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Cervical cancer is the fourth most common malignancy among females worldwide. MicroRNA-379 (miR-379)
is aberrantly expressed in multiple human cancer types. However, the expression pattern, roles, and detailed
regulatory mechanisms of miR-379 in cervical cancer remain unknown. In this study, we found that miR-379
expression was downregulated in cervical cancer tissues and cell lines. Low miR-379 expression was corre-
lated with International Federation of Gynecology and Obstetrics (FIGO) stage, lymph node metastasis, and
distant metastasis. Additionally, miR-379 overexpression suppressed the proliferation and invasion of cervical
cancer cells. Furthermore, V-crk avian sarcoma virus CT10 oncogene homolog-like (CRKL) was identified as
a direct target of miR-379 in cervical cancer. CRKL was upregulated in cancer tissues and negatively correlated
with miR-379 expression. Moreover, restored CRKL expression rescued the inhibitory effects of miR-379
overexpression on cell proliferation and invasion. In conclusion, miR-379 may serve as a tumor suppressor in
cervical cancer by directly targeting CRKL. Restoring miR-379 expression may be an effective strategy for the

treatment of cervical cancer.
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INTRODUCTION

Cervical cancer is the fourth most common malignancy
among females worldwide'. Approximately 530,000 new
cases of cervical cancer are diagnosed, and 270,000 cancer-
related deaths are recorded annually®. Most cervical cancer
cases are caused by infection with human papillomavi-
rus (HPV), and HPV DNA is identified in approximately
95% of malignant cervical lesions’. The abnormal expres-
sion or activity of specific genes is responsible for the
pathogenesis of cervical cancer*®. Currently, the main
treatments for patients with cervical cancer include sur-
gery resection, radiotherapy, and chemotherapy’. Despite
improvements in cervical cancer treatments, about 30%
of patients develop cancer recurrence, lymph node metas-
tasis, or distant metastasis and eventually obtain an unfa-
vorable prognosis®. The 5-year overall survival rate is less
than 40%, particularly for patients with cervical cancer at

advanced stagesg. Therefore, the molecular mechanisms
underlying the occurrence and development of cervical
cancer must be elucidated to develop novel therapeutic
strategies.

MicroRNAs (miRNAs), a class of endogenous non-
coding small RNAs, negatively regulate gene expression
at the posttranscriptional level by either inducing mRNA
degradation or inhibiting translation via interaction with
the 3’-untranslated region (3’-UTR) of target mRNAs'>"".
Computational estimations suggest that the human genome
possesses more than 1,000 miRNAs, which regulate one
third of human protein-encoding genes'’. miRNAs partic-
ipate in a wide range of physiological processes, includ-
ing cell proliferation, cycle, apoptosis, differentiation,
development, metastasis, and metabolism"*™"°. The dysreg-
ulation of miRNAs is involved in various diseases, par-
ticularly cancers'®, such as cervical'’, bladder", gastric'’,
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and lung cancers™. Aberrantly expressed miRNAs may
serve as either tumor suppressors or oncogenes depend-
ing on the tumor type and biological roles of their target
genes’'. Hence, miRNAs exhibit potential as novel ther-
apeutic targets for the diagnosis and therapy of human
cancers.

miR-379, located at chromosome 14q32.31, is aber-
rantly expressed in multiple human cancer types*?>.
However, the expression pattern, roles, and detailed regu-
latory mechanisms of miR-379 in cervical cancer remain
unknown. Therefore, in the current study, the expression
levels, biological roles, and direct target genes of miR-
379 in cervical cancer were investigated.

MATERIALS AND METHODS
Tissue Samples and Cell Lines

This study was approved by the Ethics Committee of
the Chinese PLA 101 Hospital. Written informed consent
was also obtained from all participants involved in this
study. Fifty-three paired cervical cancer tissues and cor-
responding adjacent normal tissues were obtained from
patients who underwent surgery at the Department of
Obstetrics and Gynecology, Chinese PLA 101 Hospital,
between May 2014 and October 2016. None of the cervi-
cal cancer patients had received radiotherapy, chemother-
apy, or other treatments prior to surgery. All tissues were
immediately frozen in liquid nitrogen and stored at —80°C.

