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Abstract: Objective: To investigate the cellular function of SOX18 in nasopharyngeal carcinoma (NPC) by analyzing 
its effects on tumor cell proliferation, apoptosis, migration and invasion, and to verify its expression and prognostic 
significance by clinical samples, thereby providing a basis for precise diagnosis and treatment. Methods: SOX18 
expression was analyzed in NPC cell lines and clinical samples. Gene silencing techniques were utilized to reduce 
SOX18 expression in NPC cells, followed by assays to evaluate cell proliferation, apoptosis, migration, and invasion. 
Additionally, changes in the Wnt/β-catenin signaling pathway were examined. Results: High SOX18 expression was 
correlated with poor survival in NPC patients. Silencing SOX18 significantly inhibited cell proliferation, increased 
apoptosis, and suppressed migration and invasion capabilities. Furthermore, SOX18 silencing downregulated key 
genes and proteins associated with the Wnt/β-catenin signaling pathway. Conclusion: SOX18 plays a critical role 
in NPC progression by affecting key cellular behaviors. Targeting SOX18 may offer new therapeutic strategies and 
improve prognostic assessments for NPC patients, highlighting its potential as a valuable molecular marker for 
cancer treatment.
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Introduction

The SOX gene family encompasses a group of 
transcription factor-encoding genes with highly 
conserved sequences [1, 2], playing pivotal 
roles in biological processes such as cell dif-
ferentiation [3], proliferation [4], and embryonic 
development [5]. These genes are character-
ized by their SRY-related HMG-box [6], a DNA-
binding domain that enables them to regulate 
the expression of other genes crucial for cellu-
lar function and development [7]. In cancer 
research, aberrant expression of SOX family 
members is implicated in the onset, progres-
sion, and prognosis of various tumors [1, 8]. 
Among them, SOX18, a member of the SOX 
family, has garnered increasing attention for its 
potential role in multiple malignancies [9-11].

SOX18 expression is closely linked to tumor  
cell capabilities [12]. In laryngeal cancer stud-
ies, downregulation of SOX18 has been shown 
to significantly inhibit cell processes [13]. 

Conversely, overexpression of SOX18 promotes 
these cellular behaviors, enhancing the malig-
nancy of the tumor [14]. This phenomenon sug-
gests that SOX18 may influence tumor cell 
growth and survival by modulating genes or  
signaling pathways associated with the cell 
cycle and apoptosis [15-18]. The underlying 
mechanism SOX18’s effect involves the regula-
tion of target genes that control critical aspects 
of cell division [19, 20] and programmed cell 
death [9]. By influencing these pathways, 
SOX18 contributes to tumorigenesis and tumor 
progression.

Additionally, SOX18 is implicated in tumor 
angiogenesis [21], the process of new blood 
vessel formation that supplies tumors with nec-
essary nutrients and oxygen [22]. In cervical 
cancer cell lines, SOX18 is a key gene in the 
Hedgehog signaling pathway [23], which, while 
crucial in embryonic development, also plays a 
significant role in the biological processes of 
various cancers [24, 25]. SOX18 expression, 
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regulated by this pathway, promotes cell migra-
tion and invasion in vitro, further underscoring 
its role in tumor angiogenesis [26]. Tumor 
angiogenesis is crucial for tumor growth and 
metastasis, as it ensures the provision of nutri-
ents and oxygen to tumors [27, 28]. By promot-
ing angiogenesis, SOX18 facilitates tumor 
metastasis to other parts of the body.

The level of SOX18 expression is associated 
with the staging, grading, and prognosis of vari-
ous tumors [29, 30]. For instance, in ovarian 
cancer [31], elevated SOX18 expression corre-
lates with the presence of residual disease, 
advanced stages, and poor patient prognosis. 
This indicates that SOX18 expression could 
assist clinicians in predicting disease progres-
sion and prognosis, aiding in the development 
of more tailored treatment plans. By predicting 
patient outcomes based on SOX18 levels, clini-
cal assessments can be more precise, enabling 
personalized treatment strategies.

In hepatocellular carcinoma [16, 32, 33], 
SOX18 expression is associated with poor 
patient prognosis, and its downregulation can 
inhibit tumor cell proliferation, migration, and 
invasion. Inhibiting SOX18 expression or func-
tion could effectively suppress tumor growth 
and metastasis, offering potential treatment 
options for cancer patients. Targeting SOX18 
could involve the development of small mole-
cules [34-36], antibodies [37], or gene therapy 
approaches [38, 39] designed to specifically 
inhibit its activity. Such targeted therapies 
would aim to disrupt the pathways and pro- 
cesses regulated by SOX18, thereby halting 
tumor progression and potentially leading to 
tumor regression.

