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Abstract:

Objective: To construct a variable splicing prognostic model and explore the potential of key genes as
prognostic biomarkers in head and neck squamous cell carcinoma (HNSC).

Methods: Download the RNA-Seq data of the HNSC cohort and the corresponding clinical data from the
TCGA database, and download the alternative splicing data of HNSC from the TCGA SpliceSeq database.
Identify the alternatively spliced events with differential expression according to the percent spliced in (PSI)
values. Analyze the alternative splicing events related to prognosis and establish a prognostic risk model.
Analyze the correlation between the model and prognosis and screen out the key genes. Combine with the
analysis of immune cell infiltration to explore the prognostic impact of key genes on HNSC. Finally, the
expression differences of the target genes in the tissues were verified by reverse transcription quantitative
polymerase chain reaction (RT-gPCR).

Results: The AGTRAP gene was significantly highly expressed in the HNSC cohort. The occurrence
frequency of the 670th alternative receptor site of AGTRAP increased in HNSC, and the overall expression
level of the AGTRAP gene could serve as an independent prognostic risk indicator for HNSC.

Conclusions: The overall expression level of the AGTRAP gene can serve as a prognostic biomarker
associated with alternative splicing combined with immune infiltration in HNSC.

Key words: Head and neck squamous cell carcinoma; Alternative splicing; Tumor
microenvironment; Immune cell infiltration; Prognosis

Introduction

Head and neck squamous cell carcinoma (HNSC)
is the most common malignant tumor in the head

patients.
Alternative splicing (AS), also known as selective

and neck region. Although there are some
precancerous lesions manifested as leukoplakia or
erythroplakia, most patients do not have a clinical
history of precancerous lesions and have already
reached the advanced stage when they seek
medical treatment. Currently, HNSC lacks
sensitive screening indicators, which undoubtedly
adds numerous difficulties to the early diagnosis
of this disease. Therefore, discovering biomarkers
with excellent diagnostic potential is of great
significance that cannot be ignored for the
improvement of the clinical prognosis of HNSC

splicing, refers to the process in which precursor
messenger RNA undergoes different splicing
patterns such as exon skipping and intron
retention to generate multiple mature mMRNA
transcripts and translate them into different
protein isoformst. AS increases the complexity
of the proteome, enabling a limited number of
genes to encode more proteins to meet the
complex functional requirements of organisms. It
can also finely regulate gene expression at the
post-transcriptional level and provide genetic
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diversity for biological evolution. Abnormal
alternative splicing is closely associated with the
occurrence and development of various diseases,
including tumors!?, neurodegenerative diseasest,
and so on. Abnormal alternative spliceosomes can
serve as novel therapeutic targets for tumors.,

The angiotensin 1l receptor-associated protein
AGTRAP can inhibit the activation of angiotensin
Il and has been extensively studied in the fields of
cardiovascular and metabolic diseases™®. In
addition, studies have found that AGTRAP can
promote the progression of hepatocellular
carcinoma™ and colon cancer™™, which indicates
its great potential as a biomarker for tumor
prognosis.

In this study, a prognosis model related to
alternative splicing in HNSC was constructed
through public databases, and the key gene
AGTRAP was screened out. The study analyzed
the relationship between AGTRAP and the
clinical characteristics as well as immune
infiltration of HNSC, and preliminarily explored
the potential functions of AGTRAP as a
prognostic biomarker for HNSC.

2. Materials and Methods
2.1 Data and Sample Collection

The gene expression RNA-Seq data and clinical
data were obtained from the The Cancer Genome
Atlas (TCGA) database
(https://portal.gdc.cancer.gov/), that is, the
TCGA-HNSC dataset. The types of alternative
splicing and the percent spliced in (PSI) values
were obtained from the TCGA SpliceSeq database
(https://bioin-
formatics.mdanderson.org/TCGASpliceSeq/).

Twenty pairs of HNSC tissues and adjacent
normal tissues were collected from the Affiliated
Hospital of Xuzhou Medical University and
included in this study. The inclusion criteria were
as follows: (1) Confirmed by histopathological
examination; (2) No surgical treatment,
radiotherapy or chemotherapy received before the
operation; (3) Not suffering from other malignant
tumors simultaneously. This study was approved
by the Ethics Committee of the Affiliated Hospital
of Xuzhou Medical University (Approval No.:
XYFY2024-KL584-01), and all patients signed
the informed consent forms.

