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A B S T R A C T

BMPs and their receptors modulate the granulosa cell (GC) function in the follicle of domestic animals. Since
little is known on BMPs in the buffalo, the present study was aimed to investigate the expression of BMP2, 4, 6, 7
and their receptors BMPR1A, BMPR1B, BMPR2 in the GC and theca cells (TC) of ovarian follicles and the role of
BMP4 and BMP7 on buffalo GC. Follicles were classified into four groups based on size and E2 level in the
follicular fluid as follows: (i) Group1(4–6mm;<0.5 ng/mL) (ii) Group 2 (7–9mm; 0.5–5 ng/mL) (iii) Group 3
(10-13mm; 5–40 ng/mL) and (iv) Group 4 (dominant follicle) (> 13mm;>180 ng/mL). The results revealed
that except BMP6, BMP2, 4 7 and receptors BMPR1A, BMPR1B and BMPR2 showed a minimum of 1.5–2 fold
increase in mRNA expression in the GC of dominant follicle as compared to other follicle classes. In the dominant
follicle, a two-fold increase in BMP4 and BMP7 expression was observed in the TC. At 100 ng/mL, the BMP4 and
BMP7 either alone or in combination maximally down-regulated CASPASE3 and stimulated the transcripts of
PCNA, FSHR and CYP19A1 that was supported by E2 secretion in the granulosa cell culture suggesting their role
in cell survival and E2 production. In conclusion, GC and TC of dominant follicles express BMP 2, 4, 6, 7 and
their receptors BMPR1A, BMPR1B and BMPR2. BMP4 and BMP7 stimulate E2 production and promote GC
survival.

1. Introduction

Water buffalo is one of the most important dairy animals in the
Asian countries. Indian buffaloes contribute to 57.8% of total popula-
tion and India produces about 68% of the world's buffalo milk pro-
duction (FAOSTAT, n.d.). The high milk fat content, lean meat and
better conversion of roughage are the strengths of buffalo production.
There is no religious taboo in the consumption of buffalo meat. Despite
the merits, certain inherent reproductive problems like delayed pub-
erty, silent heat, poor conception rate and long postpartum anoestrus
period limit the lifetime productivity of the buffalo (Madan & Prakash,
2007; Perera, 2008).

Bone morphogenetic proteins (BMPs) are pleiotrophic growth fac-
tors that belong to the transforming growth factor-beta (TGF-β) super

family. To date, over 20 BMPs are identified and shown to be involved
in the regulation of cell proliferation, survival, differentiation and
apoptosis, chondrogenesis, osteogenesis and embryogenesis. The BMPs
have attracted much attention in the field of ovarian physiology. The
expression of a range of BMPs within the different cell types of the
antral follicle has been demonstrated in a variety of species including
rodents, humans and ruminants (Elvin et al., 2000; Erickson &
Shimasaki, 2003; Glister et al., 2004; Shimasaki et al., 2004). The
granulosa cell-derived BMP2, BMP6 and the theca cell-derived BMP4
and BMP7 were found to promote granulosa cell (GC) proliferation,
follicle survival and prevention of premature luteinization in the cow
(Knight & Glister, 2006). The BMP receptor mRNAs are present in the
ovary, with the strongest expression in GC and oocyte, which is con-
sistent with the BMP actions observed on the GC in vitro (Shimasaki
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et al., 1999; Wilson et al., 2001).
The BMPs mediate the effects through activating the membrane

bound serine/threonine kinase receptors (Xiao et al., 2007). The signal
transduction of BMP is mainly mediated via the classical BMPs–Re-
ceptor–Smads signal pathway (Nohe et al., 2004). Binding of BMP li-
gands to the BMPR2 initiates the phoshorylation cascade. First,
BMPR1A/B is phosphorylated, that subsequently phosphorylates re-
ceptor-activated Smad proteins (R-Smads), which associate with
common mediator-Smad (co-Smad) and enter the nucleus, where they
regulate gene expression. The Smad proteins regulate promoter activity
by interacting with transcriptional co-activators or co-repressors to
positively or negatively control gene expression (Xiao et al., 2007;
Miyazono et al., 2005). A mitogen activated protein kinase mediated
(MAPK-mediated) Smad independent pathway has also been reported
to be involved in the BMP signaling (Cook & Evans, 2014).

The BMP4 and BMP7 regulate the process of follicle development
through GCs in the cow (Shimizu et al., 2012a). The BMPs function as
luteinization inhibitors by suppressing luteinizing hormone (LH) re-
ceptor expression in GC (Shimasaki et al., 2004). Additionally, the BMP
system was shown to play a crucial role in folliculogenesis in human
(Shi et al., 2009; Shi et al., 2010; Shi et al., 2011). Mounting evidence
suggests that actively growing follicles that are destined for ovulation
are the major targets of BMPs in the cow (Glister et al., 2004; Shimasaki
et al., 1999). Given their role in ovarian follicular function, we hy-
pothesized that BMPs and their receptor are expressed in the follicle
and regulate the functions of GCs in the buffalo. Therefore, the present
study was done with the following objectives: A) To evaluate the
transcriptional, translational profile of BMP2, 4, 6, 7 and their receptors
such as BMPR1A,1B and BMPR2 in the GC and TC of ovarian follicle
during different stages of development in buffalo ovary; B) To study the
effects of BMP4 and/or BMP7 on estradiol (E2) secretion, FSHR and
CYP19A1 mRNA expression in the primary culture of GC and C) To
study the effects of BMP4 and/or BMP7 on proliferating cell nuclear
antigen (PCNA) and pro-apoptotic CASPASE3 mRNA expression in the
primary culture of GC.

2. Materials and methods

All experimental protocols met the regulations of the Institutional
Animal Care and Use Committee (IACUC).

2.1. Collection of follicles and preparation

Twenty genitalia of normal, healthy, cyclic buffalo cows were col-
lected at a local slaughter house within 10 to 20min of exsanguination
and were transported on ice to the laboratory. A total of forty ovaries
were isolated from them. From each ovary, only healthy follicles were
isolated followed by the isolation of GCs and theca cells (TC) of dif-
ferent groups as described earlier (Sarkar et al., 2010). The GC and TC
isolated from each follicle were transferred into separate tubes and
labeled. The GC in the flushing solution was centrifuged at 3000g for
10min at 4 °C. The TC and GC pellet were separately snap frozen in
liquid nitrogen and stored at -80 °C until RNA and protein isolation. The
FF was stored at -20 °C until determination of progesterone (P4) and E2.
Because healthy follicles have relatively constant P4 concentrations in
the FF, only follicles with P4 below 100 ng/mL in the FF were used for
the evaluation, to exclude atretic follicles (Sarkar et al., 2010; Chouhan
et al., 2013).

2.2. Follicle classification

The follicles were classified according to the E2 content (ng/mL) in
the FF as follows; (i) Group1 (FL1)< 0.5; (ii) Group 2 (FL2) 0.5–5; (iii)
Group 3 (FL3) 5–40; and (iv) Group 4 (FL4)> 180 FF. The corre-
sponding size of follicles were in the range of (i) 4–6mm (FL1 or small);
(ii) 7–9mm (FL2 or medium); (iii) 10–13mm (FL3 or large); (iv)>Ta
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