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Background: WASF2 regulates actin reorganization during cell migration. WASF2 has been identified 
as a regulator of the development of gastric cancer, breast cancer, and pancreatic cancer. But its regulatory 
mechanisms remain unknown. Also, its function was absent in head and neck squamous cell carcinoma 
(HNSCC). Consequently, we examined the effect of DNA methylation on aberrant WASF2 expression in 
HNSCC.
Methods: TNMplot, TIMER, GSEA pathway analysis, and the Kaplan-Meier Plotter database were used 
to analyze the expression, function, and prognostic value of WASF2, as well as the correlation between 
WASF2 and infiltrating immune cells in HNSCC or pan-cancer analysis. WASF2 promoter methylation 
levels and the correlation between WASF2 expression and WASF2 promoter methylation in HNSCC were 
evaluated using the DNMIVD database. The effect of DNA methylation inhibitor on WASF2 expression 
was demonstrated in the GEO database. Finally, the TISIDB database determined the relationships between 
WASF2 methylation, immune cell infiltration, and immune inhibitors.
Results: WASF2 was significantly downregulated in HNSCC tissues where WASF2 promoter methylation 
was elevated. According to the GEO database, treatment with a DNA methylation inhibitor notably restored 
the mRNA expression of WASF2. WASF2 expression was also a favorable indicator of human papilloma 
virus (HPV)-positive HNSCC. Its level of promoter methylation had detrimental effects on patient survival. 
In addition, patients with elevated levels of WASF2 demonstrated active G2/M regulation, TGF-β signaling, 
Kras signaling, fatty acid metabolism, and p53 pathways. WASF2 was positively associated with tumor-killing 
immune cells, while WASF2 methylation was positively related to immunosuppressive cells and immune-
inhibitors. 
Conclusions: Hypermethylated WASF2 acted as a tumor suppressor of HNSCC by regulating tumor 
formation and immune imbalance.
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Introduction

An estimated 600,000 new head and neck squamous 
cell carcinoma (HNSCC) cases are diagnosed annually 
worldwide, with a mortality rate of 40–50%. Recently, 
traditional risks such as excessive alcohol consumption 
and tobacco exposure have decreased, while the risk of 
human papilloma virus (HPV) infection has increased. 
HPV-positive oropharyngeal cancers, in particular, had a 
favorable clinical outcome (1). Therefore, it was essential 
for us to identify potential prognostic markers in HNSCC. 
HPV status should also be considered.

WASF2, also known as WAVE2 and SCAR2, is located 
on chromosome 1p36.11. The primary function of WASF 
family proteins was to regulate the actin cytoskeleton via 
the Arp2/3 complex and to drive membrane protrusion (2). 
In the WASF proteins family, WASF1 and WASF3 were 
restricted to brain tissues, whereas WASF2 was widely 
distributed in almost all tissues except for skeletal muscle 
cells (3). WASF2 was implicated in tumorigenesis and 
the development of several cancers, including pancreatic 
cancer (4), breast cancer (5) and lung adenocarcinoma (6). 
However, the clinical relevance of WASF2 in HNSCC 
has not yet been studied. WASF2 aberrant expression was 
mechanically mediated by microRNA, Rac and HSPC300 

and others (7-9). In addition to the accumulation of genetic 
alterations, the epigenetic landscape also played a significant 
role in regulating the carcinogenesis of HNSCC (10). 
In addition, evasion of immune destruction was a crucial 
hallmark of cancer. Furthermore, immune checkpoint 
inhibitors have established a new milestone in the treatment 
of cancer (11,12). WASF2 was indeed required for T cell 
activation (13). Furthermore, DNA methylation inhibitors 
can boost the immunogenicity of tumor cells (14). 
Therefore, WASF2 DNA methylation may contribute to 
forming an immunosuppressive microenvironment.

In this study, the WASF2 level, WASF2 methylation 
level, and the relationship between WASF2 expression and 
methylation in HNSCC were analyzed comprehensively 
for the first time. We evaluated the prognostic value of 
WASF2, the methylation of the WASF2 promoter, and 
the association between WASF2 and clinicopathological 
features. We investigated further the dysregulated pathways 
and immune imbalance in hypermethylated WASF2 
patients. We present the following article in accordance 
with the STREGA reporting checklist (available at https://
tcr.amegroups.com/article/view/10.21037/tcr-22-1133/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). 

DNMIVD database

DNMIVD (http://119.3.41.228/dnmivd/) is a visual DNA 
methylation database for 26 TCGA cancer types (15). The 
DNA methylation profile of various human cancer were 
compiled using high-throughput microarray data from the 
TCGA and GEO databases. Using the DNMIVD database, 
we investigated the WASF2 expression levels and WASF2 
promoter methylation levels in tumor tissues and adjacent 
normal tissues, as well as the correlation between WASF2 
promotor methylation levels and WASF2 transcriptional 
levels. In addition, the relationship between WASF2 
promoter methylation and disease-free interval (DFI) and 
progression-free interval (PFI) was analyzed using median 
DNA methylation beta values as a cutoff to separate samples 
into high and low groups. 

