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Introduction

Primary Ovarian Insufficiency (POI) usually refers to amen-
orrhea in women before 40 years of age, with elevated serum 
follicle stimulating hormone (FSH) and decreased estrogen (E2) 

levels [1,2]. Loss of ovarian function leads to amenorrhea and 
atrophy of sexual organs, and inhibits follicles, growth and devel-
opment [2]. POI also includes premature ovarian failure (POF), 
which is the final stage of POI development [3]. The etiology of 
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POI is still unknown, and its pathogenesis and pathogenesis are 
very complex, which has not been clarified at present. Recent 
studies have shown that oxidative stress is also related to hu-
man reproductive system diseases [4]. In POI, inflammation re-
action and oxidative stress affect the quality of follicles [5]. Oxi-
dative stress during ovarian aging is an important pathogenesis 
[6]. Oxidized Low-Density Lipoprotein (OX-LDL) is thought to be 
a key factor in inducing oxidative stress. Oxidative stress and 
OX-LDL may affect redox status and/or redox sensitive signaling 
pathways and gene expression, change proteins and DNA, and 
promote apoptosis [7]. It was also found that embryonic, fol-
licular, and ovarian granulosa cells increased Reactive Oxygen 
Species (ROS) expression and oxidative stress induced OX-LDL. 
Low levels of ROS and/or mild oxidative stress are involved in 
physiological processes, including cell signaling systems, cell 
growth and differentiation [8]. In addition, ROS levels in specific 
tissues lead to different processes of cell death. For example, 
increased ROS levels leads to granulosa cell apoptosis [9]. 

In humans, granulosa cells exposure to OX-LDL causes au-
tophagy, which further leads to apoptosis and death. According 
to the study, POI has excess OX-LDL resulting in enhanced gran-
ulosa autophagy dysregulation and cell apoptosis or cell death 
[10]. However, the underlying mechanism through which au-
tophagy dysregulation is involved in the apoptosis or cell death 
of granulosa cells remains to be determined. In this study, we 
demonstrated that under OX-LDL exposure ovarian granulosa 
cells insufficient autophagy and apoptosis coexist in the POI 
mouse models. Our findings provide the first evidence for the 
role of OX-LDL causes damage and deficiency of autophagy in 
granulosa cells and suggest that impaired autophagy in granu-
losa cells may be involved in the pathogenesis of POI. Further-
more, the regulation of ROS-mediated PI3K/Akt/mTOR pathway 
might be involved in OX-LDL induced autophagy dysregulation 
and apoptosis of ovarian granulosa cells.

Materials and methods 

Animals 

Female BALB/c mice (8 weeks; 18–22 g) were obtained from 
the Animal Laboratory of Sun Yat sen University. The mice were 
fed in an environment with temperature of 22 ± 2°C, humid-
ity of 50 ± 5%, light of 12 hours and darkness of 12 hours, and 
adaptive feeding for one week. All animal experiments were ap-
proved by the Animal Experiment Ethics Committee of Sun Yat 
Sen University (NO.SYSU- IACUC- 2020-B1236).

Establishment of mouse primary ovarian insufficiency mod-
els 

According to references [11,12], Katharina et al., (2013) [11] 
and Ying Liu et al., (2019) [12], POI mouse model was estab-
lished by injecting OX-LDL (150 mg/kg), (n = 20). The establish-
ment of the model was carried out by the Animal Laboratory 
of Sun Yat sen University. The mice were through the caudal 
vena cava injection with OX-LDL (150 mg/kg) for 7 days. After 20 
days, blood samples were collected in dry test tubes without co-
agulant to obtain the serum. The concentration of estradiol (E2) 
and FSH in blood samples was tested by Chemiluminescence. 

