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Identification of ETV4 as a
prognostic biomarker and
correlates with immune cell
infiltration in head and neck
squamous cell carcinoma
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Head and neck squamous cell carcinoma (HNSC) is a common malignant tumor with high incidence and
mortality rates. ETS variant transcription factor 4 (ETV4), an important transcription factor, plays a key
role in various cancers. However, the role of ETV4 in HNSC remains unclear. This study aimed to explore
the potential prognostic value and oncogenic effects of ETV4 in HNSC. We analyzed ETV4 expression in
HNSC patients’ data from the TCGA database, alongside clinical pathological characteristics. The STRING
and GEPIA databases were utilized to explore ETV4's interaction proteins and expression related genes.
Gene Set Enrichment Analysis (GSEA) was performed on the stratified TCGA-HNSC cohort based on ETV4
expression levels. The correlation between ETV4 expression and immune cells, immune checkpoints,
immune regulatory genes was further analyzed using R packages and TISIDB database. Finally,
knockdown ETV4 in nasopharyngeal carcinoma cells (NPCs) using siRNA and evaluate cell proliferation,
migration, and invasion using CCK-8, wound healing, clone formation, and Transwell assays. ETV4

was significantly overexpressed in HNSC and closely related with clinical pathological characteristics

and prognosis. GSEA enrichment analysis showed significant enrichment of ETV4 in multiple immune
suppression pathways. Further immune-related analysis indicated that ETV4 negatively correlated with
most immune cells, immune checkpoints, tumor-infiltrating lymphocyte type characteristic molecules,
immunoinhibitors, immune activators and MHC molecules. Knocking down ETV4 significantly inhibited
the proliferation, migration and invasion of NPCs. ETV4 may serve as a prognostic biomarker and
immunotherapy target in HNSC. High expression of ETV4 may have a negative regulatory effect on the
immune level, matrix components and immune regulatory molecules.
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Head and neck squamous cell carcinoma (HNSC), a malignant tumor originating from the oropharynx,
nasopharynx, larynx, and oral cavity, is currently the sixth most common cancer worldwide'. Despite some
advancements in the diagnosis and treatment of HNSC in recent years, the incidence and mortality rates
remain high?. Therefore, identifying early and effective prognostic biomarkers, and exploring and discovering
new therapeutic targets, are of significant importance for the diagnosis and prognosis of HNSC patients. In
this context, transcription factors have emerged as important regulators of cancer progression and potential
therapeutic targets. Among the various transcription factors, ETS variant transcription factor 4 (ETV4), a
member of the ETS family of proteins, has garnered attention for its role in multiple cancer types. ET'V4 regulates
the transcription of multiple genes, impacting cell proliferation, apoptosis, differentiation, and tumorigenesis>.
Studies have reported that ETV4 can promote the malignant progression of colon adenocarcinoma by activating
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the transcription of the HES1 gene and the phosphorylation of the STAT3 gene?; it can promote the proliferation,
migration, and invasion of hepatocellular carcinoma through the activation of the B3GNT3-mediated TGF-
signaling pathway®; and it can also promote the epithelial-mesenchymal transition process of non-small cell lung
cancer by activating MMP13, thereby promoting the invasion and metastasis of lung cancer cells®. Additionally,
ETV4 can activate cell cycle regulatory genes such as cyclin D1, promoting the rapid transition of pancreatic
cancer cells from the G1 to S phase of the cell cycle’. In pancreatic ductal adenocarcinoma, overexpression of
ETV4 has also been reported to be associated with an increased risk of distant metastasis of the tumor®. ETV4
also plays a crucial role in angiogenesis in hepatocellular carcinoma by upregulating MMP14 expression, and
knocking down ETV4 can significantly reduce vascular formation in hepatocellular carcinoma’. Moreover, it
has been found that the expression of ETV4 in various tumors is significantly correlated with immune cell
infiltration, tumor heterogeneity, mismatch repair gene expression, DNA methylation, and tumor stemness'®.
Knocking out ETV4 can also promote autophagy-dependent apoptosis in glioblastoma cells by reducing the
transcriptional activation of EMP1, and this effect is achieved by inhibiting the activity of the PI3K/AKT/mTOR
signaling pathway!'!. It is evident that ETV4 plays an important role in various types of tumors.

However, the prognostic value, functional role, and potential mechanisms of ETV4 in HNSC are not yet
clear. Accordingly, we conducted bioinformatics analysis and experimental validation to examine its expression
and prognostic value, co-expressed genes, and functions in HNSC, and explored its correlation with immune
infiltration. Furthermore, to validate its functional role, we selected a common subtype of HNSC, nasopharyngeal
carcinoma (NPC) cells, for functional verification. NPC, with its distinct biological behaviors and therapeutic
challenges, serves as a valuable model for studying cancer aggressiveness and potential therapeutic targets. By
focusing on NPC cells, we aim to provide informative insights for the treatment of more aggressive HNSC. In
addition, we knocked down the expression of ETV4 in NPC cell lines using siRNA interference technology and
analyzed its effects on the growth, invasion, and migration of nasopharyngeal cancer cells through a series of
experiments, including CCK-8, Transwell migration and invasion, clone formation, and cell scratch assays. The
design and workflow of this study, which outlines the steps from data collection to experimental validation, are
detailed in Fig. 1. The results of this study will help to further understand the role of ETV4 in HNSC and provide
new clues and targets for the diagnosis and treatment of HNSC.

