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Abstract

Purpose To investigate Src-like adaptor 2 gene (SLA2) expression in head and neck squamous cell carcinoma (HNSCC), its
potential prognostic value, and its effect on immune cell infiltration.

Methods Through a variety of bioinformatics analyses, we extracted and analyzed data sets from the Cancer Genome Atlas
(TCGA), Tumor Immune Estimation Resource (TIMER), and Gene Expression Profile Interaction Analysis (GEPIA) to
analyze the correlation between SLA2 and the prognosis, immune checkpoint, tumor microenvironment (TME) and immune
cell infiltration of HNSCC, and to explore its potential oncogenic mechanism. To further explore the potential role of SLA2
in HNSCC by Gene ontology (GO) functional annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis.

Results SLA2 messenger ribonucleic acid (mRNA) levels were increased in HNSCC tumor tissues compared with normal
tissues. In addition, we found that SLA2 may be an independent prognostic factor for HNSCC, and high SLA2 expression is
associated with favorable prognosis in HNSCC. SLA2 expression was positively correlated with B cells, cluster of differentia-
tion 8-positive T cells (CD8 + T cells), cluster of differentiation 4-positive T cells (CD4 + T cells), macrophages, neutrophil
and dendritic cells infiltration. SLA2 has also been shown to co-express immune-related genes and immune checkpoints.
Significant GO term analysis by Gene Set Enrichment Analysis (GSEA) indicated that genes correlated with SLA2 were
located mainly in the side of membrane, receptor complex, secretory granule membrane, endocytic vesicle, membrane
region, and endosome membrane, where they were involved in leukocyte cell-cell adhesion, response to interferon-gamma,
and regulation of immune effector process. These related genes also served as antigen binding, cytokine receptor activity,
phosphatidylinositol 3-kinase activity, peptide receptor activity, Src homology domain 3 (SH3) domain binding, and cytokine
receptor binding. KEGG pathway analysis demonstrated that these genes related to SLA2 were mainly enriched in signal
pathways, such as hematopoietic cell lineage, cell adhesion molecules (CAMs), natural killer cell mediated cytotoxicity,
measles, and chemokine signaling pathway.

Conclusions SLA?2 is increased in HNSCC, and high SLA2 expression is associated with favorable prognosis. SLA2 may
affect tumor development by regulating tumor infiltrating cells in TME. SLA2 may be a potential target for immunotherapy.

Keywords Head and neck squamous cell carcinoma (HNSCC) - Src-like adaptor 2 gene (SLA2) - Prognosis - Tumor
microenvironment - Tumor immune cell infiltration

