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Downregulation of microRNA-96-5p protects TM3 cells
against zearalenone toxicity via targeting ATG9A
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Abstract. Male infertility factor accounts for ~50% of all
infertility cases, and traditional treatments for male infertility
are limited. The association between the dysfunction of Leydig
cells and hypospermatogenesis is essential for developing novel
treatment methods for male infertility. It was previously stated
that elevated expression of microRNA (miR)-96-5p was associ-
ated with the toxicological response of Leydig cells to treatment
with zearalenone (ZEN). However, the exact role of miR-96-5p
in Leydig cells remains to be illustrated. The mouse Leydig cell
line TM3 was used in the present study to investigate the role of
miR-96-5p. ZEN was used to induce cell injury in TM3 cells.
Cell Counting Kit-8 assay and the Ki67 staining method were
used to evaluate cell viability. Reverse transcription-quantitative
PCR was used to determine the expression levels of miR-96-5p.
In addition, a dual luciferase assay was used to investigate the
target of miR-96-5p. Annexin V/propidium iodide staining
was performed to detect cell apoptosis. Western blot analysis
was used to detect the expression levels of certain proteins.
Finally, monodansylcadaverine (MDC) and LC3 staining were
applied for monitoring the level of autophagy. ZEN inhibited
the proliferation of TM3 cells in a dose-dependent manner. In
addition, the level of miR-96-5p were significantly increased in
ZEN-treated TM3 cells. Meanwhile, inhibition of miR-96-5p
could reverse ZEN-induced decrease in viability in TM3 cells.
Moreover, ZEN notably inhibited autophagy in TM3 cells
and this phenomenon was reversed by the application of the
miR-96-5p inhibitor. Autophagy related 9A (ATG9A) was
identified as the biological target of miR-96-5p. The results
derived from MDC and LC3 staining demonstrated that
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downregulation of miR-96-5p expression levels protected TM3
cells against ZEN toxicity by regulating autophagy. Inhibition
of miR-96-5p expression protected TM3 cells against ZEN via
targeting ATG9A. Therefore, miR-96-5p may serve as a poten-
tial biomarker for male infertility.

Introduction

According to the World Health Organization, the failure to
achieve a clinical pregnancy after 1 year or more of regular
unprotected sexual intercourse is defined as infertility (1). So
far, ~10-15% of couples experience infertility worldwide (2).
Among all these infertility cases, the male infertility factor
accounts for ~50% (3). It is well known that traditional treat-
ments of male infertility include in vitro fertilization and
intrauterine insemination (3). However, intrauterine insemina-
tion only achieves modest outcomes (3) and in vitro fertilization
with intracytoplasmic sperm injection is invasive and expensive.
In addition, both of the traditional treatments are inefficient in
treating specific causes of infertility (3). Therefore, additional
research studies have to be conducted on novel treatment strate-
gies specifically targeting the causes of male infertility.

Leydig cells are a group of cells found in clusters that
are located in the interstitial space of the testes between
seminiferous tubules (4). Leydig cells produce testosterone
and their dysfunction causes seminiferous tubule dysfunction
and fall in testosterone levels, which are common features of
infertile men (4). The association between Leydig cell insuf-
ficiency and hypospermatogenesis in humans has already
been confirmed (4). In addition, specific toxins that affect
the function and morphology of Leydig cells may result in
male infertility (5). Therefore, protecting Leydig cells from
toxin-induced dysfunction may aid the development of treat-
ment strategies for male infertility.

Mycotoxins and pesticides are typical endocrine-disrupting
chemicals, which can cause poor sperm quality (5). Zearalenone
(ZEN) is a non-steroidal estrogenic mycotoxin, which is a
frequent contaminant of cereal crops worldwide (6). The toxic
effects of ZEN on the reproductive system and its associated
reproductive disorders have been previously shown (7).

