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ITGAS is associated with prognosis marker D
and immunosuppression in head and neck
squamous cell carcinoma

Jianmin Liu'", Yongkuan Wang?', Xi Chen?, Xiaofang Chen? and Meng Zhang?'

Abstract

Background Head and neck squamous cell carcinoma (HNSCC) is a major tumor that seriously threatens the health
of the head and neck or mucosal system. It is manifested as a malignant phenotype of high metastasis and invasion
caused by squamous cell transformation in the tissue area. Therefore, it is necessary to search for a biomarker that can
systematically correlate and reflect the prognosis of HNSCC based on the characteristics of head and neck tumors.

Methods Based on TCGA-HNSCC data, R software was used to analyze gene expression, correlation, Venn diagram,
immune invasive and immunosuppressive phenotypes respectively. The intrinsic effect of [TGA5 on the malignant
phenotype of HNSCC cells was verified by cell experiments. Immunohistochemical images from The Human
Protein Atlas (THPA) database display the differences in the expression of related proteins in HNSCC tissues. Based
on functional enrichment and correlation analysis, the prognostic value of ITGA5 for HNSCC was explored, and the
expression level of [TGA5 may affect the chemotherapy of targeting the PI3K-AKT.

Results In this study, the target gene ITGA5 may be identified as a valuable prognostic marker for HNSCC. The results
of enrichment analysis showed that ITGA5 was mainly involved in the dynamic process of extracellular matrix, which
may affect the migration or metastasis of tumor cells. Meanwhile, ITGA5 may be closely related to the infiltration

of M2 macrophages, and its secretory phenotypes TGFB1, PDGFA and PDGFB may affect the immunosuppressive
phenotypes of tumor cells, which reflects the systemic influence of ITGA5 in HNSCC. In addition, the expression levels
of ITGA5 were negatively correlated with the efficacy of targeting PI3K-AKT chemotherapy.

Conclusion [TGA5 can be used as a potential marker to systematically associate with prognosis of HNSCC, which may
be associated with HNSCC malignant phenotype, immunosuppression and chemotherapy resistance.
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Introduction

HNSCC has become the sixth most common tumor
in the world, and it has become a major threat to the
health of the head and neck of patients, such as there
were 890,000 new cases and 450,000 deaths in 2018 [1,
2]. HNSCC belongs to a category of multi-type tumors,
which mainly originate from the mucosal epithelium of
the mouth, pharynx and larynx, and is the most common
malignant tumor of the head and neck [3, 4]. Since the
HNSCC belongs to mucosal cell carcinosis, it shows high
metastasis and invasiveness, which become the focus
and difficulty of clinical treatment of HNSCC [3, 5-7].
In addition, the high immune infiltration of HNSCC
may be an important phenotype for maintaining tumor
adaptive survival, and its myeloid derived macrophages
may be a typical representative [3, 7, 8]. Particularly, M2
macrophages are regulated by IL10 and TGFBI1 in the
tumor microenvironment, and the secretory phenotype
of this cell will affect the stemness and metastasis activ-
ity of HNSCC cells [3, 7]. The high metastasis of tumor
cells from HNSCC as a typical malignant phenotype of
most mucosal and squamous cell carcinomas, which
has become the focus of clinical prognostic and marker
research [5, 9]. Therefore, to find a more valuable bio-
marker about metastasis and invasiveness for tumor cells,
it is necessary to systematically analyze the correlation
and prognostic value between the malignant phenotype
and this marker based on HNSCC.

Integrin subunit « 5 (ITGA5) is derived from a protein
of the integrin a-chain family, which is important for cell
adhesion and signaling processes [10-12]. Studies have
shown that ITGA5 is closely related to the malignant
phenotypes of tumors, such as proliferation, invasion and
metastasis [11, 12]. The level of ITGAS5 contributes to the
progression of stemness and chemotherapy resistance of
tumor cells [12, 13]. In addition, there is evidence that
ITGAS5 has predictive or prognosis value in breast can-
cer, lung cancer and pancreatic cancer cells metastasis
[14, 15], reflecting that ITGAS5 is closely correlated with
tumor cell metastasis-related phenotypes. New evi-
dence suggests that ITGA5 may serve as a determinant
of immune infiltration and a prognostic biomarker for
gastrointestinal tumors and glioma [10, 16]. In sum-
mary, ITGA5 not only affects the malignant phenotype
of tumor cells, but also influences immune infiltration via
tumor microenvironment [10]. Based on these character-
istics, ITGA5 may serve as an important biomarker that
systematically links the phenotype of malignant tumor
with external and internal objective conditions.

