
PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

Revista MVZ Córdoba
ISSN: 0122-0268
ISSN: 1909-0544
revistamvz@gmail.com
Universidad de Córdoba
Colombia

Gene expression of growth factor BMP15,
GDF9, FGF2 and their receptors in bovine
follicular cells

S. Reineri, Pablo; S. Coria, María; G. Barrionuevo, María; Hernández, Olegario; Callejas, Santiago; Palma,
Gustavo A
Gene expression of growth factor BMP15, GDF9, FGF2 and their receptors in bovine follicular cells
Revista MVZ Córdoba, vol. 23, no. 3, 2018
Universidad de Córdoba, Colombia
Available in: http://www.redalyc.org/articulo.oa?id=69357037002
Esta obra está bajo una Licencia Creative Commons Atribución-CompartirIgual 4.0 Internacional.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International.

http://www.redalyc.org/articulo.oa?id=69357037002
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/


Revista MVZ Córdoba, 2018, vol. 23, no. 3, September-December, ISSN: 0122-0268 1909-0544

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative 6778

Originales

Gene expression of growth factor BMP15, GDF9, FGF2 and their receptors in
bovine follicular cells
Expresión génica del factor de crecimiento BMP15, GDF9, FGF2 y sus receptores en células foliculares bovinas

Pablo S. Reineri
National University of Santiago del Estero, Argentina
gustavo.palma@reprobiotec.com

María S. Coria
National University of the Center of the Province of Buenos
Aires, Argentina
gustavo.palma@reprobiotec.com

María G. Barrionuevo
University of Santiago del Estero, Argentina
gustavo.palma@reprobiotec.com

Olegario Hernández
University of the Center of the Province of Buenos Aires,
Argentina
gustavo.palma@reprobiotec.com

Santiago Callejas
National University of the Center of the Province of Buenos
Aires, Argentina
gustavo.palma@reprobiotec.com

Gustavo A Palma
National University of Santiago del Estero (UNSE),
Santiago del Estero,, Argentina
gustavo.palma@reprobiotec.com

Redalyc: http://www.redalyc.org/articulo.oa?id=69357037002

Received: 05 February 2018
Accepted: 02 July 2018

Abstract:

Objective. Evaluate mRNA expression of GDF9, BMP15, FGF2 and their main receptors, transforming growth factor beta
receptor 1 (TGFβ-R1), bone morphogenetic protein receptor, type IB (BMPR-IB) and fibroblast growth factor receptor 2
(FGFR2) in bovine follicular cells. Materials and methods. Total RNA was isolated from pooled samples of oocytes (OOs),
cumulus cells (CCs) of cumulus oocyte complexes (COCs) and follicular cell pellets (PCs) of 70 ovaries obtained from 96
beef heifers, collected at a local abattoir. e expression pattern of growth factors and their receptors in follicular bovine cells
was evaluated by reverse transcriptase polymerase chain reaction (RT-PCR). Results. e mRNA transcripts encoding GDF9,
BMP15, FGF2, TGFβ-R1, BMPR-IB and FGFR2 genes were detected, by RT-PCR, in all studied cells. is is the first time that the
expression of TGFβ-R1 and BMPR-IB receptors is reported in bovine oocytes. Conclusions. e presence of growth factors and
receptor transcripts in the studied cells indicate that these factors could act as paracrine and autocrine regulators of folliculogenesis.
Keywords: Oocyte, granulosa cells, growth factors, PCR, bovine.

Resumen:

Objetivo. Evaluar la expresión de los factores de crecimiento GDF9, BMP15, FGF2 y sus principales receptores: el receptor 1
del factor de crecimiento transformante beta (TGFβ-R1), el receptor de la proteína morfogénica del hueso tipo IB (BMPR-IB) y
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el receptor del factor de crecimiento fibroblástico 2 (FGFR2) en células foliculares bovinas. Materiales y métodos. Se realizó la
extracción de ARN total de pooles de ovocitos (OOs) y células del cumulus (CCs) de complejos cumulus-ovocito (COCs) y del
pellet de células foliculares (PCs) provenientes de 70 ovarios obtenidos de 96 vaquillonas para carne, colectados en un frigorífico
local. Los patrones de expresión de los factores de crecimiento y sus receptores en las células foliculares bovinas fueron evaluados
por retro-transcripción seguida de la reacción en cadena de la polimerasa (RT-PCR). Resultados. La presencia de los transcriptos
de ARNm de los genes GDF9, BMP15, FGF2, TGFβ-R1, BMPR-IB y FGFR2 fue detectada por RT-PCR en todas las células
estudiadas. Es la primera vez que se reporta en ovocitos bovinos la expresión de los receptores TGFβ-R1 y BMPR-IB. Conclusiones.
La presencia de transcriptos de factores de crecimiento y sus receptores en las células estudiadas, indica que estos factores podrían
actuar como reguladores paracrinos y autocrinos de la foliculogénesis.
Palabras clave: Ovocitos, células de la granulosa, factores de crecimiento, bovinos , PCR.

