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Abstract: MicroRNAs (miRNAs) are small regulatory non-coding RNAs that have been reported to play an impor-
tant role in the tumorigenesis of many cancers. In addition, miRNAs might serve as new promising biomarkers for
diagnosis and prognosis and as effective therapeutic targets for patients with such malignancies. Accordingly, the
dysregulation of miR-212-3p has been reported in a variety of human cancers. However, its biological functions
and molecular mechanisms high-grade serous ovarian cancer (HGSOG) remain unknown. In this study, we demon-
strated that miR-212-3p interacts with MAP3K3 based on bioinformatics-based predictions. Further, MAP3K3 was
identified as a direct target gene of miR-212-3p in HGSOC. In addition, overexpression of miR-212-3p in HGSOC
inhibited cell proliferation, colony formation, invasion, and migration. In contrast MAP3K3 mitigated the suppressive
effects of miR-212-3p on HGSOC cell proliferation, invasion, and migration. Furthermore, miR-212-3p was signifi-
cantly downregulated in HGSOC tissues compared to expression in normal fallopian tube tissues and was inversely
associated with MAP3K3 levels. Accordingly, low miR-212-3p expression was also correlated with poor prognosis for
HGSOC patients. In conclusion, miR-212-3p might act as a suppressor of HGSOC carcinogenesis by directly target-
ing MAP3K3. Therefore, this miRNA could be a novel and effective target for the treatment of patients with HGSOC.
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Introduction vivo. Consistent with our results, MAP3K3 plays

a similar oncogenic role in various solid tumors

Ovarian carcinoma (OC) is one of the most com-
mon malignancies of the female genital system
and ranks eighth among female cancers world-
wide [1, 2]. High-grade serous ovarian cancer
(HGSOC) is the most common histological type
of OC. Because of its undefined pathogenesis,
high heterogeneity, few associated therapeutic
targets, and chemotherapy resistance, patients
with HGSOC typically have poor prognosis and
overall survival rates.

Our previous study showed that MAP3K3 is
overexpressed and an independent risk factor
for prognosis in HGSOC and could continuously
activate NF-kB signaling in this disease [3, 4].
MAP3K3 promotes OC cell proliferation, che-
motherapeutic resistance, the evasion of apop-
tosis, migration, and invasion in vitro and in

such as breast [5], lung [6], cervical [7], and
esophageal cancers [8]. However, the mecha-
nism underlying the overexpression of MAP3-
K3 in tumors has not been confirmed. Further,
due to its important role in the development of
mammalian embryos, it cannot be directly
knocked out. Therefore, our group further
explored small non-coding RNA targets that can
regulate MAP3K3 expression.

MicroRNAs (miRNAs) comprise a class of non-
coding RNAs of 19-25 ntin length in eukaryotes
that are involved in a variety of gene regulatory
processes such as the pre-transcriptional con-
trol of genes that affect histone modification
and mRNA stability [9, 10]. MiR-212-3p is locat-
ed on chromosome 17p13.3 and an increasing
number of reports indicate that it can partici-
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pate in complex regulatory mechanisms that
affect the malignant evolution of solid tumors
[11, 12]. However, with respect to HGSOG, the
biological functions and underlying molecular
mechanisms of this miRNA remain unknown.
Therefore, this study evaluated the expression
level and clinical significance of miR-212-3p
in HGSOC and investigated the roles of this
marker and associated regulatory interactions
between miR-212-3p and MAP3K3 in this
disease.

Materials and methods
Bioinformatic websites

Four bioinformatic websites were used to ana-
lyze and predict miRNAs that interact with
MAP3K3, including Targetscan (http://www.tar-
getscan.org/vert_71/), miRDB (http://www.
mirdb.org/cgi-bin/search.cgi), StarBase (http://
starbase.sysu.edu.cn/), and miRTarBase (ht-
tp://mirtarbase.mbc.nctu.edu.tw/php/index.
php).

