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ABSTRACT

Background: This study aimed to use a bioinformatics pipeline to explore the underlying mechanisms and
identify genetic mutations that can be utilized to prognosticate individuals with head and neck squamous
cell carcinoma (HNSCC).

Methods: SNP-related data was accessed using the TCGA database. Mutation and expression analyses were
performed between the mutant samples and wild-type samples. Kaplan-Meier analysis was conducted to
select the candidate mutant genes that affect overall survival. Correlation analysis, GSEA analysis and drug
sensitivity analysis of the candidate genes were performed.

Results: Down-regulation of FAT1, KMT2B, XIRP2 and ZNF347 expression were observed in the tumors
with mutations. Kaplan-Meier analysis indicated that reduced levels of FAT1, XIRP2 was significantly
associated with better overall survival, while reduced levels of KMT2B, and ZNF347 were significantly
correlated to worse overall survival. Additionally, SNPs of the four genes were found to participate in
several pathways associated with HNSCC development. Furthermore, FAT1 mutation was sensitive to
several anti-tumor drugs, such as P1-103, Belinostat and Ruxolitinib.

Conclusion: SNPs in FAT1, KMT2B, XIRP2 and ZNF347 may be used as prognostic biomarkers in the
treatment of HNSCC.

© 2020 Ren Sheng Wang. Hosting by Science Repository.

Introduction

40-50% 5-year survival rate [7]. The current tumor-node-metastasis
(TNM) system is inadequate at predicting prognosis and treatment
benefits as it is entirely anatomy-based. Thus, it is necessary to

Head and neck squamous cell carcinoma (HNSCC) is a frequently
diagnosed type of head and neck cancers [1]. Worldwide, more than
550,000 cases of HNSCC were reported annually, and greater than
300,000 patients die from this disease [2]. It mainly involves the oral
cavity, larynx, oropharynx, and hypopharynx [3]. Genetic mutations,
HPV infections, and environmental risk factors have been considered to
have a crucial role in the development of HNSCC [4]. Approximately
half of all HNSCC patients are originally diagnosed at loco-regionally
advanced disease [5]. The main treatments of HNSCC are surgery,
chemotherapy, radiotherapy, and molecular-targeted drugs [6].
However, the prognosis of HNSCC is still poor, with an approximately

investigate the potential molecular mechanisms by early screening and
intervention in HNSCC patients, as it can lead to the development of
individualized treatment.

In the past decade, bioinformatics analysis based on high-throughput
technologies has been widely utilized to screen biomarkers and detect
significant somatic nucleotide polymorphisms for the diagnosis and
prognosis of cancer [8]. Single nucleotide polymorphisms (SNPs) are the
most common type of DNA change in the human genome [9]. Most
SNPs have no effect on physical health. Nevertheless, some SNPs are
known to be linked with specific responses to medications, vulnerability
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to environmental factors and toxins, disease development and
progression, and drug toxicity [10]. Zhu et al. showed that SNPs that
change conserved amino acids might be linked to cancer susceptibility
[11].

To date, several studies have investigated genetic SNPs in HNSCC,
which facilitates the identification of high-risk patients. Bergmann et al.
showed that two SNPs, Asp299Gly (rs4986790) and Thr399lle
(rs4986791) of TLR4, were associated with the development of HNSCC
[12]. In addition, TLR4 genotype was likely to have an impact on the
success of anticancer treatment. Nagalakshmi et al. indicated that
mutations in the tyrosine kinase domain (TK) of EGFR are more specific
to HNSCC disease at a progressive stage, which may lead to a worse
clinical outcome [13]. Lehnerdt et al. revealed that SNPs of gene GNB3
affect the prognosis of HNSCC patients. However, few studies have
integrated bioinformatics analysis for the identification of SNP-based
biomarkers in HNSCC [14]. Furthermore, the association between SNPs
and the prognosis of HNSCC has not been fully clarified.

Based on available data, the purpose of this study was to perform a
comprehensive analysis of DNA sequence polymorphisms in HNSCC.
We retrieved multiple HNSCC-related SNPs and gene expression data
from The Cancer Genome Atlas (TCGA) database and analyzed it by
integrating our bioinformatics approach. We also built a PPI network of
mutant genes and conducted GO and KEGG pathway analysis. Finally,
we identified mutated genes that were associated with HNSCC
prognosis. Subsequently, correlation analyses, GSEA analysis and drug
sensitivity of the candidate mutant genes were performed.