TIMER database

A user-friendly online database, TIMER (http://timer.
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cistrome.org/) provides dynamic analysis and visualization 
of immune infiltration levels via the TCGA database (16). 
WASF2 was plotted on Kaplan-Meier curves for HNSCC, 
HPV-positive HNSCC, and HPV-negative HNSCC. 
The threshold value for patients was 40%, and the follow-
up time was 60 months. In addition, associations between 
WASF2 level and immune infiltrates in HNSCC, and HPV-
positive HNSCC were investigated. In HNSCC and HPV-
positive HNSCC, the correlation of WASF2 with specific 
immunocyte markers was also evaluated.

TNMplot database

The TNMplot database (https://tnmplot.com/analysis/) is 
an integrated online database to analyze differential gene 
expression in tumor, normal and metastatic tissues (17). 
Using this database, the expression level of WASF2 in 
tumor tissues and adjacent normal tissues was compared in 
human cancers.

GEO database

To determine whether DNA methylation regulated the 
expression of WASF2, we queried the GEO database. 
Expression profiling of malignant melanoma treated with the 
DNA methylation inhibitor 5-Aza-2'-deoxycytidine (5AzadC) 
(GEO accession number: GSE9118) was investigated. GEO2R 
was used to identify the change in WASF2 after treatment with 
a DNA methylation inhibitor in melanoma.

Kaplan-Meier Plotter database

Kaplan-Meier Plotter (http://kmplot.com/analysis/) is a 
website for analyzing survival analysis for 21 types of human 
cancer (18). The Kaplan-Meier Plotter database was used 
to analyze the association between WASF2 expression and 
survival in HNSCC, breast cancer, esophageal squamous 
cell carcinoma (ESCC), kidney renal clear cell carcinoma, 
bladder carcinoma, liver hepatocellular carcinoma, ovarian 
cancer, pancreatic ductal adenocarcinoma (PDAD), and 
kidney renal papillary cell. We determined that 60 months 
was the optimal cutoff for follow-up. The Kaplan-Meier 
Plotter database was also used to examine the relation 
between WASF2 and clinical characteristics. 

MethSurv database

MethSurv database (https://biit.cs.ut.ee/methsurv/) is an 

interactive database for survival analysis of 25 different 
human cancers according to CpG methylation patter (19). 
Using the MethSurv database, survival analysis based on 
CpG sites of WASF2 in HNSCC was investigated.

Gene set enrichment analysis (GSEA)

According to median value of WASF2 expression levels, 522 
HNSCC patients were divided into low and high-expression 
groups in the TCGA database. The pathways associated 
with the differential WASF2 expression were subsequently 
analyzed using GSEA.

Statistical analysis

Following the instructions, statistical analysis and graphic 
processing were conducted using GraphPad prism 8.0. 
In addition, two-sided, and P<0.05 were regarded as 
statistically significant difference. 

Results

WASF2 expression negatively correlated with WASF2 
methylation level in HNSCC 

Using the DNMIVD database, WASF2 transcriptional levels 
were significantly down-regulated in HNSCC compared 
with the adjacent normal tissues (P<0.001, Figure 1A).  
We further confirmed that WASF2 expression was low in 
head and neck cancer using TNMplot database (P=0.018, 
Figure S1A) Nevertheless, patients with tongue cancer, 
a subtype of HNSCC, had elevated levels of WASF2 
(P<0.001, Figure S1B). In addition, the expression levels of 
WASF2 were found to be higher in liver cancer (P<0.001,  
Figure S1C) and pancreas cancer (P<0.001, Figure S1D), 
while less in colon cancer (P<0.001, Figure S1E), breast 
cancer (P<0.001, Figure S1F), oesophageal cancer (P<0.001, 
Figure S1G), lung cancer (P<0.001, Figure S1H), and skin 
cancer (P=0.012, Figure S1I). 

DNA methylation is aberrant in HNSCC and plays a 
crucial role in tumorigenesis (20). Using the DNMIVD 
database, we discovered that HNSCC patients had a higher 
level of WASF2 promoter methylation level than adjacent 
normal tissues (P=0.026, Figure 1B). Furthermore, WASF2 
promoter methylation levels were negatively correlated with 
WASF2 expression, as predicted (Pearson r=−0.11, P=0.01, 
Figure 1C). To confirm the relationship between WASF2 
methylation and WASF2 expression levels, we analyzed the 
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expression change of WASF2 in melanoma cell lines treated 
with the DNA methylation inhibitor 5AzadC using the 
GEO database (GEO accession number: GSE9118). Results 
showed that four out of five malignant melanoma cell lines 
expressed more WASF2 after 48 hours of treatment with 
a methylation inhibitor (Figure 1D). In addition, WASF2 
promoter methylation levels were associated negatively 
with esophageal carcinoma (Pearson r=−0.21, P=0.005, 
Figure S2A), breast invasive carcinoma (Pearson r=−0.16, 
P<0.001, Figure S2B), lung squamous cell carcinoma 
(Pearson r=−0.21, P<0.001, Figure S2C), kidney renal clear 

carcinoma (Pearson r=−0.15, P=0.006, Figure S2D), kidney 
renal papillary cell carcinoma (KIRP) (Pearson r=−0.27, 
P<0.001, Figure S2E) and skin cutaneous melanoma 
(Pearson r=−0.37, P<0.001, Figure S2F).

