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Cervical cancer belongs to the second most frequent kind of cancer in female as well as a major cause of
mortality in female all over the world. MicroRNAs are crucial modulators of multiple diseases. Based on
GSE86100 database, microRNA-3137 expression was low in cervical cancer tissues and the difference was
most significant, thus we further probed the potential along with mechanism of microRNA-3137 in cervical
cancer cells. Reverse transcription-quantitative polymerase chain reaction together with Western blot was
implemented for examining gene expression. S-ethynyl-2'-deoxyuridine and flow cytometry analyses were
adopted for assessing cervical cancer cells proliferation and apoptosis. Imnmunofluorescence was implemented
to measure the fluorescence intensity of autophagy marker LC3II. Target scan together with luciferase
reporter assay were implemented for confirming the direct binding of microRNA-3137 and nuclear protein
transcriptional regulator 1. The results revealed that, microRNA-3137 was under expressed in cervical
cancer cells. Overexpressed microRNA-3137 repressed cervical cancer cells proliferation while elevated cells
apoptosis. Besides, nuclear protein transcriptional regulator 1 was directly targeted and negatively regulated
by microRNA-3137 and was highly expressed in cervical cancer cells. Moreover, nuclear protein transcriptional
regulator 1 silence promoted autophagy in cervical cancer cells and rescue assays further validated that the
microRNA-3137/nuclear protein transcriptional regulator 1 axis suppressed cervical cancer cells proliferation
while promoted cells apoptosis and autophagy through inactivation of the phosphatidylinositol-3-kinase/
protein kinase B/mammalian target of rapamycin pathway. Collectively, our study demonstrated that
microRNA-3137/nuclear protein transcriptional regulator 1 axis affected cervical cancer cells proliferation,
apoptosis, along with autophagy by means of inhibiting the phosphatidylinositol-3-kinase/protein kinase B/
mammalian target of rapamycin pathway, which may offer novel insights into the mechanism of cervical
cancer progression as well as a novel therapy targeting for cervical cancer therapy.
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Cervical Cancer (CC) belongs to the second most
frequent cancer among female as well as a major
cause of mortality in female in the world™. Infection
of high-risk carcinogenic Human Papilloma Viruses
(HPVs) is the most critical risk factor for CC®. Early
CC often has no obvious symptoms and signs. As
the lesion progresses, the following manifestations
including vaginal bleeding and discharge may occurt®’.
Developments in the diagnosis together with therapy
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in CC have been observed, the current main treatments
for CC are surgery, radiotherapy, chemotherapy and
immunotherapy®. However, the long-time survival
rate of CC patients was poor™. Pathological studies
have certified that the molecular mechanism of CC
progression is very complicated, which includes various
gene mutations together with epigenetic changes!.
Hence, further exploration of the internal mechanism
underlying CC progression is of significant value for
CC therapy.
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MicroRNAs (miRNAs) belong to small non-coding
RNAs (sncRNAs) which harbors 18-25 nucleotides
and regulate messenger RNA (mRNA) expression
through targeting the 3-Untranslated Region (3’-UTR)
of mRNAUVL Increasing data has proved that miRNAs
act as a crucial part in the development of a variety of
cancers, CC included®. In CC, numerous miRNAs
have been unveiled to serve as tumor suppressors in CC
progression. MiR-195-3p is down-regulated in CC and
hinders cell proliferation by modulating BCDIN3DU!!,
MiR-3156-3p is low-expressed in HPV-positive CC, as
well as functions to be a tumor-repressive miRNAI!,
MiR-449a expression is reduced in CC and suppresses
cell malignant behaviors!'?. Moreover, miR-3137 is a
potential biomarkers for diabetic kidney disease!'*! and
its expression and role in cancers are still unclear.

Autophagy is identified to be a cytoprotective
process, which promotes cell survival'*. It is also a
highly conserved multistep lysosomal degradation
process, where cellular components are separated
in autophagosomes and then fused with lysosomes
to degrade the isolate!'. Besides, autophagy can
stimulate non-reversible autophagic cell death together
with autophagic dependent apoptosis. An excess of
autophagy may result in cell death, which implies that
autophagy may be a mode of cell death or only a failed
attempt for rescuing stressed cells from death!'®). Thus,
appropriate autophagy can prevent cell death whereas
immoderate autophagy may bring out autophagic
cell death!'”. Nevertheless, given the complicacy of
autophagy, further studies are required to probe its
function in cell survival as well as death.

