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Abstract
AIM: To investigate a potential role of S100A4 in esoph-
agus squamous cell carcinoma metastasis (ESCCs). 

METHODS: Expression of S100A4 and E-cadherin were 
analyzed in frozen sections from ESCCs (metastasis,  
n  = 28; non-metastasis, n  = 20) by reverse transcrip-
tion-polymerase chain reaction, quantitative polymerase 
chain reaction and immunohistochemistry. To explore 
the influence of S100A4 on esophageal cancer invasion 
and metastasis, S100A4 was overexpressed or silenced 
by S100A4 siRNA in TE-13 or Eca-109 cells in vitro  and 
in vivo .

RESULTS: We found the mRNA and protein levels of 
S100A4 expression in ESCCs was significantly upregu-
lated, and more importantly, that expression of S100A4 
and E cadherin are strongly negatively correlated in 
patients who had metastasis. It was indicated that 
overexpression of S100A4 in TE-13 and Eca-109 cells 
downregulates the expression of E-cadherin, leading to 

increased cell migration in vitro , whereas knockdown 
of S100A4 inhibited cell migration and upregulation 
of E-cadherin expression. Moreover, the loss of cell 
metastatic potential was rescued by overexpression of 
E-cadherin completely. In addition, nude mice inocu-
lated with S100A4 siRNA-transfected cells exhibited a 
significantly decreased invasion ability in vivo .

CONCLUSION: S100A4 may be involved in ESCC pro-
gression by regulate E-cadherin expression, vector-
based RNA interference targeting S100A4 is a potential 
therapeutic method for human ESCC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Despite improvements in detection, surgical resection, 
and (neo-) adjuvant therapy, the overall survival for 
esophageal squamous cell carcinoma (ESCC), one of  the 
most aggressive carcinomas of  the gastrointestinal tract, 
remains lower than that of  other solid tumors due to 
distant and lymph node metastasis[1]. Therefore, efforts 
are ongoing regarding exploration of  novel targets and 
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strategies for the management of  ESCC, and gene target-
ing therapies in particular are promising. Multiple studies 
focusing on the effects of  various biological factors on 
the malignant potential of  ESCC have been conducted[2-4]. 
One of  those factors is E-cadherin as the loss of  E-cad-
herin is an important step in the process of  epithelial-to-
mesenchymal transition (EMT) in cancer[5-8]. In ESCC, 
loss of  E-cadherin expression is associated with tumor 
invasiveness, metastasis and prognosis[2,9,10]. Mechanisms 
involved in regulation of  E-cadherin in ESCC are likely 
complex and poorly understood.

The S100 family of  calcium binding proteins has been 
shown to be involved in a variety of  physiological func-
tions, such as cell proliferation, extracellular signal trans-
duction, intercellular adhesion, and motility as well as 
cancer metastasis[11-13]. Of  these, S100A4 (mts1, p9Ka, 
calvasculin) has been identified as a cytoplasmic protein 
in normal cells, which is associated with the actin/myosin 
cytoskeleton in fixed cells[14]. Interestingly, elevated levels 
of  S100A4 are closely associated with the process of  me-
tastasis in several human solid cancers including gastric 
cancer[15,16], colorectal adenocarcinoma[17,18], and breast can-
cer[19]. Patients with S100A4 high expression often appear 
with advanced stage or lymph node metastasis suggesting 
correlation of  the S100A4 expression and the invasion or 
metastasis of  ESCC[20]. In this study, we investigated the 
expression of  S100A4 and E-cadherin in ESCC patients 
and the potential functional relationship in tumor metas-
tasis and proliferation.

MATERIALS AND METHODS
Cell lines
EC109 and TE13 were kindly provided by Dr. Zhang 
(Surgery, the affiliated Hospital of  Medical College, Qing­
dao University, QingDao, China)[21]. All the cells were 
maintained in 50 mL/L CO2 atmosphere at 37 ℃ in RPMI 
1640/Ham’s F-12 mixed (1:1) medium containing 100 g/L  
fetal bovine serum. 

Tissue sample collection
A total of  48 cryostat sections of  frozen ESCC tissue 
were enrolled in this study: 28 with lymph node (n = 25) 
or distant metastasis (n = 3) and 20 without metastasis. 
These patients did not receive any preoperative adjuvant 
radiation or chemotherapy. All research involving human 
participants was approved in written form by the patients 
studied and the ethics committee at the affiliated hospital 
of  Tianjin medical university.

