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LINC00173 regulates polycystic ovarian syndrome progression by promoting 
apoptosis and repressing proliferation in ovarian granulosa cells via the 
microRNA-124-3p (miR-124-3p)/jagged canonical Notch ligand 1 (JAG1) pathway
Lan Chen and Caixia Kong

Department of Gynecology, Changzhou Hospital of Traditional Chinese Medicine, Changzhou, China

ABSTRACT
As an endocrine and metabolic disorder, polycystic ovarian syndrome (PCOS) is common in females at 
childbearing age. Our work was intended to uncover the underlying role of LINC00173 and its potential 
regulatory mechanism in PCOS based on two cell lines (PCOS granulosa cells and KGN cells) and an in vivo 
model established from Sprague Dawley rats. It was revealed that LINC00173 and JAG1 expressions were 
upregulated, while miR-124-3p was poorly expressed in PCOS patients and PCOS rats. Functional assays 
showed that LINC00173 overexpression repressed proliferation and stimulated apoptosis in granulosa 
cells and KGN cells, while LINC00173 downregulation exhibited the opposite effects. Besides, it was 
verified that LINC00173 upregulated JAG1 expression in KGN cells via competitively binding to miR-124- 
3p. Similarly, miR-124-3p abundance was inversely related to LINC00173 and JAG1 level in PCOS. 
Subsequently, rescue assays elucidated that miR-124-3p upregulation or downregulation eliminated 
the effects on KGN cell proliferation and apoptosis mediated by LINC00173 overexpression or knock-
down. In addition, it was found that the JAG1 level in KGN cells was adversely modulated by miR-124-3p 
and positively modulated by LINC00173. Moreover, it was further demonstrated that the reduced cell 
vitality and increased apoptosis of KGN cells induced by overexpressing LINC00173 could be relieved by 
JAG1 deletion. These findings suggested that LINC00173 could be a latent regulating factor for PCOS 
progression via modulating the miR-124-3p/JAG1 cascade.
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Introduction

As a common endocrine and metabolic disorder in 
women at childbearing age [1], polycystic ovarian 
syndrome (PCOS) is characterized by irregular 

menstruation, chronic anovulation, and hyperan-
drogenism [2] and may result in hirsutism, infer-
tility, and even menstrual disturbances [3]. Given 
the increasing morbidity of PCOS in recent years, 
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PCOS has become a threat to reproductive health 
worldwide [4]. As PCOS is of complex pathologi-
cal physiology, obscure etiology, and varied clin-
ical manifestations, PCOS diagnosis remains 
challenging in clinical endocrinology [5]. 
Regardless of achievements made in PCOS treat-
ment, most PCOS patients still need life-long 
treatment [6]. Therefore, the molecular mechan-
ism of PCOS pathogenesis should be studied in 
depth for the development of novel diagnostic and 
therapeutic methods for PCOS.

The granulosa cell layer, as an important com-
ponent of the ovarian follicle, surrounds the 
oocyte [7]. During the oocyte developmental pro-
cess, the granulosa cell layer offers nutrients for 
the oocyte and transfers gene regulators to it [8]. 
Follicular atresia is a vital process in ovary in 
follicle degeneration [7]. Besides, granulosa cell 
(GC) apoptosis is a major cause of follicular atresia 
[9]. In PCOS cases, abnormal GC proliferation and 
apoptosis were observed in folliculogenesis [10], 
indicating GC dysfunction could be an important 
indicator of PCOS. Moreover, PCOS symptoms 
could be mitigated by increasing GC proliferation 
and reducing GC apoptosis [11,12]. Therefore, 
PCOS onset is closely correlated to the dysregula-
tion of GC proliferation and apoptosis. Since 
human granulosa-like tumor cell line (KGN) 
retains the physiologic features of GCs and exhi-
bits long-time and stable proliferative capability 
[13], it is widely utilized in the studies of GC 
cellular functions and molecular regulatory 
mechanisms in PCOS.