Autophagy can be promoted or inhibited by
many different signaling pathways and the
Phosphatidylinositol-3-Kinase (PI3K)/Protein Kinase
B (AKT)/mammalian Target of Rapamycin (mTOR)
pathway was the most classic!'®!"”), mTOR is a crucial
modulator in the autophagy initiation phase.
Stimulation of mTOR can repress cell autophagy,
resulting in unlimited tumor cells proliferation™”.
Additionally, the PI3K/AKT/mTOR pathway is
widely-implicated in cellular processes, containing
cell proliferation, apoptosis, autophagy, as well as
necroptosis?!l. It is often abnormally stimulated in the
development of cancers, CC included® !,

In our study, the gene expression profiles of miRNA
in CC patients (GSE86100) were downloaded from
the Gene Expression Omnibus (GEO) database
and discovered that miR-3137 expression was the
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most significantly declined in CC tissues, thus we
further probed the expression, potential together with
mechanism of miR-3137 in CC cells.

MATERIALS AND METHODS

Cell culture:

Human CC cell lines (CaSki, C33A and HT-3) were
acquired from Pro cell (Wuhan, China), as well as
cultured in Roswell Park Memorial Institute (RPMI)-
1640 medium, Minimal Essential Medium (MEM) and
McCoy’s 5A medium, respectively. Human normal
Cervical Epithelial cell line (HCerEpic) was acquired
from Shenzhen Haodi Huatuo Biotechnology Co., Ltd
(Shenzhen, China), as well as cultured in Dulbecco's
Modified Eagle's Medium (DMEM). All cell mediums
were added with 10 % Fetal Bovine Serum (FBS) and
cultivated in an incubator with 5 % Carbon dioxide
(CO,) at 37°.

Cell transfection:

MiR-3137 mimics together with the Negative Control
(NC) mimics, specific short-hairpin RNA (shRNA)
against Nuclear Protein Transcriptional Regulator 1
(NUPRI) (sh-DANCR) along with the sh-NC, NUPR1
overexpression plasmid together with the empty vector,
which were obtained from RiboBio (Guangzhou,
China). The above plasmids were transfected into CC
cells by means of the Lipofectamine 3000 reagent.

Cell transfection:

Total RNA was obtained from cells by use of
TRIzol (Takara) and then reverse-transcribed into
complementary Deoxyribonucleic acid (¢cDNA) based
on the reverse transcription kit (Gima). qPCR was
implemented using SYBR Premix Ex Taq II (Takara).
U6 or Glyceraldehyde-3-Phosphate Dehydrogenase
(GAPDH) served as an internal control for miRNA
or mRNA. The 24T method was implemented to
analyze relative gene expression. The primers used for
analysis were indicated as follows: miR-3137 forward:
5’-GGTCCTCTGTAGCCTGGGAGCAATG-3",

reverse: 5’-CCAGTGCAGGGTCCGAGGT-3’;
NUPRI: forward:
5’-GACAGAGCTGGAGATGAGG-3’, reverse:
5’-GCGGGAATAAGTCCTAGGG-3’; GAPDH:

forward: 5’-AACGTGTCAGTGGTGGACCTG-3’,
reverse: 5’-AGTGGGTGTCGCTGTTGAAGT-3’; U6
forward: 5’-CTCGCTTCGGCAGCACA-3’, reverse:
5’-AACGCTTCACGAATTTGCGT-3".
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5-Ethynyl-2'-deoxyuridine (EdU):

EdU detection kit (RiboBio, Guangzhou, China) was
adopted to test cell proliferation. Cells (5% 10° cells/well)
were cultured in 96-well plates, followed by adding 10
ul of EAU labeling media for incubation for 2h. Cells
were stained with the anti-EdU working solution as well
as 4',6-Diamidino-2-Phenylindole Dihydrochloride
(DAPI) after treating 4 % paraformaldehyde together
with 0.5 % Triton X-100. Next, cells were visualized
based on a fluorescence microscope (Olympus, Tokyo,
Japan).

Flow cytometry:

CC cells after transfection were harvested, collected
and suspended, and then stained with Annexin
V-Fluorescein Isothiocyanate (FITC) and Propidium
Iodide (PI) in the darkness. Afterwards, the apoptosis
rate was measured by flow cytometry (FACS Calibur,
BD Biosciences).

