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Background: The phosphoinositide 3-kinase (PI3K)/Akt signalling pathway appears to be a key regulator in cervical
carcinogenesis. However, the downstream regulatory mechanism of PI3K/Akt signalling remains largely unknown.

Methods: The expression of miR-196a in cervical cancer cell lines and cervical cancer tissues was examined using real-time PCR.
The effects of miR-196a on PI3K/Akt signalling and cellular proliferation were evaluated by bromodeoxyuridine labelling, 3-(4,5-
Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoliumbromide, colony formation assays and luciferase assays.

Results: The expression level of miR-196a was markedly increased in cervical cancer tissues and cell lines compared with normal
cervical tissue and normal cervical squamous cells. Upregulation of miR-196a was correlated with advanced tumour stage and poor
overall and recurrence-free survival in cervical cancer patients. Upregulation of miR-196a enhanced G1/S-phase transition and the
proliferative ability of cervical cancer cells, whereas suppression of miR-196a had the opposite effect. Using bioinformatics and
biological approaches, we showed that FOXO1 and p27Kip1, two key effectors of PI3K/Akt signalling, were direct targets of miR-196a.

Conclusions: Our findings suggest that miR-196a has an important role in promoting human cervical cancer cell proliferation and
may represent a novel therapeutic target of microRNA-mediated suppression of cell proliferation in cervical cancer.

Cervical cancer is one of the most common malignant tumours of the
female reproductive tract (Jemal et al, 2011). Approximately 500 000
new cases are diagnosed each year, of which an estimated 274 000
will prove to be fatal (Haie-Meder et al, 2010). In the last several
decades, significant advances have been made in understanding the
mechanism of cervical carcinogenesis (Castellsague et al, 2006).
However, the detailed mechanism of cervical carcinogenesis remains
largely unknown. Therefore, identifying key factors in cervical cancer
development may provide potential therapeutic targets for the
prevention and treatment of cervical cancer.

The phosphoinositide 3-kinase (PI3K)/Akt signalling pathway
appears to be a key regulator in cervical carcinogenesis, as it is
activated in more than 90% of cervical carcinomas (Du and Wang,
2012). Akt signalling is a downstream target of HPV E6/E7

oncoproteins, which have been identified as major mediators of
cervical cancer development (Castellsague, 2008). The expression
of HPV-type 16 E7 caused upregulation of Akt activity and
inhibition of cell hyperproliferation via interaction with the Rb
protein (Menges et al, 2006). Similarly, HPV-type 18 E6 protein
upregulates the phospho-PI3K protein, which correlates with
activated MAPKs and cell proliferation (Chakrabarti et al, 2004).
Gene expression profiling also suggested that the PI3K/Akt
pathway represents a therapeutic target in cervical cancer
(Schwarz et al, 2012). Therefore, targeting PI3K/Akt signalling
pathway might be an attractive strategy for inhibiting tumour
growth and invasion of cervical cancer.

MicroRNAs (miRNAs) are small non-coding, single-stranded
RNAs that control gene expression by inhibiting mRNA
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translation or by inducing mRNA degradation (Ambros, 2004;
Kloosterman and Plasterk, 2006). MicroRNAs can regulate multiple
steps of tumour growth and progression by modulating the
expression of many genes. In recent years, the role of miRNAs in
regulating the expression of cell cycle-related genes at the post-
transcriptional level has been investigated. For example, miR-96
has been shown to promote human breast cancer cell proliferation
by downregulating FOXO3a expression (Lin et al, 2010). miR-194
has been suggested to act as a tumour suppressor that inhibits
metastasis of non-small cell lung cancer by targeting BMP1 and
cyclin-dependent kinase inhibitor p27Kip1 (Wu et al, 2013).
However, there have been few detailed studies on the role of
miRNAs in cervical cancer.

