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MicroRNA-433 inhibits cell growth and induces apoptosis
in human cervical cancer through PI3K/AKT
signaling by targeting FAK
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Abstract. The present study aimed to examine the role of
microRNA-433 in the growth and death of cervical cancer
cells. RNA isolation, reverse transcription-quantitative poly-
merase chain reaction analysis, an MTT assay, flow cytometry,
and western blot analysis were used for this investigation.
The results showed that the expression of microRNA-433
was downregulated in patients with cervical cancer. The
disease-free survival and overall survival rates of patients
with low expression levels of microRNA-433 were lower,
compared with those in patients with high expression levels
of microRNA-433. The expression levels of microRNA-433
were downregulated in cervical cancer in vitro. It was
found that the downregulation of microRNA-433 promoted
the growth and inhibited the apoptosis of cervical cancer
cells through activating focal adhesion kinase (FAK)/phos-
phoinositide 3-kinase (PI3K)/AKT signaling. However, the
upregulation of microRNA-433 induced apoptosis and
suppressed the growth of cervical cancer cells through inhib-
iting the FAK/PI3K/AKT signaling pathway. In addition,
FAK or PI3K inhibitors promoted the death of cervical cancer
cells following the downregulation of microRNA-433. These
results revealed that microRNA-433 suppressed the growth
of cervical cancer cells via the FAK/PI3K/AKT signaling
pathway.

Introduction
Cervical cancer is the most common malignancy and one of

the causes of cancer-associated mortality. It has also been veri-
fied that high risk human papilloma virus (HR-HPV) infection
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is essential for cervical cancer (1). Harald Chuer Hausen made
significant contributions to the current understanding of HPV
and was thus awarded the 2008 Nobel Prize in Physiology
or Medicine. Evidence has indicated that the progression of
HPYV infection into cervical cancer is a progressive and slow
process. There is a definite precancerous lesion stage, which
is cervical intraepithelial neoplasia. This has provided favor-
able timing in terms of inhibition (2). However, treatment
targeting cervical cancer is dominated by destructive surgery
at present (2), with non-invasive and effective drug inhibiting
methods lacking (3).

RNomics is the study of all RNA structures and functions at
the genomic level, including non-coding RNA and mRNA 4).
The Human Genome Project, completed in 2001, (4) marked
the beginning of the post-genome era (5). It has led to our
current interpretation of the composition and expression
regulation of genetic information from non-coding RNA (5).
Non-coding RNA, particularly microRNAs (miRNAs), is
important in regulating gene expression (6).

Focal adhesion kinase (FAK) is a key non-receptor tyro-
sine protein kinase in signal transduction (7). It is closely
associated with all vital cellular activities (7). In addition, it
is involved in tumor invasion and metastasis. Evidence indi-
cates that the expression of FAK is upregulated in invasive
cells, including those in ovarian and endometrial cancer, and
thyroid carcinoma (6). Activated FAK can activate multiple
signal transduction pathways through multiple downstream
signal transduction-associated molecules (6,8). Therefore, it is
involved in cell proliferation, differentiation, extension, migra-
tion, tumor invasion, and metastasis (7).

The Akt/mammalian target of rapamycin (mTOR)
signaling pathway is involved in regulating multiple cellular
behaviors, including cell proliferation, survival, growth, and
migration (9). The association of such a signaling pathway
with tumor genesis has been investigated extensively (10).
It is been found that the transformation or deletion of
certain molecules in the phosphoinositide 3-kinase
(PI3K)/Akt/mTOR signaling pathway is closely associated
with tumor genesis (11). These tumors include breast, ovarian
and endometrial cancer, and melanoma. The present study
aimed to examine the role of microRNA-433 in cell growth
and death in cervical cancer.
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Materials and methods

