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ABSTRACT

The aim of the present study was to determinedleeaf GDF-9 and/or FSH on the growth and mRNA esggion
for FSH-R, GDF-9, and BMPs goat secondary follicles after cultuine vitro. Goat secondary follicles (~206)
were isolated and cultured for six days in minimassential medium (MEM) supplemented with GDF-9 (200
ng/mL), FSH (50 ng/mL) or both. At the beginningl @md of culture, the follicular diameter was ewkd and
compared. The levels of mRNA for GDF-9, FSH-R aWP8 -2, -4, -6, -7 and -15 in cultured follicles reve
quantified by real time PCR. The results showed ¢hsignificant increase of follicle diameter aftgx days when
compared to day 0, but the presence of GDF-9 arld &8 not influence the follicular growth in comgson with
those cultured in MEM. Real time PCR showed thaF@Ddown-regulated the levels of mMRNA for BMPsnd a
15, while FSH either alone or in combination wittb&9 did not affect the expression of GDF-9, FSHuiRI
BMPs. In conclusion, GDF-9 reduced the expressibBMP-2 and -15 in caprine preantral follicles afttheir
culture, but FSH either alone or in associationhw@DF-9 did not control the expression of GDF-9H-BR and
BMPs.
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INTRODUCTION the growth and development of secondary follicles
(~200 pum) up to the antral stage, has been
The mammalian ovary contains thousands oévaluated (Romero and Smitz 2009; Duarte et al.
oocytes enclosed in preantral follicles (i.e.2010;Magalhdes et al. 2010). Oocyte maturation
primordial, primary and secondary follicles) thatand in vitro embryo production have been
have the potential to be fertilized, but the vastescribed after culture of goat secondary follicles
majority becomes atretic during the growth andMagalhdes et al. 2010; Saraiva et al. 2010), but
maturation (Markstrém et al. 2002). To increasalespite the success of these studies, timesiro
the efficiency of this gonad, the role of growthsystems still have a very low efficiency, with a
factors and gonadotropins that are involved in themall percentage of embryos produced from
complex bidirectional signaling between thevitro matured oocytes. In this context,
oocyte and the surrounding somatic cells duringuantification of mMRNA of growth factors during
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follicular developmentn vitro can contribute to penicillin and 100 pg/mL streptomycin) at 32°C
the establishment of an ideal culture medium antbr a maximum of 1 h.
thus increase the potential of théseitro models.
Growth and differentiation factor-9 (GDF-9) Isolation and in vitro culture of goat secondary
belongs to the various growth factors that controlollicles
the early follicle growth in mammals (Vitt and In the laboratory, surrounding fat tissue and
Hsueh 2002). GDF-9 may be secreted by oocytéigaments were stripped off from the ovaries.
and granulosa cells (Silva et al. 2004; Spicei.et aOvarian cortical slices (1 to 2 mm in diameter)
2008), but oocyte-specific expression of GDF-9vere cut from the ovarian surface using a surgical
protein has been reported (McGrath et al. 199%lade under sterile conditions. The ovarian cortex
Aaltonen et al. 1999; Jaatinen et al. 1999; Sadeuas subsequently placed in fragmentation
and Smitz 2008)In vitro, GDF-9 promotes the medium, consisting ofa-MEM plus HEPES.