Silencing of S100A4 
SiRNAs were commercially purchased from Qiagen (Va­
lencia, CA). The sequence of  selected regions to be targeted 
by siRNAs was 5’-AACGAGGTGGACTTCCAAGAG-3’ 
for S100A4 and 5’-AATTCTCCGAACGTGTCTCG T-3’ 
for a nonsilencing siRNA (control). siRNA cloning vector 
(pGB) was purchased from ABCAM (Shanghai). pGB-
S100A4 siRNA and controls were constructed according to 
the manufacture’s instruction. EC109 cells were transfected 

with the siRNA plasmids in the presence of  Lipofectamine. 
Stable transfectants were selected with 300 µg/mL G418.

S100A4 cDNA and E-cadherin cDNA plasmid 
construction and transfection
The commercial pMD vector (produced by TAKARA) 
and Homo sapiens S100A4 transcript variant 1 DNA ORF 
(S100A4 cDNA) and Homo sapiens E-cadherin DNA 
ORF Clone (E-cadherin cDNA) were purchased from 
Sino Biological Inc. Beijing; The gene sequence is identical 
with the Gene Bank Ref. ID sequence: S100A4 cDNA: 
NM_002961.2; E-cadherin DNA: NM_004360.3. The 
S100A4 cDNA product was then cloned into pMD vec-
tor as the manufacture’s instruction. The constructs were 
confirmed by DNA sequencing and restriction enzyme 
digestion. For transfection studies, EC109 and TE13 cells 
were plated at a density of  1 × 106 cells per well in 6-well 
plates and incubated for 24 h in complete medium. The 
cells were then transfected with S100A4 cDNA (E-cad-
herin) construct by using an lipofectamine transfection kit 
for 48 h. For controls, the same amount of  empty vector 
was also transfected. Stable transfected TE13 cells (pMD-
S100A4 cDNA) were selected with 200 µg/mL G418.

Real-time quantitative reverse transcription-polymerase 
chain reaction analysis of archival material or TE-13 and 
Eca-109 cell lines 
Total RNA was extracted from cryostat sections of  frozen 
tissue or TE-13 and Eca-109 cell lines using Trizol Re-
agent (Life Technologies, Inc.) according to the manufac-
turer’s instructions. Real-time quantitative reverse transcrip-
tion-polymerase chain reaction (Q-PCR) was performed 
using the ABI Prism 7 700 Sequence Detection System 
(Perkin-Elmer Applied Biosystems). Q-PCR assays were 
performed in triplicate, and the mean values were used for 
calculations of  mRNA expression. Relative levels were de-
termined using the 2 (-ΔΔCt) method[22]. 

Reverse transcription-polymerase chain reaction analysis 
of archival material or TE-13 and Eca-109 cell lines
PCRs were carried out by using forward and reverse pri
mer combinations for S100A4 (forward 5’-TCAGAACTA-
AAGGAGCTGCTGACC-3’, reverse 5’-TTTCTTCCT-
GGGCTGCTTATCTGG-3’), E-cadherin (forward 5’
-GGAAGTCAGTTCAGACTCCAGCC-3’, reverse 5’
-AGGCCTTTTGACTGTAATCACACC-3’), GAPDH 
(forward 5’-AATCCCATCACCATCTTCCAGGAG-3’, re-
verse 5’-GCATTGCTGATGATCTTGAGGCTG-3’). The 
cDNA was amplified with an initial denaturation at 94 ℃ 
for 3 min followed by the sequential cycles of  denaturation 
at 94 ℃ for 50 s, annealing at 55 ℃ for 1 min, and exten-
sion at 72 ℃ for 1 min for 30 cycles, with final extension at 
72 ℃ for 5 min.

