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1  |  INTRODUC TION

Squamous cell carcinoma (SCC), which arises from precancerous 
lesions with atypical squamous proliferation, is one of the most 
common types of pathology in head and neck cancer.1 The head 
and neck squamous carcinoma (HNSC) often metastasizes to lymph 
nodes.1 Risk factors for HNSC include human papillomavirus (HPV) 

infections, tobacco consumption, and alcohol use.2 More than 
500,000 patients with HNSC undergo radiotherapy and other ther-
apeutic treatments annually. However, patients with head and neck 
cancer, especially men, have high recurrence and mortality rates.3 
The lack of reliable, independent biomarkers for early diagnosis as 
well as prediction of survival and responses to treatment are a chal-
lenge to clinical management HNSC.
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Abstract
Background: Sulfatase gene family members mediate various biological functions in 
tumor stroma and tumor cell environments. However, the expressions and prognostic 
value of Arylsulfatase I (ARSI), a sulfatase gene family member, in head and neck squa-
mous cell carcinoma (HNSC) have not been fully established.
Methods: Arylsulfatase I expressions in pan- cancer were profiled using publicly avail-
able	 databases.	 Then,	 univariate	 Cox	 regression,	 Kaplan–	Meier,	 and	 the	 Pearson's	
correlation analyses were performed to determine correlations between ARSI expres-
sions and cancer prognosis, immune cell status, and drug sensitivity. Gene set varia-
tion analysis (GSVA) and gene set enrichment analysis (GSEA) were used to assess the 
potential mechanisms underlying ARSI functions in HNSC.
Results: Arylsulfatase I was highly expressed in 15 cancer types, with significant ex-
pressions in HNSC. Elevated ARSI levels were associated with worse prognostic out-
comes in HNSC patients. In addition, GSVA and GSEA showed that ARSI was highly 
involved in tumor cell escape and inflammatory responses. Expressions of ARSI nega-
tively correlated with tumor mutation burden or microsatellite instability and posi-
tively correlated with immune- related genes. Elevated ARSI expressions conferred 
poor tolerance to daporinad and sinularin, but increased cell sensitivity to dasatinib 
and XAV939.
Conclusion: Arylsulfatase I is a promising prognostic and therapeutic target for HNSC.
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Chronic inflammation, immune escape, metabolic reprogram-
ming, cellular senescence, and genome mutations are some of the 
mechanisms involved in carcinogenesis. However, these mecha-
nisms have not been fully investigated in HNSC.4–	6

Arylsulfatase I (ARSI) is one of the seventeen members of sulfa-
tase gene family, whose aberrant expressions contribute to cancer 
cell migration.7,8 ARSI is mainly expressed in embryonic tissues and 
is associated with tissue remodeling.9 However, the role of ARSI in 
HNSC is yet to be defined. We evaluated the genetic background of 
HNSC to characterize the significance of ARSI in HNSC progression. 
Transcriptome and clinical data were extracted from the Cancer 
Genome Atlas head and neck squamous carcinoma cohort (TCGA- 
HNSC). Then, expressions of ARSI in all cancer types were evaluated, 
and its prognostic value, including in overall survival (OS), disease- 
specific	survival	(DSS),	disease-	free	interval	(DFI),	and	progression-	
free	interval	(PFI),	determined.	The	associations	between	ARSI and 
immune scores, stromal scores, ESTIMATE scores, and tumor purity 
were	also	evaluated.	Besides,	comprehensive	analyses	of	 the	ARSI 
gene	at	tumor	mutation	burden	(TMB)	and	microsatellite	instability	
(MSI) levels were performed. Then, correlations between differential 
expressions of ARSI and anticancer drug sensitivity were assessed. 
Our findings highlight potential tumor immunotherapy targets and 
provide novel insights into precise diagnosis and early interventions 
to improve the survival rate of HNSC patients.

