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Abstract

Background: Bone morphogenetic protein 15 (BMP15) is a growth factor derived
from oocyte and is essential for in vivo ovarian follicular growth and in this study, its
effects on the improvement of growth and development of follicles during in vitro
culture of neonatal mouse ovaries was investigated.

Methods: Two week old mice were cultured for 7 days in the basic culture media
with or without follicle stimulating hormone (FSH) and BMP15 as four experimental
groups; FSH/BMP15", FSH/BMP15", FSH/BMP15" and FSH'/BMP15". The ovar-
ian follicles at different developmental stages in paraffin embedding sections of cul-
tured and non-cultured ovaries were counted and compared. The 17-f estradiol (E2)
and progesterone (P4) levels were analyzed in collected culture media. The expres-
sion ratio of developmental genes (PCNA, BMPR-IB, BMPR-II, FSH-R, CYP17 and
ZP3) to housekeeping gene (GAPDH) was analyzed by real time PCR (RT-PCR) in
comparison with non-cultured control ovaries. The data was compared by independ-
ent t-test and one-way ANOVA (with Tukey’s Post Hoc test). The p<0.05 was con-
sidered significant.

Results: The percentage of antral follicles, ovarian size, concentration of E2 and P4
and the expression ratio of PCNA and ZP3 genes in the ovaries cultured in medium
supplemented with BMP15 and FSH increased significantly in comparison with oth-
er cultured groups (p<0.05). The BMPR-IB, BMPR-II and FSH-R mRNA level was
significantly lower (p<0.05) and CYP 17 mRNA level did not change in the FSH'/
BMP15" group than other cultured groups.

Conclusion: This study demonstrated a favorable effect of BMP15 in combination
with FSH on in vitro development of small size mouse follicles to antral stage.
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Introduction

paracrine factors plays an important role in the
regulation of follicular development. Growth
differentiation factor 9 and bone morphogenetic
protein 15 (BMP15) are two oocyte-specific pro-
teins and co-expressed by growing oocytes in ro-
dents, sheep, and humans (1-3). These proteins

Oocyte through the secretion of autocrine and

are two members of the TGF-B superfamily and
play fundamental roles in steroidogenesis of gra-
nulosa cells, oocyte maturation and ovulation, and
embryo development in different species of mam-
mals (4).

Several forms of BMP15 protein were secreted
by the oocyte (1). BMP15 controls many aspects
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of follicular development by binding to its two re-
ceptors including serine—threonine kinase type I
(BMPR-IB) and type II (BMPR-II) on the surface
of granulosa cells (5, 6). BMPR has been identi-
fied in primordial follicles of various mammalian
species (6, 7). Moreover, the expression of BMPR
is detected during in vitro culture of ovine cortical
slices (8).

BMP15 may activate different signaling path-
ways during follicular development (9). It is con-
sidered as a proliferative factor in the early stages
of follicular development and acts as mitogenic
factors that stimulate granulosa cell growth and
proliferation.

It also induces cumulus cell expansion from the
primary stage to the follicle stimulating hormone
(FSH) dependent stage by enhancing the expres-
sion of epidermal growth factor-like growth factor
(3, 9, 10). From another point of view, BMP15
could act as a maturation factor in the later stages
of follicular development even preovulatory stage
4,11, 12).

BMP15 has been shown to regulate granulosa
cell differentiation (13) and it is also involved in
the selection of dominant follicle. Otsuka et al.’s
(14) studies revealed that BMP15 stimulated pro-
liferation of undifferentiated rat granulosa cells in
an FSH-independent manner (14).

However, BMP15 is a survival factor and has
roles in the regulation of cumulus cell apoptosis
(15). Hussein et al. (16) showed the induction of
cumulus cell apoptosis could be prevented by treat-
ment with BMP15. Moreover, the BMP15 level in
follicular fluid appears to be a good potential fac-
tor in predicting oocyte quality and subsequent
embryo development (17, 18).

In spite of some investigations regarding the ef-
fect of BMP15 on in vitro development of folli-
cles (19, 20), according to our knowledge, there
was poor information about the effects of BMP15
alone or in combination with FSH on the expres-
sion of genes related to the maturation of oocytes
and follicular cells including follicle stimulating
hormone receptor (FSHR), cytochrome P450 fam-
ily 17 (CYP17), proliferating cell nuclear antigen
(PCNA), and zona pellucida glycoprotein 3 (Zp3)
genes.