2.2 Model Construction

Merge the alternative splicing data with the
TCGA-HNSC data. Use univariate COX
regression analysis to analyze the alternative
splicing related to prognosis. With a filtering
condition of P < 0.05, retain the significantly
relevant alternative splicing results, draw an upset
plot, and visualize the results through a volcano
plot and a bubble plot. Use the "survival" package
and the "glmnet" package to construct a survival
model. Then, through LASSO regression and
cross-validation, eliminate the AS with high
correlation to construct the survival model.
Calculate the risk scores according to the
equation, and divide the samples into high-risk
and low-risk groups based on the median value of
the risk scores.

2.3 Survival Analysis

Use the "survival" package and the "survminer"
package to conduct survival analysis on the high-
risk and low-risk groups, and draw survival
curves. Arrange all samples in ascending order
according to the risk scores. Use the "pheatmap”
package to draw scatter plots of survival status,
risk curves, and heatmaps to observe the
relationship between the risk scores and the
survival status.

2.4 Model Validation

The "survival" package was used to conduct
univariate and  multivariate  independent
prognostic analyses on the model and other
clinical traits to verify whether the model could
serve as an independent prognostic factor
independent of other clinical traits. The
"survival™, "survminer”, and "timeROC" packages
were employed to plot the receiver operating
characteristic (ROC) curves of the model and
other clinical traits respectively. The "rms
package was utilized to establish a risk - score -
related nomogram incorporating clinical traits and
generate a calibration curve.

2.5 Correlation Analysis between Alternative
Splicing and Splicing Factors

Use the "limma" package to explore the
correlation between prognosis - related AS and
splicing factors. Set the filtering conditions as a
correlation coefficient r > 0.6 and P < 0.001. Use
Cytoscape software to visualize the regulatory
network between alternative splicing and splicing
factors.
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2.6 Screening of Key Genes

Use the "limma"”, "ggplot2”, and "ggpubr"
packages to analyze the alternative splicing genes
involved in constructing the prognostic model.
Screen for genes with differential expression
between tumor and normal tissues, setting the
filtering criteria as |log2 FC| > 1 (FC represents
the fold change) and P < 0.05, and visualize the
results through box plots. Employ the "survival"
and "survminer" packages to conduct survival
analysis on the target genes. Divide them into
high - and low - expression groups based on the
expression  levels, compare the survival
differences between the two groups, and plot
survival curves.

2.7 Clinical Correlation Analysis

Use the "limma" and "ggpubr" packages to
perform a differential analysis on the expression
levels of the target genes among different clinical
subgroups and visualize the results.

2.8 Immune Cell Infiltration Analysis

Use the "limma", "ggplot2”, and "ggpubr"
packages to conduct a differential analysis of
immune checkpoint - related genes in the high -
and low - expression groups. To further observe
the potential differences in  immune cell
infiltration between the high - and low -
expression groups, use the "CIBERSORT"
package to calculate the proportions of immune
cell subsets in these two groups. Employ the
"GSVA" and "GSEABase" packages to compare
the differences in immune - related functions
between the high - and low - expression groups.
Analyze the correlation between the expression
level of the target gene and immune cells, and use
the "ggplot2" package to visualize the results.

2.9 Enrichment Analysis

The STRING database (https://cn.string-db.org/)
was used to construct a protein - protein
interaction network, and the top 200 genes were
extracted. The "clusterProfiler", "org.Hs.eg.db",
"enrichplot”, "ggplot2", "circlize",
"RColorBrewer", "dplyr", and
"ComplexHeatmap" packages were employed to

conduct KEGG enrichment analysis on these
genes.

2.10 Tissue Verification

The total RNA was extracted using the RNApure
Tissue & Cell Kit (DNase I). Then, cDNA was
synthesized with the PrimeScript™ RT Master
Mix (TAKARA) kit. Fluorescent quantitative
PCR was carried out using the SYBR Green Pro
Tag HS Premixed gPCR kit. The primer
sequences were designed as follows: Forward
primer (F): 5- GATGCCCGAGGGTACTGAAG
-3 Reverse primer (R): 5'-
TCCCTAGAACGACCTCCCAG -3.

