
Summary. Nasopharyngeal carcinoma (NPC) is a 
malignant epithelial tumor. Among the S100 protein 
family members, the imbalance of S100 calcium-binding 
protein A2 (S100A2) was related to the pathogenesis of 
several types of cancer, and S100A2 has been reported 
to be upregulated in the plasma of NPC patients; 
however, its specific role in NPC pathogenesis remains 
unclear. Thus, this study aims to determine the potential 
role of S100A2 in NPC to provide novel insights into 
NPC management. C666-1 and NPC/HK-1 cells were 
transfected with S100A2 silencing/overexpression 
(si/oe) constructs. For in vivo investigations, NPC/HK-1 
cells were transfected with si/oe-S100A2 to induce 
tumor formation in nude mice. Cellular viability and 
apoptosis were assessed using the CCK8 assay, colony-
forming assay, and flow cytometry. Glucose uptake and 
lactate production levels were quantified using 
biochemical assays. S100A2 expression was measured 
via RT-qPCR, Western blot, immunohistochemistry, and 
immunofluorescence were performed to determine the 
levels of S100A2, PI3K, AKT, p-PI3K, p-AKT, GLUT1, 
HK-2, LDHA, and ki-67 proteins. S100A2 expression 
levels were significantly higher in NPC cancer tissues 
than in adjacent tissues. Similarly, C666-1 and NPC/HK-
1 cells exhibited increased S100A2 expression, and 
silencing S100A2 significantly inhibited NPC cell 
viability, proliferation, glucose uptake, and lactate 
production, and induced apoptosis and decreased the 
protein levels of GLUT1, LDHA, and HK2 in NPC cells. 
Conversely, S100A2 overexpression enhanced these 
characteristics in NPC cells but could be mitigated by 
the PI3K/AKT inhibitor (LY294002). Silencing S100A2 

suppressed the tumor formation of NPC/HK-1 cells, 
while S100A2 overexpression promoted tumor 
formation and could be hindered by a GLUT1 inhibitor 
(WZB117). S100A2 is upregulated in cancer tissues of 
NPC patients and was found to promote proliferation, 
glycolysis, and tumor formation in NPC cells through its 
interaction with GLUT1. 
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Introduction 
 
      The epidemiology of nasopharyngeal carcinoma 
(NPC) has long been fascinating due to its distinct 
geographic distribution patterns (Chang et al., 2021). 
NPC is categorized as a malignant epithelial tumor with 
a significantly high incidence in North Africa and 
Southeast Asia (Tang et al., 2021). At present, 
concurrent chemoradiotherapy is the standard treatment 
for stage II NPC. However, it only achieves a three-year 
non-failure survival rate in low-risk NPC patients (Tang 
et al., 2022). Although it is a highly prevalent cancer 
affecting the head and neck region, its exact etiology 
remains unclear, and effective personalized therapeutic 
approaches are lacking (Ding et al., 2021). Therefore, 
exploring oncogenes and potential mechanisms 
associated with NPC development may offer valuable 
insights for its treatment. 
      Clinical research revealed that S100 calcium-binding 
protein P (S100P) is upregulated in 45 of 78 (57.7%) 
NPC patients but only upregulated in 5 of 30 (16.7%) 
benign inflammation patients (Liu et al., 2017). 
Histopathological examination has demonstrated 
moderate expression of S100 in poorly differentiated 
nasopharyngeal papillary adenocarcinoma (Huang et al., 
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2019). In addition, the S100P protein is a subtype of the 
S100 protein family, and its interaction with RAGE was 
found to enhance the migration and proliferation 
potential of C666-1 cells (Wang et al., 2021a). Members 
of the S100 calcium-binding protein family have been 
commonly involved in the development process of NPC, 
such as S100A14 (Meng et al., 2020), S100A6 (Li et al., 
2017), S100A4 (Lin et al., 2016), S100A1 (Chen et al., 
2018), S100A8, and S100A9 (Yan et al., 2015; Hu et al., 
2021). Among the S100 protein family, S100 calcium-
binding protein A2 (S100A2) has been confirmed to be 
present in malignant tumors and inflammatory diseases 
(Sugino and Sawada, 2022). ELISA analysis has further 
validated elevated plasma levels of S100A2 in NPC 
patients (Lin et al., 2013). Utilizing proteomic data and 
subsequent western blot validation, it has been 
established that S100A2 is upregulated in the squamous 
cells of nasopharyngeal cancer (Feng et al., 2011). 
However, the specific role of S100A2 in NPC remains to 
be elucidated. 
      It is well-established that cancer cells prefer 
glycolysis to support their proliferation (Oyang et al., 
2023). SETD1A overexpression positively regulates cell 
proliferation and induces aerobic glycolysis in NPC cells 
through the PI3K/AKT pathway in vitro (Huang et al., 
2022). Similarly, in colorectal cancer, S100A2 activates 
the PI3K/AKT pathway, upregulates GLUT1 expression, 
induces glycolytic reprogramming, and promotes cell 
proliferation (Li et al., 2020). Furthermore, elevated 
GLUT1 levels have been observed in nasopharyngeal 
tissues of NPC patients, correlating with clinical staging 
and lymph node metastasis (Zhou et al., 2017). Based on 
these insights, our hypothesis posits that S100A2 may 
participate in glycolysis and proliferation processes in 
NPC, potentially via its interaction with GLUT1. This 
study aims to validate the role of S100A2 in glycolysis 
and proliferation in NPC, offering new perspectives for 
NPC treatment. 
  
