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Abstract: S100A14 is an EF-hand calcium-binding protein that has been reported to exert its biological effects on
different types of cells. However, the potential clinical significance and biological functions of S100A14 in cervical
cancer has not yet been clarified. In this study, we firstly examined the correlation between S100A14 expression and
clinical-pathological parameters in cervical cancers. Next, we observed the effect of S100A14 on cell cycle progres-
sion, cell proliferation, migration and invasion by employing lentiviral-mediated overexpression and knockdown of
S100A14 in cervical cancer cells. Furthermore, we investigated the underlying mechanism of S100A14 affecting
cell migration and invasion. Immunohistochemistry analysis demonstrated that S100A14 expression was associ-
ated with the International Federation of Gynecology and Obstetrics (FIGO) stage (P = 0.025) and lymph node (LN)
metastasis (P = 0.001). Functional assays showed that S100A14 overexpression increased the proportion of G2/M
phase, promoted cell proliferation, migration, and invasion, whereas S100A14 knockdown exhibited adverse effect
on above properties. Mechanistic investigation demonstrated that S100A14 can act as a mediator of epithelial-
mesenchymal transition (EMT). And overexpression of S100A14 increased expression of N-cadherin and Vimentin
while decreased expression of E-cadherin. The opposite results were observed in S100A14-silenced cells. Taken
together, our data indicate that S100A14 has a crucial role in cervical cancer progression. This study significantly
increases our understanding of S100A14 functional roles in cervical cancer, which may lead to the development of
a novel therapeutic target for cervical cancer.

Keywords: S100A14, cervical cancer, cell proliferation, migration, invasion, epithelial-mesenchymal transition
(EMT)

Introduction

Cervical cancer is a common carcinoma of the
female reproductive system that has the sec-
ond highest incidence and the fifth highest
mortality among all carcinomas [1]. Infection
with high-risk human papillomavirus (HR-HPV),
predominantly the type 16 and 18, can cause
cervical cancer [2, 3]. However, only a small
number of HPV-infected patients develop cervi-
cal cancer, indicating that the occurrence of
cervical cancer is a complex process that
involves numerous factors [2]. The characteris-
tic of highly invasive and diffusely metastatic is
an indicator of poor prognosis and nearly
always determines a fatal outcome in patients
with solid cancers [4]. In the initial stage of

invasion and metastasis, the morphogenetic
changes due to conversion of polarized epithe-
lial cells to motile mesenchymal cells, are
referred as epithelial-mesenchymal transition
(EMT) [5]. However, how cervical cancer cells
acquire the ability to invade surrounding tissues
and metastasize is not fully understood.

S100 proteins, a large subgroup of the EF-hand
protein family, are small calcium-binding pro-
teins that have a broad range of intracellular
and extracellular functions. They exert their
functions through the modulation of their sub-
cellular localization and interaction with specif-
ic target proteins responsible for the regulation
of inflammation, cell growth, differentiation,
motility, survival and apoptosis. Altered expres-
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sion of a large number of S100 proteins has
been reported in various human cancers [6].
Several S100 proteins such as S100A2,
S100A4, S100A6, S100A7, S100A8/A9 and
S100P have been implicated in tumor invasion
and metastasis [7-12]. The S100A14 gene was
originally cloned and characterized in human
lung cancer cell line, but was found to be dif-
ferentially expressed in a variety of cell types. It
was reported to be upregulated in several
tumor types, including ovarian, lung, breast,
and uterine cancer, but downregulated in oth-
ers, such as kidney, colon, rectal, and esopha-
geal cancer [13]. S100A14 can regulate oral
squamous cell carcinoma cell invasion by mod-
ulating the expression of matrix metalloprotein-
ase (MMP)-1 and MMP-9 [14]. Our previous
studies showed that extracellular SI00A14 can
regulate cell proliferation and apoptosis by the
interaction with RAGE [15], whereas intracellu-
lar S100A14 can induce G1/S arrest and act as
a modulator of cell differentiation in esopha-
geal cancer cells [16]. We also showed that
S100A14 can directly interact with ErbB2 and
functions as a modulator of ErbB2 signaling
[17]. In addition, we have also demonstrated
that S100A14 affects cell invasion by regulat-
ing MMP2 expression and function in a p53-
dependent manner [18]. However, the role of
S100A14 in cervical cancer development and
the underlying molecular mechanisms remains
unclear. In this study, we demonstrate that the
overexpression of S100A14 is significantly
associated with cervical cancer FIGO stage and
LN metastasis. Furthermore, we demonstrate
that S100A14 promotes cell cycle progression,
cell growth, migration and invasion of cervical
cancer cells. Mechanistic investigation shows
that S100A14 is involved in the regulation of
the main components of EMT including E-Ca-
dherin, N-Cadherin and Vimentin.