INTRODUCTION

e potential of an oocyte to develop into a viable embryo depends on the accumulation of mRNA or
imprinted genes during the process of oogenesis. us there is a general agreement that the development
competence of oocyte could be related to an abundance of a specific RNA transcript pool that is accumulated
during oocyte growth and at final phases of folliculogenesis (1) , favoring fertilization, implantation and
generate healthy offspring. To clarify the importance of the contribution of the oocyte to the embryo quality,
it is important to define more precisely the different types of competence expressed by oocytes. e ability to
resume meiosis, to cleave upon fertilization to develop into a blastocyst, to induce pregnancy and to generate
an healthy offspring are all separate events and succeeding in the first events does not ensure the success
of subsequent ones. Furthermore, these events are associated with the three types of maturation processes
observed in the oocyte: meiotic, cytoplasmic and molecular. ese abilities vary also upon the type of follicle
the oocytes is removed from. Larger or slow-growing follicles have been shown to foster better eggs than
small or actively growing follicles. Hormonal stimulation can also affect oocyte competence with the nature
of the effect (positive or negative). Folliculogenesis and follicle differentiation are processes that culminate in
ovulation, being mainly coordinated by well-established endocrine mechanisms. is processes are the result
of cellular and molecular transformations of the different structures that form the follicle (2).

Members of the transforming growth factor beta (TGFβ ) super family and the heparin union growth
factor family, are known to be important regulators of proliferation and differentiation of several types of cells
(3). e growth differentiation factor 9 (GDF9), the bone morphogenetic protein 15 (BMP15), members of
the family of growth transforming factor β (TGFβ ), and the basic fibroblast growth factor (FGF2), member
of the family of heparin union growth factors with their main receptors, have been involved in dominant
follicle selection, regulating important events such as proliferation of granulosa cells, differentiation and
steroidogenesis (4,5). GDF9 and BMP15 generate signals through their specific receptors, ie, transforming
growth factor, beta receptor 1, (TGFβ-R1 or ALK5) and bone morphogenetic protein receptor, type IB,
(BMPR-IB or ALK6), respectively, whereas FGF2 factor binds primarily to fibroblast growth factor receptor
2 (FGFR2) (6,7).

e expression of GDF9, BMP15 and FGF2 have been reported in rodents, sheep ´s, buffalo and humans
in oocyte, cumulus cells and ganulosa cells (4,5,8) and there is convincing evidence that they are important
for ovarian function. However, there is little information about the expression of these factors in cows. Since
cattle have been used for many purposes they are highly attractive livestock animals from an economic point
of view. erefore, it is desirable to improve the knowledge about their reproductive physiology, especially
the control of ovarian folliculogenesis. In order to explore the intracellular modulatory system of GDF9,
BMP15 and FGF2 in bovine ovaries, the goal of present study was to evaluate mRNA expression of GDF9,
BMP15, FGF2 and their main receptors, TGFβ-R1, BMPR-IB and FGFR2, by using reverse transcriptase
polymerase chain reaction (RT-PCR).



Revista MVZ Córdoba, 2018, vol. 23, no. 3, September-December, ISSN: 0122-0268 1909-0544

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative 6780

MATERIALS AND METHODS

Animals and follicular cells. Protocols used on animal were applied according to the standards and
care described in the Official Journal of the European Union (9). Healthy bovine ovaries with normal
morphology and no corpus luteum were collected from 70 ovaries obtained from 96 slaughtered beef heifers,
during November-December 2015 and January-July 2016. e ovaries were placed into PBS solution at 37°C
and delivered to the laboratory within 2 hours of collection. e cumulus-oocyte complexes (COCs) were
recovered by manual aspiration of antral follicles (≤6 mm diameter) using 10 ml syringes with 40 x 1.2 mm
(18 G) needles, and pooled in a sterile 50 mL conical bottom centrifuge tube with PBS. e tubes were kept
at 37°C for 15 min for the settlement of COCs. e sediment was mixed with PBS and screened for COCs
under a stereozoom microscope. e aspirated COCs were graded based on the morphological appearance
of the cumulus cell investments and homogeneity of ooplasm as described by de Loos et al (10). Pools of 30
COCs qualitatively good (Grade 1 and Grade 2) were separated from the cumulus cells by repeated pipetting
and then were recovered. Subsequently, three pools of 30 oocytes and three pools of cumulus cells, which
were separated from the 30 oocytes, were made.

e follicular liquid, was centrifuged at 12.000 x g for 10 min at 4°C, obtaining three pellet of cells
composed by granulosa cells and theca cells (PCs). All samples were snap-frozen in liquid Nitrogen and
stored at -70°C until their analysis.