Patients and clinical data collection. Patients with cervical
cancer (n=72, 5747 years age, female) and healthy volun-
teers (n=12, 52+5 years age, female) were recruited from
the Department of Obstetrics and Gynecology, The Second
Affiliated Hospital of Suzhou University (Suzhou, China).
Peripheral blood samples from the patients and volunteers
(10 ml) were centrifuged at 1,000 x g for 5 min at 4°C and
serum was stored at -80°C. The patients with cervical cancer
were examined every three months for 5 years.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR) analysis. Total RNA
from the clinical samples and cultured cells was extracted
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). cDNA was were obtained using M-MLV
reverse transcriptase (Promega Corporation, Madison, WI,
USA) at 37°C for 30 min, and 84°C for 10 sec. RT-gPCR
analyses were performed using Platinum SYBR-Green
qPCR SuperMix-UDG reagents (Invitrogen; Thermo Fisher
Scientific, Inc.). miRNA-26b: Forward, 5'-GGATCATGA
TGGGCTCCT-3' and reverse, 5'-CAGTGCGTGTCGTGG
AGT-3"; U6: Reverse, 5'-GGAACGCTTCACGAATTTG-3'
and forward, 5-ATGTTCTGGTGTCCTCAAATG-3". The
conditions were 10 min at 95°C, 40 cycles of 95°C for 15 sec,
60°C for 30 sec and 72°C for 30 sec. Expression levels of
miRNA-26b were calculated using the 2424 method (12).

GeneChip array. Total RNA was hybridized using SurePrint
G3xWhole Genome GE 8x60 K Microarray G4852A platform
(Stratagene). Results were quantified using Agilent Feature
Extraction Software (version A.10.7.3.1).

Cell culture and cell transfection. The CaSki human cervical
cancer cell line was purchased from the American Type Culture
Collection (Manassas, VA, USA) and cultured in Dulbecco's modi-
fied Eagle's medium (DMEM,; Sigma; EMD Millipore, Billerica,
MA, USA) supplemented with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.) at 37°C and 5% CO,. FAK
plasmid (5'-ACCATGAACACCGCGGGAGC-3' and 5'-ACG
GCCACGCGTAATTCTAA-3") was purchased from Sangon
Biotech Co., Ltd. (Shanghai, China). The microRNA-433 (5-UGG
AAGACUAGUGAUUUUGUUGU-3"), anti-microRNA-433
(5'-UCAACAUCAGUCUGAUAAGCUA-3') and negative
mimics (5-UUGUACUACACAAAAGUACUG-3") were trans-
fected using Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol. After
transfection for 4 h, 0.1 nM of GDC-0032 (MedChemExpress),
an Akt inhibitor was added into cell for 44 h.

Proliferation assay. The cells (10° cell/well) were cultured
in 96-well plates and MTT solution was added to the cells
at 37°C and 5% CO, for 4 h. The medium was removed and
DMSO was added to the cells for 20 min at 37°C. Cell prolif-
eration was determined using a microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) at 492 nm.

Analysis of metastatic rate. The cells (2x10° cells/ml) were
cultured in 24-well plates and seeded in the upper chamber of
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Costar Transwell culture plates (8 xm). DMEM with 20% FBS
was added to the lower chamber for 24 h at 37°C and 5% CO,.
The chamber was washed with PBS and the cells were fixed in
4% paraformaldehyde for 15 min. The cells were stained with
crystal violet and the number of migrated cells was counted
under a Nikon Eclipse 80i microscope (Nikon Corporation,
Tokyo, Japan).

Flow cytometry. The cells were cultured in 6-well plates and
washed with PBS. FITC Annexin V (5 ul) and propidium
iodide (PI) (5 ul) were added to the cells and stained for 15 min
in the dark. Apoptosis was examined on a FACSCalibur flow
cytometer (BD Biosciences, San Jose, CA, USA) immediately
following this.