Patients

Sixty-three HGSOC tissues and 26 normal fal-
lopian tube tissues were obtained from the
First Affiliated Hospital of Shihezi University
School of Medicine between 2010 and 2015.
Clinical, demographic, and pathologic data
were obtained from the medical records of the
patients. All tissues were fixed in 10% neutral
formalin and paraffin-embedded. Diagnoses
were confirmed through hematoxylin-eosin and
immunohistochemistry staining by two experi-
enced pathologists, according to the World
Health Organization Pathology and Genetics
Tumors of the Breast and Female Genital
Organs (eighth edition). All subjects provided
informed consent, and the study was approved
and supervised by the Research Ethics
Committee of the First Affiliated Hospital of
Shihezi University School of Medicine.

Cell lines and antibodies

The human serous epithelial OC cell lines
SKOV3, HeyA8, OVCA433, C13*, OV2008, and
A2780 and the human embryonic kidney cell
line 293T were cultivated in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) in a humidi-
fied tissue culture incubator containing 5% CO,
at 37°C. SKOV3, HeyAS8, and 293T cells were
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purchased from the Chinese Academy of
Sciences Type Culture Collection (Shanghai,
China). OVCA433 and A2780 cells were a gen-
erous gift from Dr Gang Cheng (Department of
Gynecology and Obstetrics, Tongji Hospital of
Huazhong University of Science and Tech-
nology). OV2008 and C13 cells were from Prof
Benjamin K. Tsang (Ottawa Health Research
Institute, Ottawa, Canada).

Introduction of miRNA mimics and inhibitors
and MAP3K3 plasmid construction

All RNA oligonucleotides used in this study,
including the miR-212-3p mimic, inhibitor, and
their cognate control RNAs, were purchased
from GenePharma (Shanghai, China). The RNA
sequences mentioned are listed as follows:
miR-212-3p mimic: sense 5-UAACAGUCUCCA-
GUCACGGCC-3’' and antisense 5-CCGUGACU-
GGAGACUGUUAUU-3’, mimic control: sense
5-UUCUCCGAACGUG UCACGUTT-3’ and anti-
sense 5-ACGUGACACGUUCGGAGAATT-3’; miR-
212-3p inhibitor: 5-GGCCGUGACUGGAGACU-
GUUA-3’; inhibitor control: 5-CAGUACUUUU-
GUGUAGUACAA-3'. The transfection of ovarian
cancer cells with Lipofectamin2000 (Life tech-
nologies, USA) was performed according to the
manufacturer’s instructions. The human MA-
P3K3 expression vector pBabe-MAP3K3-WT-
V5-His (MAP3K3), short hairpin RNA (shRNA)
expression vectors specific to MAP3K3,
p-super-shRNA-MAP3K3-13  (sh-MAP3K3-13)
and p-super-shRNA-MAP3K3-15 (sh-MAP3K3-
15), and the random sequence interference
expression vector p-super-shRNA-Scramble
(sh-scramble) were generous gifts from Prof
Jianhua Yang (Baylor College of Medicine, TX,
Houston, USA). Construction of the human
MAP3K3 expression vector was performed as
previously described [4].

RNA extraction and quantitative real-time PCR

Total RNA was extracted from OC cell lines
using the miRNeasy Mini Kit (Qiagen, Valencia,
CA) and from HGSOC tissues using the miR-
Neasy FFPE Kit (Qiagen, Valencia, CA) in accor-
dance with the manufacturer’s instructions.
cDNA was synthesized with the QuantiTect
Reverse Transcription Kit (Qiagen). Quantitative
real-time polymerase chain reaction (QRT-PCR)
was performed on a 7500 Fast Real-Time PCR
System (Life Technologies, Shanghai, China)
using a QuantiFast SYBR Green PCR kit (Qiagen)
in accordance with the manufacturer’s instruc-
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Table 1. gRT-PCR related primer sequences

were lysed in complete RIP lysis

name forward primer (5-3’)

reverse primer (5’-3’)

buffer (containing proteinase

GADPH GAGTCAACGGATTTGGTCGT TTGATTTTGGAGGGATCTCG
MAP3K3 CGAAAGTACACGCGGCAGAT CAGCAGAGTCTCGGAGGATGTT

miR-212-3p TAACAGTCTCCAGTCACGGC
ue CTCGCTTCGGCAGCACA

AACGCTTCACGAATTTGCGT

inhibitor and phosphatase in-
hibitor), and the cell extract was
incubated with magnetic beads
conjugated with specific anti-

Note: miR-212-3p: hsa-miR-212-3p.

tions. The related primers used in this study
were prepared by Shanghai Sangon Biote-
chnology company. The primer sequences are
shown in Table 1.

