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Purpose: This study is aimed to investigate the specific regulatory role of S100 calcium

binding protein A11 (S100A11) on cervical cancer (CC), and reveal the potential mechan-

isms relating to Wnt/β-catenin signaling.

Patients and methods: The expression of S100A11 in cervical squamous cell carcinoma

(CSCC), adjacent non-cancerous, cervical intraepithelial neoplasia (CIN), and normal cervi-

cal tissues was detected by quantitative real-time PCR and/or immunohistochemistry. After

transfection of pENTER-S100A11 or sh-S100A11-1/sh-S100A11-2, the viability, cell cycle,

migration and invasion of C33A or SiHa cells were detected. The tumor volume and tumor

weight were measured after injection of transfected C33A cells into mice. The expression of

E-caherin (CDH2), N-caherin (CDH1), β-catenin (CTNNB1), and c-Myc (MYC) in C33A and

SiHa cells was detected by Western blot.

Results: The expression of S100A11 was significantly higher in CSCC tissues than in

adjacent non-cancerous, CIN, and normal cervical tissues (P < 0.05). S100A11 expression

was positively correlated with the FIGO stage and lymph node metastasis of CSCC patients

(P < 0.05). The transfection of pENTER-S100A11 into C33A cells significantly increased the

cell viability, the percentage of cells in G2/M phase, the numbers of migratory and invasive

cells, as well as the tumor volume and weight in mice (P < 0.05). Overexpression of

S100A11 also significantly downregulated E-caherin, and upregulated N-caherin, β-catenin,

and c-Myc in C33A cells (P < 0.05). The transfection of sh-S100A11-1/sh-S100A11-2

exhibited the opposite results to that of pENTER-S100A11 on SiHa cells.

Conclusion: Overexpression of S100A11 promotes the proliferation, migration, invasion,

and epithelial-mesenchymal transition of CC cells, and activates Wnt/β-catenin signaling.

Keywords: S100A11, cervical cancer, Wnt/β-catenin signaling, proliferation, migration,

invasion

Introduction
Cervical cancer (CC) is the fourth most common cancer and the fourth leading cause of

cancer-related death in women in the world.1 CRC is a severe cancer originating from

the cervix, and about 90% of CC cases are cervical squamous cell carcinoma (CSCC),

and 10% cases are adenocarcinoma.2 Human papillomavirus (HPV) infection, espe-

cially HPV16 and HPV18 infection, is a necessary cause of CC. HPV16 and HPV18

infection can be observed in more than 90% of CC patients.3 Up to now, surgery,

chemotherapy and radiotherapy are still the main therapeutic strategies for CC in
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clinical practice.4 However, metastasis of CC cells to lymph

nodes or adjacent tissues greatly limits the prognosis of CC

patients.5 Since molecular targeted therapy is a promising

therapeutic strategy for CC, researching of novel therapeutic

targets for CC is urgently needed.

S100 is a large subfamily of calcium binding proteins

comprising at least 25 members.6 S100 calcium binding

protein A11 (S100A11), also known as calgizzarin or

S100C, is an important member of S100 protein that is

involved in the initiation and progression of cancer.7

S100A11 is upregulated in a variety of cancers, such as

lung,8 ovarian,9 renal,10 pancreatic11 and gastric cancer.12

S100A11 exerts key regulatory role in diverse cellular pro-

cesses of cancer, such as the proliferation, apoptosis, cell

cycle, migration, invasion, and epithelial-mesenchymal

transformation (EMT). For example, overexpression of

S100A11 promotes the proliferation of PANC-1 cells (pan-

creatic cancer), decreases the percentage of early apoptotic

cells, and increases the percentage of cells in the S phase.13

Knockdown of S100A11 inhibits the migration and invasion

of 786-O cells (renal cancer) via upregulating E-cadherin.14

Knockdown of S100A11 inhibits transforming growth fac-

tor-β1 (TGF-β1)-induced migration and invasion of RBE

cells (cholangiocarcinoma) and upregulates the expression

of N-cadherin (CHD2), β-catenin (CTNNB1), Vimentin

(VIM), Slug (SLUG) and Snail (SNAL1) and downregulates

E-cadherin (CDH1).15 In addition, previous studies have

proved that the overexpression of both, S100A14 and

S100A7, can promote the migration, invasion, and EMT of

cervical cancer C33A cells.16,17 However, the specific reg-

ulatory role of S100A11 on CC remains unclear.

