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ARTICLE INFO ABSTRACT

Keywords: Background: Thirty-three synthetic driver genes of T-cell proliferation have recently been iden-
T cell proliferation-related genes tified through genome-scale screening. However, the tumor microenvironment (TME) cell infil-
Prognosis

tration, prognosis, and response to immunotherapy mediated by multiple T cell proliferation-

E:;Zr E:menmonmem related genes (TRGs) in patients with head and neck squamous cell carcinoma (HNSC) remain
& unclear.
Immunotherapy

Methods: This study examined the genetic and transcriptional changes in 771 patients with HNSC
by analyzing the TRGs from two independent datasets. Two different subtypes were analyzed to
investigate their relationship with immune infiltrating cells in the TME and patient prognosis. The
study also developed and validated a risk score to predict overall survival (OS). Furthermore, to
enhance the clinical utility of the risk score, an accurate nomogram was constructed by
combining the characteristics of this study.

Results: The low-risk score observed in this study was associated with high levels of immune
checkpoint expression and TME immune activation, indicating a favorable OS outcome. Addi-
tionally, various factors related to risk scores were depicted.
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Conclusion: Through comprehensive analysis of TRGs in HNSC, our study has revealed the
characteristics of the TME and prognosis, providing a basis for further investigation into TRGs and
the development of more effective immunotherapy and targeted therapy strategies.

1. Background

Head and neck cancer is currently the sixth most common cancer, with approximately 9.32 million diagnoses and approximately
4.44 million deaths per year according to 2020 statistics [1]. Head and neck squamous cell carcinoma (HNSC) is a solid tumor formed
by the malignant mucosal epithelium of the pharynx, larynx, and oral cavity accounting for more than 90 % of cases [2]. HNSC is
mainly caused by tobacco, alcohol, and human papillomavirus infections [3]. Traditional treatment strategies for HNSC include
surgery, radiotherapy, and chemotherapy. HNSC can be cured in its early stage; however, a certain proportion of patients reach an
advanced stage, and recurrence or distant metastasis is common. For recurrent/metastatic HNSC (R/M HNSC), conventional therapy
has limited efficacy [4]. Indeed, R/M HNSC therapy is a challenging task for clinicians. Tumor immunotherapy is being increasingly
considered because of its antitumor effects. Among immune checkpoint inhibitors (ICIs), studies have shown that the survival time of
some patients with R/M HNSC can be prolonged by programmed death-1 (PD-1) inhibitors [5]. Biomarker detection, such as PD-1, can
assist in the assessment of diagnostic and therapeutic responses to HNSC [6]. However, only a portion of patients with HNSC showed
significant results from ICIs treatment. Therefore, the identification of new and promising HNSC biomarkers is necessary to improve
the existing HNSC treatment strategies.

The development of malignant tumors is usually accompanied by changes in tumor microenvironment (TME) [7,8]. The TME plays
a crucial role in cancer progression and metastasis [9], and encompasses a wide range of cells including immune cells [10]. Among the
various cell types in the TME, T cell-related immunotherapy for cancer is receiving increasing attention, with CD4* and CD8" T cells
emerging as major effectors [11]. Upon recognition of specific antigens via T cell receptors, T cells undergo expansion and initiate the
elimination of malignant cells [12]. A recent study identified 33 synthetic driver genes for T cell proliferation through genome-wide
large-scale screening [13]. Antitumor effects are characterized by highly coordinated interactions of many genes; however, most
current studies have assessed the influence of only one or two T cell proliferation-related genes (TRGs) on HNSC. Therefore, the study
of the co-acting characteristics of multiple TRGs may provide clues for the prediction of patient prognosis and discovery of immune
characteristics.

Using three computational algorithms, CIBERSORT, ssGSEA and ESTIMATE [14,15], this study aims to comprehensively evaluate
the expression profiles of TRGs and to identify data that could be relevant for tumor immunotherapy. Importantly, this study aims
provide a basis for predicting tumor prognosis and enhancing our understanding of tumor-related immunology. In addition, qRT-PCR
was used to detect the expression of some characteristic TRGs in tumor tissues and adjacent normal tissues of HNSC patients and in 2
HNSC cell lines to identify differences in the expression of these genes.