Although the role of SOX18 is gradually being 
elucidated in various tumors, its function in 
NPC remains largely unclear. NPC is a malig-
nant tumor originating in the nasopharynx, 
characterized by a complex pathogenesis 
involving multiple genes and signaling path-
ways [40, 41]. Increasing research on SOX fam-
ily genes in NPC suggests that they may play 
either oncogenic or tumor-suppressive roles in 
NPC development [42-44]. For example, high 
expression of SOX5 in NPC is associated with 
poor prognosis [44, 45], indicating a complex 
regulatory network within the SOX family, where 
different members may have distinct, and 
potentially opposing, roles in cancer biology.

Investigating SOX18’s role in NPC is crucial for 
advancing scientific and clinical knowledge. 
Understanding SOX18’s expression and func-
tions could reveal its role in NPC cell growth, 
metastasis, and molecular mechanisms, po- 
tentially identifying new diagnostic and thera-
peutic targets. As a molecular marker, SOX18 
could help predict NPC prognosis and treat-
ment response, enhancing personalized treat-
ment strategies. Additionally, targeting SOX18 
might offer more effective, selective therapies 
with fewer side effects [11]. Research in other 
tumors suggests inhibiting SOX18 could sup-
press NPC growth and metastasis, highlighting 
its significant potential for improving NPC 
patient outcomes [46].

The roles of SOX18 in various tumors, including 
NPC, offer new avenues for research. In this 
study, we employed various experimental tech-
niques, such as gene knockdown and signal- 
ing pathway analyses, to explore SOX18’s spe-
cific roles and molecular mechanisms in NPC. 
Additionally, analyzing clinical samples could 
validate SOX18 expression and its prognostic 
relevance in NPC patients, providing a solid 
foundation for clinical applications.

Material and methods

Cell lines and culture

In this research, we employed a variety of cell 
lines to investigate the biological mechanisms 
of NPC. These cell lines comprised NP-69, a 
normal nasopharyngeal epithelial cell line, 
alongside three different NPC-derived cell lin- 
es, C666-1, HK-1, and 5-8f, all obtained from 
Pricella (Wuhan Pricella Biotechnology Co., 
Ltd.). To support cell growth and metabolism, 
all cell lines were cultured in RPMI-1640 medi-
um (Gibco, Cat# 11875-093), supplemented 
with 10% fetal bovine serum (FBS, Gibco, Cat# 
16000-044) to provide essential growth fac-
tors, and 1% penicillin-streptomycin (Gibco, 
Cat# 15140-122) to prevent bacterial contami-
nation. The cultures were maintained under 
optimal laboratory conditions, specifically at 
37°C with a 5% CO2 atmosphere and high 
humidity to ensure physiological pH levels and 
support cell viability. Subculturing was per-
formed every 2-3 days, depending on cell con-
fluency, to maintain cells in the logarithmic 
growth phase, which is crucial for reproducible 
experimental data.
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Gene expression analysis

TCGA (https://portal.gdc.cancer.gov/) was us- 
ed to examine SOX18 expression patterns in 
different tumors. Data from the GTEx database 
was used to supplement TCGA data when few- 
er than five samples from paracancerous tis-
sues were available. The “fdr” algorithm was 
used to adjust the p-value.

RNA extraction and quantitative reverse tran-
scription PCR (RT-PCR)

RNA was extracted using TRIzol reagent (In- 
vitrogen, Cat# 15596-026), following a proto-
col optimized for high yield and purity. Cells 
were directly lysed on the culture dish by apply-
ing 1 mL of TRIzol reagent per 10 cm2 of culture 
area, ensuring complete cell disruption. The 
lysate was homogenized by repeatedly passing 
it through a pipette. RNA extraction was per-
formed by adding chloroform to the lysate, fol-
lowed by vortexing, centrifugation to separate 
the phases, RNA precipitation with isopropanol, 
washing with ethanol, air-drying, and dissolu-
tion in RNase-free water.

