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Abstract: MicroRNAs (miRNAs) are aberrantly expressed in cervical cancer. miR-7 has been demonstrated to func-
tion as both an oncogene and a tumor suppressor in some types of human cancers. In the present study, miR-7 was
significantly downregulated in cervical cancer, especially metastatic tumors. Ectopic expression of miR-7 significant-
ly inhibited metastasis and invasion in Hela and C33A cells. Upregulated miR-7 significantly suppressed focal adhe-
sion kinase (FAK) at transcriptional and translational levels. Furthermore, the level of FAK was negatively correlated
with miR-7 in cervical cancer tissues. In conclusion, miR-7 inhibited the metastasis and invasion of cervical cancer
at least partially through targeting FAK. The findings of this study provide novel insight with potential therapeutic

applications for the treatment of metastatic cervical cancer.
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Introduction

MicroRNAs (miRNAs) are endogenous, small
(18~25 nucleotides) non-coding RNA that typi-
cally suppress gene expression by binding to 3’
untranslated regions (UTRs) of their target
mRNAs for degradation [1, 2]. More than 60%
of human protein-coding genes has been under
selective pressure to maintain pairing to miR-
NAs, suggesting that most mammalian mRNAs
are conserved targets of miRNAs [3]. Since one
miRNA can target many mRNAs, miRNAs play
crucial roles in various cellular processes,
including development, angiogenesis, cell
cycle, and cellular migration [4]. Over the past
decade, emerging evidences have demonstrat-
ed a central role for miRNAs in the occurrence
and progression of human tumors [4, 5]. miR-
NAs are abnormally expressed in human can-
cers and can act as either oncogenes or tumor
suppressors [4-6]. Elucidating the function and
mechanism of miRNAs will be particularly use-
ful in improving cancer treatment.

Cervical cancer is the fourth leading cause of
cancer mortality in women worldwide [7].

Previous studies have shown that miRNAs
are aberrantly expressed in cervical cancer [8,
9], which affect response to therapy and
ultimately outcome [10-12]. It has been re-
cently shown that miR-7 inhibits the expression
of epidermal growth factor receptor (EGFR)
in some types of cancer, such as ovarian
and gastric cancers [13, 14]. EGFR overex-
pression and activation are observed in so-
lid tumors including cervical cancer [15],
and EGFR tyrosine kinase has become an
important therapeutic target for cancer thera-
py. Furthermore, miR-7 has been reported to
act as an oncomiR in different cellular contexts
in renal cell carcinoma [16]. A recent study
reported that miR-7 suppressed cervical cancer
cells proliferation and promoted cell apoptosis
through inhibition of expression of X-linked
inhibitor of apoptosis protein [17]. In this study,
we showed that miR-7 inhibited cervical can-
cer cells metastasis and invasion by inhibiting
the expression of focal adhesion kinase
(FAK). These results further our understanding
of the mechanisms underlying human cervical
cancet.
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Materials and methods
Tissue samples

Forth cervical cancer tissues and thirty normal
cervical tissues were collected between 2012
and 2014 from Taixing Hospital, Jiangsu, China.
All specimens were carefully reviewed by two
independent pathologists to confirm the pres-
ence of cervical cancer. All patients signed an
informed consent form, and the study was
approved by the Institute Research Medical
Ethics Committee of the Medical College of
Yangzhou University.

Cell line culture

Human cervical cancer cell lines (Hela
and C33A) and 293T cell line were purchased
from the Chinese Peking Union Medical College
Cell Bank (Beijing, China). All cell lines were
maintained in DMEM and RPMI 1640 su-
pplemented with 10% fetal bovine serum
(FBS) (HyClone Victoria, Australia), 100 1U/mL
penicillin, and 100 mg/mL streptomycin at
37°C in a humidified atmosphere containing
5% CO.,.