Thus, the objectives of the present study were to
evaluate firstly the effects of BMP15 supplemen-
tation to the culture media of mouse ovaries alone
or in combination with FSH on the growth and
development of follicles. Secondly, to investigate
their effects on the expression of developmental

genes including PCNA, BMPR-IB, BMPR-II, FSH-
R, CYP17 and ZP3 by real-time RT-PCR.

Methods

Reagents and materials of this research were ob-
tained from Sigma-Alderich (Germany) except
mentioned otherwise.

Animals: 14 (n=35) and 21 (n=7) day old Nation-
al Medical Research Institute (NMRI) female
mice were cared according to the guide for the
care and use of laboratory animals of Tarbiat Mo-
dares University and housed under a 12 Ar light:
12 hr dark at 20-25°C with enough humidity, wa-
ter and food.

Experimental Design: The effects of BMP15 and
FSH supplementation on the in vitro follicular
development of two week old mouse ovaries were
evaluated at the morphological and mRNA levels
in comparison with non-cultured 14 and 21 day
mouse ovaries. The function of cultured ovaries
was evaluated by the level of 17-f estradiol (E2)
and progesterone (P4).

The ovaries (n=70) from 14 day female mice
(n=35) were collected in o- minimal essential me-
dium (0-MEM; Gibco, UK) and cleaned from sur-
rounding tissues. Some of these ovaries were con-
sidered for culturing in 4 experimental cultured
groups as following (n=14 ovaries in each exper-
imental group); the basic culture media without
FSH and BMP15 (FSH/BMP15"), the basic cul-
ture media with FSH and without BMP15 (FSH'/
BMP15"), the basic culture media without FSH
and with BMP15 (FSH/BMP15") and the basic
culture media with FSH and BMP15 (FSH'/
BMP15).

Some of the two (n=14) and three (n=14) week
old mouse ovaries were considered as non-cul-
tured control group for light microscopic and mo-
lecular studies.

Organ Culture: The ovaries in each group (n=56
in total in at least 7 repeats) put individually on
culture inserts (Millicell-CM, 0.4 um pore size;
Millipore Corp, Billerica, MA) in 24-well plates
with basic culture medium consisted of o- MEM
medium supplemented with 1% insulin, transfer-
rin, and selenium (ITS; Gibco, UK), 10% fetal bo-
vine serum (FBS). In FSH supplemented groups,
100 mIU/ml recombinant follicle stimulating hor-
mone (rFSH or Gonal-f; Serono, Switzerland) and
in BMP15 treated groups, 10 ng/m/ BMP15 were
added to the basic culture media. Samples were
cultured in a humidified incubator with 5% CO, at
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37°C for 7 days. The culture media were replaced
with fresh media every 2 days. At the end of cul-
ture period, some of the ovaries in each group
(n=5 in each group) were fixed in Bouin’s solu-
tion for light microscopic study and the others
(n=9 in each group) were stored at -80°C for mo-
lecular studies.

Light microscopy: The fixed ovaries from cul-
tured (n=5 in each group) and non-cultured groups
(n=5 for 14 day mice and n=5 for 21 day mice) by
Bouin’s solution were dehydrated in a graded se-
ries of ethanol and cleared with xylol and finally
embedded in paraffin wax. Tissue sections at 5 um
thickness were serially sectioned and every 5th sec-
tion of each ovary was mounted on a glass slide
and stained with hematoxylin and eosin (H&E).
The number of follicles within all stained sections
was counted under light microscope at a magnifi-
cation of x400.

The primordial follicles were defined as an oo-
cyte encapsulated by squamose pregranulosa cells,
primary follicles as those with one layer of cu-
boidal granulosa cells and preantral follicles as
those with two and more layers of cuboidal gra-
nulosa cells. To avoid calculating a follicle more
than once, only those with visible nucleus in the
oocyte were counted.