Materials and methods 
 
Clinical samples and S100A2 expression analysis 
 
      This study was approved by the Medical Ethics 
Committee of Changsha Central Hospital (No. 
2021006). Tumor (NPC) and paratumoral tissue (Non-
NPC) samples from six NPC individuals were obtained 
from the hospital, with six cases in each group, and 
histopathological examination was conducted to confirm 
the diagnosis of all collected specimens, following 
which they were used for the assessment and analysis of 
S100A2 protein expression. 
      NPC is a highly prevalent malignant head and neck 
tumor (Cantù, 2023). Based on the analysis of the cancer 
genome atlas (TCGA) database (https://www.cancer. 
gov/ccg/research/genome-sequencing/tcga)(Carrot-
Zhang et al., 2020), S100A2 expression in the Normal 
and Tumor groups of head and neck cancer was 
determined by the Wilcoxon test. 

Cell experiments and processing 
 
      The NP69 (JY291) immortalized nasopharyngeal 
epithelial cell line (Shanghai Jinyuan Biotech Co., Ltd., 
Shanghai, China) was cultured in KM medium, while the 
C666-1 (AW-CCH168, Abiowell, Changsha, China) and 
NPC/HK-1 (AW-CCH310, Abiowell, Changsha, China) 
cell lines were incubated in Roswell Park Memorial 
Institute (RPMI) 1640 medium supplemented with 10% 
fetal bovine serum (FBS) and 1% Penicillin-
Streptomycin. All cells were maintained at 37°C, 95% 
air, and 5% CO2. 
      To investigate S100A2 expression, the cells were 
divided into three groups: NP69, C666-1, and NPC/HK-
1. To explore the functional role of S100A2 in NPC 
cells, C666-1 and NPC/HK-1 cells were further 
categorized into the following silencing/overexpression 
(si/oe) experimental groups: si-NC, si-S100A2#1, si-
S100A2#2, oe-NC, oe-S100A2, LY294002, and oe-
S100A2+LY294002. Transfection was performed first in 
the transfection group before any subsequent treatments. 
Additionally, cells in the LY294002 group were treated 
with LY294002 (10 µM), a PI3K inhibitor (CAS No.: 
154447-36-6, MCE, New Jersey, USA), for 48 hours 
(Huang et al., 2022). 
 
Cell transfection 
 
      For lentivirus transfection, approximately 2×105 

cells/well. On the next day, the initial medium was 
replaced with 0.5 mL of fresh medium containing 10 
μg/mL polybrene. Subsequently, 10 μL of 1×108 TU/mL 
S100A2 overexpression/interference lentivirus 
suspension (HonorGene, Changsha, China) was added. 
After an incubation period, the medium was refreshed. 
GFP expression was assessed using a fluorescence 
microscope after 72 hours of infection. The cells were 
then subjected to antibiotic selection in a culture medium 
(approximately one week) to isolate successfully 
transfected cells. The selected cells underwent further 
purification through a limiting dilution method and were 
subsequently expanded in culture after purification (Lin 
et al., 2021). Once a sufficient cell number was attained, 
cells were harvested, and RNA was extracted for RT-
PCR validation of S100A2 expression. Cells testing 
positive were suitable for further experiments or could 
be stored frozen until subsequent use. N=3 
replications/group. 
      The overexpression plasmid for the human S100A2 
gene, pcDNA3.1-S100A2-3xFlag, was procured 
commercially from HonorGene (Changsha, China). This 
plasmid was designed with the following sequences: F - 
CACTAGTCCAGTGTGGTGGAATTCGCCACCATGA
TGTGCAGTTCTCTGGAGC and R - GTCGAAGG 
GCCCTCTAGACTCGAGGGGTCGGTCTGGGCAGC
CCTG. Additionally, pHG-S100A2-sh1 (CACTGTCAT 
GTGCAATGACTT) and pHG-S100A2-sh2 (CGACA 
AGTTCAAGCTGAGTAA) interference plasmids were 
also commercially obtained from HonorGene 
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(Changsha, China). All of these expressing plasmids 
underwent thorough verification by sequencing. N=3 
replications/group. 
 