2  |  METHODS

2.1  |  Data collection and processing

The UCSC XENA website (https://xenab rowser.net/datap ages/), 
which includes various transcriptomic datasets, such as the TCGA 
portal; the Genotype- Tissue Expression (GETx) project and Cancer 
Cell Line Encyclopedia (CCLE) was used in this study. The data are 
publicly available and open- ended, and require no ethics approval. 
We retrieved somatic cell mutations, CNAs, and methylation data 
on ARSI	 from	 tissue	 samples	 in	 33	 cancer	 types	 using	 cBioPortal.	
Genetic data types, including somatic cell mutations, DNA copy 
number alterations (CNAs), and DNA methylation, were integrated 
by	 cBioPortal	 (https://www.cbiop ortal.org/). One HNSC dataset 
(GSE41613) was downloaded from the Gene Expression Omnibus 
(GEO) database to validate the prognostic role of ARSI and the re-
lationship between ARSI expressions and infiltrating immune cells.

2.2  |  Analysis of the relationship between 
ARSI and prognosis

The	four	major	prognostic	factors	(OS,	DSS,	DFI,	and	PFI)	were	used	
to define the relationship between ARSI expressions and prognostic 
outcomes for 33 cancer types using univariate proportional hazards 
regression.	Thereafter,	Kaplan–	Meier	estimates	and	 log-	rank	 tests	

were used to assess survival outcomes for several cancer types with 
elevated ARSI levels and poor prognosis (p < 0.05).	The	R	packages	
“survival” (http://cran.rproj ect.org/web/packa ges/survi val/index.
html) and “survminer” (https://cran.r- proje ct.org/web/packa ges/
survm iner/index.html) were used in these analyses.

2.3  |  GSVA and GSEA

Using “GSVA” in R, Gene Set Variation Analysis (GSVA), a non- 
parametric and unsupervised software algorithm, was employed to 
analyze the associations between ARSI expressions and hallmark gene 
sets, which represent well- defined biological processes in cancers. 
In addition, gene set enrichment analysis (GSEA; http://www.broad 
insti tute.org/gsea/) was performed to investigate the significance of 
ARSI gene signatures. GSEA is a tool for analyzing genome microarray 
data, creating a molecular signature database based on known posi-
tions, characteristics, and functions of different gene sets.

2.4  |  Correlations between ARSI expressions and 
tumor microenvironment

We systematically analyzed the immune, stromal, and ESTIMATE 
scores as well as tumor purity in different cancer types using the 
“estimate” R package. Then, correlations between ARSI expressions 
and immune infiltrating scores of twenty- four immune cells, which 
had been obtained from the Tumor Immune Evaluation Resource 
(TIMER) database, were evaluated. In addition, Pearson correlation 
analysis was performed to assess the relationship between ARSI 
expressions	and	infiltrating	immune	cells,	including	B	cells,	CD4+ T 
cells,	CD8+	T	cells,	NK	cells,	mast	cells,	macrophages,	dendritic	cells,	
and neutrophils.

2.5  |  Correlations between ARSI expressions and 
TMB, MSI, Immune- related genes (IRGs), or drug 
sensitivity

TMB,	MSI,	and	IRGs	are	significant	biomarkers	in	the	tumor	micro-
environment (TME). The R software was used to assess the relation-
ships between ARSI	 expressions	 and	 levels	 of	 TMB,	MSI,	 or	 IRGs.	
Associations between ARSI gene expressions and small molecule 
drugs from Genomics of Drug Sensitivity in Cancer (GDSC, https://
www.cance rrxge ne.org) were also evaluated.

2.6  |  Statistical analysis

All statistical analyses were performed in R software (version 4.1.1). 
Differences in ARSI	expressions	were	evaluated	using	the	Student's	t- 
test or paired t- test. Spearman correlation analyses were performed 
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to establish correlations between ARSI expressions and drug IC50. 
*p < 0.05,	**p < 0.01,	***p < 0.001,	****p < 0.0001,	ns:	non-	significant.

3  |  RESULTS

3.1  |  ARSI expressions in human cancers and 
normal tissues

Analyses of data from TCGA and GTEx databases revealed that ARSI 
expressions	in	BRCA,	CHOL,	DLBC,	ESCA,	GBM,	HNSC,	LGG,	LIHC,	
OV,	 PAAD,	 SKCM,	 STAD,	 TGCT,	 THCA,	 and	 THYM	 tumors	 were	
higher, compared with their corresponding normal samples (p < 0.05;	
Figure 1A). In 33 tumor types, HNSC exhibited the highest levels 
of ARSI, followed by MESO (Figure 1B). Analysis of physiologic ARSI 
gene expressions across tissues using the GTEx data set (Figure 1C) 
revealed elevated expressions in lungs and lowest levels in blood. 