Western blot analysis

Western blotting was performed following stan-
dard protocols. The primary antibodies used in
this study included rabbit anti-human monoclo-
nal MAP3K3 antibody (1:1000 dilution; Cell sig-
naling technology, CA, USA) and mouse anti-
human monoclonal B-actin antibody (1:2000
dilution; Zhongshan Biotechnology, Beijing,
China). Goat anti-rabbit/mouse IgG-HRP, used
as the secondary antibody, was purchased
from Zhongshan Biotechnology (Beijing, China).
The protein signals were detected with an
enhanced chemiluminescence kit (Thermo,
Waltham, MA, USA). B-actin was used as an
internal control.

Dual-luciferase reporter gene assay

The miR-212-3p-binding motif in the MAP3K3
3’-UTR was identified by the TargetScan algo-
rithm (http://TargetScan.org). The different
fragment sequences were synthesized and
then inserted into the pmirGLO-basic vector
(OMEGA Engineering Inc.) and co-transfected
with wild-type and mutant MAP3K3 plasmids
into SKOV3 cells. The 3’-UTR of MAP3K3 was
cloned into the luciferase vector and transfect-
ed into SKOV3 cells together with miR-212-3p
mimics, the miR-212-3p inhibitor, the MAP3K3
plasmid, or the negative control. All vectors
were verified by sequencing, and luciferase
activities were assessed using a Dual Luci-
ferase Assay Kit (OMEGA Engineering Inc.) in
accordance with the manufacturer’s instruc-
tions.

RNA immunoprecipitation

An EZMagna RNA immunoprecipitation (RIP) Kit
(Millipore, Bedford, MA, USA) was used follow-
ing the manufacturer’'s protocol. SKOV3 cells
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bodies or control IgG for 6 h at
4°C. Beads were washed and
incubated with proteinase K to
remove proteins. Finally, purified RNA was sub-
jected to qRT-PCR analysis.

Proliferation assays

SKOV3, A2780, and OV2008 cells were incu-
bated and transfected with the different treat-
ments as described previously herein for 48 h,
and the Cell Counting Kit-8 (CCK-8) assay was
performed to construct a cell growth curve. The
optical density (OD) value was determined by
measuring the absorbance at 450 nm with a
microplate reader at the same time every day
until the sixth day from the beginning of cell
attachment. The daily OD values of each group
of cells were used to produce the cell growth
curve.

Migration and invasion assays

Transwell assays were used to test cell migra-
tion capacity. The cells were seeded in six-well
plates and cultured until full confluence was
reached. Uniform scratches were then made in
the center of the wells. The plates were washed
and cultured in serum-free RPMI1640 medium
without a penicillin-streptomycin mixture. Scra-
tches were observed every O, 12, 24, and 48 h.
Statistical analysis of the areas before and
after healing was conducted using IPP statisti-
cal software.

For invasion assays, 1 x 105 cells in serum-free
medium were placed into the upper chamber of
an insert coated with Matrigel. Medium con-
taining 10% FBS was added to the lower cham-
ber. After incubation for 24 h, the cells remain-
ing on the upper membrane were removed with
cotton wool. Cells that had migrated or invaded
through the membrane were fixed with metha-
nol, stained with 0.1% crystal violet, imaged,
and counted using an inverted microscope
(Olympus, Tokyo, Japan).

Statistical analysis

Differences between groups were assessed by
a paired, two tailed Student’s t-test. The Chi-
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Figure 1. The MAP3K3 gene is a direct target of miR-212-3p in high-grade serous ovarian cancer (HGSOC) cells. A.
The target genes of miR-212-3p were predicted using bioinformatics tools (TargetScan, miRTarBase, miRDB, and
StarBase databases). B. The binding site involved in the interaction between the MAP3K3 3’-UTR and miR-212-3p
was predicted using these databases. C. Dual-luciferase reporter gene assays showed that miR-212-3p binds the
3’-UTR of MAP3K3 and inhibits its expression. D. RNA immunoprecipitation assays demonstrated that endogenous
MAP3K3 pull-down by AGO2 was significantly enriched in miR-212-3p-overexpressing cells; I1gG was used as the

control.

square test was used to analyze the clinico-
pathological features associated with miR-212-
3p expression in HGSOC. The survival curves
were drawn using Kaplan-Meier survival plots
and tested using log-rank tests. Univariate and
multivariate Cox proportional hazards modeling
was used to determine the effects of variables
on survival. All statistical analyses were per-
formed using SPSS 22.0 software (IBM SPSS,
Chicago, IL, USA).

