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Abstract: Head and neck squamous cell carcinoma (HNSCC) is among the most common types of cancers that 
threat the public health worldwide. A growing body of evidence has demonstrated that m6A RNA methylation plays 
a critical role in tumorigenesis. However, the association between m6A RNA methylation regulators and prognosis 
of HNSCC remains poorly known. This study aimed to construct a m6A RNA methylation regulators-based biomarker 
signature that efficiently predicted the prognosis of HNSCC. The gene expression profile of m6A RNA methylation reg-
ulators and the corresponding clinical information were downloaded from The Cancer Genome Atlas (TCGA) HNSCC 
dataset. The differentially expressed m6A RNA methylation regulators between tumor samples and normal control 
samples, as well as the interaction and correlation of m6A RNA methylation regulators were evaluated. Consensus 
clustering analysis was performed to identify the clusters of HNSCC with different clinical outcome. Then a prognos-
tic signature was built on TCGA HNSCC cohort and further validated in an external independent cohort. The expres-
sion levels of METTL3, YTHDF1, KIAA1429, ALKBH5, YTHDF2, METTL14, FTO, WTAP, RBM15 and HNRNPC were 
significantly upregulated in tumor samples, while YTHDC2 was remarkably downregulated in the cancer specimens. 
WTAP and METTL14 might be the hub genes of the interaction network among m6A RNA methylation regulators. Two 
clusters of HNSCC cases were identified and significant differences were found with respect to overall survival (OS) 
and tumor grade between the two subgroups of patients. A two-gene prognostic signature including YTHDC2 and 
HNRNPC was constructed and could predict OS in HNSCC patients from TCGA dataset. In addition, the prognostic 
signature-based risk score was identified as an independent prognostic indicator for HNSCC. More importantly, 
these findings were successfully validated in an external independent HNSCC cohort. In conclusion, our study has 
built up a robust m6A RNA methylation regulators-based molecular signature that predicts the prognosis of patients 
with HNSCC with high accuracy, which might provide important guidance for therapeutic strategies.
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Introduction

Head and neck squamous cell carcinoma (HN- 
SCC) is the sixth most frequent type of malig-
nant tumors worldwide [1]. It arises from the 
epithelium lining the upper aerodigestive tract 
including the oral cavity, pharynx, and larynx. 
Genetic mutation, environment exposure, viral 
infection and unhealthy lifestyle are the com-
mon risk factors for HNSCC. Although the treat-
ment modalities have been greatly improved in 
the past few decades, the 5-year overall sur-
vival rate for HNSCC remains dismal [2]. If diag-
nosed at the early stage, HNSCC is usually cur-
able. However, most patients present in advan- 

ced stages with metastases when the thera-
pies might be futile or aggressive treatment is 
required [3, 4]. Predicting prognosis of HNSCC 
with high accuracy is critical for successful  
clinical managements and personalized medi-
cine. Currently the Tumor, Node, Metastasis 
(TNM) staging system is still the most exten-
sively used prognostic indicator for monitoring 
HNSCC progression. However, it is very com-
mon to observe the phenomenon that the clini-
cal outcome of patients at the same TNM stage 
is significantly different. Therefore, identifica-
tion of novel and reliable prognostic molecular 
signatures is important for the selection of 
most appropriated therapeutic strategies and 
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improving the unfavorable prognosis of patients 
with HNSCC.

N6-methyladenosine (m6A), methylated at the 
N6 position of adenosine, is the most preva- 
lent internal modification that occurs in the 
mRNAs and long noncoding RNA (lncRNA) in 
many eukaryotic species, such as yeast, plants, 
flies and mammalians [5, 6]. m6A methylation 
affects almost every aspect of RNA metabolism 
including, but not limited to, abundance, alter-
native splicing, stability, nuclear export, decay 
and translation [7]. Its regulatory effects are 
modulated by the dynamic interactions among 
its methyltransferases (“writers”), demethylas-
es (“erasers”) and binding proteins (“readers”) 
[8]. m6A methylation is actively involving in 
many important physiological processes such 
as stem cell differentiation and pluripotency, 
circadian periods, embryogenesis and DNA da- 
mage response [9-12]. Accumulative evidence 
has demonstrated that abnormal m6A methyla-
tion modification is closely linked many human 
diseases including cancer [13]. For instance, 
downregulation of the methyltransferases ME- 
TTL3 or METTL14 significantly promoted the 
malignant behaviors of glioblastoma stem cell 
(GSCs). Opposite findings were observed when 
demethylase FTO was suppressed. Mechanisti- 
cally, knockdown of METTL3 or METTL14 pro-
moted ADAM19 expression by affecting its m6A 
enrichment [14]. The expression level of YTH- 
DF2 was dramatically upregulated in pancreat-
ic cancer tissues, and its levels were signifi-
cantly higher in patients at the advanced stag-
es [15]. 