In addition, ARSI	expressions	were	elevated	in	TCGA	BRCA,	CHOL,	
ESCA, HNSC, and THCA cohorts, compared with adjacent normal 
tissues (Figure 2A–	E). Thus, ARSI may have a significant role in HNSC 
pathogenesis.

3.2  |  The landscape of ARSI genetic alterations 
in cancer

cBioPortal,	which	has	more	than	28,000	tumor	samples,	was	used	to	
investigate genetic alterations of ARSI.	It	was	revealed	that	KIRC	had	
high mutation levels with an ARSI alteration frequency exceeding 6% 
(Figure 3A). The ARSI genetic alterations were mainly associated with 
HNSC.	Furthermore,	there	were	positive	correlations	between	CNA	
and mRNA levels of ARSI	in	LUSC,	ACC,	HNSC,	and	SKCM,	but	nega-
tive correlations in PAAD, THCA, and LICH (Figure 3B). Methylation 
levels of the ARSI promoter were negatively correlated with ARSI 

F I G U R E  1 Differential	expression	of	ARSI. (A) Pan cancer expression profile of ARSI from the Cancer Genome Atlas (TCGA) cohorts and 
GETx	database.	(B)	ARSI expression in various tumor tissues based on TCGA. (C) ARSI expression in various normal tissues based on GETx. 
*p < 0.05,	**p < 0.01,	***p < 0.001.	ACC,	adrenocortical	carcinoma;	BLCA,	bladder	urothelial	carcinoma;	BRCA,	breast	invasive	carcinoma;	
CESC,	cervical	and	endocervical	cancers;	CHOL,	cholangiocarcinoma;	COAD,	colon	adenocarcinoma;	DLBC,	lymphoid	neoplasm	diffuse	
large	B-	cell	lymphoma;	ESCA,	esophageal	carcinoma;	GBM,	glioblastoma	multiforme;	HNSC,	head	and	neck	squamous	cell	carcinoma;	KICH,	
kidney	chromophobe;	KIRC,	kidney	renal	clear	cell	carcinoma;	KIRP,	kidney	renal	papillary	cell	carcinoma;	LAML,	acute	myeloid	leukemia;	
LGG, brain lower grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; 
MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and 
paraganglioma;	PRAD,	prostate	adenocarcinoma;	READ,	rectum	adenocarcinoma;	SARC,	sarcoma;	SKCM,	skin	cutaneous	melanoma;	STAD,	
stomach	adenocarcinoma;	STES,	stomach	and	esophageal	carcinoma;	TGCT,	testicular	germ	cell	tumors;	THCA,	thyroid	carcinoma;	THYM,	
thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma
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expressions	in	23	cancer	types	and	were	most	pronounced	in	SKCM	
(Figure 3C).

3.3  |  Prognostic significance of ARSI in pan- cancer

The overall survival analysis revealed that ARSI is a risk factor in pa-
tients	with	MESO,	KIRC,	BLCA,	GBM,	LUAD,	HNSC,	LGG,	or	PAAD,	
particularly in MESO (Figure 4A). The DSS analysis revealed signifi-
cantly high hazard ratios for the ARSI	gene	 in	KIRC,	MESO,	BLCA,	
GBM,	PAAD,	HNSC,	LGG,	and	COAD	(Figure 4B).	The	DFI	analysis	
showed that higher ARSI expressions were associated with poorer 
DFI	 in	 PAAD,	MESO,	 TGCT,	 and	 KIRP.	 In	 contrast,	 elevated	ARSI 
expressions	 were	 significantly	 associated	 with	 better	 DFI	 in	 UCS	
(Figure 4C). ARSI was found to be a protective factor for patients 
with	DLBC	and	UCS,	and	a	risk	factor	for	patients	with	KIRC,	MESO,	
GBM,	LGG,	PAAD,	BLCA,	HNSC,	 and	COAD	 (Figure 4D).	Kaplan–	
Meier survival analysis was used to study the association between 
ARSI expressions and prognostic outcomes in various cancers. ARSI 
was	found	to	be	a	high-	risk	gene	in	20	cancer	types,	including	BLCA,	
CESC,	COAD,	ESCA,	HNSC,	KICH,	KIRC,	LIHC,	LUAD,	LUSC,	MESO,	

SKCM,	STAD,	THCA,	and	UCEC	(Figure 5). The GSE41613 dataset 
was used for survival analysis to validate the survival value of ARSI 
(Figure	S1).