In the current study, we identified miR-196a, which was selected
from a previously published microarray data set (NCBI/GEO/
GSE6188), as a candidate oncogenic miRNA in cervical cancer.
Our in vitro studies showed that expression of miR-196a was
markedly elevated in cervical cancer cells and surgical cervical
cancer specimens, and that miR-196a expression was correlated
with tumour stage and clinical prognosis of cervical cancer.
Furthermore, we demonstrated that miR-196a promotes cervical
cancer cell proliferation by binding to the 30-untranslated region
(UTR) of FOXO1 and p27Kip1 mRNA. Thus, miR-196a may have a
fundamental role in the development and progression of cervical
cancer.

MATERIALS AND METHODS

Patients and tissue specimens. This study was conducted on 92
snap-frozen cervical cancer samples, which were histopatho-
logically diagnosed at the Sun Yat-Sen University Cancer Center
(SYSUCC) between 2006 and 2008. Clinical and clinicopathological
classification and staging were performed according to the
International Federation of Gynecology and Obstetrics criteria
(Pecorelli, 2009): 53 were allocated to stage IB1, 14 to stage IB2, 15
to stage IIA1, 6 to stage IIA2 and 4 to stage IIB. Follow-up after
surgical resection was available for all patients with a median time
of 45.6 months (range 1.2–60 months). The overall survival and
recurrence-free survival time were calculated as the time from the
date of the primary surgery to the date of death or first recurrence.
In all 92 snap-frozen cervical cancer samples, the HC2 assay
(Digene Corporation, Gaithersburg, MD, USA) was used to detect
the presence of high-risk HPV DNA, including DNA from HPV-
type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68. The HPV
DNA testing was performed according to the manufacturer’s
instructions. High-risk HPV was detected in 82 cases, which gave
an overall infection rate of 89.1%. In addition, 10 pairs of freshly
prepared cervical tumour and matched normal tissue from
adjacent regions were collected at SYSUCC in 2011. In order to
use these clinical materials for scientific purposes, both patient-
informed consent and approval from the Institutional Research
Ethics Committee were obtained.

Cell culture. Primary normal cervical squamous cells (NCSC)
obtained from adjacent non-cancerous cervical tissue were cultured
in keratinocyte serum-free medium (Invitrogen, Carlsbad, CA,
USA) supplemented with epithelial growth factor, bovine pituitary
extract and antibiotics (1% streptomycin and 1% penicillin).
Cervical cancer cell lines (MS751, C33A, HeLa, HeLa229, SiHa,
HCC94, CaSKi, HT-3 and ME-180) were grown in DMEM
(Invitrogen). All cells were supplemented with 10% fetal bovine
serum (HyClone, Logan, UT, USA) and 1% penicillin/streptomycin
(Invitrogen).

RNA extraction, reverse transcription and real-time PCR. Total
miRNA from cultured cells and fresh surgical cervical cancer
tissues was extracted with the mirVana miRNA Isolation Kit

(Ambion, Austin, TX, USA) according to the manufacturer’s
instructions. Complementary DNA was synthesised from 5 ng of
total RNA using the Taqman miRNA reverse transcription kit
(Applied Biosystems, Foster City, CA, USA). Expression levels of
miR-196a were quantified using the miRNA-specific TaqMan
MiRNA Assay Kit (Applied Biosystems). Real-time PCR was
performed using the Applied Biosystems 7500 Sequence Detection
System. The expression of miR-196a was defined based on the
threshold cycle (Ct), and relative expression levels were calculated
as 2� [(Ct of miR196a)� (Ct of U6)] after normalisation with reference to
expression of U6 small nuclear RNA. The primers used are
shown in Supplementary Table 1. Expression data were normalised
to the geometric mean of the housekeeping gene a-tubulin to
control for the variability in expression levels and calculated as
2� [(Ct of p21 or cyclin D1)� (Ct of a-tubulin)], where Ct represents the
threshold cycle for each transcript.

