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ABSTRACT
Cervical cancer (CC) is a major public health problem, and its molecular mechanism requires 
further investigation. The goal of this study was to determine the role of miR-195-5p and the 
autophagy-related protein ATG9A in tumour metastasis, epithelial – mesenchymal transition 
(EMT), apoptosis, and autophagy of CC cells. Using bioinformatics analysis, we predicted ATG9A 
as a downstream target gene of miR-195-5p, an integral membrane protein required for autop-
hagosome formation and involved in tumorigenesis. Next, western blotting and Quantitative Real- 
Time Polymerase Chain Reaction (qRT-PCR) showed that upregulation of miR-195-5p decreased 
protein and mRNA expression of ATG9A, and downregulation of miR-195-5p promoted ATG9A 
protein and mRNA expression. In addition, detection of the dual luciferase reporter gene further 
indicated ATG9A is a direct downstream target gene of miR-195-5p. Finally, the effects of miR-195- 
5p and ATG9A on CC cell proliferation, migration, invasion, EMT, autophagy, and apoptosis were 
evaluated in vitro. Our results showed that upregulation of miR-195-5p not only inhibits prolifera-
tion, migration, and the EMT of CC cells, but also induces apoptosis and autophagy. Conversely, 
downregulation of miR-195-5p increased malignant metastasis and the EMT of CC cells, and 
inhibited apoptosis as well as autophagy. In addition, miR-195-5p targeted and negatively 
regulated ATG9A, and rescue experiments suggested that overexpression of ATG9A could partially 
abolish miR-195-5p-mediated suppression of CC cells. Our findings improve our understanding of 
the mechanism of action of miR-195-5p in the malignant behaviour of CC. miR-195-5p is likely to 
be a promising cancer suppressor gene, which provides clinical evidence for targeted therapy of 
CC.
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Background

Cervical cancer (CC) ranks as the fourth most 
common cancer among women and seventh over-
all [1]. In China, CC is now the second most 
common cancer and the third leading cause of 
cancer death among women aged 15 to 44, with 
100,700 new cases and 26,400 deaths from CC in 
2013 [2,3]. In recent years, popularization of 
human papillomavirus vaccine and implementa-
tion of a wide range of cytological screening mea-
sures for CC have significantly improved the 
diagnostic accuracy and survival rate, but the 
high mortality caused by recurrence and metasta-
sis of CC remains a difficult issue [4]. As a result, 
it is imperative to seek out novel and accurate 
diagnosis and treatment strategies for CC patients.

MicroRNAs (miRNAs), single-stranded small 
molecule RNAs composed of 20–25 nucleotides, 
regulate gene expression by binding the 3’ 
untranslated region (3’-UTR) of target genes [5]. 
Importantly, accumulated evidence has suggested 
that dysregulated miRNAs can act not only as 
oncogenes but also as tumour suppressors in dif-
ferent tissues to regulate biological behaviours of 
cancer, such as cell growth, migration, invasive-
ness, autophagy, and chemoresistance [6–8]. 
Previous studies have shown that miR-195 can 
function as a tumour suppressor in colorectal can-
cer [9], oesophageal cancer [10], non-small cell 
lung cancer [11], triple-negative breast cancer 
(TBNC) [12], and CC [13,14]. Recent data have 
suggested that miR-195-5p expression is reduced 
in CC tissues and cell lines, and downregulation of 
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miR-195-5p is associated with higher Federation of 
International of Gynecologists and Obstetrician 
stage, deep stromal invasion, and lymph node 
metastasis [14,15]. Despite this, the molecular 
mechanism of miR-195-5p in CC remains ambig-
uous. In this study, we identified ATG9A as 
a target gene of miR-195-5p using the miRNA 
prediction website. Among the core autophagy- 
associated (ATG) proteins, ATG9A, the only 
transmembrane protein required for progression 
of autophagy, is localized in the phagophore/pre- 
autophagosomal structure (PAS) [16,17]. 
Autophagy is a process of protein degradation, 
which satisfies the metabolism of the cell itself to 
achieve homoeostasis and organelle renewal. 
Paradoxically, both increased autophagy and inhi-
bition of autophagy inhibit tumorigenesis or pro-
mote cancer cell survival [18]. In other words, the 
effects of autophagy in various stages of cancer 
development have not yet been confirmed and 
will require further exploration. ATG9A has been 
shown to be upregulated in human oral squamous 
cell carcinoma [19], ovarian cancer [20], and 
TBNC [21], and is associated with overall survival 
and progression-free survival. In addition, Dai 
et al. [20], Pang et al. [22], and Xu et al. [23] 
have demonstrated that miR-29b, miR-34a, and 
miR-29a directly target ATG9A in different cell 
lines. However, the role of ATG9A in CC remains 
unknown.

Here, we found that miR-195-5p plays an anti- 
oncogene role in CC. Specifically, its overexpression 
inhibits cell neoplastic migration, lymph node 
metastasis, and EMT, and promotes apoptosis and 
autophagy, by targeting ATG9A. Rescue experi-
ments showed that ATG9A overexpression partially 
recovered the inhibition of miR-195-5p on CC cells. 
Thus, the miR-195-5p/ATG9A axis may also bring 
new ideas for targeted treatment of CC patients.

Methods

Human CC cell culture and transfection

HeLa and SiHa cells were obtained from the 
Shanghai Institute of Biochemistry and Cell 
Biology (Shanghai, China) and cultured in RPMI 
1640 medium (BioInd, Kibbutz Beit Haemek, 
Israel) containing 10% foetal bovine serum (FBS, 
BioInd) and 1% penicillin-streptomycin solution 

(BioInd) at 37°C and 5% CO2. Chemosynthetic hsa- 
miR-195-5p mimics, mimics control, hsa-miR-195- 
5p inhibitor, inhibitor control, ATG9A overexpres-
sion plasmid, and ATG9A negative control were 
obtained from Shanghai GenePharma Co., Ltd. 
(Shanghai, China). HeLa and SiHa cells were seeded 
at 80%–90% density and transfected with 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instructions.