Cervical cancer cell lines (HeLa, Ca-Ski, SiHa, and
C-33A) were purchased from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, PR. China).
A human normal cervical epithelial cell line (Ectl/
E6E7) was acquired from the American Type Culture
Collection (ATCC; Manassas, VA, USA). All cell lines
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% heat-inactivated fetal bovine
serum (FBS) and 1% penicillin/streptomycin (all from
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Cells were grown at 37°C in a humidified atmo-
sphere under 5% CO,.

Reverse Transcription Quantitative Polymerase Chain
Reaction (RT-gPCR)

Total RNA was extracted from tissues or cells using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s protocol. To detect miR-379
expression, total RNA was reverse transcribed into cDNA
using a TagMan® MicroRNA Reverse Transcription kit
(Applied Biosystems; Thermo Fisher Scientific, Inc.).
qPCR was performed using TagMan MicroRNA Assay
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.)
following the manufacturer’s instructions. To quantify
mRNA expression, the complementary DNA was syn-
thesized with a Moloney murine leukemia virus reverse
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transcription system (Promega Corporation, Madison,
WI, USA) and subjected to qPCR using a SYBR Premix
Ex Taq™ kit (Takara Biotechnology Co., Ltd., Dalian,
P.R. China). The expression levels of miR-379 and
CRKL mRNA were normalized with reference to the
expression levels of U6 small nuclear RNA and GAPDH,
respectively. Each sample was analyzed in triplicate. The
relative expression was calculated by the 27**Ct method™".

RNA Oligoribonucleotides and Plasmids

The miR-379 mimics and miRNA mimic negative
control (miR-NC) used in this study were synthesized by
Shanghai GenePharma Co. Ltd (Shanghai, PR. China).
CRKL overexpression plasmid without the 3’-UTR
(pcDNA3.1-CRKL) and empty plasmid (pcDNA3.1) were
acquired from Guangzhou RiboBio Co., Ltd. (Guangzhou,
PR. China). Cells were seeded into six-well culture plates
at a density of 7x10’ cells per well. When cell density
reached 70%—-80% confluence, transfection was performed
using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s protocol. Cell medium was replaced with
fresh DMEM containing 10% FBS. Cell transfection effi-
ciency was evaluated using RT-qPCR or Western blotting
analysis.

Cell Counting Kit-8 (CCK-8) Assay

The CCK-8 assay was used to evaluate cervical
cancer cell proliferation. Transfected cells were col-
lected at 24 h posttransfection and suspended in DMEM
containing 10% FBS. A total of 3,000 transfected cells
were seeded in 96-well culture plates and incubated at
37°C with 5% CO, for 0, 24, 48, or 72 h. At the indi-
cated time points, the CCK-8 assay was performed
according to the manufacturer’s protocols. Briefly, 10 ul
of CCK-8 reagent (Dojindo Molecular Technologies,
Inc., Kumamoto, Japan) was added to each well and
incubated for another 2 h at 37°C. The optical den-
sity (OD) was measured at 450-nm wavelength with a
microplate reader (Bio-Rad Laboratories, Inc., Hercules,
CA, USA). Experiments were performed in triplicate
and repeated at least three times independently.

In Vitro Invasion Assay

In vitro invasion assay was performed using Transwell
chambers coated with Matrigel (Becton-Dickinson, Frank-
lin Lakes, NJ, USA). After transfection for 48 h, cells
were collected and suspended in FBS-free DMEM. A
total of 5x 10" cells were plated into the upper chamber.
DMEM containing 20% FBS was added to the lower
chamber. After incubation at 37°C with 5% CO, for 24 h,
the cells remaining on the upper surface of the filters
were removed with a cotton swab. The cells that had
invaded into the lower surface of the filters were fixed
with 100% methanol, stained with 0.5% crystal violet,



miR-379 IN CERVICAL CANCER

and dried in air. The invasive cells were photographed
and counted under an inverted microscope (magnifica-
tion: 200x; Olympus Corporation, Tokyo, Japan) in five
random fields. All assays were performed in triplicate.

