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Inhibitory effect and mechanisms of microRNA-146b-5Sp
on the proliferation and metastatic potential
of Caski human cervical cancer cells
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Abstract. Cervical cancer is a common cause of
cancer-associate mortality in females, and metastasis is
strongly associated with failure of cervical cancer treatment.
Previous studies have indicated that microRNA (miR)-146b-5p
is involved in the inhibition of proliferation and metastasis of
numerous human cancer types. The aim of the present study
was to explore the inhibitory effect of miR-156b-5p on the
proliferation and metastatic potential of Caski human cervical
cancer cells, as well as to determine the mechanisms by
which it proceeds. The results demonstrated that miR-146b-5p
was able to inhibit the proliferative, invasive and adhesive
potential and block the cell cycle progression of Caski human
cervical cancer cells, as determined using MTS and transwell
assays as well as flow cytometry. Furthermore, quantitative
polymerase chain reaction and western blot analysis revealed
that transfection with miR-146b-5p decreased the mRNA
and protein expression levels of C-X-C chemokine receptor
type 4, matrix metalloproteinase-2 and -9, c-Myc, cyclin D1
and human papilloma virus 16. In addition, the secretion levels
of transforming growth factor-f, monocyte chemoattractant
protein-1 and tumor necrosis factor-a, the telomerase activity,
the phosphorylation of c-Jun N-terminal protein kinase and
protein kinase B and the transcriptional activities of nuclear
factor-xB, signal transducer and activator of transcription-3
and -5 were reduced. However, increased levels of p27 and
p53 were detected in the miR-146b-5p-overexpressing Caski
cells. These results indicate that miR-146b-5p may be a poten-
tial therapeutic strategy for the treatment of cervical cancer
through regulation of cell chemotaxis and the cell cycle.
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Introduction

Cervical cancer is a common malignancy in females, which
is associated with a severe risk of cancer-associated mortality.
The etiology and pathogenesis of cervical cancer are not yet
fully understood (1). However, increased risk is considered
to be associated with marriage at a young age, multiparity,
cervical laceration, poor local hygiene and numerous other
factors. In the past two decades, the viral etiology of cervical
cancer has received increasing attention (2). Human papilloma
virus (HPV) infection is considered to be an important patho-
genic risk factor for cervical cancer (3). Currently, surgery
remains the most effective treatment option for cervical cancer.
However, upon development of infiltrating lesions, the disease
progresses very rapidly and often results in mortality within
2-5 years if untreated (4,5). Therefore, the occurrence of tumor
metastasis often causes failure of cervical cancer treatment (6).

With recent advances in oncological research, microRNA
(miRNA/miR) has attracted interest among researchers as
a potential biotherapy. miRNAs are a class of endogenous,
small-molecule, non-coding, single-stranded RNAs, which are
~19-24 nucleotides (nt) long (7). miRNAs have been shown to
be highly conserved during evolution. The specific complemen-
tary pairing of miRNAs with the bases of target gene mRNA,
may result in the degradation or inhibition of the target gene
mRNA translation, leading to widespread negative regulation
of target gene expression (8). Currently, >400 miRNAs have
been identified, which have the ability to regulate the expres-
sion levels of one third of the genes in the human body (9).
Mutations of miRNA can activate the expression of associated
oncogenes or inhibit the expression of tumor suppressor genes,
leading to carcinogenesis (10).