growth of the oocyte, proliferation of granulosaSecondary follicles of approximately 200 pm in
cells (Spicer et al. 2006), differentiation of taec diameter were visualized under a stereomicroscope
cells (Spicer et al. 2008) and specific cellula{SMZ 645 Nikon, Tokyo, Japan) and manually
functions (Sadeu and Smitz 2008). Like GDF-9dissected from the strips of ovarian cortex using
bone morphogenetic proteins (BMPs) compris€6 gauge (26G) needles. After isolation, follicles
another subgroup of ligands that are involved invere transferred to 106L drops containing fresh
the control of folliculogenesis (Hogan 1996; Dubemedium under mineral oil to further evaluate the
et al. 1998). The expression of BMP -2, -4, -6, -follicular quality. Follicles with a visible oocyte
and -15 has been demonstrated in the somatitirrounded by granulosa cells, an intact basement
follicular components of preantral follicles in membrane and no antral cavity were selected for
several species (Erickson and Shimasaki 2008ulture (Fig. 1A).
Silva et al. 2004;Juengel et al. 2006; Frota et aFor in vitro studies, after selection, follicles were
2010). Receptors for GDF-9 (Silva et al. 2004) anéndividually cultured in 100uL drops of culture
FSH (Saraiva et al. 2010) are expressed in goaedium in Petri dishes (60 x 15 mm, Corning,
preantral follicles, but it is still not know if @9 USA). Control culture medium consisted af
either alone or together with FSH controls theMEM (pH 7.2 - 7.4) supplemented with 3.0
expression of FSH-R, GDF-9 and BMP -2, -4, -6, mg/mL bovine serum albumin (BSA), ITS (insulin
7 and -15. 10 pg/mL, transferrin 5.5 pg/mL and selenium 5
It is hypothesized that GDF-9 could promoteng/mL), 2 mM glutamine, 2 mM hypoxantine and
oocyte and granulosa cell development within goa®0 pg/mL of ascorbic acid under mineral oil. For
preantral follicles and that this effect could betreatments, control culture medium was
enhanced by the addition of FSH. Furthermore, theupplemented with 50 ng/mL of FSH (rF&H
presence of GDF-9 and FSH in the culturéNanocore, Brazil), 200 ng/mL of GDF-9 (Sigma,
medium can influence the expression of mMRNASt. Louis, USA) or both. The concentrations of
for GDF-9, FSH-R and BMP-2,-4,-6,-7 and -15.FSH and GDF-9 were those that promoted the
To test this hypothesis, the effects of GDF-9 anttighest growth rates inn-vitro goat preantral
FSH, alone or in combination, on thefollicles in previous studies (Matos et al. 2007,
morphological development of 6-days culturedMartins et al. 2010). Fresh media was prepared
goat secondary follicles were investigated, whileand incubated for 1h prior to use. For culture, the
the levels of mMRNA for GDF-9, FSH-R and BMP-follicles were randomly chosen and incubated for
2, -4, -6, -7 and -15 in these follicles weresix days in the incubator with 5% G@ the air at
guantified. 39°C. Every alternate day, @ of the culture
medium was replaced with fresh medium. A mean
number of 30 follicles were used per treatment.
The morphology and follicular diameter were
assessed at the beginning and end of culture with
the aid of an inverted microscope. In addition, the
ercentages of secondary follicles that reached
thtrum formatiorin vitro was determined.
To evaluate the effect of GDF-9, FSH and their
combination on expression of mMRNA of GDF-9,