Luciferase reporter assay:

The pmiR-GLO reporter vector (GenePharma) was
utilized to synthesize the NUPR1 3°-UTR reporter
plasmid according to the binding sites between NUPR 1
3°-UTR and miR-3137. Then, CC cells were transfected
with reporter plasmids and miR-3137 mimics/NC
mimics. After 48 h, the luciferase activity was examined
using dual-luciferase reporter assay system (Promega).
Renilla luciferase served as the internal transfection
control.

Immunofluorescence:

Cells after transfection were grown on cover slips and
then washed with Phosphate Buffered Saline (PBS).
Upon fixing with 4 % paraformaldehyde as well as
permeabilizing with 0.1 % Triton X-100, cells were
sealed by 1 % Bovine Serum Albumin (BSA) for 30
min. Afterwards, cells were treated with the primary
rabbit antibody against LC3-II (Abcam; 1:1000)
overnight at 4° and then treated with Alexa Fluor
488-conjugated goat anti-rabbit secondary antibody
(Beyotime, 1:500) for 1 h. The nuclei were stained with
DAPI. The samples were observed on a fluorescence
microscope (Olympus, Tokyo, Japan).

Western blot:

Total proteins were lysed from cells using
Radioimmunoprecipitation Assay (RIPA) reagent.
Protein lysates were electrophoresed through Sodium
Dodecyl-Sulfate/Polyacrylamide Gel Electrophoresis
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(SDS/PAGE) and transferred to polyvinylidene fluoride
membranes. Followed by being blocked, the membranes
were then cultivated with primary antibodies overnight
and then incubated with a corresponding horseradish
peroxidase-conjugated secondary antibody (Abcam,
1:2000). The protein bands were visualized using an
Electrochemiluminescent (ECL) substrate. The primary
antibodies used were p62 (Abcam, 1:10 000), Beclinl
(Abcam, 1:1000), Autophagy Related-3 (ATG3)
(Abcam, 1:10 000), ATGS5 (Abcam, 1:1000), p-AKT
(Abcam, 1:500), AKT (Abcam, 1:500), p-mTOR
(Abcam, 1:1000), mTOR (Abcam, 1: 10 000) and
GAPDH (Abcam, 1:1000).

Statistical analysis:

All experiments were implemented at least for 3 times.
All data were exhibited as meantstandard deviation.
GraphPad 6.0 software (GraphPad, San Diego,
California, USA) was adopted for statistical analysis.
Differences were compared using the student’s t-test or
one-way analysis of variance. p<0.05 was deemed as
statistical significance.

RESULTS AND DISCUSSION

The gene expression profiles of miRNA in CC
patients (GSE86100) were downloaded from the GEO
database. MiR-3137 expression was low in CC tissues,
with the most significant difference, thus we selected
miR-3137 for the objective of our study. Subsequently,
miR-3137 expression in CC cells was detected by RT-
gqPCR analysis. The outcome displayed that miR-3137
was down-regulated in CC cells (CaSki, C33A and HT-
3) compared to human normal cervical epithelial cells
(HCerEpic) (fig. 1A). To probe the impacts of miR-3137
on CC cell proliferation as well as apoptosis, miR-3137
mimics was transfected into CC cells to elevate miR-
3137 expression. RT-qPCR analysis further verified
the successful transfection, which showed in fig. 1B
that, miR-3137 expression in CC cells was apparently
enhanced followed by miR-3137 mimics transfection.
Gain-of-function assays further demonstrated that
miR-3137 overexpression distinctly lessened CC
cells proliferation, while increased cell apoptosis (fig.
1C-fig. 1E). Collectively, miR-3137 was low-expressed
in CC cells and inhibited CC cell proliferation as well
as elevated cell apoptosis.

Next, the latent mechanism of miR-3137 in CC cells
was probed. By means of Target scan (https:/www.
targetscan.org/vert 72/) website, the target mRNAs
of miR-3137 were predicted. NUPR1 was chosen for
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the downstream mRNA of miR-3137 due to the largest
absolute value of the total context score with miR-
3137 and their predicted binding sites were indicated
in fig. 2A. RT-qPCR analysis further detected that
NUPR1 expression was remarkably declined in CC
cells after miR-3137 elevation (fig. 2B). Besides,
NUPRI1 was high-expressed in CC cells in comparison
with HCerEpic (fig. 2C). In addition, the outcome of
luciferase reporter assays revealed that, transfecting
miR-3137 mimics overtly lessened the relative
luciferase activity of NUPR1 3’UTR, further verifying
the direct binding of miR-3137 and NUPRI (fig. 2D).
Taken together, NUPR1 was directly targeted by miR-
3137 in CC cells.

