 and CD105 by
imuunostaining as well as RTPCR, and negative for
CD45 and CD34. The tcBM-MSCs were also readily dif-
ferentiated into adipocytes and osteocytes. Present study
suggested that the ttBM-MSCs had the similar charac-
teristics and potential as normal MSC. Present results are
accordance with the other reports [56] where they have
demonstrated that Using Lentiviral vector, they were able
to show specific stable suppression of eGFP expression
in MSCs and hESCs with no alteration in the ability of
the transduced cells to [56].
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Presently, the widely used method to transfer genes to
MSC is performed through defective viruses, such as
adenovirus, lentivirus, and retrovirus [57]. When MSCs
are used to compensate or correct a genetic pathology
and must express the therapeutic gene for the duration of
a patient’s life (permanent expression), integrating vi-
ruses, such as lentivirus or retrovirus, are preferred be-
cause of their well-known capacity for long-term expres-
sion. On the contrary, when MSCs are used to treat non-
inherited diseases and are only required to express the
therapeutic gene for a short period of time (transient ex-
pression), nonintegrating vectors including adenoviruses
and nonviral gene delivery systems are preferred [58].
Recent results from several labs have indicated that
HIV-1-based vectors are very efficient at delivering and
expressing transgenes into MSCs [21,23,59]. A single
round of transduction using unconcentrated HIV-1-based
lentiviral vectors led to the efficient transduction of hu-
man MSCs and sustained transgene expression for up to
at least 5 months [20]. An advantage of lentiviral vectors
over vectors based on oncogenic retroviruses is that they
are capable of transducing non-dividing cells [60]. One
researchor [61] described a method for efficiently trans-
ducing murine MSC using lentiviral vectors. In case of
adenoviral vectors, transgene delivery by unmodified
adenoviral (Ad) vectors appears to be inefficient as far as
MSCs are concerned. Some researcher [62] have used Ad
vectors to deliver reporter genes into ex vivo expanded
MPCs. Only 19% of the cells expressed the transgene,
possibly due to the absence of the corresponding Cox-
sackie adenovirus receptor receptor on such cells [63].

Although viral vectors permit efficient transgene de-
livery, but safety concerns associated with viral transduc-
tion have prompted a search for alternative non-viral
gene delivery methods [56]. Unfortunately, traditional
transfection methods have shown little success in deliv-
ering plasmid DNA into primary MSCs, usually resulting
in low transfection efficiencies and high cell mortality.
Development of a novel, noninvasive transgene delivery
protocol, based on the principle of electric field-induced
molecular vibration [64]. This promising procedure did
not interfere with the normal cellular differentiation ac-
tivities of human and chick mesenchymal progenitors. In
a recent report [65] described liposome-based transfec-
tion methods to introduce transgenes and small interfer-
ing RNAs (siRNAs) into human MSCs. Transfected
MSC maintained their proliferation capacity paired with
the ability to differentiate into different mesodermal line-
ages (bone, cartilage and fat) without loss of transgene
expression. Transfection efficiencies ranged from 2% to
35%, resulting from using a Lipid/DNA ratio of 1.25
with a transgene expression of 7 days [56]. Stable trans-
fection of plasmid DNA into rat MSCs by electropora-
tion was successful [66].
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To verify that the transgenic cells retained typical
MSC characters following transfection the tcBM-MSCs
cells were further characterized. The transgenic MSC
were expressing MSC specific genes CD73, CD90 and
CD105 (Figure 8(c)) and were negative for CD45 and
CD34 (Figures 8(d) and 9(a)-(i)). Further, these cells
also retained the capacity to differentiate into adipocytes,
osteoblasts and neuronal cells (Figures 10(a) and (c)).

5. CONCLUSION

In the present study MSC has been isolated and char-
acterized from bone marrow and a transgenic MSC is
generated with stable GFP expression in caprine using
plasmid vector. It was also observed that the transgenic
MSC retained all the MSC characteristrtics as well as
differentiation potentiality including neurons allowing
these cells for application in cell therapy with tracking
ability. To the best of our knowledge this is the first re-
port in domestic animals to generate transgenic MSCs
using non-viral vector.
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