Wnt/β-catenin signaling plays an important role in reg-

ulating the proliferation, apoptosis, invasion, and migration

of cancer cells.18 Since Wnt/β-catenin signaling is usually

activated in cancer, inhibition of Wnt/β-catenin signaling

has become a promising therapeutic target for CC.19

However, the regulatory relationship between S100A11

and Wnt/β-catenin signaling on CC remains unclear. In

this study, the expression of S100A11 was detected in

CSCC, adjacent non-cancerous, cervical intraepithelial neo-

plasia (CIN), and normal cervical tissues. Based on the

overexpression and silencing of S100A11, the specific reg-

ulatory role of S100A11 on the proliferation, invasion,

migration, and EMTof CC cells were evaluated. The poten-

tial regulatory mechanism of S100A11 related to Wnt/β-
catenin signaling was further analyzed. Our findings may

reveal a promising therapeutic target for CC, and the under-

lying mechanisms responsible for CC treatment.

Materials And Methods
Patients And Tissue Samples
A total of 127 CSCC and 86 CIN patients were enrolled in

the Affiliated Hospital of Qingdao University between July

2006 and August 2012. CSCCwas staged in accordance with

the International Federation of Gynecology and Obstetrics

(FIGO) criteria, and graded in accordance with the World

Health Organization criteria. Histopathologically confirmed

CSCC and CIN tissues were collected from patients receiv-

ing biopsy or primary surgery. A total of 30 normal cervical

tissues were collected as controls. In addition, CSCC tissues

and adjacent non-cancerous tissues were collected from 27

representative CSCC patients. This study was approved by

the Institutional Review Board of Qingdao University

(Examination and Approval Number of Ethics Committee:

2016-Gynaecology-021103), and written informed consents

were obtained from all patients.

Cell Culture
Human CC cell lines, including SiHa (HTB-35, CSCC),

HeLa (CCL-2, adenocarcinoma), C33A (HTB-31, CSCC),

and CaSki (CRL-7915, CSCC) were purchased from the

American Type Culture Collection (ATCC, Manassas, VA,

USA). SiHa, HeLa, and C33A cells were maintained in

Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma,

St Louis, MO, USA) containing 10% fetal bovine serum

(FBS) (Invitrogen, Carlsbad, CA, USA), 100 U/mL strep-

tomycin, and 100 U/mL penicillin. CaSKi cells were main-

tained in McCoy’s 5A medium (Sigma) containing 10%

FBS, 100U/mL streptomycin, and 100 U/mL penicillin.

All cells were cultured in an incubator at 37°C with 5%

CO2. Cells were passaged until 90% confluence, and loga-

rithmic growth phase cells were used for further assays.

Cell Treatments
The plasmids of pENTER-S100A11 and pENTER-Control

(pENTER-Con) (vector, pENTER; promoter, CMV; Tag,

FLAG and His) were purchased from the ViGene

Biosciences (Rockville, MD, USA). shRNAs of shRNA-

S100A11-1 (sh-S100A11-1), sh-S100A11-2, and shRNA

Control (sh-Con) (vector, pAV-U6-GFP; promoter, U6; Tag,

GFP) were purchased from the GenePharma (Shanghai,

China). At 80% confluence, C33A cells were transfected

with pENTER-S100A11 and pENTER-Con, and SiHa cells

were transfected with shRNA-S100A11-1/shRNA-S100A11-

2 and sh-Con by using lipofectamine 2000 (Invitrogen,

Carlsbad, CA, USA) for 72 h. Stable transfection was selected
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by using 2 µg/mL puromycin (Sigma). After the transfection

for 72 h, C33A cells were treated with 200 ng/mL dickkopf-1

(DKK-1) (a Wnt inhibitor) for another 48 h.