Recently, emerging studies have demonstrated 
that long non-coding RNAs (lncRNAs), non- 
protein-coding transcripts with more than 200 
nucleotides [14], can act as vital regulators in 
various human diseases via participating in basic 
biological processes, including cell proliferation, 
differentiation, and apoptosis [15]. In PCOS, 
lncRNAs have been proven to regulate metabo-
lism, endocrine function, as well as GC prolifera-
tion and apoptosis [16]. For example, Zhu et al. 
revealed that lncRNA ZFAS1 aggravated PCOS 
progression by inhibiting proliferation and accel-
erating apoptosis in GCs via the miRNA-129/ 
HMGB1 axis [17]. As demonstrated by Liu et al., 
lncRNA PVT1 accelerated PCOS development 
through regulating GC proliferation and apoptosis 

via miRNA-17-5p/PTEN cascade [18]. Besides, 
Yang et al. uncovered that lncRNA BANCR 
induced GC apoptosis in PCOS, thereby promot-
ing PCOS progression [19]. In a previous report, 
Wang et al. discovered that LINC00173 expression 
was upregulated in follicle fluid from PCOS 
patients [20]. Nevertheless, the specific regulatory 
mechanism of LINC00173 in PCOS has not yet 
been explored.

In this work, we focused on the analysis of the 
potential function and downstream mechanism of 
LINC00173 in PCOS. It was found that 
LINC00173 was elevated in PCOS patients and 
promoted GC apoptosis PCOS progression in 
rats via the miR-124-3p/JAG1 pathway. 
Therefore, our findings could provide new bio-
markers concerning PCOS pathogenesis.

Materials and methods

Clinical samples

This study has gained ethical approval from 
Changzhou Hospital of Traditional Chinese 
Medicine (approval no. 2018-LL-01(F)). Thirty- 
two PCOS patients (PCOS group) and 32 age- 
matched non-PCOS patients (Control group) at 
Changzhou Hospital of Traditional Chinese 
Medicine were enrolled in this study and signed 
the written informed consent. PCOS cases were 
defined as patients meeting two of the following 
features: 1. oligo-ovulation or anovulation; 2. poly-
cystic ovarian morphology according to ultrasono-
graphic results; 3. clinical and/or biochemical signs 
of hyperandrogenism [21]. Exclusion criteria for 
Control group: ovarian abnormalities, irregular 
menstruation, history of reproductive system dis-
ease or appendicitis. No participants took any 
medications (hormonal medications or oral con-
traceptives) in the past 3 months or had intrauter-
ine device. Fasting venous blood sample was 
collected from each participant in the follicular 
or preovulatory phase of the cycle.

Isolation of ovarian GCs

After ovulation induction was performed properly 
as per a standard protocol [22], PCOS and non- 
PCOS patients received oocyte retrieval. For PCOS 
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patients, the remaining follicular fluid samples 
containing GCs were collected from each patient. 
Then, GCs were collected from follicular fluid by 
means of Percoll differential centrifugation and 
purified with red blood cell lysis buffer. Finally, 
purified GCs were preserved at −80°C before sub-
sequent experiments.

Cell culture

KGN cell line obtained from the BeNa Culture 
Collection (Beijing, China) was cultured in the 
culture medium containing 90% DMEM and 10% 
FBS in a humidified atmosphere (37°C; 5% CO2).

Cell transfection

LINC00173 overexpression plasmid (oe- 
LINC00173), empty pcDNA3.1 vector (Vector), 
short hairpin RNA (shRNA) against LINC00173 
(sh-LINC00173), JAG1 (sh-JAG1), and negative 
control (sh-NC), miR-124-3p mimic, miR-124-3p 
inhibitor, and corresponding negative controls 
(NC mimics and NC inhibitor) were synthesized 
by GenePharma (Shanghai, China) and transfected 
into KGN cells via Lipofectamine 2000 
(Invitrogen, USA).