Isolation of mice granulosa cells and OX-LDL treatment 

According to references [11,12], mice ovarian granulosa cells 

were obtained from BALB/c mice (n = 6) of the Animal Labora-
tory of Sun Yat sen University (Guangzhou, China). The female 
BALB/c mice ovaries were quickly dissected under sterile condi-
tions and put into pre-cooled PBS to remove the surrounding 
tissues and surface capsule. Under the anatomical microscope, 
the follicles were punctured with a syringe needle to release 
the mice ovarian granulosa cells into DMEM-F12 medium, 
which were blown and dispersed into a single suspended cell 
in a centrifugal tube. Second, the ovarian granulosacells were 
incubated at 37°C, 5% CO2 for 24 h, after which 1 mg/ml 0.25% 
trypsin and 0.02% EDTA were added. Subsequently, the ovar-
ian granulosa cells were incubated in an 37°C, 5% CO2 for an-
other 60 min and filter them with a 200 mesh stainless steel 
cell sieve. The cells were cultured inDulbecco’s modified Eagle’s 
medium (DMEM; Sigma-Aldrich; Merck KGaA, Darmstadt, Ger-
many) supplemented with 10% fetal bovine serum (FBS; Sigma- 
Aldrich; Merck KgaA), 100 U/ml penicillin G (Shanghai, China), 
100 µg/ml streptomycin (Shanghai, China) and 2 mM glutamine 
(Guangzhou, China). OX-LDL was purchased from Shanghai 
(Shanghai Bioengineering Co., Ltd, China). Ovarian granulosa 
cells were cultured in CO2 incubator (37°C, saturation humid-
ity, 5% CO2). Under serum-free conditions for 24, the granulosa 
cells were treated with OX-LDL under different conditions (100, 
200, 300, 400 µg/mL). 

MTT assay 

The cell viability was analyzed by 3 – (4,5-dimethylthiazole-
2-yl) – 2,5- diphenyl- 2-tetrazole ammonium bromide (MTT) 
colorimetry. In short, miR-146 transfected granulosa cells were 
inoculated at a density of 1 × 103 cells/well, and then the cells 
were cultured with OX-LDL for 24 hours. After rinsing twice with 
phosphate buffered saline (PBS), 10 µl MTT solution was added 
to each well with a final concentration of 5 mg/mL. The culture 
dish was cultured at 37°C for 10 min and 4 h, then 150 µl of 
dimethyl sulfoxide was added, and the absorbance was deter-
mined after shaking the plate for 10 min. Each experiment was 
repeated three times.

Apoptosis assay 

The apoptosis of ovarian granulosa cells was analyzed using 
terminal deoxynuc- leotidyl transferase dUTP nick-end labeling 
(TUNEL) assay (Roche, Germany). For each sample, eight visual 
fields were randomly selected. The apoptotic index was calcu-
lated for 100 ovarian granulosa cells by dividing the number of 
apoptotic ovarian granulosa cells by the total number of ovarian 
granulosa cells. 

ROS assay

The expression level of ROS in ovarian granulosa cells was 
detected by using probed with 10 µM Dichlorodihydrofluores-
cein diacetate (DCFH-DA, Beyotime Biotechnology, Shanghai, 
China) dissolved in serum-free medium at 37oC for 30 min after 
being treated with different concentrations of OX-LDL. The fluo-
rescence was measured at 488 nm excitation/525 nm emission 
by the laser confocal scanning microscope (LCSM, Leica, Wetz-
lar, Germany). ROS in follicular fluid was detected by enzyme-
linked immunosorbent assay (Shanghai Enzyme-linked Biotech-
nology Co., Ltd) 
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mTOR, PI3K, Akt and caspase 3 protein expression in ovar-
ian granulosa cells were detected by western blot 

Ovarian granulosa cells from ovarian tissues were treated 
by sonication, the lysates of cells were centrifuged and the 
proteins were separated by SDS-PAGE and then transferred to 
Immobilon NC membranes (Millipore, USA). After 2 h 5% skim 
milk blockage with Tris- buffered saline at room temperature, 
the membrane was incubated with primary antibodies against 
mTOR, PI3K, Akt and caspase 3, and β-actin (Abcam, UK) over-
night at 4°C. Then, membranes were incubated with secondary 
antibodies conjugated with horseradish peroxidase for 1 h at 
37°C. Blots were imaged using a Bio-Rad imaging system (Bio-
Rad, USA).

Statistics 

SPSS 19.0 was used to analyze the data which are presented 
as the mean ± standard error of the mean (SEM). One-way anal-
ysis of variance with a Bonferroni’s post hoc test was performed 
for multiple comparisons. P<0.05 was considered to indicate a 
statistically significant difference.

Results 

The expression of E2, FSH and ROS in POI model 

Firstly, in this experiment, the concentration of estradiol 
(E2) and folicular stimulating hormone (FSH) was determined 
by using Chemiluminescence analyzed, respectively. The con-
centration of E2 was significantly reduced and FSH significantly 
enhanced in POI model (Table 1). Then, the levels expression 
of ROS in follicular fluid were measured by ELISA assay and sig-
nificantly increased in POI model (Table 1). 