Results

MiR-212-3p directly targets the MAP3K3 3’-
UTR

Our previous study demonstrated that MAP3K3
is overexpressed in HGSOC and that it pro-
motes HGSOC proliferation and migration by
activating the NF-kB signaling pathway.
Nevertheless, the mechanism driving dysregu-
lated MAP3K3 expression and the upstream
oncogenic network in HGSOC remained unclear.
We thus identified miR-212-3p, which could
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regulate MAP3K3 expression, based on bioin-
formatic analysis (Figure 1A, 1B). To investi-
gate whether miR-212-3p directly binds the
3-UTR of MAP3K3, we cloned the MAP3K3
3’-UTR and its mutants into luciferase reporter
plasmids, and co-transfected SKOV3 cell lines
with the constructed plasmids and miR-212-3p
mimics. As shown in Figure 1C, luciferase activ-
ity was decreased in cells co-transfected with
miR-212-3p, as compared to that in cells
expressing miR-NC, and this was statistically
significant (P < 0.01). In addition, mutations in
the putative binding site abolished the repres-
sion of luciferase activity mediated by miR-212-
3p. These findings suggest that miR-212-3p
regulates MAP3K3 expression through direct
interactions with its 3-UTR. To further verify
whether MAP3K3 is the direct target of miR-
212-3p, we performed RNA immunoprecipita-
tion. The result demonstrated that endogenous
MAP3K3 pull-down by AGO2 was significantly
enriched in miR-212-3p-overexpressing cells
(Figure 1D; P < 0.05).
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Figure 2. miR-212-3p can downregulate MAP3K3 expression in high-grade serous ovarian cancer (HGSOC) cells. (A)
mMRNA and protein expression of miR-212-3p and MAP3K3 in six ovarian cancer cell lines and 293T cells. MAP3K3
expression was remarkably decreased after transfection with miR-212-3p mimics in A2780 (B) and SKOV3 (C) cells
at both the mRNA and protein levels. MAP3K3 expression was significantly increased after transfection with a miR-

212-3p inhibitor in OV2008 (D) cell lines.

MiR-212-3p suppresses MAP3K3 expression

To confirm the regulatory effect of miR-212-3p
on MAP3K3 expression, we first determined
the expression levels of MAP3K3 and miR-212-
3p in various HGSOC cell lines (Figure 2A). The
result showed that MAP3K3 expression was
relatively high in A2780 and SKOV3 cell lines,
whereas it was relatively low in OV2008 cell
lines. Therefore, gRT-PCR and western blot
assays were performed to test MAP3K3 expres-
sion in A2780 and SKOV3 cell lines after trans-
fecting them with miR-212-3p mimics and in
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0V2008 cell lines after transfecting them with
miR-212-3p inhibitors. The results revealed
that MAP3K3 expression was remarkably
decreased after transfection with miR-212-3p
mimics compared to that in negative controls in
A2780 (Figure 2B) and SKOV3 (Figure 2C) cell
lines. However, MAP3K3 expression was signifi-
cantly increased after transfection with a miR-
212-3p inhibitor compared to levels with the
negative control inhibitor in OV2008 cell lines
(Figure 2D). These results indicated that miR-
212-3p deregulates the expression level of
MAP3K3.
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MiR-212-3p suppresses HGSOC cell prolifera-
tion, migration and invasion

