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Objectives: Oral cancer is the ninth most common cancer worldwide and a leading cause of
cancer-related death. Oral squamous cell carcinoma (OSCC) accounts for 90% of all oral can-
cers. Autophagy is a conserved essential catabolic process related to OSCC. The aim of this
study was to elucidate diagnostic and prognostic autophagy-related biomarkers in OSCC.
Methods: The OSCC gene expression data set was obtained from the Gene Expression Omni-
bus (GEO) database. Differentially expressed genes (DEGs) between the OSCC samples and
adjacent healthy tissues were identified by R software. The Human Autophagy Database
was screened, which revealed 222 autophagy-related genes. The autophagy-related DEGs
were identified. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analyses were applied. Protein—protein interaction network analysis was per-
formed in the STRING database. cytoHubba in the Cytoscape software was applied to deter-
mine the top 10 hub genes. The data set of patients with OSCC from The Cancer Genome
Atlas (TCGA) was used to evaluate the prognostic value of the 10 hub genes. The associa-
tion between prognosis-related hub genes and immune infiltrates was explored.
Results: Twenty-seven autophagy-related DEGs were identified. The top 10 hub genes were
CCL2, CDKN2A, CTSB, CTSD, CXCR4, ITGA6, MAP1LC3A, MAPK3, PARP1, and RAB11A. ITGA6
was identified as the most efficient biomarker. Receiver operating characteristic curve
analysis indicated that ITGA6 had the highest diagnostic accuracy for OSCC (area under the
curve = 0.925). ITGA6 expression was significantly related to immune infiltrates.
Conclusions: The autophagy-related gene ITGA6 might be an efficient diagnostic and prog-
nostic biomarker in OSCC.
© 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

including buccal mucosa, tongue, vermilion border of the lip,
floor of the mouth, palate, and gingiva.* Oral squamous cell

Oral cancer is the ninth most frequently occurring cancer
worldwide and a leading cause of cancer-related death.’
About 350,000 new cases of oral cancer were diagnosed in
2018, with approximately 170,000 associated deaths.” Oral
cancer is highly prevalent in India and Southeast Asia, repre-
senting approximately 40% of all malignancies, compared to
about 4% in Western countries.” Oral cancer generally refers
to malignant lesions that originate in the oral cavity,
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carcinoma (OSCC), which is an aggressive malignancy associ-
ated with high morbidity and mortality, accounts for 90% of
all oral tumours.” Main risk behaviours for OSCC include
tobacco smoking, alcohol consumption, and betel nut chew-
ing. Moreover, environmental risk factors and genetic factors
increase the incidence of OSCC.° Betel nuts caused up to
8,222 cases of OSCC in Changsha, the capital city of Hunan
province in China, resulting in about ¥5 billion financial loss
in 2016.” For OSCC, the prognosis is closely linked to the stage
of disease at diagnosis; the later the diagnosis, the worse the
prognosis.® According to the data from the Surveillance, Epi-
demiology, and End Results (SEER) programme from the
United States, if OSCC has not metastasised, the 5-year sur-
vival rate is approximately 85.1%. Moreover, the 5-year sur-
vival rate of patients with lymph node metastases and
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distant metastases significantly decreased to 66.8% and
40.1%, respectively.’ Despite advances in cancer treatment,
the 5-year survival rate of advanced-stage OSCC remains
poor.’® The pathogenesis of OSCC is still not clear. The accu-
mulation of genetic defects and epigenetic abnormalities play
a significant role in the initiation and development of 0SCC."*
The mutant antioncogene p53 accelerates the development
of OSCC, possibly through the acquisition of ability to invade
surrounding tissues.'? Clinical examination in combination
with histopathologic evaluation are the major tools for diag-
nosis of OSCC."* Clinically relevant indexes, including histo-
logical features with TNM staging help in assessment of
prognosis. However, these indexes remain inadequate in
accurately predicting survival in these patients.'* Therefore,
there is an urgent unmet need for the development of reliable
diagnostic and prognostic biomarkers.

Autophagy is a conserved essential catabolic process, by
which damaged cellular components are transferred to the
lysosome for degradation, thereby participating in the meta-
bolic cycle.”® Autophagy plays crucial roles in a wide variety
of biological processes. Defects in autophagy have been
linked to several human diseases, including cancer.’® How-
ever, autophagy is a double-edged sword in tumourigenesis.
Autophagy selectively eliminates superfluous or damaged
organelles and aggregated proteins to maintain cellular
homeostasis and decrease cell damage.” This is the protec-
tive aspect of autophagy that inhibits the development of
cancer in healthy cells. On the contrary, autophagy also pro-
motes the survival and metabolic fithess of established
tumours.”” Previous studies have explored the association
between autophagy and OSCC. On the basis of The Cancer
Genome Atlas (TCGA) database, some autophagy-related
genes (ARGs) related to OSCC have been identified.’® *° How-
ever, some of the identified genes have not been adequately
validated. Consequently, there is an unmet need to explore
prognostic target biomarkers in OSCC.