2.11 Data Analysis

All statistical analyses and plotting were
performed using R software version 4.3.3. The
regulatory network between alternative splicing
and splicing factors was visualized using
Cytoscape software. A P - value less than 0.05
was considered statistically significant.

3. Reuslts
3.1 Data Collection

A total of 527 cases of TCGA - HNSC with
complete gene expression and clinical data were
obtained from the TCGA database. The
alternative splicing types and PSI values of HNSC
were acquired from the TCGA SpliceSeq
database. The alternative splicing data were
merged with the TCGA - HNSC dataset.
Univariate COX regression analysis was used to
identify the alternative splicing events related to
prognosis. Upset plots were drawn, and the results
were visualized through volcano plots and bubble
plots. See Figure 1. As can be seen from the
figure, among the alternative splicing events
related to HNSC prognosis, exon skipping (ES)
had the highest occurrence frequency, while
mutually exclusive exons (ME) had the lowest.
Taking the alternative acceptor site (AA) as an
example, AGTRAP|670|JAA had the lowest P -
value, indicating that this alternative splicing
event was most likely to be associated with
prognosis.

CURRENT SCIENCE

CS 5 (3), 2391-2405 (2025) 2393



CURRENT SCIENCE

Jiafeng Li et al.

A AGTRAPB70/AA i. D acireriar i@
RBPMS|83289)AT ®
RNMT|44751/AA{ @) MOBPI4101AT @
PTGR1|87219/AA{ @ REPMSI83200/4T{ @
4 pvalue BRWOD1[60604|AT L) pvalue
CI9oxE0i48492| N ® C150r57(29992|AT ® pao:
MDM1[22932]AA { ® 0.0020 RECK1|S8451IAT ] @ bk
DYNC2LI1|53400]AA ) . RBCK1/58450/AT °
TMEM134|17234|AA ) 0'0010 B?;’Z:zgg:z:: o te-04
HSD17878758|AA | ° ’ TRAF439972IAT
SPOPL|55478|AA - ® 0.0005 RAPH1|57074|AT
TJAP1|76276]AA 4 [ ] SMAD2|45450]AT ~log10(pvalue)
SMADZ[45449/AT ® 4o
RNPC3[3907|AA ° PDEADIP4410jAT @ 5
-log1 val
MPV17|52976|AA @ og10(pvalue) CTCFL|59908)AT @ so
MAN2CA|31865/AA 4 e ® 30 C1aort159[28842/AT
C14orf150[28841]AT
DCTN3(86187|AA | ® 35 SERFIATTZ416AT
BUB3|13390/AA 4 @ 4o SCLT1[70588)AT
COX411]156373|AA @ 45 R . =
KCNC4|4098|AA - @ so
TRMU|62709|AA 4 RHOT11401761ES {@)
BTN2A2|75643|AA { E  ssoisseeses{ @
FKTNIB7134|ES 4 L pvalue
MUTYH|2671]AA 4 1 1 I I NPHP3[66813[ES | L]
-4 -2 0 2 DEF8|38194ES{ @ 3e-04
z-score SEPTI0}54007ES{ @ .
SEPTEIBI9BOIES ° 2o
sePTeigooTsES |  ® 1e-04
p AeccsirezoR ® Zrvvezoa604ES | o
EIFsA2i96628ES ] @
Kates6242IRI 1 @) COROIBIBT2ZITES | @ ~log10(pvalue)
RBMX|90220RI{ @ pvalue RANBP34GO6TES | ® . 35
ABCC5|67827|R1 4 (=] oG0ios PAM[72090(ES { o| @
ZNF226|50292|R1 - ) Mf;fiﬁfgiii ] & s
0.00075 1
RRNAD16011RI ® =
CYHR1|85619|R1 4 =) 0.00050 TMEM150[34427(ES | e
PAM|72891|ES 1
SP140L|57889|R1 { [ 0.00025 TSPANO|19753ES |
NISCH|65222|R1 4 ® MPPE1|44647|ES 1
DHRS12/25952|R1 ® -0 25 00 25
Zz-score
LAMTORS}4114|R1 4 @ —log10(pvalue)
CASP1[18519R14 e e 300 P
SP140L|57890|R1 { ® 325 F Lot @
NAP1L1|23474|R14 PS GSTK1(82080/AD1 @
3.50 FeF 28425140 ® i
ABCCS|e7821|RI+ @ 375 TMEM205/47659/4D1 @ o
SUPT7L|53040|RI ® <o RABISZ7S24iAD] @ i
RANGRF[39163|R1 < ® FOPSSAOIA o b
4.25 PPIEND10/AD °
TAF1D|18318|R1 CPVL{79080A0 ® i 0.001
ULK3|31757|R1 < DCTN3(881881AD
CTSAI596431R 14 SNX19]18515/A0 e
CPNE1]59205/AD ~log10(pvalue)
-40 -38 -36 -3.4 HHLA3(3408A0 o)
z-score NFATCA[2699314D ®25
ARL16]44152|AD
32
PON2|80536|AD :
C sH3KeP188642/AP {@) KLC1[20487|AD a4
SH3KBP1|88643|AP ) DNASE1L1[005761AD
Sl =] KRIT1(80428}AD
| | EIF6|50078]AD
B3GNTL1j44424|AP (] pvalue T 2 [ )
CCDC14/66486|AP @ - z-score
RNF166|38014|AP [}
SLC25A45|16820|AP ® - 2e-04 G FYN[77273]ME @
PKN1/47976|AP ®
RPS6KA1|1281|AP ) le-04 NPIPAB[121053ME ® pualue
SUPT4H1]42659|AP 2
o " 0.04
CCDC14[66487|AP ® CCDC53(24021ME o o
C50rf30|72920|AP ® -log10(pvalue) i 0.02
B3GNTL1[44426|AP ) . G SRUIBITIE " 0ot
APIP|14963|AP »
| ! ® 40 RPE[100824]ME
APIP|14964|AP @ 45 ~log10(pvalue)
LEF1|70286/AP @® 5o ILIRN|9SS54ME 208
PKN1|47977|AP ® 20
@ 25
RPS6KA1|1280|AP CNOT10/63822ME
CYP2R1[14479|AP
CNTRL|87406|AP UBR2/127390ME
-5.0 -25 0.0 2.5 5 . 3
z-score 2z-score
I .5
H . .
i p :
4 ¥ 4
§ 3
H Significant
] P
g 3 % %
2-scone