The Cancer Genome Atlas (TCGA) is a large-
scale and landmark cancer genomics program 
which has comprehensive and multi-dimen-
sional data spanning 33 types of cancer [16]. 
Currently, the correlation between m6A RNA me- 
thylation regulators and prognosis of HNSCC 
remains unclear. In this study, we first identified 
the significantly differentially expressed m6A 
RNA methylation regulators between tumor and 
normal samples from TCGA HNSCC dataset. 
The interaction and correlation among the m6A 
RNA methylation regulators were evaluated. 
Based on the expression pattern of m6A RNA 
methylation regulators, consensus clustering 
analysis identified two clusters of HNSCC with 
different clinical outcome. Then a two-gene risk 
signature was built on TCGA HNSCC cohort and 
showed good performance for predicting prog-

nosis. More importantly, this robust prognostic 
signature was successfully validated in another 
independent external HNSCC cohort. 

Materials and methods

Public data source

The RNA-seq transcriptome data and corre-
sponding clinical information of HNSCC sam-
ples as well as the RNA-seq transcriptome data 
of normal control samples were downloaded 
from The National Cancer Institute Genomic 
Data Commons (NCI-GDC) (https://gdc.cancer.
gov/). The RNA-seq data have been normalized 
by Expectation-Maximization (RSEM) approach. 
A total of 502 HNSCC cases and 44 normal 
control samples were included for subsequent 
analysis.

Data pre-processing and differential expres-
sion analysis of m6A RNA methylation regula-
tors

EdgeR package was used for screening the  
differentially expressed genes (DEGs) between 
cancer samples and normal control samples. 
The adjusted P < 0.05 (calculated by Benjami- 
ni & Hochberg procedure) and absolute log2FC 
> 1 were chosen as the cut-off threshold. The 
analyzed results of thirteen currently known 
m6A RNA methylation regulators including ME- 
TTL3, YTHDF1, KIAA1429, YTHDC2, ALKBH5, 
YTHDF2, YTHDC1, ZC3H13, METTL14, FTO, 
WTAP, RBM15 and HNRNPC were obtained.

PPI network construction and correlation 
analysis

The STRING database (http://string-db.org) was 
used for analyzing the protein-protein interac-
tion (PPI) among m6A RNA methylation regula-
tors. Pearson correlation analysis was employ- 
ed to reveal the association among different 
m6A RNA methylation regulators. 

Consensus clustering analysis

To determine whether the expression levels of 
m6A RNA methylation regulators were associat- 
ed with prognosis, the TCGA HNSCC cohort was 
clustered into different groups by consensus 
expression of m6A RNA methylation regulators 
with “ConsensusClusterPlus” in R. The overall 
survival (OS) difference between different clus-
ters was calculated by the Kaplan-Meier meth-
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od and log-rank test. Chi-square test was used 
to compare the distribution of age, gender, gra- 
de and stage between different clusters.

Prognostic signatures generation and predic-
tion

Univariate Cox analysis was performed to eval-
uate the correlation between m6A RNA methy- 
lation regulators and overall survival for TCGA 
HNSCC cohort using survival analysis in R.  
The hazard ratios (HRs) of genes that larger 
than 1 were considered as risky genes, while 
those less than 1 were regarded as protective 
genes. A two-gene prognostic signature (YTH- 
DC2 and HNRNPC) was identified. Multivariate 
Cox regression analysis and akaike informat- 
ion criterion (AIC) method were used to deter-
mine the optimal model. A risk score for each 
patient was calculated as the sum of each 
gene’s score, which was obtained by multiply-
ing the expression of each gene and its coeffi-
cient. The TCGA HNSCC cohort was stratified 
into high-risk group and low-risk group based 
on the median value of the risk scores. The dif-
ference of OS between high-risk group and low-
risk group was calculated by the Kaplan-Meier 
method with a two-sided log-rank test. Receiver 
operating characteristic (ROC) curve was con-
structed to evaluate the prediction accuracy  
of the prognostic model. Chi-square test was 

