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Abstract: Background: Tongue squamous cell carcinoma (TSCC) is one of the most common oral cancers. Immune 
activity is significantly related to the initiation and progression of TSCC. Systemic analysis of the immunogenomic 
landscape and identification of crucial immune-related genes (IRGs) would help understanding of TSCC. Gene Ex-
pression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) provide multiple TSCC cases for use in an integrated 
immunogenomic study. Methods: Immune landscape of TSCC was depicted by expression microarray data from 
GSE13601 and GSE34105. Univariate Cox analysis, in combination with survival analysis, was applied to select 
candidate IRGs with significant survival value. Survival predicting models were constructed by multivariate Cox re-
gression and logistic regression analysis. Unsupervised clustering analysis was used to construct an immune gene 
panel based on prognostic IRGs to distinguish TSCC subgroups with different prognostic outcomes. Finally, IHC 
staining was performed to validate the clinical value of this immune-gene panel. Results: Differentially expressed 
IRGs were identified in two TSCC microarray datasets. Functional enrichment analysis revealed that ontology terms 
associated with variations in T cell function, were highly enriched. Infiltration status of activated CD8+ T cells, cen-
tral memory CD4+ T cells and type 17 T helper cells, had great prognostic value for TSCC progression. Unsupervised 
clustering analysis was further performed to classify TSCC patients into three subgroups. CTSG, CXCL13, and VEGFA 
were finally combined together to form an immune-gene panel, todistinguish different TSCC subgroups. IHC staining 
of TSCC sections further validated the clinical efficiency of the immune-gene panel consisting of prognostic IRGs to 
distinguish TSCC patients. Conclusion: VEGFA, CXCL13, and CTSG, correlated with T cell infiltration and prognostic 
outcome. They were screened to form an immune-gene panel to identify TSCC subgroups with different prognostic 
outcomes. Clinical IHC further validated the efficacy of this immune-gene panel to evaluate aggressiveness of TSCC 
development.
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Introduction

Cancers in the lip and oral cavity are one of the 
most common types of carcinoma worldwide, 
with 354,864 new cases in 2018 [1, 2]. Tongue 
squamous cell carcinoma (TSCC) is one of the 
most common malignancies in the oral cavity, 
with an increasing incidence as well as poor 
prognosis [3, 4]. In 2019, about 17% of tongue 
cancer patients died in the United States [5]. 
Currently, surgical treatment is considered the 
primary therapeutic option for TSCC patients. 
However, occult metastasis is often associated 

with TSCC due to the tongue’s anatomic struc-
ture [3, 6, 7]. Thus, the 5-year overall survival 
rate of TSCC is low [8]. In the past decades, an 
abundance of prognostic biomarkers for TSCC 
was identified, including P53, Ki-67, P16, 
VEGFs, and cyclin D1, which might participate 
in tumorigenesis [9-11]. Also, the tumor-infil-
tratingimmune cells can affect malignant pro-
gression, so corresponding immunotherapies 
have been widely used for treatment [12, 13].

Tumor microenvironment (TME) consists of 
immune cells, fibroblasts, endothelial cells and 
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tumor stroma, which play an important role in 
malignant progression [14]. As the core compo-
nent of TME, immune cells and immune-related 
genes (IRGs) are associated with the response 
to anti-tumor therapies and subsequent prog-
nosis. It has been reported that anti-tumor 
immune activities were suppressed in TSCC 
and the immune microenvironment maintain- 
ed these complicated alterations [15]. TSCC 
patients with higher CD4+ and CD8+ cell infil-
tration had improved clinical outcome [16]. In 
addition, immune checkpoint inhibitors (ICIs), 
such as PD-L1/PD-1 inhibitors could effectively 
facilitate a reversal of immunosuppression 
[17]. Thus, the investigation of an abnormal 
TME is important for improving chemotherapy 
of OSCC. However, the relationship between 
tumor-infiltrating immune cells (TICs) and clini-
cal outcome of OSCC patients remains undeter-
mined. Few TSCC prognostic biomarkers from 
an immune perspective have been observed 
and validated. Since tumor immune microenvi-
ronment is becoming more important for the 
progression of TSCC, elucidating the relation-
ship between local immune activity and TSCC, 
as well as exploring prognostic immune bio-
markers in TSCC, is necessary.

In our study, we aimed to reveal the immune 
landscape of TSCC compared to normal tongue 
tissues by single-sample gene set enrichment 
analysis (ssGSEA). We identified differentially 
expressed IRGs by analyzing the transcrip- 
tomic data of TSCC patients. Next, we integrat-
ed prognostic IRG expression profiles and 
investigated the correlation of hub IRGs and 
immune cell infiltration levels in TSCC samples. 
Furthermore, three clusters were identified by 
unsupervised clustering according to expres-
sion level of IRGs. In conclusion, our work 
depicted the immune landscape of TSCC and 
identified three IRGs with potential for predict-
ing the aggressiveness of TSCC progression.

Material and methods

Data source and acquisition

Two gene expression datasets, GSE13601 and 
GSE34105, were downloaded from the Gene 
Expression Omnibus (GEO) platform with the 
help of R package GEOquery [18], to figure out 
differentially expressed genes in TSCC. The 
platform for these two datasets was GPL570. 
Transcriptomic profiles of expression data from 
tongue squamous cell carcinoma patients were 

acquired from The Cancer Genome Atlas (TC- 
GA) database. TSCC is one of the most impor-
tant subtypes of head and neck squamous cell 
carcinoma (HNSCC) based on anatomic site. 
Due to the anatomic properties of tumor sam-
ples, TSCC samples were filtered out from the 
TCGA-HNSCC dataset.

Immune cell infiltration analysis

The ssGSEA [19] method was used to quantify 
the relative levels of 28 types of different 
immune cells in tongue squamous cell carcino-
ma tissues as well as normal tissues. The fea-
tured gene panels according to type of immune 
cells were based on a prior publication [20]. In 
detail, differentially expressed genes from both 
GSE13601 and GSE34105 were applied to cal-
culate infiltration scores of 28 types of immune 
cells with the help of R packages GSVA and 
Genefilter. Subsequently, enrichment scores 
obtained from ssGSEA were regarded as reli-
able indexes to measure immune cell infiltra-
tion status. Finally, heatmaps were pictured to 
depict immune infiltration status.