Materials and Methods
| Data Acquisition and Preprocessing

Messenger RNA (mRNA) and somatic mutation data were accessed
from the TCGA database via Genomic Data Commons (GDC) data
portal (Link) [15]. As the SNP raw data in the TCGA database is not
available to the public, the HNSCC SNP-related data that have been
processed along with the raw mRNA data were downloaded. Raw
mRNA was obtained from 546 samples (44 normal samples and 502
HNSCC samples). The mutations were retrieved from HNSCC sample
SNP data. Level 3 FPKM data of mMRNA was integrated and standardized
by limma package of R software, and differentially expressed genes
(DEGS) in HNSCC and normal samples were screened with the criteria
of |log; fold change[>1 and P<0.05. Mutated genes were analyzed by the
VarScan method.

Il Pathway Enrichment Analysis

In order to determine the role of the mutant genes in signaling
transduction, genes in more than 15 mutant samples underwent Gene
Ontology (GO) enrichment analysis and the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways using ClusterProfiler package
of R software. Thus, we were able to extract the HNSCC-related
pathways and biological function, such as biological process (BP),
cellular component (CC), molecular function (MF). P-value of <0.05
was set as the cut-off.
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111 Construction of PPI Network and Analysis of Mutation and
Expression

To better assess the protein interactions among genes present in 15 or
more mutant samples systematically, we input them into the STRING
11.5 (Search Tool for the Retrieval of Interacting Genes/Proteins)
database, and interactions with score >0.3 were selected [16]. STRING
is a widely used system of known and potential protein-protein
interactions (PPls). The PPl networks were visualized through
Cytoscape software (version 3.70). To elucidate the function of
mutations in HNSCC development, we further analyzed gene expression
among mutated and wild samples bases in the TCGA database. P
value<0.05 represents statistical significance.

IV Association of Selected Mutant Genes with HNSCC Survival

GEPIA is an advanced interactive web server for researchers to analyze
RNA sequencing data from 9,736 tumors and 8,587 normal samples
from TCGA and GTEx projects by using a conventional processing
pipeline [17]. Survival plots were utilized to assess the effect of genes
with more than 15 mutant samples on the overall survival of HNSCC
patients based on the standard of p-value<0.05. Differentially expressed
mutant genes were considered as candidate mutant genes that may relate
to the prognosis of HNSCC.

V GSEA Analysis of the Mutant Genes

The GSEA (Gene set enrichment analysis) approach was utilized to find
out the differentially expressed pathways between high-expression and
low-expression of candidate mutant genes. GSEA 4.0 (JAVA version)
was performed using the Gene Set Enrichment Analysis website (Link)
with the MSigDB [18]. After performing 1000 permutations, phenotypes
with a false discovery rate (FDR) of < 0.05 represented statistical
significance.

VI Drug Sensitivity of the Mutant Genes

GSCALite is a web-based database for gene set cancer analysis (Link).
It contains analytic modules data from 3 major sources, including multi-
omics information from TCGA, drug sensitivity information of
Genomics of Drug Sensitivity in Cancer (GDSC) and Cancer
Therapeutics Response Portal (CTRP) database. Drugs sensitivity data
as well as gene expression profiling data of cancer cell lines from GDSC
and CTRP database were integrated into GSCAL.ite. The expression of
every gene was determined using Spearman correlation analysis using
small molecule/drug sensitivity (ICsp). Any correlation with a false
discovery rate (FDR< 0.05) was considered significant.

Result

I Landscape of Mutation Profiles and Screening Differentially
Expressed Genes

Somatic mutation profiles of 477 HNSCC samples from the TCGA
database were downloaded. We applied the “Genvis” package of R
software to visualize the results according to the mutated genes.
Mutation information of the genes was shown in waterfall plot (Figure
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1). The result exhibited the presence of 689 mutated genes in greater than
15 samples. Among them, 20 genes were mutated in greater than 50
samples. The top 5 genes with the most significant mutations were tumor
protein p53 (TP53), titin (TTN), FAT atypical cadherin 1 (FAT1), mucin
16, cell surface associated (MUC16), cyclin-dependent kinase inhibitor
2A (CDKN2A). In addition, gene expression data of 546 samples,
including 44 normal samples and 502 HNSCC samples, were

downloaded from the TCGA database with the criteria of |log, fold
change>1 and P<<0.05. Overall, 8634 genes were recognized as DEGs
in the HNSCC gene set, with 6536 increased and 2098 decreased genes,
as showed in (Figure 2).
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Figure 1: Landscape of genes that mutated in greater than 50 HNSCC samples. A) Top 20 genes with the most significant mutations. B) Translational
effect. C) Mutation type.
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Figure 2: Volcano plot of differentially expressed genes. The x-axis
indicates the gene level differences through a log transformed fold
change. The y-axis indicates significance by —log;, transformed p-value
value. Red dot indicates up-regulated genes and green dot indicates
down-regulated genes.
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11 Analysis of Functional and Pathway Enrichment