Several studies have reported that NUPRI1 is
associated with autophagy®!. Hence, we speculated
that NUPR1 may be also implicated in modulating
autophagy in CC cells. We first silenced NUPRI1
expression in CC cells by transfecting specific shRNA
against NUPR1 (fig. 3A). We then observed an obvious
increase in the immunofluorescence intensity of LC3
after NUPR1 knockdown (fig. 3B). Moreover, levels
of autophagy-associated proteins were examined by
Western blot and outcomes uncovered that reduced
NUPRI1 expression decreased p62 protein level, while
increased the protein levels of Beclinl, ATG3, as well as
ATGS (fig. 3C). Collectively, NUPRI1 silence promoted
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autophagy in CC cells.

It is well-known that one of the classic pathways
regulating autophagy is the PI3K/AKT/mTOR
pathway®!. Hence, it was assumed that the miR-
3137/NUPR1 axis might modulate the PI3K/AKT/
mTOR pathway in CC cells. Through Western blot,
we discovered that p-AKT and p-mTOR protein
levels were weakened in CC cells in presence of miR-
3137 overexpression. However, co-transfection of
NUPRI1 overexpression plasmid could reverse this
inhibitory effect on p-AKT and p-mTOR levels caused
by miR-3137 elevation (fig. 4A). In a word, miR-
3137 suppressed the PI3K/AKT/mTOR pathway via
targeting NUPRI.

Rescue experiments were further implemented to
validate the influence of the miR-3137/NUPRI1 axis
on influencing CC cell proliferation, apoptosis and
autophagy. It was exhibited in fig. 5A-fig. 5C that, the
lessened cell proliferation as well as the elevated cell
apoptosis caused by miR-3137 overexpression was
rescued by simultaneous NUPRI1 elevation. Besides,
NUPRI1 up-regulation offset the reduced p62 protein
level and enhanced Beclinl, ATG3 as well as ATG5S
protein levels in miR-3137 mimic’s transfected CC
cells (fig. 5D). Collectively, miR-3137 suppressed
proliferation and promoted apoptosis and autophagy by
NUPRI in CC cells.
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Fig. 1: MiR-3137 suppresses proliferation and promotes apoptosis in CC cells, (A): MiR-3137 expression was examined in CC cells and human
normal cervical epithelial cells by RT-qPCR; (B): MiR-3137 expression was examined in CC cells after transfection of miR-3137 mimics using
RT-qPCR; (C and D): EdU assay detected the proliferation in CC cells after miR-3137 elevation (E): Flow cytometry analysis assessed the apoptosis

in CC cells after miR-3137 elevation

Note: **p<0.01 and ***p<0.001, (A): (mm): HCerEpiC; (==): CaSKki; (mm): C33A and (mm): HT-3, (mm): NC mimics and (==): miR-3137 mimics
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Fig. 2: MiR-3137 targets and degrades NUPR1, (A): Binding sequences of miR-3137 and NUPR1 from Targetscan; (B): RT-qPCR examined NUPR1
expression in CC cells after miR-3137 elevation; (C): NUPRI1 expression was examined in CC cells and human normal cervical epithelial cells by
RT-qPCR and (D): Relative luciferase activity of NUPR1 3°’UTR was detected in CC cells after miR-3137 elevation

Note: **p<0.01 and ***p<0.001, (==): NC mimics and (==): miR-3137 mimics, (mm): HCerEpiC; (==): CaSKki; (mm): C33A and (=m): HT-3
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Fig. 3: NUPRI silence promotes autophagy in CC cells, (A): NUPRI1 expression was examined in CC cells after transfection of sh-NUPR1 using
RT-qPCR; (B): Immunofluorescence examined the fluorescence intensity of LC3II in CC cells upon NUPRI silence and (C): Western blot analyzed
levels of autophagy-associated proteins in CC cells upon NUPRI silence

Note: **p<0.01 and ***p<0.001, (mm): sh-NC and (==): sh-NUPR1
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Fig. 4: MiR-3137 suppresses the PI3K/AKT/mTOR pathway by NUPRI1, Western blot examined the levels of PI3K/AKT/mTOR pathway-related
proteins in CC cells transfected with NC mimis or miR-3137 mimics or miR-3137 mimics+NUPR1
Note: **p<0.01 and ***p<0.001, (@m): NC mimics; (®=): miR-3137 mimics and (mm): miR-3137 mimics+ NUPR1
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Fig. 5: MiR-3137 suppresses proliferation and promotes apoptosis and autophagy by NUPR1. C33A cells were transfected with NC mimis or miR-
3137 mimics or miR-3137 mimics+NUPRI1, followed by rescue assays, (A): EAU examined cell proliferation; (B and C) Flow cytometry assessed cell
apoptosis and (D): Western blot examined autophagy-associated protein levels

