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ABSTRACT

This study aims to compare the Sox-2 gene 
expression in stem cells derived from various stages 
of in vitro produced buffalo embryos. Primers were 
designed based on the Sox-2 sequence (NCBI 
Ac. No: DQ487021.1) of Chinese swamp buffalo 
available in Pubmed GenBank by a Web-based 
primer3 designing programme to obtain a product 
of 413bp. For zonalysis and subsequent isolation of 
ES cells 0.5 percent pronase was used. The DNA 
sequence of the RT-PCR product submitted to NCBI 
Pubmed GenBank was given accession number: 
EU661361. Strong Sox-2 expression was observed in 
the inner cells obtained from 16-cell stage embryos, 
morulae and inner cell masses of blastocyst. Out of 
six trials, in two trials the blastomeres/ inner cells 
of 2-cell, 4-cell and 8-cell stage embryos did not 
express Sox-2 gene even though they were believed 
to be totipotent. But in four trials a faint band was 
observed. The Sox-2 gene expression pattern was 
low and variable in stem cells derived from early 
embryos but gradually became more regular, with 
100 percent expressing Sox-2 from the 16-cell stage 
onward. This might be related to the exhaustion of 
maternally generated Sox-2 transcripts and then 
its recovery via expression of zygotic transcripts, 
which takes place in buffalo embryos at the 8-16 
cell stage. Epigenetic mechanisms might be the 

cause of the low levels of Sox-2 gene expression 
after fertilization. Based on the results it was 
believed that Sox-2 was co-expressed with Oct-4 
in the ES cells and acts synergistically with Oct-4 
to activate Oct-Sox enhancers, which regulate the 
expression of pluripotent stem cell-specifi c genes, 
including Nanog, Oct-4 and Sox-2 itself. 

Keywords: embryonic stem cells, Sox-2, Gene 
expression, buffalo, Bubalus bubalis

INTRODUCTION

The pluripotency of ES cells is thought to 
be maintained by a few key transcription factors, 
including Oct-4, Sox-2 etc. These transcription 
factors in ES cells have been extensively 
characterized in mouse and human, but for those of 
domestic animals and particularly buffalo (Anand 
et al., 2008; Kumar et al., 2008) little information 
is available. 

Sox-2 is a member of the Sry (Sex 
determining region-Y) related transcription factor 
family. Sox-2 function in ES cells was fi rst identifi ed 
in relation to Oct-4. Sox-2 and Oct-4 expressions 
overlap during early embryogenesis, and both are 
important for the maintenance of the pluripotent 

state. Sox-2 can be regarded as one of the cofactors 
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of Oct-4, since it activates the transcription of target 
genes, such as Fgf-4, Utf-1, Fbx-15, and Lefty-1 in 
cooperation with Oct-4. Moreover, Sox-2 expression 
is regulated by Oct-4 and Sox-2, indicating that a 
positive feedback mechanism may be involved in 
the maintenance of ES cell self-renewal.

MATERIALS AND METHODS

Embryos were incubated in solution 
containing 0.5 percent pronase until the zona was 
removed. To isolate the inner cell mass (ICM), 
blastocysts were incubated for 3-4 minutes in 
solution containing calcium ionophore until the 
zona and trophectoderm were lysed. Embryos 
were observed constantly under a zoom stereo 
microscope until the zona and trophectoderm were 
lysed. Residuary embryos/ zonafree embryos were 
washed with phosphate buffered saline containing 
10 percent FBS. Zonafree embryos were incubated 
in Ca++/ Mg++ free PBS for 10 to 15 minutes 
at 37oC in CO2 incubator. Repeated pipetting 
through Pasteur pipette disaggregates the zonafree 
blastomeres/ inner cells. 