Ovarian surface area: The ovarian surface area in
all experimental groups on the beginning and end
of culture period was estimated (n=5 in each group)
using an inverted microscope and the photos of
each ovary were prepared and imported into Im-
age J software (National Institutes of Health, Be-
thesda). The surface area of each ovary was meas-
ured in units of pixels and converted to millime-
ters based on the conversion determined by meas-
uring the image of the calibrated millimeter.
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Hormonal assay: The concentration of E2 and P4
were measured in the collected media derived
from cultured ovaries on days 2 and 7 of culture
period (n=5 in each group). The media were stored
at -20°C until hormonal assay. The concentration
of hormones in medium was measured using en-
zyme-linked immunosorbent assay (ELISA) meth-
od (Diaplus, USA).

Real-time RT-PCR: Evaluation of PCNA, BMPR-
IB, BMPR-II, FSH-R, CYP17 and ZP3 mRNA in
two cultured groups including FSH/BMP15" and
FSH'/BMP15" (which has higher percentage of
growing follicles) and non-cultured ovaries as
control (14 and 21 day mouse ovaries) were done
by real-time RT-PCR (at least 3 repeats). The ova-
ries from these groups were collected and pooled
separately (3 ovaries for each replicate of experi-
ments; n=9 total ovaries in each group).

RNA isolation and reverse transcription reaction:
The RNA was extracted from the mouse ovaries
using the RNX plus (Cinna Gen Co. Iran). Then,
RNA samples were treated with DNase to elimi-
nate any genomic DNA contamination just prior
to proceeding with cDNA synthesis. The RNA
concentration was determined by spectrophoto-
metery, and the RNA samples were stored at
-80°C until use. The cDNA was synthesized in a
total volume of 20 u/ containing 5 ug total RNA
with reverse transcriptase using the cDNA kit
(Fermentas, EU). All experiments were carried
out in triplicate.

Quantitative real-time RT-PCR assays: The primers
for real-time RT-PCR were designed using Gen-
Bank (http://www.ncbi.nlm.nih.gov) and Allele
ID software (Table 1) and ordered and synthe-
sized by CinnaGen Co. (Tehran, Iran). The house-
keeping gene, GAPDH internal control. The PCR

Table 1. The characteristic of primers used for real-time RT-PCR assays

Target gene Primer pair sequence (5'-3') Accession number Fragment size (bp)
GGAAAAGAGCCTAGGGCAT
GAPDH CTGCCTGACGGCCAGG RIAEDEES e
PCNA AGGAGGCGGTAACCATAG NM-011045 6
ACTCTACAACAAGGGGCACATC
CCAGGCTGAGTCGTAGCATC
FSH-R GGCGGCAAACCTCTGAACT I EDEPEL ®
CGTCTGGGGAGAAACGGT
CYP17 CGTCAAAGACACCTGATGCCAAG NM-007809.3 82
AAAGGTCGCTATGGGGAAGT
BMPR-IB GCAGCAATGAAACCCAAAAT 002 5
GGCGACTATCAAGACACCTAAC
BMPR-II CCAGACACAACACCACACAGT NM-007561.3 102
o3 ACACGGTTAGTGCTGTGGATG NMLOL1776.1 o

GAGATGACGAAAGATGCCCTG
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reactions were carried out in a 48-well plate with
20 wl reaction volume consisting of 10 ul 2x
SYBR Green RT-PCR Master Mix (Applied Bio-
systems, UK) with forward and reverse primers
and diluted RT products. The mRNA level of
PCNA, BMPR-IB, BMPR-II, FSH-R, CYP17 and
ZP3 in ovaries was quantified using the ABI 7500
Sequence Detector (Applied Biosystems, UK) ac-
cording to the manufacturer's instructions. The
PCR protocol included an initial denaturation at
95°C for 5 min, followed by 40 cycles consisting
of denaturation at 95°C for 15 s. Annealing was
carried out at 60°C for target genes for 30 s, then
extension at 72°C for 30 s. At the end of amplifi-
cation cycles, melting temperature analysis was
carried out at 95°C for 15 s, 60°C for 1 min and
95°C for 15 s. Amplification was repeated on
cDNA for at least three independent isolates of
ovaries mRNA to insure reliability of the data.
After completing the PCR run, melt curve analy-
sis was used to confirm the amplified product. For
each sample, the reference gene and the target
genes were amplified in the same run. Then, rela-
tive quantization of target genes was determined
using the Pfaffl method.

