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MiRNA-494 inhibits metastasis of cervical cancer through Pttg1
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Abstract Many cervical cancer (CC) patients experience ear-
ly cancer metastasis, resulting in poor therapeutic outcome
after resection of primary cancer. Hence, there is a compelling
requirement for understanding of the molecular mechanisms
underlying the invasiveness control of CC. Pituitary tumor-
transforming gene 1 (Pttg1) has been recently reported to pro-
mote cancer cell growth and metastasis in a number of various
tumors. However, its regulation by microRNAs (miRNAs) as
well as its role in CC have not been clarified. Here, we report-
ed significantly higher levels of Pttg1 and significantly lower
levels of miR-494 in the resected CC tissue, compared with
the adjacent normal cervical tissue from the same patient.
Interestingly, Pttg1 levels inversely correlated with miR-494
levels. In vitro, Pttg1 levels determined CC cell invasiveness
and were inhibited by miR-494 levels. However, miR-494
levels were not affected by Pttg1 levels. Furthermore, miR-
494 inhibited Pttg1 expression in CC cells, through directly
binding and inhibition on 3′-UTR of Pttg1 mRNA. To-
gether, our data suggest that Pttg1 may increase CC cell
metastasis, which is negatively regulated by miR-494.
Our work thus highlights a novel molecular regulatory
machinery in metastasis of CC.
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Introduction

Many cervical cancer (CC) patients experience early cancer
metastasis, resulting in poor therapeutic outcome after resec-
tion of primary cancer [1–4]. Hence, there is a compelling
requirement for understanding of the molecular mechanisms
underlying the invasiveness control of CC.

Pituitary tumor-transforming gene 1 (Pttg1, also known as
securin) has been shown to promote a cell to enter an active
cell cycle [5–8]. Recently, Pttg1 was reported to promote can-
cer cell growth and metastasis in a number of various tumors
[9–28]. However, a role of Pttg1 in the tumorigenesis of CC is
not determined. Moreover, the molecular mechanisms un-
derlying the downstream signal transduction of Pttg1 as
well as the regulation of Pttg1 expression in cancer cells
remain largely unknown.

MicroRNA (miRNA) is a class of non-coding small RNA
of comprised of about 22 nucleotides. MiRNA has been found
to regulate the gene expression post-transcriptionally, through
its base-pairing with the 3′-untranslated region (3′-UTR) of
target mRNA [29, 30]. It has been shown that miRNA regu-
lates many biological events including cancer development.
Among all miRNAs, miR-494 has just been recently recog-
nized as a tumor-suppressive microRNA in various types of
cancer, including gastric cancer [31, 32], lung cancer [33, 34],
oral cancer [35, 36], and brain cancer [37, 38]. However, a role
of miR-494 in the pathogenesis of CC and its relationship with
Pttg1 have not been acknowledged before.

Here, we reported significantly higher levels of Pttg1 and
significantly lower levels of miR-494 in the resected CC tis-
sue, compared with the adjacent normal cervical tissue from
the same patient. Interestingly, Pttg1 levels inversely correlat-
ed with miR-494 levels. In vitro, Pttg1 levels determined CC
cell invasiveness and were inhibited by miR-494 levels. How-
ever, miR-494 levels were not affected by Pttg1 levels.
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Furthermore, miR-494 inhibited Pttg1 expression in CC cells,
through directly binding and inhibition on 3′-UTR of Pttg1
mRNA. Together, our data suggest that Pttg1 may increase
CC cell metastasis, which is negatively regulated by miR-494.

Materials and methods

Specimens from patients

A total of 22 patients with CC were included in the study. The
resected specimens (paired CC tissue and the adjacent normal
cervical tissue (NCT)) from the patients were used for analyz-
ing transcripts of Pttg1 and miR-494. All specimens had been
histologically and clinically diagnosed at Department of Ob-
stetrics andGynecology ofAir Force General Hospital of PLA
from 2008 to 2013. For the use of these clinical materials for
research purposes, prior patient’s consents and approval from
the Institutional Research Ethics Committee were obtained.

