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Introduction 

Ovarian cancer has the highest incidence of any malignancy 
of the female reproductive system and also ranks first for 
mortality out of all gynecological tumors (1,2). Accounting 
for 4.3% of female cancer deaths each year, the disease 
poses a serious threat to women’s lives. At present, surgical 

resection plus adjuvant chemotherapy is still the preferred 
treatment method for ovarian cancer. However, the 5-year 
survival rate and high rates of recurrence and metastasis 
still present problems for patients after treatment (3). 
Therefore, there is an urgent need for new diagnostic and 
therapeutic targets for ovarian cancer to be identified. 
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MicroRNA is a small non-coding single-stranded RNA 
measuring around 19–25 nt (nucleotides) in length, which 
is ubiquitous in animals and plants (4,5). It binds specifically 
to the target RNA sequence, causing degradation or 
translation inhibition of target RNA, thus regulating 
gene expression and participating in a series of biological 
processes (6). microRNA-132 (miR-132) is a current 
hotspot of microRNA research. miR-132 is down-regulated 
in lung cancer, gastric cancer, ovarian cancer, and other 
malignant tumors, and it is also closely related to cancer 
occurrence and development (7). Currently, there are few 
studies on the specific regulatory mechanisms involved 
in the occurrence and development of ovarian cancer. 
Therefore, this paper will explore the role of miR-132 in 
regulating proliferation, metastasis, and invasion in ovarian 
cancer. miR-132 is expected to become a new target for the 
inhibition of malignant tumors.

CT10 Oncogenic Gene Homolog II (CRKII) is a key 
member of the CRK family, which is an important class of 
intracellular signal junction proteins that includes v-CRK, 
CRKI, CRKII, and CRKL (CRK-like). Structurally, CRK 
family members contain SH2 and SH3 domains, which 
mediate protein-protein interaction (8) and connect 
upstream and downstream signal transducers. In recent 
years, an increasing number of studies have shown that the 
expression of CRKII is closely related to tumor occurrence 
and development (9,10). Recent research has confirmed 
the significant upregulation of CRKII in ovarian cancer 
cell line SKOV3, with its overexpression promoting cell 
proliferation. Meanwhile, knock down of CRKII with 
siRNA technology yielded the opposite result. Thus, this 
study aimed to investigate miR-132’s role in ovarian cancer 
and its underlying mechanisms.

Methods

Patients and tissue samples

Forty tissue specimens from patients who were diagnosed 
with primary ovarian cancer between June 2010, to June 
2019, were selected from the Department of Obstetrics and 
Gynecology, Affiliated Hospital of Nantong University. 
None of the patients had received any form of cancer-
specific therapy before surgery. Normal ovarian specimens 
were taken from preventive hysterectomy and accessories. 
All specimens were obtained with the consent of the 
patient. Each tissue sample was frozen in liquid nitrogen 
immediately and stored at −80 ℃ before RNA extraction. 
This study was conducted in adherence with the guidelines 

of the Declaration of Helsinki (as revised in 2013) and 
received approval from the Ethics Committee of Nantong 
University (2019-L060). Written informed consent was 
obtained from all patients.

Cell culture

We obtained human ovarian surface epithelial cell line 
(HOSEpiC) and human ovarian cancer cell lines (SKOV3, 
OVCAR3, and HO-8910) from the Institute of Model 
Culture, Chinese Academy of Sciences (Shanghai). We 
cultured the cells in Roswell Park Memorial Institute 
(RPMI) 1640 (Gibco, Grand Island, NY, USA) with 10% 
fetal bovine serum (FBS; Jake Bio, Shanghai, China), 
penicillin, and streptomycin at 37 ℃ in an atmosphere of 5% 
CO2 and 90% humidity.

Cell transfection

miR-132 mimics and negative control (NC), siRNA against 
CRKII (si-CRKII), and siRNA against negative control (si-
NC) plasmid were purchased from Gene Pharmaceutical 
Company (Shanghai, China). Polymerase chain reaction 
(PCR) was performed to amplify the gene encoding 
CRKII from human genomic DNA before it was cloned 
into pcDNA3 vector (pcDNA3-CRKII). According to the 
manufacturer’s protocol, Lipofectamine® 2000™ (final 
concentration, 50 nM) was used to transfect SKOV3 and 
HO-8910 cells with miR-132 mimics, NC, si-CRKII, and 
si-NC. After culturing the transfected cells in complete 
medium for 48 hours, the transfection efficiency was 
measured.

Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR)
Total RNA was extracted from cells and tissues with 
Trizol reagent.  Then, cDNA was synthesized for  
30 minutes at 37 ℃ with an SYBR® PrimeScript™ RT-
PCR kit (Takara Biotechnology, Ltd., Shanghai) following 
the protocol of the manufacturer. miR-132 expression 
was quantitated with a TaqMan miRNA assay kit (Applied 
Biosystems, Forster City, CA, USA) and miR-132 and 
U6 primers (Applied Biosystems) using an ABI 7900 
system (Applied Biosystems). To quantitatively analyze 
CRKII, cDNA was synthesized using the PrimeScript 
RT reagent Kit (Takara, Dalian, China) following the 
instructions of the manufacturer. PCR was carried out 
with the ABI 7900 rapid system using SYBR Premix Ex 
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Taq (TaKaRa). The following primers were used: miR-
132, forward primer: 5'-ACACTCCAGCTGGGTAACA
GTCTACAGCCA-3', reverse primer: 5'-GTGTCGTG
GAGTCGGCAATTCAGTTGAG-3'. CRKII forward, 
5'-GCGGAGTAGCTGGTACTGG-3'andreverse,5'-
GCGCGAGTTCTCTGAGACG-3'. The 2−∆∆Ct method 
was used to determine miR-132 and CRKII expression 
levels, with U6 and β-actin as internal standards.

Western blot

Total protein was extracted on ice for 30 minutes with 
RIPA cleavage buffer containing protease inhibitor (1% 
NP40, 0.1% sodium dodecyl sulfate (SDS), 100 μg/mL 
benzenesulfonyl fluoride, 0.5% sodium deoxycholate 
(PBS). The supernatant was then centrifuged at 13,000 ×g  
at 4 ℃ for 20 minutes. The BCA method was used to 
determine the protein concentration, and 10% sodium 
dodecyl sulfate-polyacrylamide gel (10%SDS-PAGE) was 
used to separate 20 μg of total protein. The proteins were 
then transferred to polyvinylidene difluoride membranes 
(PVDF, GEFAN BIOTECHNOLOGY, Shanghai , 
China). The membrane was sealed with TBST solution 
containing 20 mM Tris-HCl, pH 7.5, 150 mM NaCl and 
0.1% Tween-20 with 5% skim milk for 1 hour at room 
temperature, before incubation overnight at 4 ℃ with 
primary antibodies against CRKII (1:500, Santa Cruz, CA, 
USA) or against β-actin (1:5,000, Santa Cruz). Finally, the 
membrane was washed, incubated with goat anti-mouse 
secondary antibody (mouse. no. Ab97040; 1:4,000; Abcam) 
bound to horseradish peroxidase (HRP), and placed at 
room temperature for 2 hours, with β-actin used as loading 
control. Protein bands were detected using enhanced 
chemiluminescence (ECL) luminol reagent (PerkinElmer 
Inc., USA).

Cell proliferation and colony formation

Cell proliferation was analyzed by culturing transfected cells 
for 48 hours. Cells in good growth condition were prepared 
into a cell suspension of 20,000 cells/mL. Then, 100 μL 
of cells was added into a 96-well cell culture plate, with 
2×103/100 μL cells added into each well. After 24 hours of 
pre-culture in an incubator at 37 ℃, 10 μL of Cell Counting 
Kit-8 CCK-8 (GEFAN BIOTECHNOLOGY, Shanghai, 
China) solution was added to the wells. Then, the cells were 
incubated at 37 ℃ for 24, 48, or 72 hours. The absorbance 
was measured at 450 nm wavelength. In the colony-forming 

experiment, transfected cells were inoculated into 6-well 
plates with 500 cells per well before culture for 10 days. 
After fixing with methanol and staining with 1% crystal 
violet (Sigma), the colonies were counted with an optical 
microscope (Leica, Germany).