RT-qPCR assay

TRIzol reagent (Invitrogen) was applied to extract 
total RNA from blood samples, GCs, or KGN cells. 
To detect LINC00173 and JAG1 expressions, 
SYBR Premix Ex Taq II and TaqMan™ Gene 
Expression Assay (FAM) were used. Meanwhile, 
TaqMan MicroRNA Reverse Transcription kit was 
applied to measure miR-124-3p expression on 
TaqMan Universal Master Mix II (Applied 
Biosystems) [23]. The relative expression was cal-
culated by 2−ΔΔCt, with GAPDH or U6 as internal 
control. The primers used were listed below: miR- 
124-3p (Forward (F)): 5’- 
TAAGGCACGCGGTGAATGCC-3′ and (Reverse 
(R)): 5’-GGCGCCTCTCTTGGCATTC-3′; U6 (F): 
5′-CTCGCTTCGGCAGCACAT-3′ and (R): 5′- 
TTTGCGTGTCATCCTTGCG-3′; LIN 
C00173 (F): 5′-GGAATGTTGCGATCCTCTGG 
-3′ and (R): 5′-CAGCCATGTCTCAGAGGTGA 
-3′; JAG1 (F): 5′-TGCTACAACCGTGCC 

AGTGACT-3′ and (R): 5′- TCAGGTGTGTC 
GTTGGAAGCCA-3′; GAPDH (F): 5′- 
GTCTCCTCTGACTTCAACAGCG-3′ and (R): 5′- 
ACCACCCTGTTGCTGTAGCCAA-3′.

CCK-8 assay

For GC and KGN cell viability analysis, GCs and 
KGN cells were cultivated in 96-well plates. After 
CCK-8 solution was added (10 μl/well) at the 
indicated time, KGN cells were cultured for 
another 2 h. The absorbance values at 450 nm 
were measured with a microplate reader (EnSpire 
2300, USA).

Flow cytometry

To detect GC and KGN cell apoptosis, annexin 
V-fluorescein isothiocyanate/propidium iodide 
(Annexin V-FITC/PI) Apoptosis Detection kit 
was applied to stain cells according to standard 
protocol. The apoptotic cells were calculated with 
a flow cytometer (BD Biosciences, USA) [24].

Western blotting

The total protein was extracted by RIPA buffer 
from GCs and KGN cells, isolated by SDS-PAGE, 
and blotted onto PVDF membranes, which were 
sealed with 5% skimmed milk. Subsequently, the 
membranes were cultured with primary antibody 
against Bax, c-caspase-3, JAG1, or GAPDH at 4°C 
for 24 hours and continuously cultivated with the 
secondary antibody. The immunoblots were visua-
lized with enhanced chemiluminescence and ana-
lyzed with ImageJ2X software.

Luciferase activity assay

The 3ʹ-UTR sequences of LINC00173 or JAG1 
with wildtype (WT) or mutant (MUT) binding 
sites for miR-124-3p were amplified and cloned 
into pmirGLO vectors (Promega, USA) to generate 
luciferase reporter vectors (LINC00173-WT, 
LINC00173-MUT, JAG1-WT, or JAG1-MUT). 
KGN cells were transfected with LINC00173-WT, 
LINC00173-MUT, JAG1-WT, or JAG1-MUT, 
together with miR-124-3p mimics or NC mimics 
via Lipofectamine 2000. Finally, luciferase activity 
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was measured with luciferase assay kit (Promega) 
after 48 hours’ transfection.

Establishment of PCOS model in rats

Forty female Sprague Dawley (SD) rats (21 days 
old) bought from SIPPR-BK Lab Animal Ltd. 
(Shanghai, China) were raised in an environment- 
controlled animal room (12-h light/dark cycle; 
25°C) with adequate water and food supply. All 
these rats were randomly divided to four groups: 
Control group (n = 10), PCOS group (n = 10), 
PCOS+sh-NC (n = 10), and PCOS+sh-LINC00173 
group (n = 10).

To induce PCOS, each SD rat received three- 
week dehydroepiandrosterone (DHEA; 60 mg/kg) 
injection. As for PCOS+sh-LINC00173 group, rats 
were injected with sh-LINC00173 through the cau-
dal vein. Twenty-one days later, all SD rats were 
deprived of water and food for 12 hours and 
euthanized by cervical dislocation. Serum samples 
were collected for further experiments.