Cell line culture and transfection

Human CC cell line Hela S3 (H3) is a clonal derivative of the
parent Hela line. H3 was cloned in 1955 by T.T. Puck, P.I.
Marcus, and S.J. Cieciura [39] and was purchased fromAmer-
ican Type Culture Collection (ATCC, Rockville, MD, USA).
Cells were maintained in Dulbecco’s modified Eagle’s medi-
um (DMEM, Invitrogen, Carlsbad, CA, USA) supplemented
with 15 % fetal bovine serum (FBS; Sigma-Aldrich, St Louis,
MO, USA) in a humidified chamber with 5 % CO2 at 37 °C.
The plasmids that contain transgene or shRNA for Pttg1 were
kindly provided by Dr. Shengquan Huang (Xinqiao Hospital,
Third Military Medical University, China) and have been de-
scribed before [21]. The constructs for miR-494, miR-494
antisense (as-miR-494) were all purchased fromGeneCopoeia
(Rockville, MD, USA). Transfection was performed with
2 μg plasmids using the Lipofectamine 2000 according to
the manufacturer’s instructions (Invitrogen).

Scratch wound healing assay

Scratch wound healing assay was performed as has been de-
scribed previously [40]. Cells were seeded in 24-well plates at
a density of 104 cells/well in complete DMEM and cultured to
confluence. The cell monolayer was serum starved overnight
in DMEM prior to initiating of the experiment. Confluent cell
monolayer were then scraped with a yellow pipette tip to gen-
erate scratch wounds and washed twice with media to remove
cell debris. Cells were incubated at 37 °C for 24 hours. Time
lapse images were captured after 12 h. Images were captured
from five randomly selected fields in each sample, and the
wound areas were calculated by NIH ImageJ software.

Transwell cell migration assay

Cells (105) were plated into the top side of polycarbonate
transwell filter coated with Matrigel in the upper chamber of
the BioCoat™ Invasion Chambers (Becton-Dickinson
Biosciences, Bedford, MA, USA) and incubated at 37 °C for
22 h. The cells inside the upper chamber with cotton swabs
were then removed. Migratory and invasive cells on the lower
membrane surface were fixed, stained with hematoxylin, and
counted for 10 random 100× fields per well. Cell counts are
expressed as the mean number of cells per field of view. Five
independent experiments were performed and the data are
presented as mean±standard deviation (SD).

RNA extraction, reverse transcription, and quantitative
RT-PCR

MiRNA and total RNA were extracted from resected speci-
men from the patients or from cultured cells with miRNeasy
mini kit or RNeasy kit (Qiagen, Hilden, Germany), respective-
ly, for complementary DNA (cDNA) synthesis. cDNA was
randomly primed from 2 μg of total RNA using the
Omniscript reverse transcription kit (Qiagen). RT-qPCR was
subsequently performed in triplicate with a 1:4 dilution of
cDNA using the Quantitect SyBr green PCR system
(Qiagen) on a Rotorgene 6000 series PCR machine. Quanti-
tative PCR (RT-qPCR) were performed in duplicates with
QuantiTect SYBR Green PCR Kit (Qiagen). All primers were
purchased from Qiagen. Data were collected and analyzed
with the Rotorgene software accompanying the PCRmachine,
using 2–△△Ct method for quantification of the relative mRNA
expression levels. Values of genes were first normalized
against α-tubulin and then compared to controls.

Western blot

Total protein was extracted from the cultured cells by RIPA
buffer (Sigma-Aldrich). Equal amount of proteins was loaded
in the gel. Primary antibodies for Western blot are rabbit anti-
Pttg1 and anti-α-tubulin (all purchased from Cell Signaling,
St. Jose, LA, USA). Secondary antibody is HRP-conjugated
anti-rabbit (Jackson ImmunoResearch Labs, West Grove, PA,
USA). Images shown in the figure were representatives from
five repetitions.