Figure 1 Alternative splicing related to prognosis in HNSC.

A: Alternate acceptor site (AA). B: Retained intron (RI). C: Alternate promoter (AP). D: Alternate
terminato (AT). E: Exon skip (ET). F: Alternate Donor site (AD). G: Mutually exclusive exons (ME).
H: UniCoxUpset of AS in HNSC. I: prognosis AS.

through LASSO regression and cross - validation
to prevent model overfitting. See Figure 2.
Finally, the most optimal 12 prognosis - related

3.2 Model Construction
Highly correlated AS events were screened out
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AS events were selected to construct the survival
model. The model formula is as follows: Risk
score = PSIlxcoefl + PSI2xcoef2 + +

PSInxcoefn (where coef represents the gene risk
coefficient). See Table 1.

Tab. 1 Genes involved in the survival model and their risk coefficients

ID

coef

RHOT1[40176|ES

-2.371

SH3KBP1|88642|AP

-1.183

AGTRAP|670/AA

-1.478

SH3KBP1[88643|AP

0.526

PACS2|29633|AP

-1.978

B3GNTL1[44424]AP

0.759

MOBP[64191]AT

-1.136

ABCC5[67820[RI

-1.090

FKTN[87134|ES

-2.312

RBPMS|83290|AT

-2.391

NPHP3[66813|ES

0.724

SLC25A45|16820|AP

-1.783

20 20 20 19 19 19 17 17 16 16 16 16 13 4

122 124

Partial Likelihood Deviance

120

1999990300000 00teseset®?

18

Log(%)

Coefficients

20 19 16 16

Log Lambda

Figure 1 LASSO regression and cross-validation.