Cell counting Kit-8 (CCK8) 
 
      Cells (2×104 cells/well) were cultured in 24-well 
plates, with each well containing 300 μL of cell 
suspension. Each experimental group consisted of three 
replicate wells. Subsequently, 30 μL of CCK8 reagent 
(NU679, Toren, Japan) was added to each well. The 
plates were then incubated at 37°C in an atmosphere of 
5% CO2 for 4 hours. To quantify cell viability, the 
absorbance at 450 nm was measured using a microplate 
reader (MB-530, HEALES, Shenzhen, China), and the 
average values were utilized to construct a bar graph. 
 
Biochemical testing 
 
      The levels of glucose and lactate in the cell 
supernatant were quantified using glucose (A154-1-1, 
NJJCBIO, Nanjing, China) and lactate (A019-2-1, 
NJJCBIO, Nanjing, China) detection kits, using an 
enzyme-labeled instrument and a visible light 
spectrophotometer to determine glucose residue and 
lactate production. N=3 replications/group. 
 
Colony-forming assay 
 
      Cells from different experimental groups were 
harvested during their exponential growth phase and 
digested by trypsin (0.25%), dispersed into single cells 
through pipetting, and resuspended in a complete culture 
medium containing 10% FBS. Then, 200 cells were 
taken from each group and seeded into a 6-well plate 
with 1 mL of medium at room temperature. The plates 
were gently swirled to evenly disperse the cells and 
placed in the cell culture incubator with appropriate 
periodic medium changes. When visible clones appeared 
in the culture dish, the culture was terminated, the 
culture medium was discarded, the cells were carefully 
washed twice with PBS solution, 1 mL of 4% 
paraformaldehyde was added to each well for a 15-
minute fixation, and 1 mL of staining working solution 
was applied and kept at 37°C for 30 min. The staining 
solution was washed away using running water, and a 
mobile phone was used to take photos of the cells for 
observation. N=3 replications/group. 
 
Apoptosis 
 
      The cells were suspended in 500 μL of Binding 
buffer, followed by adding 5 μL of Annexin V-APC 
(KGA1007, KeyGen Biologicals, Jiangsu, China) and 5 
μL of Propidium Iodide. The mixture was thoroughly 
mixed and incubated at 37°C without light for 10 min. 
Afterward, the cells were washed once with PBS and 
subjected to measurement using a flow cytometer. N=3 
replications/group. 

Immunofluorescence (IF) 
 
      Cell slides were washed 2-3 times with PBS, fixed 
with 4% paraformaldehyde for 30 min, and then rinsed 
three times with PBS for 5 min each time. Afterward, the 
slides were treated with 0.3% Triton X-100 and 
incubated for 30 min at 37°C. Subsequent blocking was 
performed using 5% BSA at 37°C for 60 min. The slides 
were then incubated overnight at 4°C with anti ti-
GLUT1 (ab115730, 1:50, Abcam, UK) and anti-S100A2 
(bsm-51330m, 1:50, Bioss, USA) antibodies. Following 
primary antibody incubation, the slides were exposed to 
100 μL of goat anti-rabbit IgG (H+L) secondary 
antibody, Alexa Fluor488 (AWS0005c, 1:200, Abiowell, 
Changsha, China), and Goat anti-Mouse IgG (H+L) 
Secondary Antibody, Alexa Fluor594 (AWS0004c, 
1:200, Abiowell, Changsha, China), for 90 min at 37°C. 
Subsequently, the slides were stained with DAPI 
solution for 10 min at 37°C, rinsed with PBS for 5 min, 
and finally mounted with glycerol buffer for analysis 
using a fluorescence microscope (BA210T, Motic, 
Xiamen, China). N=3 replications/group. 
 
