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Abstract: Head and neck squamous cell carcinoma (HNSC) is one of the most lethal malignancies around the 
globe. Due to its complex nature, the diagnostic and prognostic signatures of HNSC remain poorly understood. This 
study was launched to identify signature genes and their signaling pathways related to the development of HNSC. 
In the current study, we retrieved the GSE53819 dataset from the Gene Expression Omnibus (GEO) database to 
determine the differentially expressed genes (DEGs) using the “Limma” R package. Adjusted P values P < 0.05 
and |logFC| ≥ 1 were selected as the filtering conditions. To identify hub genes, the protein-protein interaction 
(PPI) network construction of the DEGs was performed using STRING. We further used UALCAN, GEPIA, OncoDB, 
GENT2, MEXPRESS, and HPA databases for the expression, validation, survival, and methylation analyses of the 
hub genes. The cBioPortal tool was used to investigate the genetic alterations in hub genes. CancerSEA, TIMER, 
DAVID, ENCORI, and DrugBank were also used to explore a few more hub gene-associated parameters. Lastly, HOK, 
FaDu, and SCC25 cell lines were used to validate hub gene expression via RNA sequencing (RNA-seq) technique. A 
total of top 250 DEGs were selected for detailed analysis in this study. From these DEGs, prognostic and diagnostic 
associated four hub genes, which could serve as potential molecular biomarkers and therapeutic targets in HNSC 
patients were identified. Four hub genes, including down-regulated DNAH1 and DNALI1, while up-regulated DNAH9 
and CCDC151 were strongly implicated in HNSC. We also validated the same expression pattern of the hub genes 
using RNA-seq analysis in HNSC and normal cell lines. Moreover, this study also revealed some novel links between 
DNAH1, DNALI1, DNAH9, and CCDC151 expression and genetic alterations, promoter methylation status, immune 
cell infiltration, miRNAs, gene enrichment terms, and various chemotherapeutic drugs. In conclusion, we indicated 
four hub genes (DNAH1, DNALI1, DNAH9, and CCDC151) and their associated signaling pathways, which may im-
prove our understanding of HNSC and could be used as new therapeutic targets.
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Introduction

Head and neck squamous cell carcinoma 
(HNSC) is a group of different malignancies that 
originate in the oral epithelium, oropharynx, lar-
ynx, and hypopharynx [1]. HNSC is the 6th most 
prevalent cancer type around the globe [2]. In 

the United States (US), a total of 50,000 new 
HNSC cases, and nearly 10,000 mortalities due 
to HNSC were recorded in 2021 [3]. The rate of 
HNSC occurring in whites is increasing by about 
1% a year, and the frequency of HNSC cases is 
reported to be more than twice as high in males 
compared to females [4]. Early detection of can-
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cer is the key feature leading to less spreading 
of the disease, fruitful cancer treatment, and 
better survival outcomes for patients [5].

Cancer development is an extremely complex 
process involving a variety of genetic altera-
tions in the genome, including up-regulation of 
oncogenes and inactivation or down-regulation 
of tumor suppressor genes (TSGs) [6]. Despite 
the availability of advanced treatment options, 
including surgery, radiotherapy, and chemo-
therapy, more than 50% of HNSC patients died 
around the world [7]. Late diagnosis, metasta-
sis of cancer cells from primary to secondary 
sites, and tumor recurrences are the major 
causes of poor prognosis in HNSC patients, 
leading to an increased mortality rate [7]. 
Therefore, the discovery of authentic and more 
effective molecular markers in HNSC patients 
and an understanding of the oncogenic roles of 
these biomarkers is urgently needed.

In this research, we downloaded the GSE53819 
[8] gene expression dataset from the Gene 
Expression Omnibus (GEO) website. This web-
site is developed to publically house gene 
expression datasets of numerous malignancies 
[9]. After downloading, the expression profiles 
of HNSC patients and normal samples in this 
dataset were compared to determine the differ-
entially expressed genes (DEGs). After DEGs 
determination, we constructed a protein-pro-
tein interaction (PPI) network of the DEGs and 
carried out the Molecular Complex Detection 
(MCODE) and Cytohubba analyses for identify-
ing significant gene module and novel genes 
(hub genes) based on the degree-score meth-
od. Lastly, we employed a series of compre- 
hensive bioinformatics analyses to uncover the 
oncogenic roles of the identified hub genes. 
Our study provides a novel piece of information 
on Dynein, axonemal, heavy chain 1 (DNAH1), 
Dynein Axonemal Light Intermediate Chain 1 
(DNALI1), Dynein, axonemal, heavy chain 1 
(DNAH9), and Coiled-coil domain containing 
151 (CCDC151) genes as tumor-promoting fac-
tors, reliable potential molecular biomarkers, 
and therapeutic targets for treatment in HNSC 
patients.

