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Abstract

Background A regulatory mechanism of IncRNA binding to protein has been detected in premature ovarian failure
(POF). Therefore, this study was expected to illustrate the mechanism of INcRNA-FMR6 and SAV1 regulating POF.

Methods Follicular fluid and ovarian granulosa cells (OGCs) from POF patients and healthy volunteers were collected.
Using RT-gPCR and western blotting, INcRNA-FMR6 and SAV1 expression were detected. KGN cells were cultured, and
the subcellular localization analysis of INcRNA-FMR6 was carried out. In addition, KGN cells were treated with IncRNA-
FMR6 knockdown/overexpression or SAV1 knockdown. Then, cell optical density (proliferation), apoptosis rate, Bax
and Bcl-2 mRNA expression were explored by CCK-8, caspase-3 activity, flow cytometry and RT-gPCR analysis. By
performing RIP and RNA pull-down experiments, the interactions among INcRNA-FMR6 and SAV1 was investigated.

Results Up-regulation of INCRNA-FMR6 was shown in follicular fluid and OGCs of POF patients, and ectopic overex-
pression of INcRNA-FMR6 promoted KGN cells apoptosis and inhibited proliferation. INcRNA-FMR6 was localized in the
cytoplasm of KGN cells. SAV1 bounding to INcRNA-FMR6 was negatively regulated by INcRNA-FMR6, and was down-
regulated in POF. SAV1 knockdown promoted KGN cells proliferation and inhibited apoptosis, and partially eliminated

the effect of INcCRNA-FMR6 low expression on KGN cells.

Conclusion Overall, INcRNA-FMR6 accelerates POF progression by binding to SAV1.
Keywords IncRNA-FMR6, SAV1, Premature ovarian failure, Granulosa cells

Introduction

Premature ovarian failure (POF) is a rare clinical dis-
ease which poses serious threat to women’s reproductive
health, with the prevalence of approximately 1% across
the world [1]. POF has been reported to be characterized
by amenorrhea, elevated gonadotropins and estrogen
deficiency, with patients’ ovarian function ceasing before
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the age of 40years [2]. At present, hormone replace-
ment therapy is the most commonly adopted for POF
treatment, while, it may also cause a series of side effects
including depression and vaginal bleeding [3, 4]. Hence,
there is an urgent need to develop new POF thera-
pies. According to a previous research, POF results in
a decrease in the number of follicles, the state and the
density of ovarian granulosa cells (OGCs) [5]. Addition-
ally, genetic causes, such as type 1A pseudohypoparathy-
roidism (GNASI1 gene), fragile X syndrome (FXS, FMR1
gene), or Turner syndrome, have been reported to be
show association with POF [6]. Therefore, focusing on
the pathological alterations and genetic abnormalities in
OGCs may provide novel insights into POF treatment.
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Long non-coding RNAs (IncRNAs) are non-protein-
coding RNAs over 200 nucleotides in length regulating
gene expression at multiple levels [7]. LncRNA is a cru-
cial regulatory molecule in the occurrence of various
human diseases, including reproduction, and is a key reg-
ulator for the normal development of OGC:s, follicles and
ovaries, and can play the role of a biomarker for OGCs
related diseases [8]. For example, IncRNA BANCR is
upregulated in OGCs from patients undergoing polycys-
tic ovary syndrome, and its overexpression inhibits pro-
liferation and promotes apoptosis in KGN cells (human
ovarian granulosa cells, GCs) [9]. LncRNA MALAT1 is
downregulated in OGCs from patients suffering from
endometriosis, and its knockdown inhibits prolifera-
tion of OGCs [10]. Inc-HSPA6-2, a risk factor-related
IncRNA for ovarian hyperstimulation syndrome, was
significantly down-regulated in OGCs [11]. In addition,
multiple IncRNAs, including HOTAIR [12], NEAT1 [13]
and DLEU1 [14] are risk warning factors for POF and can
promote apoptosis of GCs. LncRNA-FMR6 is a splice
antisense-oriented IncRNA in FXS that overlaps with
exon 15-17 of Fragile X Mental Retardation 1 (FMR1)
and participates in the regulation of FMR1 gene tran-
scription [15]. The involvement of IncRNA-FMR6 in the
development of fragile X-associated premature ovarian
failure (FXPOI) has been reported, with a negative linear
correlation between IncRNA-FMR6 expression in GCs
and the number of oocyte retrieved [16]. Nevertheless,
the exact mechanism of IncRNA-FMR6 in POF develop-
ment still remains to be identified.