Materials and methods
Tissue specimens

In this study, 98 cervical squamous cell carci-
noma and 76 cervical intraepithelial neoplasia
(CIN) cases were prospectively collected from
patients who enrolled in the Affiliated Hospital
of Qingdao University from March 2004 to
March 2010, and received biopsy or primary
surgery during that time. Also, 24 normal cervi-
cal tissue samples were collected as a control.
All tumor tissues were histologically reviewed
and only specimens with sufficient presence of
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tumor cells were included. Cervical cancer pa-
tients were clinically staged according to the
International Federation of Gynecology and
Obstetrics (FIGO) staging system and histologi-
cally classified and graded according to WHO
grade. The treatment of cervical cancer con-
sisted of radical hysterectomy with pelvic lymph
node dissection and /or aortic lymph node dis-
section for FIGO stage I/Il. Adjuvant radiothera-
py or platinum-based concurrent chemo-radia-
tion was performed in cases with increased
risk of recurrent disease, such as positive re-
section margins, positive lymph nodes, or para-
metrial involvement. For FIGO stage llI/IV cervi-
cal cancer primary chemo-radiation therapy
was generally recommended, before this pelvic
nodal status were diagnosed by computed
tomography (CT) or magnetic resonance imag-
ing (MRI) and some patients underwent biopsy
to confirm metastasis of the enlarged nodes
(minimum diameter > 1.0 cm). Clinicopatholo-
gical factors include age, cancer stage, tumor
differentiation, tumor size, lymphovascular sp-
ace invasion (LVSI) and lymph node (LN) metas-
tasis. Patients signed informed consents and
research protocols for the use of human tis-
sues were approved by and conducted in accor-
dance with the policies of the Institutional
Review Boards at Qingdao University.

Cell lines and cell culture

The human cervical cancer cell lines SiHa, He-
La, C33A, and CaSki were all purchased from
the American Type Culture Collection (ATCC;
Manassas, VA). SiHa, Hela, and C33A cells
were maintained in Dulbecco’s Modified Eagle’s
Medium (DMEM; Sigma-Aldrich, St Louis, MO)
supplemented with 10% heat-inactivated fetal
bovine serum (FBS; Invitrogen, Carlsbad, CA),
100 U/ml streptomycin, and 100 U/ml penicil-
lin. CaSKi cells were cultured in McCoy’s 5A
medium (Sigma-Aldrich) with 10% FBS, 100U/
ml streptomycin, and 100 U/ml penicillin. All
cell lines were cultured in complete medium in
a 5% CO, 37°C incubator. The medium was
changed at alternate days and cells were split
before they reached confluency.

Lentiviral constructs, production of lentiviruses
and lentiviral transduction

Full-length cDNA of human S100A14 was clo-
ned between Xho | and Not | of pLVX-IRES-Neo
to generate the constitutive lentiviral vector. 10
cm plate containing 6x10% 293T cells was
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Table 1. Primers used in this study

Genes Primer sequences
S100A14-F TCACCAAAGGACCAGACACA
S100A14-R GCCCTCTCCACATCACTGAA
E-Cadherin-F TGCCCAGAAAATGAAAAAGG
E-Cadherin-R GTGTATGTGGCAATGCGTTC
N-Cadherin-F ACAGTGGCCACCTACAAAGG
N-Cadherin-R CCGAGATGGGGTTGATAATG
Vimentin-F GAGAACTTTGCCGTTGAAGC
Vimentin-R GCTTCCTGTAGGTGGCAATC
B-actin-F GGCGGCACCACCATGTACCCT
B-actin-R AGGGGCCGGACTCGTCATACT