Bioinformatics analysis

MiRwalk 3.0 (http://mirwalk.umm.uni-heidelberg. 
de/), Starbase2.0 (http://starbase.sysu.edu.cn/star 
base2/index.php), and TargetScan (http://www.tar 
getscan.org/vert_72/) were used to predict target 
genes of miR-195-5p according to the manufac-
turers’ instructions.

Luciferase reporter assay

DNA segments of the ATG9A 3’-UTR with the 
predicted connecting site of miR-195-5p and its 
mutant sequence were cloned into the pmirGLO 
luciferase reporter vector (Promega, USA) to con-
struct the wild-type and mutant plasmids 
pmirGLO-ATG9A-Luc-WT and pmirGLO- 
ATG9A-Luc-MUT, respectively. The groups were 
co-transfected into HeLa and SiHa cells. The dual- 
luciferase reporter assay system (Promega, USA) 
was used to measure luciferase activity and was 
normalized using Renilla luciferase activity accord-
ing to the manufacturer’s instructions and as pre-
viously described [13,24].

RNA isolation and quantitative real-time 
polymerase chain reaction (qRT-PCR)

Total RNA including miRNAs was isolated from 
HeLa and SiHa cells using an miRNeasy Mini Kit 
(Qiagen, Hilden, Germany). Then, the extracted 
miRNAs were added to Escherichia coli Poly(A) 
Polymerase Reaction Buffer (NEB, Ipswich, MA, 
USA) to reverse all miRNAs using the 
GoScriptTM Reverse Transcription System 
(Promega). Next, the GoScript™ Reverse 
Transcription System (Promega) was used to 
synthesize first-strand cDNA optimized for quan-
titative PCR amplification. Gotaq® qPCR Master 
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Mix (Promega) was subsequently applied for qRT- 
PCR according to the manufacturer’s instructions 
and as previously described [13]. All primers were 
synthesized by Guangzhou RiboBio Co., Ltd. 
(Guangzhou, China). The primer sequences were 
as follows:miR-195-5p, F: 5’-GCGTAGCAGC 
ACAGAAATATTGGC-3’ and R: 5’- 
CTGTCGTCGTAGAGCCAGGGAA-3’; U6, F: 5’- 
CTCGCTTCGGCAGCACA-3’ and R: 5’- 
AACGCTTCACGAATTTGCGT-3’; ATG9A, F: 
5’-CTGCCCTTCCGTATTGCAC-3’ and R: 5’- 
CTCACGTTTGTGGATGCAGAT-3;’ and 
GAPDH, F: 5’-TGCACCACCAACTGCTTAGC-3 
and R: 5’-GGCATGGACTGTGGTCATGAG-3. 
The relative expression levels of miR-195-5p and 
ATG9A were normalized with U6 and GAPDH 
using the 2−∆∆Ct method.

Western blot analysis

After transfection, 50–100 μl of RIPA buffer 
(Beyotime, Shanghai, China) was added to HeLa 
and SiHa cells to extract whole cell protein. The 
protein concentration was measured using a BCA 
protein quantitative kit (Beyotime). Following 
separation of 40 μg of protein by 8% SDS-PAGE, 
the protein was transferred onto a PVDF membrane 
(Millipore, Burlington, MA, USA) by wet transfor-
mation. Then, the PVDF membrane was incubated 
with 5% skimmed milk for 1 h. Next, specific anti-
bodies against the target proteins were added and the 
membrane was incubated overnight at 4°C. The 
antibodies used were as follows: ATG9A, 
E-cadherin, Snail, Vimentin, caspase-3, LC3-II, 
P62, and Bax (Cell Signaling Technology, MA, 
USA); and VEGFA, MMP-2, MMP-9, and Bcl-2 
(Abcam, MA, USA). Next, the membrane was incu-
bated with secondary antibody labelled with horse-
radish peroxidase (Proteintech, Rosemont, IL, USA) 
for 1 h. Finally, the immunological complexes were 
developed by enhanced chemiluminescence (ECL, 
Hercules, CA, USA). At least three independent 
experiments were performed.

Cell proliferation assay

Cell proliferation viability was detected by the 
MTT assay (Sigma-Aldrich, St. Louis, MO, USA). 
HeLa and SiHa cells (2 × 103 cells/per well) were 

seeded in 96-well plates and incubated for 24, 48, 
72, and 96 h. Then, the cells were cultured with 
serum-free medium mixing with 10 μl MTT at 
regular time intervals for 4 h. The supernatant 
was removed, 100 μl dimethyl sulphoxide was 
added to each well, and the absorbance at 490  
nm was measured using a microplate reader 
(ThermoFisher Scientific, USA) to examine cell 
viability. Assays were performed in triplicate fol-
lowed by statistical analysis. This method was 
described in a previous study [13].

Transwell invasion assay

The Transwell invasion assay was performed 
using 24-well Transwell plates with polycarbo-
nate membrane and 8.0 μm pores (Corning, 
USA). After 24 h of transfection, Matrigel (4.0  
μg/μl, 60 μl) was added into Transwell chambers 
(Corning, NY, USA) and cultured for 2–3 h at 
37°C for gel solidification. RPMI 1640 medium 
containing 10% FBS was added to the lower 
chambers and cells were seeded in the upper 
chambers with serum-free medium at a density 
of 4 × 103 cells/per well. After 48 h, the migrated 
cells were fixed with 4% paraformaldehyde and 
stained with 0.1% crystal violet for 30 min. 
Migrating cell numbers were counted in five 
random fields under an inverted phase micro-
scope (Nikon, Japan) at a magnification of 100× 
as previously described [13]. Assays were per-
formed in triplicate followed by statistical 
analysis.

Wound healing assay

When HeLa and SiHa cells reached 90% conflu-
ence, cells were transfected. After 24 h, a 200 µl 
sterile pipette was used to scratch the monolayer 
of cells. Cells were cultured in serum-free medium 
and photographed with an inverted microscope 
magnified 100× (Nikon, Japan) at 0 and 48 h 
after wound formation. Assays were performed in 
triplicate followed by statistical analysis.