Prognostic value of WASF2 and WASF2 methylation in 
HNSCC

After investigating WASF2 transcriptional levels and 
WASF2 methylation levels in HNSCC, we investigated 
the prognostic value of WASF2 and WASF2 methylation 

Figure 1 WASF2 mRNA level and methylation level in HNSCC. (A) WASF2 expression levels decreased in HNSCC compared with 
normal tissues using DNMIVD database. (B) WASF2 promoter methylation level was up-regulated in HNSCC compared with normal 
tissues using DNMIVD database. (C) Pearson correlation between methylation of WASF2 promoter and WASF2 expression level in 
DNMIVD database. (D) WASF2 expression change induced by DNA methylation inhibitor 5-aza-2'-deoxycytidine (5AzadC) in melanocytes 
and melanoma cell lines using GEO database. HNSCC, head and neck squamous cell carcinoma; FPKM, fragments per kilobase of exon per 
million reads mapped.
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in HNSCC. Through TIMER, the results revealed that 
HNSCC patients with higher levels of WASF2 had a longer 
overall survival (OS) time (HR=0.824, P=0.009, Figure 2A).  
We further investigated the prognosis of WASF2 in HPV-
positive and HPV-negative HNSCC patients, given that 
HPV status is an important risk factor for developing 
HNSCC. We found that HPV-positive HNSCC patients 
with high-expressed WASF2 had a favorable OS time 
(HR=0.574, P=0.007, Figure 2B). Nevertheless, WASF2 
was not a prognostic indicator in HPV-negative HNSCC 
patients (Figure 2C). Based on the PrognoScan database, we 
confirmed that enhanced WASF2 was associated with long 
OS time in HNSCC (Figure S3A). In addition, patients 

with higher levels of WASF2 had a longer OS time in breast 
cancer (Figure S3B), ESCC (Figure S3C), and KIRC (Figure 
S3D). However, patients with up-regulated WASF2 had a 
shorter OS in bladder carcinoma (BCA) (Figure S3E), liver 
hepatocellular carcinoma (Figure S3F), ovarian cancer (OV) 
(Figure S3G), and PDAD (Figure S3H). Moreover, up-
regulated WASF2 was associated with a longer recurrence-
free survival time (RFS) in KIRP (Figure S3I). In contrast, 
patients with elevated WASF2 had the worst RFS in liver 
hepatocellular carcinoma (Figure S3J), OV (Figure S1K), 
and PDAD (Figure S3L).

Using the DNMIVD database, the survival plot of 
WASF2 methylation in HNSCC patients was further 

Figure 2 Overall survival curves for WASF2 in HNSCC (A), HPV-positive HNSCC (B), and HPV-negative HNSCC (C) using TIMER 
database. The association between WASF2 promoter methylation and disease-free interval (D) as well as progression-free interval (E) 
using DNMID database. Survival Plot for the CpG cg26601722 (F), CpG cg15936990 (G), CpG cg22075791 (H), CpG cg19784449 (I) in 
HNSCC using MethSurv database. HNSCC, head and neck squamous cell carcinoma; HPV, human papilloma virus.

HNSCC-WASF2

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

D
is

ea
se

-f
re

e 
in

te
rv

al
 p

ro
ba

bi
lit

y 

P
ro

gr
es

si
on

-f
re

e 
in

te
rv

al
 p

ro
ba

bi
lit

y
O

ve
ra

ll 
su

rv
iv

al
 p

ro
ba

bi
lit

y

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

HNSCC-WASF2 methylation

0     10   20    30   40    50    60
Time to follow-up, months

Low expression
High expression

HR=0.824
P=0.009

P=0.054

HR=1.394
P=0.027

HR=1.408
P=0.033

HR=1.331
P=0.034

P=0.026
HR=1.525
P=0.012

HR=0.574
P=0.007

HR=0.934
P=0.393

High expression
Low expression

Low expression
High expression

Low expression
High expression

Low expression
High expression

High expression
Low expression

Low expression
High expression

Low expression
High expression

Low expression
High expression

Time to follow-up, months

Time to follow-up, days Time to follow-up, days Time to follow-up, days

Time to follow-up, months

Time to follow-up, months

Time to follow-up, months

Time to follow-up, days
0    20   40   60    80  100 120 0    20   40   60   80  100 120 0   1000 2000 3000 4000 5000 6000

0   1000 2000 3000 4000 5000 6000 0   1000 2000 3000 4000 5000 6000 0   1000 2000 3000 4000 5000 6000

0     10   20    30   40    50    60 0     10     20    30    40    50    60

WASF2-cg15936990 WASF2-cg22075791 WASF2-cg19784449

HNSCC-WASF2 methylation WASF2-cg26601722

Hpv-positive HNSCC-WASF2 Hpv-negative HNSCC-WASF2

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

A B C

D E F

G H I

https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf


Translational Cancer Research, Vol 12, No 1 January 2023 83

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(1):78-92 | https://dx.doi.org/10.21037/tcr-22-1133

investigated. The outcomes demonstrated that HNSCC 
patients with high WASF2 promoter methylation had 
a shorter DFI (P=0.054, Figure 2D) and PFI (P=0.026,  
Figure 2E). Methylation occurs predominantly in CpG-
island regions. Then, using the MethSurv database, we 
conducted a survival analysis based on a single CpG 
methylation. The results revealed that HNSCC patients 
with high methylation of CpG cg26601722 (HR =1.525, 
P=0.012, Figure 2F), CpG cg15936990 (HR =1.394, 
P=0.027, Figure 2G), CpG cg22075791 (HR =1.408, 
P=0.033, Figure 2H), and CpG cg19784449 (HR =1.331, 
P=0.034, Figure 2I) had short OS values.

