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Introduction

The head and neck squamous cell carcinoma (HNSCC) represents a heterogeneous 
group of cancer affecting the mucosal surfaces of several organs including nasal cavity, pa-
ranasal sinuses, oral cavity, tongue, pharynx, and larynx [1]. HNSCC accounts for more 
than 330,000 deaths worldwide with more than 650,000 cases of HNSCCs reported an-
nually [2]. The development of HNSCC is strongly associated with long-term tobacco 
use, excessive consumption of strong alcohols or, especially in the case of oropharyngeal 
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ations in the Wnt family of genes so as to derive an association with HNSCC. Computa-
tional approaches have been utilized for the identification of gene alterations in the Wnt 
family of genes. Several databases such as cBioportal, STRING, and UALCAN were used for 
the purpose. The frequency of alteration was high in case of Wnt family member 11 (5%). 
Gene amplification, deep deletions, missense and truncating mutations were observed in 
HNSCC patients. There was a marked difference in the gene expression profile of WNT11 
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tumors, the infection with human papillomavirus (HPV), usually 
HPV type 16 or 18 [3]. The incidence of HNSCC is high in males 
when compared to females, especially in eastern Europe and India 
with over 20 males affected per 100,000 individuals [4]. Despite 
relatively easy access for clinical inspection, these tumors are fre-
quently detected at a late stage, when therapeutic options are less 
effective in curing patients, who are then at a greater risk of the de-
velopment of recurrent tumors or metastasis [5]. Thus, the overall 
survival rates in this group of patients remain relatively low 
(~50%), especially when patients are diagnosed with advanced 
stages of the disease [6]. There is a need for novel biomarkers 
which could improve the clinical management of HNSCC, includ-
ing better prognosis and disease monitoring. Moreover, the devel-
opment of new therapeutic options is also necessary for the im-
provement of treatment outcomes. 

Wnt signaling is vital for a plethora of cellular function ranging 
from homeostasis to the development of mature tissue. Embryon-
ic development also requires Wnt-mediated canonical signaling 
[7–9]. Moreover, Wnt signaling is inevitable for regulating cellular 
proliferation, apoptosis, metastasis, and migration of cells [10]. Of 
note, Wnt operates through either canonical or non-canonical 
pathways which are differentiated by β-catenin involvement [11]. 
Cell cycle progression, differentiation, fate determination, and mi-
gration are generally orchestrated by canonical Wnt signaling. Al-
tered Wnt/β-catenin signaling has been considered a promoting 
event for various types of cancers and the oncogenic potential of 
Wnt signaling has been discussed in numerous cancer types, in-
cluding breast, pancreatic, colon as well as head and neck [12]. 
The present study investigates the genetic alteration within the 
Wnt family genes employing in silico approach. The study is first 
of its kind that reports frequency and type of mutation in genes of 
the Wnt signaling pathway which provides a clue on the putative 
association of these genes with HNSCC. 

Methods

Sample data set
The data is obtained from the cBioportal database which is a web 
source for obtaining, analyzing and exploring genomes. It contains 
the description of patients from different cohorts and provides in-
formation on the genetic alterations among various samples and 
genes. The Cancer Genome Atlas, TCGA (Firehose Legacy) data 
set consists of a total of 528 cases of head and neck squamous cell 
carcinoma, of which 504 samples had sequencing and copy num-
ber alteration data. The complete profile of mutated, amplified, 
deleted genes for each sample has been recorded in the database. 
Table 1 contains the demographic data of the patients analyzed in 

the study. Oncoprint data was obtained on submitting user-de-
fined queries on 19 genes of the Wnt family, which was further an-
alyzed for gene expression profile. 