2. Materials and methods
2.1. Raw data
The obtained TCGA (portal.gdc.cancer.gov) and GEO (ncbi.nlm.nih.gov/geo/) (GSE65858) cohorts were carefully sorted and

summarized in detail. A total of 771 patients with HNSC were included in this study (incomplete survival information were excluded)
(Table S1).

2.2. Consensus clustering analysis of TRGs

We obtained 33 TRGs from the study results of Legut et al. [13], as shown in Table S2. "ConsensusClusterPlus" and "ggplot2" R
package were used for Cluster analysis and Principal component analysis (PCA) respectively, according to different TRGs expression
levels. Gene set variation analysis (GSVA) was used specifically for differences in the biological processes and pathways of the TRGs.

2.3. Analysis of the clinical and biological features of the two TRGs subtypes

To observe the prognostic condition of the two TRGs subtypes, a survival analysis was done using survival and survminer R
packages. Kaplan-Meier (KM) curves were obtained to evaluate differences in survival time between the two subtypes. TNM stage, age
and TRGs expression information were visualized by a heatmap generated by using the pheatmap R package.

2.4. Differences in TME and immune checkpoint expression levels among TRGs subtypes in HNSC

“CIBERSORT” and “ESTIMATE” were performed to measure the abundances of multiple immune cell subsets and different immune
scores in different TRGs subtypes in HNSC samples, respectively. The gene expression of single samples in HNSC converted into gene
set enrichment profiles using ssGSEA. Differences in immune checkpoint levels among the TRGs subtypes in HNSC were investigated.
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2.5. Analysis of differentially expressed genes (DEGs)

DEGs were found among TRG subtypes, and the conditions were set the standard for a false discovery rate (FDR) < 0.05 and |
logFC| > 0.585. DEGs were explored using Gene Oncology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG). Using
these data we were able to classify the DEGs into three gene subtypes.

2.6. Establishment of prognostic risk score

The initial step involved conducting a univariate Cox analysis of DEGs to identify those that were associated with survival. LASSO
(Least absolute shrinkage and selection operator) analysis was performed to reduce the risk of overfitting. HNSC samples were
randomly divided into a training set (n = 386) and a testing set (n = 385) in equal proportions. Finally, multivariate Cox analysis was
used to screen candidate genes and risk scores were constructed in the training set. The risk score formula is as follows: risk score =
S 1 Bi* A, where n, pi, and M represent candidate gene numbers, coefficients, and expressions, respectively. The median risk score
differentiates between the high- and low-risk groups. Then, according to the set conditions, 386 patients in the training set were
divided for K-M analysis and comparison. According to this grouping method, the training, testing, and all sets (all samples in the set)
were classified and analyzed for survival. Finally, the receiver operating characteristic (ROC) curves of the training, testing, and all sets
were drawn.

2.7. Establishment of a nomogram

Clinical characteristics and risk scores were used to evaluate the results of nomogram using independent prognostic analyses based
on the "rms" package. In the nomogram scoring system, each variable corresponds to a score, and the total score of each sample is
obtained by adding all the variable scores. Validation curves were used to describe the reliability of 1 -, 3 -, and 5-year survival event
predictions.

2.8. Immune status of TME

Initially, we use the “CIBERSORT” algorithm to determine the abundance of immune cells, followed by generating scatter plots of
immune cells, risk assessment, as well as heat maps of immune cells and 23 prognostic genes were drawn. Lastly, we calculated the
differences between the immune checkpoints and risk scores.

2.9. Cancer stem cell (CSC), mutation and drug sensitivity

CSC refers to cancer cells that have the properties of stem cells, that is, the ability to "self-replicate" and "have multicellular dif-
ferentiation." Usually such cells are considered to have the potential to form tumors and develop into cancers, especially as the cancer
metastasizes out, creating a source of new cancers. Initially, scatter plots of the risk score and CSC index were generated. Subsequently,
mutation annotation data were obtained from "maftools,” and waterfall plots of somatic mutations in HNSC samples from different risk
groups were generated. In addition, the sensitivity to some chemotherapeutic drugs was assessed using "pRRophetic.”

