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Abstract. In the present study, the function of S100 calcium 
binding protein P (S100P) in the C666-1 nasopharyngeal 
carcinoma (NPC) cell line was examined. The levels of 
S100P protein in NPC tissues were analyzed using immuno-
histochemistry, and small interfering RNA silenced S100P 
expression in C666-1 cells. Subsequently, cell proliferation, 
colony formation, migration and wound-healing assays were 
performed in order to assess whether the knockdown of S100P 
was able to influence the biological behavior of C666‑1 cells. 
The expression levels of the receptor for advanced glycation 
end products (RAGE) were analyzed using a western blot 
following the inhibition of S100P. The immunohistochemistry 
results revealed that S100P was elevated in expression in 
45/78 (57.7%) of patients with NPC, as compared with 5/30 
(16.7%) of patients with benign inflammation. The S100P 
protein levels correlated with the rates of proliferation and 
migration in C666-1 cells. Additionally, reduced S100P expres-
sion levels altered a series of intracellular events, including the 
downregulation of epidermal growth factor receptor, cluster 
of differentiation (CD) 44, matrix metalloproteinase (MMP) 2 
and MMP9 protein expression. In addition, RAGE expression 

was downregulated in the S100P silenced C666-1 cells, as 
detected by western blot analysis. These data suggest that 
S100P is important during the development and progression of 
nasopharyngeal cancer. Therefore, S100P may provide a novel 
treatment target for NPC.

Introduction

The S100 calcium binding proteins are a multi-gene family 
composed of ≥20 members in humans, each encoded by 
a separate gene (1). The deregulated expression of several 
members of the S100 protein family, including S100 calcium 
binding protein (S100) B, S100A2, S100A4, S100A6, S100A11 
and S100P has been reported to be associated with the progres-
sion and metastasis of various types of human cancer (2). Head 
and neck cancer is eighth leading cause of cancer-associated 
mortality worldwide (3). Previous studies have indicated the 
potential association between S100 proteins and head and 
neck cancer (4,5), and the altered expression of various S100 
proteins has been reported in primary and metastatic laryngeal 
carcinoma (6). In a previous study, S100A11 was revealed to be 
overexpressed in laryngeal tumor tissues, as compared with 
the corresponding noncancerous tissues, which was deter-
mined by reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR) and western blot analysis (7). In addition, 
S100A11 expression was correlated with human epithelial 
type 2 cell migration (7). The expression of S100A4 has also 
been correlated with invasion and metastasis in oral squamous 
cell carcinoma (8).

Nasopharyngeal carcinoma (NPC) is the most prevalent 
head and neck cancer in Southern China and Southeast Asia (9). 
NPC is distinct from other types of head and neck cancer 
due to its sensitivity to radiotherapy and chemotherapy (10). 
Although radiotherapy enables a high cure rate for early-stage 
NPC, the treatment outcome for the advanced stage disease 
remains poor (11). Local recurrences and the high frequency 
of distant metastasis are two major causes of treatment failure 
in NPC following radiotherapy (12).

S100P is a 95 amino acid protein and a member of the S100 
family of EF-hand motif calcium-binding proteins, which 
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was initially purified from the human placenta and exhibits 
a restricted cellular distribution (13). Its deregulated expres-
sion has previously been observed in association with the 
progression and metastasis of various types of human cancer, 
including breast (14), lung (15), gastric (16) and prostate 
cancer (17). Despite these observations, the functional role and 
the underlying mechanism of action of S100P in nasopharyn-
geal carcinoma requires further investigation.

In the present study, the differential expression of S100P 
in NPC tissues was examined using immunohistochem-
istry (IHC), and the changes of proliferation and migration of 
C666-1 cells were analyzed following S100P silencing with 
the aim of investigating the role of S100P in NPC.

Patients and methods

Patients and tissue samples. Pathological tissue specimens 
were obtained retrospectively from 78 patients with nasopha-
ryngeal carcinoma and 30 patients with benign inflammation 
at The Department of Otolaryngology-Head and Neck Surgery, 
Changzheng Hospital, Second Military Medical University 
(Shanghai, China) between January 2005 and June 2008. 
Patient characteristics were obtained from the medical records 
(Table I). The median age of the 78 patients with nasopharyn-
geal carcinoma was 51.78 years old (range, 21-89 years), and 22 
(28.21%) of the patients were >60 years of age. The median age 
of 30 patients with benign inflammation was 52.09 years (range, 
19-78 years), and 8 (26.67%) of the patients were >60 years of 
age. There were 53 males (67.95%) and 25 females (32.05%) 
with nasopharyngeal carcinoma, compared with 22 males 
(73.33%) and 8 females (26.67%) with benign inflammation.