Identification of differential expression 
immune-related genes

R package limma [21] was selected to identify 
the differentially expressed genes in these two 
gene expression datasets from the GEO plat-
form as well as RNA sequencing data from 
TCGA. P value <0.05 and |log2 Fc| >1 were set 
as the cutoff values for the identification of dif-
ferentially expressed genes. A standard list of 
immune-related genes (IRGs) was derived from 
the Immunology Database and Analysis Portal 
(Import) [22]. By comparison between genes 
from the list of IRGs and differentially expre- 
ssed genes, differentially expressed IRGs in 
TSCC based on RNA sequencing data from 
TCGA were finally identified.

Functional enrichment analysis

The web tool Metascape, which provides a  
biologist-oriented resource for gene functional 
analysis [23], was selected to identify these 
significantly enriched gene functional terms in 
two datasets respectively. Cross-link interac-
tions between enriched terms were also de- 
picted. R package Clusterprofiler was used to 
further identify significantly enriched GO and 
KEGG terms for the intersection of IRGs from 
the two datasets [24]. Terms with a P-value 
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<0.01, a minimum count of 3, and an enrich-
ment factor >1.5 (the enrichment factor is the 
ratio between the observed counts and the 
counts expected by chance) were collected and 
grouped into clusters based on their member-
ship similarities. FDR cutoff p-value applied to 
our functional enrichment analysis was set at 
0.05.

Protein-protein interaction analysis

The web tool Metascape discussed above was 
also selected to analyze the protein-protein 
interaction relationship of two datasets. The 
inserted function, MCODE, was applied to 
explore core protein-protein interaction mod-
ules. These core modules play central roles 
altogether in the whole regulating network, and 
proteins inside them might be crucial biomedi-
cal targets.

Survival analysis

Patients with integrated clinical information 
from the TCGA database were selected for sur-
vival analysis. Kaplan-Meier analysis was used 
for survival analysis. Identified IRGs above  
were submitted to univariate analysis using R 
package survival. Potential independent prog-
nostic gene indicators were further analyzed 
using R package survmine to identify IRGs with 
significant prognostic value. Similarly, the prog-
nostic values of immune cells were also figured 
out based on immune infiltration scores.

Relationship between immune infiltration and 
crucial IRGs

Correlations between immune cell infiltration 
and IRGs selected above were measured by 
specific gene expression levels and enrich- 
ment scores for certain types of immune cells. 
Positive correlations between gene expression 
and enrichment scores for anti-tumor immune 
cells indicated oncological impacts by blo- 
ckade of anti-tumor immune activity. On the 
other hand, negative correlations between 
gene expression and enrichment scores for 
anti-tumor immune cells suggested protective 
roles by the promotion of the anti-tumor 
immune activity.

Construction of different TSCC phenotypes

Three kinds of TSCC phenotypes were estab-
lished with the help of unsupervised cluster 

analysis using based on the infiltration status 
of immune cells. In detail, the Unsupervised 
clustering method (cutoff =1.0) is an important 
type of machine learning model aimed at clus-
tering substantial unmarked data into multiple 
subgroups, in order to make a maximum differ-
ence among subgroups and minimum differ-
ence inside subgroups. In our study, 6 im- 
mune-related genes with prognostic values 
were firstly filtered out by univariable Cox 
regression analysis and survival analysis. Then 
expression levels of these 6 genes from TSCC 
patients were ln(x+1)-transformed for further 
analysis. Clustering of subgroups based on 
these IRGs was completed by calculating 
Euclidean distance and Ward (unsquared dis-
tances) linkage.

Collection of clinical TSCC samples

A total of 30 cases of tongue squamous cell 
carcinoma (TSCC) tissue samples as well as 
paired adjacent normal tissue samples were 
acquired from clinically diagnosed TSCC pa- 
tients during surgical tumor resection opera-
tions, at the Union hospital of Tongji Medical 
College, Huazhong University of Science and 
Technology (Wuhan, China) from December 
2019 to November 2020. All patients had 
signed proper consent for the use of their clini-
cal samples. Collected fresh tissue samples 
were frozen in liquid nitrogen within 15 minutes 
after resection. Clinical information, including 
age, gender, and TNM staging, wererecorded.

Immunohistochemical and immunofluorescent 
staining

Immunohistochemical and immunofluorescent 
stainings were applied to test the clinical effi-
ciency of the constructed immune gene panel. 
Collected fresh TSCC tumor tissue samples as 
well as paired adjacent normal tissue samples 
were applied for further IHC staining. 4% PFA 
fixed TSCC samples were sectioned and incu-
bated with primary antibodies overnight. Pri- 
mary antibodies included anti-CTSG (Affinity, 
AF5167), anti-CXCL13 (Proteintech, 10927-1-
AP), anti-VEGFA (Proteintech, 19003-1-AP), 
anti-IL17 (Proteintech, 13082-1-AP), anti-CD4 
(Proteintech, 67786-1-Ig), anti-CD8 (Protein- 
tech, 66868-1-Ig). The secondary antibody was 
added subsequently for the formation of col-
ored precipitation.
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Validation of IRGs with clinical and pathologic 
value

These IRGs with great prognostic value and 
consisting of the immune gene panel were fur-
ther analyzed to determine significant clinical 
or pathological value. Comparison of relative 
expression levels among different pathologic T 
stages was completed, and P<0.05 was con- 
sidered a significant difference.

Si-RNA transfection

Specific si-RNA and non-specific control from 
GenePharma were transfected into Cal27 cell 
lines with the help of Lipo6000 (Beyotime). 
Co-culture of Lipo6000 and Cal27 cells for 6 h 
was enough for transfection, and real-time 
qPCR was carried out for identification.

CCK8 assay

Proliferation rates of Cal27 cells under differ-
ent treatments were measured by the CCK8 kit 
(Beyotime). Cal27 cells were seeded into 96- 
well plates (2000-5000 cells per well) and cul-
tured for 72 h. Co-culture of Cal27 cells and 
CCK8 reagents for 1.5 h was enough for detec-
tion of cell proliferation rate at OD 450 nm.

Transwell assay

The migration ability of Cal27 cells was evalu-
ated by a transwell assay kit (Corning Life 
Science). Cal27 cells with proper density were 
seeded onto the upper face of the transwell 
chamber and cultured for 24 h subsequently. 
After removal of cells remaining on the upper 
surface, crystal violet staining was performed 
for measurement of cells that migrated th- 
rough the chamber.