2.10. Patient and specimen

Tumor tissues and pairs of adjacent normal tissues (>1 c¢cm from the tumor margin) were collected from 8 patients who underwent
surgical resection at the First Affiliated Hospital of Anhui Medical University (Hefei, China) between December 2022 and June 2023.
Patients provided signed informed consent prior to the study. Each surgically excised specimen was placed in a refrigerator at —80 °C
to extract genomic RNA and proteins. The ethical approval was approved by the Ethics Committee of the First Affiliated Hospital of
Anhui Medical University.

2.11. Cell Culture and verified by qRT-PCR and Western blotting

The HNSC cell lines, TU177 and FaDu, were purchased from American Type Culture Collection. Cells were incubated at 37 °C with
5 % CO; in DMEM (Gibco) supplemented with 10 % FBS (Lonsera, Australia), penicillin (100 U/ml) and streptomycin (100 mg/ml,
Biosharp, China). All cells were grown at 37 °C in a humidified atmosphere with 5 % CO,.

Gene expression was detected by qRT-PCR. RNA was isolated from HNSC tissues and cell lines by TRIzol kit (Carlsbad, CA, USA),
and its concentration was determined by ultraviolet spectrophotometry. The PrimerScript RT Master then reverse-transcribed the RNA
into cDNA. The concentration of cDNA was determined by SYBR Green PCR master mixture and LightCycler 96 system (Roche). The
relative expression levels of ULBP2, NKX2-3, CLEC3B, CSF2 and FGD3 mRNA were quantified by 2—AACq normalized to 36B4. Gene-
specific primers are listed in Table S8.

For Western blot analysis, total proteins were extracted from cells using RIPA buffer (Beyotime, China). The same amount of protein
was separated by sodium dodecyl sulphate-polyacrylamide gel and transferred to a polyvinylidene fluoride (PVDF) membrane, which
was sealed with 5 % skim milk at room temperature for 1 h and incubated overnight at 4 °C with primary antibody ULBP2(ab275023,
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abcam, 1:1000) and p-actin (#4970, Cell Signaling Technology, 1:1000). Then HRP conjugated secondary antibody was incubated at
room temperature for 1 h. Protein bands were quantitatively analyzed by ECL on chemiluminescence apparatus.

2.12. Construction of small interfering RNA (siRNA) and transfection of HNSC cell lines

The siRNAs targeting ULBP2 were constructed (GenePharma Co., Ltd., Shanghai). The sequences were as follows: si-NC (5'-
UUCUCCGAACGUGUCACGUTT -3") and si-ULBP2(5'-CAACAAGACAGUCACACCUTT-3). Cells were grown to 50 % confluence and
were transfected using Lipofectamine 3000 (Invitrogen, Shanghai, China) based on the protocol of the manufacturer. To verify the
efficiency of ULBP2 downregulation by siRNA, tumour cells were seeded in 6-well plates. After incubating for 48 h, cells were washed
and used for subsequent experiments.

2.13. Cell viability assay and clone formation assay

Two cell lines mentioned above were used for in vitro studies. For the cell viability assay, cells were pretreated with si-NC or si-
ULBP2 and a total of 2000 cells were seeded in each 96-well plates. After culture for 0, 24, 48, or 72 h, 25 pl MTT solution (Solar-
bio, Shanghai, China) was added to each well, and returned to the incubator for a 1 h incubation. Then the medium was discarded, 100
ul DMSO was added to each well and incubated for 10 min. Finally, the absorbance value of each well at 0D490 nm was measured
using a microplate analyzer.

For the clone formation assay, cells were pretreated with si-NC or si-ULBP2, and 2000 cells were seeded in each 6-well plates. After
1 week of culture, the total number of clones was calculated after fixation with 4 % paraformaldehyde for 15min and staining with
crystal violet at room temperature for 10min.

2.14. Statistical analyses

All scripts were run in Strawberry-Perl-5.30.0 and all codes were run in R 4.2.1. In vitro analyses were performed in triplicate. Data
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Fig. 1. Mutation, CNV, and expression of TRGs in HNSC (a) Mutation of 33 TRGs in 510 patients with HNSC. (b) CNV variation of TRGs. (c) The
CNV alterations of TRGs position on 23 chromosomes. (d) Expression of 33 TRGs in normal and HNSC tissues.
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are means + SD and were compared with GraphPad Prism 9.0 using Student’s t-tests or one-way ANOVA:s. Statistical significance was
defined as P < 0.05. *P < 0.05, **P < 0.01, ***P < 0.001.