Abbreviations CD4+T cells Cluster of differentiation 4-positive
aDC Activated dendritic cell T cells
BP Biological process CDS8 T cells Cluster of differentiation 8 T cells
CAMs Cell adhesion molecules CD8+T cells Cluster of differentiation 8-positive
CBL Casitas B-lineage lymphoma T cells
proto-oncogene CD28 Cluster of differentiation 28 T cells
CcC Cellular component CD48 Cluster of differentiation 48 T cells
CD274 Cluster of differentiation 274 CXCR4 C-X-C motif chemokine receptor 4
CTLA4 Cytotoxic T lymphocyte-associated
antigen-4
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DC Dendritic cell TPM Transcripts per million reads
DSS Disease-specific survival TReg Regulatory T cell
GDSC The genomics of drug sensitivity in oS Overall survival
cancer pDC Plasmacytoid dendritic cells
GEPIA Gene expression profile interaction PDCD1 Programmed cell death 1
analysis PDCDI1LG2 Programmed cell death 1 ligand 2
GO Gene ontology WHO World Health Organization
GSEA Gene set enrichment analysis ZAP70 Zeta chain of T cell receptor-associ-
GSVA Gene set variation analysis ated protein kinase 70
GTeX The genotype-tissue expression 95% CI 95% Confidence intervals
HAVCR2 Hepatitis A virus cellular receptor 2
HNSCC Head and neck squamous cell
carcinoma
HR Hazard ratio Introduction
ICB Immune checkpoint blockade
IC50 The samples’ half-maximal inhibi- Head and neck squamous cell carcinoma (HNSCC), which
tory concentration develops from the mucosal epithelium of the mouth, phar-
iDC Interdigitating dendritic cell ynx and larynx, is the most common malignant tumor of
IL6 Interleukin-6 the head and neck. It is generally found in the late stage,
KEGG Kyoto encyclopedia of genes and with a high degree of malignancy and a poor prognosis. At
genomes present, although tumor resection combined with chemo-
KIRC Kidney renal clear cell carcinoma therapy and radiotherapy has improved the prognosis of
KIRP Kidney renal papillary cell patients to a certain extent, advanced cancer is still prone
carcinoma to metastasis and deterioration. Therefore, it is necessary
KM Kaplan—Meier to explore more effective treatment methods in advanced
LAG3 Lymphocyte-activation gene 3 HNSCC patients, such as targeted therapy. However, in the
LCK Lymphocyte-specific protein tyros- traditional research of targeted therapy for malignant tumors,
ine kinase the molecular pathways seem to be too complex for research-
MF Molecular function ers to fully understand. So far, no effective biomarkers have
MHC genes Major histocompatibility complex been found [1].
gene Therefore, in this study, a variety of bioinformatics meth-
mRNA Messenger ribonucleic acid ods were used to explore the potential oncogenic mecha-
NK CD56dim cells  Natural killer CD56dim cells nism of Src-like adaptor 2 gene (SLA2) in HNSCC, and the
RNA-seq Ribonucleic acid sequencing Cancer Genome Atlas (TCGA), Tumor Immune Estimation
SCC Squamous cell carcinoma Resource (TIMER), Gene Expression Profile Interaction
SH3 Src homology domain 3 Analysis (GEPIA) and LinkedOmics data sets were extracted
SIGLEC15 Sialic acid binding Ig-like lectin 15 and analyzed. The correlation between SLA2 and tumor
SLA2 Src-like adaptor 2 gene immune cell infiltration, immune checkpoint, immune-
SsGSEA Single-sample gene set enrichment related genes and immune checkpoint blockade (ICB) was
analysis detected, Gene ontology (GO) and Kyoto Encyclopedia of
STAD Stomach adenocarcinoma Genes and Genomes (KEGG), pathway enrichment analyses
TCGA The cancer genome atlas were applied to investigate the potential functions of SLA2.
TCR T-cell receptor These results provide new insights into the function of SLA2
Tem Central memory T cells and new targets for the diagnosis and prognosis of HNSCC.
Tem Effective memory T cell SLAZ2 is an adaptor protein that negatively regulates T-cell
TFH Follicular helper T cell receptor (TCR) signaling. Inhibition of T cell antigen recep-
Thl cells T helper 1 cells tor induces activation of activated T cell nuclear factor. It
Th2 cells T helper 2 cells may act by linking zeta chain of T cell receptor-associated
TIGIT T cell immunoreceptor with Ig and protein kinase 70 (ZAP70) and other signaling proteins to
ITIM domains Casitas B-lineage lymphoma proto-oncogene (CBL), result-
TIICs Tumor-infiltrating immune cells ing in CBL-dependent degradation of signaling proteins. It
TIMER Tumor Immune Estimation Resource is involved in the development of various tumors, such as
TME Tumor microenvironment non-small cell lung cancer, breast cancer, and pancreatic
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duct adenocarcinoma [2—4]. However, whether SLA?2 affects
the prognosis of HNSCC has not been investigated.

In recent years, immunotherapy has been applied to the
treatment of HNSCC patients, changing the treatment of
HNSCC [5]. It is well known that tumor-infiltrating immune
cells (TIICs) affect the immune system, deal with abnormal
biological behaviors in a complex way, and play an impor-
tant role in response to immunotherapy [6]. In addition,
genes related to immune components can also affect immune
function [7]. Moreover, cytokine and immune checkpoint
blockade therapy has become a therapeutic strategy for vari-
ous types of cancer, but no study has investigated whether
SLA2 overexpression affects the tumor immune microenvi-
ronment of HNSCC.