Quantitative reverse-transcription polymerase
chain reaction (QRT-PCR)

Total RNA was isolated using Trizol reagent
(Invitrogen, San Diego, CA, USA) according to
the manufacturer’s instructions. Reverse tran-
scriptions was performed using the Takara
PrimeScript™ First Strand cDNA Synthesis kit
(Takara Bio, Inc., Dalian, Japan) according to
the manufacturer’s instructions. qRT-PCR was
performed using the All-in-One™ miRNA qRT-
PCR Detection Kit (GeneCopoeia, Rockville,
MD, USA) on an Applied Biosystems 7500
RealTime PCR system (Applied Biosystems,
White Plains, NY, USA). The U6 small RNA
and GAPDH mRNA were used as internal con-
trols for miR-7 and FAK, respectively. All the
reactions were run in triplicate. Primers for
miR-7 and U6 were 5-AGTCGCTAGCCACAAACC
AGGAAGGGGAA-3’ and 5-ATCGGAATTCAAATG-
ATAAAGCCTGAAGTC-3’, and 5-CGCTTCGGCAG-
CACATATAC-3’ and 5-TTCACGAATTTGCGTGTC-
AT-3’, respectively. Primers for FAK and GAPDH
mRNAs were 5-AGTAAAATCCAGCCAGCCCC-3’
and 5-GACATACTGCTGGGCCAGTT-3’, and 5-
AAGGTGAAGGTCGGAGTCAAC-3’, and 5-GGGG-
TCATTGATGGCAACAATA-3’, respectively.
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Transfection of cervical cancer cells

The miR-7-murine stem cell virus plasmid
(MSCV) was chemically synthesized at the
Department of Pathology, Medical College of
Yangzhou University, and sequenced by Sangon
Biotech (Shanghai) Co., Ltd. (Shanghai, China).
Hela and C33A cells were transfected with 4-10
pg miR-7-MSCV plasmid which at 37°C with
5% CO,. MSCV empty vector was used as the
negative control (NC).

Dual luciferase reporter assay

The full length 3'UTR of FAK (wild type, wt)
was amplified by PCR from genomic DNA
and cloned into the EcoRIl and Xhal sites
of pGL3-BS vector (Promega, Madison, WI,
USA). The primer sequences used were as
follows: forward, 5-CTCTAGCCTTCCACCAGCA-
G-3’; reverse, 5'-AACAAGAACTTTACTGGTAA-3.
The mutant construct of FAK 3’ UTR was ge-
nerated using a Quick Change mutagenesis
kit (Stratagene, Heidelberg, Germany). Co-
transfection of reporter vectors, and miR-7-
MSCV or NCs was performed using Lipo-
fectamine 2000 (Invitrogen, San Diego, CA,
USA). After 48 h incubation, dual luciferase
activity was measured using the Dual-
Luciferase® reporter assay system (Promega)
according to the manufacturer’s protocol.

Migration and invasion assay

In vitro cell migration and invasion assays
were performed by using transwell cham-
bers. For the migration assays, 4 x 10* cells
were added into the upper chamber of 8-um
transwells (BD Bioscience, Franklin Lakes, NJ,
USA). For the invasion assays, 8 x 10* cells
were added into the upper chamber of 8-um
transwells pre-coated with Matrigel (BD
Bioscience, USA). In both assays, cells were
plated in medium without serum, and me-
dium containing 10% FBS in the lower chamber
served as the chemoattractant. After 14 h
incubation, the cells that did not migrate or
invade through the pores were carefully
removed. Filters were fixed in 90% alcohol
followed by crystal violet staining. Five ran-
dom fields were counted per chamber using
an inverted microscope (Olympus, Tokyo,
Japan). All experiments were performed in
triplicate.
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Western blot analysis

Cells were collected and lysed in ice-cold RIPA
buffer (Beyotime, Jiangsu, China) according to
the manufacturer’s instructions. Protein con-
centration was quantified using an Enhanced
BCA protein assay kit (Beyotime, Jiangsu,
China). The proteins were separated by SDS-
PAGE, and transferred onto PVDF membranes
(Millipore, Bedford, MA, USA). After blocked
with 5% nonfat milk for 1.5 h at room tempera-
ture, membranes were incubated with anti-FAK
antibody (Cell Signaling Technologies, Boston,
MA, USA) at 1:1000 dilution for overnight at
4°C, followed by incubation with horseradish
peroxidase conjugated mouse and rabbit
secondary antibody (Beyotime) for 2 h at room
temperature. The signals were detected using
a FluorChem FC2 Imaging System (Alpha
Innotech, San Leandro, CA, USA).

Statistical analysis

Statistical analyses were performed using
SPSS 16.0 software package (SPSS Inc.,
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Figure 1. miR-7 is downregulated in cervical
cancer and associated with tumor metasta-
sis. A. The levels of miR-7 in cervical cancer
tissues (n = 40) were significantly lower than
those in normal cervical tissues (n = 30). B.
The levels of miR-7 in non-metastatic cervical
cancer tissues (n = 23) were lower than those
in metastatic cervical cancer tissues (n = 17).
C. The levels of miR-7 in two cervical cancer
cell lines were lower than that in human cer-
vical cells. The expression level of miR-7 was
normalized to U6 small nuclear RNA. *P <
0.05, **P < 0.001.