performed to compare the distribution of clini-
copathological parameters between high and 
low-risk group. Heatmaps were used to visual-
ize the difference with pheatmap R package. 
Univariate and multivariate Cox regression an- 
alyses were used to identify the independent 
prognostic factors for the TCGA HNSCC cohort. 
The survival difference between high-risk gro- 
up and low-risk group stratified by age, gender, 
grade and stage was further evaluated.

The validation patient cohort

The validation study was approved by the Eth- 
ic Committee of the Stomatological Hospital, 
Southern Medical University. The study speci-
mens comprised of 236 patients with HNSCC. 
All the cases were pathologically confirmed. 
The detailed clinicopathological information of 
the validated HNSCC cohort was summarized 
in Table 1. Written informed consent was ob- 
tained from all the participants for the use of 
their tissue specimens.

Real-time PCR

The RNA purification kit (Quick-RNA MicroPrep, 
Zymo Research Corp., Irvine, CA, USA) was 
used to extract the total RNA was extracted 
from tissue specimens based on the manufac-
turer’s instructions. Then SuperScript III Re- 
verse Transcriptase (Invitrogen, Carlsbad, CA, 
USA) was employed to synthesize the comple-
mentary DNAs (cDNAs). The amplification of 
cDNAs were conducted with Light Cycler 480@

SYBR Green I Master Mix (Roche, Applied Sci- 
ence, Indianapolis, IN, USA) using the CFX96 
Real-Time PCR detection system (Bio-Rad Lab- 
oratories Inc., Hercules, CA, USA). Gene expre- 
ssion was normalized against GAPDH and rela-
tive expression levels of YTHDC2 and HNRNPC 
were determined by the 2-ΔΔCt method. The cy- 
cling conditions were as follows: 95°C for 5 
min, 40 cycles of 95°C for 15 sec, 56°C for 30 
sec and 72°C for 30 sec, and 95°C for 60 sec. 

Validation of the prognostic signature

Similarly, the validated HNSCC cohort was 
grouped to high-risk group and low-risk group 
based on their risk scores. Then the difference 
in OS was calculated, and the associations 
between risk score and the clinicopathologi- 
cal parameters of the validated HNSCC cohort 
were evaluated. Univariate and multivariate 

Table 1. The clinical information of the vali-
dated HNSCC cohort
Clinicopathological features Number
Age
    Mean (SD) 60.25 (12.92)
Gender, n (%)
    Male 156 (66.10%)
    Female 80 (33.90%)
Pathological diagnosis
    Squamous cell carcinoma 236 (100%)
Tumor grade
    G1 53 (22.46%)
    G2 103 (43.64%)
    G3 67 (28.39%)
    G4 13 (5.51%)
TNM stage
    Stage I 65 (27.54%)
    Stage II 91 (38.56%)
    Stage III 45 (19.07%)
    Stage IV 35 (14.83%)
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Cox regression analyses were used to deter-
mine whether risk score was an independent 
prognostic factor. The survival difference betw- 
een high-risk group and low-risk group strati-
fied by clinicopathological parameters was also 
examined. 

Statistical analysis

Data analysis was performed with the Graph- 
Pad Prism 7.0 (GraphPad, San Diego, CA, USA). 
All statistical tests were two-sided. A P value  

of less than .05 was considered statistically 
significant. 

Results

The differentially expressed m6A RNA methyla-
tion regulators between tumor samples and 
normal control samples 

Heatmap was generated to visualize the ex- 
pression pattern of m6A RNA methylation regu-
lators between HNSCC cases and normal con-

Figure 1. The expression levels of m6A RNA methylation regulators between tumor samples and normal control 
samples in TCGA HNSCC cohort. A. The heatmap was used to visualize the expression levels of m6A RNA methyla-
tion regulators in each clinical sample. B. The significantly differentially expressed m6A RNA methylation regulators 
between tumor samples and the normal control samples.
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Figure 2. The interaction and correlation among m6A RNA methylation regulators. A. PPI network was constructed to evaluate the interaction among m6A RNA meth-
ylation regulators. B. The Pearson correlation analysis was used to determine the correlation among m6A RNA methylation regulators.



