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Abstract. Nasopharyngeal carcinoma (NPC) is an epithelial 
carcinoma that arises from the lining of the nasopharyngeal 
mucosa. The efficacy of radiation therapy is limited due 
to radiation resistance, particularly in the advanced stages 
of NPC. The S100P protein is a small isoform of the S100 
protein family, which is involved in the regulation of various 
intracellular and extracellular processes, including prolif‑
eration, differentiation and intracellular signaling. The aim 
of the current study was to investigate the significance of the 
S100P‑RAGE axis in NPC progression. The expression levels 
of S100P and receptor for activated glycation end‑products 
(RAGE) in NPC specimens were determined by western blot‑
ting. In addition, the effect of the S100P‑RAGE axis on NPC 
was evaluated in vitro by proliferation and migration assays 
using C666‑1 cells treated with S100P or the RAGE inhibitor 
FPS‑ZM1. The underlying mechanism was also investigated 
by western blotting. The expression of S100P and RAGE was 
detected in clinical specimens from 15 patients with NPC and 
15 patients with benign nasopharyngeal inflammation, and was 
observed to be higher in NPC tissues compared with inflamed 
tissues. Furthermore, the interaction of S100P with RAGE 
increased the proliferation and migration potential of C666‑1 
cells, and activated mitogen‑activated protein kinase and 
NF‑κB signaling. These results indicate that the S100P‑RAGE 
axis exerts a promoting effect on the progression of NPC. 
Therefore therapeutic strategies targeting S100P‑RAGE merit 
further exploration for the treatment of NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is an epithelial carcinoma 
that arises from the lining of the nasopharyngeal mucosa (1). 
The tumors are usually observed at the pharyngeal recess in 
the nasopharynx. Despite originating from similar cell or tissue 
lineages, NPC is distinct from other epithelial head and neck 
tumors (2). NPC is characterized by poorly or undifferentiated 
carcinomas. It differs from other head and neck squamous cell 
carcinomas in several ways, including its association with the 
Epstein‑Barr virus (EBV), increased radio‑ and chemosen‑
sitivity, and a greater propensity for distant metastases (3). 
Compared with other cancers, NPC is relatively uncommon. 
The incidence of NPC has a marked geographical distribution; 
it is most prevalent in South China, with an annual incidence 
of ~30 cases per 100,000 population (4). NPC is associated 
with multiple risk factors, including genetic susceptibility 
and environmental factors, such as EBV infection and dietary 
intake (5,6).

Proteins of the S100 family are small Ca2+‑binding 
proteins with a helix‑loop‑helix (EF‑hand type) binding 
motif, and have been demonstrated to participate in the regu‑
lation of various intracellular and extracellular processes, 
including cell proliferation and differentiation, and intra‑
cellular signaling (7). Receptor for activated glycation end 
products (RAGE) is a receptor for multiple ligands that 
belongs to the immunoglobulin family. The dysregulation of 
RAGE has been indicated to be a critical step in the develop‑
ment and metastasis of numerous types of tumors, including 
head and neck cancer (8,9). RAGE is able to interact with 
structurally diverse ligands, and although these interactions 
appear to involve oligomerization of the receptor on the cell 
surface (10), the exact mechanism is unknown. Members of 
the S100 protein family are known to be RAGE ligands (10). 
Several S100 proteins, including S100A12 and S100B, are 
released from cells and have the ability to activate RAGE, 
suggesting that this may be an important mechanism 
underlying the extracellular effects of S100 proteins (11). 
The S100P protein is a small isoform of the S100 protein 
family, the ‘P’ in its name reflecting its original isolation 
from the placenta by Becker et al (12) in 1992. S100P is a 
95‑amino‑acid protein, which is encoded by a gene located 
on chromosome 4pl. S100P has been reported to interact with 
several proteins, both extracellularly and intracellularly, and 
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its upregulation in various types of human cancer has been 
shown to be associated with disease progression, the acqui‑
sition of chemoresistance and poor prognosis (13,14).