MicroRNAs (miRNAs/miRs) are a family of short
non-coding RNA molecules that are ~18-23 nucleotides in
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length (8). miRNAs regulate gene expression at the post-tran-
scriptional level by binding to the 3'-untranslated region
(3'-UTR) of their target mRNAs and inducing translational
repression. As a class of small non-coding RNAs, miRNA play
an essential role in the process of spermatogenesis (8,9). Several
miRNAs, including miR-96-5p, miR-19a-3p and miR-210-5p,
were found to be associated with ZEN-induced toxicity noted
in Leydig cells (10). Among these miRNAs, miR-96-5p exhib-
ited significantly increased expression levels (10). Moreover,
miR-96-5p expression was associated with cell proliferation
effectors, such as Foxol, AKT2 and PTEN (10). Therefore, the
present study aimed to further investigate the role of miR-96-5p
on protecting Leydig cells against ZEN-induced toxicity.

Materials and methods

Cell culture and reagents. TM3 (mouse Leydig cells) were
obtained from the American Type Culture Collection and
cultured in DMEM/F12 media (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and
100 ug/ml streptomycin in a humidified incubator containing
5% CO, at 37°C. TM3 cells were cultured overnight to allow
adherence prior to treatment with ZEN (50 #M; Sigma-Aldrich;
Merck KGaA) for 48 h at 37°C. 3-Methyladenine (3MA) was
purchased from Sigma-Aldrich; Merck KGaA and used at a
concentration of 5 mM.

Cell Counting Kit-8 (CCK-8) assay. The CCK-8 assay kit
(Dojindo Molecular Technologies, Inc.) was used to evaluate
cell viability. TM3 cells were seeded into 96-well plates at a
density of 5x10* cells/well overnight. Following treatment with
certain concentrations of ZEN (0, 10,25,50 and 75 uM) at 37°C
for 48 h, the cells were incubated with 10 1 CCK-8 solution
for an additional 2 h at 37°C prior to measuring the absorbance
at 450 nm with a microplate reader (Bio-Rad Laboratories,
Inc.). ZEN (50 pM) was selected in the subsequent experi-
ments to induce a moderate decrease in cell viability. For the
combined treatment, TM3 cells were transfected with the
miR-96-5p inhibitor (10 nM) for 6 h using Lipofectamine
2000® (Invitrogen; Thermo Fisher Scientific, Inc.) followed
by incubation with ZEN (50 xM) for an additional 48 h, as
described previously (11). Subsequently, the CCK-8 assay was
conducted following the aforementioned protocol.

Reverse transcription-quantitative PCR (RT-gPCR). Total
cellular RNA was isolated from TM3 cells using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The
extracted total RNA was reverse transcribed into cDNA using
a PrimeScript RT-PCR kit (Takara Bio, Inc.) according to
the manufacturer's instructions. RT-qPCR was performed to
determine the levels of miR-96-5p using SYBR premix Ex
Taq (Takara Bio, Inc.) following the manufacturer's instruc-
tions. The primer sequences used were as follows: miR-96-5p
forward, 5“TGGCACTAGCACATTTTTGC-3"; miR-96-5p
reverse, 5'-CTCAACTGGTGTCGTGGAGTC-3"; U6 forward,
5'-CTCGCTTCGGCAGCACAT-3"; and U6 reverse, 5'-AAC
GCTTCACGAATTTGCGT-3". The relative expression
levels of miR-96-5p were calculated using the comparative
2-44% method (12). U6 was used as the internal control. The

temperature conditions for amplification were as follows:
Pre-incubation at 98°C for 3 min, followed by 40 cycles at 95°C
for 30 sec, 56°C for 40 sec and 72°C for 40 sec.

Cell transfection. miR-96-5p mimics (5'-UUUGGCACU
AGCACAUUUUUGCU-3"), inhibitors (5-AGCAAAAAU
GUGCUAGUGCCAAA-3"), and negative control (mimic
NC, 5'-UUGUACUACACA AAAGUACUG-3'; inhibitor NC,
5'-CAGUACUUUUGUGUAGUACAA-3") sequences were
obtained from GenePharm, Inc. miR-96-5p mimics could
mimic endogenous miR-96-5p, while miR-96-5p inhibitor
(antisense single-stranded oligonucleotides for miRNA inhi-
bition) could inhibit endogenous miR-96-5p. TM3 cells were
seeded into 6-well cell culture plates (1.5x10* cells/well) and
cultured overnight prior to transfection. Cells were transfected
with 10 nM miR-96-5p mimics, miR-96-5p inhibitor by using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) as previously described (13). The efficiency of
transfection was determined using RT-qPCR following 48 h of
cell incubation.

