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Abstract. – OBJECTIVE: Ovarian carcinoma 
(OC) is one prevalent fatal malignancy in gyne-
cology. Currently, there is an imperative need to 
better investigate the pathogenesis of OC. Ac-
cumulating evidence has indicated that microR-
NAs (miRNAs) play pivotal roles in OC occur-
rence and development. In this study, we main-
ly investigated the potential roles of miR-18a in 
OC progression.

PATIENTS AND METHODS: We first exam-
ined miR-18a expressions in OC tissue samples 
and cell lines using quantitative Real Time-Poly-
merase Chain Reaction (qRT-PCR). Moreover, 
OC patients involved in current study were as-
signed into two groups based on the mean miR-
18a expression level. Kaplan-Meier analysis was 
carried out to assess the overall survival rate of 
miR-18a in OC patients. Next, we investigated 
whether miR-18a could regulate OC cell prolifer-
ation abilities by using MTT (3-(4, 5-dimethylthi-
azol-2-yl)-2, 5-diphenyl tetrazolium bromide) as-
says. Next, transwell assay was used to detect 
the effects of miR-18a on cell invasion and mi-
gration. We further performed Luciferase report-
er assays by cotransfecting with miR-18a mim-
ics and the Luciferase reporter vector contain-
ing CBX7 3’UTR-WT or MUT. We then performed 
immunohistochemistry (IHC) assays to deter-
mine the expression of CBX7 in OC tissues.

RESULTS: QRT-PCR results indicated that 
miR-18a expressions were notably decreased 
in OC related cell lines and tissues. Moreover, 
the low miR-18a expression was related to the 
malignant phenotype and poor prognosis of OC 
patients. Overexpression of miR-18a in OC cells 
could prominently suppress the proliferation, 
migration and invasion abilities via modulat-
ing ERK/MAPK pathway and epithelial-to-mes-
enchymal transition (EMT). Furthermore, CBX7 

was confirmed as a functional target of miR-18a, 
indicating that miR-18a exerted the suppressive 
functions in OC cells partially via the regulation 
of CBX7. Additionally, restoration of miR-18a re-
markably reduced the OC tumor growth in vivo. 

CONCLUSIONS: Taken together, our study ra-
tionally suggested that miR-18a may serve as an 
effective diagnostic and therapeutic biomark-
er for OC.
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Introduction

Ovarian carcinoma (OC), as one prevalent gy-
necological malignant tumor around the world, 
has a high incidence and is one severe tumor 
which affects the reproductive tracts of females1. 
Due to the lack of effective early screening meth-
ods, OC patients are often detected in the late 
stages and have a poor prognosis2. Additionally, 
distant metastases and recurrence continue to 
be the leading threat to advanced OC patients3,4. 
The widely used treatment methods, such as 
surgery, chemotherapy, and radiotherapy, were 
mostly adopted for OC treatment5. However, due 
to the lack of reliable diagnostic biomarker, the 
diagnosis and therapeutic approaches for OC 
patients remain challenging6. Therefore, further 
research on the molecular mechanism implicated 
in OC development is essential for effective OC 
treatments.

European Review for Medical and Pharmacological Sciences 2020; 24: 5292-5302

Y. ZHAO1, X.-L. LIU1, J.-H. HUANG2, A.-J. YIN1, H. ZHANG1

1Department of Obstetrics and Gynecology, Qilu Hospital of Shandong University, Jinan,
 Shandong, China
2Department of Obstetrics and Gynecology, Zhangqiu Maternity and Child Care Hospital, Jinan,
 Shandong, China

Ying Zhao and Xiaolin Liu contributed equally to this work

Corresponding Author: Hui Zhang, MD; e-mail: wiazivd@163.com

MicroRNA-18a suppresses ovarian carcinoma 
progression by targeting CBX7 and 
regulating ERK/MAPK signaling pathway and 
epithelial-to-mesenchymal transition



MicroRNA-18a suppresses ovarian carcinoma progression

5293

MicroRNAs are promising molecular biomark-
ers for the diagnosis and prognosis of cancers7 
and can regulate multiple key cellular processes 
via targeting the 3’-UTRs of target genes, there-
by leading to translational inhibition or mRNA 
degradation8. MiRNAs exerted vital functions 
in the development of many cancers by acting as 
either tumor suppressor or oncogene9,10. Grow-
ing attention has been paid to the functions of 
miRNAs in various types of malignancies. In 
particular, Ahmad et al11 found that miR-135a 
inhibited breast cancer cell proliferation via reg-
ulating ELK1 and ELK3; Bai et al12 reported that 
miR-20a-5p promoted cell growth via targeting 
RUNX3 in triple-negative breast cancer; Chen et 
al13 revealed that miR-148a suppressed non-small 
cell lung cancer cell migration and invasion via 
targeting Wnt1. All of these reports showed the 
direct correlation between the aberrant miRNA 
expressions and tumor progression. However, the 
functional relevance of miR-18a in OC remains 
elusive.