In our previous study, the differential expression of S100P 
between NPC tissues and the tissues of patients with benign 
inflammation was identified using immunohistochemistry, and 
S100P was demonstrated to be associated with proliferation 
and migration in the C666‑1 NPC cell line (15). However, the 
role of RAGE activation in S100P signaling has not yet been 
examined in C666‑1 cells and the mechanism remains unclear.

In the present study, to determine whether the activation 
of RAGE by S100P is required for S100P to exert its effects 
on cell growth and survival, the activation of RAGE by S100P 
was blocked and the effects on cell function and signaling 
were investigated using a variety of methods. Mechanisms 
involving the activation of extracellular signal‑related 
kinase 1/2 (ERK1/2), mitogen‑activated protein kinase  7 
(MAPK7), p38 MAPK, ERK1/2, NF‑κB1 and NF‑κB p65 
were investigated.

Materials and methods

Patients and tumor samples. In total, 30  patients were 
included in the study, 15 with NPC and 15 with benign 
nasopharyngeal inflammation. The samples were obtained 
from patients who were hospitalized for nasopharyngeal 
biopsy between April 2018 and September 2019 at the 
Department of Otolaryngology, Jinshan Hospital, Fudan 
University (Shanghai, China). The patients were diag‑
nosed with NPC or benign nasopharyngeal inflammation 
through pathological examination. None of the patients had 
undergone chemotherapy or radiotherapy, or had any other 
tumors. Tissue samples were frozen immediately in liquid 
nitrogen and stored at ‑80˚C until used. The clinical char‑
acteristics of the patients are shown in Table I. The study 
cohort comprised 16 men (53.3%) and 14 women (46.7%) 
with an age range of 25‑79 years (mean age, 50.3±14.9 years; 
Table I). The NPC group comprised 10 men and 5 women 
(mean age, 55.13±15.19 years). The Benign nasopharyngeal 
inflammation group consisted of 6 men and 9 women (mean 
age, 45.4±13.88 years). When the collection of tissue samples 
took place, the participants signed informed consent forms 
to confirm that they agreed to the use of their tissues in 
scientific research.

Cell culture and treatments. The C666‑1 NPC cell line was 
purchased from the cell bank of the Central Laboratory of 
Xiangya Hospital (Central South University). The cell line 
was authenticated by the provider and tested for Mycoplasma 
contamination. The C666‑1 cell line was established by 
Cheung et al (16) from undifferentiated NPC, and consis‑
tently carries EBV in long‑term culture. The C666‑1 cells 
were cultured in RPMI‑1640 medium (Sigma‑Aldrich; 
Merck KGaA) supplemented with 10% certified fetal 
bovine serum (FBS; Biological Industries) and maintained 
in a humidified incubator containing 5% CO2 at 37˚C. The 
medium was replaced with fresh culture medium every 
3‑4 days. The following three groups of C666‑1 cells were 
used in subsequent assays: The S100P protein group, treated 
with S100P (cat. no. Ag19115; Proteintech Group, Inc.), the 

FPS‑ZM1 group, treated with the RAGE inhibitor FPS‑ZM1 
(cat.  no.  6237; Tocris Bioscience)  (17), and the untreated 
control group. The S100P protein and RAGE inhibitor were 
separately dissolved in cell culture medium and prepared for 
immediate use.