Western blotting
Whole-cell proteins were isolated, the lysates centrifuged, 
and the supernatant collected. 30 µg of  total protein 
was loaded per well, separated by 7.5% to 12% sodium 
dodecyl sulfate polyacrylamide gel electrophoresis, and 
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transferred to polyvinylidene difluoride membranes at 
150 mA for 16 h at 4 ℃ according to the manufacturer’s  
instructions. The membranes were blocked and incu-
bated with primary antibodies. Primary antibodies were as 
follows: anti-S100A4 (1:200 dilution) and anti-E-cadherin 
(1:200 dilution; all from Santa Cruz Biotechnology). The 
immunoblots were detected by using an electrochemilu-
minescence kit (Amasham, Piscataway, NJ) and exposed 
to X-OMATAR film.

Immunohistochemistry staining
The paraffin-embedded sections were stained with pri-
mary anti-S100A4 or anti-Ecadherin (Abcam, Cambridge, 
United Kingdom) antibody and horseradish peroxidase-
labeled immunoglobulin (Boshide Biotech Co., Ltd, Wu-
han, China). Images were obtained at × 200 magnifica-
tion. Stained slides were scored by 2 blinded, indepen-
dent observers. The results of  the immunohistochemical 
stainings were evaluated by the percentage of  positively 
stained carcinoma cells. Expression of  S100A4 was deter-
mined as positive when cytoplasmic and/or perinuclear 
staining was seen in more than 10% of  the tumour cells. 
Expression of  S100A4 was considered negative when no 
cells or less than 10% of  the tumour cells were stained. 
Expression of  E-cadherin was determined as described 
in a previous study[23]. Briefly, the tumor cells that stained 
as strongly as normal epithelial cells were considered to 
be “preserved expression” (positive), and those which 
exhibited weaker staining than normal epithelial cells or 
showed completely negative staining were considered to 
be “reduced expression” (negative).

Cell invasion assays 
Cell invasion assays were performed using 8-µm pore size 
Transwell Biocoat Control inserts (Becton Dickinson). In 
brief, 1 × 104 cells were seeded on a transwell containing 
numbers of  8-µm pores for invasion assay. The cham-
ers were put into the incubator at 37 ℃, 50 mL/L CO2. 

Cells on the top surface of  the transwell were removed 
by scrubbing 24 h after incubation. The cells were fixed 
by 950 mL/L ethanol, and stained in 30 min by 1 mL/L 
crystal violet. We counted the number of  transmem-
brane cells under an optical microscope, chose five high 
power fields by random, and chected each field of  vision 
to evaluate the invasion and metastasis of  tumor cells 
in vitro. Such invaded cells were counted and compared 
among groups. Individual experiments were done in du-
plicate and repeated four times.

Invasion study in vivo
All animals were maintained in a sterile environment and 
cared for within the laboratory animal regulations of  the 
Ministry of  Science and Technology of  the People’s Re-
public of  China (http://www.most.gov.cn/kytj/kytjzc-
wj/200411). Full details of  the study approval by the eth-
ics committee at the affiliated hospital of  Tianjin medi-
cal university. After growth to subconfluency, transfected 
(pMD-S100A4 siRNA or mock siRNA) and nontransfected 
Eca-109 cells, stable transfected TE13 cells (pMD-S100A4 

cDNA), mock transfected and nontransfected TE13 cells 
were injected into the pancreas under the envelope near 
spleen of  nude mice (n = 8 for each variant). Twenty-
eight days later, the mice were killed following the opera-
tion. The number of  the seeded tumor naked in the liver 
and lung is used for assessment of  metastases.

Statistical analysis
All statistical analyses were performed using SPSS 11.0 
software. The results were presented as mean ± SD of  
three replicate assays. Differences between various groups 
were assessed using ANOVA or Dunnett t-test. P value (of  
< 0.05) was considered to indicate statistical significance.