MATERIALS AND METHODS

Ovaries

Ovaries (n=10) of goatg§Capra hircus) were
collected from a slaughterhouse and transported
the laboratory in minimal essential medium- (
MEM) containing antibiotics (100 pg/mL
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FSH-R and BMP -2, -4, -6, -7 and -15 in goa®4.0uL 5X reverse transcriptase buffer (Invitrogen,
follicles that were cultured for a six-day perifol, S&o Paulo, Brazil), 8 units RNAseout, 150 units
each treatment, three groups of eight follicleseverSuperscript 1ll reverse transcriptase, 0.036 U
collected at the end of the culture period, whichrandomprimers(Invitrogen, Sédo Paulo, Brazil), 10
were then stored at -80°C until extraction of totamM DTT, and 0.5 mM of each dNTP. The mixture
RNA. was incubated at 4@ for 1h, at 86C for 5 min,
and then stored at -2D. Negative controls were
Quantification of mMRNA for GDF-9, FSH-R  prepared under the same conditions, but without
and BMPs in cultured follicles the inclusion of the reverse transcriptase.
The isolation of total RNA was performed usingThe quantification of mMRNA was performed using
Trizol plus purification kit (Invitrogen, Sdo Paulo SYBR Green. The PCR reactions were composed
Brazil). According to the manufacturer's of 1.0 UL cDNA as a template in 75L of SYBR
instructions, 1.0 mL of Trizol solution was addedGreen Master Mix (PBpplied Biosystems, Foster
to _each frozen samples and the lysate Wagity, CA), 5.5 uL of ultra-pure water, and QUM
aspirated through a 20G needle Dbeforgys ‘each primer. The primers were designed to
centrifugation at 10,000 g for 3 min at rooMperform the amplification of MRNA for GDF-9,
temperature. Thereafter, all lysates were dilutegsy.r BMP -2, -4, -6, -7 and -15 and
1:1 with 70% gthgnol and subjected to a Mininoyusekeeping gendactin and ubiquitin (Table
column. After binding of the RNA to the column, 1) The thermal cycling profile for the first round
DNA digestion was performed using RNAse-freest pcR was initial denaturation and activation of
DNAse (340 Kunitz units/mL) at  room he polymerase at 98 for 15 min, followed by 40
temperature for 15 min. After washing the columrbydeS of 15 sec at 88, 30 sec at 6C, and 45
three times, the RNA was eluted with 30 plgec at 72C. The final extension was at°@2for 10
RNAse-free water. Prior to reverse transcriptiongin. All reactions were performed in a real time
the eluted RNA samples were incubated #C70 pcr Mastercycler (Eppendorf, Germany). The
for 5 min and chilled on ice. Reverse transcriptionye|ta-delta-CT method was used to transform the
was then performed in a total volume of @0,  CT values into normalized relative expression
which was comprised of 10L of sample RNA, |evels (Livak and Schmittgen 2001).

Table 1 - Primer pairs used in real-time PCR for quantifisatof GDF-9, FSH-R and BMPs in 6-days cultured
caprine preantral follicles.

Tgé%ft Primer sequence (523") Ant??snesnesg (as Position agggg%%kn(
pann  SSHCTOCGTITONCORTTS L IR cuzseases
o ESHCCCCOSACICTICOAT 5 e cisisesss
oors  ASHCKCISTICSOCTATIONS, & B cmvoms
b JSAMCCAICACCOONTISL, & BIRE o ssmones
swp7  ASSCASSEATETAOAGCS
Statistical analysis (p<0.05). The T-test was used to compare the

The nonparametric Kruskal-Wallis test was usedollicular diameter before and after culture
to compare the levels of mMRNA for GDF-9, FSH-(p<0.05). Data of follicular growth in the differten
R, BMP -2, -4, -6, -7 and -15 in cultured folliclestreatments were compared by the Student-
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Newman-Keuls test (p<0.05). The chi-square tedtSH and GDF-9 showed a significant increase in
was used to compare the percentage of follicle®llicular diameter in all the treatments when
that had formed an antrum (p<0.05). compared to day O (Table 2). A high percentage of
follicles (from 53.3 to 76.6%) had developed an
antrum cavity after the culture (Table 2). In these
RESULTS follicles, two distinct granulosa cell populations
were clearly recognizable, with the cumulus cells

o gromt o e secongy olices el surounded the oocyte  beng _ceary
’ istinguishable from the mural granulosa cells

morphological architecture of the oocyte an Fig. 1B). However, the supplementation of

neighboring granulosa cells (.F'g' 13)' Theculture medium with GDF-9, FSH or both did not
secondary follicles cultured for six days in MEMianuence either follicular growth or antrum
alone or supplemented with FSH, GDF-9 or bOtI?ormation (Table 2)

Figure 1 - Morphological characteristics of goat prantral ifdls before ) and after cultureR). A:
antrum, CC: cumulus cells, GC: granulosa cells, M@fral granulosa cells, O: oocyte.
Bars = 100 pm.

Table 2 -Follicular diameter and antrum formation before aftér 6-days culture of secondary follicles in MEM
and MEM supplemented with FSH, GDF-9 or both.