Salvador family WW domain containing protein 1
(SAV1), a WW domain-containing protein that is a core
kinase component of the Hippo signaling pathway, is
expressed in mammalian ovaries and exerts a vital role in
controlling follicle development [17-19]. Previous stud-
ies have revealed that SAV1 exerts an inhibitory role in
ovarian follicular development by regulating the prolifer-
ation of granulosa cells in graded pre-follicles (6—8 mm in
diameter) [20]. Studies have demonstrated that IncRNA
exerts its biological functions mainly through interac-
tion with RNA-binding proteins [21]. Moreover, reports
suggest that SAV1 can directly bind to IncRNA and
participate in regulating the biological function of cells
[22]. However, there are few reports on the mechanism
by which IncRNA, especially IncRNA-FMR6, regulates
SAV1in POFE

In the present research, we examined the differen-
tial expression of IncrNA-FMR6 in POF and explored
its regulatory relationship with SAV1. We hypothesized
that IncRNA-FMR6 promoted apoptosis of GCs cells in
POF by binding to SAV1 and negatively regulating SAV1
expression. The findings of this project are expected to
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develop new and valuable molecular targets for the clini-
cal treatment of POF.

Methods

Patients

We recruited a total of 24 patients with POF who
received IVEF/ICSI-ET and 24 controls. After transvagi-
nal ultrasound oocytes were collected from the patient,
blood free follicular fluid was removed from large follicles
larger than 14 mm. Moreover, this study was approved by
the Accreditation Committee of Reproductive Medicine
Institutions of our hospital and informed consent was
obtained from all the participants. The inclusion criteria
of patients with POF included: basal serum FSH >101U/],
age <40years, menstrual cycle 23—-35days, and unilateral
ovarian AFC<5. Women with a history of chemother-
apy, radiation or ovarian surgery were excluded. Besides,
women with infertility due to male factors or fallopian
tube obstruction, normal FSH (<10IU/I), and normal
menstrual cycle served as controls. Table 1 summarizes
the clinical characteristics of all the participants.

Cell culture

On the day of oocyte extraction, follicular fluid (> 14 mm,
the follicle size was observed dynamically under the mon-
itoring of B ultrasound, and the path line was measured)
from each participant’s large follicle was collected. By
discarding supernatant after centrifugation, the precipi-
tate was incubated with hyaluronidase (801U/ml) (Sigma,
USA) at 37°C for 30min. Later, it was centrifuged and
transferred to a lymphocyte medium (Solarbio, China).
The OGCs were isolated from the interlayer phase, and
injected into PBS. In the end, the separated OGCs were
flash-frozen and preserved at — 80°C.

To detect gene expression in OGCs of POF patients,
OGCs of POF patients and control volunteers were cul-
tured. In addition, KGN cells were obtained from RIKEN
Biological Resource Center (Japan), and cultured to
detect gene regulation on KGN cells in vitro. OGCs and
KGN cells were re-suspended in 10% FBS added DMEM/
F12 medium (Gibco), inoculated in 48-well plates at the

Table 1 Baseline data of both patients and controls

Variables Control (n =24) POF (n =24)

Age (year) 29.37 4346 30.15+4.20

BMI (kg/mz) 21.96 (19.84, 22.66) 22.01(19.19, 25.37)
AMH (ng/mL) 3.25(2.20,5.09) 042 (0.26,0.74) **
basal LH (IU/L) 533(3.72,7.85) 549 (3.96,847)

basal E2 (pg/mL) 29.98 (23.14,43.61) 2844 (13.65,41.83)
basal FSH (IU/L) 6.08 (4.77,7.05) 1348 (11.71,21.32) **

** P-value <0.05 vs. Control
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rate of 5 x 10* cells/well, and also placed in an incubator
containing including 5% CO, at 37°C for conventional
culture.