Immunofluorescence assay. TM3 cells were transfected with
miR-96-5p inhibitor (10 nM) for 6 h followed by incubation
with ZEN (50 uM) at 37°C for an additional 48 h. Following
treatment, the cells were fixed in 4% paraformaldehyde for
30 min at 4°C, followed by permeabilization with 0.1% Triton
X-100 (Sigma-Aldrich; Merck KGaA) at 4°C and blocking
with 5% bovine serum album (BSA; Thermo Fisher Scientific,
Inc.) for 1 h at room temperature. Subsequently, the cells
were incubated with the primary antibodies overnight at 4°C.
The primary antibodies used were as follows: Ki67 (1:200;
cat. no. ab15580; Abcam) and LC3 (1:200; cat. no. ab192890;
Abcam). The following morning, the cells were washed with
PBS and incubated with goat anti-rabbit secondary antibodies
(1:500; cat. no. ab7090; Abcam) for 1 h at room temperature.
Subsequently, the cells were counterstained with 10 mg/ml
DAPI fluorescence for 2 min to detect the nuclei. The stained
cells were visualized and mounted using a LSM710 confocal
fluorescence microscope (Carl Zeiss AG; magnification, x200).

Monodansylcadaverine (MDC) staining. After the indicated
treatment conditions, the cells were plated into a 6-well plate
(3x10° cells/well) and cultured overnight, followed by staining
with 0.05 mM MDC (Sigma-Aldrich; Merck KGaA) at 37°C
for 30 min. Following washing with PBS for three times, the
cells were fixed with 4% paraformaldehyde at room tempera-
ture for 10 min and immediately observed under a fluorescence
microscope (magnification, x200).

Dual-luciferase reporter assay. miRDB (http://mirdb.org/) and
TargetScan (www.targetscan.org/vert_71) were used to predict
the target of miR-96-5p. The dual luciferase reporter assay
was performed to verify the targeting association between
miR-96-5p and ATGY9A. Wild-type (WT) and mutant (MT)
sequences of autophagy related 9A (ATG9A) were synthesized
by Shanghai GeneChem Co., Ltd. The MT and WT 3'-UTR
of ATG9A was cloned into a pMIR-REPORT plasmid (H306;
Obio Technology) following the manufacturer's instructions.
Subsequently, the cells were co-transfected with 0.1 pg
WT-ATGOYA or MT-ATGYA and miR-96-5p mimics or vector
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Figure 1. Downregulation of miR-96-5p reversed ZEN-induced cell viability decline in TM3 cells. (A) TM3 cells were treated with different concentrations
of ZEN (0, 10, 25, 50 and 75 uM) for 48 h. CCK-8 assay was used to evaluate cell viability. (B) TM3 cells were treated with different concentrations of ZEN
(10, 25, 50 and 75 uM) for 48 h. TM3 cells treated with PBS was used as control. The level of miR-96-5p was determined by RT-qPCR. (C) TM3 cells were
treated with 50 yM ZEN for 0, 24, 48 and 72 h. CCK-8 assay was used to evaluate cell viability. (D) TM3 cells were transfected with NC, miR-96-5p mimics
and miR-96-5p inhibitor, respectively. The level of miR-96-5p was determined by RT-qPCR. (E) The cells were treated with ZEN (50 M), miR-96-5p inhibitor
(10 nM) and ZEN + miR-96-5p inhibitor (10 nM), respectively. (F) Ki67 staining indicated cell proliferation. Magnification, x200. (G) Ki67-positive cells were
counted. “P<0.01 vs. control group; #P<0.01, vs. ZEN (50 uM) treated group. Control group, vehicle control. miR, microRNA; ZEN, zearalenone; CCK-8, Cell
Counting Kit-8; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR.

control (50 nM final concentration) using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). Following 48 h of
transfection, the Dual-Glo Luciferase Assay system (Promega
Corporation) was used to measure luciferase activity according
to the manufacturer's protocol. The firefly luciferase activity
was normalized to the Renilla luciferase activity and presented
as relative luciferase activity.