Table 1: Comparison of miRNA-146, E2, FSH and ROS levels be-
tween the two groups in POI model (x¯±s).

 n E2 (pmol/L) FSH (U/L) ROS (ng/ml)

Control 10 139.69 ± 25.87 12.76 ± 2.63 12.92 ± 4.72

POI 10 63.14 ± 17.18 61.43 ± 19.22 56.67 ± 23.84

t - 19.286 17.795 13.669

P - 0 0 0

Effects of OX-LDL on the viability of ovarian granulosa cells 

To determine the appropriate dosage of OX-LDL used in this 
study, MTT assay was conducted. Cell viability of granulosa cells 
treated with OX-LDL at different concentrations (100, 200, 300 
and 400 µg/mL) and at different times (12 h, 24 h, 48 h and 96 
h). The number of ovarian granulosa cells decreased significant-
ly at 96 h with 400 µg/mL OX-LDL treatment (P< 0.001) (Figure 
1A). Therefore, the maximum concentration of OX-LDL used in 
the subsequent analysis was 400 µg/mL OX-LDL.

OX-LDL increased expression ROS levels during granulosa 
cells

Our previous research validated that OX-LDL has been prov-
en to be associated with oxidative stress and over expression 
of ROS during inflammatory state. To investigate whether ROS 
was involved in OX-LD promoted granulosa cells insufficient au-
tophagy and apoptosis increased, we determined the ROS lev-
els in granulosa cells under OX-LDL. The results showed that OX-
LDL-treatment led to increased fluorescence intensity of ROS in 
granulosa cells in a dose-dependent manner (Figure 1B). How-
ever, ROS generation decreased when using miRNA-146 mimics 

Figure 1: Effects of OX-LDL on the viability and apoptosis of cells.
(A)The cell viability of granulosa cells after treatment with different 
concentrations (100, 200,300, and 400 µg/mL) of OX-LDL.
(B) OX-LDL treatment led to increased fluorescence intensity of 
ROS in granulosa cells in a dose-dependent manner, and miR-
NA-146 treatment decreased OX-LDL induced ROS generation (n = 
5 per group), ***P<0.001.
(C) The ratio of LC3II/LC3I was decreased in the si mTOR (0.13 ± 
0.39) groups compared to the NC group (0.49 ± 0.56), Data are 
presented as mean ± SD, n = 5, ***P < 0.001 vs. NC.
(D) The ratio of LC3II/LC3I was decreased in the si PI3K (0.17 ± 0.46) 
groups compared to the NC group (0.42 ± 0.58), Data are present-
ed as mean ± SD, n = 5, **P < 0.01 vs. NC.
(E) The apoptotic cells rate was measured by TUNEL assay. Percent-
age of apoptotic cells significantly decreased by expression of miR-
NA-146 compared with the OX-LDL group and OX-LDL+NC group, 
** P < 0.01; *** P < 0.001.
(F) Up-regulation of miRNA-146 significantly reduced the apopto-
sis of OX-LDL treatment granulosa cells, while ROS remarkable en-
hanced the apoptosis of OX-LDL treatment granulosa cells.
(a and b) : ROS level detected by DCFH-DA assay. OX-LDLsignificant-
ly increased the ROS level. a, Control; b, OX-LDL

to neutralize intracellular ROS (Figure 1B). These findings sug-
gested that intracellular ROS was activated in OX-LDL-promoted 
granulosa cells apoptosis (Figure 1F).

Insufficient autophagy inhibits granulosa cells activity 

To determine the role of autophagy in granulosa cells, we 
used siRNA to knock down the expression of two key genes, 
mTOR, and PI3K, in granulosa cells of mouse (Figure 1C and 1D). 
The ratio of LC3-II to LC3-I expression was clearly decreased in 
both the si mTOR, and si PI3K, groups compared with the nega-
tive control (NC) group (Figure 1C and 1D), indicating the ef-
ficient inhibition of autophagy. Moreover, the accumulation of 
ROS also suggested the dysregulation of autophagy and apop-
tosis of granulosa cells (Figure 1E, F). 