WASF2 expression in a stratified HNSCC population

Using the Kaplan-Meier Plotter database, we investigated 
the correlation between WASF2 expression and specific 
clinicopathological characteristics in HNSCC patients. For 
OS, WASF2 had a significant effect on HNSCC patients 
with the following clinicopathological characteristics: male 
(n=366, HR =0.59, 95% CI: 0.4–0.85, P=0.0049), clinical 
IV stage (n=259, HR =0.62, 95% CI: 0.42–0.9, P=0.012), 
grade 2 (n=298, HR =0.69, 95% CI: 0.48–0.99, P=0.041), 

low mutation burden (n=243, HR =0.57, 95% CI: 0.34–0.97, 
P=0.037) or high mutation burden (n=251, HR =0.65, 95% 
CI: 0.44–0.95, P=0.025). Furthermore, high–expressed 
WASF2 of clinical III stage (n=42, HR =0.22, 95% CI: 
0.05–1.04, P=0.037) HNSCC patients had a longer RFS 
(Table 1). In addition, we evaluated the relationship between 
WASF2 and clinical characteristics in KIRC and breast 
cancer (Table S1). WASF2 had significant effects on OS 
in patients with KIRC and breast cancer, according to the 
findings. Higher WASF2 expression was associated with 
longer OS for female (n=186, HR =0.42, 95% CI: 0.24–0.72, 
P=0.001), male (n=344, HR =0.54, 95% CI: 0.36–0.81, 
P=0.003), clinical I stage (n=265, HR =0.44, 95% CI: 0.22–
0.88, P=0.016), clinical IV stage (n=87, HR =0.58, 95% 
CI: 0.35–0.96, P=0.031), Grade 3 (n=206, HR =0.41, 95% 
CI: 0.25–0.69, P<0.001), or low mutation burden (n=168, 
HR =0.43, 95% CI: 0.24–0.79, P=0.005) KIRC patients. 
Moreover, up–regulated WASF2 brought about longer 
OS for ER positive (n=754, HR =0.61, 95% CI: 0.42–0.89, 
P=0.01), PR positive (n=156, HR =0.3, 95% CI: 0.09–1.02, 
P=0.041), HER2 negative (n=1,459, HR =0.58, 95% CI: 
0.42–0.78, P<0.001) and luminal A subtype (n=794, HR 
=0.43, 95% CI: 0.27–0.69, P<0.001) or negative lymph node 

Table 1 Association between WASF2 expression and clinicopathological characteristics in HNSCC patients 

Clinicopathological characteristic
OS (n=499) RFS (n=124)

N Hazard ratio P value N Hazard ratio P value

Sex  

Female 133 1.6 (0.92–2.79) 0.095 46 2.14 (0.58–7.86) 0.24

Male 366 0.59 (0.4–0.85) 0.0049* 78 0.18 (0.02–1.14) 0.068

Stage

1 25 2.57 (0.27–24.99) 0.4 23 0.29 (0.04–2.46) 0.23

2 69 0.58 (0.25–1.34) 0.2 43 3.93 (0.44–35.17) 0.19

3 78 1.8 (0.83–3.89) 0.13 42 0.22 (0.05–1.04) 0.037*

4 259 0.62 (0.42–0.9) 0.012* 0

Grade

1 61 0.35 (0.1–1.24) 0.089 26 0.4 (0.06–2.46) 0.3

2 298 0.69 (0.48–0.99) 0.041* 69 0.36 (0.1–1.28) 0.099

3 119 0.58 (0.31–1.08) 0.084 25 0 (0–lnf) 0.076

Mutation burden

Low 243 0.57 (0.34–0.97) 0.037* 73 0.47 (0.13–1.62) 0.22

High 251 0.65 (0.44–0.95) 0.025* 50 0.25 (0.03–2.01) 0.16

*, P<0.05. HNSCC, head and neck squamous cell carcinoma; OS, overall survival; RFS, recurrence-free survival. 

https://cdn.amegroups.cn/static/public/TCR-22-1133-Supplementary.pdf
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status (n=726, HR =0.45, 95% CI: 0.26–0.77, P=0.003) 
breast cancer patients.