RT-qPCR

RNAiso Plus (Takara, Japan) was adopted in the extrac-
tion of total RNA, and PrimeScript RT Kit (Takara) was
employed to generate the cDNA (2pg of total RNA).
Subsequently, PCR was performed with the use of Hieff
qPCR SYBR Green Master Mix kit (Yeasen, China) in an
ABI 7500 Real-Time PCR System (Applied Biosystems).
IncRNA-FMR6 and SAV1 expression were determined
using the delta-delta Ct (2°22CY method, and normalized
to GAPDH. Table 2 lists all the used primers.

Subcellular localization

To investigate whether IncRNA-FMR6 performs its func-
tion in the cytoplasm, subcellular localization analysis
was performed. This assay was conducted with the appli-
cation of PARIS Kit (Invitrogen). In brief, cytoplasm and
nuclear components were obtained from KGN cells by
cell fractionation buffer. Next, the nucleus was lysed by
the cell disruption buffer. To evaluate the relative expres-
sions of IncRNA-FMR6, RT-qPCR was carried out, U6
and GAPDH were employed used as control of nucleus
and cytoplasm, respectively.

Cell transfection

The siRNA against IncRNA-FMR6, SAV1 or negative
control (si-FMR6, si-SAV1 and si-NC; 50nM; Gene-
Pharma, USA) were transfected into KGN cells (1 x 10°
cells/well in 48 well plate) using Lipofectamine 2000 (Inv-
itrogen, USA). Additionally, IncRNA-FMR6 overexpres-
sion vector (FMR6-pcDNA; 2 ug/mL) and empty vector
(2 pg/mL) were acquired from GenePharma (China). 48 h
post-transfection, cells were collected, and RT-qPCR was
performed to assess the efficiency of the transfections.

Table 2 Primer sequences used for real-time PCR analysis

Genes Primers (5’-3)

INcRNA-FMR6 Forward: AGCACTTCAGGGCAGATTTT
Reverse: TGGTGAATGATCACCCAATG

SAV1 Forward: ATGAGGCGTGAAAGCAACAG
Reverse: CCGCTGTGCTCATAGTATCTGTA

GAPDH Forward: GTCAACGGATTTGGTCTGTATT

Reverse: AGTCTTCTGGGTGGCAGTGAT
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CCK-8 assay

The CCK-8 Kit (Cat#: C0038; Beyotime, China) was
adopted for assessing the proliferation of cells in the
study. Briefly, KGN cells (1 x 10*) were injected into
96-well culture plates. After 24, 48 and 72h of cultur-
ing, 10 uL of CCK-8 solution was poured in all wells
and incubated at 37°C for 2hours in the dark. Micro-
plate spectrophotometer (Bio-Rad Laboratories, USA)
was employed to measure the value of each well in
these plates, which were subjected to the wavelength of
the radiation of 450 nm.

Caspase-3 activity assay

Caspase-3 activity was measured using the caspase-3
colorimetric assay kit (Ca# ab39401, Abcam, UK). The
KGN cells were collected, lysed with lysate and cen-
trifuged at 10000g for 5min at 4°C. The protein con-
centration of the precipitate was lysed with the use of
a BCA Kit (Pierce, USA). The protein concentration
was adjusted to 2 ug/pL Cell Lysis Buffer. Then, 50 uL
of reaction buffer containing 10nM DTT and 5uL of
DEVD-pNA substrate were supplemented to the lysate
sample. After the incubation at 37°C for 2hours, cas-
pase-3 activity was identified at 405 nm under a micro-
plate spectrophotometer.

Apoptosis assay

Annexin V-FITC- PI (BestBio, China) was carried out
to measure cell apoptosis. Briefly, transfected KGN cells
were seeded in 24 well plates at 5 x 10* cells/ml (1 ml/
well). Following 48 h incubation, cells were harvested and
washed with PBS. Next, Annexin V-FITC and PI stain-
ing reagents were added to incubate for 15min at room
temperature in the dark. In addition, cell apoptosis rate
was evaluated through FACScan flow cytometer (BD Bio-
sciences, USA).