3. Results
3.1. Mutation and copy number variation (CNV) of TRGs in HNSC

Somatic mutations were found in 33 TRGs in 80 (15.69 %) of the 510 samples. The mutation frequencies from high to low were
AHNAK, LIG3, LTBR, ITM2A, CXCL12, IL12B, CLIC1, and DBI, while the other TRGs did not have any mutations (Fig. 1a). Moreover, 33
TRGs of somatic CNV were found to be common. CNV increased in AHNAK, MS4A3, DBI, LTBR, MRPL51, IL1IRN, and AHCY and
decreased in AHNAK, MS4A3, DBI, LTBR, MRPL51, IL1RN, and AHCY (Fig. 1b). The position of the CNV on chromosomes in TRGs is
shown in Fig. 1c. Factors that regulate gene expression include CNV, DNA methylation, transcription factors, among others [16,17].
The analysis results showed that mRNA expression of HNSC and normal tissue samples was significantly different (Fig. 1d), indicating a
potential role of TRGs in HNSC genesis.

3.2. TRGs subtypes were obtained by consensus clustering

The research process is illustrated in Fig. S1. The characteristics of the included patients with HNSC were shown in Table S1. First,
K-M and univariate Cox regression analyses were performed to determine the effects of the 33 TRGs on the prognosis of patients with
HNSC (Fig. S2 and Tables S2 and 3), and TRGs regulatory connections and interactions were demonstrated through the TRGs network
(Fig. 2a). The consensus clustering algorithm was used in this study to obtain TRGs subtypes to analyze the expression characteristics of
prognostic TRGs in HNSC (Fig. S3). k = 2 was the best choice, that is, subtypes A (n = 507) and B (n = 264) (Fig. 2b). The expression of
the two TRG subtypes was distinct different, as shown by the PCA analysis (Fig. 2¢). Crucially, the K-M curve showed that patients with
subtype B had better survival (log-rank test, p = 0.005; Fig. 2d). Finally, the heat map showed differences in TRGs expression levels
among the different subtypes (Fig. 2e).
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Fig. 2. Identification of two distinct TRG subtypes in 771 samples. (a) TRGs interaction in HNSC. The thickness of the lines connecting TRGs
indicates the strength of the association between TRGs. Pink means positive correlation, blue means negative correlation. (b) The consensus matrix
heatmap defined two TRG clusters. (c¢) PCA analysis between the two TRG subtypes. (d) Kaplan-Meier curve showed a significant difference in
survival time between the two TRG subtypes (log-rank test, p = 0.005). (e) Differences in expression levels of TRGs between two different
TRG subtypes.
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3.3. TME differences in TRGs subtypes

First, according to the GSVA results, subtype B was abundant in the immune activation (Fig. 3a-b; Table S4). The abundance of
multiple immunoinfiltrating cells (Table S5), showed that the infiltration of most immune cells of subtype B was significantly higher
(Fig. 3c). Similarly, immune checkpoint analysis showed significantly elevated expression of subtype B at all eight immune checkpoints
(Fig. 3d). Finally, the immune scores were evaluated, and the analysis showed that patients with subtype B with better prognosis still
had higher immune scores in the TME (Fig. 3e).

3.4. Screening of DEGs and search for gene subtypes

Through "limma" package, 1270 DEGs were identified based on TRG subtypes, set the standard for FDR <0.05 and |logFC| > 0.585.
Using GO and KEGG, biological functions and pathways of DEGs were identified (Fig. 4a—b; Table S6), these 1270 genes were mainly
related to immune-related biological function and pathways. Finally, to analyze the prognostic value of 1270 DEGs, 307 DEGs related
to survival were screened, and the samples were divided into three genomic subtypes: A, B, and C (Fig. 4c). The heat map and boxplot
showed significant differences in the expression of DEGs and TRGs in the three gene subtypes (Fig. 4d—e). These results demonstrated
that TRGs play a fundamental role in immune-related processes and prognosis.