Bioinformatics Analysis and Luciferase Reporter Assay

TargetScan online software (www.targetscan.org/)
and miRanda (www.microrna.org) were used to predict
the potential targets of miR-379. From the candidates,
CRKL was selected as it has previously been demon-
strated to contribute to cervical cancer progression®.
To confirm this hypothesis, luciferase reporter plasmid,
pMIR-CRKL-3’-UTR wild type (Wt), and pMIR-CRKL-
3’-UTR mutant (Mut) were synthesized and confirmed
by Shanghai GenePharma Co., Ltd. Cells were seeded
into 24-well plates at a density of 60%—70% confluence.
After incubation overnight, cells were transfected with
miR-379 mimics or miR-NC, along with pMIR-CRKL-
3’-UTR Wt or pMIR-CRKL-3’-UTR Mut, using Lipo-
fectamine 2000. The luciferase activities were determined
at 48 h after transfection using the Dual-Luciferase
Reporter Assay System (Promega) according to the
manufacturer’s instructions. Renilla luciferase activities
were normalized to firefly luciferase activities.

Western Blotting Analysis

Total protein was extracted from tissues or cells
using 1x radioimmunoprecipitation assay lysis buffer
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) and
subjected to quantification using a BCA Protein Assay
kit (Bio-Rad). Equal amount of protein was separated
in 10% sodium dodecyl sulfate-polyacrylamide (SDS-
PAGE) gel electrophoresis and transferred to polyvi-
nylidene difluoride membranes (Millipore, Bedford, MA,
USA). Membranes were then blocked for 2 h at room
temperature with 5% skimmed milk in TBS containing
0.05% Tween 20 (TBST) and incubated at 4°C overnight
with primary antibodies against human CRKL (1:1,000
dilution; Cat. No. sc-365471; Santa Cruz Biotechnology)
and GAPDH (1:1,000 dilution; Cat. No. sc-69778; Santa
Cruz Biotechnology). After washing three times with
TBST, the membranes were incubated at 37°C for 1 h
with corresponding horseradish peroxidase-conjugated
secondary antibody (1:5,000 dilution; Cat. No. sc-2005;
Santa Cruz Biotechnology). Advanced Western Blot
Detection Kit (Thermo Fisher Scientific) was utilized to
visualize the specific protein bands. GAPDH served as
control. The experiment was repeated at least three times.

Statistics Analysis

All statistical analyses were carried out using the
SPSS 22.0 software (SPSS, Inc., Chicago, IL, USA). Data
are expressed as the meansz*standard deviations (SD),
and differences between groups were compared using

989

Student’s z-test or ANOVA, as appropriate. Student—
Newman—Keuls test was used as a post hoc test following
ANOVA. Spearman’s correlation analysis was utilized to
investigate the correlation between miR-379 and CRKL
mRNA expression level in cervical cancer tissues. A
value of p<0.05 was considered statistically significant.

RESULTS

miR-379 Is Downregulated in Cervical Cancer Tissues
and Cell Lines

To characterize the role of miR-379 in cervical cancer,
we determined miR-379 expression in 53 paired cervical
cancer tissues and their corresponding adjacent normal
tissues. RT-qPCR data showed that the miR-379 expres-
sion in cervical cancer tissues decreased compared with
that in the corresponding adjacent normal tissues (p<
0.05) (Fig. 1A). We also analyzed the association bet-
ween miR-379 and clinicopathological features of patients
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Figure 1. MicroRNA-379 (miR-379) is downregulated in cer-
vical cancer tissues and cell lines. (A) miR-379 expression was
determined in 53 paired cervical cancer tissues and their corre-
sponding adjacent normal tissues through reverse transcription
quantitative polymerase chain reaction (RT-qPCR) analysis.
*p<0.05 compared with adjacent normal tissues. (B) miR-379
expression levels in four human cervical cancer cell lines (HeLa,
Ca-Ski, SiHa, and C-33A) and a human normal cervical epi-
thelial cell line (Ectl/E6E7) were detected through RT-qPCR
analysis. *p<0.05 compared with Ect1/E6E7.
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with cervical cancer, including age, histology, tumor size,
International Federation of Gynecology and Obstetrics
(FIGO) stage, lymph node metastasis, and distant metas-
tasis. All patients with cervical cancer were categorized
based on the median miR-379 expression into either
miR-379 low-expression group (n=27) or miR-379 high-
expression group (n=26). As shown in Table 1, low miR-
379 expression was significantly correlated with FIGO
stage (p=0.003), lymph node metastasis (p=0.001), and
distant metastasis (p=0.021). However, miR-379 expres-
sion was not significantly correlated with age (p=0.498),
histology (p=0.465), and tumor size (p=0.695).