Sox-2 was detected by reverse 
transcription-polymerase chain reaction (RT-PCR). 
Primers were designed based on the sequence 
(NCBI Ac. No: DQ487021.1) of Chinese swamp 
buffalo available in Pubmed GenBank by using 
a Web-based primer 3 designing programme. 
RT-PCR for Sox-2 was carried out with 100 
ng of RNA by using the forward primer (5’ 
GCCGAGTGGAAACTTTTGTC 3’) and the reverse 
primer (5’ TGCGAAGCTGTCATAGAGTTG 3’) 
with the following cycling profi le: cDNA synthesis 
for 15 minutes at 50oC, initial denaturation at 95oC 
for 2 minutes followed by 36 cycles of 30 seconds 
at 94oC, 30 seconds at 55oC and 45 seconds at 

72oC, and a fi nal extension for 10 minutes at 72oC. 
These primers amplifi ed a fragment of 413 bp. 
The Sox-2 RT-PCR product was analyzed by gel 
electrophoresis along with a standard 100 bp ladder 
as marker. Then the gel was visualized under a UV 
light gel documentation unit. 

The cDNA sequence of the Sox-2 RT-PCR 
product submitted to NCBI Pubmed GenBank was 
given accession number: EU661361.The sequences 
were analyzed for phylogenic conservation 
and the sequence homology across the species 
was established. Homologies of the Sox-2 gene 
(mRNAs) were compared with reported sequences 
of other species retrieved from annotated databases 
such as the National Centre of the Biotechnology 
information (www.ncbi.nih.gov). The BLASTn 
search of highly similar sequence homology were 
explored. The cDNA sequences of the Sox-2 gene 
were phylogenetically analysed using Lasergene 
version 4.1 (DNASTAR Package, USA). The Sox-2 
gene sequences used for comparison are presented 
in Table 1.

RESULTS AND DISCUSSION

I In two out of six trials the blastomeres/ 
inner cells of 2-cell, 4-cell and 8-cell stage embryos 
(Pre ZGA) did not express the Sox-2 gene whereas 
inner cells obtained from 16-cell stage embryos, 
morulae and inner cell masses of blastocyst 
consistently expressed the Sox-2 gene. Representative 
photographs of gel for Sox-2 gene expression are 
presented in Figure 1.

The percentage of identity among the 
sequences of the Sox-2 gene from various isolates 
in comparison with MVC, TANUVAS is shown in 
Figure 2. The phylogenetic analysis of the Sox-2 
gene from various species by clustralW method with 



Buffalo Bulletin (June 2013) Vol.32 No.2

133

Table 1. Sox-2 gene sequences used for comparison of homology.

Species Accession No Percent homology
Bubalus bubalis
(Chinese swamp buffalo)

DQ487021.1 99

Bos taurus NM 001105463.1 99
Ovis aries X96997.1 98
Canis familiaris XM 545216.2 97
Sus scrofa EU503117.1 96
Homo sapiens BC013923.2 95
Homo sapiens Z31560.1 95
Mus musculus NM 011443.3 93
Rattus norvegicus NM 001109181.1 93
Gallus gallus D50603.1 84

 

Figure 1. Sox-2 gene expression in stem cells derived from different stages of in-vitro produced buffalo 
                  embryos.

Lane I  
Lane II 
Lane III       
Lane IV       
Lane M       
Lane V 
Lane VI  

= Sox-2 amplicon in Two celled embryos
= Sox-2 amplicon in Four celled embryos
= Sox-2 amplicon in Eight celled embryos
= Sox-2 amplicon in Sixteen celled embryos
= 100 bp DNA ladder
= Negative Control
= Sox-2 amplicon in Morulae
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bootstrap analysis, presented in Figure 2, revealed 
two major clusters. The Sox-2 gene lineage of 
Chinese swamp buffalo, cattle, pig, amur tiger, rhesus 
monkey, Norway rat, dog and lizard were grouped to 
the fi rst cluster. The lineage of this fi rst cluster again 
sub-grouped into three clusters of which dog, mouse, 
human (US, France, Yugoslavia), Norway rat, rhesus 
monkey, sheep and pig (USA) were grouped to one 
cluster, Indian water buffalo of TANUVAS, platypus 
and xenopus were grouped to another cluster and 
lizard, amur tiger, cattle (Italy), Chinese swamp 
buffalo and pig (China) were grouped to another 
cluster. The second cluster revealed a lineage 
covering the human (Italy), zebra fi sh and chicken. 
The bootstrap analysis is shown on every node from 
common ancestor.