Materials and methods

Data collection

Expression profile and associated clinical information from the TCGA-HNSC cohort were downloaded and
organized from The Cancer Genome Atlas Program database (TCGA) (https://cancergenome.nih.gov/). After
standardization using the log2 (TPM+1) method, the data were used for subsequent analysis. This dataset
includes 546 HNSC patients who were divided into high and low expression groups based on the median
expression value of ETV4. Various analysis results were visualized using R packages for data visualization.

Data collection: TOGA-HNSC cohort
(including 546 HNSC patients)
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Fig. 1. The overall flow of this study. This flowchart outlines the key steps and analyses performed in the
study, providing a visual overview of the research process.
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Reagents and materials

Human immortalized nasopharyngeal epithelial cell line NP69, nasopharyngeal carcinoma cell lines CNE1
and CNE2 (Pricella, China), total RNA extraction kits (Solarbio, China), BeyoRT ¢cDNA first-strand synthesis
kit (Beyotime, China), Hiff" qPCR SYBR’ Green Master Mix (Yeasen, China), DMEM/F-12 medium (Gibco,
USA), 1640 medium (Pricella, China), fetal bovine serum (Thermo Fisher, China), Anti-ETV4 antibody (1:1000,
10684-1-AP, Proteintech, Wuhan, China), Anti-GAPDH antibody (1:10000, 10494-1-AP, Proteintech, Wuhan,
China), Goat Anti-Rabbit Secondary Antibody (H+L) (1:8000, RGAR001, Proteintech, Wuhan, China), CCK-8
cell proliferation assay kit (UElandy, China), BD Matrigel” Basement Membrane Matrix (matrix gel) (Corning,
USA), 4% tissue cell fixative (Solarbio, China), transwell chambers and 0.1% crystal violet staining solution (Jet
Bio-Filtration, China) were the main materials of this study. siRNA, RNA transfection reagent, and forward
and reverse primers for ETV4 mRNA and GAPDH mRNA were all purchased from Shenggong Biotechnology
(Shanghai) Co., Ltd., China.

Method

Expression analysis in pan-cancer

The expression analysis of ETV4 across various cancer types was conducted using R Studio (version 4.2.1).
The “ggplot2” (version 3.3.6) package was utilized for generating visualizations, while statistical comparisons
were performed using the “stats” (version 4.2.1) and “car” (version 3.1-0) packages. The Wilcoxon rank sum
test was selected as the statistical method to evaluate the differential expression of ETV4. The analysis involved
comparing ETV4 expression differences across various cancer tissues and corresponding normal tissues, cancer
tissues and adjacent tissues, as well as cancer tissues and paired normal tissues.

Expression in HNSC and its relationship with clinical pathological characteristics

The expression levels of ETV4 mRNA in HNSC were analyzed in comparison with normal tissues and paired
samples. The “ggplot2” package was utilized to generate box plots visualizing ETV4 expression across various
clinical pathological characteristics, including age, sex, T stage, M stage, N stage, and pathological grade. To
assess the statistical significance of the differences observed between groups defined by these clinical variables,
a one-way ANOVA followed by Tukey HSD post-hoc test was conducted using the “stats” package. Additionally,
the diagnostic accuracy of ETV4 was assessed via the construction of receiver operating characteristic (ROC)
curves using the “pROC” (version 1.18.0) package, providing a comprehensive evaluation of ETV4 expression in
relation to clinical and pathological characteristics in HNSC.

Prognostic value analysis

To evaluate the prognostic significance of ETV4 in HNSC, the “survival” (version 3.3.1) and “rms” (version 6.3-
0) packages were employed for univariate and multivariate Cox regression analyses, assessing the influence of
various patient characteristics such as gender, age, T/N/M staging, pathological grading, radiotherapy, and ETV4
mRNA expression levels on overall survival (OS). For a visual representation of the Cox regression outcomes,
forest plots were generated using the “ggplot2” package. A prognostic nomogram was developed with the “rms”
package to predict 1-, 3-, and 5-year survival probabilities for HNSC patients, incorporating risk factor maps
to quantitatively assess the impact of each factor. Calibration curves were constructed using the “rms” package
to evaluate the model accuracy by comparing predicted and actual survival rates across different time points.
Kaplan-Meier survival analysis was performed using the “survminer” (version 0.4.9) package, and the log-rank
test was applied to statistically assess differences in OS, disease-specific survival (DSS), and progression-free
interval (PFI) between patient groups stratified by the median expression level of ETV4.

PPI and function enrichment analysis

The STRING database (https://www.string-db.org/) pinpointed ETV4-interacting proteins with a confidence
level of 0.15 and a limit of 50 interactions, prioritizing “Textmining” and “Experiments”. From the GEPIA
database (http://gepia.cancer-pku.cn/index.html), the top 100 genes correlated with ET'V4 expression in HNSC
were selected and their relationships were graphically represented using scatter plots. The combined data of
proteins and genes underwent GO and KEGG!?>"!* enrichment analysis, with the top 10 results presented in
bubble plots. The TCGA-HNSC samples were subjected to Gene Set Enrichment Analysis (GSEA) software
(version 4.1.0) based on the median expression of ETV4, and the top 5 enrichment items with a normalized
enrichment score (NES) rank less than 0 and an adjusted p-value (p.adjust) less than 0.05 were identified,
indicating significant biological processes and pathways associated with ETV4 expression levels in HNSC.

