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Abstract

Purpose To look at the diagnostic value of the CELSR receptor 3 (CELSR3) gene in head and neck squamous cell carcinoma
(HNSCC) and its effect on tumor immune invasion, which is important for enhancing HNSCC treatment.

Methods Several bioinformatics tools were employed to investigate CELSR3’s putative oncogenic pathway in HNSCC, and
datasets from The Tumor Genome Atlas (TCGA), Tumor Immune Estimation Resource (TIMER), Gene Expression Profile
Interaction Analysis (GEPIA) and LinkedOmics were extracted and evaluated. CELSR3 has been linked to tumor immune
cell infiltration, immunological checkpoints, and immune-related genes. CELSR3’s putative roles were investigated using
Gene ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and pathway enrichment analysis. The expres-
sion level of CELSR3 in HNSCC tissues and cells was detected by RT-qPCR. The effects of CELSR3 on proliferation of
HNSCC cells were detected by CCK-8 assay.

Results CELSR3 was shown to be expressed differently in different types of cancer and normal tissues. CELSR3 gene
expression was linked to pN-stage and pM-stage. Patients with high CELSR3 expression also have a well prognosis. CELSR3
expression was found to be an independent predictive factor for HNSCC in both univariate and multivariate Cox regression
analyses. We discovered the functional network of CELSR3 in HNSCC using GO and KEGG analysis. CELSR3 expression
levels were found to be favorably associated with immune cell infiltration levels. Furthermore, CELSR3 expression levels
were significantly correlated with the expression levels of many immune molecules, such as MHC genes, immune activation
genes, chemokine receptors, and chemokines. CELSR3 is highly expressed in HNSCC tissues and cells. CELSR3 overexpres-
sion significantly inhibited the proliferation of HNSCC cells. CELSR3 expression may affect the immune microenvironment
and, as a result, the prognosis of HNSCC.

Conclusion CELSR3 expression is elevated in HNSCC tumor tissues, and high CELSR3 expression is associated with well
prognosis, which inhibited the proliferation of NHSCC cells. CELSR3 has the potential to influence tumor formation by
controlling tumor-infiltrating cells in the tumor microenvironment (TME). As a result, CELSR3 may have diagnostic sig-
nificance in HNSCC.

Keywords Head and neck squamous cell carcinoma (HNSCC) - CELSR receptor 3 (CELSR3) - Prognosis - Tumor
microenvironment - Tumor immune cell infiltration

Abbreviations CD8 T cells  Cluster of differentiation 8T cells
AUC Area under the curve CD8+ T cells  Cluster of differentiation 8-positive T cells
BLCA Bladder urothelial carcinoma CD8 Tcells  Cluster of differentiation 8T cells
BP Biological process CELSR Cadherin EGF LAG seven-pass G-Type
BRCA Breast invasive carcinoma CELSR3 Cadherin EGF LAG seven-pass G-Type
CcC Cellular component receptor 3
CD274 Cluster of differentiation 274 CHOL Cholangiocarcinoma
CD4 T cells Cluster of differentiation 4T cells CI Confidence interval
CD4+ T cells Cluster of differentiation 4-positive T cells ~ COAD Colon adenocarcinoma
CTLA4 Cytotoxic T lymphocyte-associated
antigen-4
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DNTTIP1 Deoxynucleotidyltransferase terminal
interacting protein 1

