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Abstract. S100A4 is a small Ca2+ binding protein that belongs 
to the S100 family and is involved in a number of cellular 
functions, including cell cycle control, proliferation, apoptosis, 
and has a significant role in angiogenesis and neurite exten-
sion. However, the exact function and mechanism of S100A4 
in laryngeal carcinogenesis remains to be elucidated. The 
present study was designed to investigate the potential use of 
RNA interference to inhibit S100A4 expression and activation, 
as well as the subsequent effect on human laryngeal cancer 
cell growth and apoptosis. The present study demonstrated 
that knockdown of S100A4 decreased the proliferation and 
growth of the human laryngeal cancer Hep‑2 cell line. The 
percentages of the apoptotic cells were 4.23±1.22, 4.92±1.85 
and 11.70±4.02% in the control, negative control and S100A4 
short hairpin RNA (shRNA) groups, respectively, indicating 
significant differences among the different groups. The 
S100A4‑mediated induction of apoptosis was demonstrated to 
be associated with the activation of caspase‑3, caspase‑8 and 
caspase‑9. Intratumoral injection of S100A4‑shRNA inhibited 
tumor growth in nude mice. Thus, knockdown of S100A4 
inhibited the progression of laryngeal squamous carcinoma, 
decreased proliferation and promoted apoptosis. S100A4 is 
a potential candidate for therapeutic targeting of laryngeal 
carcinoma cells.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the 
eighth leading cause of cancer mortality worldwide (1). As one 
of the most common types of cancer in the head and neck, 

laryngeal squamous carcinoma (LSCC) is a major type of 
HNSCC (2). The incidence of LSCC in China has been progres-
sively increasing, particularly in the Northeast region. Despite 
advancements in local control and overall life quality achieved 
with the use of combined modality therapies, the survival rates 
for LSCC patients have not improved significantly over the 
past two decades. With the development of molecular biology, 
the use of biomarkers in the diagnosis of LSCC in the future 
and the results from investigating the molecular mechanisms 
of LSCC may improve treatment and survival rates of LSCC 
patients (3).

S100A4 is a small (11.5 kDa) acidic calcium binding protein 
that belongs to the S100 protein family. It has been associated 
with numerous biological functions, for example, protection 
of cells from proapoptotic stimuli and stimulation of neurite 
outgrowth (4,5). Overexpression of S100A4 has been reported 
in several types of cancer and is correlated with poor patient 
prognosis (6‑8). Previous studies suggested that S100A4 acts 
as a potential marker of metastasis by regulating cell growth, 
motility and invasion (9,10). Our previous study revealed that 
overexpression of S100A4 is associated with the progression 
of laryngeal cancer, and it is therefore considered an important 
molecular marker for laryngeal cancer (11). However, the exact 
role and molecular mechanism of S100A4 in LSCC have not 
been well characterized. Therefore, in the present study, the 
biological effects of S100A4 suppression were examined by 
using the RNA interference method to inhibit S100A4 expres-
sion in the laryngeal cancer cell line Hep‑2 in order to evaluate 
the importance of S100A4 and to elucidate the possibilities for 
utilization of S100A4 in the treatment of LSCC.

Materials and methods

Cell culture and transfection. The human laryngeal cancer cell 
line Hep‑2 was purchased from the Institute of Biochemistry 
and Cell Biology, Chinese Academy of Sciences (Shanghai, 
China) and originated from a metastatic peidermoid carci-
noma of the larynx (12). The cell was cultured in RPMI‑1640 
medium (Invitrogen Life Technologies, Carlsbad, CA, USA) 
supplemented with 10% fetal calf serum, 100 U/ml penicillin 
and 100 U/ml streptomycin at 37˚C in a 5% CO2 incubator. 
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Upon reaching 60-70% confluence, the cells were divided 
into two new dish or seeded in six‑well plates at a density of 
1x105 cells per well for further experiments. The Hep‑2 cells 
were transfected with short hairpin RNA (shRNA) control 
or S100A4 shRNA expression plasmids. Hep‑2‑shRNA cells 
expressed an shRNA, specifically targeting S100A4 mRNA, 
while Hep‑2 negative control (Hep‑2‑shNC) cells expressed 
an unrelated control sequence. shRNA were transfected 
into Hep‑2 cells using Lipofectamine 2000 (Invitrogen 
Life Technologies) according to the manufacturer's instruc-
tions. Total RNA was prepared 24 h post transfection and 
the results of gene knockdown were determined by reverse  
transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Cells were incubated for 72 h and then harvested 
for further experiments.