To synthesize complementary DNA (cDNA), 
PrimeScript RT Reagent Kits (Takara, Cat# 
RR037A) were utilized according to the manu-
facturer’s guidelines. Quantitative RT-PCR was 
carried out using the SYBR Green Master Mix 
(Applied Biosystems, Cat# 4367659). PCR 
reaction mixtures were prepared with SYBR 
Green Master Mix, specific primers for SOX18, 
C-myc, β-catenin, and TCF4, cDNA, and RNase-
free water, with GAPDH as an internal control, 
and cycling conditions optimized for denatur-
ation, amplification, and melting curve analysis 
to ensure specificity.

siRNA transfection

To explore the function of SOX18 in NPC cells, 
gene knockdown was executed using siRNA 
technology. The si-SOX18 sequence (5’-GGAU- 
GUGGAGAGAGUUUAU-3’) was specifically de- 
signed for optimal silencing efficiency. Lipo- 
fectamine 2000 was used to produce siRNA-
Lipofectamine complex. These complexes were 
then gently pipetted into each well containing 
the NPC cells, and the plates were swirled gen-
tly to ensure uniform distribution across the  
cell surface. After incubating for 6 hours, the 
culture medium was refreshed to maintain opti-

mal cell growth. Cells were harvested 48 hours 
post-transfection for downstream analyses, 
ensuring sufficient knockdown efficiency for 
the study.

Western blot

To isolate proteins, cells were rinsed twice with 
chilled PBS solution and lysed in RIPA buffer 
(Thermo Scientific, Cat# 89901), supplement-
ed with protease and phosphatase inhibitors 
(Roche, Cat# 04693132001 and 049068- 
37001, respectively). Post-lysis, the samples 
were incubated on an ice bed for 30 minutes 
prior to centrifugation. The resulting superna-
tant, containing the total protein extract, was 
collected, and protein concentration was deter-
mined using the BCA Protein Assay Kit (Pierce, 
Cat# 23225).

For Western blot analysis, equal amounts of 
protein were separated by SDS-PAGE electro-
phoresis. Membranes were blocked in TBST for 
1 hour at room temperature to prevent non-
specific binding. The membranes were then 
incubated overnight at 4°C with primary anti-
bodies: SOX18 (Abcam, Cat# ab227680, dilut-
ed to 1:1000), C-myc (Cell Signaling Technology, 
Cat# 5605, diluted to 1:1000), β-catenin (Cell 
Signaling Technology, Cat# 8480, diluted to 
1:1000), TCF4 (Cell Signaling Technology, Cat# 
2569, diluted to 1:1000), and p-GSK3β (Ser9) 
(Cell Signaling Technology, Cat# 9323, diluted 
to 1:1000). GAPDH (Cell Signaling Technology, 
Cat# 5174, 1:2000) was used as the internal 
loading control. After three washes with TBST, 
the membranes were incubated with HRP-
conjugated anti-rabbit IgG (Cell Signaling 
Technology, Cat# 7074, diluted to 1:5000) or 
HRP-conjugated anti-mouse IgG (Cell Signal- 
ing Technology, Cat# 7076, diluted to 1:5000) 
for 1 hour at room temperature. After three 
additional washes with TBST, the protein  
bands were detected using an enhanced che-
miluminescence (ECL) system (Thermo Scien- 
tific, Cat# 34580) and visualized using a 
ChemiDoc MP imaging system (Bio-Rad).

Cell viability assay

Cell viability was assessed using the Cell 
Counting Kit-8 (CCK-8, Dojindo, Cat# CK04), 
strictly adhering to the guidelines provided by 
the producer. After seeding, the cells were 
allowed to adhere to the well surfaces over-
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night. At designated time points (24, 48, 72, 
and 96 hours), the plates were incubated with 
CCK-8 reagent at 37°C in a humidified 5% CO2 
environment for 2 hours. The optical density 
(OD) at 450 nm was measured using a spectro-
photometer (Bio-Rad, Model 680).

Colony formation assay

The colony formation assay was performed as 
follows: post-transfection, cells in the logarith-
mic growth phase were digested with trypsin, 
resuspended in complete medium, and count-
ed to prepare a cell suspension. Subsequently, 
800 cells per well were seeded into 6-well cul-
ture plates for each experimental group, with 
three replicates per group, using complete 
medium containing 10% FBS. The plates were 
gently shaken to evenly distribute the cells. 
Cells were incubated under standard condi-
tions, with medium changes every three days. 
Colony size and cell conditions were monitored 
under a microscope. Once the majority of colo-
nies reached over 50 cells, the supernatant 
was discarded, and the cells were washed  
once with PBS. The colonies were then fixed in 
1 mL of 4% paraformaldehyde at 4°C for 60 
minutes, washed with PBS, and stained with 
0.1% crystal violet for 15 minutes. After stain-
ing, the cells were washed with PBS, and the 
colonies were photographed and counted for 
analysis.