Luciferase-reporter activity assay

Luciferase-reporters were successfully constructed using mo-
lecular cloning technology. Target sequence for Pttg1 miRNA
3′UTR clone was purchased from Creative Biogene (Shirley,
NY, USA). H3-miR-494, H3-scr, or H3-as-miR-494 cells
were seeded in 24-well plates for 24 h, after which they were
transfected with 1 μg of luciferase-reporter plasmids per well
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using PEI Transfection Reagent. Luciferase activities were
measured using the dual luciferase-reporter gene assay kit
(Promega, Beijing, China), according to the manufacturer’s
instructions.

Statistical analysis

Statistical analyses were performed with SPSS 19.0 software
(SSPS Inc., Chicago, IL, USA). All data were statistically
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Fig. 1 Pttg1 and miR-494 levels
inversely correlated in CC
specimen. The resected
specimens (paired CC and the
adjacent normal cervical (NCT)
tissue) from the 22 CC patients
were analyzed for Pttg1 and miR-
494 transcript levels by RT-qPCR.
a–b We found that compared to
NCT, CC tissue had a
significantly higher Pttg1 levels
(a, p<0.05) and a significantly
lower miR-494 levels (b). c A
strong and inverse correlation was
detected between the levels of
miR-494 and Pttg1 in the CC
specimen (R=−0.67, p<0.0001).
*p<0.05. n=22. Statistics: one-
way ANOVAwith a Bonferroni
correction. Bivariate correlations:
Spearman’s rank correlation
coefficients
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Fig. 2 Pttg1 increased CC invasiveness without affecting miR-494
levels. We used either a Pttg1-overexpressing plasmid or a plasmid
carrying short hairpin small interfering RNA (shRNA) for Pttg1
(shPttg1) to transfect a human CC cell line, Hela S3 (H3), to increase or
decrease Pttg1 levels, respectively. H3 cells were also transfected with a
plasmid carrying a scrambled sequence (scr) as controls. a The

modifications of Pttg1 levels in H3 cells were confirmed by RT-qPCR.
b Modifications of Pttg1 levels in H3 cells did not alter miR-494 levels.
c–d Cell invasiveness was examined in either a scratch wound healing
assay (c) or a transwell cell migration assay (d). *p<0.05. NS non-
significant. n=5. Statistics: one-way ANOVA with a Bonferroni
correction

Tumor Biol. (2015) 36:7143–7149 7145

RETRACTED A
RTIC

LE



analyzed using one-way ANOVA with a Bonferroni correc-
tion, followed by Fisher’s exact test for comparison between
two groups. All values are depicted as mean±standard devia-
tion from ten individuals and are considered significant if
p<0.05. Bivariate correlations were calculated by Spearman’s
rank correlation coefficients.

Results

High Pttg1 and low miR-494 was detected in CC specimen

The recent findings highlighting a role of Pttg1 and miR-494
in the tumorigenesis inspired us to examine their involvement
in CC. The resected specimens (paired CC and the adjacent
normal cervical (NCT) tissue) from the 22 CC patients were

analyzed for Pttg1 andmiR-494 transcript levels by RT-qPCR.
We found that compared to NCT, CC tissue had a significantly
higher Pttg1 levels (Fig. 1a, p<0.05) and a significantly lower
miR-494 levels (Fig. 1b).