Western blotting

Total proteins were obtained from KGN cells lysed with
a RIPA buffer (Beyotime) for 30 min. Later, the protein
concentration was determined using a BCA Kit, and
10% SDS-PAGE was adopted for separating 20 ug of the
protein samples before their transfer onto a PVDF mem-
brane (Millipore). Subsequently, the PVDFs were sealed
in 5% skimmed milk at 37°C for 60 min, and incubated at
4°C for 12h with SAV1 (Ca# ab172705, 1:1000, Abcam,
UK) and GAPDH (Ca# ab8245, 1:2000, Abcam) anti-
bodies. This was also followed by an hour of incubation
at 37°C with a suitable second antibody (Ca# ab205718,
1:5000, Abcam). Finally, blots were visualized based on an
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Immobilon ECL substrate (Millipore). Bio-Rad’s Image
Lab Software was used to scrutinize the gray of proteins.

RNA pull-down assay

RNA pull-down assay was conducted to identify the
interaction between IncRNA-FMR6 and SAV1 protein. In
brief, the DNA probe complementary to IncRNA-FMR6
was synthesized and biotinylated by GenePharma Co.,
Ltd. (Shanghai, China). Following the instruction of the
manufactures, a Magnetic RNA-Protein Pull-Down Kit
(Thermo Fisher) was adopted for completing the RNA
pull-down assay. The RNA-binding protein complexes
were washed and eluted for performing western blot
analysis.

RNA immunoprecipitation (RIP)

To evaluate the interaction between IncRNA-FMR6 and
SAV1, the current experiment was performed utilizing
RNA-binding protein immunoprecipitation kit (Mil-
lipore, USA). Briefly, magnetic beads were incubated
with SAV1 (Abcam) or IgG antibody (Millipore) vorti-
cally at 25°C for 30min. KGN cells at 80% confluency
were treated with RIP lysis buffer. In addition, the cell
lysis solutions (100 ul) were subject to pretreated mag-
netic beads at 4°C overnight. Then, beads were washed,
and SAV1 protein levels were detected via western blot.
Meanwhile, IncRNA-FMR6 enrichment level was quanti-
fied by RT-qPCR.

Statical analysis

GraphPad Prism 7.0 (GraphPad Software, USA) was
utilized for the statistical analysis of the data in the for-
mat of mean=+ SD from three independent experiments.
Pearson’s correlation coefficient was utilized to evaluate
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the associations of IncRNA-FMR6 and SAV1. Unpaired
student’s t-test was employed in assessing the difference
between the two independent groups. Meanwhile, one-
way ANOVA with Tukey’s test was utilized to evaluate
the differences among multiple groups. A P-value <0.05
indicates statistical significance.

Results

LncRNA-FMR6 overexpressed in POF

At first, we identified the differential expression of
IncRNA-FMR6 in POEF. Follicular fluid and OGCs of 24
patients with POF and 24 controls were collected and
explored by RT-qPCR. LncRNA-FMRG6 levels in the fol-
licular fluid of POF patients was around 4.5-fold higher
than that of the control group (Fig. 1A). Similarly, the
expression of IncRNA-FMR6 in OGCs was elevated by
approximately 3.6 times (Fig. 1B). In addition, analysis of
subcellular localization of IncRNA-FMR6 in KGN cells
revealed that IncRNA-FMR6 levels in cytoplasm was
higher than that in nucleus (Fig. 1C). IncRNA-FMR6 was
mainly located in cytoplasm. Generally, over-expression
of IncRNA-FMR6 in POF may regulate the biological
function of cells after the transcription.

LncRNA-FMR6 silencing facilitated KGN cells proliferation
and restrained apoptosis, while it upregulation resulted

an opposite trend

To evaluate the effect of IncRNA-FMR6 on GCs prolifer-
ation and apoptosis in vitro, KGN cells were treated with
IncRNA-FMR6 overexpression or knock-down. RT-qPCR
analysis demonstrated that IncRNA-FMR6 levels in
FMR6-pcDNA group were increased by around 7.5-fold
compared with empty vector, and the level of IncRNA-
FMRG6 in si-FMR6 group was decreased by approximately
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Fig. 1 LncRNA-FMRG6 overexpressed in POF. A Relative levels of INCRNA-FMRG6 in follicular fluid of POF patients (N=24) and controls (N = 24) were
assessed via RT-qPCR. **P < 0.01. B Relative levels of INcRNA-FMR6 in OGCs of POF patients (N=24) and controls (N=24) were assessed via RT-qPCR.
**P<0.01. CIncRNA-FMR6 transcript abundance in cytoplasm and nucleus of KGN cells, as detected via subcellular fractionation
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Fig. 2 LncRNA-FMRE silencing facilitated KGN cells proliferation and restrained apoptosis, while it upregulation resulted an opposite trend. A
Relative levels of INCRNA-FMR6 in KGN cells transfected with either FMR6-pcDNA, empty vector, si-NC and si-FMR6, as assessed via RT-gPCR.
**P<0.01. B Effect of FMR6-pcDNA or si-FMR6 transfection on the proliferative ability of cells, as determined through CCK-8. **P<0.01. C Effect