Identification of WASF2-related signaling pathway via GSEA

GSEA was used to analyze the biological function of WASF2 
in HNSCC patients (Table 2). 24 out of 50 gene sets were 
upregulated in the high-expression WASF2 phenotype, 
and 11 gene sets were significantly enriched at NES >1.0, 

nominal P<0.05 and FDR q<0.25. In contrast, in the low-
expression WASF2 phenotype, 26 out of 50 gene sets were 
upregulated, and 13 were significantly enriched at NES <1.0, 
nominal P<0.05 and FDR q<0.25. The significant hallmark 
gene sets involved in tumor initiation and development were 
the following: “MITOTIC SPINDLE” (Figure 3A), “G2M 
CHECKPOINT” (Figure 3B), “ESTROGEN RESPONSE 
EARLY” (Figure 3C), “PI3K AKT MTOR SIGNALING”  
(Figure 3D), “OXIDATIVE PHOSPHORYLATION” 

Table 2 The GSEA pathways activated in high expression group and low expression group of WASF2 from HNSCC patients

Gene set Size NES NOM P value FDR q value

Upregulated gene sets in high WASF2 expression group

HALLMARK_MITOTIC_SPINDLE 198 2.63 0 0

HALLMARK_UV_RESPONSE_DN 141 2.2 0 0

HALLMARK_TGF_BETA_SIGNALING 54 1.99 0.002 0

HALLMARK_ESTROGEN_RESPONSE_EARLY 197 1.96 0 0

HALLMARK_PROTEIN_SECRETION 95 1.83 0 0.001

HALLMARK_ANDROGEN_RESPONSE 99 1.78 0 0.002

HALLMARK_G2M_CHECKPOINT 195 1.75 0 0.002

HALLMARK_HEDGEHOG_SIGNALING 36 1.55 0.028 0.013

HALLMARK_HEME_METABOLISM 194 1.46 0.003 0.029

HALLMARK_PI3K_AKT_MTOR_SIGNALING 105 1.41 0.007 0.039

HALLMARK_KRAS_SIGNALING_UP 199 1.35 0.013 0.066

Upregulated gene sets in low WASF2 expression group

HALLMARK_OXIDATIVE_PHOSPHORYLATION 200 −2.89 0 0

HALLMARK_INTERFERON_ALPHA_RESPONSE 95 −2.86 0 0

HALLMARK_MYC_TARGETS_V1 196 −2.48 0 0

HALLMARK_INTERFERON_GAMMA_RESPONSE 198 −2.46 0 0

HALLMARK_MYC_TARGETS_V2 58 −2.44 0 0

HALLMARK_DNA_REPAIR 149 −2.27 0 0

HALLMARK_REACTIVE_OXYGEN_SPECIES_PATHWAY 49 −1.61 0.005 0.009

HALLMARK_UNFOLDED_PROTEIN_RESPONSE 110 −1.59 0.007 0.008

HALLMARK_ADIPOGENESIS 198 −1.54 0.002 0.014

HALLMARK_MYOGENESIS 199 −1.53 0 0.014

HALLMARK_UV_RESPONSE_UP 156 −1.47 0.01 0.025

HALLMARK_FATTY_ACID_METABOLISM 157 −1.46 0.003 0.025

HALLMARK_P53_PATHWAY 196 −1.32 0.03 0.085

GSEA, Gene Set Enrichment Analysis; HNSCC, head and neck squamous cell carcinoma; NES, normalized enrichment score; NOM, 
nominal; FDR, false discovery rate.

http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_MITOTIC_SPINDLE
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_UV_RESPONSE_DN
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_TGF_BETA_SIGNALING
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_ESTROGEN_RESPONSE_EARLY
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_PROTEIN_SECRETION
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_ANDROGEN_RESPONSE
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_G2M_CHECKPOINT
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_HEDGEHOG_SIGNALING
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_HEME_METABOLISM
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_PI3K_AKT_MTOR_SIGNALING
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_KRAS_SIGNALING_UP
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_OXIDATIVE_PHOSPHORYLATION
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_INTERFERON_ALPHA_RESPONSE
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_MYC_TARGETS_V1
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_INTERFERON_GAMMA_RESPONSE
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_MYC_TARGETS_V2
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_DNA_REPAIR
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_REACTIVE_OXYGEN_SPECIES_PATHWAY
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_UNFOLDED_PROTEIN_RESPONSE
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_ADIPOGENESIS
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_MYOGENESIS
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_UV_RESPONSE_UP
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_FATTY_ACID_METABOLISM
http://www.gsea-msigdb.org/gsea/msigdb/cards/HALLMARK_P53_PATHWAY
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(Figure 3E), “FATTY ACID METABOLISM” (Figure 3F),  
“REACTIVE OXYGEN SPECIES PATHYWAY”  
(Figure 3G), and “P53 PATHWAY” (Figure 3H). The gene sets 
involved in immune response were the following: “TGF BETA 
SIGNALING” (Figure 3I), “KRAS SIGNALING” (Figure 3J),  
“INTERFERON ALPHA RESPONSE” (Figure 3K), and 
“INTERFERON GAMMA RESPONSE” (Figure 3L).