3.4  |  GSVA of ARSI

To assess the biological significance of ARSI expressions in differ-
ent tumor tissues, GSVA was performed to compare gene expres-
sions in 33 tumors with 50 gene sets. Figure 6A shows that some 
pathways were positively or negatively associated with ARSI ex-
pressions in various tumors. In most cancers, ARSI had significant 
positive correlations with 27 cancer- related Hallmark pathways, 
including	 “EPITHELIAL	 MESENCHYMAL	 TRANSITION,”	 “APICAL	
JUNCTION,”	 “ANGIOGENECIS,”	 “HYPOXIA,”	 “COAGULATION,”	
“APOPTOSIS,”	 “MYOGENESIS,”	 “TGF	 BETA	 SIGNALING,”	 “UV	
RESPONSE	 DN,”	 “APICAI	 SURFACE,”	 “KRAS	 SIGNALING	 UP,”	
“INFLAMMATORY	 RESPONSE,”	 “TNFA	 SIGNALING	 VIA	 NFKB,”	
“IL2 STATS SIGNALING,” “COMPLEMENT,” “NOTCH SIGNALING,” 
“P53	 PATHWAY,”	 “IL6	 JAK	 STAT3	 SIGNALING,”	 “GLYCOLYSIS,”	
“HEDGEHOG SIGNALING,” “UV RESPONSE UP,” “ESTROGEN 

F I G U R E  2 Comparison	of	ARSI	gene	expression	between	normal	and	tumor	tissues.	(A–	E)	High	ARSI	expression	in	BRCA,	CHOL,	ESCA,	
HNSC,	and	THCA.	(F–	H)	Low	ARSI	expression	in	KICH,	KIRC,	and	PRAD
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F I G U R E  3 The	genetic	changes	of	ARSI. (A) ARSI	mutation	levels	in	cancers	and	ranked	them	from	high	to	low	based	on	cBioPortal	
database.	(B)	Correlation	between	CNA	and	ARSI mRNA expression. (C) Correlation between methylation and ARSI mRNA expression
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F I G U R E  4 Prognostic	value	of	ARSI in pan- cancer. (A) The ARSI	expression	significantly	correlated	with	OS	in	8	types	of	cancer.	(B)	The	
ARSI	expression	significantly	correlated	with	DSS	in	8	types	of	cancer.	(C)	The	ARSI	expression	significantly	correlated	with	DFI	in	5	types	of	
cancer. (D) The ARSI	expression	significantly	correlated	with	PFI	in	10	types	of	cancer
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F I G U R E  5 Kaplan–	Meier	analysis	of	the	association	between	ARSI	expression	and	OS	in	BLCA,	CESC,	COAD,	ESCA,	HNSC,	KICH,	KIRC,	
LIHC,	LUAD,	LUSC,	MESO,	SKCM,	STAD,	THCA,	and	UCEC

F I G U R E  6 Results	of	GSVA.	(A)	The	correlation	of	ARSI	with	50	HALLMARK	terms	in	pan	cancer.	(B)	The	results	of	GSVA	analysis	in	
HNSC.	Yellow	bars	show	the	29	pathways	with	the	most	significant	positive	correlation	and	blue	bars	show	the	13	pathways	with	the	most	
significant negative correlations
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RESPONSE	EARIY,”	“ESTROGEN	RESPONSE	LATE	”	“INTERFERON	
GAMMA	 RESPONSE,”	 “ALLOGRAFT	 REJECTION,”	 “ANDROGEN	
RESPONSE,” and “WNIERPTACAI- MINISIGNAHING.” In addi-
tion, ARSI exhibited positive correlations with other pathways such 
as	 “INTERFERON	 ALPHA	 RESPONSE,”	 “IL2	 STAT5	 SIGNALING,”	
“PROTEIN	 SECRETION,”	 “WNT	 BETA	 CATENIN	 SIGNALING,”	
“APICAL	 SURFACE,”	 “HEME	 METABOLISM,”	 and	 “UNFOLDED	
PROTEIN RESPONSE” in HNSC (Figure 6B).