A robust molecular prognostic signature for HNSCC

2161 Am J Cancer Res 2019;9(10):2156-2169

Figure 3. Differential overall survival and grade of TCGA HNSCC patients in the two different clusters. A. Consensus clustering cumulative distribution function (CDF) 
for k = 2 to 10. B. Relative change in area under CDF curve for k = 2 to 10. C. The TCGA HNSCC cohort was divided into two distinct clusters when k = 2. D. The OS 
in the cluster 1 was significantly shorter than that in the cluster 2. E. Significant difference was found for the grade between cluster 1 and cluster 2.
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trols. Red or green color in the plots represent-
ed relatively high or low expression, respective-
ly (Figure 1A). The expression levels of METTL3 
(P < 0.001), YTHDF1 (P < 0.001), KIAA1429 (P 
< 0.001), ALKBH5 (P = 0.003), YTHDF2 (P = 
0.045), METTL14 (P = 0.010), FTO (P = 0.005), 
WTAP (P < 0.001), RBM15 (P < 0.001) and 
HNRNPC (P < 0.001) were significantly overex-
pressed in tumor samples compared to normal 
control samples, while YTHDC2 (P = 0.025) was 
remarkably lower in the cancer specimens. No 
significant difference was found for YTHDC1 (P 
= 0.303) and ZC3H13 (P = 0.508) (Figure 1B).

strated to be the most appropriated selection 
to divide the HNSCC patient cohort into two 
clusters, namely cluster 1 and cluster 2 (Figure 
3A-C). A significant shorter OS was observed in 
HNSCC patients in the cluster 1 than those in 
the cluster 2 (P = 0.035) (Figure 3D). Then the 
associations between the clustering and clini-
copathological features were evaluated. Signi- 
ficant difference was found between the clus-
ter 1 and cluster 2 for the grade (P < 0.05), 
while no significant difference was observed for 
other parameters such as age, gender and 
stage (Figure 3E).

Figure 4. Construction of the prognostic signature based on TCGA HNSCC cohort. A. Univariate analysis of the m6A 
RNA methylation regulators to identify the genes that significantly correlated with OS. B. The OS was remarkably 
shorter in the high-risk group than in low-risk group. C. The distributions of risk scores. D. The distributions of risk 
scores and OS status. The blue and red dots indicated the alive and dead status respectively. E. ROC curve was used 
to evaluate the prediction efficiency of the prognostic signature. F. Significant differences were found for the gender, 
grade and stage between high- and low-risk group.

Figure 5. Identification of the independent prognostic factors in the TCGA 
HNSCC cohort. A. Univariate analysis of the risk score and clinicopathologi-
cal parameters to identify the indicators that significantly correlated with OS. 
B. Multivariate analysis of the risk score and clinicopathological parameters 
to reveal the independent prognostic factors.

The interaction and correla-
tion among the m6A RNA 
methylation regulators

The interactions among the 
thirteen m6A RNA methylat- 
ion regulators were shown in 
Figure 2A. WTAP and MET- 
TL14 seemed to be the hub 
genes of the interaction net-
work. The results of the inter-
action network were further 
supported by the correlation 
analysis. Except for ALKBH5, 
WTAP was correlated with the 
other 11 m6A RNA methyla-
tion regulators. METTL14 was 
associated with all the other 
12 genes. Interestingly, MET- 
TL14 was most correlated 
with WTAP (r = 0.65) among 
all the interactions of m6A 
RNA methylation regulators 
(Figure 2B).