To date, the role of miRNAs in cancer progression remains
unclear. A previous study demonstrated that miR-146b-5p is
able to inhibit the growth and metastasis of various types of
cancer (11). The present study investigated the inhibitory effects
and mechanisms of miR-146b-5p on the proliferation and meta-
static potential of Caski human cervical cancer cells. The aim
was to determine a novel direction for cancer biotherapy and
provide a potential target for the prevention and determination
of cancer metastasis.
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Materials and methods

Cells and cell culture. The Caski human cervical cancer
cell line (American Type Culture Collection, Manassas,
VA, USA) was routinely subcultured in Dulbecco's modified
Eagle's medium (Corning Life Sciences, Manassas, VA, USA)
supplemented with 10% fetal bovine serum (FBS; Corning
Life Sciences), 100 U/ml penicillin and 100 U/ml strepto-
mycin (Sigma-Aldrich, St. Louis, MO, USA) at 37°C, in a
humidified atmosphere containing 5% CO,. Upon reaching
80% confluence, the cells were digested with 0.25% trypsin,
followed by repetitive pipetting to disperse the cells into a
single-cell suspension for routine subculture. The present
study was approved by the ethics committee of Qilu Hospital
of Shandong University (Jinan, China).

The expression plasmid, pGPU6/Neo-miR-146b-5p, and
the nonsense scrambled sequence, pGPU6/Neo-NC, were
purchased from Shanghai GenePharma Co., Ltd. (Shanghai,
China). The cells (3x10°) were seeded into six-well plates and
cultured for 24 h at 37°C with 5% CO,, followed by transfec-
tion with the pGPU6/Neo-miR-146b-5p or pGPU6/Neo-NC
plasmids, using Lipofectamine® 2000 (Invitrogen Life
Technologies, Carlsbad, CA, USA), according to the manufac-
turer'sinstructions. Toestablish the stable sub-cell lines, the cells
were screened with 200 mg/1 G418 (Sigma-Aldrich). Untreated
Caski cells were considered as the control group, Caski cells
transfected with pGPU6/Neo-NC were the negative group and
Caski cells transfected with pGPU6/Neo-miR-146b-5p were
the miR-146b-5p group. The expression of miR-146b-5p was
quantified using stem-loop quantitative polymerase chain
reaction (qQPCR), with U6 as the internal control (12).

MTS cell proliferation assay. A total of 2x10° cells were
seeded into 96-well plates and cultured at 37°C for 24 h in
an atmosphere containing 5% CO,. Fresh culture medium and
20 pul MTS solution (Promega Corp., Madison, WI, USA) were
then added to each well and cultured for 2 h. The absorbance
was detected at 490 nm using a microplate reader (iMark;
Bio-Rad Laboratories, Inc., Hercules, CA, USA). A cell growth
curve was then generated with time as the abscissa and the
absorbance value as the ordinate.

Transwell invasion assay. The bottom of transwell chambers
was coated with 60 ul Matrigel (BD Biosciences, Franklin
Lakes, NJ, USA). A total of 5x10° cells in 200 ul serum-free
culture medium were added to the upper chamber and 600 pl
complete culture medium, containing 10% FBS, was added to
the lower chamber that was pre-coated with 10 yg/ml fibro-
nectin (Sigma-Aldrich). Next, the samples were incubated
for 24 h at 37°C and 5% CO,. The chamber membranes were
then stained with crystal violet (Sigma-Aldrich) at room
temperature for 25 min and washed three times with phos-
phate-buffered saline (PBS). Subsequently, the cells of four
randomly selected central and peripheral visual fields were
counted (BX53; Olympus Corp., Tokyo, Japan).

Cell adhesion assay. A total of 5x10* cells were seeded into a
96-well plate that was pre-coated with Matrigel and incubated
at 37°C in a 5% CO, incubator for 3 h. The cells were then
stained with 0.1% crystal violet for 25 min and washed five
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times with PBS. Subsequently, 100 xl 10% acetic acid was
added to each well and the cells were lysed for 10 min. The
absorbance values of the samples were detected at 570 nm
using a microplate reader.