of FMR6-pcDNA or si-FMR6 transfection on caspase-3, as determined by flow cytometry assay. **P<0.01. D Effect of FMR6-pcDNA or si-FMR6
transfection on apoptosis rate, as determined by caspase-3 activity assay. **P<0.01. E FMR6-pcDNA or si-FMR6 transfection’s effect on Bax and Bcl-2

mMRNA levels, as ascertained via RT-gPCR. **P < 0.01

80% compared with si-NC (Fig. 2A). Next, we evaluated
the biological activity of IncRNA-FMR6 in KGN cells. As
displayed in Fig. 2B, CCK-8 manifested KGN cells pro-
liferation was obviously suppressed after over-expression
of IncRNA-FMR6, while was promoted after the low
expression of IncRNA-FMR6 (Fig. 2B). Additionally, the
Caspase-3 activity of KGN cells transfected with FMR6-
pcDNA vector was higher than that of transfected with
FMR6-pcDNA vector, while transfected with si-FMR6
group was lower than that of si-NC (Fig. 2C). Similarly,
flow cytometry analysis demonstrated that over-expres-
sion of IncRNA-FMR6 promoted KGN cell apoptosis,
while IncRNA-FMR6 knockdown inhibited apoptosis
(Fig. 2D). In addition, we observed that over-expression

of IncRNA-FMR6 resulted in to an amplification in Bax
and a reduction in Bcl-2 levels in KGN cells, whereas
IncRNA-FMR6 silencing contributed to a decrease in Bax
and an increase in Bcl-2 levels (Fig. 2E). The obtained
results suggested that IncRNA-FMR6 promoted KGN
cells apoptosis and inhibited proliferation.

SAV1 was low expressed in POF and bound

to IncRNA-FMR6

Next, we investigated the binding among IncRNA-FMR6
and SAV1.The expression of SAV1 in IncRNA-FMR6
pull-down complex was measured using western blot-
ting. Data revealed that SAV1 was extensively aggregated
in the IncRNA-FMR6 pull-down complex in comparison



Bao et al. Journal of Ovarian Research

(2023) 16:65

Page 6 of 10

A B IgG Ani-SAV1 C
© SAV1 - ok
& } -
?fﬁ\ © 25 - < 2.5 o
O = T
oS S 20- —— X 20
& sz E ¢
(0] - =
SAV - - % E 15 2815
o0 <
=2 10 » & 1.0
20 2 @ —
8 5 § 0.5
® ol — ool 1L 11 11
19G Ani-SAV1 R I
) .<<®
S ¥ SN
3 &
D E & &
5 2.5
'% 2 = *k <Z( .
S 201 — & 20
25 SAV1 s S - = S
S5 1.5 S G 1.5
< (/2] < (2]
%L o - GAPDH G W @y @ &5 ©
B _ O & L 28
8 05 ¥y & 9 & 0.5
() Q X K Q Crma o
14 S 2 an x
0.0 T T T T Q)@ @ T T
O & T < Control POF
& ¥« RY
$ 2 QSQ'Q
@6\ <<®
F G H
< 20 ** 5 0.6- Y=-0.033X+0.494 51.5- Y=-0.104X+0.939
k7] k7]
& é 3 R’=0.634
Eg™¥ £0.4- £1.0-
>n
& < <
o 9 1.01 > >
S < 3:)
0 X 9 0.2- 0.5
® 0.5 0 'g
@ © ©
0.0 . . 0.0 : : , , , 200 : : : ,
Control POF 0 2 4 6 8 10 0 2 4 6 8

Relative IncRNA-FMRG6 expression

Relative IncRNA-FMRG6 expression

Fig. 3 SAV1 was low expressed in POF and bound to INcRNA-FMR6. A The interaction among INcRNA-FMR6 and SAV1 was detected via