In order to further explore the functional role of mutated genes in greater
than 15 samples and key pathways in HNSCC patients, GO function and

Clin Oncol Cancer Biol doi:10.31487/j.COCB.2020.01.04

KEGG pathway enrichment analyses were performed. As shown in
(Supplementary Figure 1), GO analysis indicated that the mutated genes
were mainly enhanced in cell-cell adhesion through plasma-membrane
adhesion molecules of a biological pathway. For cell compartments,
mutated genes were largely enriched in the extracellular matrix. For
molecular function, mutated genes were highly enriched in actin binding.
KEGG pathway enrichment analyses identified that those mutated genes
were largely found in human papillomavirus (HPV) infection, focal
adhesion and PI3K—Akt signaling pathway.

111 Assessment of PPI Network and Analysis of Mutation and
Expression

All mutated genes in greater than 15 samples were submitted to
STRING, and a PPI network was constructed. We visualized the PPI
network via the Cytoscape software. As shown in (Supplementary
Figure 2), a total of 667 nodes and 7132 edges were identified for these
genes. Gene expression analysis between mutated samples and wild-type
samples were performed. Results indicated that the expressions of the
four genes in the mutant samples were significantly lower than wild
samples, including FAT1, KMT2B, XIRP2 and ZNF347, as shown in
(Figure 3).
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Figure 3: The connection among mutation and expression in FATL,
KMT2B, XIRP2 and ZNF347. A) FAT1. B) KMT2B. C) XIRP2. D)
ZNF347. Expression levels of FAT1, KMT2B, XIRP2 and ZNF347 in

the mutant HNSCC samples were reduced.
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Figure 4: Kaplan-Meier survival plot for the overall survival between
high and low expression of FAT1, KMT2B, XIRP2 and ZNF347. A)
FAT1.B) KMT2B. C) XIRP2. D) ZNF347. High levels of FAT1, XIRP2
was associated with worse overall survival, while high expression of
KMT2B, ZNF347 were associated with better overall survival.
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Figure 5: Comparison of Kaplan-Meier survival base on GEPIA
database. A) FAT1. B) KMT2B. C) XIRP2. D) ZNF347. FAT1 and
XIRP2 were negatively associated with survival rate, while KMT2B and
ZNF347 were positively associated with survival rate.
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ZNF347.
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IV Survival Analysis of FAT1, KMT2B, XIRP2 and ZNF347

The survival analysis of HNSCC patients with high and low expressions
of the four genes (FAT1, KMT2B, XIRP2 and ZNF347) was performed
by the Kaplan-Meier method combined with follow-up data. As shown
in (Figure 4), results from Kaplan-Meier analysis indicated that
increased expression levels of FAT1 and XIRP2 were correlated to
worse overall survival. However, reduced expression of KMT2B and
ZNF347 were correlated to worse overall survival. In addition, a
comparison of Kaplan-Meier survival base on GEPIA also indicated that
FAT1 and XIRP2 were negatively associated with survival rate, while
KMT2B and ZNF347 were positively associated with survival rate
(Figure 5).
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V GSEA Analysis and Drug Sensitivity of the Four Mutated
Genes

FAT1, KMT2B, XIRP2 and ZNF347 expression were separately
allocated into a high and low-expression group based on median gene
expression levels. As shown in (Figure 6), GSEA analysis was then
conducted to identify KEGG pathways that were differentially regulated
by FAT1, KMT2B, XIRP2 and ZNF347 among the high and low
expression group, furthermore, we utilized GSCALite platform to
analyze drug sensitivity of mutated FAT1, KMT2B, XIRP2 and ZNF347
(Figure 7). The results indicated that mutation of FAT1 was sensitive to
PI1-103, Belinostat and Ruxolitinib, both in CTRP and GDSC database.
On the other hand, mutation of KMT2B was resistant to
necrosulfonamide, PX-12, and panobinostat in the CTRP database.
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Figure 7: Drug sensitivity and resistance analysis for mutation of FAT1, KMT2B, XIRP2 and ZNF347 in CTRP and GDSC database. A) CTRP database.
B) GDSC database. The blue represents drug sensitivity, while red represent drug resistance. The size of the nodes represents the level of significance.
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Discussion

HNSCC is a type of malignant epithelial tumor arising from the
dysregulation of multiple genes [19]. Disease-specific survival in
HNSCC is poor, particularly when the tumor locally invades adjacent
healthy tissue and metastasizes to cervical lymph nodes. In recent years,
SNPs in genes have been studied in the initiation and processes of many
cancers and are promising biomarkers for diagnosis and individual
therapy [20]. Therefore, it is necessary to explore the role of genetic
variation in HNSCC and investigate underlying molecular mechanisms
involved in the development of HNSCC.

