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CXCL family-related classification predicts prognosis and
response to immunotherapy in patients with head and neck
squamous cell carcinoma based on TCGA and GEO databases
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Background: Head and neck squamous cell carcinoma (HNSCC) is the sixth most prevalent malignant
cancer worldwide. The cysteine X cysteine (CXC) chemokine family contains 17 members, which are
reportedly crucial for the growth, invasion, metastasis, and microenvironment of tumor cells. Although the
precise functions of CXC ligands (CXCLs) in HNSCC are unclear, these proteins may play important roles
in controlling tumor growth and forming the tumor immune environment.

Methods: We downloaded the RNA sequencing and matched clinicopathological data of 379 patients with
HNSCC as the training set from The Cancer Genome Atlas and two datasets from the Gene Expression
Omnibus for use as validation sets.

Results: Through consensus clustering, we identified two subtypes of HNSCC associated with the CXCL family,
named cluster] and cluster2. Patients with the cluster] subtype showed favourable clinical outcomes, significant
immune cell infiltration, and improved immune response signalling pathway modulation. We also developed a
nomogram of CXCL family scores for therapeutic use and for predicting the overall survival (OS) of patients with
HNSCC. Patients with lower scores showed longer OS and higher immune cell infiltration in their tissues.
Conclusions: We developed a new classification method for HNSCC using the CXCL gene family, which

can be used clinically to evaluate the prognosis and response to immunotherapy in patients with HNSCC.
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Introduction success, the 5-year survival rate of patients in advanced
disease stages remains quite poor (2); thus, new prognostic

Head and neck squamous cell carcinoma (HNSCC) is the markers are needed to inform clinical treatment decisions

sixth most prevalent malignant cancer globally (1). Although for patients with HNSCC.

conventional treatment methods have achieved some The cysteine X cysteine ligand (CXCL) family is involved
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in recruiting immune cells and strongly influences the onset
and growth of malignancies (3,4). For instance, CXCLI,
CXCLS5, and CXCL16 promote the development of
gastric and pulmonary cancers (5-8). Additionally, CXCL1
is essential in the formation and spread of the initially
malignant tumor microenvironment (TME) in colorectal
cancer (9-11). By triggering epithelial-mesenchymal
transition and activating neutrophils, CXCLS5 promotes the
spread of gastric cancer (12). CXCL9, CXCL10, CXCL13,
CXCL14, and CXCL17 can be utilized as prognostic
biomarkers in HNSCC (13); however, the precise functions
of CXCL family genes in this cancer remain unclear. In
recent years, therapeutic strategies have been developed
to target the TME because of its key role in controlling
tumor growth and modifying the effectiveness of standard
treatments (14-16). Changes in the composition of the
immune microenvironment have important implications
for immunotherapeutic effects in patients with HNSCC
(17-19). Because the CXCL family is crucial for controlling
the TME (20,21), understanding its roles can help predict
HNSCC development and immunotherapy effects, which
can greatly improve patient outcomes.

In this study, we developed a set of relevant classifications
of the CXCL family which were used to analyse the TME
in HNSCC. Further, we developed CXCL family ratings
to predict the prognosis, immune infiltration, and therapy
outcomes in the patients. This classification can be used to
guide the treatment and improve the outcomes of patients
with HNSCC. We present this article in accordance with
the TRIPOD reporting checklist (available at https://tcr.

Highlight box

Key findings

*  We have established a CXCL family-based gene clustering and risk
score to predict the prognosis and immunotherapy efficacy of head
and neck squamous cell carcinoma (HNSCC).

What is known and what is new?

* The CXCL family is an important predictor of clinical outcomes
in various cancers.

e 'This study is the first to analyze the association between CXCL
family genes and overall survival and immune infiltration in

HNSCC through consensus clustering analysis.

What is the implication, and what should change now?
® The research results of this article lay the foundation for
developing treatment targets for patients with head and neck

squamous cell lung cancer.
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amegroups.com/article/view/10.21037/tcr-23-1299/rc).

Methods
Datasets

We downloaded the RNA sequencing and matched
clinicopathological data of 379 patients with HNSCC as
the training set from The Cancer Genome Atlas (TCGA;
https://portal.gdc.cancer.gov/). Additionally, we chose
two datasets from the Gene Expression Omnibus (GEO;
https://www.ncbi.nlm.nih.gov/geo/; datasets GSE41613
and GSE85446) for use as validation sets. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Differential gene expression (DGE) analysis

"To investigate differences in gene expression levels between
the comparison and control groups, we used the #-test
program in the R statistical environment (The R Project
for Statistical Computing, Vienna, Austria). To determine
the false discovery rate (FDR) of each gene, we utilized the
“p.adjust” tool. The following cut-offs were used to identify
differentially expressed genes (DEGs): P<0.05, FDR <0.05,
and |fold-changel >1.5.