Oncoprint data analysis
Oncoprint analysis is the shortened and concise summation of the 
genetic alterations in graphical format. It provides data on gene al-
terations based on user-defined query on a specific gene or a gene 
family. The details on frequency distribution of variations in each 
of the genes, the variant allele frequency, gene deletions, amplifica-
tions, insertions, frameshift etc., were recorded (Fig. 1) [13,14]. 
These information were used as baseline to track mutations or 
variations, gene expression, and survival of patients based on the 
gene alterations using several other computational tools. 

gnomAD analysis
The genome aggregation database (gnomAD) hosts information 
on 125,748 exome sequences and 15,708 whole genome sequenc-
es from unrelated individuals sequenced and deposited as part of 

Table 1. Demographic details of patients analyzed in the present 
study (as obtained from the cBioportal site)

Characteristic No.
Sex
 Male 386
 Female 142
Mutation count 6–3,181
Diagnosis age (y) 19–90
Smoking status
 Smokers 515
 Data not available 12
 Unknown 1
Alcohol history
 Yes 352
 No 165
 Data not available 11
Neoplasm histologic grade
 Grade 1 63
 Grade 2 311
 Grade 3 125
 Grade 4 7
 Grade GX 18
 Data not available 4
Race category
 White 452
 African 48
 Asian 11
 American Indian or Alaska native 2
 Data not available 15
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various disease-specific or population genetic studies. The data 
source obtained from oncoprint was used to identify whether the 
variations observed in the present study were novel or reported 
elsewhere in any other population (Table 2). The exhaustive data 

source also provides information on minor allele frequencies 
which will provide a clue as whether the variant identified is a mu-
tation or a polymorphism [15].

Fig. 1. (A) Oncoprint analysis depicting gene alterations in the Wnt family of genes. Each of the grey bars represent patients with head and 
neck squamous cell carcinoma. (B) Frequency of gene amplification among different categories of smokers.
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Table 2. The list of genes, proteins encoded, genetic alterations, loci, frequency of alteration, and variant allele frequency in genes of the Wnt 
signaling pathway 

Gene Protein Alteration Loci % of alteration Variant allele frequency in tumor sample gnomAD data
WNT1 Wnt family member 1 Deep deletion 12q13.12 0.6

D49N 0.16 Novel
WNT2 Wnt family member 2 Gene amplification 7q31.2 1.6

Deep deletion
S158R 0.42 Novel
T315P 0.23 Novel
T315N 0.57 Novel

WNT2B Wnt family member 2B Deep deletion 1p13.2 2
R16L 0.63 Novel

WNT3 Wnt family member 3 Gene amplification 17q21.31–q21.32 1
R85Q 0.68 rs1483494147
E2Q 0.18 Novel
A261P 0.46 Novel
G318D 0.21 Novel

WNT3A Wnt family member 3A Gene amplification 1q42.13 1.2
P283L 0.33 Novel

WNT4 Wnt family member 4 Gene amplification 1p36.12 0.6
E76Q 0.26 Novel
S176Efs*12 0.13 Novel

WNT5A Wnt family member 5A Deep deletion 3p14.3 1.4
I93V 0.28 rs750646727
G341S 0.20 rs1370251695
R215C 0.57 Novel

WNT5B Wnt family member 5B Gene amplification 12p13.33 3
Deep deletion
G242W 0.36 Novel

WNT6 Wnt family member 6 Deep deletion 2q35 1.8
R46W 0.29 rs766635655
T105M 0.23 rs759013954

WNT7A Wnt family member 7A Gene amplification 3p25.1 0.8
Deep deletion
R90C 0.28 rs751362548

WNT7B Wnt family member 7B Gene amplification 22q13.31 0.8
Q261E 0.10 Novel

WNT8A Wnt family member 8A Deep deletion 5q31.2 0.6
G12A 0.25 Novel
L346V 0.32 Novel

WNT8B Wnt family member 8B Deep deletion 10q24.31 1.4
W63C 0.36 Novel
R157Q 0.34 Novel
A59S 0.12 Novel
A94S 0.02 Novel