transfected using FUGENE HD (Roche) with 5
ug pLVX-IRES-Neo or pLVX-IRES-Neo-S100A14
lentiviral vector, 3.75 yg pCMV A8.91 and 1.25
ug VSVG. Supernatants were collected at 48
hours after transfection and frozen at -70°C.
For lentiviral transduction, 1x10°% cells/well
were seeded in 6- well culture plates and infect-
ed the following day with lentiviruses. To gener-
ate stable cell lines, cells were selected for two
weeks with 500 pg/ml Geneticin. An shRNA
construct targeting GFP containing 19 bp se-
quence 5-CGAGAAGCGCGATCACATG-3. Two
shRNA constructs targeting human S100A14
were cloned between BamH| and EcoRI of
pSIH1-H1-Puro to generate the constitutive len-
tiviral vectors and had the following sequences
5-AACGCAGAGGATGCTCAGG-3’ and 5-ATGGG-
AAATGATTTGAATA-3'. Viruses were produced in
293T cells using 3 pg lentiviral vector, 3 ug
pLP1, 3 ug pLP2 and 3 ug VSVG as described
above. Cells were infected as described above
and selected for 4-7 days in 2 pyg/ml puro-
mycin.

Quantitative real-time RT-PCR

Total RNA was extracted using TRIzol reagent
(Invitrogen) and cDNA was synthesized using a
High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA). Real-time
polymerase chain reaction was performed us-
ing Power SYBRs Green PCR Master Mix (Ap-
plied Biosystems) on the StepOne Plus™ Real-
Time PCR System (Applied Biosystems) follow-
ing the manufacturer’s instructions. The PCR
primers were listed in Table 1.

Western blotting

Protein were separated by SDS-PAGE and
transferred to polyvinylidene difluoride mem-
branes. After blocking, the membranes were
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incubated with the appropriate primary anti-
bodies at 4°C overnight. After washing, the
membranes were incubated with secondary
antibody at a dilution of 1:5,000 for 1 hour at
room temperature. Proteins were detected with
the enhanced chemiluminescence kit (Pierce,
Rockford, IL, USA). Antibodies used were anti-
S100A14 (a gift from Dr. Iver Petersen, Uni-
versity Hospital Charite’, Berlin, Germany), anti-
E-Cadherin (Sc-7870), anti-Vimentin (Sc-6260)
from Santa Cruz Biotechnology and anti-N-Cad-
herin (61920) from BD Biosciences. B-actin
antibody (A5316, Sigma) was used to test for
equal loading.

Immunohistochemistry staining

Tissue sections were dewaxed with xylene and
rehydrated through gradient ethanol into water.
After endogenous peroxidase activity was
quenched with 3% H,0, for 30 minutes, heated
in citrate buffer (pH 6.0) at 95°C for 25 min,
and cooled at room temperature. After PBS
washes, nonspecific antibody binding was
blocked by preincubating slides in 10% normal
goat nonimmune serum at 37°C for 30 min-
utes. Sections were incubated with the poly-
clonal primary antibody against S100A14 at
1:200 dilution overnight at 4°C. IHC was per-
formed using the PV-9000 Polymer Detection
System for Immuno-Histological Staining kit
(Beijing Golden Bridge Biotechnology Company).
DAB was used to visualize the reaction, fol-
lowed by counterstaining with Hematoxylin. All
slides were scanned by Aperio scanning system
(Aperio, San Diego, USA) and the Aperio Image
Scope software was employed for quantitative
analysis of S100A14 protein expression. About
4 to 6 different parts of the slide were randomly
selected for analysis.

Fluorescence-activated cell sorting analysis

Cells were washed in PBS and fixed in methanol
overnight. Subsequently, cells were washed
and resuspended in PBS containing 50 ug/ml
propidium iodide, 100 pg/ml RNase, and 0.1%
Nonidet P-40 for 30 minutes at 37°C. The dis-
tribution of cells in different phases of the cell
cycle was determined by measuring the nuclear
DNA content using a FACS Calibur cell flow
cytometer (Becton, Dickinson and Company).

Cell proliferation assay

MTS assay was applied to assess cell prolifera-
tion as instructed by the manufacturer (Pro-
mega). Cells were seeded at 3x10° cells/well in
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Figure 1. S100A14 expression in human cervical normal and neoplasia specimens. A. Representative immunohisto-
chemistry staining images of S100A14 in normal cervix with almost no staining, weak staining intensity in low grade
of cervical intra-epithelial neoplasia (CINI), gradually increased staining in CINII and CINIII, and strong intensity in
squamous cell carcinoma. B. Representative immunohistochemistry staining images of S100A14 expression in
different stages. C. Representative immunohistochemistry staining images of S100A14 expression in lymph node
negative and lymph node positive tumor samples.