Although there have been studies and reports on
ITGAS5 in HNSCC related markers [17—-19]. However, the
systematic effects and associations of ITGA5 in HNSCC
have not been studied or reported, such as tumor
cell proliferation and metastasis-related phenotypes
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(intrinsic effects), immune cell infiltration and immuno-
suppressive phenotypes (extrinsic effects). Based on the
screening and prognostic evaluation, ITGA5 as a pos-
sible biomarker from we determined that ITGA5 gene is
related to the dynamic regulation of tumor extracellular
matrix by cell experiments and enrichment analysis. In
addition, ITGA5 was closely related to TGFB1 secretion
phenotype of M2 macrophages by the correlation analy-
sis of immune infiltration. Based on these results, the
correlation mechanism of ITGA-TGFB1-PDCD1LG2/
CD47 may reflects that ITGA5 can systematically affect
the immunosuppression phenotype and progression of
HNSCC. Meanwhile, we found that ITGA5 levels were
positively correlated with the activity of the AKT-mTOR
pathway and significantly affected the chemotherapy
efficacy of the relevant targets. In summary, ITGA5 may
serve as a potential marker that systematically reflects
the prognostic value of HNSCC, which further may be a
potential therapeutic target.

Materials and methods

HNSCC samples

The RNA-seq transcriptome data and related clinical
information were obtained from The Cancer Genome
Atlas (TCGA) database (https://www.cancer.gov/ccg/
research/genome-sequencing/tcga). There are 528 cases
HNSCC and 44 cases adjacent samples included in this
study.

Cell culture

All cells involved in this study were purchased from
American Type Culture Collection (ATCC). WUS-
HN30, YD-8, SNU-46 and FaDu cell lines were cultured
in DMEM/MEM (Gibco) supplied with 10% fetal bovine
serum (Gibco) and 1% penicillin - streptomycin (100 pg/
mL) at 37 °C in a humidified incubator with 5% CO2. The
digestion and passage of cells involve the use of trypsin
and phosphate buffers (PBS) (Biosharp, China).

Real-time qPCR
Total RNA from cells or tissues was extracted using
TRIzol reagent (Invitrogen). Quantitative PCR (qPCR)
was applied using SYBR Green PCR Master Mix (Takara
Bio) on a Quant Studio 3 System (Thermo Fisher, Life).
Relative expression was calculated by normalization
to GAPDH. The primers for ITGA5 were designed by
online tool Primer Bank (https://pga.mgh.harvard.edu/
primerbank/), and the primer (ITGA5, Primer Bank ID:
5623702.

8c2): Forward primer: 5 GCCTGTGGAGTACAAGTC
CTT 3] Reverse primer: 5> AATTCGG.

GTGAAGTTATCTGTGG 3’; (GAPDH, Primer Bank
ID: 378404907c1): Forward primer: 5 GGAGCGAGATC
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CCTCCAAAAT 3] Reverse primer 5 GGCTGTTGTCA
TACTTCTCATG.
G3

Western blot

The 20 pg protein per sample extract from cell samples,
which were separated by 12% SDS-PAGE. After trans-
ferring to a PVDF membrane and blocking with 5%
skimmed milk, the primary antibodies were incubated
overnight at 4°C. After incubation with secondary anti-
bodies for 1 h at room temperature. The protein bands
were visualized using enhanced chemiluminescence
reagents (Millipore). The antibodies involved in this
study include anti-ITGA5 (Rabbit, ab112183, Abcam),
anti-GAPDH (Rabbit, ab181602, Abcam) and Goat anti-
Rabbit IgG HRP (H&L) (ab6721, Abcam).