Effect of OX-LDL on autophagy markers and PI3K/Akt/mTOR 
in granulosa cells 

As illustrated in Figure 2, the protein expressions of caspase 
3 were dramatically up-regulated after OX-LDL stimulation in 
granulosa cells (Figure 2 A and D), while the protein expressions 
of p-PI3K, p-Akt, p-mTOR were dramatically down-regulated af-
ter OX-LDL stimulation in granulosa cells (Figure 3). Meanwhile, 
it could effectively decrease the ratio of LC3II/LC3I and Beclin1 
with OX-LDL stimulation in granulosa cells (Figure 2 A, B and C). 
To confirm the involvement of ROS in the execution of PI3K/Akt/ 
mTOR pathway in OX-LDL-induced granulosa cells, we further 
investigated the protein expressions of the above molecules. 
Notably, miRNA-146 effectively promoted the up-regulations of 
the phosphorylated PI3K, Akt and mTOR caused by OX-LDL in vi-
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tro (Figure 3A, B ,C and D). Interestingly, after ROS + miRNA-146 
inhibitors co-incubation, the alterations were remarkably abro-
gated. These experimental data indicated the critical role of ROS 
in the regulation of PI3K/Akt/mTOR signalling Pathway. 

Figure 2: Effect of OX-LDL on autophagy markers and caspase 3 in 
granulosa cells.
A. The protein expression levels of autophagy markers: LC3II/LC3I 
and Beclin1 were decreased under 400 μg/mL OX-LDL and promot-
ed by miRNA-146 with 100 nmol/L. OX-LDL or without treatment 
as examined by Western blot (n = 5 per group). The protein expres-
sion levels of caspase 3 were increased under 400 μg/mL OX-LDL 
and restrained by miRNA-146 with 100 nmol/L. OX-LDL or without 
treatment as examined by Western blot (n = 5 per group).
B. Quantification of Beclin-1 in (A), * P< 0.05, ** P< 0.01.C. Quan-
tification of LC3-I/LC3-II
in (A), ** P< 0.01,***P<0.001.D. Quantification of caspase3 in (A), 
* P< 0.05, ***P< 0.001

Inhibition of ROS by miRNA-146 suppressed OX-LDL-in-
duced PI3K/Akt/ mTOR expression

So far, we have proven that OX-LDL could induce insufficient 
autophagy and apoptosis of granulosa cells by regulating the 
mTOR expression. We also found that OX-LDL could increase 
ROS level in granulosa cells. Given that OX-LDL and ROS both 
regulated the mTOR expression and induced insufficient au-
tophagy and apoptosis of granulosa cells increased and affect 
the quality of follicles, ROS might play a crucial role in linking 
OX-LDL and the PI3K/Akt/mTOR signaling pathway in insuffi-
cient autophagy and apoptosis of granulosa cells. Next, to de-
termine whether OX-LDL-promoted insufficient autophagy and 
apoptosis of granulosa cells by the PI3K/ Akt/mTOR signaling 
pathway is ROS-mediated, we added miRNA-146 to determine 
whether PI3K/Akt/mTOR expression and apoptosis of granulosa 
cells with the presence of OX-LDL could be suppressed. The re-
sults showed that miRNA-146 pretreatment up-regulated the 
critical mTOR signaling expression in granulosa cells treated 
with 400 μg/mL OX-LDL (Figure 3A, 3D), which suggested that 
ROS was activated before the mTOR signaling pathway in OX-
LDL-promoted poptosis of granulosa cells. We also found that 
PI3K and Akt expression of granulosa cells decreased under 400 
μg/mL OX-LDL and increased under miRNA-146 with or without 
OX-LDL (Figure 3A, B and C). Moreover, the poptosis of granu-
losa cells related genes caspase 3 decreased when treating the 
poptosis of granulosa cells with miRNA-146 (Figure 2A, 2D). The 
protein expression of Beclin1 was reduced (Figure 2A, 2B) in 
OX-LDL-treated granulosa cells. The ratio of LC3II:LC3I was also 
decreased (Figure 2A and 2C) in OX-LDL- treated granulosa cells. 
The protein expression of Beclin1 and the ratio of LC3II:LC3I 
were increased with miRNA-146 in OX-LDL-treated granulosa 
cells. Takern together, these results dermonstrated that OX-LDL 
could promote insufficient autophagy and poptosis of granu-
losa cells in vitro through the ROS-mediated PI3K/Akt/mTOR 

pathway. Western blotting demonstrated that OX-LDL could 
not only regulate PI3K/Akt/mTOR signaling pathway, but also 
stimulate the expression of caspase3. In addition, we proved 
that miRNA-146 pretreatment could inhibit OX-LDL promoted 
ROS-mediated PI3K/Akt/ mTOR expression. miRNA-146 also 
suppressed the expression of caspase 3. 