100 ul/well using 96-well culture plates. The
absorbance of the samples was measured at
490 nm on a scanning multi-well spectropho-
tometer. The experiment was repeated 3 times.
Cell proliferation was compared at four time
point (6 h, 24 h, 48 h, and 72 h) after the cells
were seeded.
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Cell migration and invasion assay

In vitro cell migration and invasion assays were
performed as described previously [18]. Cells
growing in the log phase were trypsinized, re-
suspended in serum-free medium, and seeded
into Boyden chambers (8 ym pore size with
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Table 2. The correlation between S100A14
expression and clinicopathologic characteris-
tics in IHC analysis

Relative expression? of
S100A14 and p-value of
different categories®

N Median p-value

Clinical Variable

Diagnostic category <0.001
Normal 24 0.37
Low grade CIN 13  0.80
High grade CIN 63 1.13
Cancer 98 1.34
FIGO stage 0.025
I 62 1.16
Il 26 1.43
-1v 10 2.3
Tumor grade 0.698
Well 7 1.34
Moderate 40 1.35
Poor 33 148
Tumor size 0.503
<4cm 74 1.235
>4cm 24 1455
LN metastasis 0.001
Negative 77 1.16
Positive 21 1.81
Lymphovascular invasion 0.615
Negative 85 1.34
Positive 13 1.16

aMedian of relative expression. "Mann-Whitney U and
Kruskal-Wallis nonparametric test were used for compar-
ing different groups.

polycarbonate membrane). The chambers were
then inserted into transwell apparatus (Costar,
Cambridge, MA, USA). The chambers were coat-
ed with Matrigel (BD Biosciences, San Jose,
USA) when cell invasion assay was done. Me-
dium with 10% FBS (600 ul) was added to the
lower chamber. After incubation of 48 hours,
cells on the top surface of the insert were
removed by wiping with cotton swab. Cells that
migrated to the bottom surface of the insert
were stained in 0.3% crystal violet for 30 min,
rinsed in PBS and then subjected to microscop-
ic inspection. Images of four random fields
(10x) were captured from each membrane, and
the number of migratory or invasive cells was
counted. The migration and invasion results
were normalized by cell proliferation under the
same treatment conditions. Triplicate assays
were used or each experiment.
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Statistical analysis

Statistical analyses were done using the SPSS
19.0 software version (SPSS, Inc., Chicago, IL).
Mann-Whitney U nonparametric test was used
for comparing two different groups such as
tumor size, LN metastasis and Lymphovascular
invasion, but if more than two groups were
compared, Kruskal-Wallis nonparametric test
was used. A value of p < 0.05 was considered
statistically significant.

Results

S100A14 was highly expressed in human cer-
vical cancer tissues

Clinical and experimental studies have sug-
gested a link between S100A14 and multiple
types of cancers [6]. However, the expression
and potential clinical significance of S100A14
in cervical cancer are still unknown. Therefore,
we firstly performed immunohistochemistry in
a cohort of cervical cancer tissues from
patients with CIN or invasive cervical cancer to
detect S100A14 expression and analyze the
correlation between S100A14 expression and
clinical features of cervical cancer. Among 98
patients with cervical cancer, 62 patients of
stage |, 26 of stage Il and 10 of stage lll, IV were
included. The ages of the patients ranged from
29 to 74 years (median, 46.2 years). The tumor
sizes ranged from 0.2 cm to 7.6 cm (mean, 2.2
cm). The following histological types were all
squamous cell carcinomas. The length of
patient follow-up time ranged from 5 months to
60 months, and median survival time at last
follow-up was 40.5 months.