ELISA assay

Serum testosterone (T), luteinizing hormone (LH), 
estradiol (E2), and follicle-stimulating hormone 
(FSH) levels were detected by commercial ELISA 
kits (Nanjing Jiancheng Bioengineering Institute, 
China) in accordance with the manufacturer’s 
instructions [25] .

Statistical analysis

All data measured were shown as mean ± S.D. 
Statistical analyses were performed via GraphPad 
6.0. For the data comparison, Student’s test or 
one-way ANOVA was applied. Pearson’s correla-
tion analysis was employed to analyze the associa-
tion between LINC00173, miR-124-3p, and JAG1. 
P < 0.05 was deemed significant in statistics.

Results

In this work, we mainly explore the role of 
LINC00173 in PCOS. Through molecular analysis 
as well as in vitro and in vivo experiments, the 
regulatory function of the LINC00173/miR-124- 

3p/JAG1 network in PCOS progression was 
further investigated.

LINC00173 inhibits viability and promotes 
apoptosis in KGN and GC cells

According to RT-qPCR assay, we observed that 
LINC00173 was highly expressed in PCOS patients 
(n = 32), relative to non-PCOS controls (n = 32; 
Figure 1(a)), indicating that LINC00173 might be 
involved in PCOS pathogenesis. To further explore 
the role of LINC00173 in PCOS, GCs extracted 
from PCOS patients and KGN cells were used for 
functional assays. First of all, LINC00173 was 
overexpressed or knocked down in KGN and GC 
cells, with transfection efficiency evaluated by RT- 
qPCR (Figure 1(b,c)). The results of CCK-8 assay 
exhibited that KGN and GC cell viability were 
significantly decreased after LINC00173 upregula-
tion but remarkably increased after LINC00173 
knockdown (Figure 1(d,e)). Moreover, as indicated 
by flow cytometry assay, LINC00173 overexpres-
sion significantly upregulated the apoptotic rate of 
KGN and GC cells, while LINC00173 silencing 
manifestly suppressed apoptosis in KGN and GC 
cells (Figure 1(f,g)). Furthermore, we detected the 
protein levels of Bax and c-caspase-3 in KGN and 
GC cells from each group by Western blotting. 
The results exhibited that LINC00173 overexpres-
sion upregulated Bax and c-caspase-3 levels in 
KGN and GC cells, while LINC00173 knockdown 
exerted opposite effects on Bax and c-caspase-3 
levels (Figure 1(h,i)). These results suggested that 
LINC00173 could impair biological functions of 
KGN and GC cells.

LINC00173 absorbs miR-124-3p

According to StarBase website, 12 candidate 
microRNAs (miRNAs) (miR-1286, miR-490-3p, 
miR-423-5p, miR-1252-5p, miR-506-3p, miR-124- 
3p, miR-493-3p, miR-130a-5p, miR-23c, miR-23a- 
3p, miR-23b-3p, and miR-182-5p) with latent 
binding sites for LINC00173 were predicted. 
According to a previous report by Ding et al., 
miR-124-3p expression was manifestly downregu-
lated in PCOS patients [26]. Subsequently, we 
tested miR-124-3p abundance in PCOS and nor-
mal samples. Consistent with the above study, it 
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Figure 1. LINC00173 inhibits viability and promotes apoptosis in KGN and GC cells. (a) LINC00173 expression in PCOS patients 
(n = 32) and non-PCOS controls (n = 32) was detected by RT-qPCR. (b and c) LINC00173 expression in KGN and GC cells transfected 
with sh-NC, sh-LINC00173, Vector, or oe-LINC00173 was detected by RT-qPCR. (d and e) The viability of KGN and GC cells transfected 
with sh-NC, sh-LINC00173, Vector, or oe-LINC00173 was detected by CCK-8 assay. (f and g) The apoptotic rate of KGN and GC cells 
transfected with sh-NC, sh-LINC00173, Vector, or oe-LINC00173 was detected by flow cytometry. (h and i) Bax and c-caspase-3 levels 
in KGN and GC cells transfected with Vector, oe-LINC00173, sh-NC, or sh-LINC00173 were detected by Western blotting. *p < 0.05; 
**p < 0.01.
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was revealed by RT-qPCR assay that miR-124-3p 
was remarkably lowly expressed in PCOS 
(Figure 2(a)). Therefore, we selected miR-124-3p 
for further experiments. Then, we found the bind-
ing sites between LINC00173 and miR-124-3p at 
StarBase website (Figure 2b). Afterward, miR-124- 
3p overexpression and inhibition efficiencies in 
KGN cells were tested (Figure 2(c)). It was 
shown that miR-124-3p upregulation led to 
a significant decrease in the luciferase activity of 
LINC00173-WT, while miR-124-3p inhibition 
increased the luciferase activity of LINC00173- 
WT; however, both miR-124-3p upregulation and 
miR-124-3p inhibition caused almost no influence 
on the luciferase activity of LINC00173-MUT, 
indicating the interaction between LINC00173 
and miR-124-3p in KGN cells (Figure 2(d,e)). 
Besides, miR-124-3p enrichment in KGN cells 
was evidently decreased after LINC00173 overex-
pression and markedly increased after LINC00173 
knockdown (Figure 2(f)). Furthermore, miR-124- 
3p expression was negatively related to LINC00173 
enrichment in PCOS samples, as indicated by the 