Quantitative Real-Time PCR (qRT-PCR)
Total RNAwas extracted from specific tissues and cells using

TRIzol reagent (Invitrogen), and reverse-transcribed using a

cDNA reverse transcription kit (Applied Biosystems, Foster

City, CA) in accordance with manufacturers’ instructions.

qRT-PCR was performed using SYBRs Green PCR Master

Mix (Applied Biosystems)

on the StepOne PlusTM Real-Time PCR System

(Applied Biosystems). Relative expression of target

genes was calculated according to the 2−ΔΔCt method.20

Specific primers used in qRT-PCR were shown in Table 1.

Immunohistochemistry (ICH)
Paraffin-embedded tissue sections were dewaxed in

xylene, dehydrated in graded ethanol, incubated in 3%

H2O2 for 30 min, and heated in citrate buffer (pH 6.0) at

95°C for 25 min. The sections were then blocked with

10% normal goat nonimmune serum at 37°C for 30 min,

and incubated with primary antibody, anti-S100A11

(1:200, ProteinTech, Rosemont, IL, USA) overnight at 4°

C. IHC was performed by using immunohistological stain-

ing kit (Golden Bridge, Beijing, China) in accordance with

the manufacturer’s instructions. The sections were stained

with diaminobenzidine (DAB) and Hematoxylin and

observed under Aperio scanning system (Aperio, San

Diego, USA). The expression of S100A11 was quantita-

tively analyzed by Aperio Image Scope software (Aperio)

in 5 randomly selected fields.

Western Blot
Total proteins were isolated from specific tissues and cells

using RIPA Lysis buffer (Invitrogen), separated by sodium

dodecyl sulfate-polyacrylamide gel electrophoresis, and trans-

ferred to polyvinylidenefluoride membrane (Millipore,

Billerica, MA, USA). The membrane was blocked with 5%

skim milk for 1 h, and incubated with specific primary anti-

bodies, including anti-S100A11 (1:500, ProteinTech), -E-cad-

herin, -N-cadherin (1:500, Santa Cruz Biotechnology, CA,

USA), -β-catenin, -c-Myc (1:500, Abcam, Cambridge,

England), and -β-actin (1:500, Sigma) overnight at 4°C.

Then the membrane was incubated with horseradish peroxi-

dase (HRP)-conjugated secondary antibody (1:5000, Abcam)

for 1 h at 25°C. The protein bands were visualized using the

enhanced chemiluminescence kit (Pierce, Rockford, IL, USA)

in accordance with manufacturer’s instructions. The relative

expression level of protein was calculated by comparing with

β-actin and normalized to the control (set as 1).

MTS Assay

Cell viability was detected by using MTS assay kit

(Promega, Madison, WI, USA) in accordance with the

manufacturer’s instructions. Briefly, cells were seeded in

96-well plates at a density of 3 × 103/well and incubated

with MTS for 4 h. After 10 min of incubation with DMSO

for 10 min, optical density (OD) at 490nm was detected by

a spectrophotometer (Invitrogen).

Migration And Invasion Assays
Migration and invasion assays were performed using

Boyden chambers (polycarbonate membrane with 8 μm
pores) (Costar, Cambridge, MA, USA). Briefly, cells

were seeded in chambers for migration assay, and in

chambers coated with Matrigel (BD Biosciences, San

Jose, USA) for invasion assay. The lower chamber was

filled with 600 µl RPMI 1640 medium containing 10%

FBS. After 48 h of incubation at 37°C, cells on the top

surface of the insert were removed with cotton swab. Cells

on the bottom surface of the insert were stained with 0.3%

crystal violet for 30 min. The migratory and invasive cells

were observed under microscope (Olympus, Tokyo,

Japan), and counted in 5 randomly selected fields.