Western blot analysis. Total proteins were extracted from the 
tissue samples and cells following lysis with sodium dodecyl 
sulfate (SDS) lysis buffer containing phenylmethanesulfonyl 
fluoride and proteinase inhibitor (100:1:1; Nanjing KeyGen 
Biotech Co., Ltd.) using an automatic grinding machine 
(JXFSTPRP‑24; Jingxin Technology Co., Ltd.) at  50  Hz 
for 60 sec. The supernatant was collected and the protein 
concentration was determined using a BCA protein assay 
(Beyotime Institute of Biotechnology). Western blotting 
was performed using a standard method  (18). Quantified 
proteins (50 µg per lane) were separated by electrophoresis 
using 8‑12% SDS polyacrylamide gels and electroblotted 
onto polyvinylidene fluoride membranes. The membranes 
were blocked with 5% non‑fat milk in tris buffer saline 
containing 0.05% Tween‑20 for 1 h at room temperature. The 
membranes were then incubated sequentially at 4˚C overnight 
with primary antibodies. Primary antibodies targeting S100P 
(cat. no. 11803‑1‑AP; 1:1,000), RAGE (cat. no. 16346‑1‑AP; 
1:1,000), ERK1/2 (cat. no. 66192, 1:1,000), p38 (cat. no. 66234; 
1:1,000), MAPK7 (cat. no. 10036‑2‑AP; 1:1,000), NF‑κB1 
(cat.  no.  14220‑1‑AP; 1:1,000), p65 (cat.  no.  10745‑1‑AP; 
1:1,000) and GAPDH (cat. no. 10494‑1‑AP; 1:5,000) were 
acquired from Proteintech Group, Inc. and antibodies 
targeting phosphorylated (p)‑ERK1/2 (ab201015; 1:1,000), 
p‑p38 (ab4822; 1:1,000) and p‑MAPK7 (ab5686, 1:1,000) 
Abcam. Following this, the membranes were incubated with 
HRP‑conjugated secondary antibodies (cat. no. SA00001‑2; 
Proteintech; 1:5,000) for 1  h at room temperature. The 
resulting protein‑antibody complexes were detected using an 
ECL system (Merck KGaA) and then visualized using AllDoc 
version 2.2.1.0 software with the Tanon 4500 imaging system 
(Tanon Science and Technology Co., Ltd.).

Cell Counting Kit‑8 (CCK‑8) assay. The C666‑1 cells were 
seeded at a density of 3,000 cells/well in 96‑well plates. After 
24 h, the cell viability was determined using a CCK‑8 assay 
(Dojindo Molecular Technologies, Inc.), by measurement of 
the optical density at 450 nm (OD450) according to the kit 
protocol. Following this, a range of concentrations (10, 100, 
500, 1,000 and 5,000 ng/ml) of S100P protein or FPS‑ZM1 
were added to the wells, an untreated control group was 
established, and the cells were cultured for 6 h at 37˚C. In 
subsequent experiments, the S100P protein and FPS‑ZM1 
were used at a concentration of 1,000 ng/ml, since at this 
concentration, the inhibition and proliferation rates were 
~50%, respectively. Cell viability was assessed using the 
CCK‑8 assay after incubation for 6, 12 and 24 h by adding 
10 µl CCK‑8 solution to each well, incubating for 30 min to 
4 h at 37˚C according to the manufacturer's protocol, after 
which the OD450 value was measured.

Colony formation assay. The C666‑1 cells were cultured 
in 6‑well plates at a density of 2,000 cells/well. After 24 h, 
1,000 ng/ml S100P protein or FPS‑ZM1 was added to each well 
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and the cells were cultured for a further ~14 days at 37˚C. The 
colonies were then stained with 0.4% crystal violet (Beyotime 
Institute of Biotechnology). The numbers of colonies that 
contained >50 cells were counted and averaged (19).

Wound healing assays. The C666‑1 cells were cultured in 
6‑well plates until they reached confluency. The monolayers 
were scratched and the detached cells were washed away 
using PBS solution. Then, 1,000 ng/ml S100P protein or 
FPS‑ZM1 was added to each well and the cells were cultured 
in serum‑free RPMI‑1640 for 24 h at 37˚C. The width of 
the wound was measured at 0 and 24 h with an inverted 
microscope equipped with a digital camera (Olympus 
Corporation).