Hub gene and activity pathway analysis

An interactive network of ETV4-related genes (a total of 150 genes) was constructed with the STRING database
and visualized using Cytoscape software. The MCODE plugin was employed to identify core network modules,
while the CytoHubba plugin pinpointed key genes, with the top 10 nodes ranked by MCC designated as hub
genes. The expression correlations of these hub genes in HNSC were analyzed, and the findings were visualized
as a heatmap using the “ggplot2” package. The active and inhibited pathways involving the hub genes were
examined with the GSCALite database (http://bioinfo.life.hust.edu.cn/web/GSCALite/). The 10 hub genes were
input into GSCALite, specifying the TCGA-HNSC cancer type and “Pathway Activity” to generate a pie chart of
their associated pathways.

Immune infiltration analysis
To evaluate the relationship between ETV4 expression and immune cell infiltration in HNSC, the ssGSEA
algorithm provided in the R-package GSVA (version 1.46.0) was employed to estimate the activity of 24 distinct
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immune cell types. The Spearman correlation coefficient was calculated to quantify the strength of associations,
with the results being visualized through lollipop and scatter plots crafted using the “ggplot2 package” For
statistical comparison of immune cell enrichment between groups with high and low ETV4 expression, the
Mann-Whitney U test was applied as facilitated by Rs stats package. Furthermore, the estimate algorithm,
operational through the estimate package in R, was used to correlate ETV4 expression levels with ImmuneScore,
StromalScore, and ESTIMATEScore, providing insights into the potential for non-tumor cell infiltration based
on the expression profiles of immune and stromal cell markers.

Immune checkpoint and immune regulatory related genes analysis

The expression profile data from the TCGA-HNSC cohort was used to analyze the correlation between ETV4
expression levels and 16 common immune checkpoint-related genes, including TIGIT, PDCD1, TNFRSF4,
LAG3, and CTLA4. The “ggplot2” package was utilized to generate a correlation heatmap, visually representing
the relationships. The Spearman correlation method was employed to quantify the association strengths, with the
results effectively displayed through the heatmap. Further insights were gained by querying the TISIDB database
(http://cis.hku.hk/TISIDB) to analyze the correlation of ETV4 with immune-related characteristic molecules of
28 types of tumor-infiltrating lymphocytes (TILs), immunemodulation factors (including immunoinhibitors,
immunostimulators, and MHC class-relatedimmunoinhibitors, immune activators, and MHC molecules),
chemokines, and chemokines receptor-related molecules. This comprehensive analysis was performed using
the “Lymphocyte”, “Immunomodulator’, and “Chemokine” modules available in the database. The scatter plots
of the two cells/molecules with the highest correlation with ETV4 expression in HNSC are shown in the figure.

Cell culture and siRNA interference

CNEI, CNE2 and NP69 cells were cultured in vitro using DMEM/F-12 and 1640 medium with 10% serum,
respectively. Total RNA was extracted from these cell lines, and first-strand ¢cDNA was synthesized for
subsequent qRT-PCR detection. Amplification was performed on the Roche LightCycler96 PCR instrumen,
with pre-denaturation at 95 °C for 300 s; denaturation at 95 °C for 5 s; annealing/extension at 60 °C for 30 s; for
a total of 40 cycles. The 2724t method was applied to calculate relative quantification values. Based on the ETV4
mRNA sequence, three siRNAs were designed and selected for transfection into NPCs. After transfection, the
knockdown efficiency was detected by qRT-PCR. The primer sequences are shown in Table 1.

Western blotting

Following the qRT-PCR experiments, Western blotting analysis was also conducted on CNE1, CNE2, and NP69
cells, as well as on NPC cells that had been transfected with three types of siRNA. The process involved collecting
the cells and lysing them with lysis buffer to extract total proteins. The protein samples were mixed with loading
buffer, boiled to denature, and then separated by SDS-PAGE electrophoresis. The proteins were transferred
onto a 0.45 um PVDF membrane, which was subsequently blocked with a solution of 5% non-fat dry milk in
TBST to reduce non-specific binding. The membrane was incubated with specific primary antibodies, washed,
and then incubated with HRP-conjugated secondary antibodies. Finally, the proteins were detected by treating
the membrane with a luminol-based reagent and exposing it to film, which allowed for the assessment of the
expression changes of ETV4 protein in both tumor and normal cells, as well as the effects of siRNA transfection.

Cell viability assay (CCK8)

Transfected NPCs were seeded in 96-well plate at a density of 2000 cells per well. Each group had six replicates.
At 0, 24, 48, and 72 h, 10 pL of CCK-8 reagent was added to each well, followed by a 2-hour incubation. The
optical density (OD) at a wavelength of 450 nm was measured using a spectrophotometer. Growth curves were
generated, and survival rates were calculated for each group.

Clone formation assay

Transfected NPCs were inoculated into six-well plates at 1000 cells per well and cultured in the incubator for
14 days. The culture medium was refreshed every 2-3 days, monitoring for clone formation. Once formed,
cells were fixed with 4% tissue cell fixative for 30 min, stained with 0.1% crystal violet for 20 min, air-dried,
photographed, and the images documented.