Statistical analysis: Statistical analysis was carried
out with SPSS software. The normality and de-
velopmental rates of follicles in all groups of
study were assessed by one way ANOVA and Tu-
key's HSD was used as post hoc tests. The results
of E2 and P4 measurement were compared by
independent t-test between the groups. The data of
real-time RT-PCR between the groups were ana-
lyzed by one-way ANOVA and post-hoc Tukey's
tests. A p-value of less than 0.05 was considered
statistically significant.

Results

Follicular Morphology in Cultured Ovaries: The
morphology of cultured mouse ovaries in the pre-
sence and absence of BMP15 and FSH and their
non-cultured control groups (14 day and 21 day
mouse ovaries) using H&E staining, is shown in
figure 1. The light microscopic observations of
ovarian sections showed the normal structure of
follicles at different developmental stages.

The photomicrograph of cultured ovaries using
an inverted microscope was shown in figure 2.
The appearance of growing follicles became ap-
parent during the culture period and could be ob-
served as swellings on the surface of the cultured
ovary.

Figure 1. Photomicrographs of cultured and non-cultured
mouse ovaries sections stained with hematoxylin and eosin:
Micrographs of non-cultured; A: 14 day mouse ovary; B: 21
day mouse ovary, C: 14 day mice ovaries cultured without
FSH and BMP15 (FSH/BMP15), D: cultured with FSH and
without BMP15 (FSH/BMP15), E: cultured without FSH
and F: with BMP15 (FSH/BMP15") and cultured with FSH
and BMP15 (FSH'/BMP15")

100 4

Figure 2. Photomicrographs of mouse ovaries viewed under
the invert microscope in A: 14 day mouse ovary on the be-
ginning of culture; B, C: cultured ovaries without FSH and
BMPI15 (FSH/BMPI15), D, E: cultured with FSH and with-
out BMP15 (FSH'/BMP15), F, G: cultured without FSH and
with BMP15 (FSH/BMP15") and H, I: cultured with FSH
and BMP15 (FSH'/BMP15") on days 3 and 7, respectively

The percentage of normal follicles in cultured ova-
ries: The rates of follicles at various developmen-
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Table 2. The mean percent of normal follicles at different developmental stages in cultured and non-cultured mouse ovaries

Groups No. of Total No. Normal Follicle Atretic Follicle Primordial Follicle ~ Primary Follicle Preantral Follicle Antral Follicle
Ovaries _ of Follicles (Mean%=SE) (Mean%=SE) (Mean%=SE) (Mean%=SE) (Mean%=SE) (Mean%=SE)

Non-cultured 5 384 369 15 237 32 116 0
14 days (96+0.54) (4+0.57) (63.15+0.48) (8.11£0.51) * (30.72+0.60) 0
Non-cultured 5 308 295 12 164 41 59 45
21 days (96+0.52) (4+0.61) (53.16+0.59) (13.16+0.59) (19.31+0.78) (15.37+0.35)
Cultured- 5 206 145 61 105 35 55 . 11 .
FSH/BMP15° (71£0.53) (29+0.54) (51.14+0.52) * (17.25+£0.46)* (27.96+0.85) (5.1£0.51)"
Cultgred- 5 223 168 55 108 35 ‘ 41 38 \
FSH'/BMP15 (75+0.61) (25+0.58) (49.1940.59)* (15.1840.61)" (18.23+£1.43)* (16.36+0.34) ™
Cultured- 5 286 211 74 148 37 271 28
FSH/BMP15" (74+0.58) (26+0.61) (52.51+0.62) * (13.62+0.34)° (5.07+0.57) abed (10.1 1:t0.21)ab°d
Cultilred- N 5 258 209 49 128 36 28 o 67 e
FSH'/BMP15 (81+0.55) (19+0.59) (50.14+2.48)* (13.19+£2.07)* (11.69+1.65)™°  (27.82+0.37) ™*°

a: Significant differences with non-cultured 14 days group in the same column (p<0.05), b: Significant differences with non-cultured 21 days group in the
same column (p<0.05), c: Significant differences with cultured-FSH/BMP15" group in the same column (p<0.05), d: Significant differences with cultured-
FSH'/BMP15" group in the same column (p<0.05), e: Significant differences with cultured-FSH/BMP15" group in the same column (p<0.05)