3.5. Establishment of a prognostic risk score

Fig. 5a shows the allocation of patients with HNSC into two TRG subtypes, three genetic subtypes, and two risk groups. For
example, it can be seen that TRG subtype B is more closely associated with genetic subtype C, and genomic subtype C is more closely
associated with low-risk group, and the probability of good prognosis is greater in low-risk groups. First, to reduce collinearity and
overfitting of the model, we used LASSO regression analysis to analyze 307 prognostic related DEGs. As shown in the LASSO regression
analysis and partial likelihood deviance curves, 44 survival related genes were obtained (Fig. 5b—c). Then, 23 genes were finally
obtained by multivariate Cox regression analysis (Table S7), including 11 high-risk genes (CCL19, ATP2A3, SH3KBP1, ARL4D, CPVL,
LPL, ULBP2, HOXC13, SFRP2, IGFL1, and CSF2), and 12 low-risk genes (CTLA4, ANKRD44, FGD3, CLEC3B, LIMD2, and CTSG, NKX23,
DSC3, PTPRZ1, ODAM, SPINK6, and TFF3). Moreover, the risk score for subtype C was the lowest among the three gene subtypes
(Fig. 5d). Of the two TRG subtypes, subtype B with a higher immune score had a lower risk score; therefore, a lower risk score might be
associated with immune activation (Fig. 5e). In particular, the expression levels of most TRGs differed significantly between the two
risk groups (Fig. 5f) and the gene expression results were similar to those previously reported.
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Fig. 4. Identification of three distinct genetic subtypes based on DEGs between two TRG subtypes (a) GO analysis of DEGs. (b) KEGG analysis of
DEGs. (c) Three gene clusters were identified by consensus matrix heat maps. (d) Differences in DEGs expression levels of different gene subtypes.

(e) Differences in TRGs expression levels among different gene subtypes.

3.6. Evaluation of prognostic models

Risk ranking points and scatter plots showed that patients with high-risk scores were more likely to die, and heat maps were used to
show the differential expression of 23 prognostic-related genes (Fig. 6a—c). KM showed that the prognosis in the low-risk group was
significantly better (log-rank test, p < 0.001; Fig. 6d-f). Analysis of 1-year, 3-year, and 5-year prognostic efficiency showed that the
risk score had a high AUC value, suggesting that the risk score had good predictive power for survival in HNSC (Fig. 6 g-i). These results

were consistent across the training, testing, and across all sets.

3.7. Establishment of a nomogram

Forest maps illustrated that age, clinical stage, and risk score were important prognostic factors for patients with HNSC (Fig. 7a and
b). These factors were used to construct nomogram models for HNSC (Fig. 7c). For example, the 1-year, 3-year, and 5-year survival
rates of a 65-year-old patient with stage III-IV disease were 71.7 %, 36.8 %, and 22.8 %, respectively. Finally, calibration plots showed

that the nomogram had good prediction ability (Fig. 7d).

3.8. TME and immune checkpoint with risk score

First, scatter plots showed that immune cells were significantly correlated with risk scores, with an overall trend. At that time, the
correlation coefficient was low, which was worthy of further discussion (Fig. 8a). The heat map showed that most immune cells were
significantly associated with the 23 prognostic genes (Fig. 8b). Finally, the boxplot showed that the expression of most immune

checkpoints was significantly correlated with risk scores (Fig. 8c).

3.9. CSC, mutation and drug sensitivity

Fig. 9a shows that HNSC cells with lower risk scores were characterized by more stem cells. The results of Fig. 9b—c indicated that
226 (97 %) of 233 high-risk groups had gene mutations and 238 (90.84 %) of 262 low-risk groups had gene mutations, among which
TP53 and TTN had the highest mutation frequency. However, the boxplot and scatter plot (Fig. 9d-e) showed no significant difference
between the risk score and TMB, suggesting that the potential role of mutations between different risk groups may not be significant.
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analysis and partial likelihood deviance of prognostic DEGs. (d) Relationship between three gene subtypes and risk scores. (e) Relationship between
two TRG subtypes and risk scores. (f) Expression levels of TRGs between high-risk and low-risk score groups.