Methodology

Microarray data

First of all, the GEO database [9] was searched 
to find a suitable HNSC dataset. Following the 

completion of the search process, GSE53819 
datasets [8] having gene expression profiles of 
HNSC and normal samples were chosen for fur-
ther investigation. The GSE53819 dataset is 
based on platform GPL6102 (Illumina human-6 
v2.0 expression beadchip). This dataset is free-
ly available on the GEO database.

Determination of the DEGs

The “Limma” package [10] is a widely used 
package for processing GEO datasets in order 
to identify DEGs between user-defined groups. 
After analyzing samples information in the 
GSE53819 dataset, only HNSC and their cor-
responding control samples were chosen from 
this dataset for analysis. In the identification 
process, an adjusted P < 0.05 and |logFC| ≥ 1 
were selected as the DEGs identification 
parameters.

Construction of PPI, module identification, and 
the selection of hub genes

The Search Tool for the Retrieval of Interacting 
Genes (STRING) database [11] with default set-
tings has helped us in the construction of the 
PPI network of the top 250 DEGs, which were 
found in the HSNC samples. The Cytoscape 
software [12] was useful in visualizing and  
analyzing the constructed PPI networks of  
the DEGs. A Cytoscape application, Molecular 
Complex Detection (MCODE) [13], was helpful 
in recognizing the most significant gene mo- 
dule in the constructed PPI network. Another 
Cytoscape application, CytoHubba [14], has 
helped in identify hub genes across the recog-
nized gene module based on the degree-ranked 
method [15]. 

UALCAN database

UALCAN [16], a detailed analysis resource, con-
tains clinical and expression data for more than 
30 types of cancer from the TCGA projects. We 
utilized this resource for the expression analy-
sis of the hub genes in normal samples, and 
HNSC samples of different clinicopathological 
parameters.

GEPIA, OncoDB, and GENT2 databases

In order to further validate hub gene expres-
sions in HNSC tissues and cell lines and to 
check the effect of these gene expression on 
the survival of HNSC patients, we used the 
GEPIA [17], OncoDb [18] and GENT2 [19] data-
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bases for expression analysis. These databas-
es use TCGA projects expression data and 
expression analysis results in the form of box 
plots.

MEXPRESS

OncoDB [18] and MEXPRESS [20] (https://mex-
press.be/) resources were used in our work to 
assess the DNA promoter methylation levels of 
identified hub genes in HNSC.

cBioPortal

The cBioPortal [21] is a freely available resour- 
ce for investigating cancer multi-omics data. In 
the present study, a TCGA HNSC dataset, 
labeled as, “TCGA, Firehose Legacy (530 
cases)”, was used for exploring genetic muta-
tions, mutational hotspots, co-expressed 
genes, promoter methylation levels, and the 
effect of mutations on the survival durations of 
the HNSC patients. 

The human protein atlas (HPA)

The HPA (https://www.proteinatlas.org/) online 
database [22] was used in the present study to 
find the subcellular localization of proteins 
encoded by the hub genes in HNSC cells. 
Moreover, this database has also helped to 
perform hub gene expression analysis at the 
protein level. 

Functional enrichment analysis

GSEA [23], a freely available tool, was utilized in 
the current study to explore DEGs-associated 
GO and KEGG terms across HNSC. The enrich-
ment outcomes of this analysis were presented 
as classical bar charts.

TIMER database

The TIMER database, which has a web-based 
interface, is used to assess immune cell infil-
tration in tumours [24]. In this work, the ex- 
pression of hub genes was compared to the 
immune cell infiltration in HNSC.

The miRNA network of the hub genes

The ENCORI database [25] was used to predict 
the miRNA network of the identified hub genes 
in the current study.