The pathological tissue specimens of all the patients who 
had undergone neither chemotherapy nor radiotherapy under-
went biopsy for immunohistochemical examination of S100P 
expression levels. The patients follow-up data was available 
for >5 years. All the tissue specimens were obtained for the 
present study following the receipt of written informed patient 
consent. The collection of these tissue samples was undertaken 
with the approval of The Second Military Medical University 
Ethics Committee.

IHC. IHC staining was performed using a Dako EnVision 
Peroxidase/DAB system (Dako North America, Inc., Carpin-
teria, CA, USA) according to the manufacturer's protocol. 
The tissue samples from each patient were fixed in formalin 
and embedded in paraffin. Subsequently, the tissue sections 
(4 µm thick) were deparaffinized using xylene, rehydrated 
with graded ethanol and heated for 1 h at 65˚C. The sections 
were submerged in EDTA antigenic retrieval buffer (pH 8.0, 
K800221-2, EnVision FLEX+, Agilent Tech) and were heated 
with high heat for 3 min, then heated with low heat for 15 min 
using a microwave (Galanz microwave oven P70D20P-N9). 
Following treatment with 0.3% H2O2 for 15 min at room 
temperature to block endogenous peroxidase activity, the 
tissue sections were treated with 1% bovine serum albumin 
(ab192603; Abcam, Cambridge, UK) for 30 min in the 37˚C 
incubator to reduce non‑specific binding, and subsequently 
incubated with a primary rabbit polyclonal anti-S100P anti-
body (dilution, 1:500; ab124743; Abcam) overnight at 4˚C, 
followed by incubation with horseradish peroxidase-labeled 

secondary antibodies (dilution, 1:300; ab181875; Abcam) 
at 4˚C for 30 min. The slides were developed using diami-
nobenzidine tetrahydrochloride and counterstained with 
hematoxylin. Immunohistochemically stained tissue sections 
were scored independently by two pathologists (Department 
of Pathology, Changzheng Hospital, Second Military Medical 
University) who were blinded to the clinical parameters. The 
tissue specimens were defined as positive for S100P expression 
if the tumor cells were distinctly stained by the anti-S100P 
antibody. Entire tissue sections were imaged under a micro-
scope to enable the scoring of S100P staining. In each section, 
5 fields were selected randomly under a high power microscope 
(magnification, x400), within each field 200 tumor cells were 
counted. The staining intensity was scored as follows: 0 (nega-
tive), 1 (weak) and 2 (intense). The extent of staining was 
scored as 0 (0-10%), 1 (11-25%), 2 (26-50%) and 3 (51-100%), 
according to the proportion of positive-staining areas in the 
entire carcinoma area, or the entire section for the benign 
tissue samples. The product of the intensity and the extent of 
staining scores was used as the final staining score (0‑6) for 
S100P (score=intensity of staining score x extent of staining 
score). For the purpose of statistical evaluation, tumors (naso-
pharyngeal carcinoma tissue sections) with a final staining 
score of >2 were considered to be positive.

Cell culture and maintenance of cell lines. The C666-1 cell 
line was obtained from the cell bank of The Central Laboratory 

Table I. Clinical characteristics of the patients with nasopha-
ryngeal carcinoma.

 S100Ps
Patient ------------------------------------------
characteristics Negative Positive P-value

Sex   0.835
  Male 22 31
  Female 11 14
Age, years   0.234
  <60 20 33
  ≥60 13 12
Primary tumor   0.066
  T1 22 38
  T2-T4 11   7
Nodal status   0.656
  N0-N1 20 25
  N2-N3 13 20
Stage   0.929
  I-II 18 25
  III-IV 15 20
Histological grade   0.392
  Keratinized   5   3
  Non-keratinized   8 15
  Undifferentiated 20 27

S100P, S100P calcium binding protein P; T, tumor; N, node.
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of Xiangya Hospital (Central South University, Changsha, 
China) (18). C666-1 cells were cultured in RPMI-1640 (GE 
Healthcare Life Sciences; Hyclone, Logan, UT, USA) supple-
mented with 12% fetal bovine serum (FBS) (Biowest, Maine 
et Loire, France) and 1% penicillin and streptomycin (P/S) 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) and were maintained in a humidified 37˚C incubator 
containing 5% CO2.