Western blot analysis. Total proteins were obtained from
lysates of cultured cells using RIPA buffer (Shanghai
GenePharma Co., Ltd.). The concentration levels of the
proteins were measured with a BCA protein assay kit
(Beyotime Institute of Biotechnology). Subsequently, total
protein (30 ug/lane) was loaded onto SDS gels (10%) and
separated by electrophoresis. The gels were transferred to
PVDF membranes. Following blocking with 5% skimmed
milk for 1 h at room temperature, the membrane was probed
with antibodies against ATG9A (1:1,000; cat. no. ab108338;
Abcam), cleaved caspase-3 (1:1,000; cat. no. ab32042; Abcam),
Bcl-2 (1:1,000; cat. no. ab32124; Abcam) and beclin 1 (1:1,000;
cat. no. ab210498; Abcam) overnight at 4°C. Subsequently, the
membrane was incubated with appropriate horseradish perox-
idase-conjugated anti-rabbit secondary antibody (1:3,000;
cat. no. ab7090; Abcam). The visualization was performed
using an ECL chemiluminescent kit (Beyotime Institute of
Biotechnology) according to the manufacturer's instructions.
The integrated density of each band was normalized to that of
the corresponding f-actin (1:1,000; cat. no. ab8226; Abcam)
band. ImageJ software (version 2.0; National Institutes of
Health) was used to quantify the intensity of the bands.

Apoptosis assay. Following the indicated treatment, cells
were harvested and resuspended at a density of 5x10° cells/ml.
Subsequently, the cells were centrifuged (300 x g) at room
temperature for 5 min, followed by washing with PBS 3 times.
A total of 1x10° cells were collected in each tube. The Annexin
V-FITC Apoptosis Detection kit (Thermo Fisher Scientific,
Inc.) was used to quantify the percentage of apoptotic cells. The
cell pellets were resuspended in 1 ml Annexin V binding buffer,
followed by staining with 5 ul Annexin V and 10 yl propidium
iodide (PI) for 15 min at room temperature. Flow cytometry
analysis (BD FACS Aria; BD Biosciences) was conducted
within 1 h to detect the orange-red fluorescence of Annexin
V/PI. The data was quantified by FlowJo (v7.6.5; FlowJo LLC).

Statistical analysis. All experiments were performed in tripli-
cate. All data are presented as mean + SD. GraphPad Prism 7
(GraphPad Software, Inc.) was used for statistical analysis. The
differences among multiple groups were analyzed using one-way
ANOVA followed by Tukey's multiple comparisons test. P<0.05
was considered to indicate a statistically significant difference.

Results

Downregulation of miR-96-5p expression reverses
ZEN-induced cytotoxicity in TM3 cells. TM3 cells were
cultured with various concentrations of ZEN (0, 10, 25, 50
and 75 uM) for 48 h and the effect of this compound on cell
viability was evaluated by the CCK-8 assay. The results indi-
cated that ZEN inhibited the proliferation of TM3 cells in a
dose-dependent manner (Fig. 1A). Treatment of the cells with
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ZEN (50 uM) resulted in moderate cell growth inhibition of
~50% (Fig. 1A). Therefore, ZEN was used in the following
experiments at a concentration of 50 #M. At the concentration
of 75 uM, ZEN induced severe toxicity. It has been previously
reported that miR-96-5p is closely associated with the toxicity
of ZEN in Leydig cells (10). Therefore, the expression levels
of miR-96-5p in ZEN-treated TM3 cells were detected by
RT-qPCR. ZEN notably upregulated the expression levels of
miR-96-5p in a dose-dependent manner (Fig. 1B). In addition,
ZEN (50 uM) markedly inhibited the viability of TM3 cells
in a time-dependent manner (Fig. 1C). After 24 h of incuba-
tion, ZEN (50 uM) resulted in moderate cell growth inhibition
of ~20%; after 48 h of incubation, ZEN (50 M) resulted in
moderate cell growth inhibition of ~50% (Fig. 1C). Therefore,
TM3 cells that were treated with ZEN (50 M) for 48 h were
utilized in the following experiments.