Consensus clustering of m6A 
RNA methylation regulators 
identified two clusters of 
HNSCC with different clinical 
outcomes 

Based on the expression simi-
larity of m6A RNA methylation 
regulators, k = 2 was demon-
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Identification of prognostic signature

Univariate Cox regression was used to identi-
fied the m6A RNA methylation regulators that 
associated with OS in TCGA HNSCC cohort. The 
results demonstrated that YTHDC2 (P = 0.007) 

The prognostic signature-based risk score 
was an independent prognostic factor in TCGA 
HNSCC cohort

Univariate and multivariate Cox regression an- 
alyses were performed to determine whether 

Figure 6. The survival difference between high- and low-risk group stratified 
by clinicopathological parameters in the TCGA HNSCC cohort. A, B. The dif-
ference in OS between high- and low-risk group stratified by age. C, D. The 
difference in OS between high- and low-risk group stratified by gender. E, F. 
The difference in OS between high- and low-risk group stratified by grade. G, 
H. The difference in OS between high- and low-risk group stratified by stage.

and HNRNPC (P = 0.011) we- 
re significantly correlated with 
OS. YTHDC2 was a protective 
gene with HR less than 1 (HR 
= 0.847, 95% CI = 0.751-
0.955), and HNRNPC was a 
risky gene with HR larger th- 
an 1 (HR = 1.013. 95% CI = 
1.003-1.023) (Figure 4A). Th- 
ese two genes were chosen to 
construct the prognostic sig-
nature and the coefficients 
were obtained from the LA- 
SSO algorithm. The risk score 
for each patient was calcu- 
lated with the following for- 
mula: risk score = (-0.176) * 
YTHDC2 + (0.013) * HNRNPC. 
A total of 249 and 250 HN- 
SCC patients were grouped 
into the high-risk group and 
low-risk group, respectively. 
The survival analysis showed 
that the HNSCC patients in 
the high-risk group had a sig-
nificantly shorter overall sur-
vival than those in the low- 
risk group (P = 8.37e-05) (Fig- 
ure 4B). Figure 4C showed 
the distributions of the two 
gene signature-based risk 
scores. The distributions of 
risk scores and OS status 
were displayed in Figure 4D. 
The prognostic signature mo- 
del showed good prediction 
efficiency with the area under 
the ROC curve (AUC) value 
equal to 0.716 (Figure 4E). 
Figure 4F revealed that the 
expression of the YTHDC2 
and HNRNPC in high- and low-
risk group. Significant differ-
ences were found between 
the high- and low-risk groups 
with respect to gender (P < 
0.05), grade (P < 0.001) and 
stage (P < 0.05).
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the prognostic signature-based risk score was 
an independent prognostic indicator. After de- 
leting cases with missing values in age, gen- 
der, grade or stage, a total of 415 cases were 
used for subsequent analysis. The univariate 
analysis showed that the age (P < 0.001, HR  
= 1.024, 95% CI = 1.010-1.039), stage (P < 
0.001, HR = 1.399, 95% CI = 1.157-1.693) and 
risk score (P = 0.005, HR = 1.786, 95% CI = 
1.195-2.669) were significantly correlated with 
the OS (Figure 5A). When these parameters 
were included into the multivariate Cox regres-
sion model, the age (P = 0.001, HR = 1.026, 
95% CI = 1.010-1.043), stage (P < 0.001, HR = 
1.444, 95% CI = 1.186-1.758) and risk score (P 
= 0.013, HR = 1.699, 95% CI = 1.118-2.582) 
were identified as the independent prognostic 
factors (Figure 5B).

The prognostic values of the risk signature for 
different clinicopathological parameters includ-

ing age, gender, grade and stage were further 
investigated. As shown in Figure 6A-H, high-
risk group had significantly shorter OS than 
those in the low-risk group for the cases with 
age > 60 (P = 0.0161), or male cases (P = 
0.0038), or patients at the G1-G2 (P = 0.0087) 
or those at the stage III-IV (P = 0.0382). How- 
ever, no significant difference was found for  
OS between high- and low-risk groups for the 
HNSCC patients with age ≤ 60 (P = 0.1414), or 
female cases (P = 0.3151), or patients at the 
G3-G4 (P = 0.2981), or those at the stage I-II  
(P = 0.1687).

Validation of the prognostic signature

A total of 236 cases were included in the vali-
dated HNSCC cohort. Based on the cut-off 
value of the risk scores, 94 patients were cate-
gorized into high-risk group and the remaining 
142 cases were grouped into low-risk group. 