Methods
Data source and analysis of differential expressions

Data acquisition, preprocessing, and ethics statement Pan-
cancer ribonucleic acid sequencing (RNA-seq) data were
obtained from UCSC XENA database (https:// xenabrowser.
net/ datap ages/) [8]. Level 3 RNA RNA-seq expression data
and clinical data for HNSCC (502 HNSCC tissues vs. 44
normal adjacent cancer tissues) were downloaded from
TCGA portal (https:// portal. gdc. cancer. gov/) [9]. Before
analysis, transcripts per million reads (TPM) RNA-seq data
were log transformed (Log2(TPM + 1)). We use TCGA to
analyze the SLA2 expression difference between HNSCC
and normal head and neck tissues. As TCGA are open pub-
licly available databases, the data collection from the data-
bases was compliant with all applicable laws, regulations,
and policies for the protection of human subjects, and all
written informed consents were obtained from all subjects
involved.

Exploring the association of survival with SLA2
in HNSCC

We performed univariate and multivariate Cox regression
analyses to determine the appropriate terms for building
nomograms. A forest was applied to display the p value,
hazard ratio (HR), and 95% confidence intervals (95% CI)
for each variable using the “forestplot” R package through R
software. A nomogram was created according to the results
of the multivariate Cox proportional hazards analysis to
predict the total recurrence rate in 1, 3, and 5 years. The
“rms” R package was used to evaluate the risk of recurrence
for individual patients by the points associated with each
risk factor. We extracted survival information for each sam-
ple in TCGA. Indicators such as overall survival (OS) and
disease-specific survival (DSS) were used to elucidate the

relationship betweens SLA2 and the prognosis of HNSCC
patients. Kaplan—-Meier (KM) and log-rank tests were used
for the survival analysis of HNSCC (p <0.05), and survival
curves were analyzed by the “survminer” and “survivor” R
packages.

GEPIA analysis

GEPIA is a Newly developed interactive web server. Its web
site is http://gepia.cancer-pku.cn/index.html [10]. This data-
base provides online analysis based on data from TCGA
and the Genotype-Tissue Expression (GTeX) projects. In our
study, we used the given TCGA expression data set to assess
the difference of SLA2 between HNSCC and normal head
and neck tissues. In addition, we used GEPIA to analyze
the prognostic significance of SLA2 mRNA expression in
HNSCC and draw the survival curve with log rank p value.

Immune infiltration analysis

Single-sample Gene Set Enrichment Analysis (ssGSEA)
was used to assess the infiltration of individual immune cell
populations, e.g., T helper 2 cells (Th2 cells), cluster of dif-
ferentiation 8 T cells (CD8 T cells), natural killer CD56dim
cells (NK CD56dim cells), and others. The analysis was per-
formed using Gene Set Variation Analysis (GSVA) package
[11, 12]. The TIMER (https://cistrome.shinyapps.io/timer/)
database was applied to explore the correlations between
HNSCC and TIICs (Li et al. 2017) [13]. GSVA package of R
was used to analyze the correlations between SLA2 expres-
sion levels and the infiltrations of T cells, B cells, regulatory
T cell (TReg), CD8 T cells, dendritic cell (DC), activated
dendritic cell (aDC), Cytotoxic cells, effective memory T
cell (Tem), Eosinophils, and NK CD56dim cells.

Immune-checkpoint analysis

Sialic acid binding Ig-like lectin 15 (SIGLEC15), T cell
immunoreceptor with Ig and ITIM domains (TIGIT), cyto-
toxic T lymphocyte-associated antigen-4 (CTLA4), clus-
ter of differentiation 274 (CD274), hepatitis A virus cel-
lular receptor 2 (HAVCR?2), lymphocyte-activation gene
3 (LAG3), programmed cell death 1 (PDCD1), and pro-
grammed cell death 1 ligand 2 (PDCD1LG2) were selected
to be immune-checkpoint-relevant transcripts, and the
expression data of these eight genes were extracted. R pack-
age “ggplot2” “pheatmap” and “immuneeconv”’ were used
to assess the expression of the immune-checkpoints and co-
expression of SLA2 with these immune-checkpoints. Poten-
tial immune checkpoint blockade response was predicted
with the TIDE algorithm (Jiang et al. 2018) [14].
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Spearman correlation analysis of IC50 score
and SLA2 expression

RNA-sequencing expression profiles and corresponding
clinical information for HNSCC were downloaded from
the TCGA data set (https://portal.gdc.com). Predicting the
chemotherapeutic response for each sample based on the
largest publicly available pharmacogenomics database [the
Genomics of Drug Sensitivity in Cancer (GDSC), https://
www.cancerrxgene.org/] [15—17]. The prediction process
was implemented by R package “pRRophetic”. The sam-
ples' half-maximal inhibitory concentration (IC50) was esti-
mated by ridge regression. All the parameters were set as
the default values. Using the batch effect of the combat and
tissue type of all tissue, the duplicate gene expression was
summarized as the mean value using the batch effect of the
combat and tissue type of all tissue. Predicting the relative
IC50 of cisplatin and methotrexate in patients with HNSCC.