Cell Cycle Assay
Cells were washed with phosphate buffered saline (PBS),

and fixed in methyl alcohol overnight. Then cells were

incubated with PBS containing 50 μg/mL propidium

iodide, 100 μg/mL RNase, and 0.1% Nonidet P-40 for 30

Table 1 Primers Used In Quantitative Real-Time PCR

Genes Primer Sequences

S100A11-F CCGCATGATGAAGAAACTGG

S100A11-R TGCATGAGGTGGTTAGTGTG

E-Cadherin-F TGCCCAGAAAATGAAAAAGG

E-Cadherin-R GTGTATGTGGCAATGCGTTC

N-Cadherin-F ACAGTGGCCACCTACAAAGG

N-Cadherin-R CCGAGATGGGGTTGATAATG

β-catenin-F GCCAGTGGATTCCGTACTGT

β-catenin-R GAGCTTGCTTTCCTGATTGC

c-myc-F TTCGGGTAGTGGAAAACCAG

c-myc-R CAGCAGCTCGAATTTCTTCC

β-actin-F GGCGGCACCACCATGTACCCT

β-actin-R AGGGGCCGGACTCGTCATACT
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min at 37°C. The number of cells in particular cell cycle

phases was determined by the nuclear DNA content on

FACS Calibur cell flow cytometer (BD Biosciences).

Establishment Of Tumor Model In Mice
Female BALB/c-nude mice (4–6 weeks old) were pur-

chased from Vital River Laboratory Animal Technology

(Beijing, China). Mice were fed in specific pathogen free

animal room at 22°C-25°C and 40–50% humidity with

free access to water and food. The transfected C33A

cells (5×105) were subcutaneously injected into mice.

The tumor volume was measured using vernier caliper

every 5 days. After the injection for 35 days, the tumor

weight was measured on an analytical balance. Animal

experiment was approved by the Animal Care and Use

Committee of the Affiliated Hospital of Qingdao

University (Examination and Approval Number of Ethics

Committee: 2016-Gynaecology-021103).

Statistical Analyses
All experiments were performed at least in triplicate, and

data were expressed as mean ± standard deviation.

Statistical analysis was performed by SPSS version 19.0

(SPSS Inc., Chicago, IL, USA). The clinical parameters

were compared by Mann–Whitney U (two groups) and

Kruskal-Wallis test (more than two groups). Other quanti-

tative parameters were compared by Student’s t-test (two

groups). A P-value less than 0.05 was considered to be

significantly different.

Results
S100A11 Was Upregulated In CSCC

Tissues
The expression of S100A11 was detected in 27 cases of

CSCC tissues and adjacent non-cancerous tissues. qRT-

PCR showed that the expression of S100A11 at the

mRNA level in 21 out of 27 CSCC patients was signifi-

cantly higher in CSCC tissues than that in adjacent non-

cancerous tissues (P < 0.05) (Figure 1A). Among 27

CSCC patients, the mean expression of S100A11 was sig-

nificantly higher in CSCC tissues than in adjacent non-

cancerous tissues (P < 0.05) (Figure 1B). In addition, IHC

showed that S100A11 was mainly located in the cytoplasm

and cytomembrane of CSCC cells (Figure 1C). The

S100A11 IHC score in 21 out of 27 CSCC patients was

significantly higher in CSCC tissues than that in adjacent

non-cancerous tissues (P < 0.05) (Figure 1D). Significantly

higher expression of S100A11 at the protein level was also

identified in CSCC tissues than in adjacent non-cancerous

tissues from 6 representative CSCC patients by Western

blot (Figure 1E).

The ExpressionOf S100A11Was Positively

Correlated With The FIGO Stage And LN

Metastasis Of CSCC Patients
The expression of S100A11 was further analyzed in 127

cases of CSCC tissues (74 cases at stage I, 38 cases at

stage II and 15 cases at stage III), 86 cases of CIN tissues,

and 30 normal cervical tissues by IHC. As shown in

Figure 1F, the S100A11 IHC score was significantly

higher in CIN tissues than in normal cervical tissues (P <

0.01), and significantly higher in CSCC tissues than in

CIN tissues (P < 0.05) (Figure 1F). CSCC tissues at

stage III exhibited significantly higher S100A11 IHC

score than those at stage I and II (P < 0.05). There was

no significantly difference in S100A11 IHC score between

stage I and II CSCC tissues (Figure 1G). The correlation

between S100A11 expression (IHC score) and clinical

characteristics of CSCC patients was further analyzed.