WASF2 and WASF2 methylation disrupted immune 
balance in HNSCC 

According to the results of the GSEA, WASF2 is an immune-
related gene. Given that WASF2 was a favorable predicator 
in HNSCC, particularly in HPV-positive HNSCC patients, 
but not in HPV-negative HNSCC patients. We evaluated the 
correlation between WASF2 and specific infiltrating immune 
cells using TIMER database both in HNSCC and HPV-
positive HNSCC. WASF2 was positively correlated with B cells 
(r=0.213, P<0.001, Figure 4A), CD4+ T cells (r=0.262, P<0.001, 
Figure 4B) and dendritic cells (r=0.141, P<0.001, Figure 4C), 
but not with CD8+ T cells (Figure 4D), macrophages (Figure 
4E) and neutrophils (Figure 4F) among HNSCC patients. 
Meanwhile, WASF2 was positively correlated with B cells 
(r=0.284, P=0.011, Figure 4G), CD8+ T cells (r=0.227, P=0.046, 
Figure 4H), CD4+ T cells (r=0.336, P<0.001, Figure 4I)  
and dendritic cells (r=0.276, P=0.011, Figure 4J), but not 
with macrophages (Figure 4K) and neutrophils (Figure 4L) 
among patients with HPV-positive HNSCC. In addition, 
the association between WASF2 and additional immune 
cell markers both in HNSCC and HPV-positive HNSCC 
was evaluated. In HNSCC, we discovered a significant 
correlation between WASF2 and markers of TAM, M1 
Macrophages, Tfh, Th17 and Treg cells. In HPV-positive 
HNSCC, WASF2 was also correlated with markers of M1 
macrophages, Tfh and Th17 cells (Table 3). The correlation 
between WASF2 and tumor-killing immune cells was 
generally positive, indicating that WASF2 may promote 
the anti-tumor immune response. In contrast, WASF2 
methylation was positively correlated with immature B cells 
(Figure 4M), Th17 (Figure 4N), Treg (Figure 4O), myeloid 
derived suppressor cells (Figure 4P), and Th2 (Figure 4Q), 
which may modulate immunosuppressive activity. 

Correlation of WASF2 transcriptional expression/
methylation levels with immune-inhibitors in HNSCC

There is widespread agreement that HNSCC is a highly 
immunosuppressive disease (21). Using the TISIDB 

database, the association between WASF2 expression/
methylation levels and immunosuppressive markers was 
evaluated. WASF2 expression levels correlated negatively 
with CTLA-4 (r=−0.207, P<0.001, Figure 5A), IDO1 
(r=−0.125, P=0.004, Figure 5B), PDCD1 (r=−0.141, 
P=0.002, Figure 5C) and LAG3 (r=−0.251, P<0.001,  
Figure 5D), but not with CD274 (Figure 5E), IL-10 (Figure 5F),  
TIGIT (Figure 5G), and TGF-β1 (Figure 5H). Expertly, 
WASF2 methylation levels were positively correlated with 
CTLA4 (r=−0.366, P<0.001, Figure 5I), CD274 (r=−0.348, 
P<0.001, Figure 5J), IDO1 (r=−0.325, P<0.001, Figure 5K),  
PDCD1 (r=−0.344, P<0.001, Figure 5L), LAG3 (r=−0.343, 
P<0.001, Figure 5M), IL-10 (r=−0.341, P<0.001, Figure 5N),  
and TIGIT (r=−0.347, P<0.001, Figure 5O), but not 
with TGF-β1 (Figure 5P). It suggested that targeting 
hypermethylated WASF2 facilitated immune checkpoint-
based therapies.

Discussion

WASF2’s combination of expression and methylation has 
yet to be clarified. This study analyzed WASF2 expression 
and WASF2 methylation in HNSCC using online 
databases and bioinformatics data mining tools. WASF2 
transcriptional levels were low in HNSCC and negatively 
correlated with WASF2 promoter methylation, according 
to our findings. According to the GEO database, the DNA 
methylation inhibitor 5AzadC increased transcriptional 
levels of WASF2. Patients with HNSCC and high WASF2 
expression had a prolonged OS. Patients whose WASF2 
promoters were more heavily methylated had a poor 
prognosis. Interestingly, HPV-positive HNSCC patients 
with high WASF2 expression had favorable prognosis 
compared with HPV-negative HNSCC patients. High-
expressed WASF2 of HNSCC patients characterized by 
male, clinical stage IV, grade 2, and mutation burden had a 
longer OS. High levels of expressed WASF2 were associated 
with a longer RFS in HNSCC patients with clinical III 
stage. WASF2 was implicated in tumor procession and 
immune response, according to the results of GSEA. Thus, 
we examined the relationship between WASF2 and WASF2 
methylation and the tumor immune microenvironment. 
WASF2 was generally positively correlated with tumor-
killing immune cells, whereas WASF2 methylation was 
consistently positively associated with immunosuppressive 
cells. Strikingly, WASF2 had negative correlation with 
specific immunoinhibitory (CTLA-4, IDO1, PDCD1 and 
LAG3) while WASF2 methylation had positive correlation 
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Figure 3 GSEA pathways enriched in HNSCC patients with high expression and low expression of WASF2. (A) Hallmark mitotic 
spindle. (B) Hallmark G2M checkpoint. (C) Hallmark estrogen response early. (D) Hallmark PI3K AKT MTOR signaling. (E) Hallmark 
oxidative phosphorylation. (F) Hallmark fatty acid metabolism. (G) Hallmark reactive oxygen species pathway. (H) Hallmark P53 pathway. 
(I) Hallmark TGF beta signaling. (J) Hallmark Kras signaling. (K) Hallmark interferon alpha response. (L) Hallmark interferon gamma 
response. GSEA, Gene Set Enrichment Analysis; HNSCC, head and neck squamous cell carcinoma.
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Table 3 Correlation analysis between WASF2 and immune cell infiltrations in HNSCC samples and HPV + HNSCC using TIMER