Chromobox homolog 7 (CBX7) is a chromobox 
family protein which belongs to polycomb repres-
sive complex 1 (PRC1)14. Increasing evidence15 
has showed the function of CBX7 for tumor treat-
ment. However, the functions of CBX7 in cancer 
development remain controversial. CBX7 acts as 
either oncogene or tumor suppressor depending 
on the cellular environment and tumor types. Ni 
et al16 indicated that CBX7 suppressed pancreatic 
carcinoma cell proliferation, invasion, and migra-
tion via the inhibition of PTEN/Akt signaling. On 
the contrary, Zhang et al17 found oncogenic roles 
of CBX7 in gastric cancer. These results indicat-
ed that the specific functions of CBX7 in tumor 
progression may be different between cancers. In 
this research, we focused on the functions and 
underlying molecular mechanisms of CBX7 in 
OC development.

Material and Methods

Tissue Samples
OC tissue samples and the matched para-carci-

noma tissues were obtained from 50 OC patients 
who underwent surgery at the Qilu Hospital of 
Shandong University from July 2015 to August 
2017. Informed consent was provided by all pa-
tients before surgery. No patients had received 
any treatment prior to tissue collection. All tissue 
specimens were frozen in liquid nitrogen im-
mediately and then stored at –80°C for further 

assays. The current study was approved by the 
Ethics Committee of Qilu Hospital of Shandong 
University. This investigation was conducted in 
accordance with the Declaration of Helsinki.

Cell Culture
OC cell lines (SKOV3, OVCAR3, HO8910, 

and A2780) and the normal immortalized human 
ovarian surface epithelial cells IOSE29 were pur-
chased from the American Type Culture Collec-
tion (ATCC; Manassas, VA, USA). All cells were 
cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM; Invitrogen, Carlsbad, CA, USA), in-
cluding 10% fetal bovine serum (FBS; Invitro-
gen, Carlsbad, CA, USA) at 37°C and 5% CO2.

Cell Transfections
MiR-18a mimics, inhibitors and the negative 

controls (NC) were obtained from GenePhar-
ma Co., Ltd. (Shanghai, China). Then, Lipofect-
amine® 2000 reagent (Thermo Fisher Scientific, 
Waltham, MA, USA) was utilized to transfect 
the miR-18a mimics or inhibitors into OC cells 
following the manufacturer’s protocols. Efficien-
cies were analyzed by qRT-PCR 48 h after the 
transfection. 

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

Total RNAs were extracted from OC tissues 
or cells by TRIzol reagent (Thermo Fisher Sci-
entific, Waltham, MA, USA) following the man-
ufacturer’s recommendations. Then, cDNA was 
synthesized from the isolated RNA with M-MLV 
Reverse Transcriptase (Promega, Madison, WI, 
USA). SYBR® Premix Ex Taq™ II kit (TaKa-
Ra, Shanghai, China) was used to examine the 
expression levels of genes on ABI 7500 fast re-
al-time PCR system (Applied Biosystems, Foster 
City, CA, USA). The expression fold change in 
expression was calculated by the 2-ΔΔCt method. 
U6 and glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) were endogenous controls for 
miR-18a and CBX7, respectively. The sequences 
of the primers were described in Table I.

Immunohistochemistry (IHC)
IHC assays were performed to measure the 

expressions of CBX7 in OC tissues and adjacent 
normal tissues. Briefly, 10% formalinfixed and 
paraffinembedded tissue sections were deparaf-
finized and rehydrated with xylene and graded 
alcohols. After pretreatment with citrate buffer 
in a microwave oven for the endogenous anti-
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gen-retrieval, the endogenous peroxidase activ-
ities were repressed by 3% hydrogen peroxide 
(H2O2) in ethanol for 10 min. Then, tissues were 
incubated with primary CBX7 antibody (1:200, 
ab91413, Abcam, Cambridge, MA, USA) at 4°C 
overnight. Next, the slides were incubated with 
goat anti-rabbit IgG (1:2,000, ab205718, Abcam, 
Cambridge, MA, USA) labeled by horseradish 
peroxidase (HRP) for 30 min at room tempera-
ture, followed by being stained with DAB as the 
chromogen and counterstained with hematoxy-
lin. The sections were then photographed with 
a BX53F microscope (Olympus, Tokyo, Japan). 
The expressions were calculated following the 
ratio of positive cells: stained cells/all cells < 
25% was considered as negative (-) while the ratio 
>25% was positive (+)18,19.

Cell Proliferation Assay
MTT assay was conducted to determine the ef-

fects of miR-18a on OC cell viabilities at different 
time points (0, 24, 48, and 72 h after treatment 
with miR-18a mimic or inhibitor). First, OC cells 
treated with miR-18a mimics or inhibitor were 
plated into a 96-well plate, and after being cul-
tured for indicated times, MTT solution (10 μL; 
Beyotime, Shanghai, China) was added into the 
treated cells followed by another 4 h incubation 
at 37°C. Then, dimethyl sulfoxide (DMSO) solu-
tions were added to dissolve the crystal. Next, a 
microplate reader (BioTek, Winooski, VT, USA) 
was used to measure optical density at wave-
length of 490 nm.