result of Pearson’s correlation analysis 
(Figure 2(g)). To sum up, LINC00173 inversely 
modulated miR-124-3p level in PCOS.

LINC00173 regulates KGN cell viability and 
apoptosis via interaction with miR-124-3p

To confirm whether LINC00173 could modu-
late KGN cell viability and apoptosis via regu-
lating miR-124-3p expression, a series of 
functional assays were performed. Firstly, 
KGN cells were transfected with Vector, oe- 
LINC00173, oe-LINC00173+ NC mimics, or oe- 
LINC00173+ miR-124-3p mimics. Also, sh-NC, 
sh-LINC00173, sh-LINC00173+ NC inhibitor, 
or sh-LINC00173+ miR-124-3p inhibitor were 
transfected into KGN cells. CCK-8 results 
showed that miR-124-3p overexpression partly 
offset the decreased cell viability of KGN cells 
overexpressing LINC00173 (Figure 3(a)). 
Conversely, miR-124-3p inhibition significantly 
abolished the increase in KGN cell viability 
caused by LINC00173 knockdown 

Figure 2. LINC00173 absorbs miR-124-3p. (a) MiR-124-3p expression in PCOS patients (n = 32) and non-PCOS controls (n = 32) was 
detected by RT-qPCR. (b) The binding sites between LINC00173 and miR-124-3p were predicted by StarBase website. (c) MiR-124-3p 
expression in KGN cells transfected with NC mimics, miR-124-3p mimics, NC inhibitor, and miR-124-3p inhibitor. (d-e) The binding 
relationship between LINC00173 and miR-124-3p was validated by luciferase reporter assay. (f) MiR-124-3p expression in KGN cells 
transfected with sh-NC, sh-LINC00173, Vector, or oe-LINC00173 was detected by RT-qPCR. (g) Pearson’s correlation analysis to 
analyze the correlation between LINC00173 and miR-124-3p in PCOS patients. *p < 0.05; **p < 0.01.
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(Figure 3(b)). Also, LINC00173 amplification 
induced a significant increase in the apoptotic 
rate of KGN cells, while miR-124-3p upregula-
tion partly offset such a promoting impact of 
LINC00173 overexpression on KGN cell apop-
tosis (Figure 3(c)). In contrast, miR-124-3p 
inhibition significantly abrogated the effect of 
LINC00173 knockdown on KGN cell apoptosis 
(Figure 3(d)). Taken together, LINC00173 
inhibited proliferation and induced apoptosis 
in KGN cells via interaction with miR-124-3p.