Our data indicated that there was almost no
expression of S100A14 in normal cervical tis-
sue slides, while S100A14 expression gradual-
ly increased according to the phase of cervical
cancer progression, from normal tissues
through low and high grade CINs to cervical
cancer, and it was mainly located in the cyto-
plasm and cell membrane of cancer cells
(Figure 1A). The finding was further supported
by quantitative analysis of Aperio Image scope
software that the score of S100A14 expression
in squamous cell carcinomas is much higher
than that in normal ovarian tissues. Next, the
correlation between S100A14 expression with
clinicopathological characteristics was evalu-
ated. The results showed that S100A14 expres-
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Figure 2. Establishment of stable cell lines of ectopic
expression and knockdown of S100A14. A. The pro-
tein levels of S100A14 were detected in SiHa, Hela,
C33A and CaSKi cells. B-actin was used as a load-
ing control. B, C. SiHa and C33A cells were infected
with pLVX-Con and pLVX-S100A14 lentivirus, stable
cells were established by Geneticin (G418) selection
for about 2 weeks. Cells were harvested. S100A14
expression was detected by qRT-PCR (Left panel:
[mean (n = 2) £ SD; 2-sided t test; *P < 0.05; **P <
0.01, normalized to B-actin]) and Western Blot (Right
panel). And cells infected by pLVX-S100A14 lentivi-
rus were named as SiHa-pLVX-S100A14, C33A-pLVX-
S100A14 and the corresponding control cells were
named as SiHa-pLVX-Control and C33A-pLVX-Control
respectively. D. CaSKi cells were infected with shG-
FP, sh-S100A14-1#, and sh-S100A14-2# lentivirus,
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stable cells were established by puromycin selection
for about 4 days. Cells were harvested. S100A14
expression was detected by qRT-PCR (Left panel:
[mean (n = 2) + SD; 2-sided t test; *P < 0.05, nor-
malized to B-actin]) and Western Blot (Right panel).
And cells infected by lentivirus containing two shRNA
sequences targeting human S100A14 were named
as CaSKi-shS100A14-1# and CaSKi-shS100A14-2#
respectively, and the corresponding control cells
were named as CaSKi-shGFP.

sion was associated with FIGO stage (P =
0.025) and LN metastasis (P = 0.001) (Table
2). S100A14 expression at stage lll is higher
than that at stage | & Il (Figure 1B). And S1-
00A14 expression in cases with LN metastasis
was higher than that in cases without LN
metastasis (Figure 1C). Furthermore, we exam-
ined the relationship of S100A14 expression
with patient outcome. However, Kaplan-Meier
plots demonstrated there was no significant
difference between the two groups regarding
the survival (data not shown). Altogether, these
data suggested that S100A14 expression may
be associated with aggressive behavior of cer-
vical cancer and can serve as an indicator of LN
metastasis in human cervical cancer.

S100A14 promotes G2/M phase progression
and cell growth in cervical cancer cells

The above histological studies showed that
S100A14 may play an important role in the
tumorigenesis and progression of cervical can-
cer. So we set out to investigate the potential
role of S100A14 in the development of a malig-
nant phenotype in cervical cancer cells by alter-
ing intracellular S100A14 expression. Firstly,
we detected S100A14 protein expression in
four cervical cancer cell lines including SiHa,
HelLa, C33A, and CaSki. We found a high level
of S100A14 expression in CaSki cells but a low
level in SiHa, C33A and Hela cells (Figure 2A).
To characterize the role of S100A14 in the
development of malignant phenotype, we over-
expressed S100A14 using pLVX-S100A14 len-
tivirus in SiHa and C33A cells and silenced
S100A14 gene expression with lentiviral parti-
cles containing two independent shRNA sequ-
ences in CaSki cells. Overexpression of S10-
0A14 in SiHa and C33A cells and attenuation of
S100A14 expression in CaSki cells were con-
firmed at the protein and mRNA levels by
Western Blot analysis (Figure 2B-D). Previous
studies have documented a role for S100A14
in regulation of cell cycle progression and cell
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Figure 3. S100A14 promotes cervical cancer cell proliferation and cell cycle progression. Cell proliferation was
determined by MTS assay. And overexpression of S100A14 markedly promoted cell proliferation of SiHa and C33A
cells (A, C). In contrast, knockdown of S100A14 significantly inhibited cell proliferation of CaSKi cells (E). Cell-cycle
distribution was analyzed by FACS, and a significant G2/M phase increase and G1 phase decrease were observed
in S100A14-overexpressed cells compared with their corresponding control group [mean (n = 2) £ SD; 2-sided t test;
*P < 0.05; ** P<0.01] (B. SiHa cells; D. C33A cells). In contrast, G2/M phase cell decrease with a parallel increase
in G1 phase cells after S100A14 silencing in CaSKi cells (F).