Cell cycle determination. To investigate the cell cycle,
3x10° cells were seeded into 6-well plates and incubated at
37°C in a 5% CO, incubator for 24 h. Following digestion with
0.25% Trypsin (Sigma-Aldrich) and centrifugation at 500 x g
for 5 min, 70% pre-cooled ethanol was added to the cells,
which were fixed at 4°C overnight. Next, the samples were
centrifuged and the ethanol solution was discarded, followed
by staining with propidium iodide (Sigma-Aldrich) containing
DNaseA (Beyotime, Shanghai, China) for 30 min in the dark.
The distribution of cells in the cell cycle was then determined
using a flow cytometer (FACSAria; BD Biosciences).

gPCR. A total of 3x10° cells were seeded into 6-well plates
and incubated at 37°C in an atmosphere containing 5% CO,
for 24 h. Total RNA (200 ng/ul) was extracted from the cells
using TRIzol® reagent (Invitrogen Life Technologies). RNA
was then reverse transcribed into cDNA, according to the
manufacturer's instructions of the RNA reverse transcription
kit (Invitrogen Life Technologies). cDNA was mixed with
ABI SYBR® Green Master Mix (Applied Biosystems Life
Technologies, Foster City, NJ, USA) and specific gene primers,
followed by amplification using an ABI 7500 Real-time PCR
system (Applied Biosystems Life Technologies). The primer
sequences (Invitrogen Life Technologies) used were as
follows: C-X-C chemokine receptor type 4 (CXCR4) forward,
5-ATCTTCCTGCCCACCATCTACTCCATCATC-3', and
reverse, 5'-ATCCAGACGCCAACATAGACCACCTTT
TCA-3'; matrix metalloproteinase (MMP)-2 forward, 5-TGA
TGGTGTCTGCTGGAAAG-3', and reverse, 5-GACACG
TGAAAAGTGCCTTG-3'; MMP-9 forward, 5'-GCCTTT
GGACACGCACG-3', and reverse, 5-AGCGGTCCTGGC
AGAAATAG-3"; c-Myc forward, 5"-TACCCTCTCAACGAC
AGCAG-3', and reverse, 5-TCTTGACATTCTCCTCGG
TG-3"; cyclin DI forward, 5"TCTAAGATGAAGGAGACC
ATC-3', and reverse, 5-GCGGTAGTAGGACAGGAAGTT
GTT-3"; human papilloma virus (HPV)16 forward, 5'-GTC
AAAAGCCACTGTGTCCT-3', and reverse, 5'-CCATCC
ATTACATCCCGAC-3"; p27 forward, 5'-CAAGTACGAGTG
GCAAGAGG-3', and reverse, 5-GTAGAAGAATCGTCG
GTTGC-3'; and p53 forward, 5~AACCTACCAGGGCAG
CTACG-3', and reverse 5" TTCCTCTGTGCGCCGGTCTC-3".
The results were normalized to GAPDH forward, 5-GCA
GGGGGGAGCCAAAAGGG-3', and reverse, 5"-TGCCAG
CCCCAGCGTCAAAG-3'. Amplification conditions were
as follows: Pre-denaturation at 94°C for 5 min, followed by
40 cycles of 95°C for 5 min and 65°C for 40 sec. Results were
quantified using MJ Opticon Monitor Software 3.1 (Bio-Rad
Laboratories, Inc.).

Western blot analysis. To perform western blot analysis,
3x10° cells were seeded into 6-well plates and incubated at
37°C in an atmosphere containing 5% CO, for 24 h. Pre-cooled
lysis buffer (Millipore, Billerica, MA, USA) was then added to
isolate the protein from the cells and the samples were centri-
fuged at 10,000 x g at4°C for 20 min. The protein concentrations
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were determined using the Bradford method (13). Total protein
(80 ug) was separated on a 12% polyacrylamide gel (Pierce
Biotechnology, Inc., Rockford, IL, USA) and transferred onto
polyvinylidene fluoride membranes (Millipore). Next, the
membranes were blocked in 5% skim milk at room tempera-
ture for 1 h, and incubated with the following primary mouse
anti-human monoclonal antibodies: CXCR4, MMP-2, MMP-9,
c-Myc, cyclin D1, p27, p53, phospho (p)-protein kinase B (Akt)
and p-c-Jun N-terminal protein kinase (JNK), which were
all purchased from Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA) at a dilution of 1:500, as well as B-actin (1:5,000;
Sigma-Aldrich) at 4°C overnight. The membranes were washed
three times with Tris-buffered saline/Tween 20 (TBST)
and then incubated with horseradish peroxidase-conjugated
secondary immunoglobulin G antibodies (1:5,000) at room
temperature for 30 min. Subsequently, the membranes were
washed a further three times with TBST and treated with an
enhanced chemiluminescence reagent (Millipore) for 1-2 min,
prior to exposure to an X-ray film (SDT Film Co., Ltd., Suzhou,
China). The results were normalized to -actin.