Amino acid analysis of the Sox-2 gene 
revealed hypervaraible regions at the positions  2368-
2373 and 2380. The variations were in relation with 
species specifi city.

The HMG domain containing Sox-2 
and the POU domain-containing Oct-4 were 
the transcription factors known to be essential 
for normal pluripotent cell development and 
maintenance (Avilion et al., 2003). Their function 
in pluripotent cells is via a synergistic interaction 
between the two to drive transcription of target 
genes. Sox-2 is co-expressed with Oct-4 in the ES 
cells and acts synergistically with Oct-4 to activate 
Oct-Sox enhancers, to regulate the expression of 
pluripotent stem cell-specifi c genes, including 
Nanog, Oct-4 and Sox-2 itself as well as Fgf4, 
Utf1, and Fbx15. Each of these target genes has a 
composite element containing an octamer and a Sox 
binding site. Genetic links between the Sox2-Oct4 
complex and Sox-2 and Pou5f1 expression, as well 
as their in vivo binding to these genes in mouse and 
human ESCs (Chew et al., 2005), suggests that this 
complex is at the top of the pluripotent cell genetic 

regulatory network. 
Sox-2 mRNA was detected in oocytes as 

well as in embryos at the different developmental 
stages analyzed, resembling the profi le of Oct-4 
(Srinivasa Prasad, 2008). Sox-2 was present as both 
maternal and embryonic transcript; in particular, 
a signifi cant increase from the 16-cell stage, 
concomitant with embryo genome activation, was 
observed suggesting that Sox-2 expression might 
be regulated by Oct-4. The results of the present 
study are in agreement with the fi ndings of Brevini 
et al. (2008). The Sox-2 gene expression patterns 
were variable in stem cells derived from early 
embryos but gradually became more regular, with 
100 percent expressing Sox-2 from the 16-cell stage 
onward. This might be related to the maternal-
zygotic transition (activation of the embryonic 
genome), which takes place in buffalo embryos 
at the 8-16 cell stage. This might be related to 
the exhaustion of maternally generated Sox-2 
transcripts and then its recovery via expression 
of zygotic transcripts. An epigenetic mechanism, 
consisting of DNA methylation and chromatin 
remodeling, might be the cause of the low levels of 
Sox-2 gene expression after fertilization as reported 
by Hattori et al., 2004. 

Sox-2 expression in ES cells is regulated 
by Sox-2 itself and Oct-4, suggesting the possibility 
that Sox-2 is activated in primitive cells by a positive 
autoregulatory loop. Therefore, it is speculated that 
the same positive feedback loop maintained the 

expression of Sox-2 and Oct-4 together and that the 
Sox-2 and Oct-4 are regulated coordinately (Boyer 
et al., 2005).

The essential function of Sox-2 was to 
stabilize ES cells in a pluripotent state by maintaining 
the requisite level of Oct-4 expression (Masui et 
al., 2007). A critical amount of Oct-4 has recently 
been reported to be crucial for the maintenance 
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Nucleotide Substitutions (x100)
Bootstrap Trials = 1000, seed = 111

0

142.8

20406080100120140

Canis lupus familiaris (dog).seq
Mus musculus (house mouse).seq

25.0

Homo sapiens (human)-FRANCE(2).seq
20.0

Rattus norvegicus (Norway rat).seq

14.3

Homo sapiens (human)-YOGOSLAVIA.seq

61.8

Homo sapiens (human)-.seq

66.0

Macaca mulatta (rhesus monkey).seq

62.0

Bos taurus (cattle).seq
Ovis aries (sheep).seq

99.4
45.2

Homo sapiens (human)-US.seq
Homo sapiens (human)-FRANCE.seq

47.9

NA

Sus scrofa (pig).seq
Sus scrofa (pig)-US.seq

78.5

53.8

BUBALUS BUBALIS ±MVC.TANUVAS.seq

58.3

Ornithorhynchus anatinus (platypus).seq

36.1

Xenopus tropicalis (Silurana tropicalis

9.1

Eremias brenchleyi (LIZARD).seq
Panthera tigris altaica (Amur tiger).se

100.0

Bos taurus (cattle) ITALY.seq
97.2

BUBALUS BUBALIS  (CHINA).seq

93.1

Sus scrofa (pig)-china.seq

57.2

Oreochromis mossambicus (Mozambique til

61.3

50.6

Homo sapiens (human)-ITALY.seq
Danio rerio (zebrafish).seq

80.3

Gallus gallus (chicken).seq
100.0

Figure 2. Phylogenetic analysis of Sox-2 gene from various species by ClustralW method with bootstrap 
                 analysis.