3.5  |  GSEA enrichment analysis of ARSI

The Spearman test was used to identify differentially expressed 
genes (DEGs) that were positively and negatively correlated with 
ARSI in HNSC. The top 50 positively (r > 0)	and	top	50	negatively	
(r < 0)	 correlated	 genes	 are	 shown	 in	 heat	 maps	 (Figure 7A,B). 
Thereafter, based on correlation analysis results, GSEA enrichment 
analysis was performed using “clusterpofiler” in R, which included 
GO,	KEGG,	and	Reactome	annotations.	It	was	established	that	ARSI 
was significantly associated with pathways that mediate tumor cell 
invasion, migration, and metastasis in HNSC (Figure 7C–	E).

3.6  |  Correlations between ARSI and tumor 
microenvironment (TME)

To determine whether ARSI is involved in immune cell infiltra-
tions in the TME, the “ESTIMATE” package was used to evaluate 
the associations between ARSI expressions and stromal, immune, 
and ESTIMATE scores or tumor purity (Figure 8A). ARSI exhibited 
the highest correlations with stromal scores and immune scores in 
COAD.	Besides,	 apart	 from	TGCT,	ARSI was negatively correlated 
with tumor purity in 24 cancer types (p < 0.05).	 The	 relationships	
between ARSI expressions and immune- related genes, DNA repair 
damage, and metastasis- related pathways were also assessed. There 
were significant positive correlations between elevated ARSI expres-
sions and the above- mentioned pathways in PAAD, apart from EMT1 
(Figure 8B). Correlations between ARSI transcript levels and signa-
ture scores of pathways in HNSC are shown in a boxplot (Figure 8C).

Analysis of data from the ImmuCellAI database revealed that 
ARSI was positively correlated with infiltration levels of macro-
phages,	DC,	 iTerg,	monocytes,	 and	NKT	 cells,	 but	 negatively	 cor-
related	with	neutrophils,	B	cells,	Tgd,	Tem,	and	Th17	cells	in	TCGA	
pan- cancer (Figure 9A). Analysis of data from the TIMER database 

F I G U R E  7 Functional	Enrichment	of	GO	and	KEGG	terms	on	ARSI through GSEA. (A) The heatmaps depicted the top 50 genes positively 
correlated to ARSI.	(B)	The	heatmaps	depicted	the	top	50	genes	negatively	correlated	to	ARSI.	(C-	E)	Merged	plots	of	GSEA	indicating	the	
signaling pathways associated with ARSI	expression	according	to	GO,	KEGG,	and	Reactome	analyses	in	HNSC
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F I G U R E  8 Correlation	between	ARSI and tumor microenvironment. (A) The correlation of ARSI with Immune Score, Stromal Score 
ESTIMATE	score,	and	tumor	purity.	(B)	The	correlation	of	ARSI with immune- related, DNA repair damage and metastasis- related pathways in 
33	cancers.	(C)	Boxplot	depicted	the	correlation	between	ARSI transcript levels and signature score of pathways in HNSC
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F I G U R E  9 Correlation	between	ARSI expression and levels of tumor infiltration across different immune cells. (A) Correlation between 
ARSI	expression	and	tumor	infiltration	of	different	immune	cells	from	ImmuCellAI	database.	(B)	Correlation	between	ARSI	and	different	
immune cells from TIMER database

F I G U R E  1 0 Correlation	of	ARSI	with	TMB	(A)	and	MSI	(B)	in	pan-	cancer	analysis
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showed that ARSI was positively correlated with infiltration levels of 
macrophages, cancer- associated fibroblasts, DC, endothelial cells, 
and	monocytes,	but	negatively	correlated	with	neutrophils,	B	cells,	
and follicular helper T cells in TCGA pan- cancer (Figure 9B). The 
GSE41613 dataset was used to validate that ARSI is important for 
immune cell infiltrations in the HNSC microenvironment (Figure	S2).