tal stages in cultured and non-cultured mouse con-

trol ovaries are presented in table 2. Ovaries de- 4300007 mowl b
rived from 14 day old mice at the beginning of the & 400000 1 a ay -
culture contained mostly primordial follicles é 150000 4
(63.15+0.48%), with a small proportion of prima- S 3000004 .
ry (8.11£0.51%) and preantral follicles (30.7+ = b
0.60) and no antral follicles. After 7 days of in g 250000 =
vitro organ culture, the rate of primordial follicles E 200000 1
g
=

in all cultured groups decreased between 49.19 to 150000 4
52.51% and there was no significant difference
between cultured groups in this regard. 1000009
The percentage of primary follicles in all cul- 500001
tured groups was 13.19 to 17.25% and there was 04 , , , ,

not any significant difference in the rate of prima- FSHIBMPLS FSH/BMPIS™ FSH/BMPIS FSH/BMP1S
ry follicles in all cultured groups.

The proportion of preantral follicles was 11.69 to
27.96% in all cultured groups and these rates were
significantly different in comparison with non-
cultured 14 day mouse ovaries (p<0.05). Treat-
ment with BMP15 was associated with signifi-
cantly more developing follicles than non-cultured
and cultured without BMP15 (p<0.05).

The percentage of antral follicles was signifi-

Groups

Figure 3. The mean surface area (um?) of mouse ovaries on
the beginning day 0 and day 7 of culture period. a: significant
differences with FSH/BMP15™ group; b: significant differ-
ences with FSH'/BMP15™ group, c: significant differences
with FSH/BMP15+ group (p<0.05). The surface area of cul-
tured ovaries in all groups significantly increased on day 7
than the beginning of culture (p<0.05)

Table 3. The level of 17 B estradiol (pg/m!/) in collected media during

cantly higher (27.824+0.37%) in cultured-FSH'/
BMI15" group than other cultured groups and non-
cultured 21 day control group (p<0.05).

Surface area of cultured ovaries: The area of cul-
tured ovaries in all groups of study increased dur-
ing the culturing period and their data are summa-
rized in figure 3. At the end of the culture period,
the mean surface area of ovaries in FSH'/BMP15"

culture period

Groups Day 2 of culture  Day 7 of culture
P (Mean=SE) (Mean=SE)
Cultured-FSH'BMP15’ 2327+11.59 5424.66+29.56

Cultured-FSH'BMP15
Cultured-FSHBMP15*
Cultured-FSH'BMP15*

2323.66+16.37
2344.33+10.68
2318+9.45

12616+71.01°
6544.34+£27.11%
16542469312

a: Significant differences with cultured-FSH'BMP15™ group in the same col-
umn (p<0.05), b: Significant differences with cultured-FSH'BMP15™ group in
the same column (p<0.05), c: Significant differences with cultured-FSH7/
BMP15" group in the same column (p<0.05)

groups was significantly higher (401965.6+413.53
um?®) than other groups and it was significantly
lower in FSH/BMP15 groups (190221.39+£57.46
um’; p<0.05).

Hormonal assay: The levels of E2 and P4 on days
2 and 7 of culturing period in all groups of study

were presented and compared in tables 3 and 4,
respectively. The levels of E2 and P4 in culture

J Reprod Infertil, Vol 17, No 4, Oct-Dec 2016 - 203



JRI Ovarian Organ Culture with BMP15 and FSH

>

0.71 FSH-R
0.61 a .

0.54

0.44

0.34

0.24

i
04 T

The ratio expression of
FSH-R to GAPDH

@}

0.357 CYP17
0.31

a
0.251 a 2
0.21
0.157
0.17
0.051
0- :

CYP17 to GAPDH

The ratio expression of

a
b
l

21 day FSH /BMP15 l-\]l /BMP15

14 day 21 day

=1

0.008 BMPR-IB

0.0074
0.006+
0.0054
0.004+
0.0034
0.002
0.0014

Lk l4d1\ "

