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Abstract Culture and characterization of fetal derived cells have received particular attention because of their easy

access and possible source of stem cells for the study of development and differentiation. The present study was carried out

to establish buffalo fetal fibroblast cell culture, and their longevity, expression patterns of pluripotency markers with

prolonged passage and in vitro induced differentiation ability. Buffalo fetal fibroblasts were isolated from sub-dermal

region and their primary culture was initiated in re-calcified buffalo plasma drops. On sufficient growth of primary culture,

these cells were trypsinized and passaged at 80% confluency with a split ratio of 1:2 for multiplication of cells. Cryo-

preservation of cells was also performed at intervals of passages (P) 5 from confluent cultures, and the representative cells

were allowed to proliferate in continuous cultures. These cells started emerging and anchoring to cell culture flasks within

24 h and survived up to P47 in 185 days with average passage time of 3.9 days. Expression of alkaline phosphatase and

pluripotency genes viz., OCT-4, NANOG and SOX-2 were examined up to P45. Further, changes in relative expression of

transcriptional factors were determined by quantitative real time PCR and found up-regulation of all the three genes up to

P15 followed by up-regulation of SOX-2 up to P45 but down-regulation of Nanog. Upon induced differentiation, these

cells differentiated into adipogenic and osteogenic cells as confirmed by oil red O and alizarin red stains, respectively. This

study indicates that buffalo fetal fibroblast cells have characteristics of stem cells.
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Introduction

Fibroblasts are the most ubiquitous cells in complex

organisms. They are the main cells of structural framework

for animal tissues and play an important role in repair and

healing of damaged organs. In mammals, the epidermis of

skin is continually refurbished every day. The turnover

time of the epidermis is about 60 days in human and 7 days

in mice [20]. This rapid remodeling is maintained by stem

cells that are capable of self-renewal and supply differen-

tiated cells in a constant manner. Over last two decades,

interest on stem cell research is due in large part to the

recognition that a broad variety of adult tissues contain

stem cells, and these somatic stem cell populations exhibit

pluripotent potential. Generation of stem cells from adult

tissues like skin has received particular attention because of

their accessibility and the possibility that patient could act

as a stem cell donor [25]. Moreover, multipotent stem cells

that can form neural and adipose cells have been isolated

from the fetal skin of mouse [32] and pig [4]. These cells

also expressed the neural progenitor marker, nestin, as well

as genes that are critical for pluripotency such as Oct-4 and

Stat3 [4]. These findings indicate that multiple classes of

stem cells with different differentiation potentials are

present in the skin, making skin a valuable source of stem

cells for the study of development, differentiation, and

easier accessibility for in vitro model system to investigate

the properties and opportunities of non-embryonic stem
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cells. Skin-originated stem cells have been differentiated to

form cells with characteristics of neuron, astrocytes and

adipocytes in porcine [4, 14], mouse [7] and human [21]

but no reports are available on generation of stem cells

derived from fetal skin fibroblasts from buffalo, one of the

important species of farm animals.

Furthermore, buffalo skin provides an easy accessible

source of tissue for the isolation of fibroblast cells. Small

skin biopsies are sufficient and can be obtained in a min-

imal invasive way. Although various attempts have been

made to establish ES cell-like cell lines from farm animals

like sheep [19], pig [35] and cattle [28, 36]. Recently, ES

cell-like cells have been reported from buffalo [1, 6, 13, 27,

33], but true stem cell lines in majority of the farm animals

are not established. Reason being due to lack of defined

species-specific stemness markers [16] or lack of under-

standing of species specific mechanism that promote cell

pluripotency [31] in domestic animals. However, pre-

implantation development in mammals shows remarkable

differences between species, possibly influencing the

mechanism responsible for the formation of a pluripotent

cell population. For instance, mouse embryos form an egg

cylinder after implantation, whereas human, bovine, and

porcine embryos have a planar morphology [3], which

could explain why ES cell lines from species such as cattle

and pig have not been established [8]. The establishment of

ES cell lines is also associated with ethical concerns. To

overcome these problems, fibroblast derived stem cells

offer a great potential to investigate cell differentiation, cell

fate, and the associated cell signaling pathways. In order to

obtain more insight in fetal skin fibroblast cells, the present

study was carried out to establish buffalo fibroblast cell

culture, and their longevity, expression patterns of pluri-

potency markers with prolonged passage and in vitro

induced differentiation ability.