Figure 7. Validation of the 
prognostic signature in an 
independent HNSCC co-
hort. A. The HNSCC cases 
in the high-risk group had 
a significantly shorter OS 
than those in the low-risk 
group. B. The distributions 
of risk scores. C. The distri-
butions of risk scores and 
OS status. D. Significant 
differences were found for 
the age, gender, grade and 
stage between high- and 
low-risk group.
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The survival analysis showed that the OS was 
significantly shorter in the high-risk group com-
pared to that in the low-risk group (P = 1.56e-
05) (Figure 7A). The distributions of the risk 
scores, OS and OS status were shown in Fig- 
ure 7B and 7C. Significant differences were 
observed for various clinicopathological para- 
meters such as age (P < 0.05), gender (P < 
0.01), grade (P < 0.001) and stage (P < 0.01) 
between high and low-risk group (Figure 7D). 
Univariate analysis revealed that the age (P = 
0.002, HR = 1.029, 95% CI = 1.011-1.048), 
grade (P = 0.020, HR = 1.331, 95% CI = 1.046-
1.693), stage (P < 0.001, HR = 1.630, 95% CI = 
1.334-1.991) and risk score (P < 0.001, HR = 
2.307, 95% CI = 1.675-3.179) were significant-
ly associated with the OS (Figure 8A). Multivari- 
ate analysis showed that stage (P = 0.002, HR 
= 1.390, 95% CI = 1.124-1.717) and risk score 
(P = 0.002, HR = 1.705, 95% CI = 1.220-2.385) 

methylation modifications have been demon-
strated to regulate carcinogenesis of many 
tumor types. However, their role in HNSCC is 
unclear. In this study, we found that most m6A 
RNA methylation regulators were abnormally 
expressed in HNSCC. In addition, based on the 
expression pattern of the thirteen m6A RNA 
methylation regulators, the TCGA HNSCC co- 
hort could be divided into two subgroups with 
significant differences for OS and tumor grade. 
Moreover, based on TCGA HNSCC dataset, a 
robust risk signature including YTHDC2 and 
HNRNPC was constructed and showed good 
performance for predicting the clinical out- 
come of HNSCC. More importantly, this two-
gene signature was further successfully vali-
dated as an independent prognostic marker in 
an external independent HNSCC cohort, indi-
cating that this prognostic model is highly 
robust for prognosis prediction.

Figure 8. Identification of the independent prognostic factors in the validated 
HNSCC cohort. A. Univariate analysis of the risk score and clinicopathologi-
cal parameters to identify the indicators that significantly associated with OS. 
B. Multivariate analysis of the risk score and clinicopathological parameters 
to reveal the independent prognostic factors.

were independent prognos- 
tic indicators (Figure 8B). As 
shown in Figure 9A-H, the OS 
rate was significantly lower in 
the high-risk group compared 
to that in the low-risk group 
for the cases with age > 60  
(P = 0.0007), or cases with 
age ≤ 60 (P = 0.0040), or 
male cases (P < 0.0001), or 
patients at the G1-G2 (P = 
0.0338), or patients at the 
G3-G4 (P = 0.0109) or those 
at the stage I-II (P < 0.0001). 
However, no significant differ-
ence was found for OS betw- 
een high- and low-risk groups 
for the female cases (P = 
0.2637), or patients at the 
stage III-IV (P = 0.2726).

Discussion

The initiation and develop-
ment of HNSCC is a multis- 
tep process that involves 
gradually acquisition of ge- 
netic and epigenetic altera-
tions, leading to uncontrolled 
growth and proliferation of 
tumor cells. Therefore, eluci-
dating the underlying molecu-
lar events accounting for the 
tumorigenesis of HNSCC is 
important. Aberrant m6A RNA 
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Consistent with the findings from previous stud-
ies, m6A RNA methylation regulators are aber-
rantly expressed in many types of cancers. For 
instance, the expression levels of WTAP were 
elevated in AML samples and cell lines. In addi-

een high- and low-risk group when the two HN- 
SCC cohorts were stratified by some clinico-
pathological features, the trend that the high-
risk group suffered a more unfavorable clinical 
outcome compared to the low-risk group could 

Figure 9. The survival difference between high- and low-risk group stratified 
by clinicopathological parameters in the validated HNSCC cohort. A, B. The 
difference in OS between high- and low-risk group stratified by age. C, D. The 
difference in OS between high- and low-risk group stratified by gender. E, F. 
The difference in OS between high- and low-risk group stratified by grade. G, 
H. The difference in OS between high- and low-risk group stratified by stage.