Wound healing and trans-well assay

The tumor cells were seeded into the 6-well plate. After
incubation for overnight, and the cell density reached
100%. Equal wounds were made by 10 uL tips. The
images of wound were obtained under a microscope
(Nikon) at 100 X magnification. Migration assessed using
Trans-well plate, 5x 10* cells were resuspended in 250 pL
of serum free medium in the upper chamber (8 um pore
size, Corning) while the lower chambers were filled with
750 pL of complete medium. After incubating for 24 h
at incubator, the upper chambers were fixed with 100%
methanol for 10 min and stained with 0.1% crystal vio-
let at room temperature. The number of transmembrane
cells was calculated under a microscope (Nikon).

Colony formation and cell counting Kit-8 (CCK-8) assay
There are 200 cells per well were seeded and incubated
for 14 days. The colonies were fixed using 100% methanol
for 10 min at room temperature and stained with 0.1%
crystal violet for 20 min at room temperature. About 500
cells per well were seeded into 96-well plates. The viabil-
ity of cells was determined using a CCK-8 assay (Bimake)
everyday by measuring the absorbance at 450 nm
(OD450, BioTek). The absorbance was normalized to the
baseline.

Immunohistochemical (IHC)

The IHC images of HNSCC involved in this study are all
from The Human Protein Atlas database (https://www.
proteinatlas.org/), which contains the expression of exist-
ing related proteins and the IHC results of tumor patho-
logical tissues (all images contain the sample number).

KEGG and GO enrichment analysis

The enrichment analyses included KEGG (Kyoto Ency-
clopedia of Genes and Genomes) and GO (Gene Ontol-
ogy) in this study. RNA-sequencing expression (level
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3) profiles and corresponding clinical information for
HNSCC were downloaded from the TCGA dataset
(https://portal.gdc.com). Using the limma package in the
R software to study the differentially expressed mRNA.
“Adjusted P<0.05 and Log,FC (Fold Change)>1 or
Log,FC<—1” were defined as the threshold for the differ-
ential expression of mRNAs. Meanwhile, online enrich-
ment analysis was performed using Metascape (https://
metascape.org/gp/index.html#/ma.
in/stepl) [20].

Gene set enrichment analyses (GSEA)

Dataset of HNSCC was downloaded from the GEO data-
base and then GSEA (http://software.broadinstitute.
org/gsea/index.jsp). The overall differential genes in this
dataset were used as the data source for analysis without
additional conditional screening (R v4.2.1, R Package:
cluster Profiler [4.4.4]). GSEA enrichments were esti-
mated by normalized enrichment score (NES) [21]. The
significance of the results was assessed with FDR<0.25
level, P<0.05, and FDR<0.25 levels.

Bioinformatics analysis and drug susceptibility analysis
Gene expression differential analysis, survival prognosis
analysis (K-M survival curve, R Package: survival[3.3.1],
survminer[0.4.9], ggplot2[3.3.6]) [22], immune infiltra-
tion analysis (R package: GSVA[1.46.0], ggplot2[3.3.6])
[23], gene expression correlation analysis (R package:
ggplot2[3.3.6]), nomogram analysis (R package: sur-
vival[3.3.1], rms[6.3-0]) [22], risk analysis (R package: sur-
vival[3.3.1], rms[6.3-0]) [22], Venn diagram (R package:
ggplot2[3.3.6], VennDiagram[1.7.3]), ROC curve (Cali-
bration curves, R package: pROC[1.18.0], ggplot2[3.3.6])
[22] in HNSCC were all implemented by R v4.0.3 soft-
ware package. All the analysis results were represented by
Spearman as the correlation coefficient (R), and P<0.05
was the significant result.

Single gene difference analysis: Based on the expres-
sion of a single molecule, the difference analysis was
divided into high and low expression groups. The refer-
ence group was: Low. Based on the sequencing data of
TCGA-HNSCC (504 cases), we sorted the gene expres-
sion according to TPM value, and then divided the gene
expression into 252/252 cases. This process is imple-
mented with software: R (4.2.1) version R package:
DESeq2[1.36.0], edgeR[3.38.2].

The correlation analysis and drug susceptibility analy-
sis involved in this study were completed by R software
v4.0.3, R package: pRRophetic and based on TCGA data-
base, and the results were represented as Spearman cor-
relation. in addition, Drug susceptibility analysis was
performed by combining TCGA-HNSCC sample data
with the Genomics of Drug Sensitivity in Cancer (GDSC)
database [24, 25].
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Statistical analysis

Statistical analyses were performed by SPSS version 16.0
and GraphPad Prism v8.0. The results of data are dis-
played as the Mean+SD. Student’s t - test was applied
to determine the difference in data. All experiments
were repeated at least three times. *P<0.05, **P<0.01,
##*P <0.001.