Transwell Assays
Transwell chamber inserts (8.0 µm pore size; 

Corning, Corning, NY, USA) with Matrigel (BD 
Biosciences, Franklin Lakes, NJ, USA) present 
or absent were utilized to examine the functions 

of miR-18a in OC cell invasion or migration 
abilities. In brief, treated OC cells were seeded 
in the upper chambers with serum-free medium 
whereas medium supplemented with 10% FBS 
was added to the low chambers as a chemoat-
tractant. Following incubation at 37°C for 48 h, 
cells remained in the top chambers were carefully 
wiped away with cotton swabs, while cells that 
had traversed the membrane were subsequently 
fixed and stained with formaldehyde (4%) and 
crystal violet (0.1%), respectively. An inverted 
microscope (Olympus, Tokyo, Japan) was used 
to measure and count the invasive and migratory 
cells in five randomly selected fields.

Western Blot
For protein analysis, OC cells were lysed 

with iced lysis buffer containing protease and 
phosphatase inhibitors (Roche, Basel, Swit-
zerland). A bicinchoninic acid (BCA) protein 
assay kit (Thermo Fisher Scientific, Waltham, 
MA, USA) was utilized to determine the pro-
tein concentration. Then, proteins were sepa-
rated with 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE). 
Then, the proteins were transferred onto poly-
vinylidene dif luoride (PVDF) membranes 
(Invitrogen, Carlsbad, CA, USA). The mem-
brane was blocked in Tris-Buffered Saline and 
Tween-20 (TBST) containing 5%-skim milk 
for 2 h at room temperature. After that, the 
membrane was incubated with specific prima-
ry antibodies at 4°C overnight. The primary 
antibodies were as follows: CBX7 (1:2000, 
ab91413, Abcam, Cambridge, MA, USA), 
E-cadherin (1:1000, ab40772, Abcam, Cam-
bridge, MA, USA), Vimentin (1:1000, ab45939, 
Abcam, Cambridge, MA, USA), ERK (1:1000, 
ab17942, Abcam, Cambridge, MA, USA), 

U6: small nuclear RNA, snRNA; CBX7: Chromobox homolog 7; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

Table I. Primer sequences for qRT-PCR.

 Primer Sequence

miR-18a forward 5’-GCTGAGCTAAGGTGCATCTAG-3’
miR-18a reverse 5’-TCAACTGGTGTCGTGGAGT-3’
U6 forward 5’-CTCGCTTCGGCAGCACA-3’
U6 reverse 5’-AACGCTTCACGAATTTGCGT-3’
CBX7 forward 5’-GGATGGCCCCCAAAGTACAG-3’
CBX7 reverse 5’-TATACCCCGATGCTCGGTCTC-3’
GAPDH forward 5’-AGGTCGGTGTGAACGGATTTG-3’
GAPDH reverse 5’-TGTAGACCATGTAGTTGAGGTCA-3’
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p-ERK (1:2000, ab192591, Abcam, Cambridge, 
MA, USA) and GAPDH (1:1000, ab9485, Ab-
cam, Cambridge, MA, USA). Subsequently, 
the membrane was incubated with a HRP-con-
jugated secondary antibody (1:2000, ab6721, 
Abcam, Cambridge, MA, USA) at room tem-
perature for 1 h. Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was used as an in-
ternal control. Finally, proteins were detected 
by enhanced chemiluminescence (ECL; Beyo-
time, Shanghai, China).

Dual-Luciferase Reporter Assay
The wild type (WT) CBX7 3′-UTR or the 

mutant (Mut) sequence of CBX7 was insert-
ed into the pGL3 vectors (Promega, Madison, 
WI, USA). For Luciferase assays, OC cells were 
cotransfected with wild-type or mutant CBX7-
3’UTR and miR-18a mimics by Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) following 
the manufacturer’s protocols. Luciferase activity 
was determined by the Dual-Luciferase Reporter 
Assay System (Promega, Madison, WI, USA) 
after transfection for 48 h. 

Xenograft Tumor Formation Assay
Xenograft experiments were carried out to 

investigate the functions of miR-18a restoration 
in the tumorigenicity of OVCAR3 cells in vivo. 
Female BALB/c nude mice (4-6-week-old) were 
randomly assigned into two groups. OVCAR3 
cells were stably transfected with lentiviral miR-
18a (lenti-miR-18a) or the negative lentiviral 
miR-control (lenti-control) and injected subcu-
taneously into the flanks of the mice in differ-

ent groups. Once Xenograft tumors had been 
established in the mock-treated mice, tumor 
volumes were examined every 3 days according 
to the following formula: tumor volumes (mm3) 
= length×width2/2. 

