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Background: Increasing evidence indicates that long noncoding RNAs (LncRNAs) play a key role in multiple pathological pro-
cesses. It has been shown that LncRNA steroid receptor RNA activator (SRA) is elevated in peripheral blood
of patients with polycystic ovary syndrome (PCOS). The aim of this study was to assess the effect of elevated
LncRNA SRA on ovarian granular cells of mice in vitro.

Material/Methods: We firstly isolated granular cells from mouse ovaries and over-expressed the LncRNA SRA by means of lenti-
viral transfection in this cell line. Then, we assessed the effects of LncRNA SRA on granular cells through real-
time PCR, CCK-8 assay, flow cytometry, Hoechst staining, and Western blot assay.

Results: We demonstrated that elevated LncRNA SRA stimulated cell growth, changed distribution of cell cycle phases
with increase of Cyclin B, Cyclin E, and Cyclin D1, and inhibited cell apoptosis with up-regulation of bcl2 and
down-regulation of bax, cleaved-caspase 3, and cleaved-PARP. Moreover, the contents of estradiol (E2) and
progesterone (PG) and expressions of their key enzymes (CYP19A1 and CYP11A1) were up-regulated following
over-expression of LncRNA SRA.

Conclusions: Taken together, our results indicate that abnormal LncRNA SRA may be a risk factor for evoking PCOS.
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Background

Polycystic ovarian syndrome (PCOS), one of most common
endocrine disorders among women of childbearing age, has
various clinical symptoms, including abnormal menstruation,
infertility, hyperandrogenism with subsequent hirsutism, insu-
lin resistance (IR), acne, weight gain, and cystic ovaries [1,2].
PCOS is thought to be a result of an interaction between ge-
netic factors and environmental factors [3]. Although the eti-
ology of PCOS is very complex and not yet fully understood, it
has been reported that hormonal abnormalities and ovarian
dysfunction play important role in PCOS development [4,5]. It
could be valuable to explore new targets that may mediate
growth and hormone secretion of ovarian cells.

Long noncoding RNAs (LncRNAs) are widely defined as RNA
molecules greater than 200 nt in length, and participate in a
variety of pathological processes, including cancers [6,7], au-
tism spectrum disorders [8], inflammatory responses [9], car-
diovascular disease [10], and neurodegenerative diseases [11].
LncRNA steroid receptor RNA activator (SRA) was originally iden-
tified as an LncRNA that coordinates the functions of various
transcription factors and enhances steroid nuclear receptor-
dependent gene expression, such as estrogen receptor alpha
(ERay) and androgen receptor (AR) [12,13]. A previous study has
shown that LncRNA SRA is elevated in peripheral blood leu-
kocytes of patients with PCOS, suggesting the association of
LncRNA SRA with PCOS [14]. Nevertheless, the role of LncRNA
SRA in occurrence of PCOS is not clear and needs further study.

In the present study, to explore whether LncRNA SRA plays a
role in the development of PCOS, we firstly over-expressed the
LncRNA SRA in granular cells derived from mouse ovaries and
assessed its effects on cell proliferation, apoptosis, and estradi-
ol (E2) and progesterone (PG) secretions. Our findings demon-
strate a new function of LncRNA SRA in ovarian granular cells.

Material and Methods

Animal

Female KM mice, 21 days old, were purchased from the Animal
Experimental Center of Xi’an Jiaotong University and raised with
a 12-hour light: 12-hour dark cycle and in a temperature-con-
trolled environment (22+1°C), and food and water were avail-
able ad libitum. The study was approved by the Animal Care
and Usage committee of Xi’an Jiaotong University and was in
accordance with the National Institutes of Health guidelines
regulating the care and use of animals.
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Isolation and culture of ovarian granular cells

The mice were anesthetized by intraperitoneal injection with
3% pentobarbital sodium (100 mg/kg). Then, the ovaries, sep-
arated from the mouse under sterile conditions, was washed
twice with PBS and cut into pieces. Fifteen ml of type | colla-
genase (0.1%) (Biosharp, USA) was used to digest the sam-
ple at 37°C for 5 min. Thereafter, cells were selected through
a 100-mesh sieve. The residual tissue was digested and se-
lected repeatedly until the tissue was completely digested.
Afterwards, discard of supernatant, addition of RPMI-1640
medium (Gibco, Grand Island, NY, USA) with 10% fetal bovine
serum (Hyclone, Logan, UT, USA). The cells were cultured in an
incubator at 37°C with atmosphere of 5% CO,.