Apoptosis assay

To evaluate programmed cell death, known as 
apoptosis, the Annexin V-FITC Apoptosis De- 
tection Ki (BD Biosciences, Cat# 556547) was 
employed. Forty-eight hours post-transfection, 
cells were stained and incubated according to 
the manufacturer’s protocol. Apoptotic cell per-
centages were determined by flow cytometry, 
and the results were analyzed using FlowJo 
software.

Wound healing assay

For the wound healing assay, cells were initially 
seeded into 6-well culture plates and allowed 
to proliferate until they reached a confluence 
level of 90-100%. A uniform scratch was made 
in the cell monolayer using a sterile 200 μL 
pipette tip. Subsequently, the cells were rinsed 
twice with PBS to remove any debris and incu-
bated in serum-deprived RPMI-1640 medium. 
Images of the wound area were obtained at 0, 

24, and 48-hour intervals using an inverted 
microscope model (Olympus; CKX53). Wound 
closure was calculated using the following for-
mula: Wound Closure (%) = (initial wound width 
- wound width at time point)/initial wound width 
× 100%.

Transwell invasion assay

Transwell chambers with an 8 μm pore size 
(Corning, Cat# 3422) were used for the inva-
sion assays. After preparing and hydrating the 
matrix adhesive spreading plate, cells were 
seeded into the upper chamber and incubated 
for 24 hours. Following incubation, the cells 
were fixed with paraformaldehyde, stained with 
crystal violet, and the number of invaded cells 
was counted.

Statistical analysis

Statistical analyses were conducted using 
GraphPad Prism software, version 8.0. The 
data are presented as mean values ± standard 
deviation (SD). For comparisons between two 
groups, Student’s t-test was employed. Results 
with p-values < 0.05 were considered statisti-
cally significant.

Results

SOX18’s impact on head and neck cancer 
survival

Using gene expression data from the Human 
Protein Atlas (HPA), we investigated the role 
SOX18 gene expression in head and neck can-
cer, especially NPC. The results demonstrated 
a significant impact of SOX18 expression on 
the survival rates of patients with head and 
neck cancer, as shown in Figure 1A. Notably, 
patients with high SOX18 expression had a 
5-year survival rate of 55%, whereas those with 
lower levels had a survival rate of just 40%.

Expanding our investigation to include a broad-
er range of cancer types, we observed notable 
disparities in SOX18 gene expression between 
tumor tissues and the surrounding healthy tis-
sues. Particularly striking were the differences 
noted in head and neck cancer cases, as illus-
trated in Figure 1B. These findings propose 
that the distinctive expression patterns of 
SOX18 gene across various cancer types could 
be of substantial clinical relevance.
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Further investigation into the relationship 
between SOX18 expression and immune res- 
ponses within tumors revealed a marked 
inverse correlation between SOX18 expression 
and the presence of tumor endothelial cells,  
as detailed in Figure 1C. This insight could offer 
a deeper understanding of SOX18’s potential 
role in tumor angiogenesis and immune eva-
sion. These findings not only enhance our 
understanding of SOX18’s role in head and 
neck cancer but also suggest its potential as a 
prognostic biomarker and therapeutic target in 
cancer treatment.

SOX18 silencing reduced proliferation in NPC 
cells

We examined SOX18 expression in the NP-69 
normal cell line and three NPC cell lines: C666-
1, HK-1, and 5-8f, as illustrated in Figure 2B. 
The comparative analysis revealed that the 
SOX18 expression level in the 5-8f cell line  
was approximately four-fold higher than that 
observed in the NP-69 normal cell line. Similar- 
ly, as shown in Figure 2A, we found that the 
expression level of SOX18 in NPC tissues was 
approximately 4-fold higher than that in para-
neoplastic tissues. To further explore the role 
of SOX18, we silenced its expression using 
small interfering RNA (siRNA) in the 5-8f cell 
line. This approach successfully reduced 
SOX18 expression to approximately 25% of  
its initial level, as depicted in Figure 2C. 
Additionally, Western blot analysis confirmed 
that SOX18 levels were decreased by nearly 
50%, as shown in Figure 2D.