TUNEL assay

The TUNEL assay was performed using by an In 
Situ Cell Death Detection Kit and In situ cell death 
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assay kit TMR red (Germany, Rocho). After trans-
fection for 24 h, CC cells were plated at 1 × 104 

cells/per well in a Nunc Lab-Tek II Chamber Slide 
System (Thermo Fisher Scientific. Inc., USA), 
a removable polystyrene medium chamber with 
an 8-well configuration. The cell samples were 
then fixed with 4% paraformaldehyde and 60 µl 
of TUNEL reaction mixture was added. The sam-
ples were stained with DAPI and analysed directly 
under a fluorescence microscope (Nikon, Japan). 
DAPI- and TUNEL-positive spots were analysed 
using ImageJ software, and TUNEL/DAPI × 100% 
was calculated as the ratio of apoptotic cells.

Statistical analysis

All data are presented as mean ± standard devia-
tion and statistical analysis was performed using 
SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). 
Differences between two groups were analysed 
using the Student’s t-test. Statistical significance 
was accepted when P < 0.05.

Results

ATG9A is a target gene of miR-195-5p in CC cells

The potential molecular targets of miR-195-5p were 
predicted using miRwalk, Targetscan, and Starbase. 
ATG9A plays an important role in regulating tumour 
volume, regional lymph node involvement, and 
advanced stage in oral squamous cell carcinoma, 
TNBC, and ovarian cancer [19–21]. In addition, 
ATG9A is an important multi-spanning membrane 
protein in autophagy [16]. According to our bioinfor-
matics analysis, there is a binding site between 
ATG9A and miR-195-5p (Figure 1(a)). We first con-
structed a double luciferase reporter vector to detect 
whether miR-195-5p could modulate ATG9A 
mRNA. The targeted binding sites of the ATG9A 3’- 
UTR were integrated into the pmirGLO dual- 
luciferase vector to produce the F-Luc reporter con-
struct (Figure 1(b)). Second, HeLa and SiHa cells were 
co-transfected with mimics or mimics control, and 
the pmirGLO-ATG9A-Luc-WT or pmirGLO- 
ATG9A-Luc-MUT plasmid. The luciferase activity 
of CC cells co-transfected with mimics and the 
ATG9A-Luc-WT plasmid decreased significantly, 
while the reporter activity of CC cells co-transfected 

with the mimics control and ATG9A-Luc-WT plas-
mid or mimics control with pmirGLO-ATG9A-MuT 
did not change significantly, suggesting miR-195-5p 
abrogates the expression of ATG9A by directly target-
ing the ATG9A 3’-UTR in CC cells (Figure 1(c,d)).

The ability of miR-195-5p to regulate endogenous 
ATG9A protein was detected. miR-195-5p mRNA 
levels were enhanced remarkably by transfection 
with mimics in CC cells (Figure 1(e,h)). The mimics 
group showed significantly decreased expression of 
ATG9A protein (Figure 1(g–j)) as well as suppression 
of ATG9A mRNA (Figure 1(k,l)). By contrast, when 
miR-195-5p levels were reduced by transfection with 
inhibitor (Figure 1(e,f)), ATG9A protein (Figure 1 
(g-j)) and mRNA levels (Figure 1(k,l)) increased 
accordingly. Therefore, these results suggest miR- 
195-5p can produce a marked regulatory effect by 
inhibiting ATG9A mRNA and protein in CC cells.

Overexpression of miR-195-5p inhibited EMT 
in vitro

EMT is one of the most critical regulatory steps in 
malignant tumour metastasis. The deficiency of 
epithelial cells and gaining of mesenchymal cells 
make cancer cells more prone to metastasize [25]. 
Western blotting showed that upregulation of miR- 
195-5p dramatically increased expression of 
E-cadherin and reduced expression of Snail and 
Vimentin in HeLa and SiHa cells, respectively. miR- 
195-5p overexpression decreased the expression of 
matrix metalloproteinases MMP-2 and MMP-9, and 
decreased the expression of vascular endothelial 
growth factor VEGFA, a marker of angiogenesis and 
lymphangiogenesis (Figure 2(a,b)) in CC cells. 
Conversely, inhibition of miR-195-5p blocks EMT 
and lymphatic metastasis (Figure 2(a,b)). Thus, our 
findings show that overexpression of miR-195-5p can 
suppress the EMT and lymphatic vessel metastasis of 
CC cells, consistent with a previous study [13].

Upregulation of miR-195-5p increased apoptosis 
and autophagy of CC cells

Next, the effect of miR-195-5p on autophagy and 
apoptosis of CC cells was characterized. TUNEL 
assays demonstrated that upregulation of miR-195- 
5p increased the apoptotic rate. Rather, miR-195-5p 
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inhibition lessened cell apoptosis rate (Figure 3(a,b)). 
Subsequently, we assessed apoptosis-associated pro-
teins by western blotting. The miR-195-5p mimics 
group significantly enhanced pro-apoptotic expres-
sion of Caspase-3 and Bax, but impaired expression 
of anti-apoptotic Bcl-2 compared with the mimics 
control group. Nevertheless, miR-195-5p inhibition 
suppressed the expression of Caspase-3 and Bax, but 

promoted the expression of Bcl-2 (Figure 3(c,d)). 
When autophagy is initiated, cytosolic LC3 enzyma-
tically dissolves a small amount of polypeptide to 
form LC3-I, which binds PE and transforms it into 
a membrane type (i.e., LC3-II). Therefore, the expres-
sion level of LC3-II can be used to estimate the occur-
rence of autophagosomes [26]. In this experiment, we 
unexpectedly found that miR-195-5p could induce 

Figure 1. MiR-195-5p inhibits ATG9A translation. (a) targetscan, mirwalk, and starbase predicted 746–756 as the binding site of 
ATG9A and miR-195-5p. (b) wild type (WT) and mutant (MUT) ATG9A 3‘-UTR luciferase reporter plasmids were constructed. (c,d) 
After transfection, luciferase activity was compared by double luciferase reporter assay. (e,f) miR-195-5p levels in HeLa and SiHa cells 
transfected with the mimics and inhibitor for 24 h. (g,h) After increasing or inhibiting the expression of miR-195-5p, expression of 
ATG9A was determined by western blotting (i,j) or qRT-PCR (k,l). Quantification is shown in the bar graph. Experiments were 
repeated three times (n = 3). Student’s t-tests were used for statistical analyses. *p < 0.05, **p < 0.01, and ***p < 0.001 versus control 
groups.
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autophagy in CC cells. Western blot analysis demon-
strated that overexpression of miR-195-5p increased 
the expression of LC3-II and suppressed expression of 
P62 (Figure 3(e,f)). By contrast, expression of LC3-II 
protein was dramatically reduced due to suppression 
of miR-195-5p, but P62 expression was increased 
(Figure 3(e,f)). In conclusion, overexpression of 
miR-195-5p could accelerate CC cell apoptosis and 
autophagy.