growth [16, 19]. To determine the effect of
S100A14 on cell proliferation, MTS assay was
performed on SiHa, C33A and CaSki cells. The
results showed that cell growth was highly
enhanced in S100A14-overexpressing cells
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versus the corresponding control cells (Figure
3A, 3C). In contrast, cell growth was significant-
ly decreased in S100A14-silenced cells com-
pared to the control cells (Figure 3E). To verify
whether the action of S100A14 on the prolifer-
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Figure 4. S100A14 promotes cervical cancer cell migration and invasion. (A, B) Transwell migration and Matrigel
invasion assays in S100A14-overexpressed cells and their corresponding control cells (A. SiHa cells; B. C33A cells).
Left panel: Representative image of cell migration and invasion. Right panel: Quantitative results of migration and
invasion assays. The stained cells were manually counted from 4 randomly selected fields and normalized with
cell proliferation [2-sided t test; *P < 0.05; **P < 0.01]. (C) Transwell migration and Matrigel invasion assays in
S100A14-silenced CaSKi cells and control cells. Left panel: Representative image of cell migration and invasion.
Right panel: Quantitative results of migration and invasion assays. The stained cells were manually counted from 4
randomly selected fields and normalized with cell proliferation [2-sided t test; *P < 0.05; **P < 0.01].

ation of cervical cancer cells is associated with
a change in cell cycle distribution, cell cycle
analysis was performed using flow cytometry.
The results showed that G2/M phase cells
increased with a parallel decrease in G1-phase
cells in S100A14-overexpressed SiHa and C3-
3A cells (Figure 3B, 3D). In contrast, the propor-
tion of cells in the G2/M phase decreased with
a parallel increase in Gl-phase in S100A14-
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silenced CaSki cells (Figure 3F). These results
fully demonstrated that S100A14 is involved in
the regulation of cell cycle progression and cell
growth.

S100A14 enhances cell migration and inva-
sion in cervical cancer cells

Since S100A14 expression significantly corre-
lated with cervical cancer lymph node metasta-
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Figure 5. S100A14 modulates expression levels of EMT markers in cervical cancer cells. Relative mRNA expression
of epithelial maker E-Cadherin and mesenchymal makers (N-Cadherin and Vimentin) in S100A14-overexpressed
SiHa cells and control cells (A), and in S100A14-overexpressed C33A cells and control cells (C) or in CaSKi cells after
S100A14 silencing (E) determined by qRT-PCR. [mean (n = 2) + SD; 2-sided t test; *P < 0.05; **P < 0.01, normal-
ized to B-actin]. Western Blot examined the protein level of epithelial marker E-cadherin and mesenchymal marker
(N-cadherin and Vimentin) after overexpression of S100A14 in SiHa cells (B) and C33A cells (D), or knockdown of
S100A14 in CaSkKi cells (F). B-actin is used as a loading control.
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sis and therefore may affect cell migration and
invasion. Moreover, functional assays have de-
monstrated that S100A14 is involved in the
regulation of cell migration and invasion. And
our previous studies showed that overexpres-
sion of S100A14 increases migration and inva-
sion capabilities of breast cancer cell lines [18,
20]. We next performed cell migration and inva-
sion transwell assays to examine the effect on
cell migration and invasion capabilities of
S100A14. The results showed that overexpres-
sion of S100A14 significantly enhanced migra-
tion and invasion of SiHa and C33A cells com-
pared with their corresponding control cells (Fi-
gure 4A, 4B). On the contrary, silencing of
S100A14 inhibited cell migration and invasion
in CaSki cells (Figure 4C). Taken together, these
results support the notion that S100A14 plays
an important role in cervical cancer cell migra-
tion and invasion.

S100A14 mediates epithelial-to-mesenchymal
transition (EMT)

Epithelial-to-mesenchymal transition (EMT) is
one of the key mechanisms for cancer cells to
acquire the ability of metastasis and invasion
[21]. Emerging evidences support that EMT has
a crucial role in the metastasis of primary
tumors and provides molecular mechanisms
for cervical cancer metastasis [22]. To evaluate
whether S100A14 has influence on the EMT-
related protein in cervical cancer cells, we car-
ried out Western Blots to detect the expression
of E-cadherin, N-cadherin, and Vimentin. The
results showed that overexpression of SI00A14
in SiHa and C33A cells significantly increased
the mRNA expression of N-cadherin and Vim-
entin, while obviously decreased the expres-
sion of E-cadherin (Figure 5A, 5C). Furthermore,
the changes of N-cadherin, Vimentin and E-ca-
dherin at protein levels were confirmed by
Western Blot (Figure 5B, 5D). On the contrary,
the attenuation of S100A14 reduced the
expression of N-cadherin and Vimentin, while
the expression of E-cadherin increased obvi-
ously (Figure 5E, 5F). All the results illustrated
that S100A14 was involved in EMT-related
gene regulation and may contribute to the con-
version of cervical tumors into invasive
malignancies.