Western blotting. Western blotting was performed according to
standard methods as previously described (Li et al, 2008). Cells
were collected in sampling buffer (62.5 mmol l� 1 Tris–HCl (pH
6.8), 10% glycerol, 2% SDS) and heated for 5 min at 100 1C. The
protein concentration was determined by the Bradford assay using
a commercial kit (Bio-Rad, Hercules, CA, USA). Equal quantities
of protein were separated on 10% SDS–polyacrylamide gels and
transferred onto polyvinylidenedifluoride membranes (Roche,
Mannheim, Germany). The membranes were probed with
polyclonal rabbit antibody against FOXO1 (1 : 1000; Cell Signaling,
Danvers, MA, USA), p27 (1 : 1000; Cell Signaling), p21 (1 : 1000;
Cell Signaling) and cyclin D1 (1 : 1000; Cell Signaling). Primary
antibody binding was detected using horseradish peroxidase-
conjugated anti-rabbit IgG (1 : 3000) and enhanced chemilumines-
cence (Pierce, Rockford, IL, USA) according to the manufacturer’s
protocols. The membranes were stripped and re-blotted with
an anti-a-tubulin mouse monoclonal antibody (1 : 1000; Sigma,
St Louis, MO, USA) as a loading control.

Plasmids and transfection. The FOXO1-30-UTR comprises 3385
base pairs (bp) with a conserved miR-196a-binding site at
nucleotides 470–476. The p27Kip1 30-UTR comprises 1344 bp with
a conserved miR-196a-binding site at nucleotides 245–251. Human
FOXO1 (without 30-UTR) and FOXO1-30-UTR (with 30-UTR)
were amplified by PCR amplification from a human liver cDNA
library (Clontech, Mountain View, CA, USA) and cloned into the
pMSCV vector. The regions of FOXO1-30-UTR and p27Kip1

30-UTR were generated by PCR from NCSC and cloned into the
pGL3 vector (Promega, Madison, WI, USA). The primers used are
shown in Supplementary Table 1. The FOXO1 reporter plasmid
p3xIRS-MLP-luc was constructed as previously described (Huang
et al, 2005). The miR-196a mimics, negative control (NC) and
anti-miR-196a inhibitor were purchased from RiboBio Co. Ltd.
(Guangzhou, Guangdong, China). MicroRNA or miRNA inhibitor
was transfected with Lipofectamine 2000 reagent (Invitrogen)
according to the manufacturer’s instructions.

Luciferase assays. Cervical cancer cells (3.5� 104) were seeded in
triplicate in 24-well plates and allowed to settle for 24 h. One
hundred ng each of the p3x-IRS-MLP-luciferase plasmid, pGL3-
FOXO1-30-UTR (wt/mu) plasmid, pGL3-p27Kip1-30-UTR (wt/mu)
plasmid or control luciferase plasmid plus 1 ng of the pRL-TK
renilla plasmid (Promega) were then transfected into cervical
cancer cells using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s recommendations. Luciferase and renilla activity
were measured 48 h after transfection using the Dual Luciferase
Reporter Assay Kit (Promega) according to the manufacturer’s
instructions. Three independent experiments were performed and
the data were presented as the mean±s.d.

BrdU labelling. Cells grown on coverslips (Fisher, Pittsburgh, PA,
USA) at 70% confluence were incubated with bromodeoxyuridine
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(BrdU) for 1 h. Cells were then stained with anti-BrdU antibody
(Upstate, Temecula, CA, USA) according to the manufacturer’s
instructions. Gray level images were acquired under a laser-
scanning microscope (Axioskop 2 plus, Carl Zeiss Co. Ltd., Jena,
Germany).

Colony formation assays. Cells were plated into 60 mm dishes
(0.5� 103 cells per plate) and cultured at 37 1C in 5% CO2. After 10
days, colonies were stained with 1.0% crystal violet for 30 s after
fixation with 10% formaldehyde for 5 min.

MTT assay. Cells were seeded into 96-well plates at indicated time
points with 100 ml sterile 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazoliumbromide (MTT) dye (0.5 mg ml� 1, Sigma) for 4 h
at 37 1C. The medium was then removed and 150 ml dimethyl
sulphoxide (Sigma) was added. The absorbance was measured at
570 nm, with 655 nm as the reference wavelength. All experiments
were performed in triplicate.