WNT9A Wnt family member 9A Gene amplification 1q42.13 2.2
R333Q 0.17 Novel
D156N 0.25 Novel
E37K 0.41 Novel
V290M 0.18 Novel
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Protein protein interaction network analysis
The STRING database is a collection of known and predicted 
protein-protein interactions. These interactions could either be di-
rect (physical) and indirect (functional) associations. They are de-
rived from computational predictions and text mining of protein 
interactions in different organisms and information aggregated 
from several other primary databases [16]. The gene exhibiting 
the highest frequency of gene alteration was selected from the en-
tire family and investigated for gene expression and derivation of 
expression based survival curves for different combinations of pa-
rameters such as sex, ethnicity, tumor grade etc., Functional en-
richment of the protein network and Kyoto Encyclopedia of 
Genes and Genomes pathway was derived from the protein pro-
tein interaction (PPI) network. The strength score is the ratio be-
tween the number of proteins annotated with a term interacting in 
the network and the number of proteins which is expected to be 
annotated with this term in a random protein network of the same 
size. The false discovery rate demonstrates the significance of the 
enrichment process. The false discovery rate is denoted by p-val-
ues which are corrected for multiple testing within each category 
using Benjamini-Hochberg procedure. 

Gene expression and survival analysis
The expression of the gene presenting with highest frequency of 
gene alteration in HNSCC was analyzed using the UALCAN 

(http://ualcan.path.uab.edu/cgi-bin/TCGA-survival) database. 
Survival curve analysis based on the tumor grade and expression 
profile was performed to demonstrate the putative role of Wnt 
family of genes with HNSCC. Gene expression data is expressed 
as transcripts per million (TPM) which is a normalization method 
for RNA-sequencing data. The TPM values which were used for 
the generation of box-whisker plots were also used to determine 
the significant difference between the groups. The t test was per-
formed using PERL script with the comprehensive Perl archive 
network (CPAN) module. Combined survival effect analysis of 
gene expression and other clinical parameters such as race, sex, tu-
mor grade, and cancer subtypes were assessed using log-rank test 
that generated a p-value which was further used to indicate statisti-
cal significance of survival correlation between groups [17].

Results

Demographic data
The dataset (TCGA, Firehose Legacy) included in the present 
study had information on 528 HNSCC samples. The male:female 
ratio was found to be 2.7:1, with age groups ranging from 19 to 90 
years. The number of individuals with the history of smoking and 
alcohol were roughly around 98% and 67%, respectively. There 
were five different groups of categories for smoking viz., 1-lifelong 
non-smoker, 2-current smoker, 3-current informed smoker for 

Table 2. Continued

Gene Protein Alteration Loci % of alteration Variant allele frequency in tumor sample gnomAD data
R61W 0.14 Novel
A264V 0.28 Novel

WNT9B Wnt family member 9B Gene amplification 17q21.32 0.8
P35A 0.20 Novel
Y353H 0.15 Novel
L102P 0.18 Novel

WNT10A Wnt family member 10A Deep deletion 2q35 1.8
A240V 0.16 rs201578578
G88D 0.28 Novel

WNT10B Wnt family member 10B Gene amplification 12q13.12 0.4 - -
Deep deletion

WNT11 Wnt family member 11 Gene amplification 11q13.5 5
Deep deletion
L65P 0.61 rs1173549137
R202H 0.07 rs374455490

WNT16 Wnt family member 16 Gene amplification 7q31.31 1.6
Deep deletion
E271Q 0.20 Novel
S218* 0.18 Novel
G304W 0.09 Novel
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> 15 years, 4-current reformed smoker ≤ 15 years, 5-current re-
formed smoker, duration not specified. The dataset had samples 
from patients of American (85.6%), African (9.1%), Asian (2.1%), 
and American Indian (0.4%) descent. The distribution of patients 
based on the histologic grade of neoplasm is given in Table 1, of 
which 59% of patients had grade 2 tumor. 

Oncoprint data analysis
The oncoprint data analysis revealed alterations in 19 genes, of 
which WNT11 (5%) harbored the highest frequency of gene am-
plification and deep deletion. When the pattern of amplification 
was assessed in different groups of smokers a greater frequency of 
gene amplification was observed in current smokers (n = 6) when 
compared to other categories (Table 2, Fig. 1B).

gnomAD analysis
The gnomAD analysis revealed several novel and reported variants 
as demonstrated by the oncoprint data. The variations in WNT3 
(R85Q), WNT5A (I93V, G341S), WNT6 (R46W, T105M), WN-
T7A (R90C), WNT10A (A240V), and WNT11 (L65P, R202H) 
genes were reported. Other missense mutations were found to be 
novel (Table 2). Further investigations are warranted to identify 
the consequences and association of these variations with HN-
SCC.