As shown in Table 2, the expression of S100A11 was

positively correlated with the FIGO stage and lymph

node (LN) metastasis in CSCC patients (P < 0.05)

(Table 2).

S100A11 Overexpression Promoted The

Proliferation, Migration, And Invasion Of

CC Cells
The expression of S100A11 was detected in four CC cell

lines, including SiHa, HeLa, C33A, and CaSki cells.

Western blot showed that the expression of S100A11 was

the highest in SiHa cells and lowest in C33A cells

(Figure 2A). The transfection of pENTER-S100A11 sig-

nificantly upregulated S100A11 in C33A cells (P < 0.01)

(Figure 2B and C). The transfection of sh-S100A11-1/sh-

S100A11-2 significantly downregulated S100A11 in SiHa

cells (P < 0.05) (Figure 2D and E).

The regulatory role of S100A11 on the proliferation,

migration, and invasion of C33A and SiHa cells

were further evaluated. MTS showed that the cell

viability (OD490) was significantly higher in pENTER-

S100A11-transfected C33A cells than in pENTER-Con-

transfected cells at 48 and 72 h post-transfection

(P < 0.05). The cell viability was significantly lower in sh-

S100A11-1/sh-S100A11-2-transfected SiHa cells than in

Meng et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2019:128678

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


sh-Con-transfected cells at 48 and 72 h post-transfection

(P < 0.05) (Figure 3A and B). After transfection of

pENTER-S100A11 into C33A cells, the percentage of

cells in G1 phase decreased significantly and the percentage

of cells in G2/M phase increased significantly (P < 0.001)

(Figure 3C). The transfection of sh-S100A11-1/sh-

S100A11-2 into SiHa cells significantly increased the per-

centage of cells in G1 phase, and decreased the percentage

of cells in S and G2/M phases (P < 0.05) (Figure 3D). In

addition, the transfection of pENTER-S100A11 into C33A

cells, and sh-S100A11-1/sh-S100A11-2 into SiHa cells sig-

nificantly increased, and decreased the numbers of migra-

tory and invasive cells, respectively (P < 0.05) (Figure 3E

and F). Furthermore, the transfected C33A cells were

injected into mice. Mice injected with pENTER-S100A11-

transfected C33A cells exhibited significantly higher tumor

Figure 1 The expression of S100A11 in cervical squamous cell carcinoma (CSCC) tissues and adjacent non-cancerous tissues from 27 CSCC patients. (A) Relative

expression of S100A11 in CSCC and adjacent non-cancerous tissues at the mRNA level (N = 27); (B) The mean expression of S100A11 in CSCC and adjacent non-

cancerous tissues at the mRNA level (N = 27); (C) Immunohistochemistry (IHC) images of S100A11 in a representative CSCC tissue (× 200, arrow represented positive

staining); (D) The S100A11 IHC score in CSCC and adjacent non-cancerous tissue; (E) Protein bands of S100A11 in 6 representative CSCC tissues detected by Western

blot (N = 6); (F) The S100A11 IHC score in CSCC (N = 127), cervical intraepithelial neoplasia (CIN) (N = 86), and normal cervical tissues (N = 30); (G) The S100A11 IHC

score in CSCC tissues at different Federation of Gynecology and Obstetrics (FIGO) stages. *P < 0.05; **P < 0.01.
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volume than those injected with pENTER-Con-transfected

cells beginning from the 15th day (P < 0.05). After 30 days

of breeding, the tumor weight was significantly higher in

mice injected with pENTER-S100A11-transfected C33A

cells than those injected with pENTER-Con-transfected

cells (P < 0.01) (Figure 3G).