RT‑qPCR. The quantification of S100A4 expression levels 
was performed using an SYBR‑Green I‑based real‑time 
fluorescence detection method (13). Total RNA was isolated 
from Hep‑2 cells using an mRNA isolation kit (Qiagen, 
Valencia, CA, USA), and subsequently reverse transcribed 
using the Reverse Transcription PCR kit kit (Takara Bio 
Inc., Shiga, Japan) with Oligo‑dT primers. cDNA was ampli-
fied using an SYBR Premix Ex Taq kit (Takara Bio Inc.) on 
an ABI 7500 Real‑time PCR system (Applied Biosystems, 
Foster City, CA, USA). GAPDH served as a reference gene 
and samples without cDNA or without oligonucleotides 
were used as negative controls. The control GAPDH frag-
ment was amplified using the following primer sequences: 
GAPDH, forward 5'‑ATCATCAGCAATGCCTCC‑3' 
and reverse 5'‑CATCACGCCACAGTTTCC 3'; S100A4, 
forward 5'‑CCCTGGATGTGATGGTGTC‑3' and reverse 
5'‑CTCGTTGTCCCTGTTGCTG‑3'. The 25 µl PCR included 
0.5 µl cDNA, SYBR® Premix EX Taq™ 12.5 and 2 µl of 
primers. The reaction was run at 95˚C for 1 min, followed by 
45 cycles at 95˚C for 5 sec and 60˚C for 20 sec. The Ct data 
was determined using default threshold settings. The threshold 
cycle (Ct) was defined as the fractional cycle number at which 
the fluorescence passes the fixed threshold. All measurements 
were performed at least three times.

Western blot analysis. To determine the levels of protein 
expression, soluble proteins were isolated using radioim-
munoprecipitation assay buffer (50  mM Tris, 150  mM 
NaCl, 1 mM ethylenediaminetetraacetic acid, 0.2% NP40) 
containing complete protease inhibitor followed by centrifu-
gation at 12,000 x g at 4˚C. The protein concentration was 
determined from the supernatant using a bicinchoninic acid 
assay (Beyotime Institute of Biotechnology, Haimen, China) 
and the results were produced by an ELISA‑plate reader 
(Sunrise RC; Tecan, Theale, UK). Protein extracts were 
diluted with 5X sodium dodecyl sulfate (SDS) loading buffer, 
boiled and resolved on a 12% w/v SDS‑PAGE. Protein extract 
(40 mg) was loaded. Following electrophoresis, the proteins 
were transferred onto a polyvinylidene fluoride membrane 
(Roche Diagnostics, Mannheim, Germany) by semidry 
blotting. Detection was performed using rabbit polyclonal 
anti‑S100A4 antibody (Thermo Fisher Scientific, Waltham, 
MA, USA; 1:1,000) and a mouse monoclonal anti‑GAPDH 
antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 

USA; 1:1,000) was used as a loading control. Secondary anti-
bodies anti‑rabbit and anti‑mouse IgG coupled to horseradish 
peroxidase (Beyotime Institute of Biotechnology) were used 
at dilutions of 1:2,000. Blots were developed with Western 
Lightning Chemiluminescence Reagent Plus (Thermo Fisher 
Scientific) and chemiluminescence detection film (Beyotime 
Institute of Biotechnology).

Cell proliferation assay. S100A4‑shRNA Hep‑2 cells and 
control cells between 12  h and 5  days after transfection, 
were seeded in a 96‑well flat‑bottomed plate at a density of 
2x103 cells in 190 µl of the medium per well. Cell prolifera-
tion was determined using the Cell Counting kit‑8 (CCK‑8; 
Beyotime Institute of Biotechnology) according to the manu-
facturer's instructions. After 10 µl CCK‑8 was added to each 
well, the cells were incubated at 37˚C for 2 h and the absor-
bance was monitored using a microplate reader (Sunrise RC) 
at a wavelength of 490 nm. Each experiment was performed in 
triplicate and repeated three times. Data are presented as the 
mean ± standard deviation.