Materials and Methods

Primary Culture and Cell Growth

Buffalo gravid uteri at 50–100 days gestation were

obtained from abattoir, washed 2–3 times with isotonic

saline fortified with 400 IU/ml penicillin and 500 lg/ml

streptomycin and transported to the laboratory within 6 h.

The fetus was located by uterine incision and taken out.

The tissue was collected from fetus (n = 9), and cells were

cultured in three replicates for each fetus processed. The

fetal sub-dermal biopsies were taken from upper part of

foreleg and minced by surgical blade into smaller pieces

and washed 4–6 times with DPBS. The tissue pieces were

transferred on re-calcified buffalo plasma droplets (20 ll)

in 25-cm2 cell culture flasks. After placing the tissue pieces

on the drops, it was allowed to coagulate for *30 min at

37�C for the attachment of tissue to the surface of the

culture flask. The adhered tissue pieces were cultured in

culture medium containing DMEM with 10% FBS, 2 mM

L-glutamine, 1% (v/v) nonessential amino acids, 1% (v/v)

vitamins, 1% antibiotics (penicillin, streptomycin and

amphotericin) in a CO2 incubator (5% CO2 in humidified

95% air at 38�C). On confluency of primary cultures, these

cells were trypsinized (trypsin–EDTA 0.25%) and pas-

saged with a split ratio of 1:2 for multiplication of cells. In

this study the average passage time was taken as population

doubling time.

Cryopreservation and Thawing

Cells from confluent cultures were cryopreserved at the

interval of 5 passage and the representative cells were

allowed to proliferate in continuous culture. Cryopreser-

vation of cells was performed as per protocol reported

previously [37]. Briefly, the confluent cultures were treated

with 0.25% trypsin–EDTA and washed by centrifugation

(2009g at 4�C, 5 min) with cell culture medium to remove

trypsin–EDTA. The cell pellet thus obtained was resus-

pended in pre-cooled (4�C) cryopreservation medium

(culture medium with 10% DMSO and 20% FBS) in 1 ml

cryovials. These cryovials were placed at -40�C for

*24 h before plunging in liquid nitrogen (-196�C). After

7 days of cryopreservation, the cells were thawed in a

water bath (37�C) for *15 s. The cell contents were sus-

pended in culture medium and centrifuged twice at

2009g for 10 min. The cell pellet thus obtained was

resuspended in culture medium and plated in 25 cm2 cul-

ture flask. A fraction of cells was used to evaluate the cell

survival rate with trypan blue dye exclusion method using

Neubar haemocytometer chamber under phase contrast

microscope (Nikon Eclipse Ti, Japan).

Expression of Pluripotency Markers

Alkaline phosphatase activity and expression of pluripo-

tency genes OCT-4, NANOG and SOX-2 were studied at

P2, 5, 10, 15, 20, 25, 30, 35, 40 and 45.

Alkaline Phosphatase (AP)

AP activity was studied using AP staining kit (Sigma

Chemical Co.) following manufacturer’s instructions.

Briefly, monolayer of fibroblast cells was washed twice

with PBS, fixed in citrate–acetone–formaldehyde fixative

for 1 min, washed thrice with de-ionized water and incu-

bated at room temperature for 15 min in the presence of

alkaline dye under dark condition. The cells were rinsed

again with de-ionized water, counter stained with Neutral
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Red and observed under phase contrast microscope. Cells

accepting red stain were considered AP positive.

Reverse Transcription PCR (RT-PCR)

Expression of pluripotency genes was analyzed by RT-

PCR as reported earlier [37]. Briefly, total RNA was iso-

lated from cells at different passages using Gen Elute

Mammalian Total RNA miniprep Kit (Sigma, RTN70).