Table 2 The Correlation Between S100A11 Expression (IHC Score) And Clinical Characteristics Of Cervical Squamous Cell

Carcinoma (CSCC) Patients

Clinical Variable N S100A11 IHC Scorea P valueb

FIGO stage 0.012*

I 74 1.21

II 38 1.38

III-IV 15 1.98

Tumor grade 0.413

Well 10 1.29

Moderate 54 1.40

Poor 38 1.43

Tumor size 0.69

<4cm 94 1.24

≥4cm 33 1.35

LN metastasis 0.015*

Negative 97 1.23

Positive 30 1.55

Lymphovascular invasion 0.693

Negative 108 1.30

Positive 19 1.27

Notes: aMean S100A11 IHC score; bP value analyzed by Mann–Whitney U-test (two groups) and Kruskal-Wallis test (more than two groups). *Significantly different at P < 0.05.

Abbreviations: ICH, immunohistochemistry; LN, lymph node; FIGO, Federation of Gynecology and Obstetrics.

Figure 2 The expression of S100A11 in cervical cancer (CC) cells. (A) Protein bands of S100A11 in 4 CC cell lines, including C33A, HeLa, CaSki, and SiHa cells detected byWestern

blot; (B) Protein bands of S100A11 in C33A cells; (C) Relative expression of S100A11 in C33A cells at the mRNA level (N= 5); (D) Protein bands of S100A11 in SiHa cells; (E) Relative
expression of S100A11 in SiHa cells at themRNA level (N=5). pENTER-S100A11,C33A cells transfectedwith pENTER-S100A11; pENTER-Con,C33Acells transfectedwith pENTER-

Control; sh-S100A11-1/sh-S100A11-2, SiHa cells transfected with shRNA-S100A11-1/shRNA-S100A11-2; sh-Con, SiHa cells transfected with shRNA-Control. *P < 0.05; **P < 0.01.
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S100A11 Overexpression Enhanced The

EMT Of CC Cells
Because S100A11 overexpression promoted the migration

and invasion of C33A and SiHa cells, the EMTof C33A and

SiHa cells was further analyzed. As shown in Figure 4A and

B, overexpression of S100A11 significantly downregulated

E-caherin, and upregulated N-caherin and β-catenin in

C33A cells at both the mRNA and protein level (P < 0.05)

(Figure 4A and B). In contrast, silencing of S100A11 sig-

nificantly upregulated E-caherin, and downregulated

N-caherin and β-catenin in SiHa cells at both the mRNA

and protein level (P < 0.05) (Figure 4C and D).

Figure 3 The proliferation, cell cycle, migration, and invasion of cervical cancer cells. (A) The viability (OD 490nm) of C33A cells (N =5); (B) The viability (OD 490nm) of

SiHa cells (N =5); (C) The percentage of C33A cells in different cell cycle phases (N =5); (D) The percentage of SiHa cells in different cell cycle phases (N =5); (E) The
numbers of migratory and invasive C33A cells (N =5); F) The numbers of migratory and invasive SiHa cells (N =5); (G) The tumor weight and volume of mice injected with

transfected C33A and SiHa cells. pENTER-S100A11, C33A cells transfected with pENTER-S100A11; pENTER-Con, C33A cells transfected with pENTER-Control; sh-

S100A11-1/sh-S100A11-2, SiHa cells transfected with shRNA-S100A11-1/shRNA-S100A11-2; sh-Con, SiHa cells transfected with shRNA-Control; C33A-S100A11, mice

injected with pENTER-S100A11-transfected C33A cells; C33A-Con, mice injected with pENTER-Con-transfected C33A cells. *P < 0.05; **P < 0.01; ***P < 0.001; ****P <

0.0001.
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S100A11 Overexpression Activated Wnt/

β-Catenin Signaling In CC Cells
The regulatory relationship between S100A11 and Wnt/β-
catenin signaling was evaluated. As shown in Figure 5A

and B, overexpression of S100A11 significantly upregu-

lated β-catenin and c-Myc in C33A cells at both the

mRNA and protein level (P < 0.05) (Figure 5A and B).

In contrast, silencing of S100A11 significantly downregu-

lated β-catenin and c-Myc in SiHa cells at both the mRNA

and protein level (P < 0.05) (Figure 5C and D). In addi-

tion, the intervention of DKK-1 (a Wnt inhibitor) signifi-

cantly downregulated S100A11, β-catenin and c-Myc in

both pENTER-S100A11- and pENTER-Con-transfected

C33A cells (P < 0.05) (Figure 5E and F).