of ES cell self-renewal. A 50 percent decrease in 
the endogenous Oct-4 levels relative to that of 
undifferentiated ES cells results in the commitment 
of ES cells to trophoectoderm lineages, containing 
both proliferating and endoduplicating giant cells 
based on the culture conditions. However, an 
increase beyond the 50 percent threshold level 
of Oct-4 leads to the concomitant differentiation 
of ES cells into extra-embryonic endoderm and 
mesoderm. Interestingly, LIF withdrawal leads to 
the specifi cation of the same lineages. Less subtle 
changes in Oct-4 level (both increase and decrease) 
do not affect ES cell self-renewal. In conclusion, the 
precise level of Oct-4 protein governs commitment 
of embryonic cells along three distinct lineages 

(Niwa et al., 2000; Lanza et al., 2006).
Based on the results it is speculated that 

the observed lack or low expression of Sox-2 in 
cells derived from early embryos (pre ZGA) might 
be the reason for inadequate ability of those cells 
to retain the property of stemness, to form primary 
stem cell colonies and subsequently ES-cell lines 
compared to inner cells derived from morulae and 
blastocysts (Ito et al., 1996; Hatoya et al., 2006) as 
Oct-4 is essential for antiapoptosis of stem cells in 
response to stress effects that might be mediated 

through the STAT3/Survivin pathway,  Sox-2 being 
responsible for maintaining the requisite level of 
Oct-4 expression (Masui et al., 2007).



Buffalo Bulletin (June 2013) Vol.32 No.2

137

ACKNOWLEDGEMENT

The work was carried out at the Centralized 
Embryo Biotechnology Unit, Department of 
Animal Biotechnology in the DBT scheme on 
“Establishment of Buffalo ES-Cell Line”. Authors 
are thankful to the funding agency.

REFERENCES

Anand, T., D. Kumar, M.K. Singh, M.S. Chauhan, 
R.S. Manik and P. Palta. 2008. Expression 
of pluripotency-determining factors in in 
vitro-produced buffalo embryos. Reprod. 
Fert. Develop., 20(1): 163

Avilion, A.A., S.K. Nicolis, L.H. Pevny, L. Perez, 
N. Vivian and R. Lovell-Badge. 2003. 
Multipotent cell lineages in early mouse 
development depend on SOX2 function. 
Gene. Dev., 17(1): 126-140.

Boyer, L.A., T.I. Lee, M.F. Cole, S.E. Johnstone, 
S.S. Levine, J.P. Zucker, M.G. Guenther, 
R.M. Kumar, H.L. Murray, R.G. Jenner, 
D.K. Gifford, D.A. Melton, R. Jaenisch 
and R.A. Young. 2005. Core transcriptional 
regulatory circuitry in human embryonic 
stem cells. Cell, 122: 947-956.

Brevini, T.A.L., S. Antonini, F. Cillo, G. Pennarossa, 
S. Colleoni, G. Lazzari, C. Galli and F. 
Gandolfi . 2008. Expression pattern of the 
sox-2 gene in bovine oocytes and in vitro-
derived embryos. Reprod. Fert. Develop., 
20(1): 165.

Chew, J-L., Y-H Loh, W. Zhang, Xi Chen, W-L 
Tam, L-S Yeap, P. Li, Y-S Ang, B. Lim, 
P. Robson and H-H Ng. 2005. Reciprocal 
transcriptional regulation of Pou5f1 and Sox2 
via the Oct4/Sox2 complex in rmbryonic 

stem cells. Mol. Cell. Biol., 25(14): 6031-
6046.