RNA concentration was measured at 260 nm absorbance

using spectrophotometer (Picodrop, UK). DNase-I treated

RNA served as a template for reverse transcription and

amplification. RT-PCR was performed using one step RT-

PCR Kit (Life Technologies, India Pvt. Ltd.) using random

and oligo dT primers. The RT reaction was initiated with

3–5 lg of total RNA in RNase-free water, random primers

(100 lM) and oligo dT (50 lM), heated at 65�C for 5 min.,

and then immediately kept on ice. The heat-treated RNA

was added to RT reaction mixture containing Super Script�

III Reverse Transcriptase (200 U/ll), 59 RT buffer, di-

thiothretol (0.1 M), and dNTPs (10 mM). The conditions

for reverse transcription included heating at 65�C for

5 min, incubation on ice for 1 min, 25�C for 5 min, and

again at 50�C for 50 min, followed by inactivation of

reaction at 80�C for 15 min. The first strand complemen-

tary DNA (cDNA) obtained was further amplified using

gene-specific primers. PCR mix (25 ll) was prepared by

using cDNA, 109 PCR buffer, 25 mM MgCl2, 10 mM

dNTP mix, 10 lM forward and reverse primers each, and

Taq DNA polymerase (5 U/ll). The conditions for ampli-

fication included 36 cycles each consisting of denaturation

at 94�C for 30 s, annealing at touch down of 56–54�C for

30 s, elongation at 72�C for 30 s, and final extension at

72�C for 5 min. The PCR primers and the reaction con-

ditions used are as summarized in Table 1. A set of reac-

tion without template cDNA was used as -ve control for

PCR and in vitro produced blastocysts as positive control.

b-Actin and GAPDH were amplified at each stage as house

keeping marker genes. The amplified DNA fragments were

resolved on 2% agarose gel containing ethidium bromide

(0.5 lg/ml final concentration) and visualized under gel

documentation system (Alpha Imager, Alpha Innotech,

USA). The gene-specific bands were excised and purified

using AuPrep Gel Extraction Kit (Life Technologies India

Pvt. Ltd.) for further analysis.

Quantitative PCR

Real-time quantitative PCR was conducted with Q-PCR

600548 Kit (Stratagene, La Jolla, CA, United States) using

SYBR green fluorescence dye as reported earlier [37].

Briefly, the reaction mixture was set up using nuclease-free

PCR grade water to adjust the final volume to 20 ll

including experimental DNA with 29 SYBR Green Master

mix, 10 lM Primer (Forward ? Reverse) followed by

PCR steps comprising of initial denaturation at 95�C for

10 min, subsequent 40 cycles each consisting of denatur-

ation at 95�C for 30 s, annealing step at 55–60�C for 1 min

and elongation at 72�C for 1 min. The primers used for

RT-PCR were the same as used for reverse transcription

(Table 1). The thermal cycler was set to detect and report

fluorescence both during the annealing step and the

extension step of each cycle. cDNA created using RT-PCR

from P2 was used as calibrator for comparison of quanti-

tative expression of OCT-4, NANOG and SOX-2 genes.

Karyotype

Actively proliferating cells were incubated with colchicine

(0.1 lg/ml) for 4 h at 37�C. The cells were washed twice

with DPBS, trypsinized, suspended in a chilled hypotonic

solution (68 mM KCl) and incubated for 20 min at 37�C

and then fixed for 10 min in chilled fixative (methanol and

glacial acetic acid, 3:1). The pellet was finally suspended in

5 ml of chilled fixative for another 10 min. Metaphase

spreads were prepared by dropping the cell suspension onto

Table 1 Detail of primers used for gene expression studied through RT-PCR and real-time PCR

Sr. no. Primer Sequence Product size (bp) Annealing temp (�C) Accession no.

1. OCT-4 GTTCTCTTTGGAAAGGTGTTC (F) 341 55 AF487022.1

ACACTCGGACCACGTCTTTC (R)

2. NANOG GGGAAGGGTAATGAGTCCAA (F) 211 56 DQ487022.1

AGCCTCCCTATCCCAGAAAA (R)

3. SOX-2 CATGGCAATCAAAATGTCCA (F) 215 56–54 DQ126150.1

AGACCACGGAGATGGTTTTG (R)

4. b -Actin CTCTTCCAGCCTTCCTTCCT (F) 178 55 DQ661647.1

GGGCAGTGATCTCTTTCTGC (R)

5. GAPDH TACTCAGCACCAGCATCACC (F) 180 55 620060082: c267-1

TGACCCCTTCATTGACCTTC (R)
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ice cold glass slides. The air-dried cell spreads were stained

with Giemsa stain and observed under oil immersion

(1,0009) for chromosomal sketch.