To investigate the function of miR-212-3p with
respect to HGSOC biological behaviors, we per-
formed cell proliferation, invasion and migra-
tion assays using cell lines transfected with
miR-212-3p mimics or inhibitors; specifically,
A2780 and SKOV3 cell lines with high endoge-
nous expression of MAP3K3 were transfected
with miR-212-3p mimics, whereas 0OV2008
cells with low endogenous MAP3K3 expression
were transfected with a miR-212-3p inhibitor.
Based on CCK8 assays, we observed that miR-
212-3p markedly reduced cell proliferation at
24, 48, and 72 h, compared to that in negative
controls (Figure 3A, 3B). In contrast, the prolif-
eration of cells transfected with the miR-212-
3p inhibitor was significantly increased (Figure
3C). Colony forming assays demonstrated that
miR-212-3p mimics could promote the forma-
tion of A2780 (Figure 3D) and SKOV3 (Figure
3E) cell clones; however clone formation in
0V2008 cells was diminished upon inhibiting
miR-212-3p (Figure 3F). Furthermore, we also
examined the effect of miR-212-3p on cell inva-
sion and migration by performing transwell
assays. With this treatment, the invasive and
migratory activities of A2780 (Figure 3G) and
SKOV3 (Figure 3H) cells were enhanced com-
pared to those in negative control cells, where-
as these phenotypes were suppressed in
0V2008 cells (Figure 3l). These results indicat-
ed that miR-212-3p is involved in the regulation
of cell proliferation, invasion and migration.

MAP3K3 reverses the inhibitory effect of miR-
212-3p on HGSOC cell proliferation, migration,
and invasion

To determine whether the effect of miR-212-3p
on cell proliferation and migration was mediat-
ed by the repression of MAP3K3, we respec-
tively transfected cells with negative control
(NC), miR-212-3p mimics (212m), and MAP3K3
vectors, and co-transfected MAP3K3 and miR-
212-3p mimics into A2780 and SKOV3 cells.
The results showed that compared to that in
the negative control group, cell proliferation in
the miR-212-3p mimics group was decreased,
whereas the proliferation of cells transfected
with MAP3K3 was enhanced. Cell proliferation
in the co-transfected groups was between that
in the miR-212-3p mimics group and that in the
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MAP3K3 groups (Figure 4A, 4D). The same
phenomenon was observed with colony form-
ing assays (Figure 4B, 4E) and transwell assays
(Figure 4C, 4F). Furthermore, we respectively
used the negative control inhibitor, miR-212-3p
inhibitors, and sh-MAP3K3 for transfection,
and co-transfected sh-MAP3K3 and miR-212-
3p inhibitors into OV2008 cells. As shown in
Figure 4G, MAP3K3 inhibition significantly
attenuated the enhancing effect of miR-212-3p
on cell proliferation in OV2008 cells. Similar
results were also obtained for colony formation
assay (Figure 4H) and transwell assay (Figure
4]). These observations indicated that miR-
212-3p can reduce cell proliferation and migra-
tion by down-regulating the expression of
MAP3K3.

MiR-212-3p is expressed at low levels in
HGSOC tissues and is negatively associated
with both MAP3K3 expression and poor sur-
vival

To confirm the role of miR-212-3p in ovarian
malignancy, we detected its expression level in
63 HGSOC tissues and 26 normal fallopian
tube tissues by qRT-PCR. The results demon-
strated that the expression of miR-212-3p was
significantly decreased in HGSOC compared to
that in normal fallopian tube tissues (Figure
5A; P < 0.05), whereas the expression of
MAP3K3 was significantly increased in HGSOC
tissues (Figure 5B; P < 0.05). Meanwhile, it was
negatively associated with MAP3K3 expression
in HGSOC (Figure 5C; r = -0.344, P < 0.001).
These results indicated that miR-212-3p might
be an upstream factor that induces dysregulat-
ed MAP3K3 expression.

Further, by investigating the clinicopathological
and prognostic significance of miR-212-3p lev-
els in HGSOC patients, results revealed that the
downregulation miR-212-3p was significantly
correlated with FIGO stage and sensitivity to
chemotherapy (Table 2). Furthermore, Kaplan-
Meier analysis revealed that low miR-212-3p
levels were associated with poor overall surviv-
al (0S) (Figure 5D; P = 0.001) and disease-free
survival (Figure 5E; P = 0.002) in HGSOC
patients. Based on univariate analysis using
the Cox regression model, low miR-212-3p
expression and FIGO stage were considered
strong prognostic indicators of poor OS (Table
3; P=0.004, P=0.002, respectively).
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Figure 3. miR-212-3p inhibits high-grade serous ovarian cancer (HGSOC) cell proliferation, invasion, and migration.
A2780 (A) and SKOV3 (B) cell proliferation was inhibited as evaluated by the CCK-8 assays after transfecting them
with miR-212-3p mimics. OV2008 (C) cell proliferation was enhanced after transfecting cells miR-212-3p inhibi-
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Discussion

OC is one of the most common malignant
tumors of female genital organs. In 2015, there
were approximately 52,100 new cases of ovar-
ian carcinoma in China and mortality ranked
first among all gynecologic malignancies [1, 2].