Migration and invasion assays
A scratch assay was performed to investigate cell 
migration. Approximately 5×105 cells were inoculated into 
6 orifice plates. The cells were cultured in an incubator 
at 37 ℃ with 5% CO2 until they began to adhere to the 
wall of the culture dish. Scratches were created using the 
tip of a sterile 10 μL pipette. PBS was used to wash the 
scratched cells off, and they were added to a serum-free 
medium. Samples and photographs were taken at 0, 12, 
and 24 hours. Finally, the migration distances of the cells 
were calculated.

For the Transwell assay, we used 24 borehole inserts 
with apertures of 8 microns (BD Biosciences, New Jersey, 
USA). Approximately 5×105 cells/holes were resuspended in  
200 μL medium without FBS and inoculated into the upper 
chamber coated with matrix gel. In addition, we added a 
complete culture medium of 500 μL RPMI-1640 with 10% 
fetal bovine serum to the substrate and incubated at 37 ℃ 
and 5% CO2. After 48 hours, dye with 0.1% crystal violet 
at room temperature for 10 minutes. After gently removing 
the upper layer cells with a cotton swab, we calculated the 
number of cells on each layer using an inverted microscope. 
Each test was performed in triplicate.

Luciferase reporter assay
We amplified 3'-UTR of wild-type CRKII by RT-PCR, 
including the binding site with miR-132, and cloned it 
into the downstream reporter plasmid pGL3 (Promega, 
Madison, WI, USA) of the luciferase reporter gene. 
QuickChange Site-Directed Mutage-nesis kit (Stratagene, 
La Jolla, CA, USA) was used to construct the 3'-UTR 
of mutant-type CRKII. A luciferase assay was performed 
by placing HO-8910 cells into 96-well plates with 5×10³ 
cells per well. Following 24 hours of culture, the cells 
were transfected with either 50 nM miR-132 mimic or 
miR-NC mimic and 500 ng wild-type CRKII 3'-UTR 
or mutant-type CRKII 3'-UTR plasmid, according 
to the manufacturer's instructions. After 48 hours of 
transfection, luciferase activity was measured using a 
dual luciferase reporter system following the protocol of 
the manufacturer. Renilla luciferase was employed for 
normalization.
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Results

The expression of miR-132 was down-regulated in ovarian 
cancer cells and tissues

The expression of miR-132 was detected in 40 ovarian 
cancer tissues and normal ovarian tissue by qRT-PCR. 
There was a significantly lower expression of miR-132 in 
the cancerous tissue samples than in the normal samples 
(P<0.05) (Figure 1A). Then, miR-132 expression was 
detected in ovarian cancer and normal ovarian surface 
cell lines. In comparison with normal ovarian epithelial 
cell lines, the ovarian cancer cell lines had significantly 
down-regulated miR-132 expression (Figure 1B). The 
HO-8910 ovarian cancer cell line was selected for further 
study.

miR-132 inhibited the growth of ovarian cancer cells

To investigate the effect of miR-132 on cell proliferation 
and colony formation. we transfected HO-8910 cells 
with miR-132 mimics and miR-NC. CCK8 and colony 
formation assays were used to determine cell proliferation 
and colony formation. The level of miR-132 in the HO-
8910 cells transfected with miR-132 mimic was nearly 
four times higher than that in the miR-NC-transfected 
cells (P<0.05, Figure 2A). The CCK8 assay demonstrated 
that miR-132 overexpression significantly suppressed cell 
proliferation (P<0.05, Figure 2B). Colony formation analysis 
showed that when overexpressed, miR-132 limited the 
number of colonies in comparison with miR-NC (P<0.05, 
Figure 2C).

miR-132 inhibits the migratory and invasion ability of 
ovarian cancer cells

The effects of miR-132 on the migration and invasion of 
human ovarian cancer cells were determined by scratch 
and perforation assays. Wound healing was significantly 
inhibited in HO-8910 cells with miR-132 overexpression 
compared with those treated with miR-NC (Figure 3A,B). 
The results of the Transwell assay showed that the invasion 
rate of HO-8910 cells was significantly lower than that of 
NC cells due to the overexpression of miR-132.

miR-132 directly targets CRKII in ovarian cancer

To further  s tudy the  mechanism under ly ing the 
development of ovarian cancer, we found that the seed 
sequence of miR-132 was complementary to that of the 3'-
UTR of CRKII at 535-541 (Figure 4A). To verify whether 
CRKII is the direct target of miR-132, a luciferase assay 
was carried out. The activity of wild-type CRKII-3'-
UTR reporter was significantly decreased in H0-8910 
cells transfected with miR-132 mimic compared to those 
transfected with miR-NC (P<0.05, Figure 4B). Meanwhile, 
miR-132 mimic did not inhibit the activity of mutant-type 
CRKII-3'-UTR reporter (Figure 4B). This indicates that 
CRKII might be the target of miR-132.