In Vitro Induced Differentiation

For differentiation, cultured fetal fibroblast cells were

dissociated by trypsinization, centrifuged and then cultured

in lineage specific differentiation media. The cells were

plated onto tissue culture grade 6-well plates. For osteo-

genic differentiation, medium containing DMEM supple-

mented with 10% FBS, 10-7 M dexamethasone, 50 lM

ascorbic acid and 10 mM b-glycerol phosphate was used.

The differentiation of cells was assessed morphologically

and stained with alizarin red which indicate the calcium

mineralization in cells. To induce adipogenic differentia-

tion, the cells were cultured in DMEM containing 10%

FBS, 2 mM L-glutamine, 1% (v/v) nonessential amino

acids, 1% (v/v) vitamins, 1% antibiotics and supplemented

with 10 mM nicotinamide. The presence of intracellular

lipid globules indicative of adipogenic differentiation was

assessed by staining cells with oil-Red O solution on day

14 and 21. The medium was replaced twice a week.

Alizarin Red Staining

Medium was aspirated from culture wells and cells were

fixed in 4% paraformaldehyde for 1 h, washed twice with

water, added Alizarin red solution to cover the cells and

then incubated at room temperature for 30 min after

incubation, stain was removed and cells were washed 4

times thoroughly with water and finally *1 ml water was

left to prevent dryness of cells. The cells were visualized

under phase contrast microscope.

Oil-Red O Staining

Cells were washed with PBS, fixed in 4% paraformalde-

hyde for 30 min, washed again with PBS, then incubated

with filtered 0.16% oil red O diluted in isopropanol (w/v)

for 10 min. The oil red O stain was aspirated and the dishes

were washed with water for 2–3 min, and subsequently

visualized and photographed under phase contrast micro-

scope and images were taken immediately following

staining.

Results

In the present study, fibroblast cells derived from buffalo

fetal skin started emerging and anchoring to cell culture

flasks within 24 h (Fig. 1a) after placing the minced tissue

on re-calcified plasma drops. Majority of cells adhered to

the surface of culture flasks. The attached cells expanded

with spindle-shaped morphology resulting in primary cul-

tures (Fig. 1b) with first confluency time of 4 days. In

initial cultures the population doubling time up to P10 was

2.7 days and then it increased gradually in later passages

up to 4.5 days. These fibroblast cells had been cultured

continuously for P47 that took 185 days with average

passage time of 3.9 days. After P45 cell growth was slowed

down and finally stopped growing in culture after P47.

These cells changed their morphology with increased size,

retarded proliferation rate and finally stopped dividing.

Upon comparison of viability of fibroblast cells before

cryopreservation and post-thaw showed 98.9 and 83.8%

respectively as assessed by trypan blue dye exclusion

method (Fig. 1c). The culture behavior and morphology of

freeze–thawed cells were similar as that of fresh cells

before cryopreservation.

The expression of AP (Fig. 2a) taken as marker of

pluripotency was found positive in P2 to P45 when

checked at an interval of P5. Beside this, a normal chro-

mosomal profile (Fig. 2b) was observed up to P45 indi-

cating genomic integrity of the cells during prolonged

culture. RT-PCR analysis of the total RNA isolated from

cultured fibroblast cells showed that these cells expressed

the transcription factors of pluripotency, OCT-4, NANOG

Fig. 1 Derivation and culture of fibroblast cells from fetus skin.

a Fibroblast cells emerging from fetal skin tissue at 24 h of culture

initiation (9100). b Confluent culture (80–90%) of fibroblast cells in

primary culture (9100). c Viability of fibroblast cells assessed by

trypan blue dye (100 9)
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and SOX-2 (Fig. 2c). The expression was observed posi-

tive in the cells during various passages i.e. at P2, P5, P10,

P15, P20, P25, P30, P35, P40 and P45 and these results

were also confirmed by sequencing of the PCR products of

all three genes at passage no 15. The amplimer sequences

were aligned with published sequences from other species

and analyzed using the Basic Local Alignment Search Tool

(BLAST; National Center for Biotechnology Information,

US National Library of Medicine, Bethesda, MD, USA;