To assess the effects of SOX18 silencing on 
cellular proliferation, we compared the prolifer-
ation rates in the si-SOX18 treated group ag- 
ainst the control group using CCK-8 assay, as 

presented in Figure 2E. The results revealed a 
marked decrease in the proliferation of 5-8f 
cells following SOX18 silencing. These results 
underscore the pivotal function of SOX18 in 
regulating NPC cell proliferation and suggest 
that targeting SOX18 may offer a promising 
therapeutic strategy for cancer treatment.

SOX18 silencing increased apoptosis and re-
duced colony formation

In this study, cell apoptosis was assessed us- 
ing flow cytometry. The comparison between 
the SOX18 silenced group and the control 
group revealed that the suppression of SOX- 
18 expression led to a significant increase in 
apoptosis, with a rise of over 5%, which was 
statistically significant, as shown in Figure 3A. 
Additionally, a colony formation assay was  
conducted to evaluate the clonal expansion 
capacity of the cells. The outcomes indicated 
that the number of colonies formed by the cells 
with silenced SOX18 was significantly dimin-
ished by nearly 30% compared to the control 
group, as depicted in Figure 3B. These results 
underscore the vital role of SOX18 in promoting 
cellular survival and proliferation.

SOX18 silencing reduced cell invasion and 
migration

To assess the invasive properties of the cells, a 
Transwell invasion assay was performed. The 
results revealed that SOX18 silencing signifi-
cantly decreased the invasiveness, with an 
approximately 30% reduction in the number of 
cells that invaded through the membrane, as 
shown in Figure 4A. In addition, a wound heal-
ing assay was conducted to assess cell migra-
tory rate. The result indicated that SOX18-
silenced cells migrated a significantly shorter 

Figure 1. Analysis of SOX18 expression in head and neck cancer and its implications for patient survival and tumor 
immunity. A. Kaplan-Meier survival curves for head and neck cancer patients stratified by SOX18 expression levels. 
Patients with high SOX18 expression (blue line) exhibit a significantly higher 5-year survival rate (55%) compared 
to those with low SOX18 expression (red line), who have a 5-year survival rate of 40%. Statistical analysis was per-
formed using the log-rank test, indicating significant differences between the two groups. B. Comparative analysis 
of SOX18 expression in tumor tissues versus adjacent normal tissues across various cancer types. The data reveal 
a pronounced overexpression of SOX18 in tumor tissues compared to normal tissues, particularly in head and neck 
cancer. The box plots illustrate the median, interquartile range, and potential outliers for SOX18 expression levels, 
emphasizing significant differences (*P < 0.05, **P < 0.01 and ***P < 0.001). C. Correlation analysis between 
SOX18 expression and tumor endothelial cells in head and neck cancer. A significant negative correlation (Spear-
man’s rho = -0.45, P < 0.01) was observed, suggesting that higher SOX18 expression is associated with lower levels 
of tumor endothelial cells. This relationship underscores the potential role of SOX18 in modulating tumor angiogen-
esis and immune evasion within the tumor microenvironment. Data from TCGA (https://portal.gdc.cancer.gov/).
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distance, with a nearly 30% reduction in migra-
tion, as shown in Figure 4B. Collectively, these 
observations emphasize the essential role of 
SOX18 in regulating cell invasion and migra-
tion, proposing that targeting SOX18 may be a 
promising strategy for NPC treatment.

lar functions through gene knockdown and sig-
naling pathway analysis. The goal is to assess 
its association with various tumor biological 
features and provide a theoretical basis for 
potential future diagnostic and therapeutic 
strategies.

Figure 2. SOX18 expression and its effect on proliferation in NPC cells. A. 
SOX18 mRNA expression levels in tumor (Nasopharyngeal cancer tumor 
tissue) and control (paraneoplastic tissue), showing that tumor tissue has 
approximately four times higher SOX18 expression compared to control. B. 
Quantitative comparison of SOX18 mRNA expression levels, showing that 
5-8f cells have approximately four times higher SOX18 expression compared 
to NP-69 cells. Statistical significance was determined using a t-test (P < 
0.01). C. SOX18 mRNA expression in 5-8f cells after siRNA-mediated silenc-
ing (si-SOX18) compared to control (si-Control). Silencing reduced SOX18 ex-
pression to approximately 25% of the original level. D. Western blot analysis 
of SOX18 protein levels in 5-8f cells post-siRNA treatment, showing a reduc-
tion to approximately half of the original protein levels. E. Cell proliferation 
assessed by CCK-8 assay in 5-8f cells after SOX18 silencing, indicating a 
significant reduction in cell proliferation (*P < 0.05 and ***P < 0.001).