Transwell migration assay. Transwell chambers (pore size, 
8 µm; Corning Life Sciences) were used for the Transwell 
migration assay. A total of 2x105 cells suspended in 100 µl 
serum‑free medium with or without S100P protein or FPS‑ZM1 
were added to the upper chamber, and medium containing 
20% FBS was added to the lower chamber. The chambers 
were incubated for 24 h at 37˚C. Subsequently, the cells that 
had migrated through the membrane were fixed, stained with 
crystal violet for 20 min at room temperature and counted in 
5 random fields with an inverted microscope equipped with a 
digital camera (Olympus Corporation).

Statistical analysis. All experimental assays were conducted 
as at least three independent experiments. Data are expressed 
as the mean  ±  SD. Data analysis was performed using 
SPSS version 26.0 (IBM Corp.). Comparison of the protein 
levels between the NPC and benignly inflamed tissues was 
performed using independent‑sample t‑tests. Kruskal‑Wallis 
and Mann‑Whitney U tests were used to analyze the differ‑
ences in S100P expression level among or between patients 
according to disease stage, age and gender. Comparisons of 
multiple groups in other assays were performed by one‑way 
ANOVA followed by Bonferroni post hoc tests for the multiple 

comparisons. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Protein expression of S100P and RAGE in NPC. To evaluate 
the levels of S100P and RAGE in nasopharyngeal tumors, 
the tumor samples of 15 patients with NPC and tissues of 
15 patients with benign nasopharygeal inflammation were 
analyzed. The western blotting results revealed that S100P 
(P<0.001; Fig. 1A and B) and RAGE (P<0.05; Fig. 1A and C) 
were significantly upregulated in the NPC tissues compared 
with the tissues with benign inflammation. The associations 
of the S100P expression level with disease stage and the age 
and gender of the patients were also analyzed. The S100P 
expression level was found to differ significantly according 
to disease stage when analyzed using a Kruskal‑Wallis test 
(P<0.01; Table II); however, no significant difference in S100P 
expression level was detected according to the age and gender 
of the patients when analyzed using a Kruskal‑Wallis and 
Mann‑Whitney U test (Table II).

Effects of S100P‑RAGE on cell proliferation. We hypothesized 
that the effects of S100P in NPC might be due to its binding 
with RAGE and the activation of autocrine signaling 
mechanisms. Therefore, three groups of C666‑1 cells were 
analyzed, namely the S100P protein group, the FPS‑ZM1 
group and the untreated control group. These groups were 
analyzed in cell viability and migration assays to identify the 
association between S100P and RAGE.

Different concentrations of S100P protein and the RAGE 
inhibitor FPS‑ZM1 were added to C666‑1 cells to test their effects 
on cell viability. The effects of S100P protein and FPS‑ZM1 
on cell viability were observed to be concentration‑dependent 
(P<0.001 and P<0.01, respectively; Fig. 2A and B). Furthermore, 
the effects of S100P protein and FPS‑ZM1 on cell viability were 
found to be time‑dependent. Compared with that in the untreated 
control group, cell viability was significantly affected at 6 and 

Table I. Clinical characteristics of the patients.

Characteristic	 Total no. of patients (n=30)	 No. of NPC cases (n=15)	 No. of benign inflammation cases (n=15)

Sex			 
  Male	 16	 10	 6
  Female	 14	 5	 9
Age (years)			 
  <50	 14	 6	 8
  ≥50	 16	 9	 7
Stage			 
  I		  1	
  II		  6	
  III		  6	
  IV		  2	
Histological subtype			 
  Non‑keratinized		  15	
  Undifferentiated		  0	

https://www.spandidos-publications.com/10.3892/etm.2021.9901
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12 h following treatment with S100P protein or FPS‑ZM1 at a 
concentration of 1,000 ng/ml (P<0.01 and P<0.001, respectively; 
Fig. 2C). The 1,000 ng/ml concentration was selected for use in 
subsequent experiments on the basis that it is the concentration 
at which the inhibition and proliferation rates for S100P and 
FPS‑ZM1 are ~50%, respectively (data not shown). The colony 
forming assay revealed that the ability of C666‑1 cells to form 
colonies was increased by treatment with S100P protein and 
decreased by treatment with the RAGE inhibitor FPS‑ZM1 
(P<0.001; Fig. 2D and E).