Finally, we found that the low-risk group had a significantly lower IC50 for chemotherapy drugs such as methotrexate, mitomycin, and
vinorelbine, suggesting that the risk score may also be potentially related to drug sensitivity (Fig. 9f-i).

3.10. Comparison of the expression levels of the partial prognostic signature TRGs between tumor and normal control samples

Five of the 23 prognostic related genes were selected by random number method, and the boxplot was used to describe the different
expression levels of five characteristic TRGs between HNSC patients and normal control samples in the TCGA database (Fig. 10a). We
further collected cancer tissues and adjacent tissues of 8 HNSC patients from the First Affiliated Hospital of Anhui Medical University.
gqRT-PCR was used to detect the relative mRNA expression levels of 5 characteristic TRGs in cancer tissues and adjacent tissues. In
Fig. 10c, we found that the expression levels of four characteristic genes (ULBP2, CLEC3B, CSF2, and FGD3) in tumor tissue cells were
significantly different from those in corresponding normal tissues, confirming our previous results.

3.11. Knocking down ULBP2 inhibits cell proliferation

The KM curve showed that patients with low ULBP2 expression had longer OS (Fig. 10b). We further compared the differences in
ULBP2 protein expression between cancer tissues and adjacent tissues of 8 HNSC patients, and found that ULBP2 protein expression
was significantly increased in cancer tissues (Fig. 10d). To explore the biological function of ULBP2 in HNSC, we added si-ULBP2 to
TU177 and FaDu cell lines, and qPCR and Western blot results showed that the mRNA and protein expression levels of ULBP2 in the
knocked down cell lines were significantly reduced compared to control cells (Fig. 10e-f). To determine the effect of ULBP2 on the
proliferation ability of HNSC cells, we performed the MTT assay and the colony formation assay. MTT experiments showed that
knocking down ULBP2 could inhibit cell viability (Fig. 10g), and the colony formation experiment showed that knocking down ULBP2
could also decrease colony-forming abilities (Fig. 10h).

4. Discussion

Through genome-wide large-scale screening, a recent study identified 33 T cell-proliferating genes associated with immunity and
antitumor activity [13,18]. However, the potential usefulness of these TRGs in the TME, prediction of prognosis in patients with HNSC,
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patients was significantly lower than that of low-risk patients between training, testing, and all set. (g-i) ROC curves were used to evaluate 1-, 3,
and 5-year survival between training, testing, and all set.

and exploration of immunotherapeutic biomarkers have not been fully studied. Some of these individual TRGs have been shown to be
associated with multifarious tumors; for example, activation of the LTBR signaling pathway can involve different types of cancer cells
[19]. The invasion of urothelial carcinoma with excessive expression of IL1RN is significantly reduced [20], and CXCL12 supports
signaling pathways associated with lymph node metastasis [21]. BATF served as a key anti-tumor target in regulating the function of
CD8™ T cells and mitochondria [22], and elevated AHNAK content could repress ovarian cancer cell growth [23]. However, most
previous studies focused on one or two TRGs or TME cells. Therefore, we fully characterized the global effects and TME penetration
mediated by the multiple TRGs combinations. Our study revealed the transcriptional alterations, genetic levels, and prognostic value of
TRGs in HNSC. Transcripts, along with their genes, help elucidate the mechanisms of carcinogenesis [24] and improve biomarker
discovery and therapeutic benefits [25]. We obtained two different molecular subtypes based on 33 TRGs. This study found that
subtype B had significantly better OS, and TRGs expression differed significantly among the different TRG subtypes in patients with
HNSC. This suggests that the transcriptional alterations and genetic levels of TRGs affect the prognosis of HNSC.