3.3 Survival Analysis

Calculate the risk score according to the equation,
and divide the samples into high-risk and low-risk
groups based on the median value of the risk
score. Perform survival analysis on the high-risk
and low-risk groups to explore the relationship
between the risk score and the survival status.
Arrange all the samples in ascending order
according to the risk score, and observe the
survival status of each sample. See Figure 3. As

time goes by, the survival rate of the high-risk
group is lower than that of the low-risk group, and
there is a significant difference in the survival
status between the high-risk and low-risk groups.
In addition, as the risk score increases, the number
of deaths also increases accordingly. From the risk
heat map, it can be seen that as the risk score
increases, the PSI value of AGTRAP|670/AA
gradually decreases, which means a low-risk
alternative splicing. In contrast, SH3KBP1|
88643|AP is a high-risk alternative splicing.
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Figure 2 Survival curve, scatter plot of survival status and risk heat map.

A: The survival differences between the high-risk
group and the low-risk group. B: The change of
the expression level of AS with the risk score. C-
D: The change of survival status with the risk
score.

3.4 Model Validation

Through univariate and multivariate independent
prognostic analyses, it was verified that the model
could serve as an independent prognostic factor

for Head and Neck Squamous Cell Carcinoma
(HNSC) independently of other clinical traits. As
can be seen from the Receiver Operating
Characteristic (ROC) curve, in the constructed
model, the areas under the curve for 1 year, 2
years, and 3 years are all higher than 0.7. This
demonstrates that the model has a high sensitivity
in predicting the survival rate of HNSC, and the
prediction probability of the model is superior to
other clinical traits. See Figure 4.
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Figure 3 Construction and validation of model

A: Univariate Cox regression analysis. B:
Multivariate Cox regression analysis.C-D: The
ROC curves of the model and other clinical traits.
E: Nomogram. F: Calibration curve.

3.5 Correlation Analysis between Alternative
Splicing and Splicing Factors

In order to explore the correlation between
prognosis-related alternative splicing (AS) and
splicing factors, the Cytoscape software was used
to visualize the regulatory network of alternative
splicing and splicing factors. See Figure 5.
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Figure 5 The regulatory network of AS and splicing factors

3.6 Gene Differential Analysis

A differential analysis of the expression levels of
alternative splicing genes involved in the
construction of the prognostic model was carried
out. It was found that the average expression level
of the gene AGTRAP in tumor tissues was 5.021,
which was higher than the average expression
level of 3.783 in normal tissues. log, FC =1.238,
P=1.491e-17. Subsequently, the samples were
divided into high-expression and low-expression
groups according to the expression level of
AGTRAP, and survival analysis was performed

A Type E&3 Normal B Tumor
[ 1
L]
71
5
‘» 61 .
®
o
g
55
o
< o ®
E )
LAY
24 [,
o.‘ U
' L)
g o .
3 . I.. o'. 8o
Y .
Normal Tumor

Survival probability

on the two groups. As can be seen from the
survival curve, there was a significant survival
difference between the high-expression and low-
expression groups (P < 0.001), indicating that the
gene AGTRAP was associated with the prognosis
of Head and Neck Squamous Cell Carcinoma
(HNSC). Moreover, when the expression level
was lower than the threshold value of 4.750, the
prognosis of the low-risk group was better than
that of the high-risk group. However, when it was
higher than the threshold value, the prognosis of
the high-risk group became better than that of the
low-risk group. See Figure 6.

AGTRAP = High == |ow

1.00

o
~
[

o
13
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o
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Figure 6 Analysis of the expression levels of AGTRAP and survival differences.
A: Differencet expression levels between cancer and adjacent normal tissues. B: Analysis of survival
differences between high - and low - expression groups. *** P<0.001.

3.7 Clinical Correlation Analysis
In order to explore whether the expression level of

AGTRAP can distinguish different clinical stages,
a differential analysis of the gene expression
levels among different clinical trait groups was
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conducted. The number of samples with distant
metastasis, i.e., M1, was too small (n = 1), so they
did not participate in this clinical group
comparison. As can be seen from the box plot,
there was a difference in the expression level of

AGTRAP between T1 and T4, and the expression
level in the G4 group was lower than that in the
other grades. There was no obvious difference
among the other clinical groups. See Figure 7.
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Figure 7 Analysis of clinical relevance.
A: Differences in gene expression among different T — groups. B: Differences in gene expression
among different N — groups. C: Differences in gene expression among different grade— groups. D:
Differences in gene expression among different stage — groups.