Chicago, IL, USA). All graphs were made using
Microsoft Office Excel 2010 software (Microsoft
Corporation, Redmond, WA, USA). Data from
three independent experiments were expressed
as mean * SD. Differences were assessed by
the two-tailed Student’s t test. The relationship
between FAK and miR-7 expressions was test-
ed with two-tailed Pearson’s correlation. A P
value < 0.05 was considered statistically
significant.

Results

miR-7 is downregulated in cervical cancer tis-
sues and cell lines

We first evaluated the endogenous expression
of miR-7 in human cervical cancer and normal
cervical tissues. As shown in Figure 1A, miR-7
was downregulated in cervical cancer tissues
compared to corresponding adjacent normal
cervical tissues (P < 0.05) (Figure 41A).
Furthermore, the level of miR-7 in metastatic
cervical cancer was significantly lower com-
pared with that in cancer without metastasis (P
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< 0.05) (Figure 1B). Similarly, we also found
that the levels of miR-7 in two cervical cancer
cell lines were more lower than that in normal
cervical cells (P < 0.001) (Figure 1C).

Overexpression of miR-7 inhibits cervical can-
cer cell migration and invasion

Since miR-7 is downregulated in patients with
metastatic cervical cancer, we next evaluated
whether upregulation of miR-7 inhibits cell
migration and invasion in cervical cancer. Hela
and C33A cells, which possess low miR-7 lev-
els, were transfected with miR-7-MSCV. The
ectopic expression efficiency was confirmed by
gRT-PCR (Figure 2). We found that overexpres-
sion of miR-7 in both Hela and C33A cells
resulted in reduced migration and invasion
rates (Figure 3). These results suggest that
miR-7 may function as a tumor suppressor
miRNA and contribute to inhibition of migration
and invasion of cervical cancer cells.

483

(@]
Relative expression of miR-7

Hela

Figure 2. miR-7 overexpression in Hela
and C33A cells transfected with miR-
7-MSCV. (A) miR-7 expression in Hela
and C33A cells transfected with miR-7-
MSCV and control (MSCV). miR-7 was
overexpressed in (B) Hela and (C) C33A
cells transfected with miR-7-MSCV
compared with negative controls. *P <

C33A 0.05, **P < 0.001.

C33A

25- | *% I
20
151
10

54

0 T T

NC miR-7

miR-7 negatively regulates FAK gene expres-
sion

Previous studies have demonstrated that FAK
is the target of miR-7 [18, 19]. To better eluci-
date the mechanisms underlying miR-7 func-
tion in cervical cancer cells, we further adopted
an EGFR reporter system to confirm the direct
regulation of FAK mRNA by miR-7. We construct-
ed two vectors containing the wild-type and
mutant FAK 3'UTR fragment, respectively. As
shown in Figure 4, co-transfection of 293T cells
with FAK-3’'UTR/pGL3-BS (wt) and miR-7-MSCV
caused a significant decrease in the luciferase
activity compared with co-transfected FAK-3’
UTR/pGL3 (mut) with miR-7-MSCV as negative
control (P < 0.05). The levels of FAK mRNA and
protein in both Hela and C33A cells with miR-7
overexpression were significantly (Figure 5A
and 5B). This result indicated that miR-7 exerts
inhibitory effects on FAK expression via interac-
tion with FAK 3'UTR.
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MicroRNA-7 suppresses metastasis in cervical cancer

migration

&

O Phdd

i 8 [ MScV
o 3 miR-7-MSCV
| p— * %
304 0T . '

T

relative migration
- N
o o
1 1

Hela C33A
3 Mscv
40- 3 miR-7-MSCV
k% s
- 1 —

relative invation
S
L

-
o
1

: ] ]

Hela C33A

Figure 3. miR-7 inhibits cell migration and invasion. A. Transwell migration assays of Hela and C33A cells trans-
fected with miR-7-MSCV and control vector. B. Transwell invasion assays of Hela and C33A cells transfected with
miR-7-MSCV and control vector. *P < 0.05, **P < 0.001.
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Figure 4. miR-7 inhibits FAK expression by directly targeting its 3'UTR. A. The potential binding sequences for miR-
7 within the FAK 3’UTR of human (Hsa), chimpanzee (Ptr), rhesus (Mml), bushbaby (Oga), tree shrew (Tbe), and
mouse (Mmu). Seed sequences are highlighted and underlined. B. The sequences of the predicted miR-7 binding
sites (highlighted and underlined) within the human FAK 3’UTR, including wide-type full-length UTR and mutant UTR,
are shown. C. Relative luciferase activity was analyzed upon transfection with reporter plasmids and miR-7-MSCV
or control vector in 293T cells.