Transfection of small interfering RNA (siRNA). S100P knock-
down experiments were performed by transfecting S100P 
siRNA into C666-1 cells. siRNA against human S100P was 
chemically synthesized by GenePharma Co., Ltd., (Shanghai, 
China) according to the sequence published previously by 
Arumugam et al (19). The siRNA sequences were as follows: 
Forward, 5'-AAU GGA GAU GCC CAG GUG GAC TT-3' and 
reverse, 5'-GUC CAC CUG GGC AUC UCC AUU TT-3'. The 
negative control siRNA sequences were as follows: Forward, 
5'-UUC UCC GAA CGU GUC ACG UTT-3' and reverse, 5'-ACG 
UGA CAC GUU CGG AGA ATT-3'. S100P siRNA transfec-
tion was performed using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) according 
to the manufacturer's protocol. C666-1 cells were plated at a 
density of 2x105 cells/well in 6-well plates and were incubated 
at 37˚C overnight in 2 ml RPMI‑1640 (GE Healthcare Life 
Sciences; Hyclone) supplemented with 12% fetal bovine 
serum (FBS; Biowest) without antibiotics. Upon reaching 
30-50% confluency, the culture medium was aspirated. A 
total of 5 µl of 20 µM siRNA and 5 µl Lipofectamine® 2000 
were combined for 20 min and subsequently added to a final 
volume of 2 ml of serum-free Gibco™ Opti-MEM™ medium 
(Thermo Fisher Scientific, Inc.). The medium was replaced 5 h 
following transfection, and RNA and protein were harvested 
from the cells at 24 or 48 h post-transfection for the evaluation 
of S100P knockdown. The effects of S100P gene knockdown 
were examined using RT-qPCR and western blotting.

RNA isolation and RT‑qPCR analysis. Total RNA (2 µg) 
was extracted from the S100P siRNA-transfected C666-1 
cells using TRIzol® reagent (Ambion; Thermo Fisher Scien-
tific, Inc.), and reverse transcription was performed using 
the RevertAid First Strand cDNA Synthesis kit (Fermentas; 
Thermo Fisher Scientific, Inc.). The primers were chemically 
synthesized by GenePharma. The primer sequences were 
as follows: Forward, 5'-ATG ACG GAA CTA GAG ACA GCC 
ATG GGC-3' and reverse, 5'-GGA ATC TGT GAC ATC TCC 
AGC GCA TCA-3' (19). The primer sequences for the internal 
control GAPDH were as follows: Forward, 5'-GGT GGT CTC 
CTC TGA CTT CAA CA-3' and reverse, 5'-GTT GCT GTA GCC 
AAA TTC GTT GT-3'. The reaction mixtures were incubated 
for 60 min at 42˚C followed by heating at 72˚C for 5 min for 
reverse transcription. The resulting cDNA (2 µg) was added 
to a 20 µl reaction mix containing 0.8 µl primers and 10 µl 
SYBR®-Green Real Time PCR Master mix (Toyobo Co., Ltd., 
Osaka, Japan). RT-qPCR was performed using the ABI 7300 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The thermocycling conditions were set as follows: 40 cycles 
at 95˚C for 3 min, 95˚C for 15 sec and 60˚C for 31 sec. The 
expression value of S100P compared with that of GAPDH was 
determined using the 2−ΔΔCq method (20).