JAG1 is directly targeted by miR-124-3p

Four databases (microT, miRanda, RNA22, and 
PicTar) were applied to predict target messenger 
RNAs (mRNAs) for miR-124-3p. Finally, seven 
mRNAs (G3BP2, PGM1, VAT1, EPHB4, JAG1, 
RNF128, and JAG2) were screened by Venn dia-
gram (Figure 4(a)). It was demonstrated that JAG1 
was prominently elevated in PCOS, while the other 
six genes did not present an obvious upregulation 
(Figure 4(b)). Therefore, JAG1 was chosen as the 
direct target for miR-124-3p. The binding site 

Figure 3. LINC00173 regulates KGN cell viability and apoptosis via interaction with miR-124-3p. (a) The viability of KGN cells 
transfected with Vector, oe-LINC00173, oe-LINC00173+ NC mimics, or oe-LINC00173+ miR-124-3p mimics was detected by CCK-8 
assay. (b) The viability of KGN cells transfected with sh-NC, sh-LINC00173, sh-LINC00173+ NC inhibitor, or sh-LINC00173+ miR-124-3p 
inhibitor was detected by CCK-8 assay. (c) The apoptotic rate of KGN cells transfected with Vector, oe-LINC00173, oe-LINC00173+ NC 
mimics, or oe-LINC00173+ miR-124-3p mimics was detected by flow cytometry. (d) The apoptotic rate of KGN cells transfected with 
sh-NC, sh-LINC00173, sh-LINC00173+ NC inhibitor, or sh-LINC00173+ miR-124-3p inhibitor was detected by flow cytometry. 
*p < 0.05; **p < 0.01.
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between miR-124-3p and JAG1 predicted by 
StarBase is as shown in Figure 4(c). The dual 
luciferase reporter experiment results indicated 
that the luciferase activity in JAG1-WT group 
was evidently decreased or increased in KGN 
cells after miR-124-3p upregulation or downregu-
lation, whereas the luciferase activity in JAG1- 
MUT group showed no obvious changes 
(Figure 4(d)). Next, JAG1 mRNA and protein 
expressions were detected under the condition of 
aberrant LINC00173 or miR-124-3p expression. 
As indicated in Figure 4(e-h), it was observed 

that JAG1 expression was substantially increased 
after miR-124-3p inhibition or LINC00173 upre-
gulation, while miR-124-3p overexpression or 
LINC00173 depletion manifestly reduced JAG1 
expression. Moreover, JAG1 expression was signif-
icantly elevated after LINC00173 overexpression; 
however, miR-124-3p upregulation partially 
reversed such an effect (Figure 4(i,j)). Similarly, 
JAG1 expression was negatively correlated to 
miR-124-3p expression in PCOS samples 
(Figure 4(k)). Also, JAG1 expression was positively 
correlated to LINC00173 expression in PCOS 

Figure 4. JAG1 is directly targeted by miR-124-3p. (a) The downstream targets of miR-124-3p were predicted by microT, miRanda, 
RNA22, and PicTar databases. (b) G3BP2, PGM1, VAT1, EPHB4, JAG1, RNF128, and JAG2 expressions in PCOS patients (n = 32) and 
non-PCOS controls (n = 32) were detected by RT-qPCR. (c) The binding sites between miR-124-3p and JAG1 were predicted by 
StarBase website. (d) The binding relationship between JAG1 and miR-124-3p was validated by luciferase reporter assay. (e and f) 
JAG1 mRNA and protein expressions in KGN cells transfected with NC mimics, miR-124-3p mimics, NC inhibitor, and miR-124-3p 
inhibitor were detected by RT-qPCR and Western blotting. (g and h) JAG1 mRNA and protein expressions in KGN cells transfected 
with sh-NC, sh-LINC00173, Vector, or oe-LINC00173 were detected by RT-qPCR and Western blotting. (i and j) JAG1 mRNA and 
protein expressions in KGN cells transfected with Vector, oe-LINC00173, oe-LINC00173+ NC mimics, and oe-LINC00173+ miR-124-3p 
mimics were detected by RT-qPCR and Western blotting. (k) Pearson’s correlation analysis to analyze the correlation between miR- 
124-3p and JAG1 in PCOS patients. (l) Pearson’s correlation analysis to analyze the correlation between LINC00173 and JAG1 in PCOS 
patients. *p < 0.05; **p < 0.01.
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samples (Figure 4(l)). To sum up, JAG1 expression 
was oppositely correlated with miR-124-3p abun-
dance and positively related to LINC00173 expres-
sion, indicating a competing endogenous RNA 
(ceRNA) regulatory network among LINC00173, 
miR-124-3p, and JAG1.