Results

Identification of target genes ITGA5

In general, genes upregulated in tumors are positively
correlated with risk genes, and there are common char-
acteristics between them. Therefore, 1624 up-regulated
genes (Fold change, FC>2, P<0.05) and 1537 risk genes
(Hazard ratio, HR>1, P<0.05) from TCGA-HNSCC
were analyzed by Venn Diagram, which obtained 242
genes in common (Fig. 1A). We performed KEGG and
GO enrichment analyses, and the results of the top 20
(- Log;(P)>5) indicate that these genes may be involved
in the organization and regulation of the extracellular
matrix, with related entries also including cell adhesion
and behavior (Fig. 1B, where the red arrow is pointing,
based on the most significant features of the enrichment
Top 2 enrichment pathways, the similar pathways are
further labeled). This result is consistent with the enrich-
ment analysis of differential genes from TCGA-HNSCC
(Supplementary Fig. 1A, B, where the red arrow is point-
ing). These results suggest that the up-regulated risk gene
populations in HNSCC may be mainly involved in tumor
extracellular matrix and related biological processes.

To further screen out the target genes, we conducted
Venn diagram analysis of the genes involved in the
above four items (Fig. 1B, where the red arrow is point-
ing), and the results showed that there were three genes
that belonged to their common parts, which are FN1,
ITGA5 and ABL2 (Fig. 1C). The expression difference
of these genes for HNSCC reflects that ITGA5 is more
significant than FN1 and ABL2 (Fig. 1D, E, ***P<0.05.
Unpaired samples: Normal: 44 cases, Tumor: 504 cases.
Paired samples: Normal: 44 cases, Tumor: 44 cases) In
addition, the difference between the high and low expres-
sion groups of ITGA5 in patients with HNSCC tumors
is also reflected in some clinical grades and stages. (Sup-
plementary Table 1). In addition, based on diagnostic
value analysis, the ROC curve and AUC value analysis of
ITGAS5 were relatively significant (Fig. 1F). Meanwhile,
the nomogram of these three genes showed that ITGA5
had a greater value in the overall prognostic score than
EN1 and ABL2 (Fig. 1G). In summary, ITGA5 has a rela-
tively significant expression in HNSCC, which may be a
typical risk factor for this disease.
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Survival prognosis and expression of ITGA5 in HNSCC
Based on the screening results, ITGA5 was initially iden-
tified as the target gene, but to further compare the sur-
vival prognostic value of these three genes, we conducted
survival prognostic analysis based on the samples of
TCGA-HNSCC patients. The results showed that there
were significant risk characteristics in the three sur-
vival prognostic analysis models (Overall Survival, OS;
Disease Specific Survival, DSS; Progress Free Interval
PFI) (HR>1), and the high expression group of ITGA5
showed significantly lower survival (Fig. 2A-C, P<0.05).
The other two genes also showed risk characteristics
(HR>1), but they were less typical than ITGA5 (Supple-
mentary Fig. 2A-F). Therefore, we finally choose ITGA5
as the object of exploration based on comprehensive
comparison.

To verify ITGA5 expression for the HNSCC tissue, we
found that ITGA5 staining in tumor tissues was more
significant than that in adjacent tissues according to
HNSCC-IHC (Immunohistochemical) images collected
in The Human Protein Atlas (THPA) database (Due to
the limitation of our objective conditions, we could not
directly use human tissue for immunohistochemical
detection) (Fig. 2D, E). Meanwhile, the CCLE (Cancer
Cell Line Encyclopedia) database showed that the expres-
sion level of ITGA5 mRNA showed a gradient trend in
33 HNSCC cell lines. We selected three different types of
squamous cell lines for validation, such as YD-8, SNU-
46, and FaDu cell lines (Fig. 2F, where the red arrow is
pointing). Western blot and qPCR results showed that
the ITGA5 level of WSU-HN30 (Normal cell) was similar
to FaDu cells, and the SNU-46 and YD-8 cells were sig-
nificantly higher than normal cell (Fig. 2G, H, **P<0.05,
**#P <0.01). In conclusion, the expression levels of ITGA5
in the three cell lines were consistent with the CCLE
database, and YD-8 and FaDu were selected as validation
materials for related phenotypes.