The ratio expression of
BMPR-IB to GAPDH

21 day FSH'/BMPI15 FSHY/BMP15

FSH/BMP15 FSH'/BMP15°

Al

B b
0.7 2 c
= ZP3 <
£z 0
2 (.5
%,_ 0.5
?5 0.4
22 03
= E 2 a
-
=N 0.2
o=
04
14 day 21 day FSHY/BMPI15 FSH/BMP15
D
2.57 PCNA
s
== 24
=)
8%
1.5
20
)
S« I
=2
Ly
25 0.5
==
04 T
14 day 21 day FSH/BMPIS- FSH/BMPIS
F
0.006- BMPR-11
s
:E 0.0051
Sa
Z< l
qiu 0.004
=
£ 0.0031
o
=1-4
£& 0.002
2z
== 0.0011
0.
14 day 21 day 'FSH /BMP15 FSH/BMPIS

Figure 4. The expression ratio of FSHR, ZP3, CYP17, PCNA, BMPR-IB and BMPR-II to GAPDH in cultured mouse ovaries in the
presence and absence of BMP15 and non-cultured groups, respectively; A-F: (a) significant difference with 14 day mouse ovary
(p<0.05), (b) significant difference with 1 day mouse ovary (p<0.05) and (c) significant difference with FSH'/BMP" group (p<0.05)

Table 4. The level of progesterone (ng/m/) in collected media during

culture period
Groups Day 2 of culture Day 7 of culture
(Mean+SE) (Mean+SE)
Cultured-FSH/BMP15 118+2.08 211.66+4.97
Cultured-FSH'/BMP15 110.33+£3.92 473£12.66"
Cultured-FSH/BMP15* 118+3.46 325.33+8.84
Cultured-FSH'/BMP15" 109.66+3.84 698.66+12.90°°

a: Significant differences with cultured-FSH/BMP15" group in the same
column (p<0.05), b: Significant differences with cultured-FSH'/BMP15°
group in the same column (p<0.05), c: Significant differences with cultured-
FSH/BMP15" group in the same column (p<0.05)

media of all groups significantly increased on day
7 in comparison to day 2. These levels were sig-

204

nificantly higher in FSH/BMP15" group and they
were significantly lower in FSH/BMP15 group
than other groups (p<0.05).

Real time RT-PCR analysis: The relative expres-
sion of PCNA, BMPR-IB, BMPR-II, FSH-R, CYP17
and ZP3 genes compared with the house-keeping
gene (GAPDH) in all groups is shown in figure 3.
According to real-time RT-PCR results, greater
levels of mRNA for PCNA and ZP3 were seen in
FSH'/BMP15" group than BMP15/FSH" or non-
cultured control groups (p<0.05). The BMPR-IB,
BMPR-II and FSH-R mRNA level was signifi-
cantly lower in the FSH'/BMP15" group in com-
parison with controls (p<0.05). As the results dem-
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onstrated, the relative expression of CYP 17 did
not change significantly in all experimental groups.

Discussion

The results of the present study showed that the
supplementation of ovarian organ culture with
BMP15 and FSH yields the higher percentages of
follicular development to antral stage; moreover,
it could cause an increase in size and function of
ovaries by production of high levels of E2 and P4.
From another point of view, in the group without
any of these factors (FSH and BMP15) or the
groups without FSH, the percentage of antral fol-
licles and the mean surface area of ovaries were
low. These results revealed the proliferative and
maturation effects of BMP15 on the granulosa
cells which lead to growth of follicles and an in-
crease in size of ovaries. This conclusion is in
agreement with others which demonstrated that,
this factor stimulated the growth of primordial and
primary follicles in humans and goat (11-13).
Kedem et al. (13) also showed BMP15 promoted
activation of human primordial follicles in a dose-
dependent manner. It was shown that supplemen-
tation of culture media with BMP-15 maintained
the ultrastructural integrity of isolated caprine pre-
antral follicles and promoted the growth of pre-
antral follicles cultured for seven and 18 days (13,
20, 21). However, in vivo condition showed that
the higher GDF9 levels in the follicular fluid were
significantly correlated with oocyte nuclear matu-
ration and embryo quality (18).