Pttg1 and miR-494 levels inversely correlated in CC
specimen

In order to find out whether there is a possible relationship
between Pttg1 and miR-494, we checked the Pttg1 and miR-
494 levels in each patient. We detected a strong and inverse
correlation between the levels of miR-494 and Pttg1 in the CC
specimen (Fig. 1c, R=−0.67, p<0.0001). These data suggest
presence of a relationship between miR-494 and Pttg1 in the
development of CC.
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Fig. 3 miR-494 inhibited CC
invasiveness through Pttg1. We
used either a miR-494-expressing
plasmid or a plasmid carrying
antisense (as) for miR-494
(as-miR-494) to transfect H3
cells. H3 cells were also
transfected with a plasmid
carrying a scrambled sequence
(scr) as controls. a The
modifications of miR-494 levels
in H3 cells were confirmed by
RT-qPCR. b–c The increases in
miR-494 levels (H3-miR-494) in
H3 cells significantly decreased
Pttg1 levels, while the decreases
in miR-494 levels in H3 cells
(H3-as-miR-494) significantly
increased Pttg1 levels, by RT-
qPCR (b) and byWestern blot (c).
d–e Cell invasiveness was
examined in either a scratch
wound healing assay (d) or a
transwell cell migration assay (e).
*p<0.05. NS non-significant.
n=5. Statistics: one-way ANOVA
with a Bonferroni correction
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Pttg1 increased CC invasiveness without affecting
miR-494 levels

Then, we aimed to examine whether modification of Pttg1
levels in CC cells may alter cell metastasis and miR-494
levels. We used either a Pttg1-overexpressing plasmid or a
plasmid carrying short hairpin small interfering RNA
(shRNA) for Pttg1 (shPttg1) to transfect a human CC cell line,
Hela S3 (H3) and to increase or decrease Pttg1 levels, respec-
tively. H3 cells were also transfected with a plasmid carrying a
scrambled sequence (scr) as controls. The modifications of
Pttg1 levels in H3 cells were confirmed by RT-qPCR
(Fig. 2a). We found that modifications of Pttg1 levels in H3
cells did not alter miR-494 levels (Fig. 2b), suggesting that
miR-494 expression is not regulated by Pttg1. Moreover,
overexpression of Pttg1 in H3 cells (H3-Pttg1) significantly
increased cell invasiveness in either a scratch wound healing
assay (Fig. 2c) or a transwell cell migration assay (Fig. 2d). On
the other hand, depletion of Pttg1 in H3 cells (H3-shPttg1)
significantly decreased cell invasiveness in either a scratch
wound healing assay (Fig. 2c) or a transwell cell migration
assay (Fig. 2d). These data suggest that Pttg1 increased CC
invasiveness without affecting miR-494 levels, while miR-
494 levels did not directly regulate cell invasion and
metastasis.

miR-494 inhibited CC invasiveness through Pttg1

Then, we examined whether modification of miR-494 levels
in CC cells may alter Pttg1 levels. We used either a miR-494-
expressing plasmid or a plasmid carrying antisense (as) for
miR-494 (as-miR-494) to transfect H3 cells. H3 cells were
also transfected with a plasmid carrying a scrambled sequence
(scr) as controls. The modifications of miR-494 levels in H3
cells were confirmed by RT-qPCR (Fig. 3a).We found that the
increases in miR-494 levels (H3-miR-494) in H3 cells signif-
icantly decreased Pttg1 levels, while the decreases in miR-494
levels in H3 cells (H3-as-miR-494) significantly increased
Pttg1 levels (Fig. 3b–c), suggesting that miR-494 inhibits
Pttg1. Moreover, H3-miR-494 significantly decreased cell in-
vasiveness in either a scratch wound healing assay (Fig. 3d) or
a transwell cell migration assay (Fig. 3e). On the other hand,
H3-as-miR-494 significantly increased cell invasiveness in
either a scratch wound healing assay (Fig. 3d) or a transwell
cell migration assay (Fig. 3e). Together, these data suggest that
miR-494 inhibits CC invasiveness through Pttg1.

miR-494 targets 3′UTR of Pttg1 mRNA to inhibit
its expression

Since our data suggest that miR-494 inhibits Pttg1 expression
in CC cells, we performed bioinformatics analysis of Pttg1
target sequence. Our data suggest that the miR-494 binding

sites in the Pttg1 mRNA sequence 3′UTR ranged from 473th
base site to 479th base site (Fig. 4a). H3-miR-494, H3-scr
(control), and H3-as-miR-494 cells were then transfected with
1 μg of Pttg1-3′UTR luciferase-reporter plasmid. We found
that the luciferase activities in H3-as-miR-494 cells were sig-
nificantly higher than the control scr, while the luciferase ac-
tivities in H3-miR-494 cells were significantly lower than the
control scr (Fig. 4b). These data suggest that miR-494 targets
3′UTR of Pttg1 mRNA to inhibit its expression. Thus, Pttg1
may increase CC cell metastasis, which is negatively regulated
by miR-494 (Fig. 5).