Then, to further clarify the relationship between 
miR-132 and CRKII, qRT-PCR and Western blot were 
performed to verify the mRNA and protein expression of 
CRKII. The results revealed that the CRKII expression 
at the levels of mRNA (P<0.05, Figure 4C) and protein  
(Figure 4D) was significantly reduced by miR-132 

Figure 1 miR-132 expression was down-regulated in ovarian cancer cells and tissues. (A) qRT-PCR was used to detect tissue related miR-
132 levels in 40 cases of ovarian cancer and corresponding normal tissues. *, P<0.05 compared with normal samples. (B) miR-132 expression 
in human ovarian epithelial cells (HOSEpiC cells) compared with three human ovarian cell lines (OVCAR3, SKOV3, and HO-8910).  
*, P<0.05 compared with HOSEpiC. miR-132, microRNA-132; qRT-PCR, quantitative reverse transcription polymerase chain reaction; 
HOSEpiC, human ovarian surface epithelial cell line.
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Figure 2 miR-132 inhibits the proliferation and colony formation of ovarian cancer cells. (A) The inhibitory effect of miR-132 on miR-NC 
expression in H0-8910 cells was detected with qRT-PCR. *, P<0.05 compared with miR-NC. (B) The proliferation of H0-8910 cells was 
detected by CCK8 between 24 and 72 h after transfection with miR-NC or miR-132 mimic. *, P<0.05, in comparison with miR-NC. (C) 
The results of the colony formation assay with HO-8910 cells transfected with miR-132 or miR-NC. *, P<0.05 compared with miR-NC. 
miR-132, microRNA-132; qRT-PCR, quantitative reverse transcription polymerase chain reaction.
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Figure 3 miR-132 inhibits the migration and invasion ability of ovarian cancer cells. (A) miR-132 inhibited migration in HO-8910 cells, 
scratch assay: magnification, ×40. *, P<0.05 compared with miR-NC. (B) The results of Transwell chamber invasion assay showed that miR-
132 inhibited the invasion ability of HO-8910 cells. Transwell chamber invasion assay: magnification, ×100. *, P<0.05 in comparison with 
miR-NC. miR, microRNA; NC, negative control; miR-132, microRNA-132.
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overexpression in HO-8910 cells.
Further, we also studied CRKII expression in 40 pairs of 

ovarian cancer tissues and normal tissues with qRT-PCR. As 
expected, the ovarian cancer tissues had a higher expression 

of CRKII than the normal tissues (Figure 4E,F), which 
was negatively correlated with miR-132 expression. These 
findings indicate that CRKII is a direct target of miR-132 in 
ovarian cancer.
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Figure 4 CRKII is a direct target of miR-132 in ovarian cancer. (A) The predicted binding sites for miR-132 in the 3'-UTR of CRKII 
(positions 535-541) are shown. (B) After 48 hours, luciferase activities in HO-8910 cells co-transfected with wide-type CRKII 3'-
UTR luciferase plasmid or mutant-type CRKII 3'-UTR luciferase plasmid and miR-132 mimic or miR-NC. *, P<0.05 in comparison 
to miR-NC. (C) CRKII mRNA expression in miR-132 mimic or miR-NC-transfected HO-8910 cells was determined by qRT-PCR. 
*, P<0.05 compared with miR-NC. (D) The CRKII protein level in miR-132 mimic or miR-NC-transfected HO-8910 cells was 
determined by Western blot. (E) The expression of CRKII mRNA in 40 ovarian cancer tissues and corresponding normal tissues was 
detected by qRT-PCR. *, P<0.05 compared to normal samples. (F) Detection of CRKII expression in ovarian cancer tissues and cells by 
immunohistochemistry (400 times magnification). CRKII, CT10 Oncogenic Gene Homologue II; miR-132, microRNA-132; qRT-PCR, 
quantitative reverse transcription polymerase chain reaction.