In order to assess the function of miR-96-5p further, TM3
cells were transfected with miR-96-5p mimics, miR-96-5p
inhibitor or NC sequences. The efficiency of transfection was
evaluated using RT-qPCR and the data indicated that TM3
cells were successfully transfected with miR-96-5p mimics or
inhibitor (Fig. 1D). In addition, the results of the CCK-8 assay
indicated that ZEN (50 #M) resulted in a significant reduction of
cell viability (Fig. 1E), while the miR-96-5p inhibitor (10 nM)
exhibited no significant effect on cell viability (Fig. 1D). In
addition, the decrease in cell viability induced by ZEN was
remarkably attenuated by the miR-96-5p inhibitor (Fig. 1E).
Furthermore, the results of Ki67 staining indicated that the
miR-96-5p inhibitor efficiently reversed the decrease in cell
proliferation induced by ZEN in TM3 cells (Fig. 1F and G).
Taken together, the results indicated that downregulation of
miR-96-5p expression significantly attenuated ZEN-induced
cytotoxicity in TM3 cells.

ATGYA is the target of miR-96-5p. The target of miR-96-5p
was predicted using the online databases miRDB
(http://www.mirdb.org/) and TargetScan (http://www.
targetscan.org/vert_72/). Accordingly to previous studies,
miR-96-5p was reported to have a closed association with
autophagy (11,13,14). Thus, the present study focused on
analyzing autophagy-associated genes and found that ATG9A
was the putative target of miR-96-5p (Fig. 2A). Subsequently,
the association between miR-96-5p and ATG9A was verified
by dual-luciferase reporter assays. The relative luciferase
activity of the cells co-transfected with wild type ATG9A
and miR-96-5p mimics was markedly decreased (Fig. 2B).
This result demonstrated that miR-96-5p was able to bind
directly to the WT 3'-UTR of ATG9A. Therefore, ATG9A was
confirmed as a direct target of miR-96-5p. In addition, western
blot analysis was used to validate the association between
miR-96-5p and ATGO9A. The expression levels of ATG9A
were downregulated by miR-96-5p mimics, confirming that
ATGY9A was a direct target of miR-96-5p (Fig. 2C and D).
Since ATGY9A is a transmembrane protein and plays an essen-
tial role in autophagy (15), the induction of autophagy in TM3
cells was investigated in the subsequent experiments.

Downregulation of miR-96-5p expression protects TM3 cells
from ZEN-induced apoptosis. Subsequently, the induction of
TM3 cell apoptosis was detected by Annexin V/PI staining.
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Figure 2. ATGY9A is a target of miR-96-5p. (A) ATG9A was predicted as
the target of miR-96-5p. (B) Dual-luciferase reporter assay validated the
targeting association between miR-96-5p and ATG9A. (C) TM3 cells
were transfected with mimics-NC or miR-96-5p mimics for 6 h. At 48 h
post-transfection, western blotting was performed to detect the expression
level of ATGYA in cells.TM3 cells without transfection were used as blank
control. (D) The expression of ATG9A was quantified. “P<0.01, vs. control
group. Control group, vehicle control. miR, microRNA; ATG9A, autophagy
related 9A; NC, negative control.