Tumorigenesis in nude mice 
 
      A total of 12 BALB/c mice (four weeks old) were 
bought from Hunan Slack Jinda Laboratory Animal Co., 
Ltd., and divided into four groups: control, si-S100A2, 
oe-S100A2, and oe-S100A2+WZB117. Stable trans-
fection with si-S100A2 or oe-S100A2 of NPC/HK-1 
cells (5×106) was injected into the subcutaneous tissue 
on the right side of the nude mice. NPC/HK-1 cells in 
the control group were transfected with oe-NC and si-
NC cells. Before the start of treatment, the average 
tumor volume had grown to 130 mm3. WZB117 
intervention was administered at 20 mg/kg/day by 
intraperitoneal injection (Shibuya et al., 2015). Tumor 
volume was assessed every other day using calipers. 
After 28 days, mice were humanely euthanized using 
CO2 inhalation, and their tumor tissues were harvested 
for subsequent analyses. All experimental procedures 
and animal care were conducted in accordance with the 
approval of the Animal Care and Use Committee of 
Changsha Central Hospital (Approval No. 2021006), 
which is affiliated with the University of South China. 
 
RT-qPCR 
 
      Total RNA was isolated using Trizol, and the 
concentration was determined using a UV spectro-
photometer at 260~280 nm. Primers were synthesized by 
the Beijing Genomics Institute. For S100A2, the primer 
sequences were: F - CACGACACCTCCCACTTCC and 
R - TGCCATTCCCACTCATTCCC (141bp, http://www. 
ncbi.nlm.nih.gov/gene/6273). For β-actin, the primer 
sequences were: F - ACCCTGAAGTACCCCATCGAG 
and R - AGCACAGCCTGGATAGCAAC (224 bp, 
https://www.ncbi.nlm.nih.gov/gene/60). cDNA was 
generated by reverse transcription of the total mRNA 
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using the mRNA kit (CW2569, CWBIO, Beijing, 
China). The amplification reactions were performed 
using the UltraSYBR Mixture kit (CW2601, CWBIO, 
Beijing, China) and a real-time PCR machine 
(PIKOREAL96, Thermo, Massachusetts, USA). The 
amplification program consisted of an initial 
denaturation at 95°C for 10 min, followed by 40 cycles 
of denaturation at 95°C for 10 seconds, and annealing/ 
extension at 60°C for 30 seconds. The relative 
expression levels of the target gene were determined 
using the 2-ΔΔCt method in each group. 
 
Western blot 
 
      After the experiment, the cell samples and tumor 
tissues were collected, and a lysis buffer (RIPA, 

AWB0136, Abiowell, Changsha, China) was added to 
extract total protein. BCA was used to analyze protein 
levels. The protein sample was separated using SDS-
PAGE. The proteins were transferred onto a poly-
vinylidene fluoride membrane using a transmembrane 
electrophoresis apparatus (AWC0114, Abiowell, 
Changsha, China). Then, the membranes were incubated 
with the first antibody (Table 1) at 4°C overnight. 
Afterward, the membranes were incubated with anti-IgG 
(SA00001-1/2, 1:5000/6000, Proteintech, Chicago, 
USA) for 90 min at 37°C, visualized using a 
chemiluminescence assay (AWB0005, Abiowell, 
Changsha, China) and analyzed using ChemiScope6100 
software (CLiNX, Shanghai, China). 
 
Immunohistochemistry  
 
      Tumor tissues were sectioned into 5 μm slices, 
followed by a 12-hour bake at 60°C. The sections 
underwent a series of treatments: three immersions in 
xylene for 20 min each, sequential exposure to 100%, 
100%, 95%, 85%, and 75% ethanol for 5 min at each 
step, and heating in citrate buffer (0.01 M, pH=6.0) with 
a 20-minute boil. After cooling to 37°C, the sections 
were washed with 0.01 M PBS (pH=7.2~7.6) for 3 min 
and repeated three times. Subsequently, sections were 
treated with 1% periodic acid at 37°C for 10 min, 
followed by PBS rinses for 3 min, repeated three times. 
The primary antibody ki67 (1:200, AWA10320, 
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Fig. 1. High 
expression of 
S100A2 in NPC. A. 
The level of S100A2 
expression in head 
and neck cancer was 
analyzed in the 
TCGA database. 
***p<0.001 vs 
Normal. B. Western 
blot was applied to 
test S100A2 
expression in the 
Non-NPC and NPC 
groups. N=6 
cases/group. *p<0.05 
vs. Non-NPC. C, D. 
S100A2 expression 
in NP69, C666-1, and 
NPC/HK-1 cells. N=3 
replications/group. 
*p<0.05 vs. NP69.