Flow cytometry analysis. Cells were collected by trypsinisation,
washed in ice-cold PBS and fixed in 80% ice-cold ethanol in PBS.
Before staining, the cells were pelleted by centrifugation at 4 1C and
resuspended in chilled PBS. Bovine pancreatic RNase (Sigma) was
added at a final concentration of 2 mg ml� 1. The cells were then
incubated at 37 1C for 30 min, followed by incubation in 20 mg ml� 1

of propidium iodide (Sigma-Aldrich, St Louis, MO, USA) for 20 min
at room temperature. Fifty thousand cells per group were analysed on
a flow cytometer (FACSCalibur; BD Biosciences, San Jose, CA, USA).

Statistical analysis. The two-tailed Student’s t-test was used to
evaluate the significance of the difference between two groups in all
pertinent experiments. Overall and recurrence-free survival curves
were plotted according to the Kaplan–Meier method, with the
log-rank test applied for comparison. The correlation between

miR-196a and FOXO1 expression was evaluated using Pearson’s
test. P-valueso0.05 in all cases were considered statistically
significant.

RESULTS

miR-196a is upregulated in cervical cancer cell lines and cervical
cancer tissues. To examine levels of miR-196a expression in
cervical cancer, we conducted real-time PCR to measure the miR-
196a expression in 9 cervical cancer cell lines and in 10 pairs of
cervical cancer tissues and their adjacent normal tissues (NCSC).
The results showed that miR-196a was markedly increased in all
nine cervical cancer cell lines (MS751, C33A, HeLa, HeLa229,
SiHa, HCC94, CaSKi, HT-3 and ME-180) compared with NCSC
(Figure 1A). Consistent with the results found in the cell lines,
miR-196a expression was significantly higher in the 10 cervical
cancer tissue specimens compared with their normal tissue
counterparts (Figure 1B), indicating that miR-196a is upregulated
in cervical cancer.

miR-196a expression is correlated with clinical features and
prognosis in cervical cancer patients. In order to determine
whether there was any correlation between miR-196a expression
and clinical features or prognosis of cervical cancer patients, we
split the 92 patients into two groups based on miR-196a expression
levels (low vs high) with the median expression level as a cutoff
point. The Kaplan–Meier analysis revealed that high miR-196a
levels were significantly correlated with the reduced overall and
disease-free survival in the 92 cervical cancer patients (Figure 2A
and B). Upregulation of miR-196a was correlated with tumour stage
(P¼ 0.011) but not with age, HPV status, tumour size, tumour
differentiation or lymph node status (Supplementary Table 2).
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Figure 1. miR-196a expression is increased in cervical cancer tissues and cell lines. (A) Expression of miR-196a in normal cervical squamous cells
(NCSCs) and cervical cancer cell lines (MS751, C33A, HeLa, HeLa229, SiHa, HCC94, CaSKi, HT-3 and ME-180) by real-time PCR. (B) Expression of
miR-196a in 10 paired cervical tumour tissues (T) and their adjacent normal tissues (ANT) by real-time PCR. miR-196a expression was normalised by
U6 expression. Scale bars represent the means of three independent experiments. *Po0.05.
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Figure 2. miR-196a expression correlates with poor survival in cervical cancer patients. (A) Expression levels of miR-196a in 92 cervical cancer
samples by real-time PCR. miR-196a expression was normalised by U6 expression. (B) Kaplan–Meier curves revealed that patients with high levels
of miR-196a expression showed reduced overall survival (left) and recurrence-free survival (right) rates compared with patients with low levels of
miR-196a expression (log-rank test). Error bars represent mean±s.d. from three independent experiments.
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These results indicate an important role for miR-196a in cervical
cancer progression and prognosis.

Overexpression of miR-196a enhances proliferation of cervical
cancer cells. To analyse the effect of miR-196a on proliferation of
cervical cancer cells, we transfected miR-196a mimics into C33A
and CaSki cell lines. 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazoliumbromide and colony formation assays showed that
overexpression of miR-196a dramatically increased the growth rate

of both cervical cancer lines vs the NC; (Figure 3A–C). In addition,
a higher percentage of BrdU-positive cells were observed in miR-
196a-transfected C33A (57.2%) and CaSki cells (55.1%) compared
with the NC cells (33 and 31% for C33A and CaSki, respectively;
(Figure 3D). Thus, upregulation of miR-196a promoted the
proliferation of cervical cancer cells.