Discussion

It has been previously reported that Pttg1 levels significantly
increase in some cancers, whereas its participation in the

Fig. 4 miR-494 targets 3′UTR of Pttg1mRNA to inhibit its expression. a
Bioinformatics analysis of Pttg1 target sequence. The miR-494 binding
sites in the Pttg1 mRNA sequence 3′UTR ranged from 473th base site to
479th base site. bH3-miR-494, H3-scr (control) andH3-as-miR-494 cells
were then transfected with 1 μg of Pttg1-3′UTR luciferase-reporter
plasmid. The luciferase activities were determined

metastasis

miR-494

Pttg1
protein

3’-UTR
Pttg1

mRNA

Cervical cancer cell

Fig. 5 Schematic of the model. miR-494 targets Pttg1 increases CC cell
metastasis, which is negatively regulated by miR-494 through its
targeting 3′UTR of Pttg1 mRNA to inhibit its expression
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carcinogensis of CC is unknown [5–8]. Moreover, the molec-
ular mechanisms that underlie the regulation of cancer growth
and metastasis by Pttg1 are far from clarified [5–8].

So far, it has been known that Pttg1 may target secur-
ing to prevent sister chromatids from separation until
ubiquitination by the anaphase-promoting complex
(APC), resulting in proteolysis by the proteasome [5–8].
Moreover, Pttg1 may regulate some cellular processes,
like DNA repair, apoptosis, and gene regulation [5–8].
Of note, the multipotent gene c-myc has been identified
as a target for Pttg1, in that the phosphorylation and
activation of c-myc may drive transactivation-mediated
signal transduction [5–8]. In addition, Pttg1 promotes
the transactivation of bFGF, which subsequently tumor-
associated neo-angiogenesis [5–8]. Further, Pttg1 is capa-
ble of inhibiting p53-induced apoptosis through its direct
binding to the p53 DNA-binding domain [5–8].

Although many progresses have been obtained on the
downstream signaling transduction of Pttg1, relatively
less is known about its regulation. A recent study has
detected Pttg1 mRNA and protein in H3 cells [41].
Moreover, a regulatory relationship between miR-494
and Pttg1 has been acknowledged in human cholangio-
carcinoma [42]. These studies prompted us to examine a
role of Pttg1 in CC, as well as its interaction with miR-
494 in CC cells.

Here, we reported significantly higher levels of Pttg1
and significantly lower levels of miR-494 in the resected
CC tissue, compared with the adjacent normal cervical
tissue from the same patient. Interestingly, Pttg1 levels
inversely correlated with miR-494 levels. These clinical
findings are strong evidence for our hypothesis and im-
portant basis for our later metabolic study. In vitro, Pttg1
levels were found to positively affect CC cell invasiveness
and were inhibited by miR-494 levels. However, miR-494
levels were not affected by Pttg1 levels. This is not sur-
prising since miRNAs generally function and regulate the
gene expression post-transcriptionally through their base-
pairing with the 3′-UTR of target mRNA [29, 30]. To
prove it, we performed luciferase-reporter assay using
Pttg1-3′UTR plasmid. We found higher miR-494 levels
resulted in lower bioluminescence levels, confirming our
hypothesis that miR-494 inhibits Pttg1 expression in CC
cells, through directly binding and inhibition on 3′-UTR
of Pttg1 mRNA.

Together, our data suggest that Pttg1 may increase CC cell
metastasis, which is negatively regulated by miR-494. Our
work thus highlights a novel molecular regulatory machinery
in metastasis of CC and sheds light on targeting interaction of
Pttg1 and miR-494 as a therapeutic target for CC therapy.

Conflicts of interest None.
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