Western blot analysis. The cell proteins of each sample
were extracted using RIPA buffer (Beyotime Institute of
Biotechnology, Haimen, China). The total protein (50 ug)
in each sample was loaded and electrophoresed by 6-15%
SDS-PAGE and then transferred onto polyvinylidene fluoride
membranes. The membranes was blocked with 5% w/v skimmed
milk powder for 1 h at room temperature, and incubated with
antibodies against FAK (cat. no. sc-24545, 1:500; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA), phosphorylated
(p)-AKT (cat. no. sc-7985-R, 1:500; Santa Cruz Biotechnology,
Inc.), B-cell lymphoma 2 (Bcl-2)-associated X protein (Bax;
cat. no. sc-4239, 1:1,000; Santa Cruz Biotechnology, Inc.), p53
(sc-47698, 1:1,000; Santa Cruz Biotechnology, Inc.), MDM2
(sc-812, 1:1,000; Santa Cruz Biotechnology, Inc.) and GAPDH
(cat. no. sc-293335, 1:5,000; Santa Cruz Biotechnology, Inc.)
at 4°C. The membranes were washed with TBST and incu-
bated with horseradish peroxidase-conjugated goat anti-rabbit
secondary antibody (1:5,000, cat. no. 7074; Cell Signaling
Technology, Inc., Danvers, MA, USA) for 1 h at room
temperature. The protein bands were visualized by enhanced
chemiluminescence (POO18A, BeyoECL Star; Beyotime
Institute of Biotechnology) and observed using ImageQuant
LAS 4000 mini (General Electric Company, Boston, MA,
USA).

Caspase-3 and caspase-9 activity levels. The cell proteins
of each sample were extracted using RIPA buffer (Beyotime
Institute of Biotechnology). The total protein (10 xg) was used
to analyze the activities of caspase-3 and caspase-9 using
caspase-3 and caspase-9 activity kits (Beyotime Institute of
Biotechnology). The activities of caspase-3 and caspase-9 were
determined using a microplate reader (Bio-Rad Laboratories,
Inc.) at 405 nm.

Immunofluorescence staining. The cells were washed with
PBS and fixed with 4% paraformaldehyde for 15 min. The
cells were permeabilized with 0.2% Triton X-100 in PBS for
15 min at room temperature, followed by blocking with 5%
BSA (Beyotime Institute of Biotechnology) in PBS for 1 h at
room temperature. Cell immunostaining was then performed
via incubation with FAK antibody (1:100) at 4°C over-
night. The cells were washed with PBS and incubated with
555-secondary goat anti-rabbit antibodies (sc-362272, 1:100;
Santa Cruz Biotechnology, Inc.) for 1 h at room temperature.
The cells were stained with DAPI for 30 min in the dark at
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Figure 1. Expression levels of microRNA-433 in patients with cervical cancer. (A) GeneChip and (B) reverse transcription-quantitative polymerase chain
reaction analyses for the expression levels of microRNA-433 in patients with cervical cancer. (C) Expression levels of microRNA-433 in patients with cervical
cancer of different clinical stages (I-II and III-IV). Correlation of the expression of microRNA-433 with (D) OS and (E) DFS rate. Data are presented as the
mean =+ standard deviation. #P<0.01, vs. control; “P<0.01, vs. I-II group. Control, healthy volunteers; OS, overall survival; DFS, disease-free survival.

room temperature. Immunofluorescent images were captured
and viewed with a Nikon Eclipse 80i microscope.

Statistical analysis. Data are presented as the mean + standard
deviation. Significant differences between groups were
compared using Student's t-test or one-way analysis of vari-
ance and Tukey's post hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression levels of microRNA-433 in patients with cervical
cancer.Initially,the expression of microRNA-433 was analyzed
using a GeneChip array, which suggested that microRNA-433
was downregulated in patients with cervical cancer, compared
with the control group (Fig. 1A). Subsequently, the expression
of microRNA-433 was analyzed using RT-qPCR analysis,
which suggested that the expression of microRNA-433 was
downregulated in the patients with cervical cancer, compared
with the control group (Fig. 1B). In addition, the expression
levels of microRNA-433 in patients with cervical cancer at
stage III-IV were lower than those of patients with cervical
cancer at stage [-1I (Fig. 1C). Subsequently, the associations
between the expression of microRNA-433 expression and

disease-free survival (DFS) and overall survival (OS) rates
were examined. As shown in Fig. 1D and E, the DFS and OS
rates in patients with low expression levels of microRNA-433
were lower, compared with those in patients with high expres-
sion levels of microRNA-433. These results indicated that
microRNA-433 has a significant role in cervical cancer.