Inhibition of miR-196a reduces proliferation of cervical cancer
cells. To further demonstrate the role of miR-196a on proliferation
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of cervical cancer cells, we transfected an miR-196a inhibitor into
C33A and CaSki cell lines. As shown in Figure 4A–C, over-
expression of the miR-196a inhibitor significantly decreased the
growth rate of both cervical cancer lines as compared with the NC.
Moreover, a lower percentage of BrdU-positive cells were observed
in miR-196a inhibitor-transfected C33A (23.8%) and CaSki cells
(22.1%) than in the NC cells (37.2 and 33.0% for C33A and
CaSki, respectively; Figure 4D). Thus, downregulation of
miR-196a suppressed the proliferation of cervical cancer cells.

Effect of miR-196a on cell cycle in vitro. As miR-196a
significantly affected cell proliferation in C33A and CaSki cells,
we hypothesised that miR-196a could function by affecting the cell
cycle of cervical cancer cells. We tested this hypothesis by flow
cytometry. The results revealed that ectopic expression of miR-
196a drastically decreased the percentage of cells in the G1/G0
peak and increased the percentage of cells in the S peak in both
C33A and CaSki cells compared with NC cells (Figure 5A and C).
Overexpressing the miR-196a inhibitor dramatically increased the
number of cells in the G0/G1 peak and decreased those in the
S peak (Figure 5B and C). Thus, overexpression of miR-196a may
enhance the proliferation of cervical cancer cells by promoting the
G1/S cell cycle transition.

miR-196a decreases cell cycle inhibitor p21Cip1and increases cell
cycle regulator cyclin D1. As overexpression of miR-196a appears
tightly linked to the proliferation of cervical cancer cells, we further

investigated whether the CDK inhibitor p21Cip1 or the CDK
regulator cyclin D1 could be regulated by miR-196a. Western
blotting and real-time PCR analysis revealed that p21Cip1 was
downregulated, whereas cyclinD1 was upregulated in miR-
196a-transfected cells compared with NC-transfected cells
(Figure 5A and B). These results supported our hypothesis that
miR-196a has a critical role in the growth of cervical cancer cells.

FOXO1 and p27Kip1 are direct targets of miR-196a in cervical
cancer cells. To identify the target genes of miR-196a regulation,
we searched publicly available databases (TargetScan, Pictar,
miRANDA) and selected FOXO1 and p27Kip1 as potential
downstream target genes (Figure 6C). As predicted, western
blotting revealed that ectopic expression of miR-196a in C33A
and CaSki cells decreased the expression of FOXO1 and p27Kip1

proteins, whereas ectopic expression of the miR-196a inhibitor
increased their expression (Figure 6D). Moreover, ectopic expres-
sion of miR-196a decreased FOXO1 transcriptional activity,
whereas inhibition of miR-196a increased transcriptional activity
of FOXO1 in both cell lines (Figure 6E). We then subcloned the
30-UTRs of FOXO1 and p27Kip1 into the pGL3 luciferase reporter.
As shown in Figure 6F, transfection of miR-196a consistently
suppressed the luciferase activity of the FOXO1 and p27 30-UTR
luciferase reporter plasmids in both C33A and CaSki cells, whereas
transfection of the miR-196a inhibitor rescued the suppression.
Point mutations in the miR-196a-binding seed region of the
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FOXO1 or p27 30-UTR abrogated the repressive effect of
miR-196a. Thus, the data suggest that FOXO1and p27Kip1 are
genuine targets of miR-196a.