Expression of ITGA5 promote the malignant phenotype of
HNSCC cell lines
When we understood the expression level of target
ITGAS5, the HNSCC cell lines YD-8 and FaDu were
used to construct stable cell lines. The stable knock-
down strains of YD-8 cells (sh#1, sh#2-ITGA5) and
stable overexpression strains of FaDu cells (oe-ITGA5)
were constructed by lentivirus transfection. The phe-
notypes of these stable cell lines were verified by West-
ern blot and qPCR respectively, and the results showed
that the knock-down of YD-8 cells (Fig. 3A, B, *P<0.05,
*P<0.01, **P<0.001) and the overexpression of FaDu
cells (Fig. 3C-E, **P<0.01, ***P<0.001) both could satisfy
experimental requirements.

Based on the two types of stable cell lines constructed
above, we will explore the effect of ITGA5 on the
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Fig. 1 Identification and screening of target genes ITGAS. (A) Venn diagram analysis between up-regulated genes and risk genes in TCGA-HNSCC sam-
ples; (B) Functional enrichment analysis of 242 genes from Fig. 1A; (C) Venn diagram analysis of genes from the four entries in Fig. 1B; (D, E) The unpaired
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ITGAS5 and ABL2 for HNSCG; (G) The results of nomogram analysis for FN1, ITGA5 and ABL2 in HNSCC. ***P < 0.001

malignant phenotype of HNSCC cell lines. Cell scratch
assay showed that sh#1/2-ITGA5 significantly inhibited
the migration and healing ability of YD-8 cells (Fig. 3F,
H, *P <0.05). On the contrary, oe-ITGA5 can significantly
promote the phenotype of FaDu cells at 24 h and 48 h

(Fig. 3G, I, *P<0.05, **P<0.01). In addition, Trans-well
showed that sh#1/2-ITGA5 significantly inhibited the
migration ability of YD-8 cells (Fig. 3], L, **P<0.01), and
the oe-ITGA5 can significantly promote the migration
of FaDu cells (Fig. 3K, M, **P<0.01). These phenotypes
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Fig. 3 ITGAS promote the malignant phenotype of YD-8 and FaDu cell lines. (A-E) represents the expression of ITGA5 in sh#1/2-[TGA5 and oe-ITGAS
stable cell lines verified by Western blot and gPCR, respectively; (F-1) The effects of sh#1/2-ITGA5 and oe-ITGAS5 on cell healing ability was verified by cell
scratch assay, respectively; (J-M) The effects of sh#1/2-lTGAS5 and oe-ITGA5 on cell migration ability were verified by Trans-well experiments, respectively;
(N-P) The effect of sh#1/2-ITGA5 and oe-ITGA5 on cell clonal ability was verified by cell clonal formation experiments, respectively; (Q, R) The effects of

sh#1/2-ITGA5 and oe-ITGAS on cell growth were verified by cell proliferation experiments, respectively. *P < 0.05, **P < 0.01, ***P <0.001
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are consistent with the results of cell scratch experiment,
which indicating that ITGA5 expression levels can affect
the migration of these two HNSCC cells.

To further explore the effect of ITGAS5 on cell prolifera-
tion, we verified it by cell cloning experiment. The results
showed that sh#1/2-ITGA5 could significantly inhibit
the clonal formation of YD-8 cells, whereas oe-ITGA5
could significantly promote the clonal formation of FaDu
cells (Fig. 3N-P, **P<0.01). Meanwhile, the proliferation
curves of the two types of cell lines were measured by
CCK-8 experiments (OD450). The results showed that
sh#1/2-ITGA5 could significantly inhibit the proliferation
of YD-8 cells, and the oe-ITGA5 could significantly pro-
mote the proliferation of FaDu cells (Fig. 3Q, R, *P<0.05,
*P<0.01). This result is consistent with cell cloning
experiment. In summary, we verified that the expression
level of ITGAS5 can significantly affect the malignant phe-
notype of tumor cells based on two HNSCC cells.