SOX18 silencing downregu-
lated Wnt/β-catenin pathway 
genes and protein

To investigate the impact of 
SOX18 silencing on the Wnt/
β-catenin signaling pathway, 
RT-PCR was performed to 
quantify the mRNA levels of 
C-myc, β-catenin, and TCF4. 
The data revealed a notable 
decrease in the expression of 
these genes in the SOX18-
silenced group, as shown in 
Figure 5A. Additionally, Wes- 
tern blot analysis was utili- 
zed to evaluate the protein 
levels of C-myc, β-catenin, 
TCF4, and phosphorylated  
glycogen synthase kinase 3 
beta (p-GSK3β), as depicted 
in Figure 5B. The results indi-
cated a significant reduction 
in the protein levels of these 
markers in the SOX18-sil- 
enced group.

Discussion

SOX18, as a key transcription 
factor, plays an important role 
in the genesis and develop-
ment of multiple cancers. 
Recent studies have shown 
that SOX18 is involved in vari-
ous physiological processes, 
including angiogenesis, cell 
proliferation, migration and 
differentiation. Additionally, it 
contributes to tumor develop-
ment. However, in nasopha-
ryngeal carcinoma (NPC), a 
special tumor of epithelial ori-
gin, the expression of SOX18 
and its mechanism of action 
have not been thoroughly 
explored. This study aims to 
explore the role of SOX18 in 
NPC by investigating its cellu-
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We observed a significant upregulation of 
SOX18 expression in NPC cell lines compared 
to normal cells, underscoring its potential 
involvement in tumor progression. Functional 
assays demonstrated that SOX18 silencing 
markedly inhibited NPC cell proliferation, migra-
tion, and invasion, while promoting apoptosis 
and reducing colony formation. These findings 
align with observations in other cancers [13, 
15, 16, 32, 47, 48], such as laryngeal cancer 
[13] and hepatocellular carcinoma [16], where 
elevated SOX18 expression correlates with 
increased proliferation and suppressed apop-
tosis. Further analysis using CCK-8 assays  
confirmed that SOX18 silencing significantly 
attenuated NPC cell proliferation. Transwell 
invasion and scratch wound healing assays 

substantiated the reduction in invasion and 
migration capacities following SOX18 knock-
down. Collectively, these results underscore 
the pivotal role of SOX18 in driving the invasive 
phenotype of NPC and highlight its involvement 
in NPC progression by modulating cell growth 
and metastatic potential.

Tumor angiogenesis is critical for tumor growth 
and metastasis [49-52], and SOX18 plays an 
important regulatory role in this process [21, 
28, 53]. Our findings indicate that SOX18 is 
negatively correlated with the expression of 
tumor endothelial cells, suggesting that SOX18 
may influence tumor growth and metastasis by 
regulating angiogenesis in the tumor microenvi-
ronment. This finding is consistent with a cervi-

Figure 3. Effects of SOX18 silencing on apoptosis and colony formation in NPC cells. A. Apoptosis rates in 5-8f 
cells measured by flow cytometry using Annexin V/PI staining. Silencing SOX18 resulted in a significant increase 
in apoptosis by over 5% compared to the control group. B. Colony formation assay showing the number of colonies 
formed by SOX18-silenced 5-8f cells compared to control. There was a significant reduction in colony formation by 
approximately 30% in the SOX18-silenced group (**P < 0.01 and ***P < 0.001).
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cal cancer study in which SOX18 served as a 
novel target gene for Hedgehog signaling, pro-
moting cell migration and invasion [23]. 
Therefore, targeted inhibition of SOX18 may 
effectively block tumor angiogenesis, thereby 
hindering tumor growth and metastasis.