Telomerase activity assay. For determination of the telomerase
activity, 3x10° cells were seeded into 6-well plates and incubated
at 37°C in a 5% CO, incubator for 24 h. Pre-cooled lysis buffer
was then added and the cells were centrifuged at 10,000 x g at
4°C for 20 min. Next, the protein concentrations were deter-
mined using the Bradford method. Total protein (2 pg) was used
to perform a telomerase activity assay using the TeloTAGGG
Telomerase PCR ELISA (Roche Diagnostics, Basel,
Switzerland), according to the manufacturer's instructions. The
PCR reaction conditions were set at: 25°C for 20 min; 94°C for
5 min; 30 cycles at 94°C for 30 sec, 50°C for 30 sec and 72°C
for 90 sec; and 72°C for 10 min. PCR ELISA was performed
using the PCR products (5 pl) to detect the telomerase activity at
450 nm using a microplate reader (Bio-Rad Laboratories, Inc.).

ELISA. In total, 3x10° cells were seeded into 6-well plates and
incubated at 37°C in a 5% CO, incubator for 24 h. Following the
24-h culture, the culture medium was replaced with serum-free
culture medium and the cells were cultured for a further 24 h.
The supernatants were collected through centrifugation at
300 x g for 10 min and the concentrations of the transforming
growth factor (TGF)-f3 (human TGF-f 1 Quantikine ELISA kit),
monocyte chemoattractant protein (MCP)-1 (human MCP-1
Quantikine ELISA kit) and tumor necrosis factor (TNF)-a
(human TNF-a Quantikine ELISA kit) were measured using
ELISA kits (R&D Systems, Inc., Minneapolis, MN, USA),
according to the manufacturer's instructions.

Dual luciferase report assay. The cells were transfected with
2 pg nuclear factor (NF)-«xB, signal transducer and activator of
transcription (STAT)3 and STATS fluorescent reporter plasmid
or 0.02 ug control plasmid (Beyotime) were transfected using
Lipofectamine 2000 (Invitrogen Life Technologies) for 24 h.
Subsequently, the luciferase activity of the cells was detected
using a Dual Luciferase® Reporter assay, according to the
manufacturer's instructions.

Statistical analysis. SPSS version 13.0 software (SPSS Inc.,
Chicago, IL, USA) was used for statistical analyses. The
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experimental data are presented as the mean + standard devia-
tion and the statistical significance of differences between the
groups was determined using a one-way analysis of variance.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Effect of miR-146b-5p on the biological characteristics of
Caski cells. Increased expression levels of miR-146b-5p were
observed in the miR-146b-5p group, when compared with the
control and negative groups, as determined by qPCR (Fig. 1A).
Based on the results of the MTS assay, the 120-h relative
proliferation rate in the miR-146b-5p group was found to be
62.4% of the control group rate (P<0.05). Therefore, transfec-
tion with miR-146b-5p was able to significantly inhibit the
proliferation of Caski cells in vitro (Fig. 1B). In addition,
the results of the transwell assay demonstrated that transfec-
tion with miR-146b-5p was found to significantly inhibit the
invasion of Caski cells in vitro, since the cell invasion rate
in the miR-146b-5p group was 23.5% that of the control
group (P<0.05) (Fig. 1C). Furthermore, transfection with
miR-146b-5p significantly inhibited the adhesion of Caski
cells in vitro, since the cell adhesion rate in the miR-146b-5p
group was 43.5% that of the control group (P<0.05) (Fig. 1D).
In addition, the percentage of cells in the G /G, phase of
the cell cycle was found to be significantly increased in the
miR-146b-5p group, indicating that miR-146b-5p was capable
of arresting the Caski cells in the cell cycle (Fig. 1E).