http://www.ncbi.nlm.nih.gov). The sequence of Oct-4

(Bubalus bubalis) had 93% identity with Oct-4 (Bos tau-

rus) mRNA and 90% with Pig DNA sequence from

available clone CH242-102G9 on chromosome 7. Sox-2

blast showed 98% homology with Bos taurus and 96%

identity with pig DNA sequence from clone CH242-

330B10 on chromosome 13. Alignment of Nanog amp-

limer had 95% homology with B. bubalis homeobox tran-

scription factor and 91% with B. taurus homeobox

transcription factor Nanog mRNA. Expression of b-actin

and GAPDH were used as house keeping gene for RT-PCR

and normalizing genes for quantitative real time PCR.

Moreover, changes in relative expression of transcriptional

factors were determined by quantitative real time PCR and

found up-regulation of OCT-4 (5.82), NANOG (1.64) and

SOX-2 (5.84) fold shown in Fig. 3a–c respectively up to

P15 followed by up-regulation of SOX-2 up to P45 but

Fig. 2 Characterization of

buffalo fetal fibroblast cells at

different passages. a Positive

AP staining of buffalo fetal

fibroblast cells at passage 5

(9100), b RT-PCR analysis of

gene expression in fetal

fibroblast cells, where Lane 1
100 bp Ladder, 2 OCT-4, 3
OCT-4 ?ve control, 4 NANOG

5 NANOG ?ve control, 6 SOX-

2, 7 SOX-2 ?ve control, 8 b-

actin, 9 b-actin ?ve control, 10
GAPDH, 11 GAPDH ?ve

control, 12 Negative control, 13
100 bp Ladder

Fig. 3 Real time-PCR analysis of genes expression at P15 compared with P2 in fetal skin derived fibroblast cells. a Relative expression level of

OCT-4, b NANOG, and c SOX-2
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down-regulation of OCT-4 and NANOG. Furthermore, we

also examined the ability of fibroblast cells for in vitro

induced differentiation into adipocyte and osteocyte cells.

When fibroblast cells were cultured in osteogenic differ-

entiation medium, the cells started changing morphology

into osteoblasts (Fig. 4a) after 7 days of incubation and it

was observed till 21st day of culture. The cells were stained

with Alizarin red on day 14 and 21 of culture in osteogenic

conditions; showed positive expression of alizarin con-

firmed the depiction of calcium deposits in differentiated

cells (Fig. 4b). When cells were cultured under adipogenic

conditions, they differentiated into adipocytes (Fig. 4c) and

exhibited high intensity of oil red O stain in the cytoplasm

of cells on 14 day onwards of culture, signifying the

presence of lipid vacuoles (Fig. 4d).

Discussion

In the present study primary cultures were initiated from

buffalo fetal skin tissues after fixing on tiny drop of re-cal-

cified buffalo plasma as an initial adherent support. The

tissues placed directly on the culture flasks did not result in

primary cultures. The emergence and anchoring of cells in

culture flasks was observed within 24 h. Similar procedure

was used to obtain primary culture of fibroblasts from sub

dermal tissues and essentiality of autologous plasma micro-

drops for fixing and providing initial stimulation of fetal

fibroblast cells have been reported by Kues et al. [12, 11]. In

the present study, DMEM containing 10% serum supported

growth of cultured fibroblast cells up to P47 with average

passage time of 3.9 days mimic the result obtained by Kues

et al. [12] for culture of fetal fibroblasts from murine and

porcine. Also porcine fibroblasts cultured in high serum

supplementation activated OCT-4 gene and lost contact

inhibition, resulting in the formation of three-dimensional

colonies [12]. In contrast, our study showed long term cell

cultures up to 185 days and their proliferation rate was more

up to 10 passages, then decreased later possibly due to

accumulations of more non-dividing cells. Our findings also

confirm results of earlier study conducted by Gupta et al. [5].