In this study, we utilized bioinformatics to screen DEGs and mutant
genes in HNSCC samples based on the TCGA database. GO term
analysis indicated that the mutant genes were substantially highly
enriched in biological processes such as cell-cell adhesion via plasma-
membrane adhesion molecules. KEGG pathway data indicated that these
mutant genes were significantly enriched in HPV infection, focal
adhesion and PI3K-Akt signaling pathway. Result from KEGG and GO
term enrichment analysis demonstrated the potential mechanisms of
mutant genes in the development of HNSCC.

On the other hand, results from mutation and expression analyses
indicated that expression levels of FAT1, KMT2B, XIRP2 and ZNF347
in the mutant HNSCC samples were reduced. Kaplan-Meier survival
analysis showed that high levels of FAT1, XIRP2 was associated with
worse overall survival, while low expression of KMT2B, ZNF347 were
associated with poor overall survival. FAT1 is a part of the cadherin gene
superfamily. It was previously described to be a tumor-suppressor gene
and has a vital function in directed cell migration and modulating cell-
cell contact [21]. A study demonstrated that the inactivation of FAT1
through somatic mutations or deletions is found in multiple human
cancers to promote tumorigenesis, including HNSCC [22]. However,
whether the expression level affects the overall survival of patients with
HNSSC is worth exploring further. Kim et al. indicated that mutation of
FAT1 was significantly associated with longer overall survival in
HNSCC; the result was consistent with this study [23]. Additionally,
results from GSEA analysis in the study showed that mutation of FAT1
is associated with the oxidative phosphorylation pathway. A report
revealed that an extensive range of oxidative phosphorylation deficits
could reduce the accessibility of ATP in the process of malignancies and
tumor cell expansion [24].

KMT2B is a gene that plays a role in histone modification [25]. Previous
studies suggested that SNPs in KMT2B were significantly associated
with endometrial carcinoma, esophageal sarcomatoid carcinoma and
colorectal cancer [26-28]. In this study, GSEA analysis indicated that
SNPs in KMT2B were significantly enriched in the proteasome pathway.
The proteasome pathway is a vital regulator of cell-cycle arrest and
apoptosis, and dysregulation of the proteasome might have an impact on
tumor advancement, drug resistance, and varied immune surveillance
[29]. Thus, the proteasome pathway is a promising and new treatment
target in cancer.

XIRP2, also called CMYAS3, is a part of the actin-binding Xin-repeat-

containing protein family, the vital role of mutated XIRP2 has been
reported in bladder cancer [30]. ZNF347, also known as ZNF1111, is

Clin Oncol Cancer Biol doi:10.31487/j.COCB.2020.01.04

ubiquitously expressed in the salivary gland. GSEA analysis revealed
that SNPs in XIRP2 were involved in the extracellular matrix (ECM)-
receptor interaction pathway, and SNPs in ZNF347 were involved in the
ribosome pathway. The ECM could directly affect the process of tumor
shedding, adhesion, degradation, movement, and hyperplasia [31]. ECM
is strongly expressed in prostate cancer tissue and participates in the
lymphatic metastasis of gastric carcinomas [32, 33]. Ribosomes are
responsible for translating the mRNAs into functional proteins [34]. Li
et al. showed that the expression of p90 ribosomal S6 kinase 2 (RSK2)
is linked with the invasive and metastatic potential of cancer cells [35].
In addition, Sim et al. indicated that some human ribosomal genes
including RPeL27, RPeL 43, and RPeL41 were significantly upregulated
in nasopharyngeal carcinoma cell lines compared to normal control at
both transcript and protein levels [36].

