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Summary

Objective: To investigate the influence of apelin on proliferation and apoptosis in rat ovarian granulosa cells (GCs) in vitro. Materi-
als and Methods: Primary culture of SD rat ovarian GCs was cultured with different concentrations of apelin 10-* mol/L, and APJ ex-
pression in GCs was inhibited by small RNA interfering (siRNA). Signaling inhibitor LY294002 of PI3K/Akt, HIMO intervention,
MTT assay and flow cytometry were combined to observe the cell proliferation and apoptosis; Western blot was used to detect signal-
ing protein expression related with cell apoptosis. Results: Compared with the control group, the differences on cell proliferation rate
detected by MTT assay in APJ-siRNA group, L'Y294002 group, and HIMO group had statistical significance (p < 0.05). Protein ex-
pressions of Bad, Bax, and Foxo3a in GCs in APJ-siRNA group, LY294002 group, and HIMO group were apparently upregulated (p <
0.05), and the protein expression of Bcl-2 in APJ-siRNA group, LY294002 group, and HIMO group was obviously downregulated (p
<0.05). Conclusion: Apelin can promote proliferation of GCs and inhibit apoptosis via PI3/Akt signaling pathway.
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Introduction

Polycystic ovary syndrome (PCOS) is a common re-
productive endocrine disease, with the clinical features of
follicle atresia and chronic anovulatory. Although, there
are numerous small follicles in bilateral ovaries of PCOS
patients, they cannot produce mature follicles periodi-
cally, and the mechanism might be correlated with selec-
tion and development of follicles and imbalance of follicle
atresia. Apoptosis of granulosa cells (GCs) has an impor-
tant mechanism for follicles atresia, and extracellular sig-
nal, like hormone, growth factor, and cytokine, could
result in cell proliferation or apoptosis. Previous research
showed that the apelin levels in serum of PCOS patients
increased, and might play a part in the pathogenesis of
POCS [1-2]. Does the high-level apelin of PCOS patients
affect the development of granulose cells? After the small
interfering RNA (siRNA) is proposed to inhibit the ex-
pression of APJ, signaling inhibitor LY294002 and HIMO
intervention were used in cultured granulose cells of
apelin to observe the proliferation, Akt-mediated phos-
phorylation and protein expression of Bax, Bad, Foxo3a,
and Bcl-2 in downstream of PI-3K signaling pathway, and
to explore the specific mechanism of apelin to GCs in cel-
lular and molecular level.
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Materials and Methods

Materials

The sequence of APJ-siRNA was as follows: sense strand (5°-3°):
5’-GAGAACCGAUGCAUGAGAAJTAT-3’, antisense strand (3’-
5%): 3°-dTdTCUCUUGGCUACGUACUCUU-5".

Experimental methods

The rat was fed adaptively for two days. Twenty-four hours after
subcutaneous injection of pregnant mare serum gonadotropin
(PMSQ), the rat was killed by cervical dislocation, then the ovaries
were removed, and the follicles were punctured by one-ml hollow-
jet needle head in serum-free DMED/F12 medium to collect GCs,
and they were prepared by blowing gently with Buckytube and
passing through 200 mesh stainless steel cell sieve. After eight
minutes of centrifuge with the velocity of 1,000 r/minute, the cells
were collected by dropping supernatant. DMEM/F12 medium was
added into the clusters of GCs in the bottom of centrifuge tube.
After microscopic counting, the cells were inoculated into 25-ml
culture flask according to 3.0x10%/ml, and after cell adherence ap-
peared when the cells were pre-cultured in incubator with
DMEM/F12 medium (containing 15% fetal calf serum), the
hatched temperature of 37°C and 5% CO, for 24 hours, the cells
were continuously cultured by replacing culture solution. When
the cell fusion reached to 80%, 0.1 pancreatin was used for cell
dissociation for ten minutes, and the cells were collected by drop-
ping supernatant after eight minutes of centrifuge with the veloc-
ity of 1,000 r/minute for passage. After making the slides of cells,
HE staining and FSHR immunocytochemical staining were
adopted for cell identification, and the operation methods were as
the previous literature described [2].
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To assess the influence of apelin on proliferation and apoptosis of
GCs and Akt protein expression, the GCs were inoculated into 96-
well plates according to 2x10%hole; when the cell fusion reached to
50%, they were divided into two groups after culturing in serum-
free culture for 24 hours: the control group was added with same
volume of serum-free culture and the experiment group was added
with same volume of apelin 10 mol/L; the culture solution was re-
moved in both groups at 12, 24, and 48 hours of continuous cul-
ture, and 20 pL. MTT solution was added in each hole; after another
48 hours of incubation, MTT solution was removed, and 200 pl di-
methyl sulfoxide solution was added in each hole, oscillation for
ten minutes, then optical density (OD) was determined at 490 nm
of wavelength in ELISA to detect the cell proliferation; the cells
were extended to culture dish with six-well plates, when the cells in-
fusion reached to 80%, after serum-free culture for 24 hours, the
control group was added with same volume of DMEM/F12
medium. While the experiment group, after culturing with apelin
10 mol/L for 12, 24, and 48 hours, 0.25% trypsin without EDTA
was digested to suspension cells for five minutes of centrifuge with
the velocity of 2.000 r/minutes and two times of cell rinsing with
PBS, then resuspended, five ul Annexin V-FITC and 5 pl propid-
ium iodide were added by well mixing, avoiding light reaction, and
the apoptosis rate (each group set up five parallel holes) was de-
tected within one hour by Annexin/PI. After the total cellular pro-
tein in both groups was extracted, the Western blot was adopted to
determine the protein expression of Akt and p-Akt, and the opera-
tion methods were as the previous literature described [2].