The function of ITGA5-related genes is associated to
immune infiltration in HNSCC

Based on the high expression of ITGA5 can promote
malignant phenotypes of HNSCC cells (e.g., cell migra-
tion and proliferation), we need to further understand
the function of ITGA5 via its positive related genes.
Based on TCGA-HNSCC database, we conducted
enrichment analysis (KEGG and GO) of 546 genes posi-
tively related to ITGA5 (Spearman>0.5, P<0.05). The
results showed that the first three entries in the top 20
were the most significant (Fig. 4A, -Logl0 (P-value)>38,
red arrow), which were mainly involved in the organiza-
tion and formation of extracellular matrix, which may
regulate cell migration activities. We performed a Venn
diagram analysis from the genes of three biological pro-
cesses, which showed that 26 genes were common parts
(Fig. 4B). Meanwhile, the correlation between ITGA5 and
HNSCC immune infiltration showed that the eosinophils
and macrophages were relatively significant (Fig. 4C,
R>0.4, ***P<0.001). Subsequently, the results of corre-
lation analysis reflected that the marker/secretion phe-
notype of M2 type macrophages (M2 ®) had the most
significant (positive) correlation with 26 genes, especially
TGFB1, PDGFA and PDGFB (Fig. 4D, R>0.35, *P<0.05,
red box). The expression difference of TGFB1, PDGFA
and PDGFB in TCGA-HNSCC reflects that TGFB1 is
the most significant in HNSCC (Fig. 4E, ***P<0.001).
Meanwhile, these three genes showed significant risk
characteristics from the survival prognosis of HNSCC
(Fig. 4F-H, HR>1, P<0.05). In addition, the expression
levels of TGFB1, PDGFA and PDGEFB were also signifi-
cantly different in tumor and adjacent tissues (Fig. 4I-K).
In conclusion, ITGA5 - related genes are significantly
associated with M2 macrophages in HNSCC, which also
reflects that extracellular matrix and collagen formation
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in HNSCC cells are associated to immune infiltration of
M2 macrophages.

The function of ITGA5 was verified by difference analysis of
single genes

To further verify the function of ITGA5, we performed
a single gene difference analysis of ITGA5. The TCGA-
HNSCC samples were divided into high expression and
low expression group (ITGA5, High: 252 cases /Low:
252 cases, Supplementary materials_1), and then the
difference between the groups was analyzed. GO and
KEEG enrichment analysis of these differential genes
showed that Biological Process (BP, top 5), Cell Compo-
nent (CC, top 3), and Molecular Function (MF, top 4) all
exhibit extracellular matrix related functions (red arrow)
(Fig. 5A). KEGG (top 4) results show extracellular matrix,
adhesion, and PI3K-AKT pathway (red arrow) (Fig. 5A).
To more intuitively show the relationship between vari-
ous functional modules, we use EMAP plot network dia-
gram to present the enrichment results. The results show
that extracellular matrix interaction, cell adhesion and
PI3K-AKT are related to the organization and dynamics
of extracellular matrix (Fig. 5B). Meanwhile, this conclu-
sion was also confirmed by GSEA enrichment analysis
of these differential genes, which including extracellular
matrix organization, degradation, matrix metallopro-
teinase activity, matrix collagen interaction, PI3K-AKT
and TGEP pathways (Fig. 5C-H, NES>2, P. adj<0.001,
FDR<0.001). In addition, based on the background of
single gene differences analysis for TGFB1, PDGFA and
PDGEFB, the results of GSEA enrichment analysis were
consistent with ITGA5 (Supplementary Fig. 3A-C).

To further verify the function of the above enrichment
pathway, we verified the phenotypes of related proteins
based on ITGA5 overexpression and knockdown cell
stable strains. The results showed that typical collagen
I/IV and matrix metalloproteinase (MMP) 2/9 were up-
regulated in YD-8 and FaDu cells overexpressing ITGA5.
Meanwhile, the effect was reversed in ITGA5 knock-
down cells (sh#1) (Fig. 5I). The results showed that the
expression level of ITGAS5 in the two HNSCC cell lines
showed a positive synergistic effect with collagen I/IV
and MMP2/9. In addition, based on network analysis, we
detected the activity of the PI3K-AKT-mTOR pathway,
and the results showed that ITGA5 overexpression in the
two cell lines can positively regulate the activity of this
pathway (Fig. 5I). In contrast, the activity of this path-
way decreased significantly under the knock-down effect
of ITGA5.These results suggest that the expression of
ITGAS5 and its related genes in HNSCC may be involved
in the regulation of extracellular matrix processes, and
this conclusion can also be reflected by the expression of
ITGAS5-related extracellular matrix collagen and MMP in
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immunohistochemical results of HNSCC. (Fig. 4D, Sup-
plementary Fig. 4A-F).