The genes constructing prognostic characteristics were screened through LASSO and multivariate Cox analysis, and 23 charac-
teristic genes were screened for the calculation of the risk score. Among these 23 signature genes, some have been shown to be



W. Jiang et al. Heliyon 10 (2024) e34221

a b
pvalue Hazard ratio | pvalue Hazard ratio !
| I
| I
| I
Age <0001  1.024(1.012-1.035) h Age <0001  1023(1.011-1.035) i
| I
| I
| I
Gender 0114  0.808(0.621-1.052) Y Gender 0546  0919(0.698-1210) ——
| I
| I
| |
| I
Stage <0001  1464(1.257-1.705) vl Stage <0001  1.451(1.244-1693) P =
| I
| I
| I
riskScore  <0.001  1.102(1.085-1.119) :. riskScore  <0.001  1.091(1.073-1.108) :|
[ | | 1 [ I | |
0.0 0.5 1.0 15 0.0 05 1.0 15
Hazard ratio Hazard ratio
c d
Fobts 0 o [T T—— T
e 4

S il i
Stage ﬁ m i
. > ] ;/
Agettt l 1 o
10 20 30 40 50 /r

risk*** m @

Total points

0.8

Observed OS (%)

0.4
.—*\_-;—c
A\

4
N
© — 1-year
" — 3-year
Pr(futime > %) oy 88084 07 05 03 06 - — 5-year
S -

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Pr( futime > 39 g7—0850:84 07 05

Pr( futime > 1d ¢
: Nomogram-predicted OS (%)

Fig. 7. Establishment and validation of a nomogram. (a-b) Univariate and multivariate regression analysis of HNSC patients. (¢) Nomogram for
predicting the 1-, 3-, and 5-year OS of HNSC patients. (d) Calibration curves indicate the accuracy and specificity of the nomogram for predicting of
1-, 3-, and 5-year OS.

associated with HNSC or other tumors. For example, CCL19 is one of the 12 potential prognostic markers of overall survival in HNSC
[26]. ATP2A3 may guide clinical immunotherapy for HNSC [27]. CTLA4 was identified as a marker gene enriched in oral squamous
cell carcinoma and potentially linked to tumor immunosuppression [28]. Survival analyses have shown that FGD3 is associated with
survival in patients with HNSC [29]. Inactivated SFRP2 impairs cancer cell migration [30]. CSF2 activates anti-apoptotic and
pro-angiogenic pathways in tumor cells [31]. CSF2 and CTLA4 are potential biomarkers and therapeutic targets for HNSC [32]. In this
study, 23 integrated signature genes were used to predict patient prognosis and provide information for individualized immune-related
therapies. Risk score, clinical stage, and age are found to be important prognostic factors. As nomograms have been widely used as a
predictive tool for cancer [33,34], to better understand the clinical characteristics and role of risk scores, we developed nomogram
models and validated their high predictive efficiency. As mentioned above, our risk score strongly influenced the prognosis of patients
with HNSC.

The treatment of HNSC remains challenging [35]; immunotherapy has achieved good results in a proportion of patients with R/M
HNSC in recent years, but the prognosis of patients with HNSC is still inconsistent, which highlights that the TME is crucial in HNSC
[36-38]. The main immune cells in the TME are T cells, B cells, and macrophages, which are the key effectors involved in the
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Fig. 8. Differences in TME and immune checkpoint between the two risk score groups. (a) Relationship between risk score and immune infiltrating
cells. (b) Correlation between immune cell and risk genes. (c) Differences in immune checkpoint expression between two different risk score groups.

elimination of tumor cells [39]. In our study, subtype B in TRG typing and the low-risk score subtype were associated with immune
activation features, whereas subtype A and high-risk score subtypes were associated with immunosuppressive features. CD8" T cells,
which are capable of killing tumor cells, have been shown to serve as a prognostic indicator of tumors and their therapeutic response
[40,41]. Patients with subtype B and low-risk scores with a better prognosis had a higher infiltration rate of activated CD8 + T cells,
and subtype B patients had higher levels of immune checkpoints, suggesting that immunotherapy effects may also be better. B lym-
phocytes play a key role in patients with HNSC, and a high density of B lymphocytes predicts a good prognosis [42] and response to
PD-1 blockade immunotherapy [43,44]. This study showed that the abundance of B cells in subtype B and low-risk groups with better
survival rates was significantly higher than that in subtype A and high-risk groups. This indicated that B cell abundance partially
reflected the better prognosis and immunotherapy effects of HNSC. M1 and M2 in macrophages, M1 inhibits and M2 promotes tumor
progression in macrophages [45,46]. The polarization of M1 macrophages by gene editing can promote an anti-tumor immune
response [47]. The results showed that the low-risk group had more M1 macrophages, a better prognosis, and higher levels of most
immune checkpoints. Immunotherapy has become a powerful tool for cancer treatment [48]. Cancer immunotherapy strategies
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Fig. 9. Comprehensive analysis of the risk score in HNSC. (a) Correlation between risk score and CSC index. (b—c) The waterfall plot of somatic
mutation features established with low- and high-risk group. Each column represented an individual patient. The upper barplot showed TMB, the
number on the right indicated the mutation frequency in each gene. The right barplot showed the proportion of each variant type. (d) TMB in
different risk score groups. (€) Spearman correlation analysis of the risk score and TMB. (f-i) Chemotherapy sensitivity in different risk score groups.