Effects of S100P‑RAGE on cell migration. The effects of 
S100P and FPS‑ZM1 on the migration of C666‑1 cells 
were assessed by wound healing and Transwell assays. 
As presented in Fig. 3A and B, measurements made 24 h 
following wounding of the cell monolayer revealed that 
wound closure was induced in the S100P protein group and 
delayed in FPS‑ZM1 group compared with the untreated 
control group. The migrated distances of the cells in 
the untreated control group, S100P protein group and 
FPS‑ZM1 group were 746.67±55.28, 1,139.39±77.61 and 

Table II. Differences in S100P expression levels according to the disease stage, age and sex of patients.

Characteristic	 Number of cases (n=30)	 Relative S100P expression	 S100P expression (P‑value)

Sex			   0.058
  Male	 16	 0.327±0.179	
  Female	 14	 0.254±0.264	
Age (years)			   0.42
  <50	 14	 0.301±0.272	
  ≥50	 16	 0.308±0.176	
Stage			   0.017
  Benign inflammation	 15	 0.137±0.059	
  I	 1	 0.092	
  II	 6	 0.417±0.267	
  III	 6	 0.493±0.138	 0.005
  IV	 2	 0.596±0.06	

Figure 1. Protein expression of S100P and RAGE in patients with NPC or benign nasopharyngeal inflammation. (A) The protein expression of S100P and 
RAGE in NPC tissues and nasopharyngeal tissues with benign inflammation by western blotting. Quantification of (B) S100P/GAPDH and (C) RAGE/GAPDH 
protein expression ratios. *P<0.05 and ***P<0.001. RAGE, receptor for activated glycation end products; NPC, nasopharyngeal carcinoma.
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276.36±112.21 µm, respectively (P<0.001; Fig. 3A and B). 
The percentage of wound closure in the untreated control, 
S100P protein and FPS‑ZM1 groups was calculated to be 
41.79, 65.23 and 16.17%, respectively (P<0.001; Fig. 3C). The 
Transwell assay revealed that the addition of S100P protein 
significantly increased the migration ability of the C666‑1 
cells, while the addition of the RAGE inhibitor FPS‑ZM1 
reduced the migration ability of the C666‑1 cells. The 
numbers of migrated cells in the untreated control, S100P 
protein and FPS‑ZM1 groups were 91.8±6.72, 200.8±9.26 
and 30.4±2.3, respectively (P<0.001; Fig. 3D and E).

S100P‑RAGE activates MAPK and NF‑κB signaling. The 
MAPK signaling pathway is reported to be associated with 
cell proliferation, differentiation, migration, senescence and 
apoptosis (20). The activation of NF‑κB is often associated 
with increased cell survival  (21). Therefore, whether 
extracellular S100P activates these transcription factors was 
investigated. Consistent with the effects on cell proliferation 
and migration, blockade of the S100P‑RAGE interaction 
inhibited the effects of S100P on MAPK and NF‑κB signaling. 
Following treatment of the cells with S100P protein, the 
western blotting results revealed that the p‑ERK1/2/ERK1/2, 
p‑p38/p38 and p‑MAPK7/MAPK7 ratios and NF‑κB1 and 
p65 expression levels were significantly increased compared 
with those in the untreated cells (NF‑κB1, P<0.05; other 
proteins, P<0.001). Conversely, following treatment with 
the RAGE inhibitor FPS‑ZM1, the p‑ERK1/2/ERK1/2, 

p‑p38/p38 and p‑MAPK7/MAPK7 ratios and NF‑κB1 and 
p65 expression levels were decreased compared with those in 
the untreated cells (all P<0.001; Fig. 4). These results indicate 
that the S100P‑RAGE interaction activates MAPK and NF‑κB 
signaling in NPC cells.