Statistical analysis

Graphpad Prism 7 was applied for statistical 
analysis. An Independent t-test was applied for 
comparison of continuous variables between 
two groups, and P-value <0.05 was considered 
significant. A Chi-square test was used to ana-
lyze the independence of different clinical fac-
tors, IRG expression levels, and immune cell 
infiltration degree. Univariate Cox regression 
analysis and Kaplan-Meier survival analysis 
were performed for validation of survival value. 
Logistic regression analysis and multivariate 

Cox regression analysis were performed to con-
struct risk score models.

Results

Description of immune cell infiltration status in 
tongue carcinoma

To investigate the comprehensive immunophe-
notypic status in TSCC, single-sample Gene Set 
Enrichment Analysis (ssGSEA), a quantitative 
method using microarray data to depict local 
immune status, was applied in this article. 
Heatmaps composing relative abundance of  
28 infiltrating immune cell populations in two 
datasets (GSE13601 and GSE34105) were 
described for visualization. Interestingly, the 
immune status in tumor samples was marked- 
ly activated, as immune scores of tumor sam-
ples for multiple types of cells (e.g., activated 
CD4+ T cells, MDSCs) were higher compared 
with normal tongue samples (Figure 1A, 1C). 
Especially, a statistical analysis comparing 
immune cell infiltration between normal and 
tumor samples indicated that multiple types of 
T cells, including anti-tumor T cells (e.g., acti-
vated CD4+ T cell, natural killer T cell) as well  
as pro-tumor T cells (e.g., regulatory T cell), all 
showed higher infiltration scores in tumor sam-
ples. Representative images of activated CD4+ 
T cells and activated CD8+ T cells are shown 
(Figure 1E, 1F). It could be speculated from  
this phenomenon that variations of T cell func-
tion might play a crucial role in TSCC progres-
sion. Pearson’s correlation analysis revealed 
that abundances of anti-tumor and pro-tumor 
immune cells were positively correlated in local 
tissue sites. As expected, the distribution of 
pro-tumor and anti-tumor immune cells among 
TSCC tumor samples were similar in different 
TSCC datasets, suggesting that tongue carci-
noma immune infiltrate is complex (Figure 1B, 
1D). Clinical information for datasets GSE13- 
601 and GSE34105 were listed below (Tables 
1, 2).

Identification of differentially expressed IRGs

The R package Limma was used to classify dif-
ferentially expressed immune-related genes 
among different datasets. In GSE13601, 1637 
differentially expressed genes were identified, 
with 652 upregulated genes and 985 down-
regulated ones (Figure 2A, 2B). In GSE34105, 
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5278 differentially expressed genes were 
found, with 2302 upregulated and 2976 down-

regulated (Figure 2C, 2D). An immune-related 
gene set (IRG) containing more than 2000  

Figure 1. Immunogenomic landscape of tongue squamous cell carcinoma. A. The immune cell infiltration status 
in GSE13601 depicted by heatmap. B. Correlation between infiltration of immune cells undertaking anti-tumor 
functions and those executing pro-tumor functions in GSE13601. C. Immune cell infiltration status in GSE34105 
depicted by heatmap. D. Correlation between infiltration of immune cells undertaking anti-tumor functions and 
those executing pro-tumor functions in GSE34105. E, F. Representative images of activated CD4+ T cell and acti-
vated CD8+ T cell infiltration status between normal and tumor tissues in GSE13601 and GSE34105 respectively, 
depicted by boxplots.
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Table 1. Clinical information of patients from 
GSE13601
subgroups N
Tumour 31
Normal 26

Table 2. Clinical information of patients from 
GSE34105

Subgroups Variable N Total number 
of patients

Tumour 62
Age
    ≥60 35
    <60 27
Gender
    Male 34
    Female 28
Stage
    T stage
        T1 18
        T2 27
        T3 9
        T3-4 1
        T4 7
    N stage
        N0 46
        N1 7
        N2 7
        N3 1
        Nx 1
    M stage
        M0 59
        M1 1
        Mx 1

Control 16
Age
    ≥60 5
    <60 11
Gender
    Male 8
    Female 8

IRGs was implemented to further recognize 
219 and 377 differentially expressed IRGs in 
GSE13601 and GSE34105 respectively, as 
well as the commonly shared 79 IRGs in both  
of the two datasets (Figure 2E). From this per-
spective, these intercept IRGs might be impor-
tant factors in TSCC, and further analysis ex- 

ploring the immune status of TSCC was depen-
dent on them.

Functional enrichment analysis of differentially 
expressed IRGs

Functional enrichment analysis revealed that 
immune-related terms, such as cytokine-relat-
ed signaling pathway, cell chemotaxis, and 
defense response to other organisms, were the 
most highly-enriched terms in GSE13601 
(Figure 3A), and these immune functions were 
broadly crosslinked altogether, indicating a 
complex immune regulating network in TSCC 
(Figure 3B). Similarly, In GSE34105, cytokine-
mediated signaling pathway, chemotaxis as 
well as lymphocyte activation were the most 
enriched (Figure 3C, 3D). These results validat-
ed that differentially expressed IRGs might be 
broadly involved in multiple types of immune 
activities in the TSCC local microenvironment 
across datasets. As expected, GO analysis  
conducted on shared IRGs between these  
two datasets exhibited leukocyte migration, 
chemotaxis, response to the virus as the top 
three oncology processes. In KEGG analysis, 
immune-related pathways, such as cytokine-
cytokine interaction, chemokine signaling path-
way and natural killer cell mediated cytotoxicity, 
also exhibited high abundance (Figure 3E, 3F). 
These results further confirmed that IRGs 
among different datasets shared some immune 
activities and pathways as their common bio-
logic functions.

PPI network analysis of differentially expressed 
IRGs

To figure out interaction among differential 
IRGs, protein-protein interaction (PPI) network 
analysis was conducted by STRING web tool.  
As expected, these IRGs involved in immune-
related biologic processes, showed highly inter-
acting patterns with complex protein-protein 
crosslinks in both datasets (Figure 4A, 4B). 
Broad interactions among IRGs were noted, 
which might play a significant role in regulation 
of immune activity in TSCC progression. To fur-
ther explore core interaction networks playing 
central roles in immune activities, MCODE fun- 
ction was carried out to find out core protein 
modules. Six MCODE modules were figured out 
in GSE13601, the biological functions of which 
were peptide ligand-binding receptors, PI3K-
Akt signaling pathway, anti-inflammatory, anti-
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gen presentation, GPCR ligand binding, and 
neutrophil chemotaxis respectively (Figure 4C). 
In GSE34105, ten interacting modules were fig-

0.05 (Figure 5B-I). Among them, BPIL2, CTSG, 
and CXCL13 served as good survival indexes 
and the other five as bad survival predictors.