RESULTS
Increased expression of S100A4 and E-cadherin is 
associated with lymph node metastasis 
Results of  immunohistochemistry (IHC) staining showed 
that S100A4 was weakly expressed in non-metastasis ESCC, 
whereas strongly expressed in metastatic ESCC (Table 1, 
P < 0.05). On the contrary, E-cadherin expression was 
strongly expressed in non-metastatic ESCC, whereas weak 
E-cadherin expression was detectable in metastatic ESCC 
(Table 1) Significantly, negative relationship was found 
between S100A4 and E-cadherin expression. The Western 
blotting, Q-PCR and reverse transcription-polymerase 
chain reaction (RT-PCR) analysis has the same results as 
IHC analysis. A six representive (5 non-metastatic ESCC 
cases and 5 metastatic ESCC cases) western blotting and 
RT-PCR results was shown in Figure 1A and B. In the 
present study, we also detected the levels of  transcripts of  
S100A4 mRNA and E-cadherin mRNA in metastasis (M) 
tumor samples and non-metastasis tumor (N) samples 
(expressed as transcript copy number per 50 mg of  mes-
senger RNA and standardized with β-actin; Figure 1C and 
D). We found that transcript copy numbers for S100A4 
were 46.3 ± 9.4 for M tumor and 10.5 ± 3.6 for N tumor 
(P = 0.036); for E-cadherin, they were 13.62 ± 2.3 for 
M tumor and 40.17 ± 3.91 for N tumor (P = 0.018); A 
significant negative relationship was observed between 
S100A4 mRNA and E-cadherin expression (P = 0.034).  
These results above indicates that ESCC metastasis is as-
sociated with significantly decreased expression of  E-cad-
herin and increased S100A4 expression.

S100A4 and E-cadherin expression in EC109 and TE13 
cell lines
Western blotting (Figure 2A) and RT-PCR (Figure 2B) 
analysis shown the levels of  S100A4 were significantly 

Table 1  Immunohistochemistry staining of S100A4 and 
E-cadherin

Groups n S100A4 E-cadherin

Positive Negative P  
value

Positive Negative P  
value

Metastasis 28 19 9 0.027 10 18 0.036
Non-metastasis 20 7 13 12 8

Chen D et al . Effect of S100A4 on metastasis in ESCCs
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higher in EC109 cells than that of  in TE13 cells, and the 
levels of  E-cadherin were significantly lower in EC109 
cells than that of  in TE13 cells. IHC analysis shown the 
same result as Western blotting and RT-PCR (data not 
shown).

Knockdown of S100A4 inhibits invasion in EC109 cell by 
upregulation of E-cadherin 
S100A4 has been implicated in the malignant phenotype 
of  tumor cells, including cell motility, however the bio-

logical function is hardly known. Many studys found 
that S100A4-induced invasiveness in malignant tumor 
cells is caused or partially caused by down-regulation of  
E-cadherin[24-29]. Kwak et al[30] has reported there was no 
significant association between S100A4 and clinicopa
thological parameters such as tumor differentiation or 
TNM stage, and also no correlation between the reactiv-
ity and E-cadherin. In the present study, we found that 
knockdown of  S100A4 inhibited invasion in EC109 cells, 
followed by increased E-cadherin expression in EC109 
cells. As shown in Figure 3A, suppression of  the S100A4 
caused a over 60% reduction (P < 0.05) in the number 
of  cells that traversed the membrane versus nonsilencing 
control or mock control in EC109 cells. Western blot-
ting, RT-PCR and Q-PCR analysis shown E-cadherin 
mRNA and protein expression was upregulated when the 
S100A4 expression was knockdown (Figure 3B). When 
the stable transfectants (S100A4 siRNA) were transfected 
with S100A4 cDNA for 48h, S100A4 expression was 
observed to be very high 48 h after transfection (data 
not shown) to restore the expression of  S100A4 in the 
stable transfected EC109 cells, only to find significantly 
increased invasion ability in EC109 cells (Figure 3A) fol-
lowed by the downregulation of  E-cadherin expression 
(Figure 3C). These data suggest that knockdown of  
S100A4 suppressed the invasion ability of  human EC109 
cells by upregulation of  E-cadherin expression.

Overexpression of S100A4 promotes invasion in TE-13 
cell by downregulation of E-cadherin
TE-13 cells stablely transfected with pMD-S100A4 cDNA 
plasmid displayed a significantly increased S100A4 expres-
sion as compared with vector control. The overexpres-
sion of  S100A4 was confirmed by performing Western  