Discussion

The gold standard treatment for NPC is radiation therapy, 
which is a local treatment for the cure or palliative treatment 
of tumors (22). The cure rate of early‑stage NPC is >90% (23). 
However, the efficacy of radiation therapy in advanced stages 
of NPC is limited owing to radiation resistance (24). Increased 
tumor volumes, tumor hypoxia and the dysregulation of genes 
can cause tumor cells to become tolerant to radiation, and thus 
reduce their sensitivity (25). Therefore, the early diagnosis of 
NPC and the development of novel treatment approaches are 
particularly important.

In a previous study, the effect of S100P expression on the 
proliferation and migration of C666‑1 cells was investigated 
by knocking down S100P expression via infection with 
S100P small interfering RNA (siRNA) (15). Following S100P 
knockdown, the downregulation, proliferation and migration 
of the cells were significantly decreased (15). In addition, it 
was observed that RAGE expression was downregulated in 
the cells transfected with S100P siRNA, as compared with 
the untreated and negative siRNA‑transfected controls (15). 
Notably, certain S100 proteins have been identified to serve 

Figure 2. Effects of S100P and RAGE on the proliferation and colony formation of C666‑1 cells. Cell Counting Kit‑8 assay results for the growth evaluation 
of cells treated with (A) S100P protein or (B) RAGE inhibitor FPS‑ZM1 at the indicated concentrations for 6 h. The effects of S100P and FPS‑ZM1 on cell 
viability were concentration‑dependent. (C) The effects of S100P protein and FPS‑ZM1 (both 1,000 ng/ml) on cell viability were also time‑dependent. 
(D) Representative images of colony formation assay results. (E) The colony forming ability of C666‑1 cells was increased in the S100P protein group and 
reduced in the FPS‑ZM1 group. **P<0.01 and ***P<0.001 vs. untreated control. RAGE, receptor for activated glycation end products; OD450, optical density 
at 450 nm.

https://www.spandidos-publications.com/10.3892/etm.2021.9901
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a role in tumors by interacting with receptors, suggesting 
that extracellular S100 proteins have important effects (11). 
In addition, some S100 proteins have been demonstrated to 
interact with RAGE in vitro, triggering RAGE‑dependent 
signal transduction in cell‑based assays. For example, 
Arumugam et al (26) demonstrated that S100P triggers the 
activation of NF‑κB in a RAGE‑dependent manner through 
a MAPK signaling pathway in BxPC3 and SW480 adenocar‑
cinoma cells. However, the mechanism remains incompletely 
explored. In the present study, to determine whether the 
activation of RAGE by S100P is required for the effects of 
S100P on the growth and migration of C666‑1 cells, the 
activation of RAGE by S100P was blocked and its effects 
on cell proliferative and migratory behavior and downstream 
signaling were investigated. In particular, to elucidate the 
molecular mechanisms underlying the activity and func‑
tion of S100P in NPC, the role of S100P as an activator of 
signaling pathways known to affect the development and 
progression of numerous types of cancer was assessed. The 
most frequently reported signaling pathways in which S100P 
participates include ERK1/2, NF‑κB and PI3K/AKT (27). 
Arumugam  et  al  (26) revealed that exogenous S100P 
increased the survival of NIH3T3 cells and simultaneously 
activated ERK in the cells. The MAPK signaling pathway 
comprises distinct ERK1/2, JNK1/2/3, p38 MAPK and 
ERK5 pathways (28). The MAPK/ERK pathway is reported 
to be associated with cell proliferation, differentiation, 
migration, senescence and apoptosis (20). The present study 
demonstrated that the S100P‑RAGE interaction is associated 
with MAPK activation in C666‑1 cells.