Figure 3: Inhibition of ROS by miRNA-146 suppressed OX-LDL-in-
duced PI3K/Akt/ mTOR to rexpression.
 (A) The protein expression levels of mTOR, PI3K and Akt were sup-
pressed under 400 μg/mL OX-LDL and promoted by miRNA-146 
mimics with 400 μg/mL OX-LDL or without treatment as examined 
by Western blot (n = 5 per group). (B,C,D) granulosa cells were pre-
treated with 100 nmol/L miRNA-146 mimics for 1 h before being 
cultured with or without 400 μg/mL OX-LDL. 

Discussion

POI is a oxidative stress induced chronic inflammatory re-
action of the ovary with functional decline. Although ROS is a 
natural by-product of aerobic metabolism, but unlimited ROS 
can lead to oxidative stress and cell damage [9]. In the process 
of reproduction, the increase of energy and nutrient demand is 
related to the acceleration of metabolic rate and thus the cu-
mulative ROS production. Growing evidence implicates signifi-
cant contributions of oxidative stress to initiate granulosa cell 
death through programmed cell death during follicular atresia 
[13], which may give rise to certain anovulatory disorders, such 
as POI. In particular, autophagic signals are recognized only in 
granulosa cells within antral follicles. Importantly, observations 
of human ovaries reveal a close correlation between OX-LDL-in-
duced autophagy and granulosa cells death [14], these findings 
indicate a distinctrole of autophagy in regulating granulosa cells 
viability. Granulosa cells (GCs) are somatic cells originating from 
the sex cord, which are the crucial type of cells in the ovary. 
As the major source of oestradiol and oestrogens in response 
to FSH, GCs have critical roles in oocyte maturation via oo-
cyte–granulose cell interaction and in normal folliculogenesis. 
In other words, dysfunction of GCs usually leads to pathologi-
cal folliculogenesis, including premature ovarian failure (POF), 
polycystic ovary syndrome (PCOS) and ovarian GC tumours 
(GCT). In addition, ROS levels in specific tissues lead to differ-
ent processes of cell death. For example, increased ROS levels 
leads to granulosa cell apoptosis [15]. In humans, granulosa 
cells exposure to OX-LDL causes autophagy, which further leads 
to apoptosis and death. According to the study, POI has excess 
OX-LDL resulting in autophagy dysregulation, apoptosis and 
cell death of ovarian granulosa cells. Regression autophagy has 
been found to be rich in oxidized low density lipoprotein (lectin 
like) receptor 1 (OLR1) in human ovaries [16]. Thus, the OX-LDL-
OLR-ROS pathway induces autophagy in granulosa cells [17]. It 
is reported that autophagy is involved in regulating the apop-
tosis of granulosa cells to accelerate follicular atresia [18,19]. 
However, limited information is known about the role of OX-



www.jcimcr.org                Page 5

LDL direct induction of insufficient autophagy and apoptosis of 
ovarian granulosa cells in POI. In this study, we demonstrated 
for the first time that OX-LDL induced autophagy dysregula-
tion in mice due to elevated OX-LDL in vivo due to regulation 
of mTOR expression. In addition, we found that OX-LDL directly 
promotes insufficient autophagy and apoptosis of granulosa 
cells in vitro through activation of the ROS-mediated PI3K/Akt/
mTOR Pathway. These findings have important implications for 
further understanding the mechanism by which OX-LDL contrib-
utes to autophagy dysregulation and granulosa cells apoptosis 
in POI.