DSS Disease-specific survival

ESCA Esophageal carcinoma

GEPIA Gene expression profile interaction
analysis

GO Gene ontology

GSEA Gene set enrichment analysis

GSVA Gene set variation analysis

HAVCR2 Hepatitis A virus cellular receptor 2

HNSCC Head and neck squamous cell carcinoma

ICB Immune checkpoint blockade

KEGG Kyoto Encyclopedia of Genes and
Genomes

KIRC Kidney renal clear cell carcinoma

KM Kaplan—Meier

LAG3 Lymphocyte-activation gene 3

LSCC Laryngeal squamous cell carcinoma

MF Molecular function

NK Natural killer

oS Overall survival

PDCD1 Programmed cell death 1

PDCDILG2  Programmed cell death 1 ligand 2

PFI Progression-free interval

RNA-seq RNA sequencing

ROC Receiver operating characteristic

SCC Squamous cell carcinoma

SIGLEC15 Sialic acid binding Ig-like lectin 15

ssGSEA Single-sample GSEA

TCGA The cancer genome atlas

Tem cells Central memory T cells

Tem cells Effective memory T cells

TIGIT T cell immunoreceptor with Ig and ITIM
domains

TICs Tumor-infiltrating immune cells

TIMER Tumor immune estimation resource

TME Tumor microenvironment

TPM Transcripts per million reads

TReg Regulatory T cell

WHO World health organization

Introduction

Head and neck squamous cell carcinomas (HNSCCs) are
the most prevalent malignancies of the head and neck and
emerge from the mucosal epithelium in the oral cavity, phar-
ynx, and larynx. HNSCC is the sixth most frequent cancer
in the world, accounting for 890,000 new cases and 450,000
deaths in 2018 [11]. Although tumor excision combined with
chemotherapy and radiotherapy has improved patients’ prog-
noses to some extent, advanced cancer is still prone to spread
and worsening. As a result, it is critical to investigate more
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effective treatment strategies for HNSCC patients. Such as
targeted therapy. However, in typical studies of targeted ther-
apy for malignant tumors, the molecular pathways appear to
be too complex for researchers to fully comprehend. So far,
no useful biomarkers have been discovered.

CThe Cadherin EGF LAG seven-pass G-type (CELSR)
family is derived from the Cadherin EGF LAG seven-pass
G-type receptor and is categorized as a specific subgroup of
adhesion G-protein-coupled receptor due to Cadherin repeat-
ing at the far N-terminal [29]. CELSR receptor 3 (CELSR3)
has nine cadherin domains that operate as homophilic bind-
ing areas and seven EGF-like domains that are involved in
receptor-ligand interactions and cell adhesion. It is thought
to play an important role in cell-cell contacts [14, 24].
CELSR3 has been linked to a variety of cancers, includ-
ing hepatic, prostate, and lung adenocarcinomas [4, 17,
20]. However, it has not been determined whether CELSR3
impacts the prognosis of HNSCC.

The Tumor Genome Atlas (TCGA), Tumor Immune Esti-
mation Resource (TIMER), Gene Expression Profile Inter-
action Analysis (GEPIA), and LinkedOmics datasets were
extracted and analyzed in this study to explore the potential
oncogenic mechanism of CELSR3 in HNSCC. The correla-
tion between CELSR3 and tumor immune cell infiltration,
immune checkpoint, immune-related genes, and immune
checkpoint blockade (ICB) was detected. Gene ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG), pathway enrichment analyses were applied to
investigate the potential functions of CELSR3. These find-
ings offer fresh perspectives on CELSR3's role as well as
brand-new targets for HNSCC diagnosis and prognosis.

Immunotherapy has been used to treat HNSCC patients
in recent years, transforming how HNSCC is treated [27].
It is widely recognized that tumor-infiltrating immune cells
(TIICs) have an impact on the immune system, deal with
abnormal biological activities in a complex manner, and are
crucial in the body’s immune response to immunotherapy
[28]. Furthermore, genes associated with immunological
components can influence immune function [12]. Further-
more, cytokine and immune checkpoint blockade therapy
have become treatment options for a variety of cancers,
but no research has been conducted to determine whether
CELSR3 overexpression influences the tumor immune
microenvironment in HNSCC.