RNA pull-down assay. B RIP was performed to evaluate KGN cells extracts with rabbit monoclonal anti-IgG or anti-Ago2. RNA levels in
immunoprecipitates were determined by gPCR. **P<0.01. C Relative levels of SAV mRNA in KGN cells transfected with either FMR6-pcDNA, empty
vector, si-NC and si-FMRG, as assessed via RT-gPCR. **P < 0.01. D SAV1 protein levels in KGN cells transfected with either FMR6-pcDNA, empty vector,
si-NC and si-FMR6, as assessed via western blotting. **P < 0.01. E Relative levels of SAV1 in follicular fluid of POF patients (N=24) and controls
(N=24) were assessed via RT-qPCR. **P < 0.01. F Relative levels of SAV1 in OGCs of POF patients (N=24) and controls (N =24) were assessed via
RT-gPCR. **P<0.01. G Pearson’s correlation analysis between IncRNA-FMR6 and SAV1 expressions in follicular fluid of POF patients. H Pearson’s
correlation analysis between INCRNA-FMR6 and SAV1 expressions in OGCs of POF patients

with NC (Fig. 3A). RIP method was adopted for con-
firming the combination of IncRNA-FMR6 and SAVI.
In relative to IgG, IncRNA-FMR6 were highly expressed
in SAV1 antibody (Fig. 3B). The above results demon-
strated the combination among IncRNA-FMR6 and

SAV1. Subsequently, RT-qPCR and western blotting
were utilized to analyze the regulation of IncRNA-FMR6
on SAVI. It was observed that the abnormal expression
of IncRNA-FMR6 did influence the expression of SAV1,
IncRNA-FMR6 knock-down promoted the level of SAV1
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levels and IncRNA-FMR6 overexpression inhibited SAV1
levels (Fig. 3C-D). Furthermore, RT-qPCR revealed that
SAV1 mRNA level was down-regulated in follicular fluid
and OGCs of patients with POF, and negatively related
to IncRNA-FMR6 expression (Fig. 3E-H). Based on the
obtained data, it was concluded that the SAV1 bound
directly to IncRNA-FMR6 and is negatively regulated by
IncRNA-FMR6.

LncRNA-FMR6-dependent inhibitory effects of SAV1

on KGN cells apoptosis

Subsequently, we verified whether IncRNA-FMR6 pro-
moted KGN cells apoptosis by binding SAV1. As dis-
played in Fig. 4A-B, si-SAV1 transfection down-regulated
SAV1 mRNA and protein levels in KGN cells, and the
additional si-FMR6 reversed the down-regulation of
SAV1 induced by si-SAV1. Then, CCK-8 analysis pre-
sented that si-SAV1 prominently restrained KGN cells
proliferation compared with si-NC. Meanwhile, addi-
tional transfection of si-FMR6 could counteract the sup-
pressor effect of si-SAV1 on cell proliferation (Fig. 4C).
The results of Fig. 4D-E demonstrated that SAV1 knock-
down promoted caspase-3 activity and apoptosis rate
of KGN cells. However, downregulation of IncRNA-
FMRG6 eliminated this effect to a certain extent. In addi-
tion, the RT-qPCR experiments revealed that si-SAV1
enhanced Bax and reduced Bcl-2 expression in relative to
si-NC group. Likewise, co-knockdown of IncRNA-FMR6
restored the effect of si-SAV1 on Bax and Bcl-2 expres-
sion (Fig. 4F). The above results indicated that SAV1
low expression promoted apoptosis and inhibited pro-
liferation of KGN cells, as well as inverted the effect of
IncRNA-FMR6 knockdown on KGN cells.

Discussion
POF causes serious health damage to patients, includ-
ing autoimmune diseases, osteoporosis, infertility, psy-
chological distress, ischemic heart disease and increased
risk of death [23]. Here, we reveal a novel mechanism
of IncRNA-protein action that exerts a regulatory role
in POF. It could be found that IncRNA-FMR6 was up-
regulated in follicular fluid and OGCs of POF patients,
low-expressed IncRNA-FMR6 inhibited KGN cells apop-
tosis and promoted proliferation, while over-expressed
IncRNA-FMR6 exerted the opposite impact on KGN
cells. Based on the perspective of mechanism, IncRNA-
FMR6 binds to SAV1 and inhibits the transcription and
translation of SAV1.