ATG9A overturned repression of miR-195-5p in 
the malignant biological behaviour of CC cells

After determining the relationship between miR- 
195-5p and ATG9A, we turned out attention to 
the interaction of miR-195-5p and ATG9A and the 
malignant biological behaviour of CC cells, such as 
cell proliferation, migration, and invasiveness. We 
previously demonstrated that miR-195-5p could 
inhibit proliferation, migration, and invasion by 

Figure 2. Upregulation of miR-195-5p represses EMT in CC cells. (a,b) western blotting showed that upregulation of miR-195-5p 
enhanced the expression levels of E-cadherin and decreased the expression levels of Snail, Vimentin, MMP-2, MMP-9, and VEGFA in 
HeLa and SiHa cells, respectively. Downregulation had opposite effects. β-actin was used as an internal control. Experiments were 
repeated three times (n = 3). Student’s t-tests were used as statistical analyses. *p < 0.05, **p < 0.01, and ***p < 0.001 versus control 
groups.
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targeting YAP1 in CC cells [13]. At present, there 
is no research to show whether it can inhibit its 
malignant biological behaviour by targeting 
ATG9A. To address this question, we first con-
structed an ATG9A overexpression plasmid and 
ATG9A negative control. Then, mimics negative 
control + ATG9A negative control (negative con-
trol), mimics + ATG9A negative control (mimics  
+ ATG9A NC), and mimics + ATG9A were co- 

transfected into HeLa and SiHa cells. Then, 
MTT, wound healing, and Transwell assays were 
performed to assess CC cell proliferation, migra-
tion, and invasion, respectively. Compared with 
the mimics + ATG9A NC group, the mimics +  
ATG9A group significantly enhanced cell prolif-
eration (Figure 4(a,b)). Consistently, overexpres-
sion of ATG9A overturned the inhibitory effects 
of miR-195-5p on migration (Figure 4(c,d)) and 

Figure 3. Overexpression of miR-195-5p induces apoptosis and autophagy of CC cells. HeLa and SiHa cells were transfected with 
mimics or inhibitor and negative control for 48 h. (a,b) TUNEL assay of fluorescence images of each group in HeLa and SiHa cells 
(scale bar, 100 μm). TUNEL staining analysis was used to detect apoptosis after transfection. The percentage of TUNEL-positive cells 
in each group is shown in the bar graph. (c,d) expression of Caspase-3, Bcl-2, and Bax measured by western blotting. (e,f) expression 
of LC3-II and P62 by western blotting. Data are expressed as mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001 versus control group.
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Figure 4. Upregulation of ATG9A partially overturned the effects of miR-195-5p on proliferation, migration, and invasiveness of CC 
cells. HeLa and SiHa cells were transfected with negative control, mimics + ATG9A NC, and mimics + ATG9A. (a,b) MTT assay was 
used to assess HeLa and SiHa cell proliferation. (c,d) wound healing assay was used to assess migration of CC cells following 
transfection (magnification, ×100). (e,f) Transwell assay (magnification, ×100) was performed to check invasiveness of CC cells. 
Experiments were repeated three times (n = 3) and quantification is shown in the bar graph. Student’s t-tests were used for statistical 
analyses. *p < 0.05, **p < 0.01, and ***p < 0.001 versus control group.
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invasiveness (Figure 4(e,f)) of CC cells. Thus, miR- 
195-5p can restrain the malignant biological beha-
viour of CC cells by directly targeting ATG9A.

ATG9A restored miR-195-5p-induced EMT in CC 
cells

Following transfection, western blotting showed 
that expression of ATG9A protein was markedly 
increased in the mimics + ATG9A group com-
pared with the mimics + ATG9A NC group. 
Overexpression of ATG9A significantly reversed 
EMT induced by miR-195-5p. As shown in 
Figure 5(a,b), overexpression of ATG9A signifi-
cantly inhibited expression of E-cadherin, and 
restored expression of Snail, Vimentin, MMP-2, 
MMP-9, and VEGFA. These results suggest that 
the mechanism of regulation of EMT by miR-195- 
5p in CC cells is partly due to inhibition of 
ATG9A expression.

miR-195-5p promoted apoptosis and 
autophagy by inhibiting ATG9A in vitro

To demonstrate whether miR-195-5p could reg-
ulate apoptosis and autophagy in CC cells by 
regulating ATG9A, a negative control, mimics  
+ ATG9A NC, and mimics + ATG9A were co- 
transfected into HeLa and SiHa cells. TUNEL 
analysis showed that the rate of apoptosis of the 
mimics + ATG9A group was much lower than 
the mimics + ATG9A NC (Figure 6(a,b)). 
Consistently, western blotting showed that 
overexpression of ATG9A in the mimic +  
ATG9A group successfully suppressed expres-
sion of Caspase-3 and Bax and restored expres-
sion of Bcl-2 compared with the mimics +  
ATG9A NC group (Figure 6(c,d)). 
Furthermore, overexpression of ATG9A led 
a decrease in LC3-II protein expression and 
accumulation of P62, which partially restored 
the induction of autophagy by miR-195-5p 
(Figure 6(e,f)). Therefore, overexpression of 
ATG9A partially reversed apoptosis and autop-
hagy induced by miR-195-5p.