881

HGSOC is the most common histological type
of OC and originates from the epithelial cells of
the fallopian tube; tumor cells attach to the sur-
face of the ovary and grow, which facilitates
extensive abdominal metastasis. HGSOC also
possesses characteristics of genetic instability
such as high TP53 and BRCA1/2 mutation
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Figure 4. MAP3K3 reverses the inhibitory effect of miR-212-3p on the proliferation, invasion, and migration abilities of high-grade serous ovarian cancer (HGSOC)
cells. In both A2780 and SKOV3 cells, proliferation (A, B), colony formation (D, E), migration, and invasion (G, H) were enhanced after co-transfecting cells with miR-
212-3p mimics and MAP3K3 compared to those with only miR-212-3p mimics. OV2008 cell proliferation (C), colony formation (F), migration, and invasion (l) abilities
were inhibited by co-transfecting cells with sh-MAP3K3 and miR-212-3p inhibitors compared to those with only miR-212-3p inhibitors. Data are presented as the
mean * SD, based on the Student’s t-test for statistical analysis. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 5. MiR-212-3p is downregulated and negatively associated with poor prognosis and MAP3K3 expression in HGSOC patients. (A) MiR-212-3p was found to
be downregulated in HGSOC tissues. (B) MAP3K3 was overexpressed in HGSOC tissues. (C) miR-212-3p expression was negatively associated with MAP3K3 (r =
-0.344, P < 0.001). Correlation between miR-212-3p expression and overall survival (OS) (D) or disease-free survival (DFS) (E) in 63 HGSOC patients. The median
value of mi-212-3p expression was chosen as the point to classify tumors as low- or high-level expression groups. (F) A proposed model illustrating the function and
mechanism of mi-212-3p in modulating HGSOC tumorigenesis. Data are presented as the mean + SD, based on the Student’s t-test for statistical analysis. *P <
0.05, **P < 0.01, ***P < 0.001.
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Table 2. The association between miR-212-3p expression and clinicopathological features of HGSOC

patients
o n miR-212-3p expression
Characteristics : ; X P
63 Over expression (%)  Low expression (%)
Age
<53 28 24 0.352 0.553
>53 35 28
FIGO stage
-1l 15 9 6.94 0.008**
I-1v 48 43
Chemotherapy response
sensitive 30 21 3.871 0.049*
partial 10 10
unknown 23
Ascites
No 13 12 1.13 0.288
Yes 44 35
unknown 6
Notes: *p < 0.05, **p < 0.01.
Table 3. MiR-212-3p is an prognostic biomarker for patients with HGSOC
Univariate Multivariate
HR (95% ClI) P HR (95% Cl) P

miR-212-3p (low vs overexpression)
Age (< 53 vs > 53)
FIGO stage (I-Il vs IlI-IV)

0.206 (0.070-0.611) 0.004*  0.151 (0.019-1.214) 0.075
1.952 (0.931-4.090) 0.076
7.393 (2.136-25.584) 0.002** 5.612 (1.133-27.797) 0.035*

Chemotherapy response (sensitive vs partial) 1.393 (0.373-4.976) 0.64

Ascites (no vs yes)

1.567 (0.713-3.443) 0.264

Notes: *p < 0.05, **p < 0.01.

rates [13-17]. With the development of treat-
ment in recent years, targeted therapy and
immunotherapy have resulted in promising
effects on HGSOC. However, because of its
unclear pathogenesis, high heterogeneity, few
therapeutic targets, and relapse resistance
after chemotherapy, clinical treatment effects
and OS rates are unsatisfactory for HGSOC
patients. Therefore, it is crucial to find new tar-
gets for disease prediction and treatment and
to elucidate the molecular mechanisms
involved in the malignant transformation of
HGSOC.