3.8 Immune Correlation Analysis

In order to further observe the potential
differences in immune cell infiltration between the
high-expression and low-expression groups, the
proportions of immune cell subsets in the high-
expression and low-expression groups were
calculated, the differences in immune-related
functions and immune checkpoint-related genes
between the high-expression and low-expression
groups were compared, and the correlation
between the expression level of AGTRAP and
immune cells was analyzed. As can be seen from
the box plot and scatter plot, the proportions of
naive B cells and plasma cells in the high-
expression group were lower than those in the
low-expression group, and they were negatively

correlated with the gene expression level. The
proportion of activated natural killer (NK) cells in
the high-expression group was higher than that in
the low-expression group, and it was positively
correlated with the gene expression level. The
immune scores of the high-expression group in
terms of para-inflammation, T helper 1 (THI1)
cells, and type I interferon response were higher
than those of the low-expression group, while in
terms of B cells, major histocompatibility
complex class I, and type II interferon response,
the immune scores of the low-expression group
were higher. The expression levels of immune
checkpoint-related genes such as CD276 and
TNFRSF14 in the high-expression group were
higher than those in the low-expression group,
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while in immune checkpoints such as CD27,
TNFSF15, CTLA-4, and CD200, the expression

Fraction
o
>
.
.

levels in the low-expression group were higher.
See Figure 8.

AGTRAP B low Bl high

Figure 8 Immune infiltration analysis
A. C: Differences in immune cells and immune functions. B: Differences in checkpoint. D: The
relationship between naive B cells and gene expressio. E: The relationship between activated NK cells
and gene expression. F: The relationship between plasma cells and gene expression. * P<0.05. ** P<
0.01. *** p<0.001.

3.9 Enrichment Analysis
The top 10 genes related to AGTRAP were

identified through the STRING database, namely
CLCN6, CAMLG, BDKRB2, AGT, CHRMS3,
AGTR1, RACK1l, ARAPl, PITPNG, and
BDKRBL1. A protein-protein interaction network
was drawn. In order to further explore the
molecular mechanism of AGTRAP, the top 200
genes were extracted and a Kyoto Encyclopedia

Neuroactive ligand-receptor interaction

PITPNC1 SRENG

ARAPK

CAMLG

BDKREZ

Calcium signaling pathway o
Relaxin signaling pathway
PI3K-Akt signaling pathway
Chemokine signaling pathway
Human cytomegalovirus infection
Apelin signaling pathway

Phospholipase D signaling pathway
Retrograde endocannabinoid signaling

cGMP-PKG signaling pathway

of Genes and Genomes (KEGG) analysis was
performed on them. The results showed that the
biological functions of AGTRAP mainly focused
on "neuroactive ligand-receptor interaction”,
"hormone signaling pathway", "calcium signaling
pathway"”,  "cholinergic  synapse”, "relaxin
signaling  pathway"”, "PI3K-Akt signaling
pathway", and "chemokine signaling pathway".
See Figure 9.

Hormone signaling .

Cholinergic synapse

Glutamatergic synapse
Serotonergic synapse
Dopaminergic synapse

Morphine addiction
Circadian entrainment

Human immunodeficiency virus 1 infection
Regulation of actin cytoskeleton

GABAergic synapse

Inflammatory mediator regulation of TRP channels
Renin-angiotensin system

Renin secretion

Ci and

Gap junction
GnRH secretion

CAMP signaling pathway O 2
Vascular smooth muscle contraction O 60
Alcoholism {
Kaposi sarcoma-associated herpesvirus infection 8 0
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0.2

Figure 9 PPIl and KEGG analysis
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3.10 Tissue Verification

The difference in the expression level of
AGTRAP was verified in 20 pairs of Head and
Neck Squamous Cell Carcinoma (HNSC) tissues
and adjacent normal tissues. The results of
Reverse Transcription Quantitative Polymerase

N w
1 ]

-
1

AGTRAP relation expression

o

Chain  Reaction (RT-gPCR) showed that,
compared with the adjacent normal tissues, the
expression level of AGTRAP in the cancer tissues
was significantly increased, which was consistent
with the previous bioinformatics analysis results.
See Figure 10.

*kkk
X

Normal

Tumor

Figure 10 The results of the RT-qPCR experiment
**** P <0.0001.