Anchorage‑independent growth assay. The anchorage‑inde-
pendent growth of cells was determined by assaying colony 
formation in soft agar. Following transfection, single cell 
suspension of transfected Hep‑2 cells was prepared by trypsin-
ization and homogenization. Cells were plated onto each well 
of a six‑well plate at a density of 1,000 cells/well in RPMI‑1640 
containing 10% fetal bovine serum and 0.3% low melting point 
agarose (Amresco, Solon, OH, USA) on a base layer of 0.6% 
low melting point agarose. The number of colonies >50 µm 
was counted and images were captured following 2 weeks of 
incubation at 37˚C. The experiments were performed three 
times independently.

Apoptosis assay. The Hep‑2‑shRNA transfected cells and 
control cells were harvested, fixed and resuspended in  
phosphate‑buffered sa l ine.  Apoptot ic cel ls  were 
m e a su r e d  u s i ng  a n  a n nex i n  V‑phyc o e r y t h r i n 
(PE)/7‑aminoactinomycin D (7AAD) kit (Nanjing KeyGen 
Biotech., Co., Ltd., Nanjing, China) according to the manu-
facturer's instructions. Briefly, annexin V‑PE and 7AAD 
were added to a mixture containing 100 µl of cell resuspen-
sion in binding buffer (BD Biosciences, Franklin Lakes, NJ, 
USA). The cells were vortexed and incubated for 15 min at 
room temperature in the dark and 400 µl of binding buffer 
was added to the mixture for flow cytometric analysis using 
a Becton Dickinson FACScan Flow Cytometer (FACScan; 
Becton Dickinson, Franklin Lakes, NJ, USA).

Caspase‑3, ‑8 and ‑9 activity assay. The activity of caspase‑3, 
‑8 and ‑9 was determined using the caspase‑3, ‑8 and ‑9 activity 
kit (Beyotime Institute of Biotechnology). To evaluate the 
activity of caspase‑3, ‑8 and ‑9, Hep‑2‑shRNA transfected and 
control Hep‑2 cells were homogenized in 100 ml reaction buffer 
[1% NP‑40, 20 mM Tris‑HCl (pH 7.5), 137 mM Nicotinamide 
adenine dinucleotide and 10% glycerol] containing 10 ml 
caspase‑3, ‑8 and ‑9 substrate (Ac‑DEVD‑pNA; 2  mM) 
following all treatments. Lysates were incubated at 37˚C for 
2 h. Samples were measured with an ELISA reader (Sunrise 
RC) at an absorbance of 405 nm.
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Subcutaneous xenografts in nude mice. All the animals (Vital 
River Laboratory Animal Technology Co., Ltd., Beijing, 
China) in the present study were housed in a pathogen‑free 
facility and the animal experiments were performed in 
accordance with the institutional animal welfare guideline 
of The Center for Laboratory Animal Research, China 
Medical University (Shenyang, Liaoning, China). Cells were 
injected subcutaneously into BALB/c nude mice (6‑8 weeks). 
The tumor volume (TV) was calculated using the following 
formula: TV (mm3) = (Length x Width2) / 2.

Statistical analysis. Unless otherwise stated, each experiment 
was performed a minimum of three times. Data were subjected 
to statistical analysis using Statistical Package for the Social 
Sciences software (version 13.0; SPSS, Inc., Chicago, IL, 
USA) and presented as the mean ± standard error of the mean. 
The independent Student's t‑test or analysis of variance was 
used to compare the continuous variables among groups. The 
Kaplan‑Meier estimate was used for survival analysis. P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of S100A4 following shRNA transfection in 
Hep‑2 cells. The mRNA and protein expression of S100A4 
in cultured Hep‑2 cells 72 h after shRNA transfection was 
detected by RT‑qPCR and western blot analysis. Hep‑2‑shNC 
cells were also transfected as a control (Fig. 1A). The results of 
the analysis of S100A4 are shown in Fig. 1. Following transfec-
tion with S100A4 shRNA, the Hep‑2 cells showed significant 
downregulation of the S100A4 gene at the mRNA and protein 
levels (Fig. 1B and C; P<0.05).