Table 1. Antibody information. 
 
Protein          Item               Ratio         Weight            Time          Source 
 
S100A2   AWA44768        1:1000        10KDa           30 min        Abiowell 
GLUT1    AWA43436        1:1000        55KDa           30 min        Abiowell 
HK2         AWA02524        1:1000        102KDa       120 min        Abiowell 
LDHA      AWA42156        1:1000        36KDa           60 min        Abiowell 
P-PI3K    AWA40427        1:10000      85KDa         110 min        Abiowell 
PI3K        AWA40428        1:10000      85KDa         110 min        Abiowell 
p-AKT     AWA00626        1:1000        56KDa           80 min        Abiowell 
AKT         AWA00628        1:1000        56KDa           80 min        Abiowell 
β-actin     AWA80002        1:5000        42KDa           60 min        Abiowell
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Fig. 2. Silencing S100A2 in NPC cells inhibited cell proliferation and glycolysis. A. RT-qPCR detection of S100A2 mRNA. B. CCK8 of cell viability. C. 
Colony-forming assay of cell proliferation (5 mm). D. Flow cytometry was applied to detect cell apoptosis. N=3 replications/group. *p<0.05 vs. si-NC.



Abiowell, Changsha, China) was applied dropwise and 
incubated overnight at 4°C. The sections were then 
exposed to 100 μL of IgG antibody-HRP conjugate and 
incubated at 37°C for 30 min. A pre-made DAB solution 
was added dropwise and incubated at 37°C for 1-5 min. 
After a 10-minute counterstaining with hematoxylin, 
sections were rinsed with water and blued with PBS. 
Dehydration followed with an alcohol gradient (60-
100%), each step lasting 5 min. Sections were treated 
with xylene for 10 min, sealed with neutral resin, and 
observed under a microscope (BA410T, Xiamen, Motic). 
Image analysis was conducted using Image-Pro-Plus. 
 
Statistical analysis 
 
      Statistical analysis was performed using Prism 8.0 
software (Graphpad, San Diego, USA). Data are 
presented as mean ± standard deviation. First, tests for 
normality and homogeneity of variance were performed. 
If the data met the conditions of normality and homo-
geneity of variance, a non-paired t-test was applied for 
intergroup comparisons. One-way analysis of variance 

(ANOVA) or repeated measures ANOVA was applied 
for comparisons in multiple groups with Tukey's post-
hoc test. p<0.05 was determined statistically significant. 
 
Results 
 
High expression of S100A2 in NPC 
 
      TCGA analysis showed a significant upregulation of 
S100A2 in head and neck cancer tissues (Fig. 1A). To 
further investigate the expression of S100A2 in NPC, we 
collected samples from NPC patients, including cancer 
tissues and adjacent tissues (six cases/group). The 
analysis revealed a significant upregulation of S100A2 
expression in the NPC group with to the Non-NPC 
group (Fig. 1B). Further validation using NPC cell lines 
demonstrated that both S100A2 mRNA and protein 
levels were notably increased in C666-1 and NPC/HK-1 
cells compared with NP69 cells (Fig. 1C,D). These 
findings confirm the upregulation of S100A2 in both 
NPC cells and tissues, suggesting its potential as a target 
for further investigation. 
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Fig. 3. Silencing S100A2 in NPC cells 
inhibited cell proliferation and glycolysis. 
A. Biochemical method to detect glucose 
uptake and lactate production levels in 
cells. B. The level of GLUT1, HK2, and 
LDHA proteins was detected by western 
blot in NPC cells. N=3 replications/group. 
*p<0.05 vs. si-NC.
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Fig. 4. Overexpression of S100A2 in NPC cells promoted viability and glycolysis. A. RT-qPCR was applied to test the expression of S100A2. B. CCK8 
assay of cell viability. C. Colony-forming assay (5 mm). D. Flow cytometry was applied to detect cell apoptosis. E. Glucose uptake and lactate 
production levels in cells. F. Western blot was applied to detect the level of GLUT1, HK2, and LDHA proteins in cells. N=3 replications/group. *p<0.05 
vs. oe-NC.



1676

Silencing S100A2 inhibited nasopharyngeal carcinoma by GLUT1

Fig. 5. Overexpression 
of S100A2 regulated the 
PI3K/AKT pathway and 
GLUT1 expression in 
NPC cells. A. Western 
blot was applied to test 
p-PI3K/PI3K, p-
AKT/AKT, GLUT1, and 
S100A2 expression. B, 
C. The CCK8 and 
colony-forming assays (5 
mm) were performed to 
analyze cell proliferation. 
N=3 replications/group. 
*p<0.05 vs. Control; 
#p<0.05 vs. oe-S100A2.