Protein network analysis
The protein interaction network reveals the major interactions of 
WNT11 with genes such as DVL1, DVL2, DVL3, FZD1, FZD2, 

FZD3, FZD4, FZD6, FZD7, FZD8 which play key roles in govern-
ing cell polarity, embryonic development, formation of neural syn-
apses, cell proliferation, and many other processes in developing 
and adult organisms (Fig. 2). Majority of genes interacting with 
WNT11 exhibit significant upregulation of the transcripts with 
FZD2 and DVL3 showing a marked difference (p <  10-12) in the 
expression pattern. The expression score is demonstrated by a 
p-value which denotes the significant difference between two 
groups of samples viz., normal and HNSCC (Table 3). The func-
tional enrichment analysis showed eleven nodes and 55 edges. 
The proteins were found to interact more among themselves sug-
gestive of a biologically connected group. The overall PPI enrich-
ment p-value was found to be < 1.0 ×  10-16. Pathways derived 
from Kyoto Encyclopedia of Genes and Genomes (KEGG) analy-
sis returned predictions which were more inclined towards other 
cancer types such as basal cell carcinoma, hepatocellular carcino-
ma, etc. (Table 4).

Gene expression and survival analysis
The gene expression profile of WNT11 between normal and pri-
mary tumor samples revealed a significant difference with a p-val-
ue of 3.043 ×  10-3. The relative expression profile of WNT11 gene 
in different grades of HNSCC also returned significant values be-
tween normal vs. grade 2, normal vs. grade 4, grade 1 vs. grade 4, 
grade 2 vs. grade 4, and grade 3 vs. grade 4 (Fig. 3A). The expres-
sion pattern of WNT11 gene produced significant difference be-
tween normal and female HNSCC subjects (p =  2.169 ×  10-2). 
Significant difference was not observed between groups normal 

Fig. 2. The proteins network interaction of WNT11 gene.
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vs. male and male vs. female (Fig. 3B). Although the present ob-
servation do not confirm sex predilection of WNT11 gene expres-
sion with HNSCC, a significant difference in the survival probabil-
ity between male and female subjects was observed with low/me-
dium level expression (p =  0.021). Furthermore, female subjects 
who presented with a low/medium level expression exhibited low 
survival probability when compared to male subjects. A p-value 
less than 0.05 was considered to be significant (Fig. 4). 

The expression profile of WNT11 was checked in other types of 
squamous cell carcinoma such as lung (LUSC) and esophageal 
cancers (ESCC). Although both LUSC and ESCC produced a sig-
nificant difference with respect to normal and primary tumors, 
WNT11 expression was upregulated in ESCC cases which was in 
consonance with HNSCC type. In both the cancer types, there 
was upregulation of WNT11 gene, whereas in case of LUSC 
WNT11 expression was downregulated. The receptor proteins in-

teracting with WNT11 have also shown significant differences 
based on the levels of gene expression in different sex groups (data 
not shown). These results add to the association of WNT11 gene 
alterations with HNSCC.

Discussion

Genetic variations such as single nucleotide variants and copy 
number variants have long been associated with oral cancer and 
other devastating diseases. Wnt signaling is vital for a plethora of 
cellular function ranging from homeostasis to the development of 
mature tissue. Embryonic development also requires Wnt-mediat-
ed canonical signaling [7–9]. Moreover, Wnt signaling is inevitable 
for regulating cellular proliferation, apoptosis, metastasis, and mi-
gration of cells [10]. Of note, Wnt operates through either canoni-
cal or non-canonical pathways which are differentiated by β-caten-

Table 3. Expression profile of genes interacting with Wnt11 in head and neck squamous cell carcinoma patients

Gene Protein Expression profile Expression score (p-value)
FZD1 Frizzled-1; receptor for Wnt proteins Upregulateda 2.237 ×  10-9