Wound healing assay
Transfected NPCs were seeded in six-well plates and cultured to reach approximately 90% confluence. Wounds
were introduced by making 3-4 horizontal lines across the well using a 10 pL pipette tip. After removing detached

Gene forward primer(5’-3’) reverse primer(5’-3’)

ETV4 AATCAGCGTCCAGCTCTCAAGG GCGGGGCTCTCATCCAAGTG
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGTA
si-ETV4-1 | GCUCCGAUACUAUUAUGAGAATT | UUCUCAUAAUAGUAUCGGAGCTT
si-ETV4-2 | CCAGGAUCUAAGUCACUUCCATT | UGGAAGUGACUUAGAUCCUGGTT
si-ETV4-3 | GCAGAGCUUUAAGCAAGAAUATT | UAUUCUUGCUUAAAGCUCUGCTT
si-NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT

Table 1. The sequence of primers.
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cells with sterile PBS, fresh medium was added. The wounds were photographed under an inverted microscope
at 0 and 24 h post-wounding.

Transwell migration and invasion assay

Transfected NPCs, after a 12-hour starvation period, were trypsinized and resuspended to a density of 4x 10*
cells/mL in serum-free medium. In the migration assay, 300 uL of the cell suspension was added to the upper
chamber, and 600 uL of medium with 20% FBS was filled in the lower chamber. The invasion assay included
the preliminary step of coating the upper chamber with 100 pL diluted Matrigel, allowed to solidify for 1-2 h at
37 °C. The cell suspension was then added, and both assays were conducted over 24 to 48 h. After the incubation,
chambers underwent PBS washing, followed by cell fixation with 4% fixative for 30 min, and staining with 0.1%
crystal violet for 20 min. After drying, the chambers were photographed under an inverted microscope and the
pictures were saved.

Statistical analysis

The Wilcoxon test was employed to assess the significance of ETV4 expression between tumor and adjacent
tissues. The Logrank test determined the significance of survival rate differences between groups with high and low
ETV4 expression levels. The correlation of ETV4 with its co-expressed genes, as well as immune cell infiltration,
was evaluated using Spearman correlation analysis. This analysis examined the correlation of ETV4 with tumor-
infiltrating lymphocytes (TILs), immune regulatory factors, and inflammatory chemokines. Experimental data,
including qRT-PCR and Western blotting results, were presented as mean *standard deviation (Mean +SD).
The independent-sample t-test was utilized to compare the means of two normally distributed samples with
homogeneous variances. For multiple comparisons, one-way analysis of variance (ANOVA) was used. Statistical
significance was set at P<0.05.

Results

Expression of ETV4 in pan-cancer

The expression analysis across pan-cancer showed that ETV4 is highly expressed in 24 cancer types compared
to normal tissues. These include bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA),
cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), cholangiocarcinoma (CHOL),
colon adenocarcinoma (COAD), diffuse large B-cell lymphoma (DLBC), esophageal carcinoma (ESCA),
glioblastoma multiforme (GBM), HNSC, kidney chromophobe (KICH), brain lower grade glioma (LGG),
liver hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC),
ovarian serous cystadenocarcinoma (OV), pancreatic adenocarcinoma (PAAD), rectum adenocarcinoma
(READ), skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD), testicular germ cell tumors
(TGCT), thyroid carcinoma (THCA), thymoma (THYM), uterine corpus endometrial carcinoma (UCEC), and
uterine carcinosarcoma (UCS) (Fig. 2A). Compared to adjacent tissues, ETV4 was upregulated in 15 cancer
types, notably in HNSC, BLCA, CHOL, COAD, ESCA, GBM, and KICH (Fig. 2B). In paired comparisons of
tumor and normal tissues, ETV4 was generally upregulated in cancers such as BLCA, BRCA, CHOL, COAD,
ESCA, HNSC, LIHC, LUAD, LUSC, READ, STAD, THCA, and UCEC (Fig. 2C). The findings indicate a broad
upregulation of ETV4 across various tumor tissues, including HNSC.

ETV4 expression in HNSC and correlation with clinical pathological characteristics

Analysis of the TCGA-HNSC cohort data (Table 2) revealed a significant upregulation of ETV4 in HNSC
tissues compared to normal or paired tissues (P<0.001) (Fig. 3A, B). The diagnostic ROC curve demonstrated
high diagnostic value for HNSC (AUC=0.758, 95% CI: 0.698-0.817) (Fig. 3C). ETV4 expression was notably
correlated with age, sex, pathological T stage, M stage, N stage, and clinical grade of HNSC patients, with higher
levels observed in those aged 60 years or older, male, and patients with pathological stage T1 or higher, distant
or lymph node metastasis, and pathological grade III or higher (Fig. 3D-I) .

Prognostic value of ETV4 in HNSC

Univariate and multivariate Cox regression analyses identified T3 & T4 stage tumors (P<0.001, HR: 1.934
(1.413-2.649]), N2 & N3 stage (P<0.001, HR: 2.296 [1.686-3.127]), M1 stage (P=0.003, HR: 22.631 [2.830-
180.948]), pathological stages III+IV ((P=0.003, HR: 1.839 [1.236-2.737]), radiation therapy (P=0.002, HR:
0.617 [0.455-0.837]), and high ETV4 expression (P=0.002, HR: 1.539 [1.172-2.020]) as prognostic risk factors
for HNSC (Fig. 4A). Independent risk factors included N2&N3 stage (P<0.001, HR: 4.769 [2.489-9.107]),
pathological stages III+IV (P=0.034, HR: 4.759 [1.124-20.146]), and high ETV4 expression (P=0.03, HR:
1.874 [1.061-3.307]), with radiation therapy (P<0.001, HR: 0.121 [0.061-3.307]) as a protective factor (Fig. 4B).
Constructed nomograms based on clinical features and ETV4 expression levels predicted the 1-, 3-, and 5-year
survival of HNSC patients with good accuracy (Fig. 4C). The calibration curves also showed good agreement
between the predicted and actual survival rates for HNSC patients at 1-year, 3-year, and 5-year survival (Fig. 4D-
F). The risk factor plots depicted the correlation between ETV4 expression and survival outcomes, showing
increased disease progression and metastatic risk with higher ETV4 expression (Fig. 4G). Patients with elevated
ETV4 expression had significantly shorter OS, DSS, and PFI (P<0.05), indicating ETV4 as a poor prognostic
indicator for HNSC (Fig. 4H-J).