Description
Gene 

markers

HNSCC HPV + HNSCC

None Purity None Purity

Cor P Cor P Cor P Cor P

CD8+ T cell CD8A 0.012 0.177 0.07 0.122 0.212 * 0.273 **

CD8B −0.007 0.874 0.033 0.459 0.191 0.0592 0.218 *

T cell (general) CD3D −0.027 0.54 0.021 0.646 0.151 0.137 0.21 0.483

CD3E 0.09 * 0.154 *** 0.256 * 0.341

CD2 0.058 0.186 0.112 * 0.222 * 0.298 **

B cell CD19 0.146 *** 0.198 *** 0.264 ** 0.361 ***

CD79A 0.215 *** 0.271 *** 0.304 ** 0.422 ***

Monocyte CD86 0.068 0.12 0.129 ** 0.018 0.86 0.141 0.188

CSF1R 0.105 * 0.173 *** 0.09 0.377 0.191 0.073

TAM CCL2 0.098 * 0.136 ** 0.052 0.613 0.078 0.465

CD68 0.181 *** 0.229 *** −0.001 0.992 0.042 0.697

IL-10 0.098 * 0.171 *** 0.066 0.52 0.144 0.178

M1 Macrophage NOS2 0.346 *** 0.325 *** 0.349 *** 0.358 ***

IRF5 0.235 *** 0.231 *** 0.258 * 0.244 *

PTGS2 0.181 *** 0.168 *** 0.326 ** 0.332 **

M2 Macrophage CD163 0.033 0.454 0.096 * −0.124 0.225 −0.077 0.475

VSIG4 −0.005 0.913 0.044 0.335 −0.104 0.308 −0.08 0.454

MS4A4A −0.023 0.6 0.031 0.499 −0.13 0.201 −0.088 0.41

Natural killer cell KIR2DL1 0.034 0.434 0.068 0.133 0.026 0.797 0.093 0.388

KIR2DL3 0.002 0.969 0.015 0.741 0.097 0.343 0.1 0.352

KIR2DL4 0.002 0.965 0.056 0.212 0.06 0.558 0.159 0.137

KIR3DL1 0.119 ** 0.153 *** 0.077 0.451 0.145 0.174

KIR3DL2 0.09 * 0.118 ** 0.175 0.0843 0.236 *

KIR3DL3 0.057 0.194 0.057 0.206 0.091 0.374 0.117 0.275

KIR2DS4 0.006 0.894 0.051 0.261 0.087 0.392 0.183 0.0853

Dendritic cell HLA-DPB1 0.006 0.889 0.061 0.176 0.076 0.457 0.154 0.15

HLA-DQB1 −0.004 0.933 0.027 0.55 0.132 0.195 0.216 *

HLA-DRA 0.036 0.417 0.094 * 0.115 0.26 0.212 *

HLA-DPA1 0.045 0.305 0.097 * 0.124 0.225 0.219 *

CD1C 0.218 *** 0.28 *** 0.316 ** 0.377 ***

NRP1 0.138 ** 0.189 *** −0.012 0.904 −7 0.948

ITGAX 0.114 ** 0.184 *** 0.053 0.603 0.174 0.103

Table 3 (continued)
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Table 3 (continued)

Description
Gene 

markers

HNSCC HPV + HNSCC

None Purity None Purity

Cor P Cor P Cor P Cor P

Th1 TBX21 0.05 0.254 0.098 * 0.19 0.0615 0.256 *

STAT4 0.059 0.178 0.108 * 0.145 0.153 0.243 *

STAT1 −0.007 0.868 0.042 0.349 0.054 0.598 0.11 0.303

IFNG −0.084 0.0548 −0.043 0.345 0.097 0.343 0.135 0.207

TNF 0.14 ** 0.16 *** 0.252 * 0.308 **

Th2 GATA3 0.021 0.633 0.071 0.116 0.172 0.0896 0.245 *

STAT6 0.45 *** 0.444 *** 0.434 *** 0.435 ***

STAT5A 0.268 *** 0.287 *** 0.167 0.101 0.243 *

IL13 −0.024 0.582 −0.029 0.526 0.043 0.675 0.123 0.249

Tfh BCL6 0.501 *** 0.477 *** 0.455 *** 0.462 ***

Th17 STAT3 0.511 *** 0.526 *** 0.556 *** 0.566 ***

IL17A 0.163 *** 0.189 *** 0.349 *** 0.369 ***

Treg FOXP3 0.241 *** 0.809 *** 0.333 *** 0.441 ***

CCR8 0.323 *** 0.387 *** 0.457 *** 0.541 ***

STAT5B 0.323 *** 0.34 *** 0.154 0.13 0.201 0.0589

TGFB1 0.094 * 0.153 *** −0.1 0.327 −0.074 0.488

*, P<0.05; **, P<0.01; ***, P<0.001. HNSCC, head and neck squamous cell carcinoma; HPV, human papilloma virus; TAM, tumor-
associated macrophage; Th, T helper cell; Tfh, Follicular helper T cell; Treg, regulatory T cell; Cor, R value of Spearman’s correlation; None, 
correlation without adjustment. Purity, correlation adjusted by purity. 

with specific immunoinhibitory (CTLA-4, CD274, IDO1, 
PDCD1, LAG3, IL-10 and TIGIT) in HNSCC. These 
findings suggested that hypermethylated WASF2 was a 
potential tumor-suppressor gene and that hypermethylated 
WASF2 could suppress tumor progression in HNSCC by 
regulating tumor growth and immune microenvironment 
balance.