Statistical Analysis
Each experiment was conducted at least 3 

times. Statistical analysis was performed using 
SPSS software version 17.0 (SPSS Inc., Chicago, 
IL, USA). Differences between two groups were 
analyzed by using the Student’s t-test. Com-
parison between multiple groups was done us-
ing One-way ANOVA test followed by Post-Hoc 
Test (Least Significant Difference). Kaplan-Meier 
method and log-rank test were applied to estimate 
the overall survival rates (OS) and compare the 
survival curves, respectively. p<0.05 was regard-
ed as statistically significant difference.

Results

MiR-18a was Downregulated in 
OC Tissues and Associated With 
the Poor Prognosis

To confirm the clinical significance of miR-18a 
in OC, we first examined the expression of miR-
18a in OC tissue samples and adjacent normal 
tissue samples using qRT-PCR. Results indicated 
that miR-18a was prominently downregulated in 
OC tissue samples in comparison to the normal 
tissues (Figure 1A). Moreover, OC patients in-
volved in the current study were assigned into 

Figure 1. MiR-18a was decreased in OC and associated with poor prognosis. A, MiR-18a expressions in OC tissues were 
detected by qRT-PCR. B, Kaplan-Meier analysis of OC patients with different miR-18a expressions. **p<0.01.
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two groups based on the mean miR-18a expres-
sion level. Kaplan-Meier analysis was carried 
out to assess the prognostic functions of miR-18a 
in OC patients. The results presented that OC 
patients with low miR-18a expressions have evi-
dent shorter OS than patients with high miR-18a 
expression (Figure 1B). We also determined the 
functional values of miR-18a in the clinicopath-
ological characteristics of OC patients. Findings 
demonstrated that lower miR-125b-5p expression 
was significantly related to TNM stage, lymph-
node metastasis, FIGO stage, and distant metas-
tasis of OC (Table II). 

MiR-18a Overexpression Significantly 
Inhibited OC Cell Proliferation

Based on these results, we assumed that miR-
18a exerted an inhibitory effect on OC progres-
sion. Firstly, we investigated whether miR-18a 
could regulate OC cell proliferation abilities by 
MTT assays. Results showed that, compared 
to the normal human ovarian surface epithe-
lial cells IOSE29, the miR-18a expressions in 
all OC cells were remarkably reduced (Figure 

2A). Then, OVCAR3 and SKOV3 cells were 
selected for further functional assays. Briefly, 
miR-18a mimics or inhibitor were transfected 
into OVCAR3 and SKOV3 cells, respectively. 
Then, qRT-PCR analysis confirmed that miR-
18a was successfully over-expressed or inhibited 
in OVCAR3 and SKOV3 cells (Figure 2B, 2C). 
Furthermore, results of MTT assays indicated 
that miR-18a overexpression notably inhibited 
OVCAR3 cell proliferation (Figure 2D). On the 
other hand, the inhibition of miR-18a in SKOV3 
cells evidently enhanced the proliferation capac-
ities (Figure 2E). 

MiR-18a Upregulation in OC Cells 
Impaired the Invasion and 
Migration Abilities 

We investigated whether miR-18a overexpres-
sion influenced OC cell invasion and migra-
tion by performing transwell assay. We found 
that the migration and invasion capacities of 
OVCAR3 cells were significantly inhibited by 
miR-18a mimics (Figure 3A, 3B). In contrast, 
the migration and invasion capacities of SKOV3 

Table II. Correlation of miR-18a expression with the clinicopathological characteristics of the ovarian cancer patients.

                             miR-18ab expression

 Clinicopathological features Cases (n = 50) High (n = 20) Low (n = 30) p-value

Age (years)    0.5359
  > 60 27 10 16 
  ≤ 60 27 10 14 
Family history of cancer    0.4366
  Yes  27  8 17 
  No 27 12 13 
Tumor size (cm)    0.3921
  ≥ 5.0 29  9 16 
  < 5.0 25 11 14 
TNM stage    0.0015*
  I-II 24 16  7 
  III 30  4 23 
Lymph-node metastasis    0.0021*
  Yes 28  3 20 
  No  26 17 10 
Pausimenia
  Yes 30 11 15 0.4656
  No 24  9 15 
FIGO stage    0.0018*
  I-II 23 15  7 
  III-IV 31  5 23 
Distant metastasis      
0.0024*
  Yes 30  4 22 
  No 24 16  8 

TNM: tumor-node-metastasis; FIGO: International Federation of Gynecology and Obstetrics; bThe mean expression level of 
miR-18a was used as the cutoff; *Statistically significant.
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cells were significantly enhanced by miR-18a in-
hibitor (Figure 3C, 3D). Therefore, these findings 
demonstrated that miR-18a was involved in the 
regulation of OC cell invasion and migration and 
exerted anti-tumor functions in OC progression.