We hypothesised that some kinds of ARGs were efficient
prognostic target biomarkers in OSCC. This research was con-
ducted to obtain a deeper understanding of the unrealised
clinical efficacy of ARGs as diagnostic and prognostic bio-
markers in patients with OSCC. RNA-sequencing data of
OSCC tissues and adjacent healthy tissues were obtained
from Gene Expression Omnibus (GEO) data sets (GSE74530).%°
Autophagy-related differentially expressed genes were iden-
tified. Then, Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analyses
were conducted to identify the functions and involved path-
ways. Protein—protein interactions (PPI) were constructed,
and potential hub genes were identified. Data of OSCC
patients from TCGA were used as the validation set to estab-
lish the diagnostic and prognostic value of the hub genes.

Material and methods
Sources of data
The OSCC microarray data set (GSE74530) was downloaded

from the GEO database (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE74530). GSE74530 was in the GPL570

platform ([HG-U133_Plus_2] Affymetrix Human Genome U133
Plus 2.0 Array) and included 6 oral tumours and 6 adjacent
non-involved oral tissues from 6 participants who had signed
informed consent forms in the original research.?’ The origi-
nal study was performed according to the Declaration of Hel-
sinki (version 2002) and approved by the Internal Review
Board of the Ohio State University.”° The Human Autophagy
Database (http://www.autophagy.lu/index.html) was
screened, and we found 222 autophagy-related genes. The
UCSC XENA database (https://xenabrowser.net/datapages/)
included TCGA and GTEx RNAseq data in transcripts per mil-
lion reads format (TPM), which were uniformly processed
through the Toil process. After log2 conversion, RNAseq data
in TPM format was applied for analysis and comparison of
different cancer types. The data sets for OSCC used in this
study included RNAseq data in level 3 HTSeq-FPKM format
from the TCGA (https://portal.gdc.cancer.gov/) Head and
Neck Squamous Cell Carcinoma (HNSC) project. The samples
belonging to oral cancer sites (alveolar ridge, base of tongue,
buccal mucosa, floor of mouth, hard palate, oral cavity, oral
tongue) were retained. Samples that were from non-oral can-
cer sites (hypopharynx, larynx, lip, oropharynx, tonsil) were
excluded. Fragments per kilobase per million (FPKM) RNAseq
data were converted to TPM format and log2 transformed.
Finally, 328 OSCC samples and 32 healthy samples were
included.

Differentially expressed gene (DEG) analysis

Then, the box diagram was conducted through ggplot2 to
estimate the standardisation of the samples, and the cluster-
ing analysis between the OSCC group and the healthy group
was done by principal component analysis (PCA). Linear mod-
els were fitted by limma package of R software (4.1.0) to fur-
ther determine the differential expressed genes between the
OSCC group and the healthy group.”’ DEGs were defined as
genes with adjusted P value <.05 and [log2(FC)|>1.0. Subse-
quently, a Venn diagram was constructed to find the overlap-
ping parts of the DEGs and the ARGs, which revealed the
critical autophagy-related DEGs. Correlation between the
autophagy-related DEGs was calculated using Spearman cor-
relation coefficient (a correlation coefficient with P < .05 was
considered statistically significant).

Functional enrichment analysis of autophagy-related DEGs

GO and KEGG pathways were analysed using the package “GO
plot” for the DEGs. A P value <.05 was required for the
enriched GO/KEGG terms. GO was composed of cellular com-
ponent (CC), biological process (BP), and molecular function
(MEF).

PPI network analysis

STRING (https://string-db.org/) was used for construction of
protein interactions. Cytoscape software was used to visual-
ise the PPI. In addition, cytoHubba, a plug-in of Cytoscape,
was applied to confirm the top 10 hub genes through the
maximal clique centrality algorithm.*?
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Autophagy-related gene-based diagnostic and prognostic
signature

The data set of patients with OSCC from TCGA-OSCC were sepa-
rated into high-expression and low-expression groups by the
median of the expression data of the identified autophagy-related
genes. Next, the overall survival (OS) in the TCGA-OSCC cohort
was calculated and visualised by survival package and survminer
package. The accuracy of the autophagy-related genes differenti-
ating tumour tissue and healthy tissue was reflected by the area
under the curve (AUC) calculated by pROC package. The autoph-
agy-related genes with significant influence on OS and AUC val-
ues >0.9 were defined as valuable biomarkers of OSCC.
Furthermore, the mRNA expression of valuable biomarkers in dif-
ferent cancer types was analysed. The immunohistochemistry
analysis results of proteins of the valuable biomarkers expressed
in OSCC and healthy tissues were obtained from the Human Pro-
tein Atlas database (www.proteinatlas.org).