Silencing S100A2 inhibited the viability and glycolysis of 
NPC cells 
 
      To investigate the action of S100A2 in NPC cells, 
C666-1 and NPC/HK-1 cells were transfected with si-
S100A2. The S100A2 mRNA levels were significantly 
reduced in both the si-S100A2#1 and si-S100A2#2 
groups compared with the si-NC group, confirming the 
successful generation of NPC cells with silenced 
S100A2 (Fig. 2A). Furthermore, silencing S100A2 
suppressed cell viability and proliferation in NPC cells 
(Fig. 2B,C). Notably, it also promoted apoptosis in NPC 
cells (Fig. 2D). Moreover, biochemical assessments 
revealed that silencing S100A2 in NPC cells reduced 
glucose uptake and lactate production (Fig. 3A). 
Subsequent tests indicated that silencing S100A2 
downregulated the expression of GLUT1, LDHA, and 
HK2 proteins in NPC cells (Fig. 3B). Collectively, these 
findings provide evidence that silencing S100A2 hinders 
both proliferation and glycolytic processes in NPC cells. 
 
Overexpression of S100A2 promoted proliferation and 
glycolysis in NPC cells 
 
      Further studies were conducted to investigate the 
action of S100A2 overexpression in NPC cells by using 

oe-S100A2. Compared with the oe-NC group, S100A2 
expression was significantly elevated in the oe-S100A2 
group, confirming the successful construction of 
S100A2 overexpression in the NPC cell line (Fig. 4A). 
Additionally, overexpression of S100A2 in NPC cells 
promoted viability and proliferation (Fig. 4B,C) and also 
inhibited apoptosis (Fig. 4D). Furthermore, biochemical 
testing showed that overexpression of S100A2 promoted 
glucose uptake and lactate production in NPC cells (Fig. 
4E). Overexpression of S100A2 promoted GLUT1, 
HK2, and LDHA protein levels in NPC cells (Fig. 4F). 
These results demonstrated that overexpression of 
S100A2 enhanced proliferation and the glycolysis 
process in NPC cells. 
 
PI3K/AKT signaling mediated the co-expression of 
S100A2 and GLUT1 in NPC cells 
 
      To investigate the involvement of the PI3K/AKT 
signaling pathway in the regulatory effects of S100A2 
on NPC cells, western blot analysis was employed to 
assess protein levels in the PI3K/AKT pathway. 
Silencing S100A2 in NPC cells reduced the levels of p-
PI3K/PI3K, p-AKT/AKT, and S100A2 proteins (Fig. 
5A). Conversely, overexpression of S100A2 in NPC 
cells increased p-PI3K/PI3K, p-AKT/AKT, and S100A2 
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Fig. 6. Overexpression of S100A2 regulated the PI3K/AKT pathway and GLUT1 expression in NPC cells. A. Cell apoptosis was measured by flow 
cytometry. B. Glucose uptake and lactate production levels in the cells. N=3 replications/group. *p<0.05 vs. Control; #p<0.05 vs. oe-S100A2.



levels (Fig. 5A). Subsequent intervention experiments 
using LY294002 revealed that it inhibited the viability 
and proliferation of both NPC cells and S100A2-
overexpressing NPC cells and induced apoptosis in both 
groups (Figs. 5B-C, 6A). Biochemical analysis demon-
strated that LY294002 suppressed glucose uptake and 
lactate production in both NPC cells and S100A2-
overexpressing NPC cells (Fig. 6B). Furthermore, 
LY294002 inhibited the activation of the PI3K/AKT 
pathway, while it did not affect S100A2 expression in 
either NPC cells or S100A2-overexpressing NPC cells 
(Fig. 7). Immunofluorescence co-localization studies 
showed that LY294002 inhibited the expression of 
GLUT1 proteins, while it did not affect the expression of 
S100A2 in either NPC cells or S100A2-overexpressing 
NPC cells (Fig. 8). These results collectively indicate 
that the PI3K/AKT signaling pathway mediates the 
colocalization of S100A2 and GLUT1 in NPC cells and 
represents a crucial pathway regulated by S100A2 in 
NPC. 
 