CBX7 Was a Target of MiR-18a in 
OC Cells

To further investigate the mechanisms of miR-
18a in regulating the biofunctions of OC cells, we 
explored the candidate target of miR-18a by target 
analysis. The results showed that CBX7 3’UTR 
contained target sequences for miR-18a (Figure 
4A). To confirm the association between CBX7 
and miR-18a in OC cells, we further performed 
Luciferase reporter assays by cotransfecting with 
miR-18a mimics or containing CBX7 3’UTR-
WT or MUT. We found that the transfection 
of miR-18a mimics significantly reduced CBX7 
3’UTR-WT Luciferase activities, while it had no 
significant inhibition effect on the CBX7 3’UTR- 
MUT Luciferase activities in OC cells (Figure 
4B). In addition, results showed that the CBX7 
expression were notably inhibited by miR-18a 
mimics in OVCAR3 cells while miR-18a inhib-
itor significantly promoted the CBX7 expression 
in SKOV3 cells (Figure 4C, 4D). Taken together, 

CBX7 was verified to be a functional target for 
miR-18a in OC cells. 

MiR-18a Regulated ERK/MAPK Signaling 
Pathway and EMT in OC Cells

We then investigated the prognostic value of 
CBX7 in OC patients. IHC assays revealed that 
CBX7 mainly localized at the nucleus and sig-
nificantly higher in OC tissues (Figure 5A, 5B). 
Moreover, Kaplan-Meier analysis indicated that 
OC patients with higher CBX7 expression pre-
sented poorer OS than patients with lower CBX7 
expressions (Figure 5C). Subsequently, to further 
investigate the potential molecular mechanism 
underlying OC tumorigenesis, ERK/MAPK sig-
naling pathway and EMT were chosen as re-
search targets. Western blot analysis demonstrat-
ed that p-ERK expressions were markedly inhib-
ited by miR-18a overexpression in OVCAR3 cells 
whereas notably enhanced by miR-18a inhibition 
in SKOV3 cells. However, the ERK expressions 
were not altered by miR-18a overexpression or 
inhibition (Figure 5D). In the meanwhile, the 
functions of miR-18a in OC cell EMT were al-
so investigated. The expression of EMT-related 
markers was measured by Western blots. The 
findings indicated that the E-cadherin expres-

Figure 2. MiR-18a restoration prominently repressed OC cell proliferation. A, QRT-PCR analysis was performed to measure 
miR-18a expressions in OC cells. B, MiR-18a overexpression in OVCAR3 cells were determined by qRT-PCR. C, MiR-18a 
inhibition in SKOV3 was confirmed by qRT-PCR. D, E, MTT assays were carried out to detect the effects of miR-18a on the 
proliferation ability of OC cells. *p<0.05, **p<0.01, ***p<0.001.
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sions in OVCAR3 cells were markedly increased 
while N-cadherin and vimentin expressions were 
significantly suppressed by miR-18a upregula-
tion; on the contrary, miR-18a knockdown nota-
bly repressed the E-cadherin expressions and en-
hanced the vimentin and N-cadherin expressions 
in SKOV3 cells (Figure 5D). Collectively, these 
findings revealed that miR-18a functioned as a tu-
mor suppressor in OC progression via regulation 
of ERK/MAPK and EMT pathway.

MiR-18a Overexpression Inhibited OC 
Xenograft Growth

The sizes of the xenograft ovarian tumors were 
detected to elucidate the functions of miR-18a 
in tumor growth in vivo. Results showed that 
miR-18a overexpression markedly slowed down 
the growth rate and the sizes of tumors orig-
inating from miR-18a-overexpressed OVCAR3 
cells were prominently smaller than those of the 
negative controls (Figure 6A, 6B). These data 

Figure 3. MiR-18a upregulation suppressed OC cell invasion and migration. A, B, Transwell assays were carried out to detect 
the invasion and migration capacities of miR-18a-overexpressed OVCAR3 cells. C, D, Invasion and migration capacities of 
miR-18a-suppressed SKOV3 cells were observed by transwell assays. Magnification 200×. **p<0.01, ***p<0.001.
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provided evidence to support the conclusion that 
the miR-18a overexpression weakened ovarian 
tumor malignancy in vivo.

Discussion

Due to unclear early symptoms of OC and 
lacking effective screening approaches, OC is 
frequently diagnosed at late stages with high 
relapse rates and poor prognosis20,21. Therefore, 
developing novel biomarkers for early detections 
of OC has become a hot spot in tumor investiga-
tion22. However, the inherent deficiencies of cur-
rent diagnostic strategies for OC treatment limit 
their clinical applications. Hence, there is an im-
perative need to identify minimally invasive and 
highly accurate biomarkers for earlier detection 
of OC. With the advancement of molecular biolo-
gy, molecular targeted therapy has become a new 
treatment for malignant tumors23. Recently, nu-
merous miRNAs have been proven to predict OC 
metastasis and prognosis, serving as molecular 
biomarkers and therapeutic agents for OC treat-
ment. For example, Zheng et al24 indicated that 
miR-101 suppressed OC cell proliferation and 

invasion via downregulating SOCS-2. Li et al25 
proposed that miR-221 overexpression promoted 
OC cell proliferation via regulating the apoptotic 
protease activating factor-1. In the present re-
search, we investigated the functional effects and 
mechanism of miR-18a in OC progression. 