Correlation of ITGA5 with immunosuppressive phenotypes
in HNSCC

It has been reported that M2 macrophages can promote
the malignant progression of tumors and can induce
the immunosuppressive phenotype of tumors [26-28].
Therefore, we need to further explore the correlation
between ITGA5 and HNSCC immunosuppressive phe-
notype, we analyzed the expression of five immunosup-
pressive receptors and the corresponding four immune
checkpoints in tumor cells. The results showed that
except for CD24, all the others were significantly upreg-
ulated (Fig. 6A, C, **P<0.01, ***P<0.001). Meanwhile,
ROC curve analysis of these nine receptors or ligands
showed that the AUC>0.6, which indicating that they
are all valuable in diagnosing HNSCC (Fig. 6B, D). Subse-
quently, we investigated the correlation between ITGA5
and the expression of four immunosuppressive receptors
in HNSCC. The results showed that ITGA5 was positively
correlated with CD274, PDCD1LG2, CD47 and HLA-A,
among which PDCD1LG2 and CD47 were the most sig-
nificant (Fig. 6E-H). To further display the expression of
PDCD1LG2, CD47 and corresponding immune check-
point PDCD]1, SIRPA, we presented the IHC results of
HNSCC-related tissues based on the THPA database
(Fig. 6I-L). In summary, ITGA5 is associated with the
four immunosuppressive receptors of HNSCC.

ITGAS is correlated with resistance of the PI3K-AKT target
in HNSCC

Based on the results of differential enrichment analysis
of up-regulated genes and single-gene ITGA5 in TCGA-
HNSCC (Fig. 5A, B; Supplementary Fig. 1A), we found
that the relevant functions of ITGA5 are involved in the
PISK-AKT pathway, which has been confirmed by some
studies [29, 30]. Therefore, we need to consider the effects
of ITGA5 expression for the PI3K-AKT target therapy.
The correlation analysis based on Genomics of Drug Sen-
sitivity in Cancer (GDSC, based on experimental data
from tumor cells) database and TCGA-HNSCC showed
that the IC50 of three PI3K inhibitors (PIK-93, ZSTK474,
CAL-101) and one AKT inhibitor (GSK690693) was
positively correlated with ITGA5 expression (Fig. 7A-D,
P<0.001). These features suggest that ITGA5 expression
may significantly influence resistance to PI3K-AKT target
therapy.