Cell transfection

To over-express the LncRNA SRA, the full-length sequence
of LncRNA SRA was subcloned into the lentiviral vector LV5
(GenePharma, Shanghai, China) and an empty vector as a con-
trol. The harvested viruses were employed to infect ovarian
granular cells for over-expression of LncRNA SRA. The infec-
tion efficiency was confirmed by real-time PCR.

Immunofluorescence

The cells were cultured on a glass slide and immobilized using
4% paraformaldehyde for 15 min. The fixed cells were perme-
abilized with 0.1% Triton X-100 for 30 min. Then, goat serum
was used to block nonspecific binding sites for 15 min. The
cells were incubated with primary antibody against follicle-
stimulating hormone receptor (FSHR) (22665-1-AP, Proteintech,
Wuhan, China) at 4°C overnight. Afterwards, Cy3-labeled goat
anti-rabbit 1gG (A0516, Beyotime, Shanghai, China) was used
to probe the primary antibody for 1 h at room temperature.
Thereafter, cell nuclei were counterstained with DAPI. The slides
were incubated with quenching agent and were imaged with
a fluorescence microscope (BX-53; Olympus, Tokyo, Japan).

Real-time PCR

Total RNAs were extracted with the high purity total RNA extrac-
tion kit (BioTeke, Beijing, China) according to the manufacturer’s
instructions and reverse-transcribed into cDNAs with the super
M-MLV reverse transcriptase (BioTeke). Then, real-time quanti-
tative PCR was conducted to analyze SRA, CYP11A1, CYP19A1,
and B-actin expression levels. The primer sequences were syn-
thesized as follows: SRA forward, CAAACGCACTCCCCTTACTA,
reverse, TGTTCCAGAGGTCTCAGCAC; CYP11A1 forward,
TGGGTGCCGTGGATAACAG, reverse, ACAGATGGTCGCAGATACTAAA;
CYP19A1 forward, GGATGACGTAA TTGACGGCTA, re-
verse, CACCTGGAATCGTCTCAAAA; B-actin forward, CTGTG
CCCATCTACGAGGGCTAT, reverse, TTTGATGTCACGCACGATTTCC.
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Figure 1. Up-regulation of LncRNA SRA in ovarian granular cells of mice. (A) Identification of ovarian granular cells. (B) Real-time PCR
analysis of LncRNA SRA expression. Data shown as mean +SD. ** P<0.01.

The expression of genes was calculated based on 2724t meth-
od and was normalized to the loading control, B-actin.

CCK-8 assay

The cells were seeded into 96-well plates at a density of 4x10°
cells per well in quintuplicate and incubated for 0, 24, 48, and
72 h at 37°C. At indicated time points, the supernatant was
replaced by 100 pl of complete medium, 10 pl of CCK-8 so-
lution was added to each well, and the plates were incubat-
ed at 37°C for another 1 h. Then, the absorbance value was
measured at 450 nm with a microplate reader (ELx-800, Biotek
Instruments, Winooski VT, USA).

Flow cytometry detection of cell cycle

Cell cycle was analyzed with a commercial kit (Beyotime) accord-
ing to the manufacturer’s instructions. Briefly, the cells were col-
lected and fixed with pre-cooling 70% alcohol for 2 h at 4°C. After
discarding the supernatant, the precipitate was washed with
PBS and recentrifuged. We used 500 pl of staining buffer to re-
suspend cells. We added a total of 25 pl propidium iodide stain-
ing solution followed by 10 pl RNase A to the resuspended cells
and mixed them well, followed by incubation for 30 min at 37°C
away from light. Then, the samples were detected immediately
with a flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

Flow cytometry detection of cell apoptosis

Cell apoptosis was evaluated using a commercial kit (Wanlei,
Shenyang, Liaoning Province, China) according to the manufac-
turer’s instructions. The cells were centrifuged and resuspend-
ed in 500 pl binding buffer with sufficient mixing. Then, 5 pl
of Annexin V-Light650 and 10 pl propidium iodide were add-
ed and mixed well, and the mixture was allowed to react for
15 min at room temperature away from light. Afterwards, the
samples were detected with a flow cytometer (BD Biosciences).