Hub genes’ drug prediction analysis

By considering hub genes as therapeutic tar-
gets in the treatment of HNSC, we conducted 
the DrugBank analysis to identify hub genes’ 
associated drugs. This database provides a 
detailed account on the mechanistic details of 
different drugs targeting hub gene expression 
[26].

RNA-seq based in vitro validation of the hub 
genes expression

Three human cell lines, i.e., two HNSC (FaDu, 
and SCC25) and one normal human oral kerati-
nocyte (HOK) cell lines were purchased from 
the ATCC (American Type Culture Collection). All 
cell lines were cultured in DMEM (HyClone), 
supplemented with 10% fetal bovine serum 
(FBS; TBD, Tianjin, China), 1% glutamine, and 
1% penicillin-streptomycin in 5% CO2 at 37°C. 
Total RNA was extracted from cells using 
TRIzol® reagent (Life Technologies [Thermo 
Fisher Scientific], Carlsbad, CA, USA) according 
to the manufacturer’s protocol, and sent to 
Beijing Genomics Institute (BGI) company for 
further RNA-seq detection and analysis using 
the MGISEQ-2000 sequencer. The Dr. Tom net-
work platform (http://report.bgi.com) devel-
oped by the BGI was used to obtain fragments 
per kilo base million reads FPKM expression 
values. The obtained FPKM values against hub 
genes in HNSC and normal oral keratinocyte 
(HOK) cell lines were compared using a t-test to 
identify differences in the expression levels.

Statistics details for in silico analyses 

DEGs were identified using a t-test [27]. While 
for GO and KEGG enrichment analysis, we used 
Fisher’s Exact test for computing statistical dif-
ference [28]. Correlational analyses were car-
ried out using the Pearson method. For com-
parisons, a student t-test was adopted in the 
current study. All the analyses were carried out 
in R version 3.6.3 software.

Results

DEGs identification

As highlighted in Figure 1A-C, based on the 
selection criteria (mentioned in the method 
section), a total of 11331 DEGs were found 
between the HNSC and normal samples group 
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across GSE53819 dataset. Finally, out of the 
total identified 11331 DEGs, the top 250 DEGs 

with high reliability were chosen for further 
analysis in this study.

Figure 1. A comparison between expression profiles of samples, volcano graphs of DEGs, and a total count of DEGs 
in GSE53819 microarray dataset. (A) A comparison between expression profiles of samples in GSE53819 microar-
ray dataset, (B) A volcano graph of the DEGs observed in GSE53819 microarray dataset, and (C) A total count of 
DEGs and non-DEGs in GSE53819 microarray dataset.
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PPI network and hub genes selection

With the help of STRING, the PPI network of the 
top 250 DEGs was constructed. In this step, the 
isolated, non-interacting nodes were removed 
from the network. After construction, the ulti-
mately visualized PPI network was consisted of 
87 nodes and 212 edges (Supplementary 
Figure 1A). Cytoscap-based plug-in applica-
tions (MCODE and Cytohubba) were used to 
analyze significant module and hub genes in 
the network, respectively. According to the 
MCODE analysis, the significant module was 
consisted of 16 nodes in the network 
(Supplementary Figure 1B, 1C). According to 
the Cytohubba analysis, Dynein, axonemal, 
heavy chain 1 (DNAH1), Dynein Axonemal Light 
Intermediate Chain 1 (DNALI1), Dynein, axone-
mal, heavy chain 1 (DNAH9), and Coiled-coil 
domain containing 151 (CCDC151) genes with 
the most stable degree scores were the hub 
genes across the selected gene module 
(Supplementary Figure 1D). 

mRNA expression analysis

Based on the DEGs analysis of the GSE53819 
dataset, out of the four identified hub genes 
(DNAH1, DNALI1, DNAH9, and CCDC151), 
DNAH1 and DNALI1 were found to be down-
regulated while DNAH9 and CCDC151 were up-
regulated in HNSC samples. We further ana-
lyzed the mRNA expression of the hub genes 
via UALCAN to check the expression behavior of 
these genes in HNSC samples with different 
clinical parameters and normal controls across 
TCGA projects. As shown in Figures 2 and 3, 
the mRNA expression of the DNAH1 and DNALI 
was significantly down-regulated, while the 
mRNA expression of DNAH9 and CCDC151 was 
notably higher in HNSC samples with different 
clinical parameters (cancer stage, race, and 
gender) than in normal tissue (Figures 2 and  
3). The findings of the UALCAN analysis were 
consistent with the findings obtained from the 
microarray dataset.