Loss of CRKII inhibits the proliferation, colony-forming, 
migration, and invasion abilities of ovarian cancer cells

To explore the role of CRKII in ovarian cancer, si-
CRKII or si-NC was transfected into HO-8910 cells. 
The mRNA and protein expressions of si-CRKII and 
si-NC in HO-8910 cells were detected by qRT-PCR 
and Western blot. As shown in Figure 5A,B, compared 

with the cells transfected with Si-NC, the expression of 
CRKII in the Si-CRKII-transfected cells was decreased. 
We also  discovered that  the down-regulat ion of 
CRKII significantly inhibited cell proliferation, colony 
formation, migration, and invasion in HO-8910 cells 
(Figure 5C,D,E,F), mimicking the effect of mir-132 
overexpression.
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Figure 5 The deletion of CRKII inhibited the proliferation, colony formation, migration, and invasion of ovarian cancer cells. mRNA (A) 
and protein (B) levels of CRKII in HO-8910 cells transfected with si-CRKII or si-NC were determined by qRT-PCR and Western Blot. 
In HO-8910 cells transfected with si-CRKII or si-NC, cell proliferation (C), colony formation (D), migration (E), and invasion (F) were 
detected. *, P<0.05 compared with si-NC. CRKII, CT10 Oncogenic Gene Homologue II; si-CRKII, siRNA against CRKII; si-NC, siRNA 
against negative control; qRT-PCR, quantitative reverse transcription polymerase chain reaction.

miR-132 inhibits cell proliferation, colony formation, mi-
gration, and invasion in ovarian cancer cells by targeting 
CRKII

To better understand the activity of miR-132 in targeting 
CRKII in ovarian cancer cells, we transfected HO-8910 
cells with miR-132 mimic or miR-NC along with vector-
controlled (pcDNA3) or overexpressed CRKII plasmid 
(pcDNA3-CRKII). The results of qRT-PCR and Western 

blot showed that the co-transfection of pcDNA 3-CRKII 
and miR-132 could restore the expression level of CRKII 
(Figure 6A,B) compared with the control vectors with miR-
132. Moreover, we discovered that CRKII overexpression 
plasmid could offset the adverse effects of miR-132 on 
ovarian cancer cell hyperplasia colony formation, migration, 
and invasion (Figure 6C,D,E,F). Overall, these findings 
indicated that miR-132 inhibits cell proliferation, migration, 
and invasion in ovarian cancer by regulating CRKII.
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Figure 6 miR-132 inhibits cell proliferation, colony formation, migration, and invasion by targeting the expression of CRKII. Detection of 
CRKII mRNA (A) and protein (B) levels in HO-8910 cells transfected with miR-132 mimics or NC, and detection of vector control (pcDNA3) 
or overexpressed CRKII plasmids (pcDNA3-CRKII) levels. HO-8910 cells transfected with miR-132 mimics or NC were detected for 
cell proliferation (C), colony formation (D), migration (E), and invasion (F), as well as vector control (pcDNA3) or overexpressed CRKII 
plasmids (pcDNA3-CRKII). *, P<0.05 compared with cells transfected with miR-132 plus the control vector. CRKII, CT10 Oncogenic 
Gene Homologue II; miR-132, microRNA-132; NC, negative control.

Discussion

Many miRNAs have been shown to be involved in the 
occurrence, development, and metastasis of ovarian cancer 
through targeting many key protein-coding genes (11). 
For instance, the expression of TUSC2 was negatively 
correlated with the level of miR-663 in ovarian carcinoma 

tissue, while TUSC2 overexpression inhibited the migration 
and invasion abilities of SKOV3 after promotion by miR-
663 (12). By inactivating of Wnt/β-catenin signaling 
pathway, miR-16 inhibits the migration and invasion of 
ovarian cancer cells in vitro (13). When down-regulated, 
miR-183 has been shown to significantly inhibit the 
proliferation, migration, and invasion of ovarian cancer 
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cells and to promote apoptosis, regulate Smad4 through 
the TGF-β/Smad4 signaling pathway, and play a tumor-
promoting role in ovarian cancer (14). miR-34 is down-
regulated in human ovarian cancer cells. The proliferation 
of ovarian cancer cells is inhibited by mir-34 overexpression, 
which induces apoptosis and autophagy by targeting Notch 
1 (15). In our study, we found miR-132 expression to be 
significantly decreased in ovarian cancer tissues and cell 
lines, and proved that miR-132 had an inhibitive effect 
on the growth, migration, and invasion of ovarian cancer 
cells. Our findings suggest that miR-132 plays a role in the 
development and progression of ovarian cancer.