Extraction and purification of total RNA on follicular cells and oocytes. Total RNA was extracted from
samples of follicular cells following the Phenol-Chloroform method using TriReagent ® (Sigma) according
to manufacturer instructions. Briefly, samples were homogenized with 250 µl TriReagent ® , then 50 µl
chloroform was added and merged for 15 sec followed by centrifugation at 12.000 x g for 15 min at 4°C.
e upper aqueous phase, containing RNA, was transferred to a new tube and isopropanol was added.
Samples were kept at room temperature for 10 min and centrifuged at 12.000 x g for 10 min at 4 ºC.
Supernatant was removed and RNA pellet was washed with ethanol 75% and centrifuged at 7.500 x g for 5
min at 4 °C. Total RNA samples were suspended on ribonucleases-free H2O and concentration and integrity
of RNA were assessed by absorbance at 260 nm utilizing NanoDrop 2000c UV-Vis Spectrophotometer
(ermo Scientific, U.S.A), and electrophoresis on Sybr Green stained agarose gels (Biotium). Prior to
cDNA synthesis, DNase (AMPD1- Sigma) treatment was applied. Reverse transcription was performed
using SuperScript III Reverse Transcriptase (Invitrogen). Every 20 μL of reaction contained 1 µl of Oligo dT
(50 µM), 1µl of dNTPs, 4 µl of 5X First Strand Buffer, 1 µl of 0.1 M DTT, 40 units of RNAsin (Genbiotech),
200 units of SuperScriptIII reverse transcriptase, a volume of RNA (1.200 ng), and nuclease-free water to
complete the final volume. e mixture was held 1 h at 50°C and 15 min at 70°C prior to cooling on ice.
Finally, samples were stored at -70ºC till their subsequent analysis.

Primer design. Taking into account the sequences recently published by the National Center for
Biotechnology Information (NCBI) and the data base of the bovine genome sequence, specific primers
were designed in order to amplify bovine gene coding regions GDF9, BMP15, FGF2, TGFβ -R1, BMPR-
IB and FGFR2 using the online soware Primer-BLAST and Integrated DNA Technologies (IDT)
(Table 1). Additionally, the quality and purity of samples used was determined with specific primers
GAPDH (glyceraldehyde-3-phosphate dehydrogenase), for oocyte (ZAR1: zygote arrest-1), granulosa
cells (CYP19A1: cytochrome P450, family 19, subfamily A, polypeptide 1) and theca cells (CYP17A1:
cytochrome P450, family 17, subfamily A, polypeptide 1) as suggested Hatzirodos et al (11) (Table 1).
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TABLE 1
Table 1. Oligonucleotide sequences used for reverse transcriptase PCR assays (RT-PCR)

Amplificaction by PCR. PCR reactions were performed by triplicate using cDNA of both follicular cells
and oocytes. For this, mixtures containing 10 µM of each primer, 0.2 mM of each dNTP, 1 unit of Taq
DNA polimerase (Genbiotech) and buffer solution of 10 X reaction (Tris-HCl 10 mM; KCl 50 mM; Triton
X-100 0.1%; MgCl2 2 mM, pH: 9.0) in a 20 µl final volume. e amplification program used consisted of a
denaturation step at 94 °C for 5 min followed by 40 amplification cycles consisting of a denaturation step
at 94 °C for 20 sec, hybridization at 58 °C for 30 sec, extension at 72 °C for 1 min and finally a period of
7 min at 72 °C . No-template and no–reverse transcription controls were included as negative controls and
to exclude genomic DNA contamination. Specificity of PCR products was confirmed by electrophoresis on
agarose gel and sequencing.
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RESULTS

By using RT-PCR we demonstrated the presence of mRNA of GDF9, BMP15, FGF2, TGFβ -R1, BMPR-
IB and FGFR2 on cumulus, follicular cell pellet (granulosa and theca cells) from antral follicles (≤6 mm
diameter), as well as in oocytes. For all of mRNA studied we were able to obtain a single amplicon of expected
size (Figure 1).

FIGURE 1
Figure 1

In order to discard a possible cross contamination when each kind of cell was isolated, RT-PCR using
specific primers was conducted. e mRNA expression of the CYP19A1 gene, specific for granulosa cells,
only was detected in cumulus and follicular cell pellet; CYP17A1 gene, specific for theca cells, was detected
only in follicular cell pellet. Finally, ZAR1 transcripts, specific for oocyte, were detected only in the cDNA
template of the oocytes, but not in the cDNA template of cumulus cells, and follicular cell pellet.