4. Discussion

The global incidence of head and neck squamous
cell carcinoma (HNSC) ranks sixth among
malignant tumors. Smoking, excessive alcohol
consumption, and high-risk human papillomavirus
(HPV) infection are its main risk factors™*?. In the
early stage, the symptoms of HNSC are insidious,
and there is a lack of characteristic screening
indicators, resulting in a 5-year survival rate of
HNSC of less than 70%!*2),

Abnormal splicing events can act as oncogenic
drivers and/or bystander factors leading to tumor
progression[“]. There are significant differences in
the expression levels or splicing patterns of these
events in tumor tissues compared with normal
tissues. Chitra Rawat and Hannelore VV Heemers
revealed that alternative splicing events result in
treatment resistance and the emergence of new
phenotypes in prostate cancer™. Yen K Lieu and
others discovered that abnormal splicing of
MAP3K7 induced by SF3B1 mutants leads to
anemia in myelodysplastic syndromes*®!. Ma and
others!?  found through their research that
RALYL can coordinate the alternative splicing of
MNK2 by binding to HNRNPC, potentially
inhibiting the progression of colorectal cancer.
Detecting abnormal splicing events is helpful for
the early diagnosis of tumors and the monitoring
of the disease condition.

In this study, through the TCGA and TCGA
SpliceSeq databases, the clinical data, gene
expression levels, alternative splicing types, and
splicing percentages related to HNSC were
integrated. A total of 2,302 alternative splicing
events associated with the prognosis of HNSC
were identified through univariate COX
regression analysis. Subsequently, 12 alternative
splicing events significantly related to the
prognosis were screened out to construct a
prognostic risk model. The model was integrated
with gender, age, clinical grade, tumor size, and
lymph node metastasis status to create a
nomogram for the combined prediction of
patients' prognosis. The predictive value of the
model was verified through survival analysis and
independent prognostic analysis, and the area
under the ROC curve also showed good
sensitivity and specificity.

AGTRAP is a regulatory protein that interacts
with the type | angiotensin Il receptor and is
capable of negatively regulating the angiotensin II
signaling pathway™!. Pan-cancer analysis has
demonstrated that the high expression of
AGTRAP is correlated with poor prognosis in
diverse cancers™. Through constructing a gene
co-expression network, Zeng'®® identified that
AGTRAP is highly expressed in tongue squamous
cell carcinoma and is linked to a poor prognosis.
However, the research conducted by Claudia
Alexandra Dumitru and others®™ indicated that
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AGTRAP also shows a high expression level in
glioblastoma and is associated with an
unfavorable  prognosis.  Saioa Mendaza*?
discovered that cytoplasmic pl6 interacts with
AGTRAP and is overexpressed in cervical cancer.
In line with various studies, during our research
on head and neck squamous cell carcinoma, we
observed that AGTRAP is expressed at a high
level. Moreover, when the expression level of this
gene exceeds the threshold of 4.750, it is
associated with a poor prognosis.

In order to explore more comprehensively
whether there are differences in AGTRAP at
different stages of HSNC, we grouped and
analyzed various clinical traits. Given that the
sample size of patients with distant metastasis was
extremely small (n = 1), they were not included in
the analysis. The findings revealed that there was
a difference in the expression level of AGTRAP
between T1 and T4, and the expression level in
the G4 group (n = 7) was lower compared to that
in the other grades. Additionally, there were no
significant statistical differences in terms of
different tumor sizes, lymph node metastases,
tumor grades, and tumor stages. We hypothesize
that the expression level of AGTRAP is not
associated with the aforementioned clinical
parameters. In the study, in patients with a higher
tumor grade, the level of AGTRAP in their bodies
was correspondingly higher, and the survival
prognosis was poorer®!, Moreover, no obvious
difference in AGTRAP was observed among
different lymph node metastasis conditions. In the
future, it will be necessary to increase the sample
size to further investigate the relationship between
the expression level of AGTRAP and the clinical
progression of tumors.

Immune infiltration is an important determinant of
cancer prognosist®’l. To evaluate the association
between AGTRAP and immune infiltration, we
analyzed the immune cells in the tumor
microenvironment for the high and low expression
groups, and also analyzed the immune-related
functions and immune checkpoints. Activated
natural killer (NK) cells and M1 macrophages
were more abundant in the high expression group,
while plasma cells and B cells, especially naive B
cells, were more abundant in the low expression
group. NK cells can recognize and eliminate
tumor cells that have escaped the immune
surveillance of CD8" T cells, playing a crucial

role in the body's anti-tumor immune defensel®.