Correlation between ITGA6 and immune infiltrates in OSCC

We analysed the correlation of ITGA6 expression with the
infiltration of 24 different kinds of immune cells, including
activated dendritic cells (aDC); B cells; CD8" T cells; cytotoxic
cells; dendritic cells (DCs); eosinophils; immature DCs (iDCs);
macrophages; mast cells; neutrophils; Natural Killer (NK)
CD56bright cells; NK CD56dim cells; NK cells; plasmacytoid
DC (pDCs); T cells; T helper cells; T central memory (Tcm)
cells; T effector memory (Tem) cells; T follicular helper (Tfh)
cells; T gamma delta (Tgd) cells; Thl cells; Th17 cells; Th2
cells; and Treg cells. The markers for the 24 immune cells and
the classification and description of the specific cells can be
found in an article published in Immunity. The immune infil-
tration algorithm used was ssGSEA in the GSVA package. The
correlation between ITGA6 expression and immune infiltrates
was evaluated by Spearman correlation coefficients.

Results
The autophagy-related DEGs of OSCC

The median of each sample from GSE74530 was oriented on a
horizontal line; this indicated that the degree of normalisation
between samples was good (Figure 1A). The samples of each
group were obviously separated in the PCA plot, and the ratio
of PC1 and PC2 was high. This indicated that there was a signif-
icant difference between the groups (Figure 1B). Based on the
criterion of DEGs, 1573 up-regulated genes and 613 down-regu-
lated genes were identified (Figure 1C). The heatmap shows the
expression of the top 20 up-regulated genes and down-regu-
lated genes (Figure 1D). The overlapping parts of the DEGs and
autophagy-related genes included 27 genes, shown in the Venn
diagram (Figure 1E). Spearman correlation analysis of the 27
autophagy-related DEGs was conducted (Figure 1F).

Functional enrichment analysis of autophagy-related DEGs

GO/KEGG pathways of the 27 autophagy-related DEGs were
analysed. The top 5 enriched BPs of the autophagy-related

DEGs included processes utilising autophagic mechanism,
autophagy, leukocyte migration, regulation of neuron projec-
tion development, and positive regulation of neurogenesis.
The top 5 enriched MFs of the autophagy-related DEGs were
composed of cell-substrate junction, cell-substrate adherens
junction, collagen-containing extracellular matrix, focal adhe-
sion, and late endosome. The enriched CCs of the autophagy-
related DEGs were composed of laminin binding, insulin-like
growth factor binding, and insulin-like growth factor I binding
(Figure 2A). The top 5 enriched KEGG pathways were human
papillomavirus infection, apoptosis, influenza A, regulation of
actin cytoskeleton, and human cytomegalovirus infection
(Figure 2B).

PPI network construction and identification of hub genes

PPI analysis was conducted to identify the interaction
between the autophagy-related DEGs, which are shown in
the interacted circular plot (Figure 3A). The number of inter-
actions of each gene with other genes is also shown, and the
gene CTSB was found to have the most interactions with
other genes (Figure 3B). In addition, the top 10 hub genes
were identified through cytoHubba and were as follows:
CCL2, CDKN2A, CTSB, CTSD, CXCR4, ITGA6, MAP1LC3A, MAPK3,
PARP1, and RAB11A (Figure 3C). Furthermore, based on the
expression data from TCGA-OSCC, CDKN2A, CTSB, CTSD,
CXCR4, ITGA6, and PARP1 were found highly expressed in
OSCC, and CCL2, MAP1LC3A, MAPK3, and RAB11A were identi-
fied as less expressed in OSCC (Figure 3D).

Autophagy-related gene-based diagnostic and prognostic
signature

The 328 OSCC samples from TCGA-OSCC were separated into
high-expression and low-expression groups by taking the
median of the expression data of CCL2, CDKN2A, CTSB, CTSD,
CXCR4, ITGA6, MAPILC3A, MAPK3, PARP1, and RAB1IA,
respectively. Cox regression analysis results indicated that
there was a statistically significant difference in the OS time
distribution of the ITGA6 group (P = .043; Figure 4A), but not
the other groups (Figure 4B—]). In addition, receiver operating
characteristics (ROC) curve analysis indicated that ITGA6 had
the highest diagnostic accuracy value for OSCC (AUC = 0.925;
Figure 5A); the AUC value of the other 9 hub genes ranged
between 0.579 and 0.813 (Figure 5B—]).