Downregulation of microRNA-433 promotes the growth
and inhibits the apoptosis of cervical cancer cells. The
role of microRNA-433 in the growth of cervical cancer
cells was examined, which suggested that the expression of
microRNA-433 was downregulated following transfection
with anti-microRNA-433 mimics, compared with that in
the negative control group (Fig. 2A). The downregulation of
microRNA-433 promoted growth and metastasis, and inhib-
ited the apoptosis and caspase-3/-9 activity of cervical cancer
cells, compared with the control group (Fig. 2B-H). These
results indicated that the downregulation of microRNA-433

promoted the growth and inhibited the apoptosis of cervical
cancer cells.

Upregulation of microRNA-433 reduces the growth and
promotes the apoptosis of cervical cancer cells. The expres-
sion of microRNA-433 was upregulated in cervical cancer cells
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Figure 2. Downregulation of microRNA-433 promotes cell growth and inhibits apoptosis of cervical cancer cells. (A) Expression of microRNA-433;
(B) cell viability; (C) apoptotic rate; (D) flow cytometry of apoptosis; (E) metastatic rate (magnification, x200); (F) staining for apoptosis; (G) caspase-3
and (H) caspase-9 activity levels. Data are presented as the mean + standard deviation. #P<0.01, vs. control group. Control, negative control group; anti-433,

downregulation of microRNA-433 group.
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Figure 3. Upregulation of microRNA-433 reduces cell growth and promotes apoptosis of cervical cancer. (A) Expression of microRNA-433; (B) cell viability;
(C) apoptotic rate; (D) flow cytometry of apoptosis (E) metastatic rate; (F) staining for metastasis (magnification, x200); (G) caspase-3 and (H) caspase-9
activity levels. Data are presented as the mean + standard deviation. “P<0.01 vs. control group. Control, negative control group; miRNA-433, upregulation of

microRNA-433 group.
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Figure 4. microRNA-433 regulates MDM?2/p53/Bax signaling in cervical cancer. Statistical analysis of the protein expression of (A) MDM2, (B) p53 and
(C) Bax in the miRNA-433 group from (D) western blot analysis. Statistical analysis of the protein expression of (E) MDM2, (F) p53 and (G) Bax in the
anti-433 group from (H) western blot analysis. Data are presented as the mean + standard deviation. *P<0.01, vs. control group. Control, negative control
group; miRNA-433, upregulation of microRNA-433 group; anti-433, downregulation of microRNA-433 group; Bax, B-cell lymphoma-2-associated X protein.

following transfection with microRNA-433 mimics, compared
with that in the control group (Fig. 3A). The upregulation of
microRNA-433 reduced the growth and metastasis, and
promoted the apoptosis and caspase-3/-9 activity of the cervical
cancer cells, compared with the control group (Fig. 3B-H).

MicroRNA-433 regulates MDM2/p53/Bax signaling in
cervical cancer. It was also found that the overexpression
of microRNA-433 induced the protein expression of p53
and Bax, and suppressed that of MDM2 in cervical cancer,
compared with levels in the control group (Fig. 4A-D).
However, the downregulation of microRNA-433 suppressed
the protein expression of p53 and Bax, and induced that of
MDM?2 in cervical cancer, compared with levels in the control
group (Fig. 4E-H).

MicroRNA-433 regulates FAK/PISK/AKT signaling in
cervical cancer. The present study attempted to confirm the
mechanism of microRNA-433 in the growth and metastasis of
cervical cancer cells. MicroRNA-433 was found to target FAK
mRNA (Fig. 5A). The immunofluorescence staining showed
that the downregulation of microRNA-433 induced the
protein expression of FAK, PI3K and p-Akt in cervical cancer,
compared with the their levels in the control group (Fig. 5B).

The overexpression of microRNA-433 suppressed the protein
expression of FAK, PI3K and p-Akt in cervical cancer,
compared with their levels in the control group, whereas the
downregulation of microRNA-433 induced the protein expres-
sion of FAK and p-Akt in cervical cancer, compared with their
levels in the control group (Fig. 5C-F). These results indicated
that FAK/PI3K/AKT signaling is important in the effect of
microRNA-433 on cervical cancer cell growth.