LinkedOmics analysis

LinkedOmics is a public website on http://www.linkedom-
ics.org/login.php, which contains 32 TCGA cancer types of
multiple omics data, including federation generated from
the Clinical Proteomics Tumor Analysis Consortium [18].
We applied this online tool to identify and analyze SLA2
co-expression genes in head and neck cancer cohort from
TCGA, which contains 502 samples. The data from Link-
finder are signed and sorted; after that, GO analyses, includ-
ing molecular function (MF), biological process (BP), cel-
lular component (CC), and KEGG analysis, are performed
by the GSEA method.

Statistical analysis

Gene expression data were normalized by log2-transforma-
tion. Statistical analyses were conducted using R software
(version4.0.2). The analysis of SLA2 expression in TIMER
and TCGA databases showed p value. The survival curve
generated by GEPIA analysis showed p value. The Cox pro-
portional hazards model, KM analyses, and log-rank test
were conducted for all survival analyses. Spearman’s test or
Pearson’s test was applied to analyze the correlation between
two variables; p value < 0.05 was considered significant. R
software (version 4.0.2) was used for statistical analysis.

Results
SLA2 expression in pan-cancer and HNSCC patients

Using the data from TCGA, we found that SLA2 expression
was significantly elevated in 19 of 33 cancer types, including
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kidney renal papillary cell carcinoma (KIRP), kidney renal
clear cell carcinoma (KIRC), stomach adenocarcinoma
(STAD), among others (Fig. 1A). Similarly, SLA2 expres-
sion was significantly increased in HNSCC tissues compared
with normal samples (Fig. 1B). It has the same result as in
Fig. 1A, with a p value less than 0.001. For the 43 paired
samples, SLA2 expression was also significantly higher in
cancer tissues than in matched normal adjacent tissue sam-
ples (Fig. 1C).

The expression of SLA2 Is associated with patients’
survival in HNSCC

The survival data of SLA2 expression in HNSCC patients
were analyzed. KM survival curves were used to evaluate the
relationship between the SLA2 expression and survival out-
comes. The cut-off value of the high and low SLA2 expres-
sion group was set as the median. The results showed that
patients with higher SLA2 mRNA expression had longer OS
(p<0.019) (Fig. 2A), DSS (p<0.0277) (Fig. 2B). Conse-
quently, the expression of SLA2 mRNA in HNSCC is associ-
ated with survival. The result from GEPIA is also consistent
with our results (Fig. 2C).

Prognostic potential of SLA2 in HNSCC

We then performed univariate and multivariate Cox regres-
sion analyses using several clinical features and SLA2
expression level. Furthermore, univariate and multivariate
Cox regression analyses illustrated that SLA2 expression
(p<0.01), pN-stage (p<0.05), and pM-stage (p <0.01) were
important independent factors to the prognosis of HNSCC
(Fig. 3A, B). We further constructed a nomogram that com-
bined only three independent prognostic factors (including
SLA2, pN-stage, and pM-stage) to provide a quantitative
guideline for clinicians to predict the probability of 1-, 3-,
and 5-year OS in HNSCC patients (Fig. 3C). Each patient is
given a total score through adding each prognostic parameter
point, with a higher total score meaning a worse outcome
for that patient. In addition, the calibration curves showed
that the nomogram performed well in estimating 1-, 3-, and
5-year OS (Fig. 3D). Therefore, SLA2 may be a potential
diagnostic marker for HNSCC.