3.7  |  Associations between ARSI and tumor 
immune responses

To define the roles of ARSI in immune mechanisms and responses, 
we assessed the interactions between ARSI	 levels	 and	 TMB,	MSI,	
or IRGs, which could represent tumor immunogenicity and pre-
dict responses to immunotherapeutic agents. Figure 10A shows 
that ARSI	mRNA	expressions	were	negatively	correlated	with	TMB	
in	 KIRP,	 HNSC,	 and	 PCPG,	 and	 positively	 correlated	 with	 THCA.	
Moreover, ARSI mRNA expressions exhibited negative correlations 
with MSI in UCS, PCPG, and HNSC (Figure 10B). Pan- cancer analysis 
showed that ARSI mRNA expressions were associated with almost 
all immunosuppressive- associated genes in most cancers, apart 
from	DLBC	and	SKCM	(Figure 11A–	C). Among these cancer types, 
THCA,	BLCA,	COAD,	PAAD,	PRAD,	KICH,	OV,	READ,	LUAD,	PCPG,	

ACC,	and	BRCA	exhibited	the	highest	coefficients,	implying	positive	
correlations between ARSI mRNA expressions and chemokine-  or 
chemokine receptor- associated genes.

3.8  |  ARSI and drug sensitivity

The GDSC data were used for drug sensitivity analysis of the ARSI 
gene via Spearman correlation tests, which yielded Spearman cor-
relation coefficients. The top 2 positively (r > 0)	 and	 top	 2	 nega-
tively (r < 0)	correlated	drugs	were	assessed	using	the	“ggplot2”	in	R.	
Figure 12 shows that elevated expressions of ARSI conferred lower 
tolerance of cells to daporinad and sinularin, but  increased cell sen-
sitivity to dasatinib and XAV939.

4  |  DISCUSSION

A combination of molecular- targeted therapies with immune check-
point inhibitors (ICIs) is an effective therapeutic approach for cancer 
patients, especially HNSC.10–	14 Although some of the molecular- 
targeted drugs and ICIs for HNSC, such as anti- PD- 1 antibodies, 
nivolumab, and pembrolizumab, are effective, genetic changes in 

F I G U R E  11 Co-	expression	of	ARSI	and	immune-	related	genes.	Immunosuppressive	associated	genes	(A).	Chemokine	associated	genes	(B)	
Chemokine receptor associated genes (C). Red represents positive correlation, blue represents negative correlation
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patients alter therapeutic responses. Therefore, it is important to 
identify and validate efficient prognostic and diagnostic biomarkers 
in HNSC.

Arylsulfatase I is different from all the other members of sulfatase 
family	that	span	across	8–	20	exons.15 ARSI, a secreted protein that 
functions in the extracellular environment, is rapidly degraded in the 
endoplasmic reticulum (ER) or medium. Excess ARSI is retained in the 
ER,	in	a	denatured	form,	to	lead	to	SUMF1	degradation.16 Expressions 
of ARSI have been evaluated in different human tissues and cancer cell 
lines.9 ARSI was found to be principally expressed in embryonic tis-
sues and in the A549 cell line, which originates from lung carcinoma. 
ARSI is involved in tissue remodeling during tumor growth, as well as 
during embryonic development. Even though the ARSI gene has been 
studied, its role in tumorigenesis has not been fully established.

In this study, we found that ARSI levels were highly elevated 
in tumor tissues, especially HNSC, compared with normal or ad-
jacent non- tumor tissues. In addition, there was a positive cor-
relation between CNA and ARSI mRNA expressions and negative 
correlations with dysregulated methylation levels of the ARSI pro-
moter in HNSC. These results suggest that overexpressions and 
genetic changes in ARSI mediate HNSC tumorigenesis. The prog-
nostic value of ARSI has been reported in various cancer types, 
including HNSC. Our survival assays revealed that elevated ARSI 
expressions were associated with poorer prognostic outcomes 
(OS,	DSS,	and	PFI),	relative	to	low	ARSI expressions. In contrast, al-
though	DFI	was	not	significantly	correlated	with	ARSI expressions 
(p =	0.086),	there	was	a	trend	toward	worse	DFI	for	patients	with	
high ARSI mRNA expressions (HR = 1.236, 95% CI = 0.970, 1.574) 