FOXO1 is involved in miR-196a-induced cell proliferation of
cervical cancer. To further elucidate the function of miR-
196a-induced proliferation through FOXO1 repression, FOXO1
(without 30-UTR) and FOXO1-30-UTR (with 30-UTR) were trans-
fected into miR-196a-overexpressing cells. As expected, western
blotting revealed that FOXO1 was significantly downregulated upon
miR-196a transfection but was rescued after transfection of FOXO1-
30-UTR (Figure 7A). Overexpressing miR-196a significantly changed
the expression of p21Cip1 and cyclin D1. The effects of miR-196a
on the modulation of p21Cip1 and cyclin D1 could be reversed by
ectopic expression of FOXO1 but were unaffected by transfection
of FOXO1-30-UTR (Figure 7B). We also observed that the
luciferase activity of the FOXO1 reporter was decreased in
miR-196a-overexpressing cells. The inhibitory effects of miR-196a
could be abolished upon transfection with FOXO1 but not with
FOXO1-30-UTR (Figure 7C). Moreover, MTT assay showed that
co-transfection of miR-196a and FOXO1 could rescue the
miR-196a-promoted proliferation, whereas co-transfection of
miR-196a and FOXO1-30-UTR could not (Figure 7D). Furthermore,
miR-196a and cyclin D1 mRNA expression were dramatically

upregulated, whereas the expression level of p21Cip1 mRNA was
downregulated in cervical carcinoma tissues as compared with
normal cervical tissues (Figure 7E). To examine the relationship
between miR-196a and FOXO1 expression in cervical cancer, the
expression level of FOXO1 protein in eight freshly prepared
cervical cancer tissue samples was examined. Statistical analysis
demonstrated that miR-196a expression was inversely correlated
with FOXO1 expression (r¼ � 0.784, P¼ 0.007; Figure 7F).
Collectively, these results suggest that miR-196a promotes cellular
proliferation by inhibition of FOXO1.

DISCUSSION

This study showed that miR-196a expression was significantly
upregulated in human cervical cancer tissues and cell lines and that
this upregulation was associated with tumour stage and prognosis.
In addition, ectopic expression of miR-196a promoted G1/S-phase
transition and cell proliferation in cervical cancer cell lines,
whereas silencing of miR-196a reduced these effects. Additional
in vitro studies showed that FOXO1 and p27Kip1 are direct targets
of miR-196a. Our study suggests that miR-196a may have an
essential role in the tumorigenesis and progression of cervical
cancer.
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The PI3K/Akt signalling pathway is involved in tumour cell
proliferation during the development of cervical cancer, and
downstream effectors of PI3K/Akt signalling are promising targets
for cervical cancer therapy (Wu et al, 2013). In the present study,
we identified miR-196a as a candidate oncogenic miR by targeting
PI3K/Akt in cervical carcinogenesis. miR-196a is located in the
vertebrate homoeobox (HOX) gene cluster region, which encodes
homoeodomain-containing transcription factors that regulate
differential genetic programmes during embryonic development
(Alonso, 2002; Woltering and Durston, 2008). The expression of
miR-196a is influenced by regulatory controls imposed on the
HOX clusters (Mansfield et al, 2004). Previous studies have
demonstrated that miR-196a expression is upregulated in several
cancers, including oesophageal adenocarcinoma, pancreatic cancer,
breast cancer, leukaemia and colorectal cancer (Hui et al, 2009;
Maru et al, 2009; Schimanski et al, 2009; Schotte et al, 2009; Zhang
et al, 2009). However, there have been no reports on miR-196a
oncogenic function in cervical cancer. In the present study, we
found that miR-196a was markedly upregulated in cervical cancer
cell lines compared with normal cervical cells and that over-
expression of miR-196a in cervical cancer cell lines promoted
tumour cell proliferation. Interestingly, highly proliferative cells,
such as HeLa, HeLa229 and ME-180 (Vannucchi et al, 2000; Kwan
et al, 2013), express high levels of miR-196a. Moreover, miR-196a
expression was dramatically upregulated in cervical cancer speci-
mens compared with adjacent normal cervix, and higher miR-196a
expression was significantly correlated with advanced tumour
stage and poor clinical prognosis in cervical cancer patients.

These studies implicate miR-196a as an oncogenic miR and
indicate that miR-196a may have an important role in cervical
cancer development.