The present findings also provided evidence for the

presence of stem cell characteristics by expressions of AP,

OCT-4, NANOG, SOX-2 and differentiation ability. This is

interesting because the expression of these markers is a

characteristic of ES cells [2, 22] and pluripotency of ES

cells is governed via a regulatory complex of these

essential transcription factors [14]. A trinity of nuclear

regulators Oct-4, Nanog and Sox-2 govern pluripotency in

vivo and in vitro [17]. These genes are dominant in

maintaining pluripotent state of cells while suppressing the

functional expression and activity of lineage specific fac-

tors [17, 26]. The expression of AP is considered as pri-

mary indicator of ES like cells by various researchers in

Fig. 4 In vitro induced

differentiation of fetal skin

derived fibroblast cells.

a Osteocytes (9100),

b osteogenic differentiated cells

depicting alizarin red (9200),

c adipocytes (9200), and

d adipogenic differentiated cell

exhibiting oil red O stain

(9100)
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almost all species. In this study, fibroblast cells were found

to express AP, as also reported by Kues et al. [12] in high

serum fibroblast cultures. The consistent expression of

these genes by buffalo fetal fibroblast throughout the culture

period of 185 days provides strong support that these cells

have characteristics of undifferentiated pluripotent scenery.

Kues et al. [12] reported the presence of somatic stem cell

population in explant cultures derived from mouse and pig

fetuses which had extended proliferative capacity along with

expression of stem cell specific markers including Oct-4.

These transcription factors have also been expressed in fetal

fibroblast and buffalo amniotic fluid derived cells [9, 36].

Furthermore, quantitative real time PCR analysis for dif-

ferential expression patterns revealed up-regulation of OCT-

4, NANOG and SOX-2 up to P15, whereas, expression of

NANOG was down-regulated in the cells at P45 indicating

that the maintenance of OCT-4 expression at a critical con-

centration is necessary to sustain ES cell self-renewal and the

increased expression triggers differentiation into endoderm

or mesoderm, while its suppression causes ES cells to

become trophectoderm [18]. Whereas, expression level of

Nanog is highly variable in ES cells in contrast with apparent

homogeneity of Oct-4, Sox2 and down-regulation of Nanog

indicate exit of culture from self renewal as evident for many

ES cells [24]. Similar down-regulation of NANOG was seen

in this study at P45 which exit the growth of fetal fibroblasts

from culture. There are no data available for comparison on

expression level of these stem cell marker genes in buffalo.

However, the variation in level of expression of these plu-

ripotency genes in buffalo amniotic fluid cells at different

passages has been reported earlier [36]. Recently, generation

of induced pluripotent stem (iPS) cells from somatic cells

with defined transcription factors in mouse [30] and human

[29] provide a promising source of patient specific cells for

cell replacement therapies as well as in vitro models for a

variety of genetic diseases [34]. Now it has been demon-

strated by various workers, that cells having ability to

express Oct-4 and Sox2, would allow much easier and

effective induction of pluripotency by the introduction of just

one transcription factor, Kfl-4 or c-Myc [10, 23]. So, the

expression of OCT-4, NANOG and SOX-2 in buffalo fetus

derived skin fibroblast cells could be used as a potential

source for generation of iPS cells in this species. The fibro-

blast cells studied were subsequently shown to differentiate

into adipocyte and osteocyte cells. In adult porcine skin

derived stem cell-like cells, similar differentiation ability to

ectoderm and mesoderm was also observed [14]. Further

study conducted on differentiation potential of human der-

mal skin-derived fibroblasts cultured under appropriate

inducible conditions showed the differentiation of both

adipogenic and osteogenic lineages [15]. In our observation,

differentiation of cells in adipogenic lineage started after

1 week, whereas, osteogenic lineage appeared after 2 weeks

in inductive conditions. But in other study, time reported

varied 3–4 weeks for differentiation from human fibroblastic

mesenchymal stem cell-like cells into adipogenic and oste-

ogenic lineages [15].

This study has further raised an important query

regarding the use of fetal fibroblasts as feeder layers for

establishing ES cell-like cells in domestic animals. Since

these cells are expressing the pluripotency marker genes in

domestic species, it needs to give a fresh look whether the

pluripotency gene expression is from the ES cells or

fibroblast cells used as feeder layer. The quantitative gene

expression shall further help in determining more appro-

priate stage of fetal fibroblast cells as donor cells and to

understand its mechanism of reprogramming in nuclear

transfer experiments.
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