Association between SLA2 expression and immune
cell infiltration and immune molecule expression
levels

To understand the effects of SLA2 expression on tumor
microenvironment, immune infiltration analysis was per-
formed using ssGSEA method. The correlations between
enrichments of immune cell in Head and neck tissues and
SLA2 expression levels were calculated using Spearman
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Fig.1 SLA2 expression in pan-cancer and HNSCC patients. A
SLA2 expression levels in different tumor types. B SLA2 expres-
sion is significantly higher in HNSCC tissues than in normal tissues.

correlation analyses. As shown in Fig. 4A, SLA2 expres-
sion levels were positively correlated with numerous types
of immune cells, e.g., T cells, Cytotoxic cells, TReg, aDC,
NK CD56dim cells, follicular helper T cell (TFH), CD8 T
cells, T helper cells, T helper 1 cells (Thl cells), B cells,
DC, plasmacytoid dendritic cells (pDC), Tem cells, Mac-
rophages, Th2 cells, Eosinophils, interdigitating dendritic
cell iDC), Th17 cells, NK cells, central memory T cells
(Tcm), Mast cells, and Neutrophils, all of which play an
important role in anti-tumor immunity. Next, we further used
the CIBERSORT algorithm to investigate the tumor-infil-
trating immune cells, we found that the expression of SLA2
was positively correlated with the infiltration of B cells,
cluster of differentiation 8-positive T cells (CD8+T cells),
cluster of differentiation 4-positive T cells (CD4+T cells),
Macrophages cells, Neutrophils cells, and Dendritic cells
(Fig. 4B). Similarly, the infiltrations of other immune cells

The expression of SLA2
Log, (TPM+1)

0 T T
Normal

Tumor

*##%p <(0.001. C SLA2 expression was also significantly higher in
43 HNSCC tissues than in matched normal adjacent tissue samples.
*p<0.05

in Head and neck tissues are observed, GSVA package of R
was used to analyze the correlations between SLA2 expres-
sion levels and the infiltrations of T cells, B cells, TReg,
CD8 T cells, DC, aDC, Cytotoxic cells, Tem, Eosinophils,
and NK CD56dim cells. As shown in Fig. 4C, SLA2 expres-
sion levels were significantly positively correlated with the
infiltrations of those immune cells (p <0.01).

We further performed gene co-expression analysis to
evaluate the mechanisms that SLA2 was correlated with the
infiltration of immune cells in HNSCC. Major histocom-
patibility complex gene (MHC genes), immunosuppres-
sive, immune activation genes, chemokine and chemokine
receptor-related genes were assessed. The results showed
that SLA2 positively co-expressed with all listed MHC genes
(Fig. 5A). Notably, almost all immunosuppressive genes
positively co-expressed with SLA2 (Fig. 5B). SLA2 had a
positive relationship with most of the immune activation
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Fig.2 SLA?2 expression level has potential diagnostic and prognos-
tic values for patients with HNSCC. A KM survival curves for OS
showed that patients with higher SLA2 mRNA expression had longer

genes, such as genes that encoding cluster of differentia-
tion 48 T cells (CD48), cluster of differentiation 28 T cells
(CD28), Interleukin-6 (IL6), C—X—-C motif chemokine
receptor 4 (CXCR4) (Fig. 5C). Similarly, SLA2 had a
positive correlation with some chemokine and chemokine
receptors (Fig. 5D, E). The expression of immune-check-
points, including CD274, CTLA4, HAVCR2, LAG3,
PDCDI1, PDCDI1LG2, TIGIT, and SIGLECI15 (Fig. 6A),
were further investigated in the World Health Organiza-
tion (WHO) grade II and IIT of HNSCC. The results illus-
trated that LAG3 (p <3.35e—05), PDCDI1 (p < 1.06e—04),
CTLA4 (p<2.55e—03), HAVCR2 (p < 1.72e—03), TIGIT
(p<1.22e—03), and SIGLECI1S5 (p <9.39e—02) were upreg-
ulated in WHO grade III compared with WHO grade II of
HNSCC (Fig. 6B). In addition, we revealed that HNSCC

@ Springer

OS (p<0.019). B KM survival curves for DSS showed that patients
with higher SLA2 mRNA expression had longer DSS (p <0.0277). C
K—M survival curves for OS constructed from GEPIA

patients in WHO grade III had a better response to immune
checkpoint blockade compared with HNSCC patients in
WHO grade I (Fig. 6C). Moreover, the results demonstrated
that SLA2 positively co-expressed with these immune-check-
points (Table 1), indicating that SLA2 may be a potential
immunotherapy target.