MiR-18a appears to act as a cancer suppressor 
or an oncogene in various tumors, playing pivotal 
roles in carcinogenesis26. MiR-18a is a research 
hotspot in recent years. Fan et al27 proposed that 
miR-18a upregulation enhanced triple negative 
cancer cell autophagy via repressing mTOR sig-
naling pathway; Humphreys et al28 reported that 
miR-18a played a tumor suppressive role in col-
orectal cancer and inhibited CDC42 expression; 
Chen et al29 observed that miR-18a promoted na-
sopharyngeal carcinoma proliferation and metas-
tases via downregulating DICER1. In the current 
study, we found that miR-18a expressions were 
notably decreased in OC and the low miR-18a ex-
pression was related to the malignant features and 
poorer prognosis of OC patients. Moreover, func-
tional assays showed that miR-18a overexpres-
sion markedly suppressed OC cell proliferation, 
invasion and migration abilities. We also found 
that miR-18a upregulation significantly inhibited 

Figure 4. CBX7 was a functional target for miR-18a in OC cells. A, Predicted miR18a target sequences in the 3’UTR of CBX7. 
B, Luciferase activities in OC cells were determined after cotransfection with wide-type or mutant-type CBX7 3’-UTR and miR-
18a mimics. C, D, Effects of miR-18a on CBX7 expressions in OC cells. *p<0.05, **p<0.01.
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OC tumor growth in vivo. Consistent with these 
findings, Liu et al30 showed that miR-18a inhibit-
ed OC growth via directly targeting IPMK and 
TRIAP1. Based on the existing literature and our 
experimental results, we speculate that miR-18a 

may have a function of tumor suppressor gene 
in OC. 

During the development of tumors, high recur-
rence rates are attributed to abnormal metastases. 
Epithelial-to-mesenchymal transition (EMT) is 

Figure 5. MiR-18a regulated the ERK/MAPK signaling pathway and EMT of OC cells. A, B, IHC assay was conducted to 
determine the CBX7 expressions in OC tissues (magnification 100X). C, Kaplan-Meier analysis of OC patients with high and 
low CBX7 expressions. D, Western blot was performed to assess the influence of miR-18a on ERK/MAPK signaling pathway 
and EMT in OC cells. **p<0.01.

Figure 6. MiR-18a overexpression repressed OC tumor growth in vivo. A, Schematic representation of OVCAR3 xenograft 
tumors in the lenti-miR-18a and lenti-control groups. B, Tumor growth curves of the groups with different treatments. *p<0.05, 
**p<0.01, ***p<0.001.
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the biological progress where epithelial cells are 
transformed into mesenchymal cells31. In this 
process, cell adhesion molecules (E-cadherin) 
were downregulated; on the other hand, the mes-
enchymal markers (N-cadherin, vimentin) were 
upregulated32. Aceto et al33 have claimed that the 
adhesion abilities of cancer cells may inhibit the 
migration capacities. Thus, EMT was associated 
with metastasis of tumors. In addition, ERK/
MAPK is an important intracellular pathway, 
which is known for the regulation of cell prolifer-
ation, survival, and growth. Here, we investigated 
the potential molecular mechanism underlying 
the functions of miR-18a in OC cell proliferation, 
invasion, and migration through EMT and ERK/
MAPK signaling pathways. Findings revealed 
that the E-cadherin expressions in OVCAR3 cells 
were markedly increased while p-ERK, N-cad-
herin, and vimentin expressions were significant-
ly suppressed by miR-18a upregulation. MiR-18a 
inhibitor could reverse this trend, indicating that 
low expression of miR-18a reduced ERK/MAPK 
and EMT signaling pathway in OC cells.

The basic mechanisms by which miRNAs 
regulate gene expressions are primarily via the 
modulation of target genes. Thus, it is important 
to determine the potential targets for miR-18a in 
OC. In this study, CBX7 was revealed to be a 
target for miR-18a in OC cells. Several studies 
have disclosed that CBX7 may have diverse roles 
in different tumors, including OC. Shinjo et al34 
discovered that CBX7 was correlated with poor 
prognosis of ovarian clear cell adenocarcinoma. 
In this investigation, we provided further evi-
dence that CBX7 was up-regulated in OC and 
indicated poor prognosis of OC patients. 