Protein expression of ITGA6 in OSCC and mRNA expression of
ITGAG in different cancer types

Immunohistochemistry showed that the ITGA6 protein had
low expression in healthy oral mucosa and high expression
in OSCC. The mRNA expression of ITGA6 showed statisti-
cally significant differences between different cancer types
and their corresponding healthy tissues (Supplementary
Figure 1).

Correlation between ITGA6 and immune infiltrates in OSCC

The ITGA6 expression was significantly related to B cells
(r = —0.139, P = .012), CD8" T cells (r = —0.194, P < .001),
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Fig. 1-Identification of autophagy-related differentially expressed genes (DEGs) in oral squamous cell carcinoma (OSCC). A,
mRNA expression level of each sample in the GSE74530. The degree of normalisation between samples was satisfactory. B,
Principal component analysis plot indicates that there were significant differences between the groups. C, Volcano plot
shows the DEG expression between OSCC and adjacent healthy tissues. Red points represent the up-regulated genes; blue
points represent the down-regulated genes. A total of 1573 up-regulated genes and 613 down-regulated genes were identi-
fied. D, The heatmap shows the expression of the top 20 up-regulated genes and down-regulated genes. E, The Venn dia-
gram shows the intersection of the DEGs and autophagy-related genes, including 27 genes, which are the autophagy-related

DEGs. F, Spearman correlation analysis of the 27 autophagy-

related DEGs.

cytotoxic cells (r = —0.222, P < .001), eosinophils (r = 0.255, P <
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Fig. 5-Receiver operating characteristic analysis indicated the diagnostic accuracy value of the 10 hub genes. A, The diag-
nostic accuracy value of ITGA6 was highest, with area under the curve (AUC) = 0.925. B—], The diagnostic accuracy values of
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Discussion

OSCC remains one of the most life-threatening diseases
worldwide. In spite of refinements in treatment of OSCC, the
5-year survival rates are still disappointingly low."® There-
fore, there is a desperate need for identification of new prog-
nostic biomarkers to aid in clinical management and
development of novel therapies that can improve outcomes.?
Accumulating evidence indicates that autophagy contributes
to OSCC development, accelerating metabolic activity and
thereby promoting cancer cell survival.>®> However, currently,
objective analysis of the role of autophagy in the pathogene-
sis and prognosis of OSCC remains limited and inconclusive.
Previous studies have found that various autophagy-related
genes, including ATG9A, ATG16L1, and LC3, were correlated
with the pathologic characteristics or prognosis of 0SCC.”*
Similar prognostic models of oral cancers or head and neck
squamous cell carcinoma based on TCGA data have been
established. Fei et al.”® found that the prognostic model based
on the autophagy-related genes (WDR45, MAPK9, VEGFA, and
ATIC) proved to be effective. They established a prognostic
model based on multiple genes, which had better prognostic
ability in OSCC. Liu et al?® illustrated that FADD and NKX2-3
were prognosis-related genes in HNSC, which they further
verified with cellular experiments. Fang et al*’ used different
algorithms (univariate Cox regression analyses and LASSO
regression method) to identify the major autophagy-related
genes in HNSC, which further proved to be related to immune
cell infiltration. Huang et al*® identified ATG12 and BID as
potential independent prognostic biomarkers of OSCC. Li
et al”® built a prognosis autophagy signature of HNSC; the
high-risk group had a lower survival rate than the low-risk
group. In the present study, gene expression profiles of OSCC
were utilised to identify and validate functional autophagy-

related genes, which were related to the pathogenesis and
prognosis of OSCC. Finally, ITGA6, which has not been stud-
ied before, was identified. ITGA6 could accurately distinguish
between OSCC and healthy tissues, with AUC = 0.925. High-
level expression of ITGA6 was associated with poor prognosis.
ITGAS6 could potentially be applied to prognostic stratification
of OSCC, which would contribute to a personalised treatment
regimens and provide new avenues for targeted autophagy
therapy.