Functional enrichment of ETV4 interaction and expression related genes

The STRING database analysis identified 50 proteins, including COP1, EWSR1, TMPRSS2, SLC45A3, CD99,
GDNE, Eppin, LPP, SCGB2A2, HIF1A, NCOA3, and others, interacting closely with ETV4 (Fig. 5A). The
GEPIA database analysis of the top 100 genes associated with ETV4 expression in HNSC revealed significant
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Fig. 2. Expression of ETV4 in pan-cancer. Note: (A) Box plot illustrating the differential expression of ETV4
in 33 tumor tissues compared to normal tissues; (B) Box plot showing ETV4 expression differences between
33 tumor tissues and their corresponding adjacent tissues; (C) Comparative analysis of ETV4 expression in 18
tumor tissues and normal paired normal tissues.

positive correlations with ETV5, SLCO3A1, and SPAST (Fig. 5B-D). Intersection analysis uncovered SPRY2
as a common gene(Fig. 5E). Functional enrichment of these genes indicated involvement in processes like
branching morphogenesis of an epithelial tube, intracellular steroid hormone receptor signaling pathway, and
regulation of animal organ morphogenesis, with molecular functions including DNA-binding transcription
factor binding, DNA-binding transcription activator activity, RNA polymerase ll-specific, and nuclear receptor
binding (Fig. 5F). GSEA analysis of the TCGA-HNSC cohort, stratified by ETV4 expression, showed that high
ETV4 expression samples were significantly enriched for GO terms related to lymphocyte mediated immunity,
B cell receptor signaling pathway, antigen binding, immunoglobulin complex, and T cell receptor complex, while
immune pathways such as antigen processing and presentation, natural killer cell mediated cytotoxicity, cytokine
cytokine receptor interactions, and allograft rejection were significantly suppressed (Fig. 5G). This suggests a
potential role for ETV4 in the tumor immune process, with a possible negative regulation of tumor immunity.

Hub genes in the ETV4 co-expression network and associated pathways

The ETV4 co-expression gene network was reconstructed using the STRING database and Cytoscape software,
identifying 2 core sub-networks with the MCODE plugin (Fig. 6A, B). The CytoHubba plugin pinpointed 10
key genes (Hub genes) in the network, including EP300, ERBB2, ESR1, ETV4, HIF1A, JUN, MYCN, NFKBI,
SOX2, and STAT1 (Fig. 6C). ETV4 was among these hub genes, which showed strong positive correlations
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Characteristics Low expression of ETV4 | High expression of ETV4 | P value
n 252 252

Age, n (%) 0.448
<=60 119 (23.7%) 128 (25.4%)

>60 132 (26.2%) 124 (24.7%)

Gender, n (%) 0.002
Female 82 (16.3%) 52 (10.3%)

Male 170 (33.7%) 200 (39.7%)

Pathologic T stage, n (%) 0.060
T1 28 (6.2%) 17 (3.8%)

T2 74 (16.5%) 61 (13.6%)

T3 40 (8.9%) 56 (12.5%)

T4 80 (17.9%) 92 (20.5%)

Pathologic N stage, n (%) 0.001
NO 101 (24.6%) 70 (17%)

N1 29 (7.1%) 37 (9%)

N2 68 (16.5%) 99 (24.1%)

N3 1(0.2%) 6 (1.5%)

Pathologic M stage, n (%) 0.481
Mo 98 (51.9%) 90 (47.6%)

M1 0 (0%) 1(0.5%)

Pathologic stage, n (%) 0.054
Stage I 18 (4.1%) 7 (1.6%)

Stage II 39 (8.9%) 31(7.1%)

Stage IIT 38 (8.7%) 41 (9.4%)

Stage IV 120 (27.5%) 142 (32.6%)

Radiation therapy, n (%) 0.051
No 88 (19.9%) 67 (15.2%)

Yes 135 (30.5%) 152 (34.4%)

OS event, n (%) 0.048
Alive 154 (30.6%) 132 (26.2%)

Dead 98 (19.4%) 120 (23.8%)

Table 2. Baseline information of HNSC patients.

in HNSC (Fig. 6D). Functional enrichment analysi showed their involvement in processes such as epithelial
cell proliferation, positive regulation of transcription from RNA polymerase 1l promoter, and cellular response
to chemical stimulus, within cellular components like the transcription initiation complex, RNA polymerase
1l transcription regulator complex, and euchromatin, with molecular functions including DNA-binding
transcription activator activity, RNA polymerase ll-specific DNA-binding transcription activator activity,
transcriptional coactivator binding, and transcription coregulator binding (Fig. 6E). Pathway enrichment
highlighted the HIF-1 signaling pathway, Th17 cell differentiation, PD-L1 expression and PD-1 checkpoint
pathway in cancer and thyroid hormone signaling pathway (Fig. 6E). Further analysis using the GSCALite
database showed these hub genes were mainly involved in the regulation of cell apoptosis, cell cycle, DNA damage
response, epithelial mesenchymal transition (EMT), androgen receptor (AR), estrogen receptor (ER) and other
pathways. ETV4 was particularly implicated in the activation of cell cycle regulation, EMT induction, and the
suppression of AR, ER, PI3K/AKT, and PAS/MAPK signaling pathways (Fig. 6F). This suggests a complex role
for ETV4 and associated hub genes in the regulation of cancer-related pathways.