FZD2 Frizzled-2; receptor for Wnt proteins Upregulateda <10-12

FZD3 Frizzled-3; receptor for Wnt proteins Upregulated 1.372 ×  10-1

FZD4 Frizzled-4; receptor for Wnt proteins Downregulateda 3.639 ×  10-2

FZD6 Frizzled-6; receptor for Wnt proteins Upregulateda 1.624 ×  10-12

FZD7 Frizzled-7; receptor for Wnt proteins Upregulateda 8.622 ×  10-2

FZD8 Frizzled-8; receptor for Wnt proteins Upregulateda 2.518 ×  10-3

DVL1 Segment polarity protein dishevelled homolog DVL-1 Upregulateda 4.600 ×  10-2

DVL2 Segment polarity protein dishevelled homolog DVL-2 Upregulateda 1.624 ×  10-12

DVL3 Segment polarity protein dishevelled homolog DVL-3 Upregulateda <10-12

aDifferentially expressed genes with a statistically significant gene expression.

Table 4. Functional enrichment of the Wnt11 interacting genes based on the KEGG pathway analysis

KEGG pathways Strength False discovery rate
Basal cell carcinoma 2.49 1.76 ×  10-26

Melanogenesis 2.3 8.06 ×  10-25

Signaling pathways regulating pluripotency stem cells 2.15 1.93 ×  10-23

Wnt signaling pathway 2.14 2.11 ×  10-23

Gastric cancer 2.12 2.26 ×  10-23

Breast cancer 2.12 2.26 ×  10-23

mTOR signaling pathway 2.12 2.26 ×  10-23

Cushing’s syndrome 2.11 2.26 ×  10-23

Hippo signaling pathway 2.11 2.26 ×  10-23

Hepatocellular carcinoma 2.08 3.38 ×  10-23

Notch signaling pathway 2.05 3.07 ×  10-6

HTLV-1 infection 1.89 2.96 ×  10-21

Proteoglycans of cancer 1.86 2.27 ×  10-14

Human papillomavirus infection 1.79 3.50 ×  10-20

Pathways in cancer 1.58 6.22 ×  10-18

KEGG, Kyoto Encyclopedia of Genes and Genomes; mTOR, mammalian target of rapamycin.
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Fig. 4. Kaplan-Meier plots showing the association of WNT11 gene expression in combination with the sex with head and neck squamous 
cell carcinoma patient’s survival. The x-axis represents time in days and y-axis shows the survival probability. The blue line indicates low/ 
medium expression in male patients and the red line indicates low/medium level expression of the WNT11 gene in female patients. A 
significant difference in the survival probability was observed between the two groups (p = 0.021). Female subjects with a low/medium 
level expression presented with a low survival probability when compared to male subjects. A p-value less than 0.05 was considered to be 
significant.

Fig. 3. (A) Box-Whisker plot showing relative expression profile of WNT11 gene in different grades of head and neck squamous cell 
carcinoma (HNSCC). The X axis denotes The Cancer Genome Atlas (TCGA) samples and Y axis denotes the transcripts per million values. The 
comparison of gene expression patterns between different grades of HNSCC returned significant values between normal vs. grade 2 (p = 3.8 
× 10-2), normal vs. grade 4 (p = 4.3 × 10-3), grade 1 vs. grade 4 (p = 7.11 × 10-3), grade 2 vs. grade 4 (p = 2.54 × 10-11), and grade 3 vs. grade 
4 (p = 1.9 × 10-3). A p-value less than 0.05 was considered to be significant. (B) Box-Whisker plot showing relative expression profile of 
WNT11 gene in male and female HNSCC subjects. The X axis denotes the TCGA samples and Y axis denotes the transcripts per million values. 
The comparison of gene expression patterns between male and female viz., normal vs. male (p = 9.923 × 10-2), normal vs. female (p = 2.169 
× 10-2), male vs. female (p = 2.12 × 10-1). A p-value less than 0.05 was considered to be significant. 
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in involvement [11]. Both pathways are activated by the binding of 
Wnt protein to the Frizzled (Fzd) seven transmembrane receptor. 
The fundamental difference between these two pathways is the in-
volvement of β-catenin [18,19]. 