Functional enrichment analyses

The signalling pathways and biological processes of the
clusterl and cluster2 patient populations were compared
using Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analyses.
The annotated genes were subjected to enrichment analysis
using the R “clusterprofiler” package (version 3.14.3), with
the following parameters: minimum gene set =5, maximum
gene set =5,000. Gene sets were considered statistically
significant when P<0.05 and FDR <0.25.

Gene Set Enrvichment Analysis (GSEA) software

We utilized GSEA software (version 3.0; http://software.
broadinstitute.org/gsea/index.jsp) to analyse the
associated pathways and biological mechanisms, and
to separate the samples into two groups depending on
the expression of the CXCL family genes. We used the
following parameters based on the gene expression
profiles and phenotypic groupings: minimum gene
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set =5, maximum gene set =5,000, resampling =1,000,
P<0.05, FDR <0.25.

Immune landscape among CXCL family gene subsets
Immuno-Oncology Biological Research (IOBR) is a

computational tool that can utilize multiple omics data
to promote exploration of immune oncology, reveal
tumor immune interactions, and accelerate precision
immunotherapy (22). Based on the expression profile, we
used the R “iobr” tool and utilized two methods, estimate (23)
and mcpcounter (24), to score immune-infiltrating cells.

Somatic mutation analysis

We detected gene mutations in the 379 patients with
HNSCC using the R “maftools” function and presented the
results in a waterfall diagram.

Consensus clustering

ConsensusClusterPlus (25) was used for cluster analysis,
which involved resampling 80% of the samples ten times
and employing agglomerative paired clustering with
1-Pearson correlation distances. Using an empirical
cumulative distribution function plot, the ideal number of
clusters was identified.

Construction of the CXCL family risk signature

We combined data on gene expression, survival time, and
survival status using the R “glmnet” package and performed
regression analysis using the least absolute shrinkage and
selection operator (LASSO) Cox technique. In addition,
we also set a 10-fold cross validation to obtain the optimal
model, we set the Lambda value to 0.03 and ultimately
obtained four genes. Additionally, we determined the best
risk score cut-off value using the R “maxstat” test and set
the minimum and maximum numbers of grouped samples
as >25% and <75%, respectively. The patients were divided
into high- and low-risk groups based on these criteria.

Creation and verification of a multifactor nomogram

We combined data on the survival time, survival status,
and six features of patients with HNSCC using the R
“rms” package. We then performed Cox analysis to create
nomograms and assess the prognostic importance of these
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variables in HNSCC.

Survival analysis

We analysed prognostic differences between several groups
of samples using the “survfit” function of the R survival
package and utilized the log-rank test method to determine
the significance of these differences.

Drug sensitivity analysis

We used “oncoPredict” to examine the medication sensitivity
of clinically treated low- and high- risk patients. The filter
conditions were P<0.05 and llog fold-change| >1.

Statistical analysis

We used Student #-test, Wilcoxon test, or one-way analysis
of variance (ANOVA) for group comparison. The statistical
significance was set to P<0.05, and the significance levels
were expressed as *P<0.05, **P<0.01, ***P<0.001, and
****P<0.0001. Non significant differences were represented
as ‘ns’.

Data processing

The technical methods provided by the Sangerbox toolkit (26)

were used to process the data.

Results

Consensus clustering identifies subtypes in patients with

HNSCC

Using the STRING database, we conducted protein-protein
interaction network analysis to detect connections between
CXCL family genes Figure 14). We further investigated
CXCL family gene expression in HNSCC using consensus
clustering (Figure 1B-1E). Combined with the cumulative
distribution curve, area under the distribution curve, and
consistency analysis results of sample clustering, robust
clustering was observed when k=2; this result indicated
that patients could be divided into two categories, clusterl
(C1; 179 patients) and cluster2 (C2; 200 patients), which can
be interpreted as different HNSCC subtypes. CXCL genes
showed different expression patterns in the two subtypes
(Figure 1F). Although some CXCL family genes showed
higher expression in C2 than in C1, CXCLY, CXCLI10,
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Figure 1 Consensus clustering. (A) Protein-protein interactions among CXCL family genes. (B) Area under the distribution curve.
(C) Cumulative distribution curve of consensus clustering from k=2 to k=10. (D) Sample clustering consistency. (E) Consensus clustering
heat map with k=2. (F) Expression of CXCL family genes in the C1 and C2 subtypes. (G) Kaplan-Meier curves of overall survival in the C1
and C2 subtypes. CDF, cumulative distribution function.
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CXCL11, and CXCLI3 expression levels were higher in C1
than in C2. The two subtypes were also linked to various
clinical outcomes according to survival analysis. The
prognosis of patients with the C1 subtype was generally
better than that of patients with the C2 subtype (Figure 1G).