Verification of the hub genes expression and 
survival analysis 

Three additional databases (GEPIA, OncoDB, 
and GENT2) were further employed in the cur-
rent study for the mRNA expression validation 
of DNAH1, DNALI1, DNAH9, and CCDC151 hub 
genes in HNSC patients cohorts and cell lines. 
As shown in Figure 4A and 4B, According to 

GEPIA, OncoDB databases, the mRNA expres-
sion of DNAH1 and DNALI1 was significantly 
down-regulated while mRNA expression of 
DNAH9 and CCDC151 was significantly down-
regulated in HNSC patient samples compared 
to the controls. In addition to this, the mRNA 
expression profiling of the DNAH1, DNALI1, 
DNAH9, and CCDC151 genes across HNSC cell 
line samples via GENT2 analysis also confirmed 
the down-regulation of DNAH1 and DNALI1 
while up-regulation of DNAH9 and CCDC151 
(Figure 4C). Then, we explored the prognostic 
values of DNAH1, DNALI1, DNAH9, and 
CCDC151 gene in HNSC patients using 
“Survival” option of the GEPIA database. 
Results of the analysis highlighted that the 
lower expression of DNAH1 and DNALI1 while 
higher expression of DNAH9 and CCDC151 are 
linked with the worst OS of the HNSC patients 
(Figure 4D). Therefore, it is speculated that hub 
genes could be employed as an accurate prog-
nostic model to predict HNSC patient survival 
rates.

Subcellular localization, protein expression 
validation, and survival analysis of the DNAH1, 
DNALI1, DNAH9, and CCDC151

Through HPA database, the subcellular loca- 
tion of DNAH1, DNALI1, DNAH9, and CCDC151 
in HNSC cells was noted. For DNAH1 and 
DNALI1, these proteins were mainly enriched  
in centrosome (Figure 5A), the DNAH9 localiza-
tion was found nucleoplasm, plasma mem-
brane, and cytosol (Figure 5A), and CCDC151 
localization was enriched in Golgi apparatus 
and vesicles (Figure 5A). An immunohisto- 
chemistry (IHC)-based protein expression of 
the DNAH1, DNALI1, DNAH9, and CCDC151 
was analyzed in HNSC samples relative to con-
trols via HPA. As a result, the expressions of 
DNAH1, DNALI1 genes were not detected in  
the normal tissue (staining = not detected) rela-
tive to HNSC, whereas the medium expression 
of these genes were detected (staining = medi-
um) in HNSC samples (Figure 5B). Moreover, 
the higher expressions of DNAH9 and CCDC- 
151 (staining = medium) were also found in 
HNSC samples relative control samples (stain-
ing = not detected) (Figure 5B).

Methylation status of DNAH1, DNALI1, DNAH9, 
and CCDC151

We examined the methylation status of DNAH1, 
DNALI1, DNAH9, and CCDC151 in HNSC sam-
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Figure 2. mRNA expression profiling of DNAH1, DNALI1, DNAH9, and CCDC151 via UALCAN. (A) A heatmap of DNAH1, DNALI1, DNAH9, and CCDC151 hub genes 
in HNSC sample group and normal control group, and (B) Box plot presentation of DNAH1, DNALI1, DNAH9, and CCDC151 hub genes mRNA expression in HNSC 
sample group and normal control group.
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Figure 3. Expression profiling of DNAH1, DNALI1, DNAH9, and CCDC151 in HNSC samples of different clinical variables relative to controls via UALCAN. (A) Expres-
sion profiling of DNAH1 in HNSC samples of different clinical variables, (B) Expression profiling of DNALI1 in HNSC samples of different clinical variables, (C) Expres-
sion profiling of DNAH9 in HNSC samples of different clinical variables, and (D) Expression profiling of CCDC151 in HNSC samples of different clinical variables.



HNSC biomarkers

1267 Am J Cancer Res 2023;13(4):1259-1277



HNSC biomarkers

1268 Am J Cancer Res 2023;13(4):1259-1277

ples via the MEXPRESS and OncoDB databas-
es to understand the mechanisms behind the 
dysregulation of these genes. Results showed 
that DNAH1, DNALI1, DNAH9, and CCDC151 
hub genes were aberrantly methylated, i.e., 
DNAH1 and DNALI1 were hypomethylated while 
DNAH9 and CCDC151 were hypermethylated. 
These aberrant methylation patterns of hub 
genes were extremely correlated with their 
expression levels in HNSC samples (Figure 6).