Preparation of cell groups transfected by APJ-siRNA transfec-
tion reagent was diluted with serum-free DMEM/F12 medium,
APJ-siRNA was diluted with RNase-free H,O, and the above two
reagents were mixed into 100 mol/L si-RNA-Lipo2000 for use.
The cultured cells were inoculated into 96-well and six-well plates
and cultured with DMEM/F12 (15% serum), and four groups were
set up for transfection: (1) control group (DMEM/F12), (2) neg-
ative control group, (3) siGFP group, (4) APJ-siRNA group, and
each group set up six parallel holes. An inverted fluorescence mi-
croscope was used to observe the transfection rate. The cell pro-
tein was extracted from six-well palates after 48 hours, and the
APJ-siRNA could silence the APJ protein expression in GC suc-
cessfully 48 h after transfection (Figure 1).

Influence of apelin on protein expression related to proliferation
and apoptosis of GC treated with transfection and inhibitor the
cells were inoculated into cell culture plate with 96-well and six-
well plates, and divided into control group, APJ-siRNA group, in-
hibitor LY294002 group, and inhibitor HIMO group. When the
cell infusion reached 40%, the control group was added with same
volume of serum-free DMEM/F12 medium; the APJ-siRNA
group was added with same volume of siRNA-Lipo2000 (100

APJ 42KD

B -actin 42KD

Figure 1.— APJ protein expression in GC 48 hour transfection with
siRNA by Western blot. 1: the control group (DMEM/F12); 2: the
negative control group; 3: the siGFP group; 4: the APJ-siRNA group.

nmol/L APJ-siRNA) mixed with serum-free DMEM/F12
medium; the inhibitor LY294002 group was added with
LY294002 (ten umol/L) dissolved by serum-free DMEM/F12
medium; the inhibitor HIMO group was added with same volume
of HIMO (ten umol/L) dissolved by serum-free DMEM/F12
medium. After treatment, the cells were cultured continuously for
three hours in cell incubator, and then the four groups were all
added with same volume of apelin 10 mol/L for culture. MTT
assay was conducted 48 hours later. The cell proteins were ex-
tracted from six-well plates, and the protein levels of Akt, p-Akt,
Bad, Foxo3a, Bcl-2, and Bax were detected by Western blot.

Statistical analysis

The results were analyzed by SPSS13.0 software; all variables
are presented as mean+SD; one-way analysis of variance was
adopted in multi-group comparison; ¢-test was applied in the in-
tergroup comparison.

Results

Identification of primary GCs in rat ovary HE staining
showed that adherent cells were morphologically integral, with
distinct edge, irregular polygons, oval nuclei, blue color, and
reddish cytoplasm. FSHR was expressed in ovarian GC
specifically and FSHR immunocytochemical staining showed

Figure 2. — Identification of primary
GCs in rat ovary. A: observation of HE
staining (%200); B: observation of im-
munocytochemical staining (S-Px400).
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Figure 3. — Influence of apelin on Akt activation in GCs at dif-
ference times by Western blot.

411

p-Akt
56KD

Akt
S6KD

1 2 3 4
42KD
Figure 4. — Influence of apelin on Akt activation with signal in-

hibitor and siRNA by Western blot. 1: the control group; 2: APJ-
siRNA group; 3: inhibitor LY294002 group; 4: inhibitor HIMO

group.
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that cytoplasm was medium brown with the positive rate of
FSHR >90%, meeting the needs of the experiment (Figure 2).