Western blotting. The cell lysates were prepared using 
radioimmunoprecipitation assay buffer supplemented 
with phenylmethylsulfonyl fluoride (Beyotime Institute of 
Biotechnology, Shanghai, China), followed by centrifuga-
tion at 12,000 x g for 5 min at 4˚C. Protein concentrations 
were estimated using the bicinchoninic acid protein assay 
kit (Beyotime Institute of Biotechnology), according to the 
manufacturer's protocol; 50 µg protein was denatured in 
1X loading buffer (Beyotime Institute of Biotechnology) 
at 98˚C for 5 min and separated by 12% SDS‑PAGE, and 
then electrotransferred onto nitrocellulose membranes with 
an electroblotting apparatus (Bio-Rad Laboratories Inc., 
Hercules, CA, USA). Western blot analysis was conducted 
using the primary anti-human S100P antibodies (dilu-
tion, 1:1,000; Abcam; ab124743), receptor for advanced 
glycation end products (RAGE; dilution, 1:1,000; Abcam; 
ab3611), epidermal growth factor receptor (EGFR; dilution, 
1:1,000; 18986-1-AP; ProteinTech Group Inc., Chicago, IL, 
USA), cluster of differentiation (CD)44 (dilution, 1:1,000; 
15675-1-AP; ProteinTech Group Inc.), matrix metallopro-
teinase (MMP)2 (dilution, 1:1,000; 10373-2-AP; ProteinTech 
Group Inc.) and MMP9 (dilution, 1:1,000; 10375-2-AP; 
ProteinTech Group Inc.). The membranes were incubated 
overnight at 4˚C with primary antibodies. The secondary 
antibodies [Anti-rabbit IgG (heavy chain or light chain 
binding)] goat; dilution, 1:10,000; 611-1302) conjugated with 
horseradish peroxidase were incubated with the nitrocellu-
lose membrane at room temperature for 1 h. Subsequently, 
the membranes were washed with Tris-buffered saline and 
Tween-20 and treated with an enhanced chemiluminescence 
reagent (EMD Millipore, Billerica, MA, USA). Immunore-
active bands were detected by exposure to X‑ray film. For 
quantification, the target protein was normalized to the 
internal standard protein GAPDH through comparison of 
the gray scale values. This analysis was performed using 
Gel-Pro Analyzer software, version 4.0 (Media Cybernetics, 
Inc., Rockville, MD, USA).

Cell proliferation assay. The proliferation of C666-1 cells 
transfected with S100P siRNA or negative control siRNA 
was determined using a Cell Counting kit-8 (CCK-8) assay 
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan). 
Triplicates of cell samples were seeded into 96-well plates 
at a density of 5x103 cells/well. At the indicated time points 
(24, 48 and 72 h), 10 µl CCK-8 solution was added to each 
well. Following incubation for 2 h at 37˚C, the absorbance 
was measured at 450 nm using a spectrophotometer (Thermo 
Fisher Scientific, Inc.).

Colony formation assay. The C666-1 cells transfected with 
S100P siRNA or negative control siRNA were seeded at a 
density of 1,000 cells/well in a 6-well plate. The cells were 
cultured in 2 ml RPMI-1640 supplemented with 12% FBS and 
1% P/S, and were incubated at 37˚C and 5% CO2 for 2 weeks. 
The culture medium was replaced every three days. Upon 
completion of the incubation, the culture medium was aspirated 
and the cells were washed with PBS, fixed in 1 ml methanol 
for 30 min at room temperature and stained with 0.4% crystal 
violet for 20 min at room temperature. The number of colonies 
containing >50 cells was counted manually using an inverted 
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microscope (Olympus Corp., Tokyo, Japan) and averaged from 
the duplicate wells.

Migration assay. The migration of the C666-1 cells trans-
fected with S100 siRNA or negative control siRNA was 
assessed using Transwell cell culture chamber inserts 
(Corning Incorporated, Corning, NY, USA) with an 8-µm 
pore size. A total of 1x104 cells that had been treated with 
S100P siRNA or negative control siRNA for 24 h were 
seeded into Transwell filter membrane chambers with 100 µl 
RPMI-1640 supplemented with 1% FBS. A total of 600 µl 
RPMI-1640 supplemented with 20% FBS was added to the 
lower compartment as a chemoattractant. Following incuba-
tion for 20 h at 37˚C in a humidified 5% CO2 atmosphere, the 
cells on the upper surfaces of the wells were removed with 
cotton swabs and the cells on the upper surfaces that had 
migrated to the lower chamber, were fixed in cold methanol 
at 4˚C for 10 min, and stained with 0.4% crystal violet for 
10 min at room temperature. Excess stain was removed using 
physiological saline and the chambers were air-dried at room 
temperature for ~20 min. For each experiment, five fields on 
the undersides of the membranes were randomly selected 
for imaging, and the transmigrated cells in the five random 
fields were counted and the mean was determined from the 
duplicate wells.