Hub genes-associated alterations, co-ex-
pressed genes analysis, and methylation level 
confirmation

Next, we further analyzed hub genes-associat-
ed alterations in HNSC samples via cBioPortal. 
All hub genes, including DNAH1, DNALI1, 
DNAH9, and CCDC151 were detected in this 
database. Altogether, 530 HNSC samples were 
analyzed with the help of cBioPortal, and the 
results of this analysis showed that DNAH9  
was the most frequently altered (10% altered 
frequency) gene out of the analyzed four hub 
genes in HNSC samples (Figure 7A). In the  
analyzed HNSC samples, the altered frequen-
cies of other hub genes including DNAH1, 
DNALI1, and CCDC151 were 3%, 1.2%, and 
0.5%, respectively (Figure 7A). Furthermore, 
analysis from cBioPortal also revealed that 
HNSC patients with alterations in hub genes 
had worse OS and DFS than those HNSC 
patients who did not have any kind of altera-
tions in the hub genes (Figure 7B). In terms of 
highly co-expressed genes with DNAH1, 
DNALI1, DNAH9, and CCDC151, it was not- 
ed that DNAH1-ZMAT1, DNALI1-SERPINF1, 
DNAH9-ZNF18, and CCDC151-CCDC74A were 
the top positively correlated genes in HNSC 
samples (Figure 7C). Ultimately, methylation 
level confirmation analysis from the cBioPortal 
database confirmed that there were substan-
tial negative correlations exist between hub 
genes expressions and their promoter methyla-
tion levels across HNSC samples (Figure 7D).

Gene enrichment analysis

GO enrichment analysis showed that DNAH1, 
DNALI1, DNAH9, and CCDC151 hub genes 

along with their co-expressed genes were 
enriched in CC, including “Inner dynein arm, 
Axonemal dynein complex, Outer dynein arm, 
Dynein axonemal particle, Dynein complex, and 
Axoneme” (Supplementary Figure 2A). MF anal-
ysis showed that DNAH1, DNALI1, DNAH9, and 
CCDC151 hub genes along with their co-
expressed genes were enriched in “Minus-end-
directed microtubule activity, Dynein heavy 
chain binding, Dynein intermediate chain bind-
ing, Microtubule activity, and Cytoskeletal  
activity” (Supplementary Figure 2B). BP analy-
sis showed that these genes were involved in 
“Inner dynein arm assembly, Axonemal dynein 
arm assembly, Outer dynein arm assembly, and 
Sperm axoneme assembly” (Supplementary 
Figure 2C). Pathway analysis revealed that 
these genes were the part of “Hungtington  
disease, Amyotrophic lateral sclerosis, and 
pathways of neurodegeneration” pathways 
(Supplementary Figure 2D).

Immune infiltration analysis

Infiltrating immune cells are the core compo-
nents of the tumor microenvironment and, 
therefore, may contribute to the development 
of cancer [29]. Through TIMER database, we 
revealed the associations among DNAH1, 
DNALI1, DNAH9, and CCDC151 hub genes 
expression and CD8+ T, CD4+ T, and Macro- 
phages immune cell populations in HNSC 
patients. Results highlighted that CD8+ T im- 
mune cell population has significant negative 
correlation with DNAH1, DNALI1, DNAH9, and 
CCDC151 hub genes expression, while CD4+ T, 
and Macrophages immune cell populations 
have significant positive correlations with DN- 
AH1, DNALI1, DNAH9, and CCDC151 hub genes 
expressions in HNSC samples (Supplementary 
Figure 3).

lncRNA-miRNA-mRNA interaction network

Via ENCORI and Cytoscape, we constructed the 
lncRNA-miRNA-mRNA co-regulatory networks 
of DNAH1, DNALI1, DNAH9, and CCDC151. In 
the constructed networks, the total count of 
lncRNAs, miRNAs, and mRNAs were 56, 54, 
and 4, respectively (Supplementary Figure 4). 