Effect of miR-146b-5p on cytokine secretion and telomerase
activity of Caski cells. As determined by ELISA, transfection
with miR-146b-5p was able to significantly inhibit the secretion
levels of TGF-f3, MCP-1 and TNF-a in Caski cells. The secre-
tion levels of TGF-f, MCP-1 and TNF-a in the miR-146b-5p
group was 42.7, 51.2 and 63.8% that of the control group,
respectively (P<0.05) (Fig. 2A). In addition, transfection with
miR-146b-5p was found to significantly inhibit the telomerase
activity of Caski cells, as determined by qPCR analysis. The
telomerase activity in the miR-146b-5p group was 62.8% that
of the control group (P<0.05) (Fig. 2B).

Effect of miR-146b-5p on Caski cell proliferation and
metastasis-associated gene expression. As demonstrated
by western blot analysis, transfection with miR-146b-5p
significantly inhibited the protein expression levels of CXCR4,
MMP-2, MMP-9, c-Myc, cyclin D1 and HPV16, while it
increased the protein expression levels of p27 and p53 in
the Caski cells (Fig. 3A). Furthermore, the mRNA expres-
sion levels of CXCR4, MMP-2, MMP-9, c-Myc, cyclin DI,
HPV16, p27 and p53 in the miR-146b-5p group were found
to be 38.4,27.2,21.1, 227, 18.6, 43.6, 267.3 and 255.0% that
of the control group (P<0.05), respectively, as determined by
gPCR (Fig. 3B). These results indicated that miR-146b-5p was
capable of modifying the biological characteristics of tumor
cells by regulating tumor cell proliferation and the expression
levels of metastasis-associated genes.

Effect of miR-146b-5p on the signal transduction pathway
of Caski cells. Western blot analysis demonstrated that
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Figure 1. Effect of miR-146b-5p on the biological characteristics of Caski human cervical cancer cells. (A) Quantitative polymerase chain reaction indicated
increased expression levels of miR-146b-5p in the miR-146b-5p group, when compared with the control and negative groups (n=5). (B) MTS assay dem-
onstrated a decreased rate of cell proliferation in the miR-146b-5p group, when compared with the control and negative groups (n=5). (C) Transwell assay
revealed a decreased rate of cell invasion in the miR-146b-5p group, when compared with the control and negative groups (n=3). (D) Adhesion assay revealed
a decreased rate of cell adhesion in the miR-146b-5p group, when compared with the control and negative groups (n=5). (E) Flow cytometric analysis revealed
an increased percentage of cells in the G,/G, phase in the miR-146b-5p group, when compared with the control and negative groups (n=3). All the data are
presented as the mean + standard deviation from at least three independent experiments. “P<0.05, vs. control group. miR, microRNA.
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Figure 2. Effect of miR-146b-5p on cytokine secretion and telomerase activity of Caski human cervical cancer cells. ELISA revealed (A) a decreased produc-
tion of transforming growth factor (TGF)-f3, monocyte chemoattractant protein (MCP)-1 and tumor necrosis factor (TNF)-a and (B) decreased telomerase
activity in the miR-146b-5p group, compared with the control and negative groups (n=5). All the data are presented as the mean + standard deviation from at
least three independent experiments. "P<0.05, vs. control group. miR, microRNA.