miRNA plays the dual role of oncogene and tumor 
suppressor, and its expression level is closely tied to tumor 
occurrence and development. Currently, miR-132 is one 
of the hotspots in miRNA-related research. miR-132 is 
not only down-regulated in lung cancer, gastric cancer, 
and ovarian cancer, but it is also closely associated with 
the occurrence and development of malignant tumors. 
Moreover, it is expected to be a new target for the 
inhibition of malignant tumors. Stuckrath et al. showed in 
breast cancer patients that abnormal regulation of miR-132 
is related to poor prognosis and lymph node metastasis (16).  
Khan et al. also demonstrated that after treatment with 
omexifene and gemcitabine, the expression of miR-
132 in xenograft tumors was significantly up-regulated 
and the evolution of stromal cells into tumor tissues was 
inhibited (17). Meanwhile, Wang et al. found that miR-
132 was significantly under-expressed in osteosarcoma 
and could inhibit tumor proliferation by targeting the 
regulation of Cyclin E1 (18). All of these studies confirmed 
the importance of miR-132 in the regulation of tumor 
progression through its targeting of related molecules. 
In ovarian cancer, microarray analysis by Chung et al. 
found that miR-132 expression in serous ovarian cancer 
patients was significantly lower compared to that in healthy 
individuals and that it can be considered as a potential novel 
biomarker of serous ovarian cancer (19). Nevertheless, the 
detailed functions and molecular mechanisms of miR-132 
in ovarian cancer have yet to be fully remain illuminated. 
In this study, we showed that the level of miR-132 was 
significantly reduced in ovarian cancer tissues and cell lines, 
and that miR-132 overexpression in ovarian cancer cells 
reduced cell proliferation, colony formation, migration, and 
invasion in vitro. These findings indicate that miR-132 may 
serve as a tumor suppressor in the progression of ovarian 
cancer.

miRNAs are widely understood to exert their biological 

functions by regulating target genes (20). In recent years, 
an increasing number of studies have shown that CRKII 
expression is closely linked with the occurrence and 
development of tumors. Multiple extracellular factors 
stimulate the corresponding receptors, receptor tyrosine 
phosphorylation, or focal adhesion components, such as 
p130Cas and pile protein phosphorylation. Then, through 
the SH2 domain structure prompt CRKII nearly to raise 
membrane area, position change CRKII can induce Rap1, 
Rasm and Rac activation, and the regulation of tumor cell 
adhesion, proliferation, and migration via its SH3 domain 
structure and downstream proteins such as proline-rich 
C3G, SOS, and DOCK180 (21). Lamorte et al. showed that 
CRKII with localization changes can also promote epithelial 
mesenchymal transformation in renal epithelial cell tumors 
and is necessary for hepatocyte growth factor-mediated 
cell proliferation and migration (22). Cheung et al.’s 
study on non-small cell lung cancer CRKII was shown to 
competitively activate Src through direct binding with CSK 
and induce the phosphorylation of downstream transcription 
factor STAT5 to activate CyclinD1 and enhance cell 
proliferation (23). Wang et al. confirmed that CRKII 
expression was significantly up-regulated in SKOV3 (24).  
Furthermore, its overexpression promoted cell proliferation, 
while knockdown of CRKII expression with siRNA 
technology achieved the opposite results.

In summary, the results of this study showed that the 
expression level of miR-132 was decreased in ovarian cancer 
tissues and cell lines. The overexpression of miR-132 
significantly inhibited cell proliferation, colony formation, 
migration, and invasion through the inhibition of CRKII. 
The findings of our study suggest that miR-132 acts like a 
tumor suppressor in ovarian cancer via targeting CRKII, 
and that miR-132 could potentially be an important target 
in treating ovarian cancer.
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