Functional envichment and TME infiltration in several
HNSCC subtypes

To assess the variations in gene expression between the
C1 and C2 subtypes, we used the 7-test function in R; we
selected 731 DEGs for further analysis (Figure 24,2B).
Using the KEGG and GO databases, we conducted
functional enrichment analyses of the DEGs. C1 was
enriched in immunological pathways compared to C2
(Figure 2C,2D), including the T cell, natural killer cell, and
B cell signalling pathways. Finally, we performed GSEA to
identify pathways that were differentially represented in C1
versus C2 (Figure 2E-2M). The T cell and natural killer cell
pathways were among the top nine enriched pathways and
played important roles in the immune microenvironment.
These findings suggested that the T cell pathway and
natural killer cell pathway are more enriched in the Cl
subtype than in the C2 subtype in GSEA enrichment. This
indicates that the C1 subtype plays a more important role in
the immune microenvironment.

Mutational landscapes of the two subtypes of HNSCC

The two subtypes of HNSCC, C1 and C2, exhibited
different somatic mutation profiles (Figure 34). The most
common mutations were in TP53, T'TN, FAT1, CDKN2A,
and mucl 6, and occurred at different frequencies between
the subtypes. Furthermore, we investigated CXCL
family mutations and found that C1 had higher CXCL13,
CXCL3, and CXCLI4 mutation frequencies than did
C2 (Figure 3B). In contrast, C2 had higher CXCLI,
CXCL6, CXCL10, CXCLI12, and other genetic mutation
frequencies than did C1.

Mutational landscapes of the TME in different HNSCC
subtypes

The importance of the CXCL family of genes in the
TME is increasingly supported by available data. Further
investigation of the compositional differences in the
TME revealed that C1 had a higher immunological score
(Figure 44-4C) but lower purity than C2 (Figure 4D).
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Using the R “mcpcounter” package, we estimated variations
in the proportions of invading immune cell types across
the C1 and C2 subtypes; immune cell infiltration in the
379 patients with HNSCC is shown in Figure 4E.
Additionally, we analysed the expression of 10 different
immune cell types in the C1 and C2 subtypes; we
discovered that, aside from endothelial cells and fibroblasts,
patients with the C1 subtype had higher levels of the other
eight immune cell types than patients with the C2 subtype
(Figure 4F). Finally, we investigated the differences in
immune checkpoints and human leukocyte antigen (HLA)
cells between C1 and C2. Eight immune checkpoints and
19 HLAs were upregulated in patients with the C1 subtype
(Figure 4G,4H). Thus, patients with the C1 subtype were
more likely to develop hot tumors, whereas those with the
C2 subtype were more likely to develop cold tumors.

CXCL family gene univariate regression analysis

Through univariate regression analysis of the CXCL family,
we found that CXCL13, CXCL17, CXCL9, and CXCLS8

can serve as independent prognostic factors of HNSCC

(Figure 5).

Differential expression and survival analysis of CXCL13,
CXCL17, CXCL8, and CXCL9

CXCL13, CXCLS, and CXCL9 were lowly expressed
in normal tissue and highly expressed in cancer tissue
in patients with HNSCC, whereas CXCL17 was lowly
expressed in normal tissue and highly expressed in cancer
tissue (Figure 6A-6D). This was also true for patients with
paired HNSCCs (Figure 6E-6H). Patients with HNSCC
who overexpressed CXCL13, CXCL17, or CXCL9
genes had a better prognosis, whereas those with CXCL8
overexpression had a worse prognosis (Figure 61-6L).

Risk model based on the CXCL family

To create a risk prediction model for patients with HNSCC,
we used the R software package glmnet to integrate survival
time, survival status, and gene expression data, and conducted
regression analysis using the lasso box method. In addition,
we also set a 10-fold cross validation to obtain the optimal
model. We set the Lambda value to 0.0282483463007567
and ultimately obtained four genes. The model formula
constructed is: RiskScore =0.0262776278846678 x CXCL1 +
0.022842939330026 x CXCL8 - 0.071226203344226 x
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Figure 2 Gene pathway analysis. (A) Genes that are differentially expressed between the C1 and C2 subtypes are shown in a volcano plot;
P<0.05, FDR <0.05, Ifold-change| >1.5. (B) Heat map displaying the expression of the top 40 differentially expressed genes in the C1
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Enrichment Analysis revealed enriched signalling pathways in the C1 and C2 subtypes. FDR, false discovery rate.
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Figure 3 Gene mutation analysis. (A) Visual comparison of the top 15 mutated genes in the C1 and C2 subtypes. (B) Visual comparison of

CXCL family genes in C1 and C2 subtype mutations.