Overexpression of S100A2 promoted NPC tumor 
formation by upregulating GLUT1 expression 
 
      The role of S100A2/GLUT1-related glycolysis in 
NPC tumor formation was determined using nude mice. 
Comparative analysis revealed that silencing S100A2 
significantly inhibited tumor volume compared with the 
Control group (Fig. 9A). Conversely, S100A2 

overexpression promoted tumor volume at each time 
point (Fig. 9A). Interestingly, in nude mice with 
overexpressed S100A2 NPC cell tumors, treatment with 
WZB117 led to a significant reduction in tumor volume 
at each time point (Fig. 9A). Observations and weight 
analysis of tumors demonstrated that silencing S100A2 
reduced tumor weight at 28 days (Fig. 9B,C). 
Furthermore, treatment with WZB117 reduced the tumor 
weight in the group of NPC cells overexpressing 
S100A2 at 28 days (Fig. 9B,C). Immunohistochemistry 
analysis confirmed that silencing S100A2 resulted in a 
decrease in the level of Ki-67 in tumor tissues (Fig. 9D). 
Treatment with WZB117 also reduced the expression of 
Ki-67 in the group of NPC cells overexpressing S100A2 
tumors (Fig. 9D). Western blotting further validated that 
silencing S100A2 inhibited GLUT1 expression in tumor 
tissues (Fig. 9E). Overexpression of S100A2, on the 
other hand, promoted GLUT1 expression in tumors, 
however, this effect was blocked by WZB117 (Fig. 9E). 
Overall, S100A2 was found to promote the proliferation 
and glycolysis of NPC tumors through GLUT1 (Fig. 9F). 
These findings indicate that overexpression of S100A2 
promotes the formation of NPC tumors, which WZB117, 
a GLUT1 inhibitor, can effectively block. 
 
Discussion 
 
      In endometrial cancer, a high expression of S100A2 
was associated with shorter survival and disease-specific 
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Fig. 7. The PI3K/AKT pathway mediated co-
expression of S100A2 and GLUT1 in NPC cells. The 
protein expression of p-PI3K/PI3K, p-AKT/AKT, 
GLUT1, and S100A2 were assessed by western 
blot. S100A2 (25 μm). N=3 replications/group. 
*p<0.05 vs. Control; #p<0.05 vs. oe-S100A2.



survival compared with low S100A2 expression (Zhang 
et al., 2022). In addition, low S100A2 expression signals 
suggested a good prognosis for patients with colorectal 
cancer (Yang et al., 2023). S100A2 was found to be 
over-expressed in advanced non-small cell lung cancer 
(Wang et al., 2021b). Comparatively, the results of our 
present study showed that S100A2 expression in the 

cancerous tissue of NPC patients was highly expressed 
compared with adjacent normal tissues, and it was 
highly expressed in C666-1 and NPC/HK-1 cells. 
However, the clinical significance of S100A2 in NPC 
still needs further investigation, and these studies 
demonstrate that S100A2 is one of the potential targets 
for the treatment of NPC within the S100 protein family. 
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Fig. 8. The PI3K/AKT pathway mediated co-expression of S100A2 and GLUT1 in NPC cells. Immunofluorescence double staining was performed to 
test the positivity of GLUT1 and S100A2 (25 μm). N=3 replications/group. *p<0.05 vs. Control; #p<0.05 vs. oe-S100A2.
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Fig. 9. S100A2 promoted NPC tumor formation by regulating GLUT1 expression. A. Tumor volume change curve from 7~28 days. B. Tumor 
observation at 28 days. C. Tumor weight at 28 days. D. Immunohistochemical detection of Ki-67 in tumor tissues (100 μm and 25 μm). E. GLUT1 
expression in tumor tissues was detected by western blot. F. Diagram illustrating the relationships between S100A2, GLUT1, PI3K/ATK, proliferation, 
and glycolysis. N=3 mice/group. *p<0.05 vs. Control; #p<0.05 vs. oe-S100A2.