Hatoya, S., R. Torii, Y. Kondo, T. Okuno, K. 
Kobayashi, V. Wijewardana, N. Kawate, 
H. Tamada, T. Sawada, D. Kumagai, K. 
Sugiura and T. Inaba. 2006. Isolation and 
characterization of embryonic stem-like 
cells from canine blastocysts. Mol. Reprod. 
Dev., 73(3): 298-305.

Hattori, N., K. Nishino., Y.G. Ko, N. Hattori, J. 
Ohgane, S. Tanaka and K. Shiota. 2004. 
Epigenetic control of mouse Oct-4 gene 
expression in embryonic stem cells and 
trophoblast stem cells. J. Biol. Chem., 
279(17): 17063-17069.

Ito, T., M. Konishi., T. Takedomi., H.Itakura., 
S.Yazawa and Y. Aoyagi. 1996. Infl uence 
of stage and derivation of bovine embryos 
on formation of embryonic stem (ES) like 
colonies. J. Reprod. Dev., 42(5): 29-33.

Kumar, D., T. Anand, K.P. Singh, M.S. Chauhan, P. 
Palta and R.S. Manik. 2008 Expression of 
Oct-4 in buffalo (Bubalus bubalis) embryos 
generated through in vitro fertilization or 
parthenogenetic activation. Reprod. Fert. 
Develop., 20(1): 162-163.

Lanza, R., J. Gearhart, B. Hogan, D. Melton, R. 
Pederson, J. Thomson, E.D. Thomas and M. 
West. 2006. Essentials of Stem Cell Biology. 
Elsevier Academic Press. 

Masui, S., Y. Nakatake, Y. Toyooka, D. Shimosato, 
R. Yagi, K. Takahashi, H. Okochi, A. 
Okuda, R. Matoba, A.A. Sharov, M.S.H. Ko 
and H. Niwa. 2007. Pluripotency governed 
by Sox2 via regulation of Oct3/4 expression 
in mouse embryonic stem cells. Nat. Cell 
Biol., 9: 625-635. 

*Continued on page 156



Buffalo Bulletin (June 2013) Vol.32 No.2

156

in Bubalus bubalis and Capra hircus. 
Conference on Development of Dairy 
Cattle. NDRI, Eastern Regional Station, 
Kalyani, India.

Pal, A. and P.N. Chatterjee. 2010. Molecular 
characterization of growth hormone gene 
in riverine buffaloes. Buffalo Bull., 29(4): 
279-290.

Rainard, P. and C. Riollet. 2005. Innate immunity 
of the bovine mammary gland. Vet. Res., 37: 
369-400.

Sambrook, J. and D.W. Russell. 2001. Molecular 
Cloning: A Laboratory Manual, 3rd ed. Vol. 
1. Cold Spring Harbor Laboratory Press, 
New York, USA.

Schroder, N.W., B. Opitz, N. Lamping, K.S. 
Michelsen, U. Zahringer, U.B. Gobel and 
R.R. Schumann. 2000. Involvement of 
lipopolysaccharide binding protein, CD14 
and Toll-like receptors in the initiation of 
innate immune responses by Treponema 
glycolipids. J. Immunol., 165(5): 2683-
2693.

Singh, P.J. and K.B. Singh. 1994. A study on 
economic losses due to mastitis in India. 
Indian J. Dairy Sci., 47: 265-272.

Yoon, H.J., J.H. Shim, S.H. Yang, D.W. Chae, H. 
Kim, D.S.  Lee, H.L. Kim, S. Kim, J.S. 
Lee and Y.S. Kim. 2003. Association of 
the CD14 gene -159 polymorphism with 
progression of IgA nephropathy. J. Med. 
Genet., 40(2): 104-108.

*Continued from page 137

Niwa, H., J. Miyazaki and A.G. Smith. 2000. 
Quantitative expression of Oct-3/4 defi nes 
differentiation, dedifferentiation or self-
renewal of ES cells. Nat. Genet., 24: 372-

376.
Srinivas Prasad, Ch. 2008. Isolation and 

characterization of stem cells derived from 
in vitro produced buffalo (Bubalus bubalis) 
embryos. Ph.D. Thesis, Tamil Nadu 
Veterinary and Animal Sciences University, 
India.