Hoechst stain

For Hoechst stain, the cells cultured on the glass slide were
washed with PBS and fixed with 4% paraformaldehyde for
20 min. After discarding fixative and washing cells with PBS,
0.5 ml Hoechst staining solution was applied to stain cells for
5 min. After adding anti-quenching agent and covering with
coverslips, the slides were observed with a fluorescence mi-
croscope (BX-53).

Western blot

Total protein was extracted from samples using RIPA lysis buffer
(Beyotime). Protein concentration was determined with a BCA
Protein Assay Kit (Beyotime). Protein was separated through
SDS-PAGE, transferred into PVDF membranes, and blocked with
5% skim milk for 1 h. Then, the membranes were incubated
with primary antibodies against Cyclin B (bs-23016R, Bioss,
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Figure 2. Up-regulation of LncRNA SRA promoted cell proliferation. (A) Cell proliferation ability was determined by CCK-8 assay. (B) Cell
cycle was assessed by flow cytometry. (C) Western blot analysis of Cyclin B, Cyclin E, and Cyclin D1 expression. Data shown

as mean +SD. ** P<0.01; *** P<0.001.

China), Cyclin E (bs-0573R, Bioss, Chin), Cyclin D1 (BA0770,
Boster, China), bcl-2 (BA0412, Boster, China), bax (D120073,
Shenggong, China), cleaved-caspase-3 (#9661, CST, USA),
cleaved-PARP (#9548, CST, USA), and B-actin (bsm-33139M,
Bioss, China) at 4°C overnight. Afterwards, horseradish peroxi-
dase-conjugated secondary antibodies were used to probe the
primary antibodies. The blots were visualized using enhanced
chemiluminescence (Beyotime) with a gel imaging system (WD-
9413B, Beijing Liuyi, China). The proteins were quantified and
normalized to the corresponding internal control (B-actin).

Detection of E2 and PG

The levels of E2 and PG were detected using 2 commercially
available ELISAs (Uscn Life Science Inc., Wuhan, Hubei Province,
China), according to the manufacturer’s directions.

Statistical analysis

We used the t test and two-factor variance analysis for differ-
ence analysis with GraphPad Prism 5.0 software (GraphPad,
San Diego, CA, USA). The data are presented as mean + stan-
dard deviation (SD). Each experiment was repeated 3 times. A
P value less than 0.05 was considered statistically significant
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Figure 3. Up-regulation of LncRNA SRA inhibited cell apoptosis. Hoech

st staining (A) and flow cytometry (B) were performed to

evaluate cell apoptosis. (C) The expression levels of bcl2, bax, cleaved-caspase 3, and cleaved-PARP were determined by
Western blotting. Data shown as mean +SD. ** P<0.01; *** P<0.001.

and are shown as follows: “*” indicates less than 0.05, “**” in-
dicates less than 0.01, and “***” indicates less than 0.001.

Results

Over-expression of LncRNA SRA in ovarian granular cells
of mice

To investigate whether LncRNA SRA plays a role in development
of PCOS, we separated ovarian granular cells from the mice, and
detected the expression of FSHR through immunofluorescence
(Figure 1A), which is the specific maker of granular cells in the

ovary. Then, we up-regulated LncRNA SRA in ovarian granular
cells using lentiviral transfection. As shown in Figure 1B, the
level of LncRNA SRA was significantly increased after trans-
fection compared with in the control group.

Effects of elevated LncRNA SRA on cell proliferation

Next, we evaluated the functional role of LncRNA SRA in ovar-
ian granular cells. As shown in Figure 2A, the result of CCK-8
assay clearly indicated an enhancement in proliferative capac-
ity of ovarian granular cells after over-expression of LncRNA
SRA. Moreover, the distribution of cell cycle phases in LncRNA
SRA-elevated granular cells was altered with flow cytometry,
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Figure 4. Up-regulation of LncRNA SRA stimulated secretion of E2 and PG. The contents of E2 (A) and PG (B) were detected by
commercially available ELISAs. The mRNA expression levels of CYP19A1 (C) and CYP11A1 (D) were assessed using real-time
PCR. Data shown as mean +SD. * P<0.05; ** P<0.01; *** P<0.001.

as evidence by the decrease of GO/G1 phase compared with
those of control cells (Figure 2B). Western blot assay showed
that the expression levels of Cyclin B, Cyclin E, and Cyclin D1
were up-regulated following transfection of LncRNA SRA.