ZEN (50 uM) induced TM3 cell apoptosis (Fig. 3A and B),
whereas the miR-96-5p inhibitor had no effect on cell
apoptosis (Fig. 3A and B). In addition, downregulation of
miR-96-5p expression markedly decreased ZEN-induced cell
apoptosis. It is interesting to note that the protective effect of
the miR-96-5p inhibitor against ZEN-induced apoptosis was
abolished by 3MA, which is an autophagy inhibitor. Moreover,
the expression levels of the apoptosis-associated proteins
(cleaved caspase-3 and Bcl-2) were evaluated by western blot
analysis. The results indicated that ZEN-induced upregulation
of cleaved caspase-3 expression was reversed by miR-96-5p
inhibitor transfection in the cells (Fig. 3C-E). Similarly, the
ZEN-induced decrease in Bcl-2 expression levels was reversed
by miR-96-5p inhibitor transfection in the cells (Fig. 3C-E).
Moreover, the effects of the miR-96-5p inhibitor on cleaved
caspase-3 and Bcl-2 expression levels were eliminated in the
presence of 3MA, which was consistent with the aforemen-
tioned findings. Taken together, the results indicated that
downregulation of miR-96-5p expression protected TM3 cells
against ZEN-induced apoptosis by regulating autophagy.

Downregulation of miR-96-5p expression protects TM3 cells
against ZEN cytotoxicity by promoting autophagy. In order
to confirm the association between the miR-96-5p inhibitor
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Figure 3. ZEN-induced apoptosis of TM3 is inhibited by miR-96-5p inhibitor. TM3 cells were transfected with miR-96-5p inhibitor (10 nM) for 6 h, then cells
were treated with 50 uM ZEN or/and 5 mM 3MA for 48 h. (A) Annexin V/PI staining were used to detect cell apoptosis. (B) The apoptosis rate of the cells
from each group was quantified. (C) The levels of cleaved caspase 3 and Bcl-2 were estimated by western blotting. $-actin was used as an internal control.
(D and E) The levels of cleaved caspase 3 and Bcl-2 were quantified. “P<0.01, vs. control; #P<0.01, vs. ZEN (50 uM) group. “'P<0.01, vs. ZEN + miR-96
inhibitor group. Control group, vehicle + inhibitor-NC. miR, microRNA; NC, negative control; ZEN, zearalenone; 3MA, 3-methyladenine.

and the induction of cell autophagy, MDC staining was
performed. ZEN (50 uM) decreased the number of autopha-
gosomes in TM3 cells, whereas this effect was reversed
by transfection of the cells with the miR-96-5p inhibitor
(Fig. 4A and B). As expected, the autophagy-promoting
effect of the miR-96-5p inhibitor was neutralized by 3MA
(Fig. 4A and B). Furthermore, the expression levels of the
autophagy-associated proteins (ATG9A and beclin 1) were
assessed (Fig.4C-E) (16). ZEN (50 uM) significantly decreased
the expression levels of ATG9A and Beclin 1 (Fig. 4C-E),
while the miR-96-5p inhibitor (10 nM) triggered the upregu-
lation of ATG9A expression compared with the control group
(Fig. 4C). Moreover, the inhibition of miR-96-5p reversed
ZEN-induced decrease in ATG9A and Beclin 1 expression
levels (Fig. 4C-E). Similarly, the effects of the miR-96-5p
inhibitor were neutralized by 3MA (Fig. 4C-E). In addition to
MDC staining, LC3 staining was used to confirm the induc-
tion of autophagy in ZEN-treated TM3 cells. ZEN-induced
decline in autophagy was ameliorated by treatment of the
cells with the miR-96-5p inhibitor, while the enhancement
of autophagy by the miR-96-5p inhibitor was abrogated
following 3MA treatment (Fig. 5SA and B). Taken together,
the data demonstrated that downregulation of miR-96-5p
expression protected TM3 cells against ZEN cytotoxicity by
promoting autophagy.

Discussion

The insufficiency and dysfunction of Leydig cells is associ-
ated with male infertility (4). Increasing sperm production or
motility by optimizing testosterone production from Leydig
cells is the typical medical therapy (17). In the present study,
downregulation of miR-96-5p expression levels protected
TM3 Leydig cells against ZEN-induced toxicity, providing a
potential new biomarker for male infertility.