Figure 2. Differentially expressed immune-related genes. A. Differentially 
upregulated and downregulated genes selected from GSE13601. P-value 
<0.05 and |log2 Fc| >1 were set as cutoff values for the selection of differ-
entially expressed genes. B. Differentially expressed genes in GSE13601 de-
picted by heatmap. C. Differentially upregulated and downregulated genes 
selected from GSE34105. P value <0.05 and |log2 Fc| >1 were set as cutoff 
values for the selection of differentially expressed genes. D. Differentially ex-
pressed genes in GSE34105 depicted by heatmap. E. Venn diagram showing 
the relationship between differentially expressed genes and immune-related 
genes. The common part indicates IRGs differentially expressed by tongue 
squamous cell carcinoma.

ured out, and their biologic 
functions are all immune-
related, such as antigen pro-
cession and presentation, 
interleukin-2 family signaling 
and immune response-regu-
lating signaling pathway (Fig- 
ure 4D). In addition, proteins 
in these MCOED modules, 
CXCL12, EGFR and TNF for 
example, exhibited the proba-
bility of being hub proteins in 
immune regulation of TSCC.

Identification of survival-relat-
ed IRGs

Prediction of TSCC prognostic 
outcome is very necessary, as 
it could help in the selection of 
clinical treatments of surgical 
resection versus conservative 
drug treatment. However, pre-
cise and TSCC-targeted clini-
cal biomarkers applied in pre-
dicting clinical outcomes of 
TSCC patients are still inade-
quate. Molecular biomarkers 
were needed that could serve 
as accurate immune-related 
prognostic indicators. Univari- 
ate Cox regression analysis 
was first conducted based on 
TCGA-HNSCC tongue squa-
mous cell carcinoma samples 
to identify possible survival-
associated IRGs, and eleven 
candidate molecules were fig-
ured out, and a univariate Cox 
proportional hazard model 
was established to show their 
prognostic values in a forest 
plot (Figure 5A). Accordingly, 
clinical information of patients 
in TCGA dataset were de- 
scribed in Table 3. Subse- 
quently, survival analysis was 
performed on these candidate 
biomarkers to identify eight 
molecules with significant 
prognostic survival values by 
the P-value cut-off equal to 
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Identification of survival-related immune cells

The prognostic value of immune cells in TSCC 
was then explored using survival analysis. With 
a P-value cut-off of 0.05, a total of 3 types of 

infiltrating immune cells, activated CD8+ T cell, 
central memory CD4+ T cell, and type 17 T 
helper cell, were identified as key immune  
cells with significant prognostic value in TSCC 
(Figure 6A-C).

Figure 3. Gene functional enrichment analysis of differentially expressed immune-related genes. A. Terms of signifi-
cantly enriched gene ontology and pathways in GSE13601. B. A network plot depicting interactions among those 
enriched ontological functions in GSE13601. C. Terms of significantly enriched gene ontology and pathways in 
GSE34105. D. A network plot depicting interactions among those enriched ontological functions in GSE34105. E. 
Enriched GO terms by shared immune-related genes between GSE13601 and GSE34105. F. Enriched KEGG terms 
by shared immune-related genes between GSE13601 and GSE34105.
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Correlations between prognostic immune cells 
and genes

To explain the role of hub IRGs in the regulation 
of immune activities during TSCC, correlation 
analysis between the above eight IRGs and 
three immune cells was performed. Results 

indicated that six out of the eight IRGs, includ-
ing LEFTY1, VEGFA, DKK1, BPIL2, CXCL13, and 
CTSG, showed significant correlations with at 
least one type of immune cell. Among them, a 
poor survival biomarker, VEGFA, had a negative 
correlation with infiltration of the above three 
types of prognostic immune cells, activated 

Figure 4. Protein-protein interaction (PPI) analysis. A. PPI network constructed by differentially expressed immune-
related genes in GSE13601. B. PPI network constructed by differentially expressed immune-related genes in 
GSE34105. C. Core PPI modules selected by MCODE function in GSE13601. D. Core PPI modules selected by 
MCODE function in GSE34105.
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CD8+ T cells, central memory CD4+ T cell, and 
type 17 T helper cell (Figure 7A-C). In contrast, 
CXCL13, a favorable survival predictor, exhibit-
ed a significant positive correlation with infiltra-
tion of activated CD8+ T cells, central memory 
CD4+ T cell, and type 17 T helper cell (Figure 
7D-F). As expected, CTSG, another favorable 
survival biomarker, also showed a significant 
positive correlation with infiltration of the above 

three types of anti-tumor immune cells (Figure 
7G-I). The above correlations partly validate 
and explain the roles of IRGs in TSCC from  
an immune perspective. Especially, VEGFA, 
CXCL13, and CTSG, all of which were signifi-
cantly correlated with both prognostic immune 
cell infiltration status and clinical outcomes, 
might be used as excellent predictors of TSCC 
tumor immune status and clinical outcome.

Figure 5. Survival analysis of differentially ex-
pressed immune-related genes. A. Hazard ratio 
univariate Cox regression model constructed 
by immune-related genes with potential sur-
vival value. B-I. Kaplan-Meier curves depict-
ing survival analysis of immune-related genes 
with significant prognostic value (BPIL2, CTSG, 
CXCL13, VEGFA, ADIPOQ, DKK1, LEFTY1, NPY).
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Table 3. Clinical information of patients from 
TCGA dataset
Variable Number
Age (years) 116
    ≥60 65
    <60 51
Gender 116
    Male 75
    Female 41
Clinical stage 116
    Stage I 10
    Stage II 32
    Stage III 29
    Stage IVA 40
    Stage IVB 1
    #N/A 4
Alcohol history 116
    Yes 72
    No 41
    #N/A 3
History of neoadjuvant treatment 116
    Yes 2
    No 114
Lymphnode neck dissection 116
    Yes 107
    No 9
Neoplasm histologic grade 116
    G1 16
    G2 78
    G3 22
Pathologic stage 116
    Stage I 15
    Stage II 20
    Stage III 31
    Stage IVA 49
    Stage IVB 1