Effects of elevated LncRNA SRA on cell apoptosis

We also explored the impact of LncRNA SRA on cell apoptosis.
Cell morphology was evaluated by Hoechst staining. As shown
in Figure 3A, apoptosis was distinctly inhibited in LncRNA SRA-
elevated cells compared with control cells. The result of flow
cytometry was similar to that of Hoechst staining, showing that
the number of apoptotic cells was significantly reduced after
over-expression of LncRNA SRA (Figure 3B). At the molecular
level, elevated LncRNA SRA promoted anti-apoptosis protein
of bcl2 expression, and restrained apoptosis proteins of bax,
cleaved-caspase 3, and cleaved-PARP expressions (Figure 3C).

Effects of elevated LncRNA SRA on the secretion of E2 and
PG

We further determined whether LncRNA SRA can regulate
hormone secretion of ovarian granular cells. As shown in
Figure 4A and 4B, the contents of E2 and PG were clearly in-
creased following up-regulation of LncRNA SRA versus that of
the control group. Real-time PCR assay showed that CYP19A1
and CYP11A1, 2 key enzymes for production of E2 and PG, re-
spectively, were also significantly increased in LncRNA SRA-
up-regulated cells compared to those in the control group
(Figure 4C, 4D).

Discussion

The role of LncRNA SRA has been extensively investigated in
a variety of physiological and pathological processes in previ-
ous studies, including breast cancer [15], post-pubertal mam-
mary gland [16], myogenic differentiation [17], and hepatic
steatosis [13]. The expression level of LncRNA SRA in PCOS
patients is significantly up-regulated, but its function and the
molecular mechanism involved in PCOS are still unclear [14].
In the present study, we report a new finding that up-regula-
tion of LncRNA SRA promotes cell proliferation, disturbs cell
cycle distribution, inhibits cell apoptosis, and stimulates the
secretion of E2 and PG.

Granulosa cells, the main functional cells in the ovaries, are in-
volved in steroid secretion and the development of follicles [18].
Ovary enlargement, hormone imbalance, and abnormal folli-
cles are features of PCOS [19-21]. In the present study, to ex-
plore whether LncRNA SRA plays a role in the progression of
PCOS, we isolated ovarian granular cells from the mice, based
on previous research [22]. The results of functional experiments
suggested that increased LncRNA SRA promotes cell growth
and inhibits cell apoptosis. Previous studies reported that the
PCOS model exhibited elevated serum E2 and PG [23,24], and
excess estrogen in turn can lead to PCOS [21]. Our study dem-
onstrated that E2 and PG levels, and CYP19A1 and CYP11A1
expression (2 key proteins for their synthesis) [25,26], were
up-regulated after over-expression of LncRNA SRA. In the ma-
jority of PCOS models, the contents of E2 and PG were up-reg-
ulated; however, their levels were not changed, even reduced
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in letrozole and DHT-induced PCOS models, because letro-
zole and DHT possess the ability to inhibit their correspond-
ing synthetase [27-30]. Moreover, it also shows that PCOS is
a very complicated disease controlled by a variety of factors,
so it is likely that E2 and PG are not the only factors leading to
PCOS [31,32]. Taken together, our results indicate that LncRNA
SRA may be a causative factor in PCOS.

Although our findings are meaningful, there are limitations
in this study. Firstly, in vivo research on over-expression of
LncRNA SRA is lacking. Secondly, the effect of down-regulation
of LncRNA SRA in the PCOS model should be verified by in vi-
tro and in vivo experiments. Moreover, as PCOS is a complex
pathological process caused by many factors, such as endocrine
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dyscrasia, dysbolism, and genetics, more studies are needed
to clarify the role of LncRNA SRA in PCOS.

Conclusions

We demonstrated that elevated LncRNA SRA can facilitate cell
growth, change distribution of cell cycle phases, restrain cell
apoptosis, and stimulate E2 and PG secretions, which indicates
that it may be a potential risk factor for PCOS.
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