transfection with miR-146b-5p significantly inhibited the the transcriptional activities of NF-xB, STAT3 and STATS
phosphorylation of Akt and JNK in Caski cells (Fig. 4A). in the miR-146b-5p group were 36.3, 52.4 and 38.5% that
Furthermore, a dual luciferase reporter assay indicated that  of the control group, respectively (P<0.05) (Fig. 4B). These
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Figure 3. Effects of miR-146b-5p on proliferation and metastasis-associated gene expression of Caski human cervical cancer cells. (A) Protein expression
levels, determined by western blot analysis (using 3-actin as an internal loading control), and (B) mRNA expression levels, determined by quantitative poly-
merase chain reaction (using GAPDH as an internal loading control). The protein and mRNA expression levels of CXCR4, MMP-2 and 9, c-Myc, cyclin D1 and
HPV16 were found to be decreased, whereas the protein and mRNA expression levels of p27 and p53 were found to be increased, in the miR-146b-5p group
when compared with the control and negative groups. All the data are presented as the mean + standard deviation from at least three independent experiments.
“P<0.05, vs. control group. miR, microRNA; CXCR4, C-X-C chemokine receptor type 4; MMP, matrix metalloproteinase; HPV, human papilloma virus.
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Figure 4. Effect of miR-146b-5p on the signal transduction pathway of Caski human cervical cancer cells. (A) Western blot assay revealed decreased phos-
phorylation of Akt and JNK in the miR-146b-5p group, when compared with the control and negative groups. [3-actin was used as an internal loading control.
(B) Dual luciferase reporter assay revealed decreased transcriptional activity of NF-kB, STAT3 and 5 in the miR-146b-5p group, when compared with control
and negative groups. All the data are presented as the mean + standard deviation from at least three independent experiments (n=5). "P<0.05, vs. control group.
miR, microRNA; Akt, protein kinase B; JNK, c-Jun N-terminal protein kinase; NF, nuclear factor; STAT, signal transducer and activator of transcription.

results indicated that miR-146b-5p was capable of modifying
the biological characteristics of tumor cells by regulating the
activity of tumor cell signal transduction molecules (Fig. 4).

Discussion

Cervical cancer is one of the most common cancers in
females. Although surgery is the primary treatment strategy
for cervical cancer, tumor metastasis often leads to poor thera-
peutic efficacy. Therefore, research on the identification of
cervical cancer metastasis inhibitors has received increasing
attention. Tumor cell metastasis is a complex process that
involves numerous factors, and the underlying mechanisms
include enhanced heterotypic cell-cell adhesion, upregulated
MMP expression and increased secretion of pro-metastatic
cytokines (14).

Tumor-associated genes, including CXCR4, matrix metal-
loproteinase-2/9, c-Myc, cyclin D1, p27 and p53 have important
roles in proliferation and metastasis (15). Tumor invasion
and metastasis are often associated with the upregulation of
CXCR4 expression, which is an important chemotactic factor.
CXCR4 can improve the chemotactic activity of tumor cells,

enabling their invasion and migration to surrounding tissues
during the process of tumor metastasis. In addition, the upreg-
ulation of CXCR4 expression has been shown to be directly
correlated with tumor invasion and metastasis (16). MMPs are
involved in the degradation of the extracellular matrix (ECM)
and basilar membrane, as well as in numerous physiological
and pathological processes. In addition, MMPs are important
regulatory molecules involved in tumor infiltration, metastasis
and angiogenesis, and therefore play a key role in tumor
progression (17). MMP-2 is a zinc-dependent protease, with
substrates including types IV, VII and X collagen and gelatin,
which are the main components of the ECM and vascular
basilar membrane. Overexpression of MMP-2 accelerates
the degradation of the ECM and vascular basilar membrane,
enabling the tumor cells to migrate from tumor nests and
across blood vessels, therefore facilitating tumor invasion
and metastasis. Overexpression of MMP-2 is associated with
the enhanced invasive and metastatic capacity of numerous
tumors (18). MMP-9 is one of the most important proteases
capable of degrading the basilar membrane within the MMP
enzyme family. MMP-9 is initially secreted as a zymogen by
the cells, which can induce enzymolysis following activation
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by various factors. Enzymolysis of the ECM enhances tumor
growth into the surrounding area. Numerous studies have
observed fairly high expression levels of MMPs in various
tumor tissues, including nasopharyngeal carcinoma, and these
expression levels have been found to be associated with tumor
invasiveness (19).