Treatments ~ DayC - Day¢€ ~ Growth Antrum formation
Diameter + SEM Diameter + SEM Diameter + SEM at Day 6 (%)
MEM 205.95 £ 8.13 296.089 + 15.06¢ 90.136 £ 9.53 53.3% (16/3C
MEM + FSH 229.082 + 7.397 352.551 + 14.013* 123.468 £9.089  3.3% (19/30)
MEM + GDF-9 221.088 +9.52 332.142 + 14.500* 111.053 £9.320 .6%65(20/30)

MEM + GDF-9 + FSH 224.319 + 10.784 336.053 + 17.418* 111.734 +10.84 76.6% (23/30)
*significant difference compared to day 0 (p<0.05).

Levels of mRNA for GDF-9, FSH-R and BMPs the differences were not considered statically
in cultured secondary follicles significant (Fig. 3). On the other hand, when
As illustrated in Figures 2 and 3, culture of goatompared to MEM, the addition of GDF-9 to this
secondary follicles in medium supplemented withmedium significantly decreased the levels of
FSH, GDF-9 or both did not influence the levels ofmnRNA for BMP-2 and BMP-15, but not those for

mRNA for GDF-9, compared to MEM alone (Fig. BMP-4, -6, and -7. However, FSH either alone or
2). Despite an increase in the levels of FSH-Rn combination with GDF-9 did not affect the

from three to four times in follicles cultured in expression of GDF-9, FSH-R and BMPs (Fig. 4 A-
medium supplemented with FSH, GDF-9 or bothE).
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a significant difference between treatments (p<0.05)
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DISCUSSION The present findings with goat follicles showed
_ _ that antrum formation was not stimulated by FSH
This study demonstrated that caprine preantrgind GDF-9 after six days of culture. The signals
follicles grew in culture, even in the absence ofor antrum formation were not well understood,
FSH and GDF-9. It is well established thathyt several studies have shown that antrum
paracrine signals from the oocyte play an essentipdrmation was an event independent of
role in the growth and development of the ovariagonadotropins (Gulyas et al. 1977; Halpin et al.
follicle. Oocyte-derived growth differentiation 1986; Hillier et al. 1994; Cain et al. 1995).
factor-9 (GDF-9) has been shown to favor th&Recently, administration in culture medium of
oocyte growth and follicular ~development FSH did not stimulate the expression of mRNA for
(Hayashi et al. 1999; Martins et al. 2010). In thissroteoglycans involved in antrum formation, i.e.,
study, goat secondary follicles exposed for 34AS-1, HAS-2, perlecan and versican, in
period of six-day to GDF-9, FSH or both developing bovine follicles (Vasconcelos et al.
compounds, had an increase in the folliculapp12). These proteoglycans and their
diameter when Compared to uncultured Secondag{ycosaminogb/can side chains are osmotic
follicles, but not when compared to follicles thatsplutes, which act to increase the osmotic pressure
had been cultured in MEM alone. Most likely, thejnside of the follicle, resulting in fluid
absence of effects of GDF-9 and/or FSH on thgccumulation (Grimek and Ax 1982; Bellin et al.
development of early-staged follicles could be dua9g3: Grimek et al. 1984; Clarke et al. 2006). In
to the presence insulin in control medium, &ccordance with the present results, Vasconcelos
hormone which was crucial in the regulationet al. (2012) also demonstrated that the preseince o
carbohydrate and fat metabolism (Van Wezel angDF-9 in culture medium of bovine preantral
Rodgers 1996). Previous studies have shown thjllicles was not accompanied by an enhancement
bovine preantral follicles could grow even in theof the number of follicles showing antrum
absence of gonadotropins when they were culturgdrmation. The formation of antrum after culture
in the presence of insulin (Gutierrez et al. 2000pf goat follicles even in the control medium could
and that insulin led to enhanced cell proliferatiorhe due to the presence of insulin, since previous
in granulosa (Jones et al. 1995) and thecal cellgudies have shown that insulin stimulated the
(Duleba et al. 1997). This hormone is alsGormation of antrum in cultured bovine preantral
commonly used in the cultured cells and tissues |licles (Itoh et al. 2002).
increase the cell viability due to its ability t0 The results of this study showed that, in cultured
remove  pro-apoptotic  molecules  andsecondary follicles, FSH, GDF-9 or both did not
phosphatldylln<_35|tol-3 kinase activation (Louhlo etchange the expression patterns of GDF-9 or FSH-
al. 2000). Insulin was used successfully by Silva er. In contrast, in rodents, the expression of GDF-9
al. (2010) to culture caprine preantral follicleswas up-regulated by FSH (Wang and Roy 2006).
with the addition of a fixed concentration of FSH,Contrary to FSH, the addition of GDF-9 decreased
which  enhanced survival, growth, andthe levels of mRNA for BMP-2 and BMP-15 in
development of follicles. Follicular growth may be cultured secondary follicles. Several studies have
regulated by substances produced within thehown the expression of BMP-15 mRNA in
follicle in response to insulin stimulation and theprimary follicles (Hogan 1996; Laitinen et al.
effects of numerous putative autocrine/paracringgog: Aaltonen et al. 1999: Jaatinen et al. 1999;
follicle mediators have been discussed (van de@alloway et al. 2000). The mRNA for BMP-15
Hurk and Zhao 2005). The presence of ascorbigas previously detected in caprine primordial,
acid in the medium aids in maintaining follicular primary and secondary follicles as well as in
viability, since it is known to promote collagen gocyte and granulosa cells of antral follicles \(Sil
synthesis, both at the level of the genome, aral aset al. 2004). BMP-2 mRNA was localized in
co-factor in the secretion and stabilization of th%ranmosa cells of rat primary' Secondary and
protein (Pinnell 1985). Therefore, it is likely to antral follicles (Juengel et al. 2006), as welliras
assume that a follicle has a high requirement fotheca cells of bovine antral follicles (Fatehi &t a
ascorbic acid for the production of sufficient Hasa2005). It is possible that GDF-9 can have down-
lamina components to maintain the expansion Qlegulated expression of mRNA for BMP-2 and
this membrane during its growth. BMP-15 either directly or indirectly, since GDF-9
is able to induce the expression of BMP
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antagonists (Pangas et al. 2004). Several higlpuleba AJ, Spaczynski RZ, Olive DL, Behrman HR.