Chimeric antigen receptor-natural Killer (CAR-
NK) cells also show good potential in the
treatment of HNSC 21, Previous studies have
shown that M1 macrophages can inhibit tumor
progression and have a pro-inflammatory
effect®, This is consistent with the high immune
score of the high expression group in
parainflammation (PI). Sixty-five to 85% of
HNSC cases have p53 mutations, which are
associated with a poor prognosis™®. It is known
that PI acts in synergy with p53 to inhibit tumor
progression. However, in the absence of p53, Pl
will instead promote the carcinogenic processt .
Targeted inhibition of p53 mutations, exerting the
anti-tumor effect of M1 macrophages and the
synergistic effect between Pl and p53, has
potential therapeutic value for HNSC. Studies
have shown that a high density of naive B cells
can enhance anti-tumor immunity in pancreatic
ductal adenocarcinoma and non-small cell lung
cancer, and is associated with a good prognosis®"
%21 In addition, the combination of programmed
cell death protein 1 (PD-1) inhibitors and Bcl6
blockade in the treatment of pancreatic cancer can
promote the differentiation of naive B cells into
plasma cells and increase the sensitivity to
immune checkpoint inhibitors®®. Except for
CD44 and CD276, the expression levels of most
immune checkpoints in the high expression group
were lower than those in the low expression
group. Compared with the low expression group,
the expression level of genes related to the
immune checkpoint cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) in the high
expression group was significantly lower.
Targeted inhibition of CTLA-4 can activate T
cells, release interferon and tumor necrosis factor,
up-regulate the body's anti-tumor immunity, and
promote the apoptosis of tumor cells®Y. we
speculate that the high expression group may
achieve better efficacy than the low expression
group with inhibitors such as CTLA-4. In
conclusion, the grouping of AGTRAP may help
distinguish  the immune and  molecular
characteristics, screen treatment options, and
predict the prognosis of HNSC.

From the KEGG analysis, it can be seen that
AGTRAP and related genes are enriched in the
PIBK/Akt/mTOR signaling pathway. Existing
research results show that the PI3K/Akt/mTOR
signaling is active in more than 90% of head and
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neck cancers®®. Ana Elizia Mascarenhas
Marquest®® have also confirmed the increased
expression of the PI3BK/Akt/mMTOR pathway in
HNSC. ATRAP can activate the PI3K/Akt/mTOR
signaling pathway during cancer progression®’.,
In addition, SUP® and Jiang™” have found that
targeted regulation of the PI3K/Akt/mMTOR
pathway can reduce the radiotherapy resistance of
HNSC and improve the treatment effect.
AGTRAP is expected to become a molecular
targeted therapy target for the targeted regulation
of the PI3K/Akt/mMTOR pathway in HNSC.
Interestingly, according to the enrichment
analysis, AGTRAP is associated with alcoholism.
Excessive alcohol consumption is one of the main
risk factors for HNSCHY. In addition, excessive
alcohol consumption can lead to microbial
dysbiosis in HNSC, promoting carcinogenesis and
metastasist*. The synergistic effect of AGTRAP
and alcohol promotes the occurrence and
development of HNSC, which is worthy of further
research in the future.

Nevertheless, this study still has some limitations.
Firstly, the bioinformatics analysis is based on the
single TCGA database, and the histological
experiments are verified with a small sample size
from a single center. In the future, it would be
possible to combine multiple databases and
conduct multi-center analyses. Considering the
expression differences of AGTRAP, it is still
necessary to further explore the control threshold
of AGTRAP in the future. Additionally, the
mechanism by which AGTRAP affects HNSC
remains to be further explored in the future.

In conclusion, we constructed a prognostic model
of alternative splicing for head and neck
squamous cell carcinoma (HNSC), and found that
the key gene AGTRAP is highly expressed in
HNSC and is associated with a poor prognosis.
AGTRAP may affect HNSC through the
PIBK/Akt/mTOR signaling pathway. The overall
expression level of AGTRAP can serve as a
prognostic biomarker related to alternative
splicing combined with immune infiltration in
HNSC.
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