The role of IncRNAs in POF biology has become an
area of great interest. For example, TRERNA1 is down-
regulated in POF and inhibits apoptosis in the granulosa
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cell line COV434 [24]. Activation of IncRNA-Meg3 can
accelerates the promotion of apoptosis and induces pre-
mature ovarian failure in mouse OGCs [25]. Increased
expression of DLEU1 is observed in POF, and DLEU1 can
promote KGN apoptosis [14]. LncRNA-FMR6 is a novel
IncRNA reported by Pastori et al. [26]. This IncRNA
is an antisense transcript overlapping the 3’region of a
microsatellite locus — FMR1 gene [26]. The current evi-
dence suggests that IncRNA-FMR6 expression is down-
regulated in brain tissue of both Fragile X patients and
mutation pre-carriers [26]. In addition, IncRNA-FMR6
accumulates in GCs of fragile X-associated premature
ovarian failure [16]. Similar to the previous reports, in
our study, we discovered that IncRNA-FMR6 was sig-
nificantly overexpressed in follicular fluid and OGCs of
POF patients. Besides, IncRNA-FMR6 was mainly dis-
tributed in the cytoplasm of KGN cells, conforming to
the nature of IncRNA to exert its biological function after
transcription [27]. Moreover, we also found for the first
time that IncRNA-FMR6 inhibited KGN cells prolifera-
tion and promoted apoptosis. These findings suggest that
IncRNA-FMR6 may come into play in facilitating POF
progression.

LncRNAs participate in an extensive range of biologi-
cal functions through various molecular mechanisms,
including interactions with one or more protein partners
in order to regulate the expression of cis-genes [21]. This
regulatory network of InRNA-protein has been found in
the POF. For example, Zhao et al. [12] discovered that
HOTAI was upregulated in ovarian tissues and serum
samples from POF patients and inhibited hamster ovary
apoptosis by upregulating protein expression of Notch-
1. Li et al. [13] indicated that NEAT1 inhibited Chinese
hamster ovarian cell lines Lec8 and CHO by suppress-
ing p53 levels, which could thus alleviate POF. Wang
et al. [28] considered that IncRNA HCP5 regulates DNA
damage repair and GCs dysfunction by directly binding
to YB1 and regulating its subcellular localization. Simi-
larly, the present study identified SAV1, which is down-
regulated by IncRNA-FMR6 in POF. SAV1, located on
chromosome 14q22.1, is a scaffolding protein regulating
survival and apoptosis in a variety of cells [17, 18]. In this
study, we found for the first time that SAV1 expression
was down-regulated in POF and its low expression pro-
moted cell proliferation and inhibited apoptosis of KGN
cells, exhibiting the alleviating effect of SAV1 on POEFE.
In addition, both RNA pull-down and RIP reflected the
binding of IncRNA-FMR6 to SAVI1. Pearson analysis
revealed that an upscaling of SAV1 in POF was nega-
tively correlated with IncRNA-FMR6. Combined with the
negative regulation of IncRNA-FMR6 on the expression
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of SAV1 protein and the reverse effect of knock-down
SAV1 on the biological function of KGN cells, we suggest
that the promotion of POF of by IncRNA-FMR6 can be
achieved based on the inhibition of SAV1.

SAV1 is a core kinase component of the Hippo signal-
ing pathway and exerts an extensive and prominent role
in regulating a variety of human cell biological behaviors
[17, 18]. Therefore, in the future, we will concentrate on
the impact of IncRNA-FMR6-SAV1 regulating Hippo
pathway on POE. Moreover, in vivo experiments are
essential to further verify the impacts of IncRNA-FMR6
and SAV1 on POF development.

Conclusion

In general, IncRNA-FMRG6 is overexpressed in POF, pro-
motes apoptosis of KGN cells and inhibits proliferation
by suppressing the expression of SAV1. Moreover, our
study suggested that IncRNA-FMR6 and SAV1 might
serve as a potential target for POF.

Abbreviations

POF Premature ovarian failure
SAV1 Salvador family WW domain containing protein 1
OGCs Ovarian granulosa cells

INcRNAs  Long non-coding RNAs
RIP RNA immunoprecipitation
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