In the present study, the data demonstrated that downreg-
ulation of miR-96-5p expression protected TM3 cells against
ZEN-induced toxicity via promoting autophagy. A previous
study conducted by Yu ef a/ (11) demonstrated that inhibition
of miR-96-5p expression promoted autophagy in the human
hepatic stellate cell line LX-2 via the upregulation of ATG7.
Moreover, Shi et al (14) demonstrated that the overexpression
of miR-96-5p was able to inhibit autophagy in the human
breast cancer cell lines MCF-7 and MDA-MB-231 through
downregulation of FOXO1. In addition, Ma et al (18) indi-
cated that miR-96 could induce the autophagy in prostate
cancer cells via inhibition of mTOR. The aforementioned
studies indicated that miR-96-5p could regulate autophagy
via the regulation of several autophagy-associated genes
(such as ATG7 and mTOR) or autophagy-associated
signaling molecules (such as FOXO1). The present study
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Figure 4. Downregulation of miR-96-5p protects TM3 cells against ZEN cytotoxicity via promoting autophagy. TM3 cells were transfected with miR-96-5p
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blotting and (D and E) quantified. #P<0.01, vs. ZEN (50 uM) group. “"P<0.01, vs. ZEN + miR-96 inhibitor group. 'P<0.05, “P<0.01, vs. Control group,

vehicle + inhibitor-NC. miR, microRNA; NC, negative control; ZEN, zearalenone; 3MA, 3-methyladenine; MDC, monodansylcadaverine; ATG9A, autophagy
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Figure 5. miR-96-5p inhibitor-induced autophagy in TM3 cells is inhibited by 3MA treatment. TM3 cells were transfected with miR-96-5p inhibitor (10 nM)
for 6 h, then cells were treated with 50 xM ZEN and/or 5 mM 3MA for 48 h. (A) LC3-stained autophagosome in TM3 cells was detected with fluorescence
microscope. Magnification, x200. (B) LC3-positive autophagosomes were counted. “P<0.01, vs. Control. “P<0.01, vs. ZEN (50 uM) group. ""P<0.01, vs.
ZEN + miR-96 inhibitor group. Control group, vehicle + inhibitor-NC. miR, microRNA; NC, negative control; ZEN, zearalenone; 3MA, 3-methyladenine.

demonstrated that ATG9A was a direct binding target of  via the upregulation of ATG9A. However, one miRNA can
miR-96-5p. ATGYA is a membrane protein, that is essential ~ regulate several mRNAs, thus further studies are needed to
for autophagy (19). Downregulation of miR-96-5p signifi- investigate whether miR-96-5p could regulate the progres-
cantly induced the autophagy of ZEN-treated TM3 cells  sion of male infertility via targeting other gene targets.
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Furthermore, the present study data found that miR-96-5p
inhibitor could suppress the apoptosis of ZEN-treated TM3
cells. However, the inhibitory effects of miR-96-5p inhibitor
on apoptosis in ZEN-treated TM3 cells were reversed by the
treatment with 3MA. The results suggested that downregula-
tion of miR-96-5p could inhibit apoptosis in ZEN-treated
TM3 cells via inducing autophagy. In addition, the data
demonstrated that the miR-96-5p inhibitor alone exhibited no
influence on the induction of cell apoptosis; thus, miR-96-5p
inhibitor did not regulate cell apoptosis directly. In addition,
rescue experiments demonstrated that the miR-96-5p inhibitor
protected TM3 cells against ZEN-induced cytotoxicity by
promoting autophagy. The enhanced induction of autophagy
by the miR-96-5p inhibitor may aid the maintenance of cell
homeostasis and enable the cells to survive under adverse
conditions, such as in the case of ZEN-induced toxicity (20).

It is interesting to note that the changes in the expres-
sion levels of cleaved caspase-3 and Bcl-2 were inconsistent
(Fig. 3D and E). It was deduced that cleaved caspase-3 may
be activated by another pathway in addition to the typical
mitochondrial pathway of apoptosis. However, the specific
pathway by which cleaved caspase-3 was activated remained
unclear.

In the present study, the data demonstrated that down-
regulation of miR-96-5p expression reversed ZEN-induced
cytotoxicity in TM3 cells by targeting ATG9A. When the
expression of miR-96-5p was downregulated in TM3 cells,
ATGYA-associated autophagy was increased. The findings
suggested that miR-96-5p may serve as a potential biomarker
for male infertility.
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