Methods
Data source and analysis of differential expressions
Data collection, preparation, and a statement of ethics data

on pan-cancer RNA sequencing (RNA-seq) were gathered
from the UCSC XENA database (https://xenabrowser.net/
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datapages/) [26]. The TCGA site was used to download
Level 3 RNA RNA-seq expression data and clinical data
for HNSCC (502 HNSCC tissues vs. 44 normal neighbor-
ing cancer tissues) (https://portal.gdc.cancer.gov/) [21].
Baseline clinical data are shown in Table 1. Transcripts
per million reads (TPM) RNA-seq data was log converted
(Log2(TPM + 1) before analysis. The gene expression data-
set (GSE51985) was obtained based on literature analysis,

and it included ten laryngeal squamous cell carcinoma
(LSCC) tissue samples and ten neighboring non-tumor tis-
sue samples, and the CELSR3 expression gene was screened
from the dataset [8]. We used TCGA to examine the dif-
ference in CELSR3 expression between HNSCC and nor-
mal head and neck tissues. Because the TCGA are open,
publicly accessible databases, the data collected from them
was following all existing laws, rules, and policies for the

Table 1 Baseline clinical data

Characteristic Low expression ~ High expression  p statistic method
of CELSR3 of CELSR3

n 251 251

T stage, n (%) 0.052 7.74 Chisq.test
T1 19 (3.9%) 14 (2.9%)
T2 61 (12.5%) 83 (17%)
T3 76 (15.6%) 55 (11.3%)
T4 86 (17.7%) 93 (19.1%)

N stage, n (%) 0.376 Fisher.test
NO 122 (25.4%) 117 (24.4%)
N1 44 (9.2%) 36 (7.5%)
N2 68 (14.2%) 86 (17.9%)
N3 3(0.6%) 4 (0.8%)

M stage, n (%) 0.214 Fisher.test
MO 233 (48.8%) 239 (50.1%)
M1 4 (0.8%) 1(0.2%)

Clinical stage, n (%) 0.058 7.5 Chisq.test
Stage I 12 (2.5%) 7 (1.4%)
Stage 11 44 9%) 51 (10.5%)
Stage I1I 61 (12.5%) 41 (8.4%)
Stage IV 125 (25.6%) 147 (30.1%)

Gender, n (%) 0.480 0.5 Chisq.test
Female 71 (14.1%) 63 (12.5%)
Male 180 (35.9%) 188 (37.5%)

Age, n (%) 0.055 3.7 Chisq.test
<60 111 (22.2%) 134 (26.7%)
>60 139 (27.7%) 117 (23.4%)

Histologic grade, n (%) 0.021 Fisher.test
Gl 40 (8.3%) 22 (4.6%)
G2 153 (31.7%) 147 (30.4%)
G3 52 (10.8%) 67 (13.9%)
G4 0 (0%) 2 (0.4%)

Smoker, n (%) 0.005 7.98 Chisq.test
No 41 (8.3%) 70 (14.2%)
Yes 201 (40.9%) 180 (36.6%)

Alcohol history, n (%) 0.248 1.34 Chisq.test
No 85 (17.3%) 73 (14.9%)
Yes 159 (32.4%) 174 (35.4%)

Radiation therapy, n (%) 0.421 0.65 Chisq.test
No 81 (18.4%) 73 (16.6%)
Yes 138 (31.3%) 149 (33.8%)

Age, median (IQR) 61.5 (54, 69) 60 (53, 68.5) 0.248 33,2445 Wilcoxon
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protection of human beings, and all subjects participating
provided written informed consent.

Exploring the association of survival with CELSR3
in HNSCC

The receiver operating characteristic (ROC) curve was built
using the pROC of the R package to assess the diagnos-
tic value of CELSR3 expression level, and the area under
the curve (AUC) under a 95% confidence interval (CI) was
determined to determine the diagnostic efficacy. Follow-
ing that, we ran univariate and multivariate Cox regression
analyses to determine the best terms for building nomo-
grams. Using the “forestplot” R tool and R software, a for-
est was used to display the p-value, HR, and 95% CI for
each variable. To forecast the overall recurrence rate in 1, 3,
and 5 years, a nomogram was built based on the results of
the multivariate Cox proportional hazards analysis. The R
program “rms” was used to calculate the likelihood of recur-
rence for individual patients based on the points assigned to
each risk factor. In TCGA, we extracted survival data for
each sample. CELSR3 and the prognosis of HNSCC patients
were studied using indicators such as overall survival (OS),
disease-specific survival (DSS), and progression-free inter-
val (PFI). The survival analysis of HNSCC was performed
using the Kaplan—Meier (KM) and log-rank tests (p <0.05),
and survival curves were examined using the “survminer”
and “survivor” R packages.