Previous studies have demonstrated that p27 and p53 genes
control cell death and proliferation and also limit the meta-
static capability of cancer cells, by regulating the expression
levels of oncogenes (20). Therefore, the loss of p27 and p53
greatly enhances tumor progression and metastasis, while the
lack of p27 and p53 expression has been shown to be directly
correlated with tumor invasion and metastasis (21,22). In tumor
cells, the proteins that control progression of the cell cycle, such
as cyclins, are often overexpressed; by contrast, the proteins
that suppress cell division, such as cyclin-dependent kinase
(CDK) inhibitors, are often inactivated. Among the numerous
cell cycle regulatory factors, cyclin D1 is significant. Cyclin D1
forms a complex with CDK4/6 in G, phase, thereby driving
cells from G; to S phase and causing cell division or conversion.
A previous study has reported that overexpression of cyclin D1
was detected in lung, breast, thyroid and prostate cancer tissues,
as well as in other tumors, thus indicating a certain association
between cyclin D1 and tumorigenesis (23).

Telomerase activity has been previously demonstrated to
be associated with tumor metastatic potential, due to shortened
telomeres (24). The present study aimed to determine the role
of telomerase activity on the ability of miR-146b-5p to inhibit
metastasis of Caski cells. The results indicated that telom-
erase activity was decreased in Caski cells overexpressing
miR-146b-5p. In addition, the present study provided evidence
regarding a potential mechanism for miR-146b-5p-inhibited
metastasis of Caski cells. Human papilloma virus (HPV)
is also an important factor in cervical carcinogenesis and
cancer progression, while HPV16 is considered to be the most
common high-risk type of HPV. HPV16 E7 participates in the
tumorigenesis of the majority of cervical cancers. Extensive
clinical and pathological studies have confirmed that HPV16 E7
expression is closely correlated with poor tumor differentiation,
susceptibility to lymph node metastasis and poor prognosis
in oral, breast and gastric cancer, as well as in various other
human epithelial malignancies (25,26). Previous studies have
also observed an upregulation of TGF-f, MCP-1 and TNF-a
expression in HPV16-infected malignant tumor tissues, which
was considered to be associated with tumor metastasis, signal
transduction pathways and the upregulation of the expression of
proliferation-associated regulatory factors (27).

Akt is a downstream effector molecule in the phos-
phoinositide 3-kinase signaling pathway, the most important
target enzyme of which is JINK. JNK is frequently detected
during carcinogenesis and the progression of malignant tumors.
The phosphorylation of Akt and JNK, as well as the activity
of NF-xB, STAT3 and STATS, play an important role in the
signaling pathways of tumor invasion and metastasis, through a
series of substrate phosphorylation (28,29). These pathways can
regulate the expression levels of CXCR4, MMP-2, MMP-9 and
other oncogenes and may also participate in tumor cell invasion
and migration.

In conclusion, the present study demonstrated that
miR-146b-5p was able to inhibit the in vitro proliferative,
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adhesive and invasive ability of tumor cells, and arrest the cell
cycle in Gy/G, phase in Caski cells. In addition, transfection
with miR-146b-5b was hypothesized to be associated with
the downregulation of CXCR4, MMP-2, MMP-9, c-Myc,
cyclin D1 and telomerase activity, the upregulation of p27
and p53, the inhibition of TGF-f, MCP-1, TNF-a and other
cytokine secretions, and the inhibition of Akt phosphorylation
and transcriptional activity of NF-«xB, STAT3 and STATS.
Furthermore, miR-146b-5p was able to downregulate
HPV16 E7 expression in the Caski cervical cancer cells,
thereby laying the experimental basis for further studies of
cervical cancer gene therapy.
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