By using several algorithms, we identified FOXO1 and p27Kip1

as potential targets of miR-196a. The luciferase activity assay and
point mutation analysis demonstrated that the downregulation of
FOXO1 and p27Kip1 was mediated by miR196-a through the
FOXO1-30-UTR and the p27-30-UTR, respectively. Transfection of
C33A and CaSki cells with FOXO1 (without 30-UTR) significantly
inhibited miR-196a-induced proliferation, whereas transfection
with FOXO1-30-UTR (with 30-UTR) only partially suppressed the
proliferation induced by miR-196a overexpression. Expression of
FOXO1 and p27Kip1 proteins was also significantly downregulated
in miR-196a-overexpressing C33A and CaSki cells. Moreover, we
observed an inverse correlation of miR-196a and FOXO1 protein
expression in cervical cancer cell lines and clinical samples. Thus,
we concluded that miR-196a mediates cervical cancer cell
proliferation by targeting the 30-UTRs of FOXO1 and p27Kip1.

The Forkhead box O (FOXO) proteins (FOXO1, FOXO3a,
FOXO4 and FOXO6) are key effectors of PI3K/Akt signalling and
regulate many biological processes, such as cell cycle regulation,
cell differentiation, tumorigenesis and oxidative stress responses
(Huang and Tindall, 2007; Kousteni, 2011). FOXO expression
leads to G1/S arrest, resulting from increased expression of cyclin-
dependent kinase inhibitors p21Cip1 and p27Kip1, and down-
regulation of cyclin D1 (Schmidt et al, 2002; Huang and Tindall,
2007; Zhang et al, 2011). Of the FOXO family members, only
FOXO1 has been shown to have a crucial role in female genital
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tract cancer development. Myatt et al (2010) revealed that
repression of FOXO1 resulted in a deregulated cell cycle and
impaired cell death control, which might have a central role in
endometrial tumorigenesis. Magro et al (2012) discovered that the
FOXO1 gene was monoallelically deleted in most cases of vaginal
myofibroblastoma. Our study is the first to have identified FOXO1
as a genuine target of miR-196a, suggesting a crucial functional
role of FOXO1 in cervical tumorigenesis. In line with our study,
Tang et al (2013) found that overexpression of miR-182 was
associated with a decreased expression of FOXO1 in HeLa cells.
Similarly, Wu et al (2012) showed that miR-233 expression was
inversely correlated with FOXO1 expression and cell cycle arrest in
HeLa cells. However, neither study identified FOXO1 as a direct
target of the two miRNAs.

We also identified p27Kip1, a downstream effector of FOXO1, as
a target of miR-196a. As a tight modulator of CDK-dependent
phenotypes, p27Kip1 correlates with tumour growth and aggres-
siveness. When p27Kip1 is localised in the cytosol, it acts as a
cytoskeleton-remodelling protein. In the nucleus, p27Kip1 functions
as an anti-proliferative protein (Borriello et al, 2011). In the cancer
research field, it is known that ectopic expression of p27Kip1

induces growth arrest of cancer cells and suppresses cancer
xenograft growth (Park et al, 2001). Transactivation of p27Kip1

inhibits cancer cell growth (Wu and Zheng, 2013). It has also been
reported that miR-196a could promote gastric cancer cell
proliferation by downregulating p27Kip1 (Sun et al, 2012). Our
results are similar to this report, implying that p27Kip1 could be
downregulated by miR in cervical cancer. Further studies are
required to examine whether other miRNAs or mechanisms can
regulate FOXO1/p27Kip1 expression in cervical cancer, and whether
miR-196a can target other isoforms of the FOXO family or cell
cycle regulators.

In summary, the present study identified for the first time the
correlation between miR-196a-mediated cervical cancer cell
proliferation and downregulation of FOXO1 and p27Kip1. Our
findings revealed a crucial role for miR-196a in regulating cell cycle
checkpoints and cervical cancer cell proliferation. Understanding
the precise role had by miR-196a in inducing tumour cell
proliferation will increase our understanding of the biology of
cervical cancer and inhibition of miR-196a may represent a novel
therapeutic strategy in the treatment of cervical cancer.
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