Discussion

As a multi-system tumor type, HNSCC is mainly char-
acterized by malignant phenotypes caused by mucosal
carcinogenesis, such as high metastasis, invasiveness,
immune infiltration and drug resistance [3-5]. This
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mucosal disease is caused by chronic infection with
viruses, such as HPV and EBV [3, 31]. In addition,
HNSCC caused by smoking and environmental pollution
is a serious threat to people’s health [3, 4]. The metasta-
sis and immunosuppressive phenotype of HNSCC cells
are the focus and difficulty for clinical treatment, and
we need to combine these characteristics to explore the
mechanism about the adaptive survival of tumor cells [4,
32]. For example, it has been reported that the dynamic
activity of HNSCC extracellular matrix may be the
basis of tumor cell metastasis [33—35], which is mainly
risk factors reflected in the formation or metabolism of
extracellular collagen and the activity of matrix metal-
loproteinases (MMPs) [35-39] (Fig. 1B, Supplementary
Fig. 1A, B). Therefore, based on the clinical phenotype of
HNSCQC, it is necessary to seek a target or marker that
can systematically reflect or predict the disease [40, 41].
In this study, ITGA5 was selected from the perspec-
tive of risk factors of HNSCC, and as a more typical
gene (Fig. 1D-G), ITGA5 showed good value in the pre-
diction and prognosis of the disease (Fig. 2). ITGAS5 has
been shown to be correlated with proliferation, metasta-
sis, invasion and epithelial-mesenchymal transformation
(EMT) of HNSCC cells [42-44], and some phenotypes
have been validated in this study (Fig. 3). However, the
value of ITGA5 in HNSCC has not been fully studied
from a systematic perspective, such as the internal and
external correlations or influences. Our aim is to fully
explore the regulatory role of ITGA5 in HNSCC, and to
analyze and verify the potential association with ITGA5
based on the metastatic and immunosuppressive phe-
notypes of mucosal cell carcinomas. This study shows
that ITGAS5 is closely associated with M2 macrophages
(Fig. 4C, D), and its correlation was verified by the secre-
tion phenotypes of TGFB1, PDGFA and PDGFB (Fig. 4D-
K). This correlation is due to the dynamic processes of
ITGAS5 in the extracellular matrix or cell migration [45,
46]. Therefore, ITGA5 may be a biomarker for the cor-
relation between HNSCC metastasis and immune infil-
tration (M2 @) phenotypes [10, 47]. Studies have shown
that ITGAS5 in gastric cancer, glioma, breast cancer and
liver cancer is correlated with immune infiltration of
M2 @, which may be involved in the regulation of tumor
microenvironment and significantly affect the progres-
sion of the disease and immunosuppressive phenotype
[10, 16, 28, 48, 49]. In addition, TGF-f, as an important
factor affecting the HNSCC tumor microenvironment,
which has become a key target for clinical treatment [50—
53]. It mainly affects the proliferation of tumor cells, the
dynamics and metastasis of extracellular matrix, and the
generation of immunosuppressive phenotypes [53, 54].
Our study shows that the single gene difference analysis
of ITGA5 and functional enrichment results include the
TGEFB1 related pathway, which is the first discovery in
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this study (Fig. 5, Supplementary Fig. 3). Therefore, a sys-
tematic understanding of the external effects and associa-
tions of ITGAS5 is an important basis for the prediction
and prognosis of patients with HNSCC.

Based on the association between ITGA5 and M2 @ -
TGFBI, it is necessary to analyze the correlation between

ITGAS5 and the immunosuppressive phenotype of tumor
cells [55, 56]. As expected, ITGA5 showed significant
positive correlation with CD274, PDCD1LG2, CD47 and
HLA-A, among which PDCD1LG2 and CD47 were the
most typical (Fig. 4D). These results reflect that HNSCC
cells may be regulated by extracellular matrix (ITGA5)
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and TGF-p from the tumor microenvironment under
the influence mechanism of ITGA5/TGFBI1, and thus
produce an immunosuppressive phenotype [10, 16, 57].
Studies have shown that extracellular matrix and TGE-f
in the tumor microenvironment can affect the immuno-
suppressive phenotype and immune checkpoint of tumor
cells [58], and these effects may become an important
perspective for HNSCC treatment [57, 59]. Therefore,
combined with the results in this study, it is suggested
that the intrinsic and extrinsic functions involved in
ITGA5 may benefit to the adaptive survival and pro-
gression of HNSCC (Figs. 2A-C and 4F-H). In addition,
ITGAS5 can affect tumor progression and chemotherapy

resistance via the PI3K-AKT pathway, which has been
confirmed by studies [30, 60—62]. Based on this, we iden-
tified a positive correlation between ITGA5 and the resis-
tance of the targeting PI3K-AKT, which reflects that the
expression of ITGA5 may affect the efficacy of chemo-
therapy for targeting PI3K-AKT (Fig. 7A-D).

In summary, although we explored the systematic cor-
relations and influence of ITGA5 in HNSCC, and we
discussed the correlation between tumor cell metasta-
sis, immune infiltration and immunosuppressive phe-
notype. However, further experiments are needed to
confirm these conclusions, especially the external effects
of ITGA5 on the tumor microenvironment. Based on the
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systematic analysis and exploration of this study, com-
pared with previous studies, the characteristics of multi-
phenotype interlinkages are highlighted, which reflects
that ITGA5 may be a potential marker or therapeutic
target.
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Supplementary Material 4: Fig. 1. The bubble map based on functional

enrichment analysis of TCGA-HNSCC differential genes (Tumor vs. adja-
cent). (A, B) represents KEGG and GO functional enrichment analysis of
up-regulated genes in HNSCC, respectively; (C, D) represents KEGG and
GO functional enrichment analysis of down-regulated genes in HNSCC,
respectively.
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