1    2    3    4    5 1      2     3    4    5
RT-PCR Western-blotting

Metastasis

S100A4

E-cadherin

GAPDH

S100A4

E-cadherin

b-actin

6   7    8    9   10 6     7    8    9   10
RT-PCR Western-blotting

Non-Metastasis

S100A4

E-cadherin

GAPDH

S100A4

E-cadherin

b-actin

A B

Metastasis       Non-metastasis

a

60
50
40
30
20
10
0

S1
00

A4
 

R
N

A 
co

py
/5

0 
mg

 R
N

A

P  < 0.05C

Metastasis       Non-metastasis

b

50
40
30
20
10
0

E-
ca

dh
er

in
 

R
N

A 
co

py
/5

0 
mg

 R
N

A

P  < 0.05D

Figure 1  S100A4 and E-cadherin expression in metastasis and non-metastasis tissue. A: The representive reverse transcription-polymerase chain reaction (RT-
PCR) and Western blotting results for S100A4 and E-cadherin in metastasis tissue; B: The representive RT-PCR and Western blotting results for S100A4 and E-cadherin 
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blotting analysis (Figure 4B). We analyzed the effect of  
S100A4 overexpression on the invasive ability of TE13 
cells. As shown in Figure 4A, overexpression of  S100A4 
significantly increased the number of  invasive cells (P < 
0.05), followed by the downregulation of  E-cadherin 
(Figure 4C). However, when the stable transfectants (pMD-
S100A4 cDNA plasmid) were transfected with pMD-E-
cadherin cDNA for 48 h [E-cadherin expression was 
observed to be very high 48 h after transfection (data not 
shown)] to restore the expression of  E-cadherin in the 
stable transfected TE-13 cells, only to find significantly 

decreased invasion ability in the TE-13 cells (pMD-S100A4 
cDNA plasmid-transfected) (Figure 4A). These data sug-
gest that the S100A4 gene controls the invasion ability of  
human TE-13 cells by regulation of  E-cadherin. These 
data further support our hypothesis that S100A4 confers 
the invasive characteristics to cells during human ESCC 
development.

Effect of S100A4 on metastasis in vivo model
EC109 cells (S100A4 siRNA-transfected) or TE-13 cells 
(S100A4 cDNA-transfected) and their control cells were 
injected into the pancreas under the envelope near spleen 
of  nude mice (n = 6 for each variant). Twenty-one days 
latter, the mice were killed , autopsy was carried out to re-
move organs. The number of  the seeded tumor naked in 
the speen, liver, pancreas and lung is used for assessment 
of  metastases. Less sleep, liver, pancreas and lung me-
tastasis nodes were found in S100A4 siRNA-transfected 
groups. The total nodes in S100A4 siRNA-transfected 
groups was significantly fewer than that of  in mock siRNA  
or control (P < 0.01) (Figure 5A). However, more seeded 
nodes were found in S100A4 cDNA transfected groups 
than that of  in mock cDNA or control groups, although 
the difference was not significant (Figure 5B).

DISCUSSION
Metastasis is a complex cascade of  events involving a fine­
ly tuned interplay between malignant cells and multiple 
host factors. The transition from benign tumor growth to 

Figure 3  Knockdown of S100A4 inhibits invasive capability of EC109 cells. 
A: Transmigration cells of control, mock siRNA, S100A4 siRNA and S100A4 
siRNA + S100A4 cDNA cells was calculated from three independent experiments. 
The indicated cells (1 × 104) were seeded on 8-mm porous transwell chambers. 
After 24 h of plating, transmigration cells were fixed and stained with crystal violet. 
Transmigration cells were counted for each of the indicated cells. Columns, mean 
number of cells obtained in three independent experiments; bars, SD; aP < 0.05 
vs control or mock siRNA group; B: Western blotting, reverse transcription-poly-
merase chain reaction (RT-PCR) and quantitative real time PCR (Q-PCR) analy-
sis for S100A4 and mRNA and protein expression, bP < 0.05 vs control or mock 
siRNA group; C: Western blotting, RT-PCR and Q-PCR analysis for E-cadherin 
and mRNA and protein expression. cP < 0.05 vs S100A4 siRNA group. 1: Control; 
2: Mock siRNA; 3: S100A4 siRNA; 4: S100A4 siRNA + E-cadherin siRNA.
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malignancy is manifested by the ability of  tumor cells to 
traverse tissue barriers and invade surrounding tissues[31]. 
Among a multitude of  factors playing a role, the small 
calcium-binding protein S100A4 has been found to add 
to the invasive and metastatic capacity of  cancer cells[32,33]. 
Recent studies have shown S100A4 is up-regulated in 
many types of  epithelial cancers, including esophageal 
squamous cell[17-20]. S100A4S plays an important role in 
tumor progression and invasion. However, the exact mo-
lecular function or mechanism by which S100A4 exerts 
its putative metastasis-promoting effects has not been 
fully elucidated, and the protein is most likely involved in 
several aspects of  tumor progression[34,35]. 