Ovarian dysfunction has the common pathophysiological 
mechanisms to oxidative stress and chronic inflammation, in-
cluding OX-LDL and ROS levels [20]. In this study, it showed that 
OX-LDL can significantly reduce the viability of granulosa cells 
in a dose-dependent manner. OX-LDL has been proved to be a 
marker of oxidative stress and a risk factor of various chronic 
inflammatory diseases. In the current study, we firstly showed 
that autophagy dysregulation and reduced autophagy level in 
granulosa cells of POI models. Under normal conditions, suffi-
cient autophagy ensures the appropriate level of mTOR protein 
to facilitate the differentiation of granulosa cells, whereas with 
insufficient autophagy, the excessive accumulation of ROS inhib-
its the transcriptional activation of mTOR and PI3K/Akt, which 
leads to defective differentiation and the decrease of growth 
viability of granulosa cells. Therefore, the reduced LC3-II:LC3-I 
ratio indicates that autophagy defects [21] are down-regulat-
ed in autophagy-related genes in the current study, including 
mTOR and PI3K/Akt. The lower LC3-II: LC3-I ratio and Beclin-1 
level indicate that it is the insufficient autophagy in granulosa 
cells of POI models, which indicates the potential contribution 
of autophagy disorder to POI pathology. In addition, this study 
showed that ovarian granulosa cell autophagy deficiency and 
apoptosis coexist under OX-LDL exposure.

mTOR belongs to the PI3K-related kinase (PIKK) family and 
is associated with ROS [22]. PI3K triggers Akt to activate mTOR. 
In most cases, mTOR is controlled by a kinase cascade involv-
ing PI3K and Akt [23]. The stimulation of PI3K/Akt dependent 
cascade may reduce the apoptosis and death of ovarian granu-
losa cells. Previous investigator indicated that PI3K/Akt/ mTOR 
pathway is activated by melatonin to inhibit autophagy protec-
tion against POI [24]. Yan et al. also demonstrated that the PI3K/
Akt/mTOR signal pathway can protect rat ovarian granulosa 
cells from oxidative stress and apoptosis [25]. Chen et al. re-
ported that acupuncture regulates autophagy of ovarian granu-
losa cells in patients with ovulation disorders by inhibiting PI3K/
AKT/ mTOR pathway with LncMEG3 [26]. Regulation of PI3K/
AKT/mTOR pathway can reduce excessive autophagy of ovarian 
granulosa cells [27]. Herein, our data implied that ROS increases 
the down-regulation expression of PI3K/Akt/mTOR in granulosa 
cells in OX-LDL- induced in vivo and in vitro. miRNA-146 can in-
hibit the expression of ROS, which can rescue the phosphoryla-
tion of the above proteins. Moreover, the expressions of the 
phosphorylated and non-phosphorylated PI3K/Akt/mTOR sig-
nalling pathways in the miRNA-146 pretreatment group showed 
significant alterations compared with those in the control 
groups, which indicated that ROS acted as an upstream event 
of PI3K, Akt and mTOR [28]. The analytical results suggested 
that OX-LDL promotes insufficient autophagy and apoptosis of 
ovarian granulosa cells through ROS-mediated PI3K/AKT/mTOR 
signalling pathway. However, our study has some limitations. 
Although it is to study the role and mechanism of OX-LDL expo-
sure in the occurrence and development of POI. The regulation 

of OX-LDL on ovarian granulosa cells is not only PI3K/AKT/mTOR 
pathway. In addition, we only studied the effect of miRNA-146 
on the abnormality of OX-LDL activating ROS-mediated PI3K/
AKT/mTOR pathway in ovarian granulosa cells of POI mouse 
model, but it is not clear that miRNA-146 regulates OX-LDL 
activating ROS-mediated PI3K/AKT/mTOR pathway affects the 
mechanism of insufficient autophagy in granulosa cells. There-
fore, we are planning to carry out a clinical study to expand the 
sample to understand the mechanism of miRNA-146 inhibiting 
OX-LDL activating ROS- mediated PI3K/AKT/mTOR signal path-
way to ameliorate ovarian function and reduce or inhibit granu-
locyte autophagy dysregulation and apoptosis.

Conclusion

To our knowledge, this study is the first to demonstrate 
that OX-LDL promotes insufficient autophagy, and apoptosis of 
ovarian granulosa cells through ROS-mediated PI3K/AKT/mTOR 
signalling pathway. In addition, the current study showed that 
under OX-LDL exposure, ovarian granulosa cells insufficient 
autophagy and apoptosis coexist in the POI mouse models. 
Besides, OX-LDL could directly induce ovarian granulosa cells 
apoptosis, and miRNA-146 could inhibit it. Overall, the present 
findings provide detailed information for understanding the ex-
act mechanism of insufficient autophagy and apoptosis coexist 
in granulosa cells under OX-LDL.
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