Discussion

Recurrence and metastasis of CC are key factors 
restricting the curing of this disease. It is impor-
tant to determine the molecular mechanisms of 
CC metastasis and identify targeted treatments 
for patients with advanced CC. Accumulating evi-
dence shows that miR-195-5p acts as a tumour 
suppressor gene in colorectal cancer [27], gastric 
cancer [28], lung adenocarcinoma [29], glioma 
[30], and CC [14,15]. Zhou et al. [15] and Wang 
et al. [14] showed that miR-195 was significantly 
reduced in CC tissues and cell lines, and the low 
miR-195 level was significantly correlated with 
higher International Federation of Gynecology 
and Obstetrics stage, node metastasis, and deep 
stromal invasion. Consistent with our research, 
upregulation of miR-195 suppressed cell migration 
and invasion in vitro. Why is miR-195-5p deregu-
lated in CC? Current studies have demonstrated 
that DNA methylation is one of the earliest DNA 
modification pathways, and hypermethylation of 
CpG islands upstream of the promoter region of 
miRNA genes can lead to decreased expression, 
plays an important role in carcinogenesis [31– 
33]. In addition, persistent high-risk HPV infec-
tion was found to reduce cellular miRNA expres-
sion through the E6 viral oncoprotein [34]. 
Chromosome instability can change the expression 
pattern of miRNA [35]. Single nucleotide poly-
morphism (SNP) is DNA sequence polymorph-
isms at the genome level that are caused by 
single nucleotide variations. It has been found 
that SNP at miRNA binding sites can alter the 
function of messenger RNA target genes, this 
leads to cancer susceptibility and tumour progres-
sion [36]. Although miRNA is closely related to 
the occurrence and development of CC, the exact 
pathogenesis of miRNA is still not clear. A large 
number of miRNA studies are still needed to guide 
clinical practice and provide more objective and 
accurate molecular markers for the benefit of CC 
patients.

To date, many studies suggest a dual role for 
autophagy in cancer, depending on the type, stage, 
or genetic background of the cancer. Autophagy 
can both act as a tumour suppressor in the early 
stages of progression and promote tumorigenesis 
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and induce resistance to therapeutic drugs in the 
late stages of progression [37]. Many miRNAs 
have been shown to be involved in autophagy. 
For example, miR-29a functions as a potent autop-
hagy inhibitor in pancreatic ductal cell carcinoma 
and increases the sensitivity of cancer cells to 
chemotherapeutics [38]. Kwon et al. found that 
by directly targeting HDAC4, overexpression of 
miR-145-3p stimulated apoptosis in multiple mye-
loma cells and induced autophagy and cell death 
[7]. Zhu et al. [39] demonstrated that expression of 
P62 and Bcl-2 was upregulated, while expression 
of LC3BII/I, Bax, and cleaved Caspase-3 was 

downregulated after miR-195 was inhibited, indi-
cating that low expression of miR-195 could 
attenuate neuroblastoma autophagy and apoptosis. 
In other words, miR-195 could induce autophagy 
and apoptosis, consistent with our findings. Our 
study first confirmed that miR-195-5p could 
induce autophagy in CC cells. However, the role 
of miR-195-5p in CC cell autophagy is not fully 
understood. Many studies have shown that EMT 
induces cancer initiation, including cancer inva-
siveness, therapeutic resistance, and tumour stem-
ness [40,41]. Our study showed that miR-195-5p 
could not only inhibit EMT and expression levels 

Figure 5. Overexpression of ATG9A partially rescued miR-195-5p-mediated inhibition of EMT. (a,b) western blotting was used to 
determine expression of ATG9A, E-cadherin, Vimentin, Snail, MMP-2, MMP-9, and VEGFA. Experiments were repeated three times (n  
= 3) and quantification is shown in the bar graph. Student’s t-tests were used for statistical analyses. *p < 0.05 and **p < 0.01 versus 
control group.
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of ATG9A in CC cells, but also induce autophagy 
and apoptosis. At the same time, ATG9A over-
expression could reverse the inhibitory effect of 
miR-195-5p in CC. These results were consistent 
with previous studies showing miR-195-5p func-
tions as a tumour suppressor gene. Although some 
potential targets of miR-195-5p have been 
reported, the molecular mechanism of miR-195 
remains unknown. MiR-195-5p not only regulated 
invasiveness and metastasis of CC cells, but also 
promoted apoptosis and induced autophagy 
in vitro. These results suggest upregulation of 
miR-195-5p can prevent malignant progression 
of CC.

In this present study, we screened ATG9A for 
the first time as a miR-195-5p candidate target 
gene by bioinformatics analysis. Mammalian 
ATG9A is the only transmembrane protein in the 
core ATG protein, and its dysregulation is related 
to cancer [16]. A previous study has found that 
overexpression of ATG9A protein contributed to 
neoplasm volume enlargement and lymph node 
metastasis in oral squamous cell carcinoma. Also, 
Kaplan – Meier plots showed patients with 
ATG9A overexpression had shorter 3-year overall 
survival and time to recurrence [19]. Aurore et al. 
found an increase in ATG9A mRNA expression in 
TNBC samples, and that ATG9A inhibition 