Through GO/KEGG functional analyses, it was found that dif-
ferentially expressed autophagy genes were enriched in autoph-
agy, cell matrix interactions, human papillomavirus (HPV)
infection, and so on. Studies focusing on the role of autophagy
have found that autophagy promotes membrane transport and
activates intracellular signaling pathways>>*' It has been
reported that autophagy regulates tumour progression through
the nuclear factor «B (NF-«B) pathway. NF-«B can silence apopto-
sis signals to promote survival and cell migration of tumour
cells.*” The enrichment of HPV infection indicated the interaction
amongst autophagy, immune response, and tumour microenvi-
ronment. Previous studies have found that there is higher
immune cell infiltration in the tumour microenvironment of
HPV-positive patients with head and neck tumours.***

The gene integrin subunit alpha 6 (ITGA6) encodes alpha 6
subunit, which is a member of the integrin alpha chain family
of proteins. Alpha 6 subunit interacts with a beta 1 (ITGB1) or
beta 4 (ITGB4) subunit to form an integrin. ITGA6:ITGB4 integ-
rin accelerates the progression of tumourigenesis, whilst
alpha 6 beta 1 integrin can inhibit the erb-b2 receptor tyrosine
kinase 2 (ERBB2) signal.®® ITGA6:ITGB4 binds to IGF1, and this
binding is essential for insulin like growth factor 1 (IGF1) sig-
naling. ITGA6:ITGB4 binds to IGF2 and this binding is essential
for IGF2 signaling.®® The ERBB2 signal is constitutively acti-
vated in various tumours, leading to imbalanced cellular
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proliferation and metastasis.’” ITGA3 and ITGA6 were found
to be highly expressed in HNSC and correlated with poor
prognosis of HNSC.?® NLRC4, PARP1, PTK6, CDKN2A, and BIRC5
were reported to be associated with ITGA6 in lung adenocarci-
noma.* High expression of ITGA6 was associated with low
survival rates in lung adenocarcinoma.*’ Similar results were
found in the present study. In laryngeal squamous cell carci-
noma (LSCC), miR-144-3p targeting ITGA6 participated in
tumourigenesis and progression of LSCC.*’ Circular RNA
FAT1(e2) has been reported to interact with miR-30e-5p to
further regulate ITGA6 and finally enhance proliferation and
migration of colorectal cancer cells.*” The present study also
found a significantly high expression of ITGA6 in colon ade-
nocarcinoma, head and neck squamous cell carcinoma, and
many different cancers, indicating the important role of
ITGA6 in tumourigenesis.

ITGA6 was found to promote the phosphorylation of pro-
tein kinase B to activate phosphatidylinositol-4,5-bisphos-
phate3-kinase/protein kinase B/mammalian target of
rapamycin (PI3K/AKT/mTOR) signaling pathway, contributing
to the invasion seen in pancreatic cancer.*® Under healthy
nutritional conditions, mTOR inhibited autophagy; under
starvation conditions, mTOR promoted autophagy.** It has
been observed that activation of mTOR suppresses autoph-
agy, resulting in progression of 0SCC.**

Our results suggest that the ITGA6 expression level was
associated with the infiltration levels of a range of immune
cells, including B cells, CD8" T cells, cytotoxic cells, eosino-
phils, neutrophils, NK CD56bright cells, pDCs, T cells, T helper
cells, Tem cells, Tgd cells, Th1 cells, and Th2 cells. The ITGA6
expression level negatively correlated with B and CD8" T cell
infiltration. B cells were key players in inflammatory and
immune reactions and were related to the prolonged survival
of patients with cancer.*® B cells, as important indicators, por-
tend a good prognosis and showed an intensely positive
effect on clinical outcomes in human colorectal tumours.”’
CD8* T cells are considered major drivers of antitumour
immunity. CD8" tumour-infiltrating lymphocytes mediate
tumour rejection by recognising tumour antigens and directly
killing transformed cells. Effector CD8" T cells in the tumour
microenvironment produce interleukin (IL)-2, IL-12, and
interferon gamma (IFNy), which enhance the cytotoxic capac-
ity of CD8" T cells and lead to targeted tumour cell killing.*®
Elevated levels of cytotoxic CD8" T cells in the tumour micro-
environment are associated with improved antitumour
effects and prognosis in various types of cancers.*® Therefore,
the poor prognosis of OSCC with high expression of ITGA6
might be related to the low level of B cell infiltration.

By the reanalysis of gene expression data available in pub-
lic databases, our study provides a new prognostic biomarker
for OSCC. However, our study has some limitations: (1) The
potential function of ITGA6 in OSCC needs further explora-
tion, and (2) the regulation of expression of ITGA6 in OSCC
remains to be investigated.

Conclusions

The autophagy-related gene ITGA6 was identified and vali-
dated as an efficient biomarker for OSCC.
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