Wound healing assay. C666-1 cells transfected with S100P 
siRNA or negative control siRNA for 24 h were seeded at a 
density of 2x106 single cells per well in a 6-well plate at 90-95% 
confluency. The cell monolayer was scratched using a sterile 
200 µl pipette tip. The cells were rinsed with fresh medium 
[(RPMI-1640; GE Healthcare Life Sciences; Hyclone) supple-
mented with 5% FBS (Biowest)] to remove any free‑floating 
cells and debris. Images were captured immediately using an 
inverted microscope equipped with a digital camera (Olympus) 
and wound healing was observed at various time points (0, 12, 
24 and 48 h) around the scrape line. Images of representative 
scrape lines were captured. The wound area was measured 
using Adobe Photoshop software version 7.0 (Adobe Systems, 
Inc., San Jose, CA, USA).

Statistical analysis. The data were analyzed using SPSS 
version 18.0 (SPSS, Inc., Chicago, IL, USA). χ2 test and Yates' 
correction were used to analyze the correlation between S100P 
expression levels and the histological type, stage, age and 
gender distribution. Kaplan-Meier analysis was used to analyze 
the correlation between S100P immunoreactivity and overall 
and disease-free survival. All the experiments were performed 
≥3 times and the results are presented as the mean ± standard 
deviation. Statistical comparisons between two groups of data 
were performed using the two-tailed Student's t-test. Multiple 
group comparisons were performed using one-way analysis 
of variance. P<0.05 was considered to indicate a statistically 
significant difference.

Results

The clinical and pathological significance of S100P 
expression levels in nasopharyngeal cancer. To investigate 
the clinical and pathological significance of S100P expression 

levels in nasopharyngeal cancer, the tissues of 78 patients 
with NPC and 30 patients with benign inflammation were 
analyzed using IHC. Intense positive nuclear staining was 
observed in all the neoplastic cells in the positive controls. 
The tissue specimens from the patients with NPC exhibited 
diffuse or focal positive nuclear staining. Fig. 1A and B 
present the typical nasopharyngeal carcinoma cells. Immu-
noreactivity was more pronounced in the basal layer of the 
normal and dysplastic epithelium (Fig. 1C, D, E and F). Of 
a total of 78 NPC samples, positive staining for the S100P 
protein was observed in 45 (57.7%) tissue samples, whereas 
no staining was detected in 33 (42.3%) tissue samples. No 
S100P staining was observed in the 30 benign inflamma-
tion tissues (Fig. 1G and H). The correlation between S100P 
expression levels and the histological type, stage, age and 
sex distribution was examined (Table I), and no significant 
differences were observed according to the χ2 test and 
Yates' correction (P>0.05). The median follow-up time was 
63.7 months (range, 13-93 months), and the 5-year cumulative 

Figure 1. Hematoxylin and eosin staining in NPC tissues. (A) S100P positive 
staining in NPC (magnification, x100). (B) S100P positive staining in NPC 
(magnification, x200). (C) S100P negative staining in NPC (magnification, 
x100). (D) S100P negative staining in NPC (magnification, x200). (E) S100P 
negative staining in benign inflammation (magnification, x100). (F) S100P 
negative staining in benign inflammation (magnification, x200). (G) magni-
fication, x100; (H) magnification, x200). NPC, nasopharyngeal carcinoma; 
S100P, S100 calcium binding protein P.
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survival rate was 68.3±2.5% standard error. According to 
Kaplan‑Meier analysis, a statistically significant correlation 
was observed between S100P immunoreactivity and overall 
and disease-free survival (Fig. 2; P<0.01).