Figure 6. MiR-195-5p induces apoptosis and autophagy of CC cells by inhibiting ATG9A. (a,b) TUNEL assay (magnification, ×100) was 
performed after transfection with negative control, mimics + ATG9A NC, and mimics + ATG9A. (c,d) expression of Caspase-3, Bcl-2, 
and Bax measured by western blotting. (e,f) expression of LC3-II and P62 by western blotting. Experiments were repeated three 
times (n = 3). *p < 0.05 and **p < 0.01 versus control group.
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resulted in suppression of cancer signatures 
in vitro [21]. Similarly, ATG9A, a downstream 
target gene of miR-29b, was significantly elevated 
in ovarian cancer, and ATG9A protein expression 
level was negatively correlated with overall survival 
and progression-free survival [20]. These results 
are in agreement with our conclusion that over-
expression of ATG9A partially relieved the inhibi-
tion of miR-195-5p on CC cell proliferation, 
migration, invasiveness, EMT, and lymph node 
metastasis. Furthermore, overexpression of 
ATG9A reversed apoptosis and autophagy 
mediated by miR-195-5p in vitro. It is worth not-
ing that ATG9A acts as an autophagy-related pro-
tein, and its depletion inhibits autophagy. 
Contrary to our findings, Pang et al. found that 
overexpression of miR-34a significantly reduced 
the expression level of ATG9A in the inner ear 
HEI-OC1 cell line, while knockdown of ATG9A 
inhibited autophagic flux [22], while our conclu-
sions show that upregulation of miR-195-5p 
induces autophagy and overexpression of ATG9A 
partially reverses miR-195-5p-induced autophagy. 
Orsi et al. found that mammalian Atg9 (mAtg9) is 
essential for the initiation and progression of 
autophagy. However, it does not act as 
a structural component of the autophagosome; it 
is required for the expansion of autophagosome 
precursors. Additionally, small amounts of autop-
hagosomes were able to form even in the absence 
of mAtg9, suggesting mAtg9 is not strictly 
required for autophagosome formation [42]. 
Whether miR-195-5p induces autophagy in CC 
cells via ATG9A remains unknown. Future studies 
will need to explore the relationship between other 
targets of miR-195-5p and autophagy in CC cells 
and related factors affecting autophagy.

Conclusions

Our study determined the inhibitory roles of 
miR-195-5p on CC cell proliferation, migration, 
invasion, and EMT, as well as the promotion of 
autophagy and apoptosis in vitro. These effects 
were partly due direct targeting of ATG9A in 
the progression of CC, which may give novel 
insight into tumour development, and may be 
clinically useful as a biomarker for the treatment 
of CC. The miR-195-5p/ATG9A axis may be 

a molecular target for the advancement of CC 
treatment technology. There are some limitations 
of our study, including the lack of validation of 
these experimental xenograft models to visualize 
tumour progression in a more complex system. 
Non-coding RNA and autophagy processes 
remain an attractive target for therapy. Future 
studies are needed to identify new miRNA mole-
cules and upstream regulatory molecules with 
special value for gene therapy and CC diagnosis. 
A large number of in vivo experiments will also 
be required to verify the specific effects of autop-
hagy in different phases of cancer progression, 
and to find better treatment options for patients 
with advanced CC.

Highlights

● Upregulation of miR-195-5p not only inhibits 
proliferation, migration, and the EMT of CC 
cells, but also induces apoptosis and 
autophagy.

● MiR-195-5p targeted and negatively regulated 
ATG9A.

● Rescue experiments suggested that overex-
pression of ATG9A could partially abolish 
miR-195-5p-mediated suppression of CC 
cells.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was funded by grants from the National Natural 
Science Foundation of China [No. 81202047].

Ethics statement

This work does not require ethical approval as no human 
participants or animals testing is involved.

Data availability statement

All supporting data are included within the main article.

12 X. LIU ET AL.



References

[1] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer 
statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2018;68(6):394–424. doi: 10.3322/ 
caac.21492

[2] Song B, Ding C, Chen W, et al. Incidence and mortality 
of cervical cancer in China, 2013. Chin J Cancer Res. 
2017;29(6):471–476. doi: 10.21147/j.issn.1000-9604. 
2017.06.01

[3] Jemal A, Bray F, Center MM, et al. Global cancer 
statistics. CA Cancer J Clin. 2011;61(2):69–90. doi: 10. 
3322/caac.20107

[4] Simms KT, Steinberg J, Caruana M, et al. Impact of 
scaled up human papillomavirus vaccination and cer-
vical screening and the potential for global elimination 
of cervical cancer in 181 countries, 2020-99: 
a modelling study. Lancet Oncol. 2019;20:394–407. 
doi: 10.1016/S1470-2045(18)30836-2.

[5] Ventura A, Jacks T. MicroRNAs and cancer: short 
RNAs go a long way. Cell. 2009;136(4):586–591. doi:  
10.1016/j.cell.2009.02.005

[6] Li P, Zhang Q, Tang H. Retracted: INPP1 
up-regulation by miR-27a contributes to the growth, 
migration and invasion of human cervical cancer. 
J Cell Mol Med. 2019;23(11):7709–7716. doi: 10.1111/ 
jcmm.14644

[7] Wu H, Liu C, Yang Q, et al. MIR145-3p promotes 
autophagy and enhances bortezomib sensitivity in mul-
tiple myeloma by targeting HDAC4. Autophagy. 
2019;16(4):1–15. doi: 10.1080/15548627.2019.1635380

[8] Borkowska EM, Konecki T, Pietrusinski M, et al. 
MicroRNAs which can prognosticate aggressiveness 
of bladder cancer. Cancers (Basel). 2019;11(10):11. 
doi: 10.3390/cancers11101551

[9] Lin X, Wang S, Sun M, et al. miR-195-5p/NOTCH2- 
mediated EMT modulates IL-4 secretion in colorectal 
cancer to affect M2-like TAM polarization. J Hematol 
Oncol. 2019;12:20. doi: 10.1186/s13045-019-0708-7.

[10] Gao X, Lu M, Xu W, et al. miR-195 inhibits esophageal 
cancer cell proliferation and promotes apoptosis by 
downregulating YAP1. Int J Clin Exp Pathol. 
2019;12:275–281.

[11] Niu J, Wang Y, Hu Y, et al. Mechanisms of miR-195- 
5p and FOXK1 in rat xenograft models of non-small 
cell lung cancer. Am J Transl Res. 2021;13:2528–2536.

[12] Yang R, Xing L, Zheng X, et al. RETRACTED ARTICLE: 
the circRNA circAGFG1 acts as a sponge of miR-195-5p 
to promote triple-negative breast cancer progression 
through regulating CCNE1 expression. Mol Cancer. 
2019;18(1):4. doi: 10.1186/s12943-018-0933-7

[13] Liu X, Zhou Y, Ning YE, et al. MiR-195-5p inhibits 
malignant progression of cervical cancer by targeting 
YAP1. Onco Targets Ther. 2020;13:931–944. doi: 10. 
2147/OTT.S227826.