EMT is a crucial process during morphogenesis of  
multi-cellular organisms. EMT not only is a normal de-
velopmental process but also plays a role in tumor inva-
sion and metastasis[36]. Currently, EMT is thought to be a 
key step for cancer metastasis[37]. One of  the key features 
of  EMT is the down-regulation of  the expression of  
the cell adhesion molecule E-cadherin, a critical event 
in tumor invasion. Many reports have found E-cadherin 
expression was significantly reduced in ESCCs, and lower 
expression of  E-cadherin followed by increased lymph 
node metastasis and poor procession[2,38-40]. Several stud-
ies have recently described a direct interaction and/or re-
ciprocal influence between S100A4 and E-cadherin[24-30]. 

In the present study, we found that expression of  
S100A4 was significantly associated with nodal metastasis 
in ESCC. The ESCC tissue with a high S100A4 expression 
had a weak E-cadherin expression, and the expression 
of  S100A4 was significantly associated with decreased 
E-cadherin. It is suggestd S100A4 promotes migration 
and invasion may correlate with the downregulation of  
E-cadherin expression.

Several studies found knockdown of  S100A4 inhibits 
invasion and proliferation in carcinoma cells, and over-
expression of  S100A4 promotes invasion and prolifera-
tion[41-44]. To test the significance of  S100A4 expression 

in ESCC, we transfected the S100A4 siRNA into EC109 
cells to knockdown of  S100A4. After transfection, the in-
vasive ability of  EC109 cells decreased dramatically. Our 
results were consequent with the resent report[45].

We also observed that S100A4 gene suppression sig-
nificantly increased the expression of  E-cadherin. When 
we restored the expression of  S100A4 in the stable trans-
fected EC109 cells, only to find significantly increased 
invasion ability in EC109 cells followed by the downregu-
lation of  E-cadherin expression. To prove that overex-
pression of  S100A4 promotes invasion again, the TE-13 
cells (less S100A4 expression) was transfected with S100A4 
cDNA, only to find significantly increased the invasion 
ability of  TE-13 cells, followed by the downregulation of  
E-cadherin. However, when the S100A4 cDNA transfect-
ed TE13 cells were transfected with E-cadherin cDNA to 
restore the expression of  E-cadherin in the TE-13 cells, 
only to find significantly decreased invasion ability in the 
TE-13 cells. These data suggest that the S100A4 gene 
controls the invasion ability of  ESCC by regulation of  
E-cadherin.

In vivo, we found S100A4 knockdown can synergisti-
cally reduce the metastatic burden using a EC109 pseu-
dometastatic model in immunodeficient mice, and the 
effects reached statistical significance. We also observed 
that overexpression of  S100A4 increased the metastatic 
burden in a TE13 pseudometastatic model.

In summary, we demonstrated that the S100A4 gene 
controls invasion ability of  human ESCC cells through 
the regulation of  E-cadherin gene. We suggest that control 
of  invasion and metastasis through suppression of  the 
S100A4 gene may contribute to a novel therapeutic ap-
proach against ESCC. This approach could be realized 
through development of  specific S100A4 inhibitors or 
use of  a gene therapy approach.
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motility and invasion. In the study, the authors explored a potential role of 
S100A4 in ESCC metastasis.
Research frontiers
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Applications
S100A4 may be involved in ESCC progression, RNA interference (RNAi) target-
ing S100A4 is a potential therapeutic method for human ESCCs.
Terminology
S100A4, also known as mts1, p9Ka, FSP1, CAPL, calvasculin, pEL98, metas-
tasin, 18A2, and 42A, was cloned in the 1980s and early 1990s from various 
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Figure 5  Knockdown of S100A4 inhibits metastasis of xenograft tumors 
(n = 6 per group). A: The total metastasis nodes in EC109 tumors (aP < 0.05 
vs control or mock siRNA); B: The metastasis nodes in TE13 tumors.
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