JAG1 depletion rescues the changes in KGN cell 
growth and apoptosis caused by LINC00173 
overexpression

To further verify the regulatory functions of 
LINC00173/miR-124-3p/JAG1 ceRNA network in 
KGN cells, the cell viability and apoptotic rate of 
KGN cells transfected with Vector, oe-LINC00173, 
oe-LINC00173+ sh-NC, or oe-LINC00173+ sh- 
JAG1 were detected. Firstly, JAG1 was knocked 
down in KGN cells, and the transfection efficiency 
was confirmed (Figure 5(a,b)). As shown in 

Figure 5(c), KGN cell viability was restrained by 
LINC00173 overexpression, while JAG1 deletion 
blocked the inhibitory effect of LINC00173 on 
KGN cell viability. Besides, flow cytometry assay 
demonstrated that JAG1 downregulation signifi-
cantly restrained KGN cell apoptosis triggered by 
LINC00173 (Figure 5(d)). In sum, the above 
results revealed that LINC00173 suppressed KGN 
cell growth and accelerated KGN cell apoptosis by 
regulating JAG1.

LINC00173 deletion regulates pathological 
features of PCOS in rats

To further affirm the function of LINC00173 in 
PCOS in vivo, SD rats were injected with DHEA to 
induce PCOS. These rats were divided to four 
groups: Control group (n = 10), PCOS group 
(n = 10), PCOS+sh-NC (n = 10), and PCOS+sh- 

Figure 5. JAG1 depletion rescues the changes in KGN cell growth and apoptosis caused by LINC00173 overexpression. (a and b) 
JAG1 mRNA and protein expressions in KGN cells transfected with sh-NC or sh-JAG1 were detected by RT-qPCR and Western 
blotting. (c) KGN cells were transfected with Vector, oe-LINC00173, oe-LINC00173+ sh-NC, or oe-LINC00173+ sh-JAG1. The viability of 
KGN cells in each group was detected by CCK-8 assay. (d) The apoptotic rate of KGN cells in each group was detected by flow 
cytometry. *p < 0.05; **p < 0.01.
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LINC00173 group (n = 10). As revealed by ELISA 
assay, serum T, LH, and E2 levels were markedly 
increased in PCOS group, while FSH level was 
dramatically decreased in PCOS rats; however, 
LINC00173 inhibition led to a distinct suppression 
of T, LH, and E2 production and a significant 
increase in FSH level (Figure 6(a-d)), indicating 
LINC00173 knockdown might regulate PCOS- 
induced abnormal hormone secretion in rats. 
Furthermore, LINC00173 and JAG1 expressions 
were obviously upregulated, while miR-124-3p 
level was downregulated in PCOS rats, which was 
partly abated by LINC00173 inhibition (Figure 6 
(e-g)). Therefore, it was demonstrated that 
LINC00173 knockdown might regulate PCOS pro-
gression in vivo by modulating miR-124-3p and 
JAG1 expressions.

Discussion

PCOS, a heterogeneous endocrine disease featured 
with insulin resistance and hyperinsulinaemia, is 
a major cause for anovulatory infertility [27,28]. 
Recent studies have revealed that several lncRNAs 
may be complicated in PCOS development by 
regulating GC proliferation and apoptosis [12,29]. 

It has been proved that LINC00173 exerts opposite 
roles in regulating cell proliferation and apoptosis 
in different diseases [30–32]. As reported by 
Zhang et al. in a former study, LINC00173 
impaired inhibits the proliferation of cervical can-
cer cells through regulating FBXW7 expression via 
interaction with miR-182-5p [33]. Yang et al. 
revealed that LINC00173 repressed cell prolifera-
tion and triggered cell apoptosis in non-small-cell 
lung cancer [34]. Also, Li et al. elaborated that 
LINC00173 accelerated cell apoptosis and cell via-
bility in pancreatic cancer [35]. In this study, 
LINC00173 expression level was remarkably ele-
vated in PCOS samples and PCOS rats. In addi-
tion, LINC00173 overexpression significantly 
suppressed cell proliferation and induced apopto-
sis in GCs and KGN cells, while LINC00173 deple-
tion evidently increased GC and KGN cell viability 
and reduced GC and KGN cell apoptosis. In vivo, 
LINC00173 deletion could restore serum hormone 
levels in PCOS rats. These results indicated that 
LINC00173 might regulate PCOS development.