CXCL13 - 0.0465917389070204 x CXCL17 (Figure 7A4,7B).
We also evaluated the relationships between survival
status, risk scores, and risk genes. With an increase in risk
variables, the survival rate of patients dramatically decreased.
CXCL1 and CXCLS8 were risk factors, whereas CXCL13
and CXCL17 were protective factors (Figure 7C). We used
the R software package maxstat (Maximally selected rank
statistics with sever P value approximations version: 0.7-25)
to calculate the optimal cutoff value for RiskScore. We
set the minimum group sample size to be greater than
25% and the maximum group sample size to be less than
75%, and ultimately obtained the optimal cutoff value
of -0.272929657980261. Based on this, patients were
divided into high and low groups, and further analyzed the
prognostic differences between the two groups using the
survival function of the R software package, we evaluated
the significance of prognostic differences between different

© Translational Cancer Research. All rights reserved.

groups of samples using the logrank test method, and
ultimately observed significant prognostic differences
(P=5.9¢-5) and higher risk scores were linked to poorer
prognoses in the patients with HNSCC (Figure 7D).

Risk factor-related clinical three-line table

In the TCGA dataset, we compared the clinical data of
high- and low-risk patients and found substantial disparities
between them in the T, M, and N stages (1able 1).

Association between risk scores and the TME

We comprehensively evaluated the relationship between
the risk score and TME. T cells, CD8 T cells, cytotoxic
lymphocytes, B cell lineage, natural killer cells, monocytic
lineage, and myeloid dendritic cells were negatively
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Table 1 Clinical data table

1009

Characteristic High risk score (n=248) Low risk score (n=107) P
Event 0.517
Alive 143 (40.3) 57 (16.1)
Dead 105 (29.6) 50 (14.1)
Sex 0.464
Female 64 (18.0) 23 (6.5)
Male 184 (51.8) 84 (23.7)
T stage <0.001
1 20 (5.6) 1(0.3)
2 90 (25.4) 14 (3.9)
3 52 (14.6) 38 (10.7)
4 86 (24.2) 54 (15.2)
N stage <0.001
0 175 (49.3) 0(0)
1 53 (14.9) 2(0.6)
2 20 (5.6) 100 (28.2)
3 0 (0) 5(1.4)
M stage 0.008
0 248 (69.9) 103 (29.0)
1 0 (0) 4(1.1)
OS (days) 695 [385.5, 1,334] 548 [355.5, 1,028.5] 0.062
Age (years) 61 [54, 70] 59 [52, 66] 0.011

Data are presented as n (%) or median [IQR]. OS, overall survival; IQR, interquartile range.

associated with risk score (Figure 84-8G). Moreover, we
found that the most common subtype among high-risk
patients was C2, whereas that for low-risk patients was C1

(Figure 8H).

Creation of multivariate nomograms to predict survival

We combined data on the survival time, survival status, and
six factors using the R “rms” package; we then utilized the
Cox method to create nomograms to predict the survival
of patients with HNSCC at one, three, and five years
(Figure 94). A calibration curve for the patient
nomogram was drawn. Patient age, M stage, and risk
score affected patient survival status at all time-points

© Translational Cancer Research. All rights reserved.

(Figure 9B). Further, we used multivariate regression
analysis to predict patient prognosis. Patients with high-
risk scores had a poor prognosis, which was supported
by the results of receiver operating characteristic (ROC)
analysis (Figure 9C). Finally, our prediction model was
validated using two GEO datasets, gse41613 and gse85446
(Figure 9D,9E).

Drug sensitivity test of 379 HNSCC patients

We used “oncoPredict” to perform drug sensitivity analysis on
samples from the low- and high-risk groups (Figure 10A4-10C).
Three drugs showing large differences in drug sensitivity
were selected by screening the filter conditions with