Discussion

Increasing evidence suggests the important
roles of S100 proteins in tumorigenesis and
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cancer metastasis. S100 proteins have emer-
ged as key regulators of cell cycle progression,
cell growth, cell invasion and migration etc. And
their altered expression has been associated
with numerous human cancers [6]. During the
last few years, our interest has focused on the
role of S100A14 in tumorigenesis and tumor
progression. And our study showed that S1-
00A14 acts as either a tumor suppressor or an
oncogene depending on the cell and tissue
types [15-17, 20, 23]. However, the role of
S100A14 in cervical cancer remains unclear.
Here we show for the first time an important
role of S100A14 in tumorigenesis and progres-
sion of cervical carcinoma. Our immunohisto-
chemistry results show that S100A14 is over-
expressed in human cervical cancer and the
expression of S100A14 correlates with the
tumor FIGO stage and LN metastasis. Next, we
directly evaluated the role of S100A14 in cell
cycle regulation, cell growth, invasion and mi-
gration by lentiviral-mediated overexpression
and lentiviral shRNA-mediated knockdown of
S100A14 using a series of functional assays.
Overexpression of S100A14 enhances the per-
centage of cells in G2/M phase, promotes cell
growth, invasion and migration. In contrast to
S100A14-overexpression experiments, deple-
tion of S100A14 decreased the proportion of
cells in G2/M phase, inhibited cell growth, mi-
gration and invasion. Taken together, all these
findings highlight the importance of aberrant
expression and biological function of SI00A14
in cervical cancer.

Previous studies showed that S100A14 has a
dual effect on cell proliferation. And S100A14
inhibits proliferation of oral carcinoma and
esophageal cancer cells by inducing G1 arrest
[16, 19]. On the contrary, S100A14 promotes
cell proliferation of hepatocellular carcinoma
cells [24]. The disparity of the regulation of cell
proliferation by S100A14 may reflect the differ-
ent characteristics of different tissues or cell
types. Our results showed S100A14 promotes
cell proliferation of cervical cancer cells by reg-
ulating G2/M progression. To further character-
ize the effect of S100A14 on the pathways
regulating cell cycle progression and cell prolif-
eration, gene expression profiling analysis ne-
eds to be performed in future study.

Metastasis is a main cause of cancer-related
death in patients, and epithelial to mesenchy-
mal transition (EMT) is essential for can-
cer metastasis, which includes local invasion,
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intravasation, extravasation, and proliferation
at distant sites and is a complicated and cur-
rently uncontrolled process. A key feature of
EMT isthe switch from E-cadherinto N-cadherin,
cells undergoing EMT downregulate the expres-
sion of E-cadherin accompanied by an incre-
ased expression of N-cadherin which promotes
the interaction with endothelial and stromal
components [21]. Notably, here we show that
overexpression of S100A14 leads to a reduc-
tion of E-cadherin, and an increase of N-cadh-
erin and Vimentin in cervical cancer cell lines at
both mRNA and protein levels, which indicates
that S100A14 induces EMT in the cervical can-
cer cells. In contrast, knockdown of S100A14
exhibits adverse effect on the regulation of the
main components of EMT including E-Cadherin,
N-Cadherin and Vimentin. Our data suggest th-
at S100A14 induces EMT, and therefore is
important in cervical cancer progression and
metastasis. However, the detailed mechanism
of regulation of EMT components by S100A14
needs to be further elucidated. A complete
understanding of the role of S100A14 in con-
trolling EMT in tumors is crucial for the use of
S100A14 as a potential therapeutic target in
cervical cancer.

Taken together, we have identified S100A14
associated with metastasis in human cervical
cancer. High level expression of S100A14 mi-
ght be valuable for prediction of metastasis.
We further showed that S100A14 regulates cell
cycle progression, cell proliferation, migration
and invasion. Notably, we demonstrated that
S100A14 can act as a regulator of EMT. For the
first time, this study implicates a role for S10-
0A14 in the metastatic process of human cervi-
cal cancer.
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