DISCUSSION

Growth differentiation factor 9 plays multiple functions in oocyte and granulosa cell communication,
regulation and differentiation (4). It has been suggested that GDF9 could influence follicular maturation
and ovulation in humans by stimulating inhibin synthesis (12). e BMP15 gene also plays a critical role in
ovarian function stimulating the proliferation of pre-antral granulosa cells and inhibiting FSH-stimulated
progesterone production in later stage granulosa cells (4).

When comparing rodents with an incomplete estrous cycle (mice, rats) to animals with a complete estrous
cycle (humans, goats, pigs and cows), GDF9 and BMP15 appear in different tissues. e mRNA expression
of the transforming growth factors-beta studied was detected exclusively in oocytes of rodents (13), while
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in other species, including humans (14), goats (15), sheep (8,16), pigs (17) and cows (18,19), BMP15 and
GDF9 were expressed in cumulus cells as well as in oocytes, in agreement with the result obtained in this
work. Additionally, in the present study, BMP15 and GDF9 were also expressed in the pellet of cells, where
granulosa and theca cells were expresed. ese results could be explained by species specific differences in
the mechanisms of action of key biological functions among the different follicle cells. In agreement with
other authors, these differences could be explained by differences on physiological and reproductive forms of
the studied species, suggesting that these factors regulate the ovulation rate and female fertility in a species-
specific manner (20, 21). Recently these species-specific functional differences between mono- and poly-
ovulatory animals were attributed to the distinct timing of the transformation of the BMP15 pro-protein
into a functionally mature BMP15 (18).

GDF9 and BMP15 growth factors bind to specific receptors to trigger its mechanisms of action on the
target cell. TGFβ -R1 mRNA expression was detected in granulosa cells of sheep and cows (19,22). BMPR-
IB mRNA expression has been observed in goat, sheep, pig and bovine follicles (8,23,24), nevertheless here
we report for the first time that TGFβ -R1 and BMPR-IB mRNA are expressed in bovine oocytes.

Fibroblast growth factors (FGFs) are implicated in pregnancy success by regulating embryogenesis,
implantation, and placentation through cell survival, migration, and differentiation (25). FGF2, also known
as basic FGF, has distinct roles during early embryogenesis in ruminants (26). FGF2 and its receptor FGFR2
are expressed during development of bovine embryos and a combination of FGF2 and transforming growth
factor beta (TGFβ ) improves the development of the bovine embryo (27). e FGF2 mRNA expression was
detected in oocytes, cumulus granulosa cells, mural granulosa and theca cells strengthening the systemic role
during folliculogenesis (7,8). It has been proposed that, oocyte-derived FGF2 could promote the primordial
to primary follicle transition by signaling granulosa and stromal cells (28). In agreement, Khatib et al
(29) suggest that FGF2 plays a positive role in the endogenous production of estrogens in humans (29).
Furthermore, the angiogenic capacity of FGF2 described in follicles, generates proliferation of capillaries that
follow the selection of the pre ovulatory follicle, resulting in a greater supply of nutrients and precursors,
enhancing the growth of the dominant follicle (30). In previous work, it was suggested that FGF2 promotes
mitosis of granulosa cells, theca, and ovarian stroma. It also enhances follicle survival, growth and formation
of the antro during long term in vitro cultures of buffalo preovulatory follicles and improves steroidogenesis
(30,31).

Although the biological significance of the expression of these factors in follicular somatic cells has not
been fully elucidated, previous reports and the results of the present study indicate the possibility that these
factors in somatic cells as well as in oocytes may regulate the selection of follicle and/or ovulation in species
with a complete estrous cycle. e presence of GDF9, BMP15, FGF2, TGFβ-R1, BMPR-IB and FGFR2
transcripts in the studied cells indicate that these factors could act as paracrine and autocrine regulators in
folliculogenesis.

Our results show the presence of a complex intrafollicular regulatory system, consisting of GDF9, BMP15,
FGF2 and their main receptors in bovine ovaries, in a good agreement with previous studies on different
species and follicular cells. Our results show an intra-follicular granulosa cell mRNA expression of the above
genes from bovine ovarian follicles. ese findings support the concept that early stages of ovarian follicular
growth and development are regulated by intra-ovarian factors. Furthermore, our data showed that the initial
concept that GDF9, BMP15 and FGF2 are exclusively produced by the oocyte cannot be maintained for
the bovine species. To move forward with these findings, the quantitative levels of differential expression
dynamics of GDF9, BMP15, FGF2, TGFβ-R1, BMPR-IB and FGFR2 in oocyte genes from bovine ovaries
need further research.
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