Construction of predictive models with prog-
nostic IRGs

ROC curves were first depicted based on 
expression levels of VEGFA, CXCL13, and  
CTSG. Results showed that other than VEGFA, 
CXCL13 and CTSG exhibited extremely low  
efficiency for prognostic prediction with their 
AUC values less than 0.5 (Figure 8A-C). While 
VEGFA might be used for 1-year prognostic pre-
diction, its long-term predictive performance 
might not be sufficient. Given the above disad-
vantages for a single IRG to be used as a prog-
nostic biomarker in TSCC, construction of pre-

dictive models with all 3 IRGs was necessary. 
Thus, logistic regression, as well as multivari-
ate Cox regression analysis was performed to 
construct two prognostic predictive models 
(Figure 8D, 8E and Tables 4, 5). ROC curves for 
two of these models indicated ideal prognostic 
values for 1-year, 3-year, and 5-year survival of 
TSCC patients (Figure 8F, 8G). The above 
results suggested that the application of a 
combination of VEGFA, CXCL13, and CTSG 
might be an effective method for prediction of 
TSCC clinical outcomes.

Identification of specific TSCC subgroups with 
different prognosis

Heterogeneity of tumors is the main obstacle 
for accurate individual diagnosis and thera- 
peutic strategies. Thus, a proper classification 
strategy was necessary to identify TSCC sub-
groups with different prognostic outcomes. 
Unsupervised clustering analysis, one of the 
most efficient machine learning methods for 
the classification of unmarked data, was then 
applied based on the relative expression levels 
of prognostic IRGs selected above, and three 
different TSCC subgroups were subsequently 
defined. It was subsequently observed that the 
above three subtypes of T cells with prognostic 
value that exhibited a similar infiltration ten-
dency among different TSCC clusters (Figure 
9A). Results of survival analysis indicated that 
cluster A showed a worse survival outcome 
compared to cluster B and cluster C (Figure  
9B, 9C). In contrast, there was no difference  
in clinical survival between cluster B and clus-
ter C (Figure 9D). Thus, it was concluded that 
TSCC patients belonging to cluster A might 
have poor clinical outcome, whereas patients 
in cluster B and cluster C tended to have bet- 
ter survival (Tables 6-8). Finally, efforts were 
made to validate the immune infiltration status 
among different TSCC clusters statistically. As 
expected, the above observed three types of 
prognostic immune cells, including activated 
CD8+ T cells, central memory CD4+ T cells and 
type 17 T helper cells, showed a significant 
increase of infiltration status among the three 
clusters, in which cluster A had the poorest 
anti-tumor immune infiltration (Figure 9E-G). 
This indicated that the poor prognosis of TSCC 
patients belonging to cluster A might be partly 
explained by a weak anti-tumor immune infiltra-
tion status, showing the importance of T cell 
immune function in TSCC prognosis.
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Validation of immune-gene panel to distin-
guish TSCC subgroups

Efforts were then made to establishing a clini-
cal detection method to better classify TSCC 
patients into corresponding subgroups. Vali- 
dation was then made on the above prognostic 
3-gene panel to see whether it could be used 
for TSCC subgroup classification. Statistical 
analysis showed that expression levels of 
CXCL13 and CTSG exhibited a decreasing ten-
dency from cluster A to cluster C, while VEGFA 
showed an opposite trend (Figure 10A-C). 
These results coincided with their prognostic 
value, which suggests that a combination of 
these 3 IRGs can distinguish TSCC subgroups.

From a clinical perspective, RNA expression 
levels of IRGs might not be rapidly and conve-
niently applied to clinical diagnosis. Efforts 
were further made to establish a better method 
in the clinical scenario. After homogenization of 

Clinical validation of selected immune gene 
panel

To validate the efficiency of the selected im- 
mune gene panel during clinical diagnosis, IHC 
staining was employed on human TSCC sec-
tions to evaluate the efficiency of an immune-
gene panel in distinguishing different TSCC 
sub-populations. However, since clinical TSCC 
samples in this study were freshly obtained 
within 2 years, survival information of these 
collected samples was not adequate for long-
term survival analysis. As pathological T stage 
and N stage are golden clinical standards for 
evaluation of TSCC aggressiveness, efforts 
were then made to find a relationship between 
TSCC pathologic T stage, N stage, and immune-
gene panel. Bioinformatic analysis was per-
formed at first to compare the expression levels 
of prognostic immune-gene panel among TCGA 
TSCC samples at different pathologic T and  
N stages. Results suggested that patients at 

Figure 6. Survival analysis of 
cancer-related infiltrating im-
mune cells. A-C. Kaplan-Meier 
curves depicting survival analy-
sis of three types of infiltrating 
immune cells (activated CD8+ 
T cells, central memory CD4+ T 
cells and type 17 T helper cells) 
with high prognostic value.

transcript expression levels of 
these differentially expressed 
IRGs in three TSCC subgroups, 
samples with gene expression 
levels greater than 0 were 
regarded as positive individu-
als, with the others as nega-
tive ones. This may help in 
establishing a mimetic diag-
nostic model using RNA se- 
quencing data. Positive rates 
were then calculated to detect 
their possibility for distinguish-
ing different TSCC subgroups. 
Results showed that CXCL13 
and CTSG exhibited signifi-
cantly lower positive rates in 
cluster A, the subgroup with 
better clinical outcome, with 
higher positive rates in the 
poor survival ones, cluster B 
and cluster C. In contrast, 
VEGFA showed an extremely 
high positive rate in cluster A, 
but a low positive rate in clus-
ter B and cluster C (Figure 
10D-F). Thus, in order to avoid 
the bias of diagnosis caused 
by a single biomarker, a com-
bination of these IRGs might 
be helpful in distinguishing dif-
ferent TSCC subgroups.



Novel immune gene panel in tongue SCC

2813 Am J Transl Res 2022;14(5):2801-2824

higher pathologic T stage showed a higher level 
of VEGFA and lower levels of CTSG and CXCL13, 

while patients at higher N stage showed a simi-
lar tendency but without statistical significance 

Figure 7. Description of relationship between IRG expression and immune cell infiltration. A-C. Negative correlations 
between VEGFA expression level and enrichment scores for activated CD8+ T cells, central memory CD4+ T cells 
and type 17 T helper cells. D-F. Positive correlations between CXCL13 expression level and enrichment scores for 
activated CD8+ T cells, central memory CD4+ T cells and type 17 T helper cells. G-I. Positive correlations between 
VEGFA expression level and enrichment scores for activated CD8+ T cells, central memory CD4+ T cells and type 
17 T helper cells. The significance of all these correlation analysis depicted above were set by the cutoff P-value at 
0.05.