The examination of drug sensitivity and resistance to the four mutant
genes was performed based on GSCAL.te data, as gene polymorphism
may have an impact on clinical responses to therapy and can serve as a
possible biomarker for drug selection. The results of GSCAL.ite showed
that mutation of FAT1 was sensitive to PI-103, Belinostat and
Ruxolitinib both in CTRP and GDSC database. These drugs have an
anticancer effect that may contribute to the treatment of HNSCC. PI-103
is a novel lipid kinase inhibitor that targets the PI3K signaling pathway
with high antitumor activity in glioma, non-small cell lung cancer cells
and human leukemic cell lines, because of its ability to simultaneously
block P13Kalpha and both mTOR complexes [37]. Belinostat, a type of
histone deacetylase inhibitor, might serve as a promising compound due
to its strong anticancer activity [38]. Lu et al. reveal that Belinostat
inhibited tumor cell growth by inactivating the Wnt/B-catenin signaling
pathway and promoting apoptosis via regulation of the PKC pathway in
breast cancer [39]. Ruxolitinib, a small molecule inhibitor of Janus
Kinases 1/2 (JAK 1/2), is recently being evaluated as a combination
therapy along with chemotherapeutics, such as Paclitaxel and
Capecitabine, for the therapy of pancreatic cancer, breast cancer, and
ovarian cancer [40].

Conclusion

In conclusion, the results of this study reveal that mutations in FATL,
KMT2B, XIRP2 and ZNF347 were substantially relevant to its
corresponding expression level and were participated in several
pathways associated with HNSCC development. Kaplan-Meier survival
analysis revealed that the expression level of FAT1, KMT2B, XIRP2
and ZNF347 was significantly associated with overall survival. In
addition, this study identified several drugs that demonstrated sensitivity
or resistance to the four mutated genes in CTRP and GDSC database.
The results from this study may contribute to the evaluation of prognosis
and development of future individualized HNSCC treatment.
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Supplementary Figure 1: Gene Ontology and Pathway analysis of genes that mutated in greater than 15 samples. A) GO term analysis. B) KEGG
pathway analysis. Different colors represent different significances, and different sizes represent the number of genes.

it e, Supplementary Table 1: The top 10 genes most relevant to FAT1.

Gene 1

Gene 2

Cor

P-value

Supplementary Figure 2: Protein-protein interaction network of the

genes that mutated in greater than 15 samples.
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FATL FATL 1 0

FATL LUZP1 0554 3.42E-45

-1 FATL PLEC 0.545 1.18E-43

FAT1 ITGB4 0541 7.81E-43

FAT1 ANO6 0537 3.86E-42

FAT1 CAMSAP?2 0521 2.22E-39

i FATL COX7C -0.429 6.93E-26

FAT1 cCDC12 -0.428 1.11E-25

£ FATL ATPSPF -0.424 2.73E-25
: FATL UQCRQ -0.422 5.56E-25
FATL DBI -0.417 2.33E-24
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Supplementary Table 2: The top 10 genes most relevant to KMT2B.

Gene 1 Gene 2 Cor P-value
KMT2B KMT2B 1 0
KMT2B PROSER3 0.941 1.13E-258
KMT2B ARHGAP33 0.68 1.80E-75
KMT2B PSENEN 0.594 2.03E-53
KMT2B LIN37 0.592 6.29E-53
KMT2B AC002398.1 0.567 8.10E-48
KMT2B U2AF1L4 0.56 1.97E-46
KMT2B TOGARAM1 0.536 6.70E-42
KMT2B PHF21A 0.492 1.32E-34
KMT2B KLHL28 0.478 1.79E-32
KMT2B TMEM147-AS1 0.46 6.88E-30

Supplementary Table 3: The top 10 genes most relevant to XIRP2.

Gene 1 Gene 2 Cor P-value
XIRP2 XIRP2 1 0

XIRP2 C10o0rf71 0.954 5.09E-287
XIRP2 ACTN2 0.95 3.17E-278
XIRP2 NRAP 0.948 1.98E-272
XIRP2 NEB 0.946 2.68E-269
XIRP2 ZNF106 0.938 8.20E-252
XIRP2 CMYAS5 0.933 7.35E-243
XIRP2 ALPK3 0.932 4.25E-241
XIRP2 TXLNB 0.925 4.29E-230
XIRP2 TRDN 0.922 1.05E-226
XIRP2 PDE4DIP 0.918 2.15E-220

Supplementary Table 4: The top 10 genes most relevant to ZNF347.

Gene 1 Gene 2 Cor P-value
ZNF347 ZNF347 1 0
ZNF347 AC022150.2 0.64 3.23E-64
ZNF347 AC092070.2 0.637 1.80E-63
ZNF347 ZNF570 0.635 5.38E-63
ZNF347 ZNF813 0.634 9.45E-63
ZNF347 ZNF701 0.619 4.99E-59
ZNF347 ZNF542P 0.603 2.43E-55
ZNF347 ZNF569 0.578 4.60E-50
ZNF347 ZNF329 0.573 6.78E-49
ZNF347 ZFP28 0.563 5.30E-47
ZNF347 ZNF320 0.551 9.69E-45
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