Correlation of ETV4 expression with immune cell infiltration and checkpoint

The lollipop plot depicted a predominantly negative correlation between ETV4 expression and 24 immune cell
types, with only a few showing positive correlation (Fig. 7A). The scatter plot detailed negative associations with
immune cells such as CD56dim NK cells (R = -0.374, P<0.001), cytotoxic cells (R = -0.283, P<0.001), T cells
(R=-0.294, P<0.001), Th17 cells (R = -0.278, P<0.001), CD8 T cells (R = -0.260, P<0.001), antigen-presenting
dendritic cells (aDC) (R =-0.269, P<0.001), regulatory T cells (TReg) (R = -0.245, P<0.001), immature dendritic
cells (iDC) (R =-0.233, P<0.001), and B cells (R = -0.204, P<0.001), and a positive correlation with CD56bright
NK cells (R=0.216, P<0.001) (Fig. 7B). Further analysis showed that ETV4 expression influenced the infiltration
of 16 immune cell types, such as aDC, B cells, CD8 T cells, cytotoxic cells, eosinophils, CD56bright NK cells,
iDC, neutrophils, with significantly lower proportions in the high ETV4 expression group (P<0.01) (Fig. 7C).
The Estimate algorithm revealed a negative correlation between ETV4 expression and scores like ImmuneScore,
StromalScore, and ESTIMATEScore, indicating a potential suppressive effect of high ETV4 expression on the
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Fig. 3. Expression of ETV4 in HNSC and correlation with clinical variables. Note: (A) Box plot showing

the expression difference of ETV4 between HNSC tumor tissues and normal tissues; (B) Paired sample
comparison of ETV4 expression in HNSC tumor tissues and normal tissues; (C) ROC curve representing the
diagnostic potential of ETV4 in HNSC; (D)-(I) Graphical representation of the association between ETV4
mRNA expression and various clinical variables in HNSC patients, including age (D), gender (E), T stages (F),
M stages (G), N stages (H), and pathological grades (I).

immune landscape and tumor microenvironment in HNSC (Fig. 7D). Additionally, ETV4 showed negative
correlations with numerous immune checkpoint genes, including TIGIT, TNFRSF4, LAG3, CTLA4, TNFSF4,
ICOS, LAIR1, and BTLA (P<0.05) (Fig. 7E).

Correlation of ETV4 with immunoregulatory genes such as immunoinhibitors,
immunostimulators and MHC class-related molecules

Analysis using the TISIDB database across 33 tumor types revealed that in HNSC, ETV4 expression was
negatively correlated with immune-related characteristic molecules of TILs, including Act CD8, Tem CDS8, Tth,
Thl, Imm B, NK, MDSC, NKT, iDC, with Imm B and Tem CD8 showing the highest correlation (Fig. 8A).
ETV4 expression was also negatively correlated with immunoinhibitor-related genes like BTLA, CD244, CD96,
CSF1R, TIGIT, LAG3, and IL10, with CD96 and CSF1R being the top 2 correlated genes (Fig. 8B). Similarly,
a negative correlation was observed with immunostimulator-related genes, including CD27, CD28, CD40LG,
CD48, CD80, ICOS, KLRC1, TMEM173, and TNFRSF9, with KLRC1 and TNFRSF9 showing the highest
correlation (Fig. 8C). MHC class-related molecules such as B2M, HLA-B, HLA-C, HLA-DMA, HLA-DMB,
HLA-DOA, HLA-DPA1, HLA-DRA also showed a negative correlation with ETV4 expression, with HLA-DPA1
and HLA-DRA being the most correlated (Fig. 8D). Chemokine analysis indicated a negative correlation with
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ETV4 expression for CCL2, CCL4, CCL5, CCL8, CCL14, CCL19, CCL28, and CXCL9, and a positive correlation
for CCL26, CXCL5, CXCL8, with CXCL9 and CCL26 being the most strongly correlated, respectively (Fig. 8E).
Additionally, ETV4 expression also negatively correlated with chemokine receptors CCR1, CCR2, CCR4,
CCRS5, CCR6, CCR8, CXCR3, CXCL6, and CX3CRI, with CCR6 and CX3CR1 showing the highest correlation
(Fig. 8F). These correlations suggest that ETV4 may serve as a potential target in cancer immunotherapy due to
its general negative association with immune regulatory genes.

Verification of ETV4 expression and its impact on biological behavior of NPC

Compared with NP69, both qRT-PCR and Western blotting experiments revealed significantly increased levels
of ETV4 mRNA and protein in CNEI and CNE2 (P<0.01) (Fig. 9A). Among them, CNE1 cells were chosen
for knockdown experiments. All three siRNAs effectively reduced ETV4 expression, as demonstrated by qRT-
PCR results, with si-ETV4-1 and si-ETV4-2 showing the greatest efficacy (Fig. 9B). CCK8 assays indicated
a significant decrease in the proliferative capacity of NPCs following ETV4 knockdown (P<0.01) (Fig. 9C).
Similarly, colony formation assays revealed a marked reduction in NPC proliferation/cloning ability (P <0.001)
(Fig. 9D). Wound healing assays showed a significant decrease in the migration capacity of NPCs (P<0.001)
(Fig. 9E). Transwell migration and invasion assays further confirmed the role of ETV4 in cell migration and
invasion, demonstrating a substantial decrease in the number of migrating and invading cells following ETV4
knockdown (P<0.001) (Fig. 9F, G). These results underscore the role of ETV4 in the proliferation, migration
and invasion of NPCs.