Novel immune gene panel in tongue SCC

2814 Am J Transl Res 2022;14(5):2801-2824

(Figure 11A, 11B). Clinical validation was per-
formed to evaluate the intensity of IHC staining 
among TSCC sections at different T stages and 
N stages. As expected, TSCC patients at higher 
pathologic T stage showed stronger levels of 
VEGFA while weaker levels of CTSG and CXCL13 
(Figure 11C). Similarly, TSCC samples at higher 
pathological N stage exhibited a relatively high-

er level of VEGFA, and lower levels of CXCL13 
and CTSG (Figure 11D). It is known that TSCC 
survival is negatively correlated with cancer 
pathological T stage to a great extent, since 
substantial blood and lymph vessels are pres-
ent around as well as inside the tongue, and 
local tumor invasion and infiltration may easily 
result in metastasis of TSCC. Therefore, the 

Figure 8. Construction of prognosis-predicting models using selected IRGs with significant prognostic value. A-C. ROC 
curves depicting the test efficiency of expression levels of VEGFA, CXCL13 and CTSG respectively. The measures of 
area under curve were defined as AUC value, which indicated their clinical outcome-predicting efficiency precisely. 
D, E. Information of prognostic-predicting models constructed by logistic regression analysis and multivariate Cox 
regression analysis. F, G. ROC curves depicting the test efficiency of logistic regression model and multivariate Cox 
regression model respectively. The measures of area under curve were defined as AUC value, which indicated their 
clinical outcome-predicting efficiency precisely.
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Table 4. Multivariate Cox regression analysis between 
IRGs and clinical factors
Variable N chisp P value
Age (years) 116 0.02310 0.879
    ≥60 65
    <60 51
Gender 116 1.57591 0.209
    Male 75
    Female 41
Clinical stage 116 7.78277 0.051
    Stage I 10
    Stage II 32
    Stage III 29
    Stage IVA 40
    Stage IVB 1
    #N/A 4
Alcohol history 116 2.38329 0.123
    Yes 72
    No 41
    #N/A 3
History of neoadjuvant treatment 116 1.50296 0.220
    Yes 2
    No 114
Lymphnode neck dissection 116 1.61382 0.204
    Yes 107
    No 9
Neoplasm histologic grade 116 5.89476 0.052
    G1 16
    G2 78
    G3 22
Pathologic stage 116 6.34098 0.175
    Stage I 15
    Stage II 20
    Stage III 31
    Stage IVA 49
    Stage IVB 1
Scores for logistic model 116
Scores for multivariate Cox model 116

Table 5. Multivariate Cox regression analysis for iden-
tified IRGs
Variable chisq P value
Neck lymphnode dissection 3.327 0.0682
Tumor histological grade 7.633 0.0220
gender 0.709 0.3999
Tumor clinical stage 6.352 0.0957
Alcohol history 1.643 0.1999
CXCL13 4.124 0.0423
VEGFA 3.750 0.0500
CTSG 3.126 0.0889
Score for logistic model 3.837 0.0401
Score for multivariate Cox model 3.844 0.0499

ability of the immune-gene panel con-
structed by VEGFA, CXCL13, and CTSG to 
distinguish TSCC at different T stages 
might explain its ability to evaluate TSCC 
survival outcome. Further studies are nec-
essary to directly analyze the relationship 
between the immune-gene panel and 
TSCC clinical outcome with complete long-
term patient survival. The above bioinfor-
matic analysis revealed that the behaviors 
of Th17 cells, activated CD8+ T cells and 
central memory CD4+ T cells are closely 
correlated with clinical outcome of TSCC 
patients. To confirm this phenomenon, 
immunofluorescent staining was carried 
out on clinical TSCC samples. Results 
showed that IL-17+ cells were broadly dis-
tributed in TSCC samples at high patho-
logical grade, which meant that Th17  
cells might be largely increased in TSCC 
that is well differentiated (Figure 11E). 
Accordingly, CD4+ T cells and CD8+ T cells 
both showed higher abundance in well-
differentiated TSCC than poorly differenti-
ated TSCC (Figure 11F, 11G). In summary, 
these three types of T cells were identified 
to suggest better prognostic outcome of 
TSCC patients and might play anti-tumor 
roles during TSCC progression.

Role of BPIL2, CXCL13, and CTSG in TSCC 
development and metastasis

Considering that BPIL2, CXCL13, and 
CTSG have been confirmed to indicate bet-
ter clinical outcome with bioinformatic 
analysis, efforts were then made to vali-
date their function in TSCC. Si-RNA tech-
nique was carried out to knock down 
BPIL2, CTSG, and CXCR5, a classical mem-
brane receptor for CXCL13. As expected, 
knockdown of all of the three genes 
showed an increased cell proliferation rate 
compared to control groups detected by 
the CCK8 assay. Specifically, downregula-
tion of CTSG contributed the most to can-
cer proliferation and TSCC development 
among the three candidates (Figure 12A-
C). Accordingly, transwell experiments and 
subsequent crystal violet staining were 
carried out on TSCC cell lines treated by 
the si-RNA technique. Results showed that 
loss of CXCR4, receptor of CXCL13, as well 
as loss of CTSG, contributed most to the 
migration and invasion of TSCC cell lines, 
while knockdown of BPIL2 exhibited little 
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effect on migration and invasion. 
Results suggest that CTSG and 
CXCL13 are closely correlated to 
TSCC metastasis (Figure 12D-F). In 
conclusion, all of the three genes 
could play an anti-tumor effect  
in TSCC, and CXCL13, as well as 
CTSG, contributed more compared 

Figure 9. Exploration of an immune-gene panel to distinguish different TSCC clusters. A. Three types of TSCC sub-
groups, named cluster A, cluster B and cluster C, were constructed by unsupervised cluster analysis based on 
prognostic IRGs selected above. B-D. Prognostic analysis between different TSCC clusters. E-G. Comparison of acti-
vated CD8+ T cells, central memory CD4+ T cells and type 17 T helper cells infiltration status among different TSCC 
clusters.