Downregulation of S100A4 expression decreases the prolif‑
eration of Hep‑2 cells. As determined by the CCK‑8 assay, 
inhibition of S100A4 in Hep‑2 cells resulted in a significant 
decrease in cellular proliferation at 2, 4, 6 and 8 days after 
transfection (P<0.05). The results indicated that S100A4 
suppression correlated with decreased proliferation in Hep‑2 
cells (Fig. 2A).

Effect of S100A4 inhibition on anchorage‑independent 
growth. The anchorage‑independent growth of cells was deter-
mined by assaying colony formation in soft agar. Our results 
demonstrated that, compared with Hep‑2‑shNC cells, the colo-
nies in the Hep‑2‑shRNA cells were significantly decreased in 
number and notably smaller in size (Fig. 2B and C).

Downregulation of S100A4 expression increases apoptosis 
of Hep‑2 cells. Apoptosis of Hep‑2‑shNC and Hep‑2‑shRNA 
cells was examined by flow cytometry. As shown in Fig. 3, after 
3 days, 4.4 and 4.92% of the control cells and Hep‑2‑shNC 
cells were apoptotic, while 11.7% of Hep‑2‑shRNA cells were 
apoptotic.

Downregulation of S100A4 increases the activity of caspase‑3, 
‑8 and ‑9. Caspase proteins are cysteine proteases that act down-
stream of the B‑cell lymphoma 2 family by initiating cellular 
breakdown during apoptosis. Among the effector caspases, 
caspase‑3 is the most frequently involved in apoptosis. To 

determine whether caspase‑3, ‑8 and ‑9 are activated following 
S100A4 shRNA treatment, caspase‑3, ‑8 and ‑9 activity was 
measured by the caspase‑3, ‑8 and ‑9 activity kit. In the present 
study, the results demonstrated that compared with the control 
cells, treatment of cells with S100A4 shRNA caused a signifi-
cant increase in caspase‑3, caspase‑8 and caspase‑9 activation 
(P<0.05). The activity of caspase‑3, caspase‑8 and caspase‑9 
in cells treated with S100A4 shRNA increased >12% (P<0.05), 
compared with cells treated with control shRNA (Fig. 4). 
These results suggested that the downregulation of S100A4 
was able to significantly increase the activity of caspase‑3, 
caspase‑8 and caspase‑9 in Hep‑2 cells.

Intratumoral injection of S100A4 suppresses the development 
of human Hep‑2 cells in nude mice. Since inhibition of S100A4 

Figure 1. Knockdown of S100A4 mRNA and protein expression in Hep‑2 
cells. (A) Hep‑2 cells transfected with S100A4 shRNA or S100A4 shNC 
were grown under normal culture conditions and the cells were revealed 
by contrast and fluorescence microscopy under the same phase. RNA and 
protein were detected by (B) reverse transcription‑quantitative polymerase 
chain reaction and (C) western blotting, respectively. GAPDH was used as 
an internal control. *P﹤0.05, compared with the control group. shRNA, short 
hairpin RNA; NC, negative control.

  A

  B

  C
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reduced Hep‑2 cell proliferation in vitro, whether these in vitro 
data have in vivo relevance was examined. To accomplish this 
goal, Hep‑2 cells generated tumors when 2x105 cells were injected 
into the flank of nude mice. Visible tumors had developed at 

the injection sites within 2 weeks (Fig. 5A and B). The S100A4 
knockdown Hep‑2 cells significantly reduced the tumor volumes 
and prolonged the survival rate of nude mice (Fig. 5C and D). 
Our data indicated that downregulation of S100A4 decreased the 
tumorigenicity of laryngeal cancer in vivo.