Influence of apelin on proliferation of ovarian GCs by MTT
assay Apelin 10® mol/L promoted the proliferation of GCs,
with the proliferation rate was more than twice as high as the
control group. OD values at 12, 24, and 48 hours in the ex-
periment group were 0.30 + 0.03, 0.58 + 0.06, and 0.64 +
0.02, respectively, compared with the control group at the
same time (0.13 £0.02, 0.33 + 0.07, and 0.35 £ 0.02 respec-
tively), the difference was statistically significant (p < 0.05).

Influence of apelin on ovarian GCs by Annexin/PI de-
tection Apelin 10 mol/L inhibited the apoptosis of GCs,
the apoptosis rate of GCs at 12, 24, and 48 hours was 8.15
+0.43%, 7.16 £ 0.86%, and 6.07 = 0.33%, respectively, in
the experiment group, and 8.85 £ 0.57%, 10.24 £ 0.25%,
and 15.43 + 0.85%, respectively, in the control group. The
difference between the two groups at the same time had sta-
tistical significance (p < 0.05).

0.05 vs. the control group.

Influence of apelin on Akt phosphorylation of PI-3K/Akt
signaling pathway in GCs Apelin 10-* mol/L began to acti-
vate the signaling protein at five minutes on GCs, phos-
phorylated Akt expression reached peak at 15 minutes,
which showing the activation of PI3K/Akt signaling path-
way; after treatment of APJ-siRNA, inhibitor LY294002,
and HIMO, phosphorylated Akt protein did not express in
the experiment group, while the control group it had posi-
tive expression, which showing that apelin promoted the
phosphorylation of PI3K/Akt, but it was cancelled by PI3K
inhibitor LY294002 and Akt inhibitor HIMO and APJ-
siRNA (Figures 3, 4).

Analysis of cell proliferation after intervention included
five visions of inverted fluorescence microscope to observe
GSs transfected by fluorescence labeled siRNA at 12, 24,
and 48 hours; no morphological abnormality was observed
in all groups, the green fluorescence could be observed in
the cells with successful transfection and the transfection
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rate reached the peak of 80% at 48 hours. The OD values in
the APJ-siRNA group, the inhibitor LY294002 group, and
the inhibitor HIMO group were 0.34 + 0.03, 0.36 + 0.01,
and 0.38 + 0.04, respectively, which compared with the con-
trol group 0.61 + 0.03, the differences had statistical signif-
icance (p < 0.05), suggesting APJ-siRNA, inhibitor
LY294002, and inhibitor HIMO all could inhibit the effect
of apelin on promotion of cell proliferation, especially the
APJ-siRNA had the most obvious effect, but there was no
statistically significant difference (p > 0.05) compared with
the other two groups.

Analysis of protein expression after intervention com-
pared with the control group showed that the differences
on relative expression quantity of Bad protein, Bax protein,
Foxo3a protein, and Bcl-2 protein in the APJ-siRNA group,
the inhibitor LY294002 group, and the inhibitor HIMO
group all had statistical significance (p < 0.05) (Figure 5).

Discussion

Apelin is a new peptide that was isolated from bovine
stomach in 1998 by Tatemoto, and its gene is located on
the human X chromosome. APJ, as apelin receptor, is
lonely G-protein coupled receptor, consisting of 377 amino
acid residues and seven spiral transmembrane proteins, and
it belongs to the proteins associated with angiotensin type
1 receptor; moreover apelin/APJ system is widely distrib-
uted in the central nervous system and peripheral tissues
[3]. Apelin is not only a vasoactive polypeptide, but also an
adipose- derived hormone and neurotransmitter, involved
in the progress of many diseases, like hypertension, ather-
osclerosis, cardiovascular diseases, diabetes mellitus, obe-
sity, and so on [3-5]. The study shows that apelin promotes
the proliferation of osteoblasts and vascular smooth mus-
cle cells,and inhibits cell apoptosis and retina angiogene-
sis [6-8]. Previous study found that apelin/APJ system was
expressed in ovarian GCs and theca-interstitial cells of
PCOS rats abnormally [2]. Abnormal proliferation and
apoptosis of GCs in follicles might generate numerous fol-
licles into recruitment, and many antral follicles develop
into PCOS, which is the pathological basis for develop-
ment of multiple follicles [9]. The study further reports that
apelin 10®* mol/L can promote the anti-apoptotic effect of
ovarian GCs in vitro of rats, and its proliferative effect and
pro-apoptotic effect are time-dependent. The proliferative
effect of apelin on brain microvascular endothelial cells of
rats is enhanced with increasing concentration, while the
proliferative effect of cells has no further increase when
the concentration is more than ten ng/ml, considering ten
ng/ml as the acceptable highest physiological concentra-
tion of cells [10], therefore, the proliferative effect and
anti-apoptosis effect of apelin 10 mol/L can be taken as
follow-up study.