[14] Wang N, Wei H, Yin D, et al. MicroRNA-195 inhibits 
proliferation of cervical cancer cells by targeting cyclin 
D1a. Tumour Biol. 2016;37:4711–4720. doi: 10.1007/ 
s13277-015-4292-3.

[15] Zhou Q, Han LR, Zhou YX, et al. MiR-195 suppresses 
cervical cancer migration and invasion through target-
ing Smad3. Int J Gynecol Cancer. 2016;26(5):817–824. 
doi: 10.1097/IGC.0000000000000686

[16] Imai K, Hao F, Fujita N, et al. Atg9A trafficking 
through the recycling endosomes is required for autop-
hagosome formation. J Cell Sci. 2016;129:3781–3791. 
doi: 10.1242/jcs.196196.

[17] Lamb CA, Nuhlen S, Judith D, et al. TBC1D14 regu-
lates autophagy via the TRAPP complex and ATG9 
traffic. EMBO J. 2016;35:281–301. doi: 10.15252/embj. 
201592695.

[18] Bhat P, Kriel J, Shubha Priya B, et al. Loos, modulating 
autophagy in cancer therapy: advancements and chal-
lenges for cancer cell death sensitization. Biochem 
Pharmacol. 2018;147:170–182. doi: 10.1016/j.bcp.2017. 
11.021.

[19] Tang JY, Hsi E, Huang YC, et al. ATG9A overexpres-
sion is associated with disease recurrence and poor 
survival in patients with oral squamous cell 
carcinoma. Virchows Arch. 2013;463:737–742. doi: 10. 
1007/s00428-013-1482-5.

[20] Dai F, Zhang Y, Chen Y. Involvement of miR-29b signal-
ing in the sensitivity to chemotherapy in patients with 
ovarian carcinoma. Hum Pathol. 2014;45:1285–1293. doi:  
10.1016/j.humpath.2014.02.008.

[21] Claude-Taupin A, Fonderflick L, Gauthier T, et al. 
ATG9A is overexpressed in triple negative breast can-
cer and its in vitro extinction leads to the inhibition of 
pro-cancer phenotypes. Cells. 2018;7(12):248. doi: 10. 
3390/cells7120248

[22] Pang J, Xiong H, Lin P, et al. Activation of miR-34a 
impairs autophagic flux and promotes cochlear cell 
death via repressing ATG9A: implications for 
age-related hearing loss. Cell Death Dis. 2017;8:e3079. 
doi: 10.1038/cddis.2017.462.

[23] Xu Y, Yang J, Li F, et al. MiR-29a inhibited intestinal 
epithelial cells autophagy partly by decreasing ATG9A 
in ulcerative colitis. Anticancer Drugs. 2018;29 
(7):652–659. doi: 10.1097/CAD.0000000000000636

[24] Wen Y, Gong X, Dong Y, et al. Long non coding RNA 
SNHG16 facilitates proliferation, migration, invasion and 
autophagy of neuroblastoma cells via sponging miR-542- 
3p and upregulating ATG5 expression. Onco Targets 
Ther. 2020;13:263–275. doi: 10.2147/OTT.S226915.

[25] Chaffer CL, San Juan BP, Lim E, et al. EMT, cell 
plasticity and metastasis. Cancer Metastasis Rev. 
2016;35(4):645–654. doi: 10.1007/s10555-016-9648-7

[26] Delcour C, Amazit L, Patino LC, et al. ATG7 and 
ATG9A loss-of-function variants trigger autophagy 
impairment and ovarian failure. Genet Med. 2019;21 
(4):930–938. doi: 10.1038/s41436-018-0287-y

EPIGENETICS 13

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.21147/j.issn.1000-9604.2017.06.01
https://doi.org/10.21147/j.issn.1000-9604.2017.06.01
https://doi.org/10.3322/caac.20107
https://doi.org/10.3322/caac.20107
https://doi.org/10.1016/S1470-2045(18)30836-2
https://doi.org/10.1016/j.cell.2009.02.005
https://doi.org/10.1016/j.cell.2009.02.005
https://doi.org/10.1111/jcmm.14644
https://doi.org/10.1111/jcmm.14644
https://doi.org/10.1080/15548627.2019.1635380
https://doi.org/10.3390/cancers11101551
https://doi.org/10.1186/s13045-019-0708-7
https://doi.org/10.1186/s12943-018-0933-7
https://doi.org/10.2147/OTT.S227826
https://doi.org/10.2147/OTT.S227826
https://doi.org/10.1007/s13277-015-4292-3
https://doi.org/10.1007/s13277-015-4292-3
https://doi.org/10.1097/IGC.0000000000000686
https://doi.org/10.1242/jcs.196196
https://doi.org/10.15252/embj.201592695
https://doi.org/10.15252/embj.201592695
https://doi.org/10.1016/j.bcp.2017.11.021
https://doi.org/10.1016/j.bcp.2017.11.021
https://doi.org/10.1007/s00428-013-1482-5
https://doi.org/10.1007/s00428-013-1482-5
https://doi.org/10.1016/j.humpath.2014.02.008
https://doi.org/10.1016/j.humpath.2014.02.008
https://doi.org/10.3390/cells7120248
https://doi.org/10.3390/cells7120248
https://doi.org/10.1038/cddis.2017.462
https://doi.org/10.1097/CAD.0000000000000636
https://doi.org/10.2147/OTT.S226915
https://doi.org/10.1007/s10555-016-9648-7
https://doi.org/10.1038/s41436-018-0287-y


[27] Bai J, Xu J, Zhao J, et al. lncRNA SNHG1 cooperated 
with miR-497/miR-195-5p to modify epithelial– 
mesenchymal transition underlying colorectal cancer 
exacerbation. J Cell Physiol. 2019;235(2):1453–1468. 
doi: 10.1002/jcp.29065

[28] Liang M, Huang G, Liu Z, et al. Elevated levels of 
hsa_circ_006100 in gastric cancer promote cell growth 
and metastasis via miR-195/GPRC5A signalling. Cell 
Prolif. 2019;52(5):e12661. doi: 10.1111/cpr.12661

[29] Zhou Y, Zhao M, Du Y, et al. MicroRNA-195 sup-
presses the progression of lung adenocarcinoma by 
directly targeting apelin. Thorac Cancer. 
2019;10:1419–1430. doi: 10.1111/1759-7714.13087.