We also examined miR-379 expression in four
human cervical cancer cell lines (HeLa, Ca-Ski, SiHa,
and C-33A) and a human normal cervical epithelial cell
line (Ectl/E6E7). As shown in Figure 1B, the miR-379
expression was downregulated in all four cervical can-
cer cell lines compared with that in Ectl/E6E7 (p<0.05).
Among the cervical cancer cell lines, HeLa and Ca-Ski
cells expressed relatively lower miR-379 levels and were
thus selected for further experiments. Hence, miR-379
may play important roles in cervical cancer initiation
and progression.

miR-379 Overexpression Inhibits the Proliferation
and Invasion of Cervical Cancer Cells

To explore the biological functions of miR-379 in
cervical cancer, we transfected HelLa and Ca-Ski cells
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with miR-379 mimics or miR-NC. RT-qPCR analysis
was conducted to evaluate transfection efficiency. As
shown in Figure 2A, miR-379 expression was dramati-
cally upregulated in HeLa and Ca-Ski cells following
transfection with miR-379 mimics (p<0.05). Afterward,
CCK-8 assay and in vitro invasion assay were performed
to investigate the effects of miR-379 on the prolifera-
tion and invasion of cervical cancer cells, respectively.
Upregulation of miR-379 suppressed the proliferation
(»<0.05) (Fig. 2B) and invasion (p<0.05) (Fig. 2C) of
HeLa and Ca-Ski cells compared with that in miR-NC-
transfected cells. Hence, miR-379 may function as a
tumor suppressor in cervical cancer.

CRKL Is a Direct Target of miR-379
in Cervical Cancer

To determine the molecular mechanism underlying
the tumor-suppressing roles of miR-379 in cervical can-
cer, we performed bioinformatics analysis for predicting
the potential targets of miR-379. Among the candidate
targets, CRKL (Fig. 3A) was selected for further con-
firmation because it contributes to cervical cancer pro-
gression”. To confirm whether miR-379 could directly
target the 3"-UTR of CRKL, we conducted luciferase
reporter assays. HeLa and Ca-Ski cells were trans-
fected with miR-379 mimics or miR-NC, together with
pMIR-CRKL-3"-UTR Wt or pMIR-CRKL-3’-UTR Mut.
As shown in Figure 3B and C, restoration of miR-379

Table 1. The Association Between MicroRNA-379 Expression and
Clinicopathologic Features of Patients With Cervical Cancer

miR-379
Expression
Clinicopathologic Features No.of Cases Low  High  p Value
Age (years) 0.498
<50 24 11 13
=50 29 16 13
Histology 0.465
Squamous cell carcinoma 41 22 19
Adenocarcinoma 12 5 7
Tumor size (cm) 0.695
<4 21 10 11
>4 32 17 15
FIGO stage 0.003%*
I-I 18 4 14
m-1v 35 23 12
Lymph node metastasis 0.001%*
Yes 29 21 8
No 24 18
Distant metastasis 0.021%*
Yes 16 12 4
No 37 15 22

FIGO stage, International Federation of Gynecology and Obstetrics stage.

#p<0.05.
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Figure 2. Tumor-suppressive effects of miR-379 on the proliferation and invasion of cervical cancer cells. (A) HeLa and Ca-Ski
cells were transfected with miR-379 mimics or miR-NC. After 48 h of transfection, RT-qPCR analysis was conducted to evaluate
transfection efficiency. *p <0.05 compared with miR-NC. (B) Effect of miR-379 overexpression on cervical cancer cell proliferation
was assessed using cell counting kit-8 (CCK-8) assay. ¥*p<0.05 compared with miR-NC. (C) In vitro invasion assay was performed
to examine the invasive ability of HeLa and Ca-Ski cells transfected with miR-379 mimics or miR-NC. *p<0.05 compared with

miR-NC.

expression significantly repressed the luciferase activi-
ties of pMIR-CRKL-3"-UTR Wt (p<0.05). However, the
change in the luciferase activities of pMIR-CRKL-3"-
UTR Mut in HeLa and Ca-Ski cells was insignificant. To
confirm the potential role of miR-379 in CRKL regula-
tion, we detected CRKL mRNA and protein expression
levels in HeLa and Ca-Ski cells transfected with miR-
379 mimic or miR-NC. Ectopic expression of miR-379
decreased the CRKL expression in HeLLa and Ca-Ski cells

at both the mRNA (p<0.05) (Fig. 3D) and protein levels
(p<0.05) (Fig. 3E). Hence, CRKL is a direct target of
miR-379 in cervical cancer.