Spearman correlation analysis of IC50 score
and SLA2 expression

RNA-sequencing expression profiles and corresponding
clinical information for HNSCC were downloaded from the
TCGA data set (https://portal.gdc.com). The results showed
that IC50 of cisplatin and methotrexate was negatively cor-
related with SLA2 expression (Fig. 6D, E).
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Fig.3 Prognostic efficacy of SLA2 expression levels in patients with
HNSCC. A Univariate Cox regression analyses displayed using for-
est plots showed that SLA2 expression, pN-stage, and pM-stage were
important factors to the prognosis of HNSCC. B Multivariate Cox
regression analyses displayed using forest plots showed that SLA2

Enrichment analysis of SLA2 neighborhood genes
in HNSCC

To study the functional network of SLA2 neighborhood
genes in HNSCC, we first identified SLA2 neighborhood
genes with LinkedOmics. The results are shown in a volcanic
plot (Fig. 7A). In addition, the top 50 positively and nega-
tively related genes were shown in the heat map, respectively
(Fig. 7B, C). Significant GO term analysis by GSEA indicated
that genes correlated with SLA2 were located mainly in the
side of membrane, receptor complex, secretory granule mem-
brane, endocytic vesicle, membrane region, and endosome
membrane, where they were involved in leukocyte cell—cell
adhesion, response to interferon-gamma, and regulation of
immune effector process. These related genes also served as

Nomogram—prediced(%)

=460 d=204 p=6, 46 subjects per group 2 resampli
iray: ideal

expression, pN-stage, and pM-stage were important independent fac-
tors to the prognosis of HNSCC. C Nomogram for predicting clini-
cal outcomes associated with SLA2 expression in HNSCC patients.
D Calibration curves showed that the nomogram performed well in
estimating 1-, 3-, and 5-year OS

antigen binding, cytokine receptor activity, phosphatidylino-
sitol 3-kinase activity, peptide receptor activity, Src homology
domain 3 (SH3) domain binding, and cytokine receptor bind-
ing (Fig. 7D-F). KEGG pathway analysis demonstrated that
these genes related to SLA2 were mainly enriched in signal
pathways, such as hematopoietic cell lineage, cell adhesion
molecules (CAMs), natural killer cell mediated cytotoxicity,
measles, and chemokine signaling pathway (Fig. 7G).

Discussion
HNSCC is the sixth most prevalent cancer in the world. It

originates from different parts of the head and neck region,
including the oral cavity, nasal cavity, nasopharynx, larynx,
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Fig.4 Relationship between SLA2 expression and immune cell infil-
tration in the tumor microenvironment. A SLA2 expression levels
were positively correlated with numerous types of 24 immune cells.
B Expression of SLA2 was positively correlated with the infiltration
of (B), CD8+, CD4 +, Macrophages, Neutrophils and dendritic cells

hypopharynx, and oropharynx. Squamous cell carcinoma
(SCC) accounts for 90% of head and neck malignancies [19].
Due to the characteristics of delayed early diagnosis and
high recurrence rate of HNSCC, about 50% of all patients
will eventually have local or regional recurrence. Despite the
progress in treatment, the 5-year survival rate is still very
low, and there are still some patients with poor treatment
effect and poor prognosis [20]. Therefore, it is of great sig-
nificance to explore new genes related to the occurrence and
development of HNSCC, and to find markers with higher
specificity and sensitivity, especially other molecular mecha-
nism targets, such as immune infiltration, for improving the
treatment of HNSCC. The aim of this study was to investi-
gate the diagnostic value of SLA2 gene in HNSCC and its
effect on tumor immune invasion. SLA2 is an adaptor protein

@ Springer

determined using TIMER. C SLA2 expression levels were signifi-
cantly positively correlated with T cells, B cells, TReg, CD8 T cells,
DC, aDC, Cytotoxic cells, Tem, Eosinophils, and NK CD56dim cells
enrichment levels (p <0.01)

whose main function is to inhibit the activation of activated
T cell nuclear factor induced by T cell antigen receptor [21].
Relevant studies have reported that SLA2 expression medi-
ates cell proliferation, colony formation and tumor formation
by destroying receptors [3]. In conclusion, we can infer that
SLA2 may be involved in tumor formation and development
by further affecting cell proliferation through the cellular
microenvironment.