Activation of FAK inhibits the effect of microRNA-433 on the
growth of cervical cancer cells. To further confirm the role of
FAK in the effect of microRNA-433 on the growth of cervical
cancer cells,a FAK plasmid was used to induce the protein expres-
sion of FAK, PI3K and p-Akt in cervical cancer cells following
microRNA-433 induction (Fig. 6A-D). The activation of FAK
suppressed the protein expression of p53 and Bax, and induced
that of MDM?2 in cervical cancer cells following microRNA-433
induction, compared with the microRNA-433 group (Fig. 6E-H).
The activation of FAK increased the growth and metastasis, and
reduced the apoptotic rate of the cervical cancer cells, compared
with cells in the microRNA-433 group (Fig. 7A-E). The
microRNA-433-induced activities of caspase-3/-9 in cervical
cancer cells were decreased by the activation of FAK, compared
with levels in the microRNA-433 group (Fig. 7F and G).
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Figure 5. MicroRNA-433 regulates FAK/PI3K/AKT signaling in cervical cancer. (A) MicroRNA-433 targets FAK mRNA. (B) Immunofluorescence (magni-
fication, x400) for FAK protein expression. Statistical analysis of the protein expression of (C) FAK, (D) PI3K and (E) p-AKT in the miRNA-433 group from
(F) western blot analysis. Statistical analysis of the protein expression of (G) FAK, (H) PI3K and (I) p-AKT in the anti-433 group from (J) western blot analysis.
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group; anti-433, downregulation of microRNA-433 group; FAK, focal adhesion kinase; PI3K, phosphoinositide 3-kinase; p-, phosphorylated.

Inhibition of AKT reduces the effect of microRNA-433 on the
growth of cervical cancer cells. To further confirm the role
of AKT in the effect of microRNA-433 on cervical cancer
cell growth, 0.1 nM of GDC-0032 (MedChemExpress),
an Akt inhibitor, was used. The Akt inhibitor reduced the
protein expression PI3K, p-Akt and MDM2, and increased

the expression of p53 and Bax in cervical cancer in the
anti-microRNA-433 group, compared with expression levels
in the anti-microRNA-433 group (Fig. 8A-G). In addition,
the inhibition of AKT reduced the effect of microRNA-433
on the growth, metastasis and apoptotic rate of the cervical
cancer cells, compared with the anti-microRNA-433
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X protein.

group (Fig. 9A-E). Additionally, the anti-microRNA-433-inhib-
ited activities of caspase-3/-9 in the cervical cancer cells were
increased by the AKT inhibitor, compared with levels in the
anti-microRNA-433 group (Fig. 9F and G). These results indi-
cated that AKT was important in the effect of microRNA-433
on cervical cancer cell growth.

Discussion

Cervical cancer is the most common malignancy in Chinese
women and is also a major contributor to patient mortality
rates (1). Cervical cancer is a malignancy deriving from the
cervical squamo-columnar junction squamous epithelial cells
and gland (1). It has three pathological types, namely, squamous
carcinoma, adenocarcinoma and adenosquamous carcinoma.
Of these, cervical squamous carcinoma accounts for ~80%
of cases (13). Heteromorphism is observed in atypical hyper-
plasia of the cervical squamous epithelium in all layers of the
squamous epithelium. In addition, it invades the mesenchyme
and transfers to other sites to develop invasive carcinoma. This
process forms a continuous lesion, which frequently occurs
over 10 years (14). Early identification and timely treatment
can substantially improve the survival rate of patients with
cervical squamous carcinoma (15). Therefore, investigating the
mechanisms underlying the invasion and metastasis of cervical
cancer cell is of the highest priority (16). In the present study,

the downregulated expression of microRNA-433 in patients
with cervical cancer was investigated. Liang et al showed that
microRNA-433 inhibits the migration and invasion of ovarian
cancer cells via targeting Notchl (17). In the present study,
only one cell line was used, which is a limitation of the study.
Additional cell lines or an animal model are to be used in
further investigations.