Figure 4. Expression validation and survival analysis of DNAH1, DNALI1, DNAH9, and CCDC151. (A) Expression 
validation of DNAH1, DNALI1, DNAH9, and CCDC151 in HNSC and normal samples via GEPIA database, (B) Expres-
sion validation of DNAH1, DNALI1, DNAH9, and CCDC151 in HNSC and normal samples via OncoDB database, (C) 
Expression validation of DNAH1, DNALI1, DNAH9, and CCDC151 in HNSC cell line via GENT2 database, and (D) 
Survival analysis of DNAH1, DNALI1, DNAH9, and CCDC151 in HNSC and normal samples via GEPIA database.
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Figure 5. Subcellular localization and protein expression validation of DNAH1, DNALI1, DNAH9, and CCDC151 via HPA database. (A) Subcellular localization pre-
diction of DNAH1, DNALI1, DNAH9, and CCDC151, and (B) Protein expression validation of DNAH1, DNALI1, DNAH9, and CCDC151 in HNSC and normal samples.

Figure 6. Methylation status exploration of DNAH1, DNALI1, DNAH9, and CCDC151 via MEXPRESS and OncoDB in HNSC and normal samples. (A) Methylation status 
exploration of DNAH1, DNALI1, DNAH9, and CCDC151 via MEXPRESS, and (B) Methylation status exploration of DNAH1, DNALI1, DNAH9, and CCDC151 via OncoDB.



HNSC biomarkers

1271 Am J Cancer Res 2023;13(4):1259-1277

Figure 7. Exploration of genetic alteration frequencies, mutational hotspots, OS, DFS analyses, co-expressed genes, and methylatiom analysis of DNAH1, DNALI1, 
DNAH9, and CCDC151 in HNSC samples via cBioPortal. (A) Types, frequencies, and location of the genetic alterations in DNAH1, DNALI1, DNAH9, and CCDC151, 
(B) OS and DFS analysis of DNAH1, DNALI1, DNAH9, and CCDC151 in genetically altered and unaltered HNSC groups, (C) Identification of co-expressed genes with 
DNAH1, DNALI1, DNAH9, and CCDC151 in HNSC samples, and (D) Promoter methylation analysis of DNAH1, DNALI1, DNAH9, and CCDC151 in HNSC samples.
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Based on the constructed networks, we have 
identified one miRNA (has-let-7b-5p), that tar-
gets all hub genes simultaneously. Therefore, 
we speculate that the identified lncRNAs, has-
let-7b-5p, and hub genes (DNAH1, DNALI1, 
DNAH9, and CCDC151) (Supplementary Figure 
4) as an axis, might also be the potential induc-
ers of the HNSC.

Drug prediction analysis

A selection of suitable candidate drugs for 
reversing DNAH1, DNALI1, DNAH9, and CCD- 
C151 hub genes expression was made by que-
rying the DrugBank database. After the com-
prehensive search, we explored some suitable 
therapeutic drugs for the treatment of HNSC. 
For example, Acetaminophen and Valproic acid 
drugs were identified as the positive expres- 
sion regulators of DNAH1 mRNA expression 
(Table 1) while Valproic acid was identified as 
the negative expression regulator of DNAH1 
mRNA expression (Table 1).

Experimental in vitro validation of the hub 
genes expression

In the current study, through RNA-seq analysis 
of two HNSC (FaDu, and SCC25) and one nor-
mal human oral keratinocyte (HOK) cell line, 
the expression levels of identified four hub 
genes were validated. The expression levels of 
these genes were validated using FPKM, which 
is a quantitative value with widespread use in 
the RNA-seq analysis. As shown in Figure 8, it 
was noticed that DNAH1, DNALI1, DNAH9, and 
CCDC151 hub genes were expressed in all 
three analyzed cell lines, and RPKM values of 
DNAH1 and DNALI1 were significantly lower 
while FPKM values of DNAH9 and CCDC151 
were significantly higher in HNSC cell lines 
(FaDu and SCC25) as compared to normal cell 
line (HOK) (Figure 8).

Discussion

The aim of the current research was to explore 
HNSC involving hub genes and a variety of their 
associated parameters by analyzing and com-
paring the expression profiles of tumor and nor-
mal tissues in the GSE53819 dataset. Finally, 
based on the degree-score method, a total of 
four genes, namely DNAH1, DNALI1, DNAH9, 
and CCDC151 were identified as the hub genes 
between HNSC and normal tissue samples. 
Expression validation analysis at both mRNA 
and protein levels confirmed that DNAH1 and 
DNALI1 were significantly down-regulated while 
DNAH9 and CCDC151 were significantly up-
regulated in HNSC samples relative to normal 
controls. Moreover, expression of these genes 
was also found to be associated with a worse 
prognosis of the HNSC patients.