Discussion

Previous studies have demonstrated that S100A4 expression is 
correlated with a poor prognosis in cancer patients (8,14,15). 
S100A4 is involved in tumor metastasis by affecting cell 
growth, invasion and motility  (16,17). Our previous study 
reported a significant correlation between S100A4 expres-
sion levels and LSCC (11). However, the role of S100A4 in 
laryngeal cancer remains to be elucidated. To address the 
question of whether S100A4 was able to serve as a therapeutic 
target for laryngeal cancer, the RNA interference method was 
employed in an attempt to reduce the expression of S100A4 in 
cultured Hep‑2 cells. As shown in Fig. 1, significant suppres-
sion of S100A4 expression was observed using RT‑qPCR and 
western blotting.

Figure 2. Downregulation of S100A4 expression decreases the proliferation of Hep‑2 cells. (A) Growth curves of Hep‑2 cells transfected with Hep‑2‑shNC, 
Hep‑2‑shRNA and the control group, indicating that S100A4 downregulation significantly inhibited Hep‑2 cell growth. (B and C) Number of colonies in 
Hep‑2‑shRNA and Hep‑2‑shNC cells is expressed as a percentage of the number of colonies in the control cells. Each experiment was performed in triplicate. 
Bars indicate standard deviation. *P﹤0.05, compared with the control group. shRNA, short hairpin RNA; NC, negative control.

Figure 3. Effect of S100A4 on Hep‑2 cell apoptosis measured by flow cytometry. (A) Diagrams of flow cytometry of Hep‑2 cells stained with and treated 
with Hep‑2‑shRNA, Hep‑2‑shNC and control are shown, respectively. (B) Data indicated that the number of apoptotic cells transfected with Hep‑2‑shRNA 
was significantly greater than that in the control groups. *P﹤0.05, compared with the control group. shRNA, short hairpin RNA; NC, negative control; PE, 
phycoerythrin; 7AAD, 7‑aminoactinomycin D.

Figure 4. Detection of caspase‑3, ‑8 and ‑9 activities in S100A4 knockdown 
Hep‑2 cells. The activities of caspase‑3, ‑8 and ‑9 were detected. Treatment 
with S100A4 shRNA increases the activity of caspase‑3, ‑8 and ‑9 in Hep‑2 
cells. *P﹤0.05, versus the control group. shRNA, short hairpin RNA; NC, 
negative control.

  A   B

  C

  A   B
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S100A4 is important in a variety of cellular events, 
including cell growth and apoptosis (18,19). However, previous 
discrepancy studies suggest the effect of S100A4 on cell 
growth and apoptosis depends on the cell type. For instance, 
the suppression of S100A4 reduces the proliferative potential 
and induction of apoptosis in certain cancer cells, including 
pancreatic cancer cells  (20) and gastric cancer cells  (21) 
in vitro and in vivo. Whereas another study demonstrated 
that in human osteosarcoma cells, in vitro cell proliferation 
was unaltered by anti‑S100A4 ribozyme (22). Compared with 
anti‑S100A4 ribozyme transfected counterpart II‑11b cells, 
the S100A4‑secreting human osteosarcoma cell line OHS 
was more sensitive to IFN‑γ‑mediated apoptosis in a previous 
study, and the S100A4/IFN‑γ‑mediated induction of apoptosis 
was demonstrated to be independent of caspase activation (23). 
The in vitro growth suppression of laryngeal cancer Hep‑2 
cells was analyzed. The present study demonstrated that the 
growth of Hep‑2 cells was inhibited by transfection with 
S100A4 shRNA. Furthermore, anchorage‑independent growth 
refers to the ability of cells to survive and proliferate in the 
absence of attachment to the extracellular matrix, which is 
modeled in vitro by colony formation in soft agar. Our data 
demonstrated that, compared with shNC and control group 
cells, colony formation of Hep‑2‑shRNA cells was profoundly 
suppressed.