In our study, we found that SLA2 was differentially
expressed in various types of cancer and its corresponding
normal tissues. A study indicates that SLA2 may be involved
in immune response for promoting NSCLC progression.
Besides, genome-scale analysis to identify prognostic mark-
ers in patients with early stage pancreatic ductal adenocar-
cinoma after pancreaticoduodenectomy, found that SLA2 is
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Fig.5 Co-expression of SLA2 with immune-related genes in
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one of the prognostic markers [4]. The expression of SLA2
in HNSCC was further verified, and the results showed that
patients with higher SLA2 expression had better prognosis.
In addition, we found that SLA2 gene expression was associ-
ated with tumor stage, clinical grade, and age. In addition,
univariate and multivariate Cox regression analysis showed
that SLA2 expression was an independent prognostic factor
for HNSCC. Therefore, SLA2 has potential diagnostic value
in HNSCC.
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Next, we analyzed the SLA2-related pathway in HNSCC
to understand its carcinogenic mechanism. Based on GO and
KEGG analyses, we observed that the functional network of
SLA2 in HNSCC was related to the side of membrane, recep-
tor complex, and other cellular component, where they were
involved in biological processes, such as leukocyte cell—cell
adhesion. These related genes also served as antigen bind-
ing, cytokine receptor activity, SH3 domain binding, and
other molecular function cytokine receptor binding. Abplp

@ Springer



European Archives of Oto-Rhino-Laryngology (2024) 281:427-440

5.04

Immune checkpoint

0.0 4

EOR R 3 3k 3 3k

Group

B3 G2
B3 G3

L)

<D
&
<5

i
I e

!II} i \‘ ”!

D

Responder

wilcox tests p=0.002

TIDE score

Groups E3G1 E3G3

Fig.6 Expression of immune-checkpoints in HNSCC. A, B Expres-
sion of immune-checkpoints were upregulated in WHO grade III
compared with WHO grade II of HNSCC. C HNSCC patients in
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is a yeast cortical actin binding protein that contains a SH3
domain similar to that found in signal transduction pro-
teins that act at the membrane/cytoskeletal interface. Zero

Table 1 SLA2 co-expressed

with immune-checkpoints Genes Cor  Palue
CD274 0.607 4.54E-52
CTLA4 0.834 9.47E-132
HAVCR2 0.812 8.45E-120
LAG3 0.864 1.83E-151
PDCD1 092 9.01E-206
PDCDILG2 0.557 1.80E-42
TIGIT 0.941 2.71E-238
SIGLEC15 0.338 6.00E-15

@ Springer

108(5) = 17,11, p = 1.5-09. Bsgeaman = ~027, Clogs, [0.35, ~0.18], i = 504

Log2 (SLAZ expression)

A
%

! Group Group
STGLECI1 533 G3

9. 39e-03

6. 11e-02

PDCD1L.G2 7.97e-01

|‘ } CD274
3. 35e-05

‘ LLAG 333kt
‘ - 06e-041

| ‘ PDCD 1 sk i

‘H |

TIGI T 1. 22e-03

CTLAA 2. 55e-03

HAVCRZ23k3# 1. 72e-03

108:(5) = 17.22,p = 3.21¢-21, Bspeaan = ~040, Closs, [0, ~0.33], 1y = S04

Methotrexate ICS0

i

Log? (SLA2 expression)

compared with HNSCC patients in WHO grade 1. D, E IC50 of cis-
platin and methotrexate was negatively correlated with SLA2 expres-
sion

mutation of SLA1 and SLA2 leads to temperature sensi-
tive growth defects. Slalp contains three SH3 domains,
which are essential for proper formation of cortical actin
cytoskeleton [22]. KEGG pathway analysis indicated that
these genes related to SLA2 were mainly enriched in signal
pathways, such as hematopoietic cell lineage, CAMs, and
other pathway. SLA2 is a recently discovered adaptor protein
mainly expressed in hematopoietic cells. Studies shows that
SLA2 may have function as a negative regulator of GPVI-
mediated signaling by interacting with c-Cbl, similar to what
was reported in T cells [23]. All these results suggested that
SLA2 regulates immune effector process, and is involved in
several related signaling pathways.