Knockdown of S100P decreases cell proliferation and 
invasion in C666‑1 cells. In siRNA S100P transfected 
C666-1 cells, decreased levels of S100P mRNA and protein 
were observed using RT-qPCR and western blot analyses, 
respectively (P<0.001; Fig. 3). Cell growth, colony formation 
and migration assays were performed. S100P knockdown 
produced no significant effects on cell proliferation at 24 
(P<0.622) and 48 h (P<0.245); however, cell proliferation 
was significantly decreased at 72 h (P<0.001) in the S100P 
siRNA group, compared with the negative control siRNA 
group and the untreated control group (Fig. 4A). S100P 
knockdown reduced the colony forming ability of the S100P 
siRNA transfected cells (Fig. 4B and C). Additionally, the 
effects on C666-1 cell migration were assessed by Transwell 
and wound healing assays, revealing that the knockdown 
of S100P significantly reduced the invasive ability of cells 
(P<0.001; Fig. 5A and B). As presented in Fig. 5C and D 
(P<0.001), photomicrographs captured at 48 h following 
wounding of the cell monolayer revealed delayed wound 
closure in cells transfected with S100P siRNA, compared 
with cells transfected with negative control siRNA and the 
untreated controls. The EGFR, CD44, MMP2 and MMP9 
proteins are important during cancer cell invasion and 
metastasis (21-23). Therefore, the protein expression levels 
of EGFR, CD44, MMP2 and MMP9 in C666-1 cells that 
had been treated with S100P or negative control siRNA 
were assessed using western blotting. The results revealed 
that the expression levels of these proteins were decreased in 
the S100P siRNA group, compared with the negative control 
siRNA and untreated control groups (Fig. 6; EGFR, P<0.01; 
CD44, P<0.01; MMP2, P<0.001; MMP9, P<0.01). Taken 
together, these results indicate that a reduction in the level 
of S100P expression is able to suppress the growth and inva-
sion of C666-1 cells. These functions support our hypothesis 
that the regulation of S100P expression is an important step 
by which cancer cells are able to promote their growth and 
migration during carcinogenesis.

Extracellular S100 proteins act via a variety of cellular 
receptors (24,25) and RAGE has been suggested to be a general 
receptor for the S100 family of proteins (26). Using western 
blot analysis, the present study observed that RAGE expres-
sion was downregulated in the S100P siRNA group, compared 
with the negative siRNA control and untreated control groups 
(Fig. 7; P<0.001).

Discussion

The overexpression of S100P, which was first purified from 
the human placenta, has been detected in a variety of types 
of cancer, and correlates with tumor growth and metas-
tasis (19,27). Several studies have linked S100P expression 
levels to cell proliferation, invasion and migration in various 
forms of cancer (28).

To investigate the clinical and pathological significance 
of S100P expression in nasopharyngeal cancer, the expression 

Figure 2. Statistically significant association was observed between S100P 
immunoreactivity and patient overall survival. (P<0.01) S100P, S100 calcium 
binding protein P.

Figure 3. Effect of siRNA-mediated S100P knockdown on C666-1 
cells at 48 h post transfection. (A) Western blotting and (B) RT-qPCR 
analyses of S100P protein and mRNA expression levels, respectively, in 
S100P-siRNA-transfected C666-1 cells. siRNA, small interfering RNA; 
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; 
S100P, S100 calcium binding protein P. *P<0.01.
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levels of the S100P protein in human nasopharyngeal tissues 
were evaluated using IHC. The results revealed significantly 
increased S100P expression levels in 45/78 (57.7%) patients with 
NPC. In addition, a significant correlation between S100P immu-
noreactivity and overall disease-free survival was observed.

A number of in vitro and in vivo studies have evaluated the 
effects of the silencing of genes involved in certain signaling 
pathways that promote cancer progression, including oncogen-
esis, apoptosis, cell cycle regulation, cell senescence, tumor-host 
interactions and resistance to conventional therapies (29,30). In 
the present study, the potential effects of S100P on the charac-
teristics of nasopharyngeal cancer were investigated, and siRNA 
was used to silence S100P expression in C666-1 cells. The results 

revealed that S100P protein and mRNA expression levels were 
significantly reduced in the S100P siRNA‑transfected group. 
Cell growth assays were performed to evaluate the association 
between S100P expression levels and C666-1 cell prolifera-
tion. The results from the CCK-8 and colony formation assays 
revealed that S100P silencing decreased the proliferative ability 
of C666-1 cells, which suggests that S100P may be a tumor 
growth-associated gene in NPC.

Cancer metastasis is a multistep process involving migration 
and invasion through the tumor stroma, intravasation, tumor 
cell dissemination, extravasation and cell growth at the meta-
static sites (31). The present study investigated the migratory 
characteristics of C666-1 cells, following S100P silencing, using 

Figure 5. Downregulation of S100P expression inhibits C666-1 cell migra-
tion. (A) Sample images showing the results of the Transwell assay that the 
cells in the S100P-siRNA group that had migrated to the lower Transwell 
membrane surfaces was reduced compared with the negative control siRNA 
and untreated control groups. (B) Graphs indicated the average number of 
cells from five random fields in the three groups (P<0.01). (C) The migra-
tion rate was quantified by evaluating the distance between the edges of the 
scratch in a scratch migration assay. (D) Graphs indicated that the cells in the 
S100P-siRNA group migrated slowly, compared with those in the negative 
control siRNA and untreated control groups (P<0.01). **P<0.01. S100P, S100 
calcium binding protein P; siRNA, small interfering RNA.