[30] Chen LP, Zhang NN, Ren XQ, et al. miR-103/miR-195/ 
miR-15b regulate SALL4 and inhibit proliferation and 
migration in glioma. Molecules. 2018;23(11):2938. doi:  
10.3390/molecules23112938

[31] Egger G, Liang G, Aparicio A, et al. Epigenetics in 
human disease and prospects for epigenetic therapy. 
Nature. 2004;429:457–463. doi: 10.1038/nature02625.

[32] Miao CG, Yang YY, He X, et al. New advances of 
microRnas in the pathogenesis of rheumatoid arthritis, 
with a focus on the crosstalk between DNA methyla-
tion and the microRNA machinery. Cell Signal. 
2013;25:1118–1125. doi: 10.1016/j.cellsig.2013.01.024.

[33] Botezatu A, Goia-Rusanu CD, Iancu IV, et al. 
Quantitative analysis of the relationship between 
microRNA-124a, -34b and -203 gene methylation and 
cervical oncogenesis. Mol Med Rep. 2011;4:121–128. 
doi: 10.3892/mmr.2010.394.

[34] Wang X, Wang HK, McCoy JP, et al. Oncogenic HPV 
infection interrupts the expression of 
tumor-suppressive miR-34a through viral oncoprotein 
E6. RNA. 2009;15:637–647. doi: 10.1261/rna.1442309.

[35] Wilting SM, Snijders PJ, Verlaat W, et al. Altered 
microRNA expression associated with chromosomal 
changes contributes to cervical carcinogenesis. 
Oncogene. 2013;32(1):106–116. doi: 10.1038/onc. 
2012.20

[36] Nicoloso MS, Sun H, Spizzo R, et al. Single-nucleotide 
polymorphisms inside microRNA target sites influence 
tumor susceptibility. Cancer Res. 2010;70(7):2789– 
2798. doi: 10.1158/0008-5472.CAN-09-3541

[37] Li X, He S, Ma B. Autophagy and autophagy-related 
proteins in cancer. Mol Cancer. 2020;19(1):12. doi: 10. 
1186/s12943-020-1138-4

[38] Kwon JJ, Willy JA, Quirin KA, et al. Novel role of 
miR-29a in pancreatic cancer autophagy and its ther-
apeutic potential. Oncotarget. 2016;7(44):71635–71650. 
doi: 10.18632/oncotarget.11928

[39] Zhu S, Tang X, Gao X, et al. hsa_circ_0013401 accel-
erates the growth and metastasis and prevents apopto-
sis and autophagy of neuroblastoma cells by sponging 
miR-195 to release PAK2. Oxid Med Cell Longev. 
2021;2021:9936154. doi: 10.1155/2021/9936154.

[40] Jolly MK, Celia-Terrassa T. Dynamics of phenotypic 
heterogeneity during EMT and stemness in cancer 
progression. J Clin Med. 2019;8:1542. doi: 10.3390/ 
jcm8101542.

[41] Loh CY, Chai JY, Tang TF, et al. The E-Cadherin and 
N-Cadherin switch in epithelial-to-mesenchymal tran-
sition: signaling. Cells. 2019;8(10):1118. doi: 10.3390/ 
cells8101118

[42] Orsi A, Razi M, Dooley HC, et al. Dynamic and tran-
sient interactions of Atg9 with autophagosomes, but 
not membrane integration, are required for autophagy. 
Mol Biol Cell. 2012;23(10):1860–1873. doi: 10.1091/ 
mbc.e11-09-0746

14 X. LIU ET AL.

https://doi.org/10.1002/jcp.29065
https://doi.org/10.1111/cpr.12661
https://doi.org/10.1111/1759-7714.13087
https://doi.org/10.3390/molecules23112938
https://doi.org/10.3390/molecules23112938
https://doi.org/10.1038/nature02625
https://doi.org/10.1016/j.cellsig.2013.01.024
https://doi.org/10.3892/mmr.2010.394
https://doi.org/10.1261/rna.1442309
https://doi.org/10.1038/onc.2012.20
https://doi.org/10.1038/onc.2012.20
https://doi.org/10.1158/0008-5472.CAN-09-3541
https://doi.org/10.1186/s12943-020-1138-4
https://doi.org/10.1186/s12943-020-1138-4
https://doi.org/10.18632/oncotarget.11928
https://doi.org/10.1155/2021/9936154
https://doi.org/10.3390/jcm8101542
https://doi.org/10.3390/jcm8101542
https://doi.org/10.3390/cells8101118
https://doi.org/10.3390/cells8101118
https://doi.org/10.1091/mbc.e11-09-0746
https://doi.org/10.1091/mbc.e11-09-0746

	Abstract
	Background
	Methods
	Human CC cell culture and transfection
	Bioinformatics analysis
	Luciferase reporter assay
	RNA isolation and quantitative real-time polymerase chain reaction (qRT-PCR)
	Western blot analysis
	Cell proliferation assay
	Transwell invasion assay
	Wound healing assay
	TUNEL assay
	Statistical analysis

	Results
	ATG9A is atarget gene of miR-195-5p in CC cells
	Overexpression of miR-195-5p inhibited EMT invitro
	Upregulation of miR-195-5p increased apoptosis and autophagy of CC cells
	ATG9A overturned repression of miR-195-5p in the malignant biological behaviour of CC cells
	ATG9A restored miR-195-5p-induced EMT in CC cells
	miR-195-5p promoted apoptosis and autophagy by inhibiting ATG9A invitro

	Discussion
	Conclusions
	Highlights
	Disclosure statement
	Funding
	Ethics statement
	Data availability statement
	References