CRKL Is Upregulated in Cervical Cancer and Inversely
Correlated With miR-379 Expression

To further examine the association between miR-379
and CRKL, we measured CRKL mRNA expression in
53 paired cervical cancer tissues and their corresponding
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Figure 3. V-crk avian sarcoma virus CT10 oncogene homolog-like (CRKL) is a direct target of miR-379 in cervical cancer.
(A) Predicted miR-379 binding sites in the 3’-untranslated region (3’-UTR) of CRKL and its mutant containing altered nucleotides
in the 3’-UTR. (B, C) HeLa and Ca-Ski cells were cotransfected with luciferase reporter plasmid and miR-379 mimics or miR-NC.
Luciferase activities were detected 48 h after the transfection. Firefly luciferase activity was normalized to Renilla luciferase activ-
ity. ¥*p<0.05 compared with miR-NC. RT-qPCR and Western blotting analysis were conducted to measure the mRNA (D) and pro-
tein (E) expression levels of CRKL in HeLa and Ca-Ski cells transfected with miR-379 mimics or miR-NC, respectively. *p <0.05

compared with miR-NC.

adjacent normal tissues. RT-qPCR data indicated that
CRKL mRNA was highly expressed in cervical cancer
tissues compared with that in adjacent normal tissues
(»<0.05) (Fig. 4A). Additionally, Western blotting ana-
lysis revealed that the CRKL protein was significantly
upregulated in cervical cancer compared with that in adja-
cent normal tissues (Fig. 4B). Furthermore, Spearman’s
correlation analysis demonstrated the negative correla-
tion of miR-379 expression with the mRNA expression
of CRKL in cervical cancer tissues (r=-0.7094, p<
0.0001) (Fig. 4C).

Restored CRKL Expression Abrogates miR-379-Induced
Inhibitory Effects on Cervical Cancer Cells

Considering that CRKL is a direct target of miR-
379, we employed the CRKL overexpression plasmid
to determine whether CRKL overexpression can abolish
the tumor-suppressing roles of miR-379 in cervical can-
cer cells. HeLa and Ca-Ski cells were transfected with
miR-379 mimics with or without pcDNA3.1-CRKL. As
shown in Figure 5A, the CRKL expression decreased in
HeLa and Ca-Ski cells transfected with miR-379 mimics
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Figure 4. CRKL upregulation in cervical cancer and its nega-
tive correlation with miR-379 expression. (A) RT-qPCR analysis
of CRKL mRNA expression in 53 paired cervical cancer tis-
sues and their corresponding adjacent normal tissues. *p<0.05
compared with adjacent normal tissues. (B) Quantification of
CRKL protein level in cervical cancer tissues and correspond-
ing adjacent normal tissues through Western blotting analysis.
(C) Association between CRKL mRNA and miR-379 expression
in cervical cancer tissues was determined through Spearman’s
correlation analysis.

but was restored in the cells cotransfected with miR-
379 mimics and pcDNA3.1-CRKL (p<0.05). Functional
experiments showed that the resumed CRKL expression
effectively reversed the inhibitory effects of miR-379
overexpression on the proliferation (p<0.05) (Fig. 5B)
and invasion (p<0.05) (Fig. 5C) of HeLa and Ca-Ski
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cells. These results suggest that miR-379 exerts tumor-
suppressive roles in cervical cancer cells, at least in part,
by inhibiting CRKL.

DISCUSSION

Over the past decades, miRNAs have been recognized
as key regulatory molecules involved in tumorigenesis
and tumor development®®*’. Scholars have investigated
novel miRNAs involved in cervical cancer formation
and progression to improve the prognosis of patients
affected with this malignancy. In the present study, the
expression of miR-379 was downregulated in both cervi-
cal cancer tissues and cell lines. Low miR-379 expression
was correlated with FIGO stage, lymph node metastasis,
and distant metastasis of cervical cancer. Additionally,
upregulation of miR-379 repressed the proliferation and
invasion of cervical cancer cells. Furthermore, CRKL
was identified as a direct target of miR-379 in cervical
cancer. CRKL was highly expressed in cervical cancer
tissues and negatively correlated with miR-379 expres-
sion. Moreover, CRKL overexpression rescued the miR-
379-induced inhibitory effects on cervical cancer cells.
These findings suggest that restoring miR-379 expres-
sion may be a novel strategy for the treatment of patients
with cervical cancer.