      Recent findings from single-cell RNA sequencing 
have confirmed S100A2 as a potential biomarker of 
pancreatic adenocarcinoma (Zhao et al., 2021). 
Moreover, the specific inhibitor delanzomib, which 
targets the binding site of S100A2/KPNA2, has 
demonstrated the ability to inhibit the progression of 
colorectal cancer (Han et al., 2022). In a separate 
context, KDM5C has been shown to inhibit the 
expression of S100A2 through histone demethylation, 
leading to reduced migration and proliferation of thyroid 
papillary carcinoma cells (Wang et al., 2022). Our 
present study provides further evidence that silencing 
S100A2 not only inhibits the vitality, proliferation, 
glucose utilization, and lactate production of NPC cells, 
it also promotes apoptosis while downregulating the 
protein expression of GLUT1, HK2, and LDHA. These 
results underscore the potential of targeted inhibition of 
S100A2 as an effective approach to improve NPC 
treatment, although additional investigations are 
warranted to explore potential inhibitors of S100A2. 
      TET2 was reported to be underexpressed in NPC, 
and its overexpression inhibited glycolysis and the 
development of NPC through interaction with PKM 
(Zhang et al., 2020). High levels of S100A2 in 
gallbladder cancer promoted gallbladder carcinogenesis 
through the PI3K-Akt pathway (Dixit et al., 2022). This 
study demonstrates that overexpression of S100A2 
promoted these characteristics and glycolysis in 
nasopharyngeal cancer cells but was blocked by 
LY294002. Then, due to limitations in experimental 
funding, we unperformed the experiments of si-S100A2 
and LY294002 treatment in nasopharyngeal cancer cells. 
This was a limitation of our study. Results indicate that 
overexpression of S100A2 mediates the glycolysis 
process in nasopharyngeal cancer through the 
PI3K/AKT pathway, consistent with other studies. 
      Upregulation of SUMO2 promoted GLUT1 
SUMOylation and ubiquitination, resulting in GLUT1 
degradation, thereby inhibiting glycolysis and the 
malignant characteristics of NPC (Mo et al., 2021). The 
physical interaction between Epstein-Barr virus (EBV) 
latent membrane protein 1 (LMP1) and GLUT1 
stabilized the GLUT1 protein by blocking its K48 
ubiquitination and autophagic degradation, promoting 
aerobic glycolysis and immune escape in malignant cells 
(Cai et al., 2017). Loss of GLUT1 effectively inhibited 
aerobic glycolysis, cell proliferation, colony formation, 
and tumorigenic growth in LMP1-expressing naso-
pharyngeal epithelial (NPE) cells (Zhang et al., 2017). 
This study revealed that silencing S100A2 inhibited 
tumor formation and that overexpression of S100A2 
promoted tumor formation but was blocked by a GLUT1 
inhibitor (WZB117). These findings demonstrate that 
S100A2/GLUT1 inhibition suppresses tumor formation 
in NPC and may be an effective approach to inhibit 
EBV-associated subtypes of NPC, although further 
research is needed. 
      The interaction between S100A2 and p53 has been 
established as a viable drug target for pancreatic cancer 

(Sun et al., 2021). Additionally, S100A2 is closely 
associated with the immune status within the pancreatic 
cancer microenvironment and holds promise for 
predicting patient prognosis and immunotherapy 
response (Chen et al., 2021). Notably, S100A2 has been 
identified as a diagnostic biomarker of various 
malignancies, including non-small cell lung cancer 
patients with malignant pleural effusion, hepatocellular 
carcinoma, and prostate cancer (Cheng et al., 2021; 
Wang et al., 2021c; Yan et al., 2022). Furthermore, 
S100A2 has been recognized as a hypoxia-induced 
immunosuppressive factor that regulates PD-L1 
expression, offering potential as a target for cervical 
cancer immunotherapy (Yang et al., 2024). These 
findings collectively establish S100A2 as a valuable 
prognostic marker and immunotherapeutic target for 
multiple cancers. While our study has provided 
preliminary evidence of S100A2's role in regulating 
glycolysis and tumor formation in NPC, its potential 
significance in clinical NPC prognosis and immunity 
remains uncharted territory. Given that there were only 
six cases of NPC patients in this study, it is still 
necessary to collect a large cohort of NPC samples to 
explore the diagnostic and immunotherapeutic value of 
S100A2 in NPC patients. Therefore, further 
investigations are warranted to explore the potential of 
S100A2 as a prognostic marker and immunotherapeutic 
target for NPC, which could potentially usher in new 
avenues of NPC treatment. 
      In summary, our findings reveal that S100A2 is 
significantly upregulated in the cancer tissues of NPC 
patients. Overexpression of S100A2 promotes both 
proliferation and glycolysis in NPC cells through the 
PI3K/AKT pathway. Importantly, our results indicate 
that GLUT1 can attenuate the impact of S100A2 on 
NPC tumor formation. Taken together, S100A2 and 
GLUT1 hold promise as potential targets for impeding 
the progression of NPC, especially in the context of 
EBV infection subtypes. Further research is warranted to 
explore the therapeutic implications of targeting the 
S100A2/GLUT1 axis in NPC. 
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