Our previous study demonstrated that MAP3K3
is overexpressed in HGSOC and promotes the
proliferation and migration of HGSOC by acti-
vating the NF-kB signaling pathway [4]. MAP3K3
plays a similar oncogenic role in HGSOC and
various other tumors such as breast, lung, cer-
vical, and esophageal cancers [5-8]. However,
the mechanism underlying the effects of
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MAP3K3 overexpression in tumors has not
been confirmed. MiRNAs are involved in a vari-
ety of gene-regulatory processes such as the
pre-transcriptional control of genes affecting
histone modification and mRNA stability. This is
achieved via the formation of an RNA-induced
silencing complex (RISC) with the 3’-UTR region
of targeting mRNA, reducing target mRNA sta-
bility and translation or promoting degradation
[18, 19]. Therefore, we further explored small
non-coding RNA targets that can regulate
MAP3K3 expression.

In this study, we screened 14 miRNAs that
interact with MAP3K3 based on four bioinfor-
matics websites for prediction and cross-analy-
sis. miR-212-3p was chosen and was proven to
directly bind MAP3K3 by dual-luciferase report-
er gene assays and RNA immunoprecipitation.
Furthermore, we found that miR-212-3p overex-
pression can inhibit the expression of MAP3K3
protein and suppress cell proliferation, inva-
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sion, and migration in HGSOC. Accordingly,
restored MAP3K3 expression rescued the
tumor-suppressive effects of miR-212-3p over-
expression in HGSOC. These results suggest
that miR-212-3p serves as a tumor suppressor
gene in HGSOC carcinogenesis by directly tar-
geting MAP3K3. Several studies demonstrated
that miR-212-3p is commonly aberrantly
expressed and inhibits cancer cell proliferation
and migration by targeting downstream genes
in multiple types of human malignancies includ-
ing renal clear cell carcinoma, intrahepatic
cholangiocarcinoma, and osteosarcoma [20-
23]. Studies have also shown that miR-212-3p
is downregulated in ovarian cancer SKOV3 cells
and exerts a tumor suppressor effect by target-
ing HBEGF [24]. This report is consistent with
our findings. miR-212-3p is thus dysregulated
in a variety of malignancies including HGSOC
and is significantly decreased in tumor tissues,
suggesting that it might be involved in the evo-
lution of cancer as a tumor suppressor gene.

In our study, we demonstrated that miR-212-3p
is significantly downregulated in HGSOC tis-
sues, which was found to be correlated with
poor prognosis in HGSOC patients. Meanwhile,
its reduced expression was determined to be
correlated with high FIGO stage and chemo-
therapy resistance. Univariate analysis of COX
risk regression showed that low expression of
miR-212-3p and high FIGO stage were risk fac-
tors for HGSOC. These results suggest that
miR-212-3p might represent a novel molecular
marker of HGSOC prognosis and could be a
new potential therapeutic target for this dis-
ease. Many studies have found that miRNAs
can be used as molecular markers for the early
diagnosis and prognosis of various tumors [25-
28]. In NSCLC, miR-505 was also found to be
expressed at low levels and was negatively cor-
related with tumor size, TNM stage, and distant
metastasis, indicating that it could become a
new target for disease treatment and clinical
applications [29]. Some potential clinically valu-
able miRNAs have also been found for ovarian
cancer [30]. For example, miR-181a promotes
TGF-B-mediated epithelial-mesenchymal tran-
sition by inhibiting its functional target Smad7
and was found to be associated with ovarian
cancer recurrence and poor prognosis. In addi-
tion, the overexpression of miR-181a promotes
OC cell proliferation, migration, invasion, drug
resistance, tumor formation in vivo, and metas-
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tasis [31]. Based on these studies, a variety of
mMiRNAs including miR-212-3p might become
molecular markers for the early diagnosis and
prognosis of solid tumors and provide a theo-
retical basis for potential new clinical therapeu-
tic targets.

In conclusion, miR-212-3p is downregulated in
HGSOC tissues and cell lines, and its low-
expression is correlated with FIGO stage and
chemotherapy resistance. MiR-212-3p also
plays a tumor suppressive role in HGSOC by
directly targeting MAP3K3. These results sug-
gest that miR-212-3p could be a new therapeu-
tic target for HGSOC patients.
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