Transl Cancer Res 2024;13(2):999-1015 | https://dx.doi.org/10.21037/ter-23-1299



1010

Gao et al. CXCL genes predict outcomes of head and neck cancer

A . , B o
e i o 4 = = - T
37 =
E P=6.1e-37 r=-0.59 . - P=1.2e-32 r=-0.56
Rl ° 3-. e oS '..._': e .
0
2 3
g .
o :
o
-1
06 -04 -02 00 02 06 04 02 00 o2
RiskScore RiskScore
C o D b B S
s T s e
P=1.1e-28 r=-0.53
20 P=1.0e-24 r=-0.50 N d
[} . s < . .
_g‘ &
o 1.5
[
< (0]
£ 1.0 g
£ 2
] =
X 0.5 m
ks
300
/17 N . T — T
-06 -04 -02 00 0.2 -06 -04 -02 0.0 0.2
RiskScore RiskScore
E . F
e " e
P=1.9e-13 r=-0.37
P=1.3e-23 r=-0.48 3l . - .
1.0 S
Q
£
o
S
(]
o
C
[]
=
-06 -04 -02 00 0.2 -06 -04 -02 00 0.2
RiskScore RiskScore
G . | H e Cluster
31626 1051 041 =T e
» 3] . = .'eT. r=-0. .CZ
3 P, o 0.2
o
o
2 5 2 007
2 )
S S -0.21
o 17 w
k) -0.4
[}
> s 1
= 0 —0.6 1
T T T T T T
-06 -04 -02 00 0.2 .
RiskScore RiskScore

Figure 8 Correlation between risk score and immune cells. (A-G) Relationships between risk scores and immune cell type infiltration. (H)

Relationship between risk scores among patients with different subtypes. ****, P<0.0001.
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thresholds of P<0.05 and Ilog fold-change| >1.0.

Discussion

The mucosal epithelial cells of the oral cavity, pharynx,
and larynx are the primary source of most head and
neck cancers. Smoking and alcohol misuse are typically
linked to oral and laryngeal malignancies, whereas
human papillomavirus infection, particularly human
papillomavirus-16, is increasingly assumed to cause
pharyngeal cancer (27). Programmed death 1 (PD-1) is
a receptor protein on the surface of T cells in immune cells,
which interacts with a protein PD-L1 expressed on the surface
of tumor cells. PD-L1, full name programmed cell death ligand
1, also known as programmed cell death ligand 1 (28). With
advancements in immunotherapy, patients with HNSCC
can obtain good treatments, specifically those receiving
PD-1 and PD-L1 immunotherapy (29). Cells secrete small
molecules known as chemokines; increasing evidence
indicates that in various malignancies, CXC chemokines
regulate the TME to direct tumor cell proliferation,
invasion, and metastasis (30-33). CXCL family genes in
HNSCC and their effect on the TME have not been
widely examined. In this study, we divided 379 patients with
HNSCC into two subtypes, C1 and C2, through consensus
clustering. In addition, we explored differences in the
prognosis and immunotherapeutic responses of patients
between these subtypes. Previous studies have only focused
on the influence of a single gene from the CXCL family
on HNSCC prognosis (34,35). Here, we developed a new
set of typing techniques to explore the effects of CXCL
genes on patients with different HNSCC subtypes. This
new typing system can guide decisions on immunotherapy

© Translational Cancer Research. All rights reserved.

treatment plans in patients with HNSCC.

The TME is extremely complex and contains tumor
cells and the cellular elements surrounding them, including
lymphocytes, tumor vasculature, and immune cells that
have infiltrated the tumor (36-38). Notably, CXCLs recruit
immune cells. For example, CXCL10 can regulate CD8"
T cell responses during chronic infection (39); CXCL1,
CXCL22, and CXCLS8 are crucial for changing the immune
microenvironment in colon cancer (40); and CXCL9
controls the recruitment of stem-like CD8+ T cells that
express CXCR3 (41,42). Based on these reports, we used the
TCGA database to establish an HNSCC prognostic model
that utilized CXCL family typing. The large differences
in prognosis and immune cell infiltration between patients
with the C1 and C2 subtypes are reflected in our model.
Our classification system can also determine whether a
tumor is hot or cold, which can guide immunotherapy
choices. For improved clinical applications, we gave each
patient with HNSCC in our study a risk factor score.
Patients with low-risk factors had a good prognosis, high
immune cell infiltration ratio, and good drug sensitivity.
Future treatments for people with HNSCC can benefit
from this paradigm.

However, our model had some limitations. For instance,
we only considered three publicly available datasets (TCGA
data, GSE41613, and GSE85446), and more accurate
clinical patient data were lacking. In future studies, we
would need to collect additional clinical data to further
verify our prognostic model.

Conclusions

We developed an accurate prognosis prediction model
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by examining the effect of CXCL genes on the prognosis,
immunological microenvironment, and treatment sensitivity
of patients with HNSCC. Our findings emphasize the
clinical importance of the CXCL family type in this
disease, which is helpful for predicting the outcomes of and
customizing immunotherapy in patients with HNSCC.
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