Table 6. Association between TSCC subgroup classification 
and T stage
TSCC  
subgroups T1 T2 T3 T4a T4b Total number 

of patients
cluster A 24% 36% 20% 16% 4% 25
cluster B 18% 34% 28% 20% 0% 50
cluster C 17.07% 39.02% 34.15% 9.76% 0% 41
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Table 7. Association between TSCC subgroup classification and N stage
TSCC subgroups N0 N1 N2 N2a N2b N2c Nx Total number of patients
cluster A 52% 12% 0% 0% 28% 4% 4% 25
cluster B 46% 8% 4% 2% 28% 10% 2% 50
cluster C 36.59% 26.83% 2.44% 2.44% 21.95% 4.88% 4.88% 41

Table 8. Association between TSCC subgroup 
classification and M stage
TSCC  
subgroups M0 Mx Total number 

of patients
cluster A 76.92% 23.08% 13
cluster B 76.92% 23.08% 26
cluster C 86.67% 13.33% 15

to BPIL2. Further exploration was still neces-
sary to figure out detailed roles and subsequent 
mechanisms for these three genes.

Discussion

With the development of tumor immunothera-
py, tumor immunity has become a research 
hotspot. Growing evidence showed that an 
abundance of immune cells and immune-spe-
cific antigens have been detected in oral can-
cer and function in tumor immunity [25-28]. 
These findings provide immunotherapeutic tar-
gets for TSCC. Although the immune genomic 
differences and the prognostic signature genes 
have been investigated in many types of can-
cers, the overall immune landscape and differ-
ential prognostic IRGs have not been elucidat-
ed in TSCC [29, 30]. Moreover, variant immune 
cells are associated with tumor promotion or 
inhibition, and immunotherapy seems a helpful 
strategy for tongue cancer patients [31]. There- 
fore, we estimated the relative 28 immune cell 
types based on the transcriptomic data from 
GEO datasets via ssGSEA methods, and the 
immunological microenvironment constitution 
was found to be heterogeneous in TSCC. 
Analysis results showed that multiple types of 
immune cells showed higher infiltration scores 
in TSCC tissues, which indicated that there 
were complicated immune responses during 
TSCC progression, revealing the complex and 
diverse immune microenvironment of TSCC. In 
addition, we conducted the correlation analysis 
of the immune scores in GEO datasets, and the 
immune scores of most normal tongue tissues 
exhibited an anti-tumor activity, while tongue 
cancer tissues exhibited both high anti-tumor 

scores and high pro-tumor scores, which were 
consistent with the above established ssGSEA 
immune model. The diversity of local immune 
status in TSCC patients might be explained by 
the immune infiltration changed along with dif-
ferent clinical and pathologic stages of tumor 
[32]. That is to say, the early TME in TSCC  
might exhibit an anti-tumor status and that of 
advanced TSCC might exhibit a pro-tumor 
immunity. However, the specific immune status 
at different tumor stages could not be demon-
strated based on our results. As reported by 
other studies, the immune system plays a vital 
role in carcinoma progression and patients with 
higher anti-tumor immune infiltration have a 
better immunotherapeutic response [33-35]. 
Thus, estimation of immune infiltration predicts 
the immune status and efficiency of response 
for TSCC patients.

Next, differentially expressed IRGs were identi-
fied by comparing the expression profiles of 
TSCC samples with adjacent normal tissues. 
According to the functional enrichment analy-
sis, differentially expressed IRGs derived from 
two independent cohorts were enriched in 
immune-related biological processes and sig-
naling pathways, such as leukocyte migration, 
cytokine-cytokine receptor interaction, and 
chemokine signaling pathway, which were con-
sistent with the results of ssGSEA analysis.  
It is believed that the most enriched modules, 
for leukocyte migration, and cytokine-cytokine 
receptor interaction, may be essential to this 
process. We used TSCC cohorts from the TCGA 
database to validate whether these genes  
were associated with the prognosis of TSCC. 
Based on the univariate Cox regression analy-
sis and prognostic analysis, CXCL13, S100A3, 
ADIPOQ, DKK1, LEFTY1, NDP, NPY, SH3BP2, 
BPIL2, CTSG, and VEGFA were significantly cor-
related with the clinical outcomes of TSCC 
patients. TSCC patients with high BPIL2, CTSG, 
and CXCL13 expression had a better prognosis 
while the person with high the other five signa-
tures had worse clinical outcomes. Previous 
studies have certificated that these genes 
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played important roles in immune responses. 
CTSG could regulate the surface MHC class I 
molecule of immune and tumor cells [36], 
CXCL13 induced the lymphocyte infiltration 
within TME [37], and VEGFA could limit anti-
tumor immune responses [38]. Apart from 
some conventional classical biomarkers app- 
lied in the diagnosis of TSCC, such as Ki-67 and 
P53 [39], novel molecular biomarkers are nec-
essary for more accurate TSCC diagnosis. Con- 
sidering the importance of immune response in 
TSCC progression, these observed prognostic 
IRGs in TSCC might have diagnostic and thera-
peutic significance.

In our findings, multiple types of T cells, includ-
ing pro-tumor and anti-tumor T cells, all showed 
higher levels of infiltration status in tumor sam-
ples compared to adjacent normal tissues. 
Accumulation of anti-tumor T cells, including 
CD4+ T cell and CD8+ T cell in TSCC tissues, 
could act for the protection of tumor develop-
ment and metastasis, especially in some TSCC 
patients at an early stage. Activation of the 

STING-IFN-γ signaling pathway could result in 
the recruitment of anti-tumor T cells and subse-
quent anti-tumor immune reaction [40]. On the 
other hand, increased expression of CXCL14 
has been demonstrated to result in high-level 
infiltration of anti-tumor T lymphocytes, as a 
way to resist the growth and development of 
OSCC [41].

From another perspective, many studies have 
revealed an increase in pro-tumor T cells in 
TSCC. Overexpression of TIGIT/CD155 contrib-
utes to the immunosuppressive status of 
HNSCC [42]. Also, TIM3-related upregulation of 
regulatory T cell pro-tumor function was corre-
lated with immunosuppression in HNSCC [43].