WASF2 is required for tumor cell invasion and metastasis 
by regulating the actin cytoskeleton (8). WASF2 is widely 
expressed in gastric cancer (22), hepatocellular carcinoma (23)  
and pancreatic cancer (24). WASF2 consistently increased 
in liver cancer and pancreatic cancer while decreasing in 
HNSCC. In addition, miR-146a could inhibit WASF2 
expression in gastric cancer, and WASF2 protein levels were 
negatively correlated with miR-146a levels (7). Similarly, 
we found WASF2 expression was negatively associated 
with WASF2 methylation levels in HNSCC. Owing to 
5AzadC incorporation into DNA and inhibition of DNA 

methylation (25), it was confirmed that WASF2 methylation 
suppresses WASF2 expression.

The study found that PDAC patients with high-
expressed WASF2 had significantly shorter OS times (26).  
Moreover, WASF2 was a poor prognostic indicator of 
hepatocellular carcinoma (23). In LIHC and PDAC, up-
regulated WASF2 was consistently associated with a 
short OS and RFS. Patients with HNSCC who had more 
WASF2 had a longer OS time. Several gene-specific 
DNA methylation have been identified for diagnosis and 
prognosis in HNSCC (27). Herein, we found that patients 
with a hypermethylated WASF2 promoter had poor PFI. In 
HNSCC, we also identified four prognosis-associated CpG-
islands of WASF2.

M e c h a n i c a l l y,  WA S F 2  w a s  c r u c i a l  f o r  a c t i n 
polymerization, which is essential for cell migration. 
WASF2-deficient mice could decrease sprouting and 
branching of endothelial cells during angiogenesis (28). 
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Figure 5 Correlations of WASF2 expression/DNA methylation with specific immunosuppressive markers using TISIDB database. 
correlations between WASF2 expression levels and CTLA4 (A), IDO1 (B), PDCD1 (C), LAG3 (D), CD274 (E), IL-10 (F), TIGIT (G), and 
TGF-β1 (H) in HNSCC. Associations between WASF2 methylation levels and CTLA4 (I), CD274 (J), IDO1 (K), PDCD1 (L), LAG3 (M), 
IL-10 (N), TIGIT (O), and TGF-β1 (P) in HNSCC. HNSCC, head and neck squamous cell carcinoma. 

In addition, WASF2 works in controlling epidermal shape 
and growth via Wnt/β-catenin signaling (29). A study 
discovered that WASF2 contributed to breast epithelial 
morphology and that knocking down WASF2 promoted 
the proliferation of late-stage acini and characterized a 
partial EMT-like phenotype (30). Similarly, we discovered 
that WASF2 was associated with cell proliferation-related 
pathways in HNSCC, including mitotic spindle assembly, 

G2/M checkpoints, and p53 pathway. 
There existed broad differences in the tumor-infiltrating 

immune population of HPV-positive and HPV-negative 
HNSCC. In HPV-positive HNSCC, higher frequencies of 
infiltrating B cells and helper CD4+ T cells were observed (31). 
We discovered that HPV-positive HNSCC patients had 
a stronger correlation with B cells and CD4+ T cells than 
HNSCC patients. In addition, WASF2 was a critical 
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component for T cell activation because it regulated actin 
cytoskeletal reorganization, intracellular calcium signaling, 
and NFκB activation (32). We discovered an intriguing 
correlation between WASF2 methylation levels, specific 
immunosuppressive cells, and immune checkpoints. In a 
mouse model of ovarian cancer, treatment with anti-PD-L1 
and 5-AZAdC could increase infiltrating CD8+ T cells and 
Th1-type chemokine expression (33). In addition, WASF2 
can maintain T cell homeostasis by inhibiting mTOR 
activation. A conditional WASF2 knockout in T cells 
could impair antigen-specific T cell response and result 
in severe autoimmunity (34). According to our findings, 
patients with hypermethylated WASF2 disrupted the 
intratumoral immune homeostasis in HNSCC and HPV-
positive HNSCC. Our results were obtained by querying 
a database, which enables us to study gene function rapidly 
and efficiently and provides a potential direction for 
biological experiments. Future experiments are required 
to confirm the role of WASF2 in tumor promotion and 
immunomodulatory effects.

Conclusions

We determined the potential clinical relevance of WASF2 
hypermethylation in HNSCC. GSEA results indicated that 
WASF2 was involved in tumor growth and the immune 
response. The correlation between WASF2 methylation 
and tumor microenvironment also sheds light on WASF2’s 
role as an immunomodulator in innate and adaptive 
immune responses. By accumulating its genetic alterations, 
methylation abnormalities, and immune microenvironment 
imbalance, we could demonstrate that WASF2 played a 
significant role in HNSCC. 
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