The mRNA level of FAK was further evaluated in shown in Figure 5C, there was a significant
cervical cancer and normal cervical tissues. As inverse correlation between FAK mRNA expres-
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Figure 5. FAK is downregulated in Hela and C33A cells transfected with miR-7-MSCV.Relative expression of FAK
mRNA by qPCR (top) and FAK protein expression by western blot (bottom) in Hela (A) and C33A cells (B) transfected
with miR-7-MSCV and control vector. *P < 0.05, **P < 0.001. There were inverse correlations between miR-7 and
FAK expression in 40 cervical cancer tissues (C) (r = 0.750; P < 0.05) and 17 metastatic cervical cancer tissues (D)

(r=0.820; P < 0.05) by detecting mRNA expression.

sion and miR-7 expression (r = -0.750, P <
0.05). Furthermore, a significant inverse corre-
lation was also observed in metastatic cases (r
=-0.820; P < 0.05).

Discussion

miRNAs specifically prevent protein production
by binding to the 3'UTR of target mRNAs. This
recruits RISC, which facilitates nucleolytic
cleavage or inhibits translation of target
mRNAs. By post-transcriptional regulation of
protein production, a number of miRNAs can
act as oncogenes or tumor suppressor genes.
In the present study, we found that miR-7 was
downregulated in cervical cancer tissues and
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cell lines. miR-17 suppressed the metastasis
and invasion of cervical cancer cell by inhibiting
FAK expression. These results indicate that
miR-7 play an important role in the progression
of cervical cancer.

Previous studies have shown that miR-7 is
involved in some human diseases. As a direct
regulator of a-synuclein, miR-7 has been pro-
posed to play a role in Parkinson’s disease [20].
Inhibition of miR-7 in pancreatic B cells induced
mTOR signaling with subsequent stimulatory
effects on cellular proliferation [21]. This sug-
gests miR-7 may contribute to low B-cell renew-
al and could serve as a possible therapeutic
target in diabetes mellitus. In addition, miR-7

Int J Clin Exp Med 2015;8(1):480-487
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directly targets and downregulates central
oncogenic factors in cancer-associated signal-
ing pathways including EGFR [13, 14], FAK [18,
19], Pak1 [22], and SETDB1 [23], clearly indi-
cating a tumor-suppressive role of miR-7. In the
present study, we found that miR-7 was down-
regulated in cervical cancer, especially meta-
static tumors. In addition, there was an inverse
correlation between miR-7 and FAK expression
in cervical cancer. FAK is negatively regulated
by miR-7, which is consistent with previous find-
ings [18, 19]. miR-7 inhibits Hela and C33A cell
migration and invasion through the FAK signal-
ing. These results suggest that dysregulation of
the FAK signaling pathway by miR-7 may be an
important mechanism underlying metastasis
and invasion in cervical. Further studies should
examine the molecular mechanism by which
miR-7 function as a tumor suppressor gene in
the development and progression of cervical
cancer.

FAK is an important adhesion kinase that con-
tributes to extracellular matrix (ECM) integrin
signaling, cell motility, proliferation, and surviv-
al. Increased FAK expression is observed in a
variety of solid tumors and associated with
metastatic disease and poor prognosis [24,
25]. FAK signaling regulates cancer growth and
metastasis [26-28]. Increased FAK expression
in precursor lesions and frankly invasive cervi-
cal cancer is an intriguing finding because an
inverse relationship between p53 and FAK has
been reported, which is consistent with p53
instability due to a HPV EG6 viral protein as an
essential etiologic factor [29]. FAK may func-
tion as an oncogene in the process of cervical
cancer.

In conclusion, our study demonstrated that
miR-7 suppressed cervical cancer metastasis
and invasion through targeting FAK. miR-7 may
be a potential therapeutic target for the treat-
ment of metastatic cervical cancer.
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