Conclusions

Findings in this investigation showed that 
miR-18a was down-regulated in OC, which was 
associated with the aggressive progression and 
poor prognosis of OC patients. Furthermore, the 
functional assays indicated that miR-18a overex-
pression significantly repressed OC cell prolifer-
ation, invasion and migration capacities via the 
regulation of ERK/MAPK pathway and EMT. 
Additionally, CBX7 was identified as a functional 
target of miR-18a in OC cells, suggesting that the 
suppressive functions of miR-18a were partially 
regulated by CBX7. Furthermore, miR-18a over-
expression was observed to notably inhibit tumor 
growth in vivo. The present research may pro-

vide the potential theoretical foundation for the 
diagnosis and treatment of OC. Taken together, 
our study rationally suggested that miR-18a may 
serve as an effective diagnostic and therapeutic 
biomarker for OC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
This study was supported by Key research and devel-
opment projects in Shandong Province, China (No. 
2016GSF201150).

References

 1) Kohn EC, Ivy SP. Whence high-grade serous ovar-
ian cancer. Am Soc Clin Oncol Educ Book 2017; 
37: 443-448.

 2) KrIShnan v, BErEK JS, DorIgo o. Immunotherapy in 
ovarian cancer. Curr Probl Cancer 2017; 41: 48-
63.

 3) Zhang XL, Sun BL, TIan SX, LI L, Zhao yC, ShI PP. 
MicroRNA-132 reverses cisplatin resistance and 
metastasis in ovarian cancer by the targeted reg-
ulation on Bmi-1. Eur Rev Med Pharmacol Sci 
2019; 23: 3635-3644.

 4) CoLEman rL, monK BJ, SooD aK, hErZog TJ. Latest 
research and treatment of advanced-stage epi-
thelial ovarian cancer. Nat Rev Clin Oncol 2013; 
10: 211-224.

 5) ahmaD n, Kumar r. Steroid hormone receptors in 
cancer development: a target for cancer thera-
peutics. Cancer Lett 2011; 300: 1-9.

 6) harTEr P, muaLLEm Zm, Buhrmann C, LorEnZ D, KauB 
C, hILS r, KommoSS S, hEITZ F, TrauT a, Du BoIS a. Im-
pact of a structured quality management program 
on surgical outcome in primary advanced ovarian 
cancer. Gynecol Oncol 2011; 121: 615-619.

 7) Zaman mS, mahEr Dm, Khan S, JaggI m, Chauhan 
SC. Current status and implications of microRNAs 
in ovarian cancer diagnosis and therapy. J Ovari-
an Res 2012; 5: 44.

 8) hE L, hannon gJ. MicroRNAs: small RNAs with a 
big role in gene regulation. Nat Rev Genet 2004; 
5: 522-531.

 9) LIu B, DIng JF, Luo J, Lu L, yang F, Tan XD. Seven 
protective miRNA signatures for prognosis of cer-
vical cancer. Oncotarget 2016; 7: 56690-56698.

10) QaDIr mI, FahEEm a. MiRNA: a diagnostic and ther-
apeutic tool for pancreatic cancer. Crit Rev Eu-
karyot Gene Expr 2017; 27: 197-204.

11) ahmaD a, Zhang W, Wu m, Tan S, Zhu T. Tumor-sup-
pressive miRNA-135a inhibits breast cancer cell 
proliferation by targeting ELK1 and ELK3 onco-
genes. Genes Genomics 2018; 40: 243-251.



Y. Zhao, X.-L. Liu, J.-H. Huang, A.-J. Yin, H. Zhang

5302

12) BaI X, han g, LIu y, JIang h, hE Q. MiRNA-20a-
5p promotes the growth of triple-negative breast 
cancer cells through targeting RUNX3. Biomed 
Pharmacother 2018; 103: 1482-1489.

13) ChEn y, mIn L, rEn C, Xu X, yang J, Sun X, Wang T, 
Wang F, Sun C, Zhang X. miRNA-148a serves as a 
prognostic factor and suppresses migration and 
invasion through Wnt1 in non-small cell lung can-
cer. PLoS One 2017; 12: e171751.

14) SCoTT CL, gIL J, hErnanDo E, TEruya-FELDSTEIn J, nar-
ITa m, marTInEZ D, vISaKorPI T, mu D, CorDon-CarDo 
C, PETErS g, BEaCh D, LoWE SW. Role of the chro-
mobox protein CBX7 in lymphomagenesis. Proc 
Natl Acad Sci U S A 2007; 104: 5389-5394.

15) PaLLanTE P, ForZaTI F, FEDErICo a, arra C, FuSCo a. 
Polycomb protein family member CBX7 plays a 
critical role in cancer progression. Am J Cancer 
Res 2015; 5: 1594-1601.

16) nI S, Wang h, Zhu X, Wan C, Xu J, Lu C, XIao L, 
hE J, JIang C, Wang W, hE Z. CBX7 suppresses 
cell proliferation, migration, and invasion through 
the inhibition of PTEN/Akt signaling in pancreatic 
cancer. Oncotarget 2017; 8: 8010-8021.

17) Zhang XW, Zhang L, QIn W, yao Xh, ZhEng LZ, LIu 
X, LI J, guo WJ. Oncogenic role of the chromobox 
protein CBX7 in gastric cancer. J Exp Clin Cancer 
Res 2010; 29: 114.