Mechanically, a lncRNA could competitively 
serve as a ceRNA to target specific miRNAs, 
thereby exerting effects on specific functions of 
target genes [36]. In PCOS, lncRNAs may also 

Figure 6. LINC00173 deletion regulates pathological features of PCOS in rats. (a-d) 40 female SD rats were randomly divided to 4 
groups: Control group (n = 10), PCOS group (n = 10), PCOS+sh-NC (n = 10), and PCOS+sh-LINC00173 group (n = 10). Determination 
of serum T, LH, E2 and FSH levels by ELISA. (e-g) LINC00173, miR-124-3p, and JAG1 expressions in ovarian samples by RT-qPCR. 
*p < 0.05; **p < 0.01.
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play regulatory roles via interacting with miRNAs 
as specific ceRNAs. For example, Qin et al. 
demonstrated that lncRNA H19 high expression 
was closely correlative to PCOS in Chinese women 
in a former study [37]. Then, Sun et al. further 
clarified that H19 regulated CTGF level via target-
ing miR-19b in GCs, in which the ceRNA regulat-
ing mechanism was applied to study PCOS 
pathogenesis for the first time [38]. In our work, 
the involvement of LINC00173 in PCOS progres-
sion via the miR-124-3p/JAG1 pathway was 
explored. It has been widely reported that miR- 
124-3p plays a vital role in physiological processes 
in numerous diseases [39–41]. For example, Li 
et al. disclosed that miR-124-3p promoted cell 
proliferation and accelerated cell apoptosis in 
nephrolithiasis [42]. Liang et al. demonstrated 
that miR-124-3p considerably inhibited LPS- 
induced macrophage cell apoptosis [43]. Also, 
Tao et al. revealed that miR-124-3p increased cell 
viability and repressed apoptosis in HTR-8/SVneo 
cells [44]. Herein, we discovered that miR-124-3p 
overexpression was lowly expressed in PCOS sam-
ples and PCOS rats. MiR-124-3p expression was 
adversely correlated to LINC00173 expression in 
PCOS samples. Also, miR-124-3p abundance was 
decreased after LINC00173 overexpression and 
increased after LINC00173 downregulation. In 
addition, miR-124-3p overexpression or downre-
gulation reversed the impacts of LINC00173 upre-
gulation or knockdown on KGN cells viability and 
apoptosis.

Accumulated evidence has demonstrated that 
jagged canonical Notch ligand 1 (JAG1) is exten-
sively implicated in the molecular regulation of 
cell growth and apoptosis in several diseases [45– 
47]. As reported by Shi et al. in a former study, 
JAG1 could induce apoptosis in basal cell carci-
noma cells [48]. More importantly, Zeng et al. 
demonstrated that JAG1 was highly expressed in 
PCOS [49]. Consistent with the above findings, 
we discovered that JAG1 expression was dis-
tinctly upregulated in PCOS samples and PCOS 
rats. Besides, JAG1 level was decreased in KGN 
cells after miR-124-3p upregulation or 
LINC00173 knockdown and increased after 
miR-124-3p inhibition or LINC00173 overex-
pression. Similarly, JAG1 expression was nega-
tively correlated to miR-124-3p expression and 

positively related to LINC00173 expression in 
PCOS samples. Moreover, JAG1 depletion evi-
dently alleviated the adverse effects of 
LINC00173 overexpression on KGN cells by pro-
moting proliferation and suppressing apoptosis.

Conclusion

To sum up, our results revealed that LINC00173 
might contribute to PCOS development by mod-
ulating the biological functions of GCs via the 
miR-124-3p/JAG1 axis via in vitro and in vivo 
experiments. However, our study still has several 
limitations. In future investigations, more pheno-
typic experiments will be performed to further 
validate our findings.
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