Figure 4. Downregulation of S100P expression inhibits C666-1 cell 
proliferation. (A) Cell counting kit-8 assay indicated that cell viability was 
significantly decreased at 72 h in the S100P siRNA group, compared with 
the negative control siRNA group and the untreated control group (P<0.001). 
(B) Colony formation assays indicated that the colony numbers were 
decreased in the S100P siRNA group compared with the negative control 
siRNA and untreated control groups. Images of colonies in six-well plates 
were taken. (C) The numbers of colonies were counted. (P<0.01). **P<0.01. 
siRNA, small interfering RNA; S100P, S100 calcium binding protein P.
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Transwell and wound-healing assays. The migration of C666-1 
cells was observed to be significantly reduced when S100P 
expression was inhibited by siRNA. Furthermore, the expres-
sion levels of EGFR, CD44, MMP2 and MMP9 were decreased 
significantly when S100P was silenced, suggesting that S100P is 
associated with cell migration in NPC. EGFR is a type I receptor 
tyrosine kinase that is overexpressed in a number of solid tumors, 
including types of head and neck carcinoma, and is associated 
with a poor prognosis following treatment (32). CD44 is a 
cell-surface molecule that has been implicated in a diverse range 
of cell-cell and cell-matrix interactions (33). MMPs, a family of 
zinc-binding endopeptidases, possess an established association 
with cancer-cell invasion and metastasis (34). EGFR, CD44 and 
MMPs are therefore key factors during cancer development, 
progression and metastasis, and downregulation of the expres-
sion of these factors, as a result of decreased S100P expression 
levels, suggests a correlation between S100P expression levels 
and C666-1 cell proliferation and migration (35).

RAGE, a member of the immunoglobulin protein family of 
cell surface molecules (36), shares structural homology with 
other immunoglobulin-like receptors (37) and is important 
in certain human pathologies, including cancer (38). The 
present study analyzed the expression levels of RAGE protein 
in S100P siRNA transfected C666-1 cells using western blot 
analysis. The results revealed that RAGE expression was 
downregulated in the S100P siRNA group, as compared with 
the negative siRNA control and untreated control groups. A 
number of S100 proteins interact with RAGE in vitro and 
trigger RAGE-dependent signaling in cell-based assays. For 
instance, Arumugam et al (39) demonstrated that S100P is able 
to trigger the activation of nuclear factor-κB via the mitogen 
activated protein kinase signaling pathway in a RAGE-depen-
dent manner in BxPC3 and SW480 adenocarcinoma cells. The 
present study revealed that the siRNA-mediated knockdown of 
S100P expression in C666‑1 cells significantly inhibits cancer 
cell growth, migration and invasion in vitro. Further studies 
may investigate the role of S100P by examining its effects on 
tumor growth and metastasis in vivo.

In conclusion, the results of the present study suggested 
that S100P may be an important regulatory protein during 
the promotion of NPC cell proliferation and migration. Addi-
tionally, the current study provided information about the 
function of proliferation and migration of S100P in C666-1 
cells that may aid the elucidation of the molecular mecha-
nisms underlying tumor metastasis and the identification of 
clinically relevant biomarkers for metastasis prevention in 
NPC.
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Figure 6. Effects of S100P silencing on the expression levels of migration-asso-
ciated proteins in C666-1 cells. Western blotting was used to analyze the 
protein expression levels of EGFR, CD44, MMP2 and MMP9 in C666-1 cells 
that had been transfected with S100P siRNA. The expression levels of these 
proteins were decreased in the S100P siRNA group compared with the nega-
tive control siRNA and untreated control groups. S100P, S100 calcium binding 
protein P; siRNA, small interfering ribonucleic acid; EGFR, epidermal growth 
factor receptor; CD44, cluster of differentiation 44; MMP, matrix metallopro-
teinase; MMP, matrix metalloproteinase.

Figure 7. RAGE protein expression levels were analyzed using western blot-
ting in C666-1 cells that had been transfected with S100P siRNA. RAGE 
expression was decreased in the S100P siRNA group compared with the 
negative siRNA control and untreated control groups. RAGE, receptor for 
advanced glycation end products; S100P, S100 calcium binding protein P.
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