The DNAH1 gene, that belongs to axonemal 
dynein gene family encodes for the DNAH1 pro-
tein [30]. This protein plays an important role in 
the human reproductive system [31]. Genetic 
alterations in DNAH1 gene were initially report-
ed in different diseases, including ciliary dyski-
nesia disease [32, 33], sperm immobility [34] 
and a few more diseases caused by cilia dys-
function. Recently, genetic alterations (muta-
tions and down-regulation) in the DNAH1 gene 
have been frequently observed among various 
types of malignant cancers, including breast 
cancer [35], colorectal cancer [35], and cervi-
cal cancer [36]. Moreover, mutations in the 
DNAH1 gene were also correlated with chemo-
therapy resistance in gastric cancer patients 
[37]. 

The DNALI1 gene is another important member 
of the axonemal dynein gene family [38]. The 
precise function of DNALI1 gene is still unclear 
[39]. However, this gene is thought to be 
responsible for the cilium movement [38]. Cilia 

Table 1. DrugBank-based hub genes-associated drugs
Sr. No Hub gene Drug name Effect Reference Group
1 DNAH1 Acetaminophen Increase expression of DNAH1 mRNA A20420 Approved

Acetylcysteine A20451
2 DNALI1 Valproic acid Increase expression of DNALI1 mRNA A24688 Approved
3 DNAH9 Valproic acid Decrease expression of DNAH9 mRNA A24688 Approved

Genistein A21119
4 CCDC151 Valproic acid Decrease expression of CCDC151 mRNA A24688 Approved

Estradiol A21424
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are the important little hair-like structures, that 
found on the surface of the cell and perform a 
variety of critical tasks, including the removal of 
unwanted inhaled particles and germs in the 
nose, ears, and lungs etc. [40]. Earlier, the 
genetic mutations and down-regulation of 
DNALI1 have been reported as the causative 
factors of the primary ciliary dyskinesia (PCD) 
disease, which cause defects in cilia develop-
ment and infection of airways [41]. However, 
recent studies also reported the tumor sup-
pressor function of the DNALI1 across different 
types of cancers [42]. The significant down-reg-
ulation of DNALI1 and its association with the 
poor survival of breast cancer patients was 
reported by Parris et al. [42]. The role of DNLI1 
is still unknown in the HNSC development.

The DNAH9 protein in humans is encoded by 
the DNAH9 gene [43]. This protein is involved to 
medicate the movement of cilia on the cell sur-
face [44]. There are several reports available in 
the medical literature, which highlighted the 
tumor-causing role of DNAH9. For example, a 
study by Gruel et al., revealed that DNAH9  
harbors genetic alterations such as missense 

mutations and overexpressed in breast cancer 
patients [45]. Similarly, another report by 
Martini et al., has also highlighted the tumor-
promoting role of DNAH9 overexpression in 
colorectal and cervical cancer patients [46].

The CCDC151 gene encodes for a protein that 
is an integral part of the ODA-complex assem-
bly and is also essential to medicate the move-
ment of cilia on the cell surface [47]. According 
to earlier studies, the genetic mutations and 
expression variations in the CCDC151 gene, 
especially nonsense mutations, can cause  
PCD disease, which is a very complex disease 
to treat [48-50]. Moreover, recent studies 
revealed the overexpression and functional 
loss of the CCDC151 gene in a variety of human 
cancers, including breast cancer [51], prostate 
cancer [52], and gastric cancer [51, 53]. In this 
study, we observed that the mRNA and protein 
expressions of DNAH1, DNALI1, DNAH9, and 
CCDC151 were significantly dysregulated and 
associated with the different clinicopathologi-
cal parameters of the HNSC patients. Earlier, 
the relationship between the identified hub 
genes and HNSC had not been reported in the 

Figure 8. Validating DNAH1, DNALI1, DNAH9, and CCDC151 expressions using HOK, FaDu, and SCC25 cell lines via 
RNA-seq analysis. (A) DNAH1, (B) DNALI1, (C) DNAH9, and (D) CCDC151.
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medical literature, however, the findings of the 
current study indicate that the dysregulation of 
DNAH1, DNALI1, DNAH9, and CCDC151 in 
HNSC samples may be novel biomarkers for the 
early detection of HNSC.