18) hu XT, ChEn W, Wang D, ShI QL, Zhang FB, LIao 
yQ, JIn m, hE C. The proteasome subunit PSMA7 
located on the 20q13 amplicon is overexpressed 
and associated with liver metastasis in colorectal 
cancer. Oncol Rep 2008; 19: 441-446.

19) hu XT, ChEn W, Zhang FB, ShI QL, hu JB, gEng Sm, 
hE C. Depletion of the proteasome subunit PS-
MA7 inhibits colorectal cancer cell tumorigenicity 
and migration. Oncol Rep 2009; 22: 1247-1252.

20) Zhou Q, Zuo mZ, hE Z, LI hr, LI W. Identi-
fication of circulating microRNAs as diag-
nostic biomarkers for ovarian cancer: a 
pooled analysis of individual studies. Int J Bi-
ol Markers 2018 Apr 1: 1724600818766500. doi: 
10.1177/1724600818766500. [Epub ahead of print]

21) SuLaIman Sa, aB mn, JamaL r. MiR-200c regulation 
of metastases in ovarian cancer: potential role 
in epithelial and mesenchymal transition. Front 
Pharmacol 2016; 7: 271.

22) JELovaC D, armSTrong DK. Recent progress in the 
diagnosis and treatment of ovarian cancer. CA 
Cancer J Clin 2011; 61: 183-203.

23) SaPIEZynSKI J, TaraTuLa o, roDrIguEZroDrIguEZ L, 
mInKo T. Precision targeted  therapy of ovari-
an cancer. J Control Release 2016; 243: 250-268.

24) ZhEng hB, ZhEng Xg, LIu BP. MiRNA-101 inhibits 
ovarian cancer cells proliferation and invasion by 
down-regulating expression of SOCS-2. Int J Clin 
Exp Med 2015; 8: 20263-20270.

25) LI J, LI Q, huang h, LI y, LI L, hou W, you Z. Over-
expression of miRNA-221 promotes cell prolifera-
tion by targeting the apoptotic protease activating 
factor-1 and indicates a poor prognosis in ovari-
an cancer. Int J Oncol 2017 Mar 7. doi: 10.3892/
ijo.2017.3898. [Epub ahead of print]

26) KomaTSu S, IChIKaWa D, TaKEShITa h, morImura r, 
hIraJIma S, TSuJIura m, KaWaguChI T, mIyamaE m, 
nagaTa h, KonIShI h, ShIoZaKI a, oTSuJI E. Circu-
lating miR-18a: a sensitive cancer screening 
biomarker in human cancer. In Vivo 2014; 28: 
293-297.

27) Fan yX, DaI yZ, Wang XL, rEn yQ, han JJ, Zhang 
h. MiR-18a upregulation enhances autophagy in 
triple negative cancer cells via inhibiting mTOR 
signaling pathway. Eur Rev Med Pharmacol Sci 
2016; 20: 2194-2200.

28) humPhrEyS KJ, mCKInnon ra, mIChaEL mZ. MiR-18a 
inhibits CDC42 and plays a tumour suppressor 
role in colorectal cancer cells. PLoS One 2014; 9: 
e112288.

29) ChEn X, Wang J, ChEng L, Lu mP. MiR-18a down-
regulates DICER1 and promotes proliferation and 
metastasis of nasopharyngeal carcinoma. Int J 
Clin Exp Med 2014; 7: 847-855.

30) LIu P, QI X, BIan C, yang F, LIn X, Zhou S, XIE C, 
Zhao X, yI T. MicroRNA-18a inhibits ovarian can-
cer growth via directly targeting TRIAP1 and IP-
MK. Oncol Lett 2017; 13: 4039-4046.

31) mIranTES C, ESPInoSa I, FErrEr I, DoLCET X, PraT J, ma-
TIaS-guIu X. Epithelial-to-mesenchymal transition 
and stem cells in endometrial cancer. Hum Pathol 
2013; 44: 1973-1981.

32) LIn CW, LIn Py, yang PC. Noncoding RNAs in tu-
mor epithelial-to-mesenchymal transition. Stem 
Cells Int 2016; 2016: 2732705.

33) aCETo n, TonEr m, mahESWaran S, haBEr Da. En 
route to metastasis: circulating tumor cell clusters 
and epithelial-to-mesenchymal transition. Trends 
Cancer 2015; 1: 44-52.

34) ShInJo K, yamaShITa y, yamamoTo E, aKaTSuKa S, uno 
n, KamIya a, nIImI K, SaKaguChI y, nagaSaKa T, TaKa-
haShI T, ShIBaTa K, KaJIyama h, KIKKaWa F, ToyoKunI S. 
Expression of chromobox homolog 7 (CBX7) is 
associated with poor prognosis in ovarian clear 
cell adenocarcinoma via TRAIL-induced apop-
totic pathway regulation. Int J Cancer 2014; 135: 
308-318.