SLA?2 is a adapter protein, which negatively regulates
TCR signaling. It inhibits T-cell antigen—receptor-induced
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Fig.7 Genes differentially expressed in association with SLA2 in
HNSCC, and enrichment analysis of the genes altered in the SLA2
neighborhood in HNSCC. A Volcano plot. B Heat maps of the top
50 genes positively correlated with SLA2. C Heat maps of the top

activation of nuclear factor of activated T-cells. It may act by
linking signaling proteins, such as ZAP70 with CBL, leading
to a CBL dependent degradation of signaling proteins. The
study also shows that SLA?2 is related to endosome mem-
brane, which is involved in regulation of immune effector
process [21]. In this study, we found that SLA2 expression
levels were positively correlated with the infiltration lev-
els of numerous immune cells, suggesting that SLA2 might
promote the anti-tumor immune response in tumor tissues.
Most malignancies increase levels of inhibitory ligands
by impairing T cell function to avoid immune responses
that lead to tumor growth. This is thought to be one of the
potential mechanisms promoting tumor progression. Patients
with higher levels of T-cell infiltration often have a better
prognosis [24, 25]. In addition, SLA2 expression levels were
significantly correlated with the expression levels of many
immune molecules, which might recruit immune cell infil-
tration, thereby exerting an anti-tumor effect. Altogether,

20 15 10 05 00 [ 10 15 20
Normalized Enrichment Score

50 genes negatively correlated with SLA2. D Biological processes.
E Cellular components. F Molecular functions. G KEGG pathway
analysis

these results suggest that SLA2 may exert an anti-oncogenic
function by triggering anti-tumor immune responses in
HNSCC tissues.

Many reports support that immune cell infiltration in
tumor tissues is related to tumor formation, growth and
metastasis [26]. High concentration of immune promoting
cells in tumor tissue can improve the prognosis of patients,
while low concentration of immune promoting cells can lead
to immune escape of cancer cells, resulting in poor prognosis
[27]. When a tumor is strongly infiltrated by immune cells,
the expression of SLA2 will increased, and strong infiltra-
tion by immune cells is associated with a more favourable
prognosis. Our results are similar to the reported of Yang
et al. [28].

To further evaluate the potential immune mechanisms
of SLA2 in HNSCC, we second analyzed SLA2-related
immune infiltration levels. The results demonstrate that the
SLA?2 expression level is strongly positive correlated with
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the infiltration level of many immune cells. After analyz-
ing the correlation between SLA2 expression and immune
cell marker genes, the results revealed that the function of
SLA2 in regulating different immune infiltrating cells is dif-
ferent. SLA2 had a positive relationship with most of the
immune activation genes. In addition, the efficacy of immu-
notherapy not only requires sufficient immune cell infiltra-
tion in the tumor microenvironment, but also depends on
the full expression of immune checkpoints [29]. The results
demonstrated that SLA2 positively co-expressed with these
immune-checkpoints, indicating that SLA2 may be a poten-
tial immunotherapy target. Moreover, cisplatin and metho-
trexate had better antitumor effect for HNSCC.

A large number of studies have confirmed that tumor
immune cell infiltration can affect the efficacy and prog-
nosis of chemotherapy, radiotherapy or immunotherapy in
cancer patients [30, 31]. Taken together, SLA2 expression
level is closely related to immune cell infiltration, which
can lead to good prognosis of tumor patients. Most impor-
tantly, SLA2 expression may affect the immune microenvi-
ronment and then indirectly affects the prognosis of HNSCC
and serves as a predictor of ICB therapies and chemothera-
peutics.However, the limitation of this study is that a large
number of samples were needed to verify our results, and
more clinical samples will be collected to enrich the data in
the future. Moreover, the underlying immune mechanisms
should be explored and SLA2 as biomarkers to predict the
immune response rate in real-world HNSCC patients should
be conducted.

In conclusion, our work demonstrated that when a tumor
is strongly infiltrated by immune cells, the expression of
SLA2 will increased, and strong infiltration by immune cells
is associated with a more favourable prognosis. SLA2 may
be a potential target for immunotherapy.
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