Note: *p<0.05, **p<0.01, ***p<0.001, @m): NC mimics; (#): miR-3137 mimics and (mm): miR-3137 mimics+ NUPR1

The use of miRNAs as potential biomarkers and biomarkers in CC, such as miR-3154 and miR-6002"1,

therapeutic targets has been extensively studied in a Inthisresearch, we elucidated the capability of the miR-

variety of cancers?®!. Similarly, there are also several 3137/NUPRI1 axis to suppress CC cells proliferation

miRNAs functioning as therapeutic and prognostic ~ while promote cells apoptosis as well as autophagy via
repressing the PI3K/AKT/mTOR pathway.
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As documented before, miR-3137 is up-regulated
in hepatocellular carcinoma cells and significantly
associated with an wunfavorable prognosis in
hepatocellular carcinoma patientsi?®. Unlike with the
above report, our research clarified that miR-3137 was
under expressed in CC cells. Besides, overexpressed
miR-3137 could hinder cell proliferation whereas
elevate cell apoptosis in CC, which was consistent with
many previous studies on miRNA in CC2%3,

MiRNAs act on post-transcriptionally through binding
to mRNA 3°’UTR and thereby modulating mRNA
expression and this model has been widely applied
in exploring the molecular mechanism of miRNAs
in cancers, CC includedP!. For instance, miR-192-
Sp targets TRPM7 to hinder proliferation in CC
cellsB2. MiR-499a accelerates the progression and
chemo resistance of CC cells by binding to SOX6,
In line with this evidence, our study also predicted
the potential mRNA that bound to miR-3137 using
bioinformatics prediction. NUPR1 was proved to be
directly targeted by miR-3137 as well as was negatively
regulated by miR-3137 in CC cells. NUPR1 belongs
to a transcription factor dependent on its C-terminal
helix-loop-helix structure and its function may be
mediated by a variety of kinases, factors or cellular stress
factors®¥. Importantly, NUPR1 has been demonstrated
to be up-regulated in many malignancies as well
as facilitate their progression®’. NUPRI enhances
breast cancer cells proliferation through stimulating
Transcription Factor E3 (TFE3) transcription!®®!,
NUPRI1 enhances pancreatic cancer development by
inhibiting apoptosisi®”. Nevertheless, its potential in CC
is elusive. In our research, we discovered that NUPR1
was high-expressed in CC cells, which may support the
oncogenic role of NUPR1 in cancers.

Autophagy has a critical potential in maintaining
intracellular homoeostasis in reaction to cellular
stress®). NUPR1 works as a master modulator of
cellular clearance by accelerating autophagy processt”.
NUPRI1 drives auto lysosomal efflux via promoting
SNAP25 transcription in cancer cells®”. NUPRI
silence hinders autophagic flux in hepatocellular
carcinoma cells!*!). NUPR1 silence reduces autophagy
in multiple myeloma cells by the PI3K/AKT/mTOR
pathway™?. However, our study indicated that NUPR1
silence promoted autophagy in CC cells, which may
be attributed to different NUPR1 potential in different
cancer types.

The PI3K/AKT/mTOR pathway is drawn in various
human cancers, as well as can affect apoptosis together
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with proliferation in cancer cells**. Hence, repressing
this pathway is considered as a promising method for
cancer therapy. Additionally, the PI3K/AKT/mTOR
pathway was deemed to be the major pathway in
modulating autophagy™¥. The repression of PI3K/
AKT/mTOR pathway enhances cell autophagy®!. In
our research, we further demonstrated that the miR-
3137/NUPR1 axis suppressed CC cells proliferation
while promoted cells apoptosis as well as autophagy
via repressing the PI3K/AKT/mTOR pathway.

In conclusion, our study presented that miR-3137 was
low-expressed in CC cells and worked as a tumor
repressor in CC. More importantly, our study validated
that the miR-3137/NUPR1 axis suppressed CC cells
proliferation while promoted cells apoptosis as well
as autophagy via inhibiting the PI3K/AKT/mTOR
pathway. Our research might provide a novel sight for
CC therapy.
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