Non-canonical Wnt signaling pathways, which are independent 
of β-catenin, rely on the signal transduction of Wnt through Fzd as 
well as its co-receptors such as receptor tyrosine kinase-like or-
phan receptor 2 or receptor-like tyrosine kinase [20]. On the other 
hand, the canonical Wnt signaling pathway, also known as Wnt/
β-catenin signaling pathway, involves the activation of cytoplasmic 
β-catenin signaling cascades upon Wnt signal transduction at the 
cell membrane [21]. Altered Wnt/β-catenin signaling has been 
considered a promoting event for various types of cancers. Canon-
ical Wnt signaling pathway acts as a master regulator for a wide 
range of biological effects through up- or down-regulation of genes 
that act as direct effectors, transcription regulators, or other signal-
ing pathway regulators. Thus, Wnt target gene expression can ei-
ther directly or indirectly activate cell cycle progression, cell prolif-
eration, cell differentiation, cell migration, inhibit apoptosis, and 
regulate embryonic development. 

The involvement of canonical Wnt signaling pathway in the for-
mation of HNSCC has also been examined in several experimen-
tal studies. Evidence of the association between the pathway and 
HNSCC was first discovered through cDNA arrays on patient 
samples. The study found that Fzd, Fzd homolog 3, and Dvl ho-
molog genes, which are functionally important in the canonical 
Wnt signaling pathway, were highly expressed in HNSCC by two 
to five fold when compared to normal tissues [22]. Furthermore, 
another study has also demonstrated that the gene expression lev-
els of Wnts, particularly Wnt11 and Wnt10b, were markedly higher 
by 17 and 3-fold, respectively, in HNSCC cells compared to nor-
mal oral squamous epithelial cells [23]. Over-expression of these 
major components in HNSCC cells compared to normal cells 
clearly signifies the involvement of abnormal activation of Wnt sig-
naling cascades in HNSCC. These reports were in agreement with 
the observation made in the present study wherein the up-regula-
tion of WNT11 correlated with concomitant increase in the gene 
expression level of interacting genes. Recently, the role of canoni-
cal Wnt signaling pathway in regulating self-renewal of HNSCC 
cancer stem cells is also being emphasized in several studies. Ab-
normal activation of the pathway has been correlated with in-
creased proliferation and thus self-renewal of cancer stem cells in 
HNSCC [24]. These observations were confirmed by our compu-
tational analysis wherein the KEGG pathways arising out of func-
tional enrichment analysis revealed involvement of WNT11 in 
multiple pathways viz., pathways associated with cancer, infections, 
syndrome, and signaling process regulating pluripotency of stem 

cells. 
Although gene expression profiling is well documented in case 

of WNT family of genes, the effect of gene alterations such as mu-
tations, deletions, and copy number variations upon the expres-
sion of the genes in the family is scarce or limited. The present 
study throws light on those alterations which might act as putative 
drivers in establishing tumorigenesis. Numerous novel variants 
and reported variants were identified in HNSCC patients. The po-
tential role of these variants in the disease process is yet to be ex-
plored. Similar studies have already been carried out to unravel the 
potential markers with putative association with HNSCC. The 
survival curve analysis provides cues on the prognostic signifi-
cance of these markers in relation to the disease [25,26]. 

Computational tools provide a cost-effective alternative for ana-
lyzing the genetic alterations especially in a complex disorder such 
as cancer. Although the crosstalk between multiple signaling path-
ways play a vital role in the development of cancer, further under-
standing of one important molecular mechanism, which is the ca-
nonical Wnt signaling pathway, is critical as targeting the pathway 
could be a promising approach in eradicating the treatment failure 
and relapse in HNSCC. With all the pros addressed, the study de-
sign also suffers certain drawbacks such as population bias and re-
producibility in other ethnic groups. The identification of poly-
morphic variants and chromosomal abnormalities would aid us in 
preparing a panel of markers intended for use as early diagnostic 
leads. These markers can be further validated using genotyping 
methods or next-generation sequencing approaches to derive a 
strong association with the disease phenotype.
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