Discussion
S100 protein is a large subgroup of EF-hand protein family,

which plays a key regulatory role in diverse cellular pro-

cesses, such as calcium homeostasis, endo- and exocytosis,

cell cycle, proliferation, apoptosis, migration, inflammation,

cytoskeleton dynamics, and DNA repair.21,22 Growing

evidence have shown that S100A11 protein is also implicated

in tumorigenesis and progression of cancer.23,24 In this study,

the expression of S100A11 in CSCC tissues was significantly

higher than that in adjacent non-cancerous tissues by qRT-

PCR and IHC in 27 cases of CSCC. Our findings are con-

sistent with previous studies on lung cancer,8 ovarian cancer,9

renal cancer,10 pancreatic cancer,11 and gastric cancer.12 We

suspect that S100A11 may function as a tumor promoter in

CC. In addition, the expression of S100A11 is also closely

associated with cancer progression. It has been reported that

S100A11 is positively correlated with the regional LNmetas-

tasis, and the stage of patients with colorectal cancer.25,26

S100A11 is positively correlated with FIGO stage, ascitic

fluid volume, residual disease, as well as poor disease-free

and overall survival in patients with high-grade ovarian

cancer.27 In this study, we found that the expression of

S100A11 was significantly higher in CSCC tissues than in

CIN tissues, and significantly higher in stage III CSCC tissues

than in stage I and II CSCC tissues. In addition, S100A11was

positively correlated with the FIGO stage and LN metastasis

of CSCC patients. Our findings are consistent with previous

Figure 4 The expression of epithelial-mesenchymal transformation (EMT) markers in cervical cancer cells. (A) Protein bands of S100A11, E-caherin, N-caherin and β-
catenin in C33A cells detected by Western blot; (B) Relative expression of S100A11, E-caherin, N-caherin and β-catenin in C33A cells at the mRNA level (N = 5); (C)

Protein bands of S100A11, E-caherin, N-caherin and β-catenin in SiHa cells detected by Western blot; (D) Relative expression of S100A11, E-caherin, N-caherin and β-
catenin in SiHa cells at the mRNA level (N = 5). pENTER-S100A11, C33A cells transfected with pENTER-S100A11; pENTER-Con, C33A cells transfected with pENTER-

Control; sh-S100A11-1/sh-S100A11-2, SiHa cells transfected with shRNA-S100A11-1/shRNA-S100A11-2; sh-Con, SiHa cells transfected with shRNA-Control. *P < 0.05;

**P < 0.01.
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studies, suggesting that S100A11 may be a promising diag-

nostic and prognostic factor for CC.

S100A11 plays a key role in regulating the proliferation,

migration, and invasion of cancer cells. It has been reported

that the overexpression of S100A11 in PANC-1 cells

increases the proliferation rate and cell percentage in S

phase, and decreases the early apoptotic rate and cell percen-

tage in G0/G1 phase.13 S100A11 knockdown significantly

decreases the numbers of migratory and invasive cells in

RBE and 786-O cells.14,15 However, the specific regulatory

role of S100A11 in CC cells remains unclear. In this study,

S100A11 was overexpressed in C33A cells by the transfec-

tion of pENTER-S100A11 and silenced in SiHa cells by the

transfection of sh-S100A11-1/sh-S100A11-2. We found that

overexpression of S100A11 in C33A cells significantly

increased the cell viability, the percentage of cells in G2/M

phase, as well as the numbers of migratory and invasive cells.