Discussion

Transcription factors play a crucial role in cellular differentiation, development, and stress responses, and their
dysregulation or mutation may lead to altered cellular metabolic processes, immune responses, and even trigger
oncogenic signaling cascades!'”. More and more studies have emphasized the central role of transcription factors
in cancer biology and have identified transcription factors as one of the potential strategies for targeted therapy!®.
The ETS family of transcription factors, comprising multiple members, often leads to oncogenic changes when
their activity is disrupted'”. ETV4, as a member of the ETS transcription factor family, has been found to play
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infiltration scores for high and low expression of ETV4; (D) Scatter plots of the correlation between the ETV4
and ImmuneScore, StromalScore, and ESTIMATEScore; (E) Heatmap of the correlation between ETV4 and 16
common immune checkpoint-related genes.
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Fig. 8. Correlation of ETV4 expression with immunoregulatory genes.Note: (A) Correlation of ETV4
expression with tumor-infiltrating lymphocytes (TILs); (B)-(D) Correlation of ETV4 expression with three
types of immune modulators (including immunoinhibitors immunostimulators, and MHC class-related
molecules); (E)-(F) Correlation of ETV4 expression with chemokines and their receptors. Also on the right
side of each figure, the two cells/molecules with the highest degree of correlation (positive or negative) with
ETV4 expression are displayed.

an important role in various cancers, especially as a tumor initiator promoting tumor growth, invasion, and
metastasis’. However, the role and underlying mechanisms of ETV4 in HNSC are not yet clear. Our study found
that ETV4 is highly expressed in various tumors, including HNSC, and that high expression of ETV4 is closely
associated with the clinical pathological characteristics and prognosis of HNSC patients. This suggests that
ETV4 likely plays a key role in the development of HNSC. In-depth investigation of the function and regulatory
mechanisms of ETV4 may provide new insights and approaches for the treatment and prevention of HNSC. We
found that more than 50 proteins, such as COP1, EWSR1, TMPRSS2, SLC45A3, CD99, GDNE EPPIN, LPP,
SCGB2A2, HIF1A, and NCOA3, interact closely with ETV4. These proteins are known to be closely related to the
occurrence and development of other tumors. For example, COP1 has been found to promote the proliferation,
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Fig. 9. Validation of ETV4 expression and its impact on the proliferation, migration, and invasion

of nasopharyngeal carcinoma cell. Note: (A) The expression levels of ETV4 mRNA and protein in
nasopharyngeal carcinoma cell lines CNE1 and CNE2; (B) The knockdown efficiency of ETV4 by three siRNAs
assessed using quantitative real-time PCR (qRT-PCR) and Western blotting; (C) CCK-8 assay was used to
evaluate cell proliferation; (D) Colony formation assay was conducted to assess the proliferation/cloning
ability; (E) Wound healing assay was performed to determine cell migration capability; (F)-(G) Transwell
migration and invasion assay were used to evaluate the migratory and invasive capabilities of cell, respectively.
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invasion, and migration of glioma cells by ubiquitinating other proteins'®; overexpression of EWSR1 (Ewing

sarcoma breakpoint region 1/EWS RNA binding protein 1) has been recognized as an oncogenic molecule
capable of promoting the development of multiple myeloma'®; CD99 has been reported as an overexpressed
transmembrane protein in various malignancies and is also considered a potential target for immunotherapy?.
Therefore, the interaction of ETV4 with these proteins may form a complex regulatory network affecting the
occurrence and development of HNSC. When analyzing the genes associated with ETV4 expression in HNSC,
we found that some genes, such as ETV5, SLCO3A1, and SPAST, were significantly and positively correlated
with the expression of ETV4. ETV5 has been demonstrated to activate the transcription of Slug genes to promote
the malignant progression of HNSC?!; SLCO3AL1 has also been reported as a prognostic model gene for HNSC,
exerting a significant impact on the prognosis of HNSC?2. It is evident that these interacting proteins and
expression related genes may have a synergistic effect, jointly influencing the developmental process of HNSC.

Further, we conducted enrichment analyses on the functions and pathways they participate in, and found
that they were primarily involved in the branching morphogenesis of an epithelial tube, intracellular steroid
hormone receptor signaling pathway, and regulation of animal organ morphogenesis, etc. And these processes
we know are important for tumor development. During the process of tumorigenesis, the normal structure and
morphology of epithelial tissues are likely to be disrupted or altered, resulting in the appearance of abnormal
branching morphology®. Such abnormal tissue development is likely to promote tumor growth and spread.
Studies have also reported that the abnormal activation of steroid hormone receptor signaling pathways may lead
to abnormal proliferation and invasion of tumor cells?*. Therefore, the involvement of ETV4 in the regulation of
these biological processes may also have a significant impact on the development of HNSC.