miR-379 is aberrantly expressed in multiple human
cancer types. For example, miR-379 is downregulated
in gastric cancer tissues and cell lines. Low miR-379
expression is associated with lymph node metastasis and
advanced TNM stage. Additionally, miR-379 is a vali-
dated novel independent prognostic marker for predict-
ing the 5-year survival of patients with gastric cancer™. In
breast cancer, the miR-379 expression was low in tumor tis-
sues and correlated with tumor stage®. In hepatocellular
carcinoma, the miR-379 expression decreases in tumor
tissues®” and is associated with advanced TNM stage
and metastasis®. Moreover, miR-379 is downregulated
in bladder cancer® and osteosarcoma’"** but upregulated
in prostate cancer tissues and cell lines. High miR-379
expression is correlated with progression-free survival
of patients with prostate cancer”. These findings sug-
gest that miR-379 expression is tissue specific and may
be developed as a potential prognostic factor in several
cancer types.

Numerous studies have provided sufficient evidence
that miR-379 is a tumor suppressor in human cancer. For
instance, Xu et al. reported that miR-379 overexpres-
sion decreased cell migration, invasion, and epithelial—
mesenchymal transition in gastric cancer®. Wu et al.
demonstrated that upregulation of miR-379 inhibited cell
growth and metastasis in bladder cancer in vitro®. Xie
et al. revealed that restoring miR-379 expression sup-
pressed the growth and motility of osteosarcoma cells in
vitro and reduced the growth of osteosarcoma xenografts
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Figure 5. CRKL overexpression rescued the tumor-suppressing effects of miR-379 on cervical cancer cells. HeLa and Ca-Ski cells
were transfected with miR-379 mimics with or without pcDNA3.1-CRKL. (A) After 72 h of transfection, Western blot analysis was car-
ried out to detect CRKL protein expression. *p <0.05 compared with miR-NC. #p <0.05 compared with miR-379 mimics+pcDNA3.1-
CRKL. CCK-8 and in vitro invasion assays were performed to determine cell proliferation (B) and invasion (C). *p<0.05 compared
with miR-NC. #p <0.05 compared with miR-379 mimics +pcDNA3.1-CRKL.

in vivo’. Yamamoto et al. found that ectopic miR-379
expression attenuated the malignant pleural mesothe-
lioma and cell invasive capacity and increased the cell
chemosensitivity to vorinostat”. Chen et al. showed
that miR-379 reexpression suppressed the proliferation,
migration, invasion, and epithelial-to-mesenchymal tran-
sition of cancer cells both in vitro and in vivo™*. Never-
theless, miR-379 is known as an oncogene in prostate
cancer. Downregulation of miR-379 inhibited epithelial-
to-mesenchymal transition in prostate cancer”. These
conflicting findings suggest that miR-379 exhibits tissue-
specific biological roles and may be a potential target in
antitumor therapy.

Multiple target genes of miR-379 have been validated;
these genes include FAK® in gastric cancer, MDM2" in
bladder cancer, EIF4G2*', PDK1 in osteosarcoma, cyclin
B1% in breast cancer, IL-18* in malignant pleural meso-
thelioma, and FAK® in hepatocellular carcinoma. In
the present study, CRKL was identified as a direct and
functional target of miR-379 in cervical cancer. CRKL, a
member of the human Crk adapter protein family, is a
key substrate and effector of BCR-ABL oncogenic tyro-
sine kinase in chronic myelogenous leukemia®?. Studies
have reported CRKL overexpression in many malig-
nant tumors, such as pancreatic cancer’’, breast cancer®,
non-small cell lung cancer”, gastric cancer®, and colon
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cancer'. CRKL is involved in tumorigenesis and tumor
development by regulating cell proliferation, cycle, apo-
ptosis, metastasis, and epithelial-to-mesenchymal transi-
tion***>**. CRKL is also upregulated in cervical cancer.
Overexpressing CRKL promoted the proliferation, inva-
sion, and chemoresistance of cervical cancer cells®.
Hence, CRKL may be an effective therapeutic target for
the treatment of patients with cervical cancer.

In conclusion, the miR-379/CRKL pathway regulated
the proliferation and invasion of cervical cancer cells.
The abnormal miR-379 expression may be used as a
therapeutic target for the treatment of patients with
cervical cancer.
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