tion, knock down of WTAP 
suppressed the proliferation 
and survival of AML cells, in- 
dicating that WTAP might act 
as an oncogene in AML [17]. 
Similarly, METTL3 was upreg-
ulated in the bladder cancer 
tissue samples. Downregula- 
tion of METTL3 inhibited the 
proliferation, migration, inva-
sion capacity of cancer cells 
in vitro and tumor growth in 
vivo, and vice versa [18]. Our 
findings showed that 11 out  
of 13 m6A RNA methylation 
regulators were upregulated 
or downregulated in the HNS- 
CC samples, suggesting that 
these genes might be associ-
ated with the oncogenic ac- 
tivities of cancer cells and/or 
prognosis of HNSCC patients. 
Further studies are warranted 
to determine the underlying 
molecular mechanisms. 

Interestingly, two HNSCC sub-
groups were identified by con-
sensus clustering based on 
the expression of m6A RNA 
methylation regulators. The 
OS and tumor grade were  
dramatically different betw- 
een the two subgroups, indi-
cating that the levels of m6A 
RNA methylation regulators 
are closely associated with 
unfavorable prognosis of HN- 
SCC. One of the major find-
ings in the current study was 
that the two-gene risk signa-
ture including YTHDC2 and 
HNRNPC was built up and 
demonstrated to robustly pre-
dicts the prognosis of pati- 
ents with HNSCC from differ-
ent independent cohorts. Al- 
though no significant differ-
ence was found for OS betw- 
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still be observed. We speculated that increas-
ing the sample size might contribute to detect 
the potential statistical significance. 

Our prognostic model showed that the expres-
sion level of YTHDC2 was positively associated 
with the prognosis of HNSCC, indicating that 
YTHDC2 might act as a tumor suppressor gene 
in HNSCC. Currently, little information is avail-
able for the role of YTHDC2 in tumorigenesis. 
Tanabe et al reported that YTHDC2 was posi-
tively associated with the progression of colon 
cancer and promoted the malignant ability of 
colon cancer cells, suggesting that YTHDC2 
might play an oncogenic role in carcinogenesis 
of CRC [19]. Similarly, downregulation of YTH- 
DC2 suppressed the growth capability of hepa-
tocellular carcinoma cell line [20]. It is entirely 
possible that m6A RNA methylation regulators 
play contradictory roles in different types of 
cancers or even in the same tumor type. For 
instance, METTL3 acted as a tumor suppressor 
gene in endometrial cancer and glioblastoma, 
while functioned as an oncogene in bladder 
cancer [14, 18, 21]. On the contrary, the ex- 
pression of the other gene HNRNPC was nega-
tively correlated with OS in HNSCC, suggesting 
that HNRNPC might be a promoter for HNSCC 
tumorigenesis. Alternative cleavage and poly-
adenylation (APA) is a common phenomenon 
which enhances the cellular repertoire of mRNA 
isoforms. HNRNPC overexpression was found 
in CRC cells and the major regulator of cancer 
progression related genes by modifying APA 
profiles [22]. The expression level of HNRNPC 
was higher in highly invasive GBM cell line and 
HNRNPC upregulation was associated with tu- 
mor grade. In addition, knock down of HNRNPC 
reduced cell proliferation and enhanced eto- 
poside-induced apoptosis, indicating HNRNPC 
acted as an oncogene in GBM [23]. Similarly, 
HNRNPC overexpression was closely with the 
chemoresistance of gastric cancer cells. High 
level of HNRNPC was correlated with unfavor-
able clinical outcome [24].

Conclusion

Collectively, our study has profiled the dramati-
cally altered m6A RNA methylation regulators 
between HNSCC and normal controls, which 
might play a crucial role in the progression of 
HNSCC. More importantly, a robust prognostic 
signature that significantly associated with the 
unfavorable clinical outcome of HNSCC was 

constructed and validated in two different inde-
pendent HNSCC cohorts, indicating that this 
prognostic signature might serve as promising 
molecular biomarkers for monitoring HNSCC 
development and provide important guidance 
for selecting therapeutic strategies. 
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