include ICIs, adoptive cell therapy, monoclonal antibodies, oncolytic virus immunotherapy, and vaccination [49]. ICIs are progressing
rapidly, and have recently brought new light to the treatment of HNSC. In conclusion, low-risk patients are more likely to benefit from
immunotherapy. Our study further revealed that T cells, B cells, and macrophages are involved in the anti-tumor process and may
provide a new target for immunotherapy.

Cancer stem cells (CSCs) have self-renewal and tumorigenic properties, and their risk score is correlated with the CSC index. A
comparison of the IC50 values between treatments showed that the low-risk group was more sensitive to these drugs. Therefore, CSC
and IC50 may affect the development and treatment of HNSC. We then randomly assessed the expression levels of five prognostic
markers of TRGs in HNSC. Moreover, 8 pairs of HNSC samples were collected in the First Affiliated Hospital of Anhui Medical Uni-
versity, and it was found that the expression levels of ULBP2, CLEC3B, CSF2, and FGD3 in HNSC cancerous tissues and adjacent tissues
were significantly different. The results suggest that these four genes may be therapeutic targets for HNSC. ULBP2 has been found to be
a prognostic marker for a variety of tumors [50,51], but whether it plays a role in HNSC remains unclear. In vitro experiments showed
that the proliferation ability of ULBP2 knockdown HNSC cell lines was significantly reduced. These results suggest that these four
genes, especially ULBP2, may play an important role in HNSC and may become a new therapeutic target for HNSC.

Our study had several limitations. First, our analysis was based on public databases, which may have led to an inherent selection
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Fig. 10. Expression difference and function analysis of prognostic TRGs in tumor and normal cells. (a) Expression difference of some signature genes
between normal and tumor tissues (TCGA). (b) The KM analysis evaluated the prognostic value of 5 TRGs (TCGA). (c) The relative RNA levels of
ULBP2, NKX2-3, CLEC3B, CSF2 and FGD3 in tumor and adjacent normal tissues of HNSC patients were detected by q-PCR. (d) The protein
expression of ULBP2 gene in 8 pairs of HNSC tumors and adjacent tissues was detected by Western blot. (e-f) The knockdown efficiency of si-ULBP2
was detected by q-PCR and Western blot in 2 HNSC cell lines. (g) MTT experiments showed that knocking down ULBP2 could inhibit cell viability.
(h) Colony formation experiment showed that knocking down ULBP2 could decrease colony-forming abilities.
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bias. Second, some key clinical features, such as surgery and chemotherapy, are not in the database, which may affect the accuracy of
some clinical studies. Third, we need further studies to confirm this in vitro and in vivo.

5. Conclusions

In conclusion, our study on TRGs in patients with HNSC has shed light on the potential mechanisms affecting the TME, clinical
features, and prognosis, and analyzed the potential usefulness of TRGs in immunotherapy. The results of this study reveal the
important clinical prognostic role of TRGs and provide a foundation for further research and development of more effective treatment
strategies for patients with HNSC.
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CNV copy number variation

CSC Cancer stem cell

DEG differentially expressed gene
FDR false discovery rate

GO gene oncology

GSVA gene set variation analysis

HNSC head and neck squamous cell carcinoma
ICI immune checkpoint inhibitor

KEGG  Kyoto Encyclopedia of Genes and Genomes
K-M Kaplan-Meier
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PCA principal component analysis
PD-1 programmed death-1

R/M HNSC recurrent/metastatic HNSC
ROC receiver operating characteristic
TME tumor microenvironment

TRG T-cell driver-related gene
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