Real-time RT-PCR was used to analyze the ex-
pression levels of some genes related to follicular
development and our results showed that treat-
ment with BMP15 and FSH up-regulated the ex-
pression of ZP3 and PCNA genes. Increased ex-
pression of ZP3 gene in ovaries cultured with
BMP15 may be connected with oocyte quality.
Zona pellucid is a glycoprotein which surrounds
the mammalian oocyte and plays an important
role in the fertilization and binding of sperm. The
ZP of mouse is composed of three (ZP1-3) glyco-
proteins and in mice, ZP3 acts as the primary
sperm receptor (22, 23).

In the present study, treatment with BMP15 led
to increased expression of PCNA and this en-
hancement is due to proliferative effect of BMP15
on granulosa cells. Proliferating cell nuclear anti-
gen protein (PCNA) is a 36 KDa protein and its
expression has been reported in fetal and adult
ovaries in several mammals (24, 25). Different ex-
pression of PCNA was reported with the devel-

Salehnia M, et al. J RI

opment of fetal and newborn rat and mouse ova-
ries (26). Oktay et al. reported that in rat ovaries,
the expression of PCNA was not detected in gra-
nulosa cells or oocytes in primordial follicles, but
increased with the initiation of follicle growth
(27). The result of Tomanek and Chronowska’s
study demonstrated that follicular growth and de-
velopment in pig ovary may be effectively moni-
tored by determining the granulosa cell expression
of PCNA (28).

However, the present study showed that treat-
ment with BMP15 had no effect on CYP17 gene
expression. Cytochrome P450c17a that is encoded
by the CYP17 gene is an enzyme that produces
androgen precursors which convert to estrogens
during ovarian steroidogenesis (28, 29). The P450
s enzyme (CYP11Al) is present in the internal
membrane of the mitochondria converting choles-
terol into pregnenolone, mainly in the theca inter-
na cells (30).

Other parts of our molecular results showed
BMP15 and FSH supplementation down-regulated
the expression of BMPR-IB, BMPR-II and FSH-R
in cultured mouse ovaries. The FSH is a glycopro-
tein and secreted from the pituitary gland and
binds to a specific FSH receptor on the somatic
cells of the ovary and it is essential for follicular
growth (31). FSHR is a G protein-coupled, seven-
transmembrane receptor linked to the adenylate
cyclase or other pathways (31). The inhibitory ef-
fect of BMP15 on the expression of FSHR was
shown before by Otsuka et al. (14). Their observa-
tions revealed that BMP15 can also inhibit FSH
actions by suppressing rat granulosa cell FSHR
expression (14). BMPR-IB and type Il are detect-
ed on the surface of granulosa cells (33) and are
more expressed in the largest follicles and were
up-regulated in advanced atretic follicles (33). It
was suggested that BMP15 could prevent the fol-
licular regression and enhance follicular develop-
ment by down-regulation of BMPR gene. In agree-
ment with this suggestion, Bo Zhaia et al.’s (15)
results suggest that BMP15 regulates several genes
which are involved in the regulation of the gene
balance in cumulus cell survival and apoptosis
(15).

Our results also showed the beneficial effects of
BMP15 on follicular development at the morpho-
logical and molecular levels are more prominent
in the presence of FSH. In this regard, Guéripel et
al. (10) showed that BMP15 levels increase dur-
ing gonadotropin-induced follicular development,
in parallel with oocyte maturation. However, ac-
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cording to our observation, it seems that FSH was
needed for improvement of in vitro follicular mat-
uration and development. More studies are needed
to reveal the involved mechanisms that regulate
these effects.

In parallel with other assessments in this study,
steroid hormones (E2 and P4) were used as a
marker of granulosa and theca cell function and
data showed the steroidogenic pathways were pre-
sent and increased during the in vitro culture of
ovarian tissue in the presence of BMP15 and FSH.
Therefore, BMP15 coordinates with FSH to pro-
mote the development of cumulus cells and main-
tain their competence to undergo expansion and
steroidogenesis (30). Similarly, Marcondes et al.
(29) demonstrated that estrogen induced an in-
crease in the ovarian theca-interstitial area, the
secondary follicle population and expression of
some developmental gene.

Conclusion
This study demonstrated a favorable effect of
BMP15 in combination with FSH on the in vitro
development of small size mouse follicles to
antral stage.
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