MicroRNAs can promote cell proliferation, cell cycle
rearrangement and cell differentiation. In addition, they
can regulate transcription through RNA polymerase (18).
Therefore, microRNAs can accelerate cell differentiation
and proliferation, and promote cancerous development (5).
They can also regulate the immune system, cell apoptosis,
anti-apoptosis and inflammatory responses (13). Therefore,
they can regulate disease genesis and development (18). In
the present study, it was found that the DFS and OS rates of
patients with low microRNA-433 were lower, compared with
those of patients with high microRNA-433. Yang et al revealed
that microRNA-433 inhibits liver cancer cell migration (19).

FAK is a novel tyrosine protein kinase identified by
Schaller et al in 1992 and is the central molecule of the
integrin-mediated signal transduction pathway (20). It is closely
associated with cell adhesion, proliferation, migration, and
apoptosis. Furthermore, it is involved in tumor invasion and
metastasis (21). Evidence indicates that the expression of FAK is
upregulated in invasive cells, including those in ovarian cancer,
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Figure 9. Inhibition of AKT reduces the function of microRNA-433 on cell growth in cervical cancer. (A) Cell viability, (B) apoptotic rate; (C) flow cytometry
of apoptosis, (D) metastatic rate and (E) staining for metastasis (magnification, x200); (F) caspase-3 and (G) caspase-9 activity levels. Data are presented
as the mean + standard deviation. “P<0.01, vs. control group, “P<0.01, vs. anti-433 group. Control, negative control group; anti-433, downregulation of
microRNA-433 group; PI3K I, downregulation of microRNA-433 and AKT inhibitor group. PI3K, phosphoinositide 3-kinase.
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Figure 10. MicroRNA-433 inhibits cell growth and induces apoptosis in
human cervical cancer through PI3K/AKT signaling by targeting FAK.
FAK, focal adhesion kinase; PI3K, phosphoinositide 3-kinase; Bax, B-cell
lymphoma 2-associated X protein.

endometrial cancer and thyroid carcinoma (8). It has been found
that the overexpression of FAK represents an early stage during
the genesis of head and neck cancer, and the activation of FAK
may promote lymph node metastasis (21). Therefore, the over-
expression of FAK may be a common pathway for the invasion
and metastasis potentials of all tumor types. In addition, the
expression level of FAK may serve as an early marker of tumor
invasion and metastasis (20). The results of the present study
suggested that the overexpression of microRNA-433 suppressed

the protein expression of FAK, PI3K and p-Akt in cervical
cancer. Wang et al reported that microRNA-433 downregulates
FAK to inhibit the proliferation, migration, and invasiveness of
SCC-9 oral squamous cell carcinoma cells (22).

Akt, also known as protein kinase B, is a serine/threonine
kinase. The phosphorylation of its active regions, Thr308 and
C-terminal Ser473, is required for its complete activation (23).
The activation of Akt can regulate multiple downstream target
proteins, including the forkhead box O family, nuclear factor-« B
and mTOR (24). In addition, it can regulate cell proliferation
and survival by activating or inhibiting these downstream
signaling molecules through phosphorylation (23,24).
Following activation, Akt can promote the glycolytic pathway
in tumor cells; it can also regulate Bcl-2 family protein
activity through glucose metabolism activity (25). Therefore,
it can inhibit cell apoptosis. The results of the present study
showed that the inhibition of PI3K inhibited the function of
anti-microRNA-433 on the growth of cervical cancer cells.
Xue et al reported that microRNA-433 inhibits cell prolifera-
tion in hepatocellular carcinoma via PI3K/AKT signaling (26).
In the present study, an AKT inhibitor (GDC-0032) was used,
and drug activators or inhibitors are to be examined in further
investigations.

It has been suggested that the expression of microRNA-433
is downregulated in patients with cervical cancer.
MicroRNA-433 suppressed cancer cell growth in cervical
cancer via FAK/PI3K/AKT signaling (Fig. 10), thereby
providing a novel option for the treatment of cervical cancer.
This link between microRNA-433 and FAK/PI3K/AKT
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signaling identifies a novel potential therapeutic target for the
treatment of cervical cancer.
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