The opposite results in SiHa cells were found after S100A11

silencing. These findings are consistent with previous studies

on pancreatic cancer, renal cancer, and cholangiocarcinoma

Figure 5 The expression of epithelial-mesenchymal transformation markers in cervical cancer cells. (A) Relative expression of S100A11, β-catenin, and c-Myc in C33A cells

at the mRNA level (N = 5); (B) Protein bands of S100A11, β-catenin, and c-Myc in C33A cells detected by Western blot; (C) Relative expression of S100A11, β-catenin, and
c-Myc in SiHa cells at the mRNA level (N = 5); (D) Protein bands of S100A11, β-catenin, and c-Myc in SiHa cells detected by Western blot; (E) Relative expression of

S100A11, β-catenin, and c-Myc in dickkopf-1 (DKK-1, a Wnt inhibitor)-treated C33A cells at the mRNA level (N = 5); (F) Protein bands of S100A11, β-catenin, and c-Myc in

DKK-1-treated C33A cells detected by Western blot. pENTER-S100A11, C33A cells transfected with pENTER-S100A11; pENTER-Con, C33A cells transfected with

pENTER-Control; sh-S100A11-1/sh-S100A11-2, SiHa cells transfected with shRNA-S100A11-1/shRNA-S100A11-2; sh-Con, SiHa cells transfected with shRNA-Control;

pENTER-S100A11 + DKK-1, pENTER-S100A11-transfected C33A cells treated with 200 ng/mL DKK-1; pENTER-Con + DKK-1, pENTER-Con-transfected C33A cells

treated with 200 ng/mL DKK-1. *P < 0.05; **P < 0.01.
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mentioned above.13–15 Silencing of S100A11 may inhibit the

proliferation of CC cells via blocking cells in G2/M phase, as

well as the migration and invasion abilities.

During EMT, polarized epithelial cells are converted

into motile mesenchymal cells.28 EMT influences cell-cell

and cell-matrix interactions, and enhances cell invasive-

ness, thereby facilitating the initiation of caner metastasis.29

In this study, overexpression of S100A11 significantly

downregulated E-caherin, and upregulated N-caherin and

β-catenin in C33A cells. S100A11 silencing had the oppo-

site effect on SiHa cells. Our findings are consistent with a

pervious study that knockdown of S100A11 upregulates the

expression of N-cadherin, β-catenin, vimentin, Slug and

Snail and downregulates E-cadherin in RBE cells.15 We

suspect that silencing of S100A11 may suppress the migra-

tion and invasion of CC cells through inhibiting EMT.

Wnt/β-catenin signaling is an important regulatory signal-

ing pathway involved in tumorigenesis.30 The regulatory rela-

tionship between S100A11 and Wnt/β-catenin signaling is

still unclear in CC. In this study, we found that overexpression

of S100A11 significantly upregulated β-catenin and c-Myc in

C33A cells, and silencing of S100A11 significantly down-

regulated β-catenin and c-Myc in SiHa cells. These findings

indicate that S100A11 has a positive regulation on the activa-

tion of Wnt/β-catenin signaling in CC cells. In addition, our

further assay showed that the intervention of DKK-1 (a Wnt

inhibitor) significantly downregulated S100A11, β-catenin
and c-Myc in C33A cells. These results indicate that Wnt/β-
catenin signaling can also feedback regulate S100A11 in CC

cells. It has been reported that Wnt/β-catenin pathway inhibi-
tor calcimycin inhibits the S100A4-induced migration and

invasion of HCT116 cells (colon cancer).31 Knockdown of

β-catenin revises the promoting effects of recombinant

S100A8 and S100A9 on the viability and migration of

HCT116 and SW480 cells.32 We suspect that silencing of

S100A11 may inhibit the proliferation, migration, invasion,

and EMTof CC cells through blocking Wnt/β-catenin signal-
ing. However, the detailed action mechanism of S100A11 on

Wnt/β-catenin signaling in CC remains unclear, and further

research is still needed.

Conclusions
S100A11 was upregulated in CSCC tissues, and its expres-

sion was positively correlated with the FIGO stage and LN

metastasis of CSCC patients. Overexpression of S100A11

promoted the proliferation, invasion, migration, and EMT

of CC cells in vitro, as well as the tumor growth in vivo

(mice). In addition, S100A11 could activate Wnt/β-catenin

signaling in CC cells. Silencing of S100A11 may be a

promising therapeutic target for CC. Further research on

the efficacy and safety of S100A11 silencing in the treat-

ment of CC were still needed.
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