S100P has been reported to exert autocrine effects via 
RAGE that stimulate cell proliferation and survival via the 
NF‑κB pathway  (26). The transcription factor NF‑κB is a 
nuclear factor that binds to the enhancer element of the immu‑
noglobulin κ light‑chain of activated B cells (29). The NF‑κB 
transcription factor family has five members, known as p65 
(RelA), RelB, c‑Rel, NF‑κB1 and NF‑κB2. The constitutive 
activation of NF‑κB has been demonstrated to lead to the 
promotion of cell proliferation, angiogenesis, invasion and 
metastasis (21). Consistent with this, the present study detected 
a significant increase in NF‑κB activation in NPC.

The inhibition of S100P, using antisense mRNA retroviral 
transfection for example, has been shown to decrease cellular 
motility and metastatic potential in colon, gastric and breast 
cancer cell lines (30‑32). The expression of S100P has been 
identified to be associated with the resistance of cancers to 
several chemotherapeutic agents, and its silencing sensitizes 
cancer cells to cisplatin and oxaliplatin in vitro (33,34). In the 
present study, the ability of extracellular S100P to activate 
MAPK and NF‑κB signaling was investigated. Notably, 
blockade of the S100P‑RAGE interaction inhibited the effects 
of S100P on MAPK and NF‑κB signaling, which is similar to 
its effects on cell proliferation and migration.

The present study has potential limitations, including the 
relatively small number of clinical samples and the use of 
only one cell line. However, NPC is associated with multiple 
risk factors, including EBV infection (5,6), and the C666‑1 
cell line consistently carries EBV in long‑term cultures (16). 
Therefore, only the C666‑1 cell line was used. Further 
studies using primary cultures of NPC cells and in  vivo 

Figure 3. Effects of S100P and RAGE on C666‑1 cell migration. 
(A)  Representative images of the wound healing assay (magnification, 
x400). (B) Measurements of the wound in the cell monolayer revealed that 
wound closure was induced by treatment with S100P protein and delayed by 
treatment with the RAGE inhibitor FPS‑ZM1 compared with the untreated 
control. (C) The percentage of wound closure was different in the S100P 
protein and FPS‑ZM1 groups compared with the untreated control group. 
(D) Representative images of the Transwell assay results. Scale bar, 200 µm. 
(E) The Transwell assay revealed that the migration ability of C666‑1 cells 
was significantly increased by S100P protein and significantly reduced by 
the RAGE inhibitor FPS‑ZM1. RAGE, receptor for activated glycation end 
products. ***P<0.001.
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experiments are required in the future. Also, although 
significant data were obtained in the experiments in the 
present study, the potential of S100P‑RAGE blockade as a 
therapeutic treatment for NPC requires further examination 
in a larger number of patients.

In conclusion, the present results confirm and extend those 
of our previous study, and suggest that extracellular S100P may 
participate in the proliferation and migration of C666‑1 cells 
by binding to RAGE and activating the MAPK and NF‑κB 
signaling pathways. Therefore, blocking S100P‑RAGE func‑
tion might also be expected to improve the response of NPC to 
therapeutic treatments.
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Figure 4. S100P‑RAGE activates MAPK and NF‑κB signaling in C666‑1 cells. (A) Representative western blots of cells treated with S100P protein or 
RAGE inhibitor FPS‑ZM1. (B) Quantified western blotting data showing that p‑ERK1/2/ERK1/2, p‑p38/p38 and p‑MAPK7/MAPK7 ratios and NF‑κB1 
and p65 expression levels were significantly increased in the S100P protein group and significantly reduced in the FPS‑ZM1 group compared with those in 
untreated cells. *P<0.05 and ***P<0.001. RAGE, receptor for activated glycation end products; MAPK, mitogen‑activated protein kinase; ERK, extracellular 
signal‑related kinase.
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