In this study, we also discovered that SOX18 
modulates NPC cell behavior through the Wnt/
β-catenin signaling pathway. Silencing SOX18 
resulted in a significant downregulation of key 
genes and proteins in the Wnt/β-catenin path-
way, such as C-myc, β-catenin, TCF4, and phos-
phorylated GSK3β. These findings suggest that 
SOX18 may influence tumor cell proliferation, 
migration, and invasion by modulating Wnt/β-
catenin pathway activity [54, 55]. The Wnt/β-
catenin pathway is crucial for the development 
and progression of various cancers [56-58], 
with aberrant activation often associated with 
invasiveness and poor survival rates [59, 60]. 
Our findings provide new insights into the spe-
cific mechanisms of SOX18 in tumors and lay a 

tion and survival, making it a promising thera-
peutic target. Targeting SOX18 by small mole-
cule inhibitors or siRNA-based approaches may 
provide new avenues for NPC treatment. Inhi- 
biting SOX18 expression or function not only 
suppresses tumor growth and metastasis but 
also enhances the sensitivity of tumors to ex- 
isting therapies, improving patient prognosis 
and providing new treatment options for cancer 
patients [1, 15, 19, 47, 63, 64]. Currently, tar-
geted therapeutic strategy is still in the explor-
atory stage, and future therapeutic strategies 
could focus on the development of small mole-
cule inhibitors [34-36, 65, 66], antibodies [37], 
or gene therapies targeting [38] that specifi- 
cally and efficiently target SOX18. Such strate-
gies could inhibit SOX18 activity, block its  
associated signaling pathways, and disrupt the 
cellular processes it regulates, ultimately halt-
ing or even reversing tumor progression. In 
addition, combining SOX18-targeted therapies 
with other treatments, such as targeted thera-

Figure 4. Impact of SOX18 silencing on cell invasion and migration in NPC 
cells. A. Transwell invasion assay results for 5-8f cells post-SOX18 silencing, 
showing a significant reduction in the number of invading cells by approxi-
mately 30% compared to control. B. Wound healing assay results demon-
strating reduced migration distance in SOX18-silenced 5-8f cells by approxi-
mately 30% (**P < 0.01).

theoretical foundation for de- 
veloping SOX18-targeted the- 
rapies.

The expression level of SOX- 
18 is closely associated with 
the stage, grade and progno-
sis of various cancers [10,  
29, 30, 48, 61, 62]. In a sur-
vival analysis of clinical data, 
analysis of head and neck 
and nasopharyngeal cancer 
data from the Human Protein 
Atlas (HPA) database confir- 
med that high SOX18 expr- 
ession was associated with 
poorer prognosis. This result 
is consistent with the correla-
tion of high SOX18 expres- 
sion with advanced stage  
and poor prognosis in ovarian 
and hepatocellular carcino-
mas [16, 31]. Therefore, SOX- 
18 holds promise as a prog-
nostic biomarker for NPC, 
helping to develop a personal-
ized treatment plan.

Our results suggest that 
SOX18 is an important regu- 
lator of tumor cell prolifera-
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pies or immunotherapies, may enhance thera-
peutic effects and provide more effective treat-
ment options for NPC patients.

Although this study highlights the significant 
role and potential mechanisms of SOX18 in 
NPC, further research is needed to fully under-

stand its specific role within the complex tumor-
igenesis and progression network. Future stud-
ies should include larger clinical samples and 
multicenter data analysis to validate the practi-
cal application of SOX18 as a prognostic bio-
marker and therapeutic target. In addition, 
exploring the interactions between SOX18 and 
other key signaling pathways, such as PI3K/
AKT [67] and MAPK [68, 69], could provide 
deeper insights into its comprehensive role in 
tumors.

While SOX18 is classically recognized as a  
transcription factor, it may also be involved in 
tumor progression through non-transcriptional 
mechanisms. For example, SOX18 may regu-
late a variety of biological behaviors in tumor 
cells by interacting with other transcription  
factors and epigenetic modifiers. Therefore, 
future studies should explore its role within the 
tumor microenvironment, especially its poten-
tial impact on tumor immune escape and drug 
resistance, potentially revealing its multifacet-
ed role in cancer biology.

In summary, through systematic experiments 
and data analysis, this study reveals the crucial 
role and potential mechanisms of SOX18 in 
NPC, providing new scientific evidence for its 
potential as a diagnostic and therapeutic tar-
get. Future research should continue to explore 
the specific functions and mechanisms of 
SOX18 in tumors, offering more precise theo-
retical support and application prospects for 
personalized cancer therapy.
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