affinity binding proteins antagonize BMP Effect of insulin and insulin-like growth factorsmo
signaling, including follistatin, noggin, proliferation of rat ovarian thecainterstitial celBiol

chordin/SOG, and members of the DAN family, Reprod 1997; 56: 891-897.

including DAN, cerberus, and gremlin (Pangas et"ckson  GF, Sh'm?sﬁk'b S. The hspatuopemporaj
al. 2004) expression pattern of the bone morphogenetic protei

family in rat ovary cell types during the estroysle.
Reprod Biol Endocrinol2003; 5 1-9.
Fatehi AN, Van Den Hurk R, Colenbrander B, Daemen
CONCLUSIONS AJ, Van Tol HT, Monteiro RM, et al. Expression of
bone morphogenetic protein 2 (BMP-2), 4 (BMP-4)
In conclusion, this study demonstrated that the and BMP receptors in the bovine ovary but absence
addition of GDF-9 to the culture medium of goat of effects of BMP-2 and BMP-4 during IVM on
secondary follicles after six days vitro reduced  bovine oocyte nuclear maturation and subsequent
the synthesis of mRNA for BMP-2 and -15, but embryo developmentTheriogenology 2005; 63:
not that of BMP-4, -6, and -7, while FSH either 872-889. o .
alone or in combination with GDF-9 did not affect” "0t IMA, Leitdo CCF, Costa JJN, Brito IR, van den

. Hurk R, Silva JRV. Stability of housekeeping genes
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