To gain a more comprehensive understanding of the functions and pathways involved in the ETV4 gene,
we performed a single-gene enrichment analysis (GSEA) based on the stratified TCGA-HNSC cohort by ETV4
expression levels. The results revealed that in samples with high ETV4 expression, the top five significantly
enriched GO terms were lymphocyte mediated immunity, B cell receptor signaling pathway, antigen binding,
immunoglobulin complex, and T cell receptor complex. Immune pathways such as antigen processing and
presentation, natural killer cell mediated cytotoxicity, cytokine cytokine receptor interactions, and allograft
rejection were significantly suppressed. This suggests that ETV4 is likely involved in the immune processes
of HNSC and may negatively regulate tumor immunity in HNSC. Previous studies have reported that ETV4
can mediate immune escape through programmed death ligand-1 (PD-L1) and programmed death ligand-2
(PD-12), and the genetic knockout of ETV4 can significantly reduce the expression of PD-L1 and PD-L2%.
PD-L1 and PD-L2 constitute an important anti-tumor immune response®®, and their overexpression in the
tumor microenvironment are usually associated with immune escape and tumor immune tolerance. Therefore,
by regulating the expression of PD-L1 and PD-L2, ETV4 may affect the interaction between HNSC tumor cells
and immune cells, thereby modulating the intensity and effectiveness of the immune response. Thus, the role
of ETV4 in HNSC may not only be limited to promoting tumor cell proliferation and invasion, but may also
influence the immune response of HNSC tumors by regulating immune escape pathways.

To further understand the relationship between ETV4 and HNSC tumor immunity, we performed correlation
analyses of ETV4 with 24 immune cell types, 16 common immune checkpoints, 28 types of tumor-infiltrating
lymphocytes (TILs), and various immune regulatory genes. These results demonstrated an overall negative
correlation between ETV4 expression levels and the presence and activity of these immune components,
highlighting ETV4’s potential as a modulator of the immune landscape in HNSC. Especially regarding immune
cells, we found a negative correlation between ETV4 and several key types of immune cells, including CD56dim
NK cells, cytotoxic cells, T cells, Th17 cells, CD8 T cells, aDC, TReg, iDC, and B cells. These findings suggest
that high expression of ETV4 may lead to impaired quantity and function of immune cells in HNSC patients,
thereby weakening the immune surveillance and clearance capacity against tumors*’. Some immune cells secrete
various cytokines and chemokines, which can also promote tumor growth?®. For instance, cytokines such as IL-6
and IL-10 have been reported to suppress tumor specific immune responses and alter the differentiation and
function of immune/inflammatory cells through the NF-kB and STAT3 signaling pathways®. Therefore, ETV4
may indirectly facilitate the growth and development of HNSC by negatively regulating them.

Additionally, immune checkpoints play a critical role in maintaining immune balance by modulating the
activation and function of immune cells. However, tumor cells can exploit immune checkpoint signaling
pathways to evade immune surveillance and attack®. In our study, we observed a negative correlation between
ETV4 and various immune checkpoint-related genes, such as TIGIT, TNFRSF4, LAG3, CTLA4, TNFSF4, ICOS,
LAIR1, and BTLA. The combinations of TNFRSF4, CTLA4, ICOS, and BTLA with PD-L1 can predict overall
survival in patients with oral squamous cell carcinoma®'; whereas TIGIT is also considered to play a key role
in immune suppression and is associated with a favorable prognosis in HNSC?2. These findings suggest that
the negative correlation of ETV4 with these immune checkpoints may further emphasize its potential role in
tumor immune evasion. High expression of ETV4 may suppress the expression or function of these immune
checkpoints, affecting T cell activation and effector functions, thereby disrupting the immune response.
Furthermore, we also found that ETV4 was negatively correlated with various immune-related characteristic
molecules and immune regulatory genes. In summary, these findings underscore the multifaceted influence of
ETV4, potentially revealing it as a key node in the immunosuppressive mechanisms of HNSC. Understanding
its interactions with them could be crucial for developing strategies to counteract tumor immune evasion and
enhance immunotherapeutic responses.

To further validate the functional role of ETV4, we utilized nasopharyngeal carcinoma (NPC) cells for
functional validation. NPC, with its distinct biological behaviors and therapeutic challenges, serves as a valuable
model for studying aggressiveness and potential therapeutic targets in cancer, especially in the context of HNSC,
as highlighted in recent reviews®*. By focusing on NPC cells, which are among the most common subtypes of
HNSC in certain populations and possess distinctive epidemiological and molecular characteristics, we aim

Scientific Reports |

(2025) 15:7044 | https://doi.org/10.1038/s41598-025-90731-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

to provide insights beneficial for treating more aggressive forms of HNSC. Our study ultimately found that
knockdown of ETV4 led to a reduction in NPC cell proliferation, migration, and invasion, which aligns with
the role of ETV4 in promoting other malignant tumors®. This provides a solid foundation for understanding
the role of ETV4 in HNSC and offers crucial information for future research, particularly in highly invasive and
difficult-to-treat cases of HNSC. Of course, our study also has certain limitations. Future research will expand
to include other subtypes of HNSC, such as oral cavity and laryngeal cancers, to provide a more comprehensive
understanding of ETV4’s role across the full spectrum of HNSC.

Conclusion

The study establishes ETV4 as a significant prognostic biomarker and potential immunotherapy target in HNSC.
Its elevated expression correlates with key clinical features and is indicative of a poorer prognosis. The study
suggests that high ETV4 levels may exert a negative regulatory effect on immune levels, matrix components,
and the overall tumor microenvironment. These insights support the potential of ETV4 as a therapeutic target,
offering new directions for HNSC treatment strategies aimed at modulating immune responses.

Data availability
All data generated or analysed during this study are included in this published article.
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