We also performed the promoter methylation 
and alteration analysis of the DNAH1, DNALI1, 
DNAH9, and CCDC151 genes’ in HNSC pa- 
tients. Results showed that the promoter meth-
ylation level of these genes had negative cor-
relations with their expression levels. More- 
over, the results of the alteration revealed that 
DNAH9 was the most frequently altered (10%) 
gene out of the four hub genes in HNSC sam-
ples. To the best of our knowledge, we are the 
first to report the relevancy of the DNAH1, 
DNALI1, DNAH9, and CCDC151 genes’ expres-
sion, promoter methylation, and genetic altera-
tions with the development and progression of 
HNSC.

Pathways analysis showed that DNAH1, DN- 
ALI1, DNAH9, and CCDC151 hub genes were 
part of the “Hungtington disease, Amyotrophic 
lateral sclerosis, and pathways of neurodegen-
eration” pathways in HNSC patients. The onco-
genic roles of these pathways have earlier  
been well-acknowledged in cancer develop-
ment [54-56]. We further confirmed that 
DNAH1, DNALI1, DNAH9, and CCDC151 hub 
genes’ expression were regulated simultane-
ously by hsa-let-7b-5p miRNA in HNSC patients, 
and expressions of these genes were signifi-
cantly related to the immune cell infiltration of 
CD8+ T, CD4+ T, and macrophages. Previously, 
the dysregulation of hsa-let-7b-5p in multiple 
human cancers has been reported in published 
studies, for example in breast cancer [57, 58], 
bladder cancer [59], glioblastoma [57, 60], and 
esophageal cancer [61]. However, any tumor 
suppressor or tumor-causing role of hsa-let-7b-
5p with respect to DNAH1, DNALI1, DNAH9, 
and CCDC151 in HNSC is not reported any-
where. Therefore, to the best of our knowledge, 
this study is the first to report the probable 
cancer-driving role of the hsa-let-7b-5p miRNA 
with respect to DNAH1, DNALI1, DNAH9, and 
CCDC151 hub genes in HNSC.

Conclusion

In conclusion, this study identified and ana-
lyzed four core genes (DNAH1, DNALI1, DNAH9, 
and CCDC151) associated with the develop-

ment and progression of HNSC, which could 
help us better understand the carcinogenesis 
process and provide indicators for prognosis 
and early detection of the disease. 
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Supplementary Figure 1. A PPI network of the top 250 DEGs, a significant module in the constructed PPI network, and a PPI network of the identified hub genes in 
GSE53819 microarray dataset. (A) A PPI network of the top 250 DEGs in GSE53819 microarray dataset, (B, C) A PPI network of the most significant module, and (D) 
A PPI network of identified four hub genes.
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Supplementary Figure 2. Gene enrichment analysis of DNAH1, DNALI1, DNAH9, and CCDC151. (A) DNAH1, DNALI1, 
DNAH9, and CCDC151 associated CC terms, (B) DNAH1, DNALI1, DNAH9, and CCDC151 associated BP terms, (C) 
DNAH1, DNALI1, DNAH9, and CCDC151 associated MF terms, and (D) DNAH1, DNALI1, DNAH9, and CCDC151 as-
sociated KEGG terms.

Supplementary Figure 3. lncRNA-miRNA-mRNA co-regulatory network of DNAH1, DNALI1, DNAH9, and CCDC151 
hub genes. (A) A PPI of miRNAs targeting hub genes, (B) A PPI highlighting most important miRNA (hsa-let-7b-5p) 
targeting all hub genes, and (C) A PPI of lncRNAs targeting hsa-let-7b-5p. Red color nodes: miRNAs, yellow color 
nodes: mRNAs, and Green color nodes: lncRNAs.
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Supplementary Figure 4. Correlation analysis of DNAH1, DNALI1, DNAH9, and CCDC151 hub genes expression with different immune cells (CD8+ T, CD4+ T, and 
Macrophages) infiltration level. (A) DNAH1, (B) DNALI1, (C) DNAH9, and (D) CCDC151.