In conclusion, abnormal gene variations may 
contribute to the increase and activation of  
pro-tumor types of T cells, thus promoting the 
malignant progression of TSCC. Along with 
tumor development, the host might upregulate 
expression levels of tumor suppressor genes, 
leading to subsequent recruitment of anti-

Figure 10. Identification of TSCC immune subgroups by immune-gene panel. A-C. Relative expression levels of 
VEGFA, CXCL13 and CTSG in tongue squamous cell carcinoma samples among different TSCC subgroups in TCGA 
dataset. D-F. Positive and negative rate of VEGFA, CXCL13 and CTSG among different TSCC subgroups in TCGA 
dataset. Expression data of TSCC samples from TCGA dataset were homogenized for calculation of positive rate 
corresponding to each IRG.
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tumor T cells. Medical interventions have also 
been confirmed to influence the ratio of anti-
tumor to pro-tumor T cells in TSCC. Studies 
showed that chemotherapies and immunother-
apies augment the numbers of tumor-infiltrat-
ing T cells through increased expression of 
adhesive molecules and chemokines [44]. That 
is to say, due to the individual difference from 

molecular variations and medical treatment 
among TSCC patients, enhanced infiltration of 
pro-tumor and anti-tumor T cells could be rea-
sonably explained, and this phenomenon also 
needs further exploration.

We also found that the amounts of activated 
CD8+ T cells, central memory CD4+ T cells,  

Figure 11. Clinical validation for the predicting efficiency of immune-gene panel. A. Relative expression levels of 
CTSG, CXCL13 and VEGFA in tongue squamous cell carcinoma samples among different T stages in TCGA dataset. 
B. Relative expression levels of CTSG, CXCL13 and VEGFA in tongue squamous cell carcinoma samples among 
different N stages in TCGA dataset. C. Clinical validation of VEGFA, CXCL13 and CTSG expression levels in tumor 
samples at pathologic T1, T3 and T4 stage with the help of IHC staining images. D. Clinical validation of VEGFA, 
CXCL13, and CTSG expression levels in tumor samples at pathological N0 and N2 stages with the help of IHC 
staining images. E-G. Clinical validation for accumulation of Th17 cells, CD4+ T cells and CD8+ T cells in TSCC by 
immunofluorescent staining.

Figure 12. Validation for the role of BPIL2, CXCL13 
and CTSG in TSCC development and metastasis. A-C. 
Role of BPIL2, CXCL13 and CTSG in TSCC malignant 
development validated by Cell Counting Kit (CCK8) 
assay. D-F. Role of BPIL2, CXCL13 and CTSG in TSCC 
metastasis confirmed by transwell assay. Si-RNA 
technique was implemented for efficient knockdown 
of BPIL2, CXCR5 and CTSG, and two target sites for 
each gene were applied in our experiment.
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and type17 T helper cells were significantly 
associated with good clinical outcome of TSCC 
patients. As widely acknowledged, the three 
kinds of immune cells could execute a crucial 
anti-tumor effect in tumor progression [45-47]. 
Thus, they may have a vital anti-tumor role in 
TSCC progression. However, which type of im- 
mune cell is the major anti-tumor cell in TSCC 
still requires further research. Through correla-
tion analysis of these prognostic IRGs and 
immune cells, we found a significant correla- 
tion between VEGFA, CTSG, CXCL13, DKK1, 
BPIL2, LEFTY1 with at least one of these three 
prognostic immune cell types. Among them, 
CTSG and CXCL13 were significantly positively 
correlated with these three prognostic immune 
cells, while VEGFA was negatively correlated 
with them. These results demonstrated that 
CTSG and CXCL13 are essential in anti-tumor 
immune infiltration and VEGFA was critical to 
pro-tumor immunity in TSCC patients. Since 
immune response is recognized as important 
for tumor progression, elucidating the molecu-
lar regulating network of immune response is 
necessary. However, correlation analysis com-
pleted in our research only initially explored the 
regulating mechanisms of immune cells in 
TSCC, which still need deep investigation. On 
the other hand, the correlation of prognostic 
immune cells and prognostic IRGs could vali-
date the clinical significance mutually. Thus, 
these immune gene signatures and immune 
cell subtypes may be novel predictors for 
immune infiltration assessment and prognostic 
biomarkers for TSCC patients. 

To further validate the importance of the 
immune landscape in TSCC, TSCC patients 
were classified into three subgroups according 
to mimetic scores of prognostic immune cells. 
Prognostic analysis further revealed a signifi-
cant difference in the survival probability of 
TSCC patients among three clusters. A signifi-
cant difference in survival outcomes of cluster 
A compared to cluster B and C validated the 
clinical value of our subgroup definition strate-
gy. Also, immune infiltration statuses changed 
along with different clusters, validating that our 
strategy could distinguish TSCC patients with 
different immune statuses, along with different 
clinical outcome. It was apparent that signifi-
cant heterogeneity of immune responses exist-
ed within different TSCC tissues, thus contrib-
uting to the heterogeneity of clinical diagnosis 
and therapeutic responses [48]. Accordingly, 

establishment of subgroup classification strat-
egies is necessary for improving the accuracy 
of TSCC clinical diagnosis, as well as overcom-
ing drug resistance related to tumor local 
immune activities. By calculating positive rates 
and expression levels of prognostic IRGs in  
different clusters, VEGFA, CTSG, and CXCL13 
were selected and combined as an immune-
gene panel applied for distinguishing different 
TSCC clusters. IHC staining on clinical TSCC 
sections further validated the efficiency of the 
immune gene panel in distinguishing patients 
at different pathologic T stages. The estab-
lished three-gene signature could be used  
to distinguish TSCC patients with different 
immune responses and survivals. Clinical vali-
dation further confirmed its discriminability for 
TSCC patients at different T stages, indicating a 
clinical value of this immune gene panel.

However, there were still some limitations to 
this research. First, the transcriptional data 
could not represent the global alterations in 
TSCC patients, thus proteomics should also be 
considered in further studies. Secondly, sam-
ple volume ought to be expanded as a way to 
eliminate bias. Selected molecules would be 
more reliable with further in vitro and in vivo 
validation, and much more effort is required to 
explore these underlying mechanisms for 
immune responses in TSCC. In addition, limited 
to our survival information of TSCC patients, 
clinical validation of survival outcome-distin-
guishing efficiency was substituted by valida-
tion of pathologic T stage-distinguishing effi-
ciency. The collection of detailed survival 
information might contribute to further valida-
tion in the future.

In conclusion, an integrated bioinformatic anal-
ysis revealed the overall immune landscape  
of TSCC patients, indicating the complexity of 
the TSCC immune microenvironment. Patients 
could be significantly classified into three im- 
mune clusters based on selected prognostic 
IRGs, and this subgroup-classification strategy 
was further validated by bioinformatic analysis 
and clinical sections to have great clinical sig-
nificance. These findings might provide a basis 
for diagnosis and immunotherapy in TSCC.
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