F I G U R E  1 2 The	correlation	between	the	expression	of	ARSI and drug sensitivity. Higher ARSI expression had poor tolerance to daporinad 
(A)	and	sinularin	(B)	and	were	slightly	sensitive	to	dasatinib	(C)	and	XAV939	(D).
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in univariate analysis. These findings imply that ARSI is a potential 
prognostic indicator in HNSC.

Our GSVA analysis showed that elevated ARSI expressions in 
HNSC were associated with consistent and significant dysregula-
tion of coagulation, transforming growth factor (TGF)- β signaling, 
epithelial–	mesenchymal	 transition	 (EMT),	 apical	 junction,	 and	 an-
giogenesis	gene	sets.	Furthermore,	GSEA	analysis	showed	that	cell	
adhesion, biological adhesion, cell migration, or cell activation were 
potential mechanisms for HNSC progression. These results imply 
that ARSI may be associated with cell adhesion and cell migration in 
the TME, facilitating cancer cell migration and invasion.

In this study, ARSI expressions were associated with tumor- 
infiltrating immune cells, which could influence tumor behaviors in 
multiple	cancer	types.	For	 instance,	ARSI was positively correlated 
with infiltrations of macrophages, monocytes, and cancer- associated 
fibroblasts	and	negatively	correlated	with	B	cells,	CD8+ T cells, and 
follicular helper T cells in HNSC. Macrophages and monocytes ex-
hibited several protumorigenic abilities, which promoted tumor cell 
proliferation and metastasis.17,18 Cancer- associated fibroblasts se-
crete numerous extracellular matrix molecules, chemokines, cyto-
kines, and growth factors to create a favorable microenvironment 
for tumor progression and invasion.19,20 We found that ARSI was 
positively correlated with stromal, immune, and ESTIMATE scores 
in	HNSC.	Besides,	ARSI expressions were significantly and positively 
associated with immune- related and metastasis- related pathways, 
but negatively correlated with DNA damage- related and repair- 
related pathways. Data suggest that ARSI may be involved in tumor 
immune evasion, leading to poor prognosis of HNSC.

Tumor mutation burden is a reliable biomarker for immunothera-
peutic responses.21	Cancer	patients	with	high	TMB	have	poor	prog-
nostic outcomes. High- MSI tumor may have a favorable inflammatory 
TME and a better sensitivity to ICIs.22,23	Besides,	IRGs	play	critical	roles	
in transcriptional and microenvironmental alterations, and represent a 
novel predictor of clinical efficacy in cancer.24 Therefore, we assessed 
the relationship between ARSI	 expressions	 and	TMB/MSI/IRGs.	We	
found that ARSI expressions had strong negative correlations with 
TMB	and	MSI	but	 slightly	negative	correlations	with	 IRGs	 in	HNSC.	
These	findings	show	that	TMB,	MSI,	and	IRGs	mediate	the	effects	of	
ARSI in molecular- targeted therapies and ICIs prognosis. Spearman cor-
relation tests showed that HNSC patients with upregulated ARSI levels 
had poor tolerance to daporinad (r = 0.11) and sinularin (r =	0.08),	but	
were slightly sensitive to dasatinib (r =	−0.14)	and	XAV939	(r =	−0.08).	
These results suggest that HNSC patients with high ARSI expressions 
may not be suitable for immunosuppressive therapy.

Although our study analyzed ARSI expressions in 33 tumors, our 
data sources were mainly derived from UCSC XENA and GDSC data-
bases.	Besides,	we	only	used	retrospective	data;	thus,	there	is	a	need	
for further validation in larger, prospective clinical trials. In addition, 
we found that ARSI expressions were associated with immune cell 
infiltrations and tumor metastasis, but not their causality.

In conclusion, ARSI is a promising prognostic biomarker in pan- 
cancer, especially HNSC. These findings may inform clinical deci-
sions and cancer treatment.
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