To elucidate the growth and colony formation suppression, 
FACS analyses was performed 3 days after transfection of the 
shRNA and the results indicated that the shRNA‑mediated 
knockdown of S100A4 led to apoptosis of the laryngeal 
cancer cells. It was hypothesized that the increased apoptosis 
in Hep‑2 cells transfected with S100A4‑shRNA was able to 
contribute to the reduction of cell numbers. Previous studies 

demonstrated that S100A4 interacts with the tumor suppressor 
p53 to affect cell growth and p53‑dependent apoptosis (24). 
It was suggested that the control functions of p53 will be 
abrogated at the G1-S checkpoint when the complex of p53 
with S100A4 and the sequestration of p53 stimulate the cell 
enter to the S phase. The p53‑dependent transactivation target 
genes were related with the state of apoptosis. S100A4 knock-
down leads to p53‑dependent cell cycle arrest and increased 
cisplatin‑induced apoptosis (25).

Apoptosis is a type of cell death that may occur in multicel-
lular organisms. It represents highly programmed mechanisms 
by activated proteolytic caspases. Exploration of the underlying 
mechanisms of apoptosis by elucidating the patterns of these 
factors in the apoptosis may be critical. It is understood that 
caspase‑8 is important in transduction of the death‑receptor 
pathway while caspase‑9 is involved in the mitochondrial 
pathway  (26). Once activated, caspase‑8 and caspase‑9 
activate downstream caspase‑3, which is a key executioner 
caspase for triggering cell apoptosis (27). However, a previous 
study suggested that caspase‑8 is not always activated early 
in the context of Fas signaling, in certain cells, caspase‑3 in 
turn activates caspase‑6, which was revealed to be required 
for the activation of downstream caspase‑8 (28). The present 
study demonstrated that the activity of caspase‑3, ‑8 and ‑9 
was higher in response to S100A4‑shRNA, suggesting that 
apoptosis proceeded at least via the mitochondrial pathway. 
Overall, future research in order to delineate the details of how 
S100A4 is involved in apoptosis is required.

Following determining the functions of S100A4 in Hep‑2 
cells in  vitro, the present study next sought to determine 
whether downregulation of S100A4 expression reduces the 
tumor‑forming ability of Hep‑2 cells in vivo. The present study 

Figure 5. Knockdown of S100A4 inhibits laryngeal cancer xenograft tumor growth. (A and B) Tumor growth of control Hep‑2 cells or S100A4‑knockdown 
Hep‑2 cells. (C) Tumors were measured at a regular interval for up to 28 days with calipers and the tumor volume was calculated. (D) Survival curves of 
tumor‑bearing nude mice treated with the S100A4 shRNA and control were recorded. shRNA, short hairpin RNA; NC, negative control.
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aimed to address this question by using S100A4 shRNA in 
a xenograft laryngeal cancer model. Knockdown of S100A4 
in Hep‑2 cells significantly reduced the tumor volumes and 
prolonged the survival rate of nude mice. Shi et al (29) obtained 
similar results in which S100A4 knockdown was able to inhibit 
the formation and growth of thyroid cancer. Lo et al (30) identi-
fied that knockdown of S100A4 affected epithelial‑mesenchymal 
transition‑calcium‑embryonic stem cells associated genes, 
including TP53, Notch2, phosphatase and tensin homolog 
(PTEN) and phosphoinositide 3‑kinase (PI3K). The Notch and 
PTEN/PI3K/Akt signaling pathways have been demonstrated 
to regulate the tumorigenicity of cancer (30). All these results 
suggest the importance of aberrant expression of S100A4 in the 
cancer process and intratumoral injections of S100A4‑shRNA 
exert a strong antitumor effect in vivo.

In conclusion, the present study demonstrated that inhibition 
of S100A4 through RNA interference resulted in significantly 
decreased cell proliferation and increased apoptosis in laryn-
geal cancer in vitro and in vivo. The present study also provided 
evidence that S100A4 promoted apoptosis through released 
caspase‑3, ‑8 and ‑9. Whether apoptosis occurred via the mito-
chondrial pathway or the death receptor-mediated pathway and 
which factors were involved in this process requires further 
investigation. The present study showed that S100A4 exhibits a 
major role in Hep‑2 cell proliferation and apoptosis and targeting 
of the S100A4 signaling may be a potential therapeutic target for 
laryngeal cancer.
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