Apelin promotes the proliferation of rat GCs in vitro with
unclear mechanism. Recent discovery showed that apelin

could induce the phosphorylation of signaling protein
PI3K/Akt in vascular smooth muscle cells, promote prolif-
eration, and PI-3K signaling inhibitor LY294002 and Akt
signaling inhibitor 1701-1 could inhibit the proliferative ef-
fect of apelin significantly; hence the study concluded that
the proliferative effect of apelin on vascular smooth mus-
cle cells might be related with PI3K/Akt signaling pathway
[7]. Another study indicated that apelin promoted prolifer-
ation of osteoblasts and inhibited cell apoptosis via
PI3K/Akt signaling pathway, and the signaling inhibitor
LY?294002 and HIMO could inhibit the proliferative effect
of apelin on osteoblasts [6].

PI-3K is a important member in super-family signal
transduction pathway of growth factor, insulin, and in-
sulin-like growth factors: both could change conformation
of PI3K, generate kinase with the effect of second mes-
senger in cytomembrane, and make protein signaling phos-
phorylated AKT (p-Akt) in downstream. a-Akt promotes
cell proliferation and differentiation by inhibiting release
of mitochondrial protein, regulating cell circle and so on.
It was found that p-Akt could be detected five minutes
after apelin was inoculated into cells, and reached to peak
at 15 minutes. Further study showed that the proliferative
effect of apelin was inhibited by APJ-siRNA, LY294002,
and HIMO, as well as the phosphorylation of Akt was can-
celed. The above suggests after combining with receptor
APJ, apelin promotes the proliferation of GCs via
PI3K/Akt, and its proliferative effect can be inhibited by
APJ-siRNA, LY294002, and HIMO.

Anti-apoptotic protein/ pro-apoptotic protein ratio deter-
mines the cell proliferation and apoptosis directly [11, 12].
A study suggested that Foxo3a was closely related to the
early development and atresia of follicle [13]. It was found
that the expressions of transcriptional regulatory factor
Foxo3a released by GCs were higher in APJ-siRAN group,
inhibitor LY294002 group, and HIMO group, which com-
pared with the control group, the differences had statistical
significance. Foxo3a is a number of the forkhead family
transcription factors. Phosphorylated AKT can phosphory-
late Foxo3a directly and be transferred to cytoplasm from
cell nucleus with loss of transcriptional activity after com-
bining with 14-3-3 protein, Foxo3a in cell nucleus can in-
hibit cell cycle protein to induce cell cycle arrest at GO/G1
period, and overexpression can also induce cell apoptosis
[14, 15]. Pro-apoptotic effect of Bad in cells is mainly com-
bined with Bacl-2 and Bacl-xL to form heterodimer; when
activated, Akt phosphorylates the Ser136 in Bad, it gener-
ates the combination of 14-3-3 protein and Bad, inhibits
Bad, and induces cell apoptosis [16, 17]. The study found
that Bad protein expression in GCs in the experiment group
was obviously higher than that in the control group, demon-
strating APJ-siRNA 002, inhibitor LY294002, and HIMO
all inhibit anti-apoptotic effect of apelin in GCs. In the
process of programmed cell death, Bcl-2, as anti-apoptotic
gene, and Bax, as pro-apoptotic genes play important role;
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the former can inhibit various induction factors of cell
apoptosis including free oxygen radicals, P53. and so on,
while the latter can induce cell apoptosis mediated by in-
terleukin-3. The study found that Bax protein was highly
expressed in the experiment group, while the Bcl-2 was ex-
pressed significantly higher in the experiment group than
that in the control group (p < 0.05), suggesting apelin can
inhibit apoptosis in GCs in vitro, but APJ-siRNA, inhibitor
LY294002 and HIMO all can cancel the anti-apoptotic ef-
fect of apelin on GCs.

Based on the above results, it is speculated that combined
with APJ, high-expression of apelin in PCOS rats might
promote the proliferation of GCs in follicles and inhibit
apoptosis via PI3/Akt signaling pathway, and the apoptosis
of GCs in small antral follicles is inhibited and follicles
atresia cannot occur in time to create polycystic ovaries.
Nevertheless, PCOS is an enigmatic reproductive endocrine
disease. What is the influence of apelin on endocrine func-
tion of GCs? Is PI3K pathway is the only access for apelin
to promote the proliferation of GCs? In-depth exploration
has not yet been studied in the present study, therefore the
apelin/APJ system and PCOS disease are worthy of further
investigation.
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