GEPIA analysis

The Gene Expression Profiling Interactive Analysis (GEPIA)
web server is a novel interactive web server. Its website is
located at http://gepia.cancer-pku.cn/index.html [22]. This
database offers the online analysis of data from the TCGA
and GTeX studies. In our investigation, we used the TCGA
expression dataset to compare CELSR3 levels in HNSCC
with normal head and neck tissues. Furthermore, we used
GEPIA to assess the prognostic significance of CELSR3
mRNA expression in HNSCC and create a survival curve
with a log-rank p-value.

Immune infiltration analysis

Individual immune cell types, such as T helper cells, Tcm
cells, Th2 cells, and others, were assessed using single-
sample GSEA (ssGSEA). The analysis was carried out
with the help of the gene set variation analysis (GSVA)
software [2, 9]. The TIMER database (https://cistrome.
shinyapps.io/timer/) was used to investigate the relation-
ships between HNSCC and TIICs [15]. GSVA package of
R was used to analyze the correlations between CELSR3
expression levels and the infiltrations of B cells, natural
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killer (NK) cells, the cluster of differentiation 4 T cells
(CD4 T cells), cluster of differentiation 8 T cells (CD8 T
cells), regulatory T cell (Treg cells), Macrophage M1 cell
and T cell follicular helper.

Immune-checkpoint analysis

Sialic acids binding Ig like lectin 15 (SIGLEC15), T cell
immunoreceptor with Ig and ITIM domains (TIGIT), cyto-
toxic T lymphocyte-associated antigen-4 (CTLA4), the
cluster of differentiation 274 (CD274), hepatitis A virus
cellular receptor 2 (HAVCR2), lymphocyte-activation gene
3 (LAG3), programmed cell death 1 (PDCD]I), and pro-
grammed cell death 1 ligand 2 (PDCD1LG?2) were selected
to be immune-checkpoint-relevant transcripts and the
expression data of these eight genes were extracted. The
expression of the immune checkpoints and the co-expres-
sion of CELSR3 with these immune checkpoints were
evaluated using the R packages “ggplot2,” “pheatmap,”
and “immuneeconv.” Using the TIDE method, potential
immune checkpoint blockade responses were anticipated
[10].

LinkedOmics analysis

LinkedOmics is a public website at http://www.linkedom-
ics.org/login.php that provides 32 TCGA cancer types of
numerous omics data, including the Clinical Proteomics
Tumor Analysis Consortium federation. We used this online
tool to discover and analyze CELSR3 co-expression genes
in a TCGA head and neck cancer cohort of 502 samples.
The Linkfinder data has been signed and sorted. The gene
set enrichment analysis (GSEA) approach is then used to
undertake GO analyses such as molecular function (MF),
biological process (BP), cellular component (CC), and
KEGG analysis.

Statistical analysis

The log2-transformation was used to normalize gene expres-
sion data. R program (version 4.0.2) was used for statistical
analysis. CELSR3 expression analysis in the TIMER and
TCGA databases revealed a p-value. The GEPIA study pro-
duced a survival curve with a p-value. The GEPIA study
produced a survival curve with a p-value. All survival analy-
ses used the Cox proportional hazards model, KM analyses,
and the log-rank test. The correlation between the two vari-
ables was examined using Spearman’s test or Pearson’s test.
p values of less than 0.05 were considered significant. For
statistical analysis, R software (version 4.0.2) was utilized.
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Cell experiment
Cell culture

Head and neck squamous cell lines C6661 and SUN1 were
purchased from the Bo Rui Biomedicine Co., LTD, and
human oral keratinocyte (HOK) was purchased from the Cell
Bank of the Chinese Academy of Sciences (Shanghai). The
above cells were cultured in high-glucose DMEM medium
with 10% fetal bovine serum, 100 U/mL penicillin and 100
U/mL streptomycin, and placed in an incubator containing
5% CO2 at 37 °C. All cells were passaged 3—4 times before
use.

RNA extraction and RT-qPCR

Total RNA was extracted from HNSCC tissues and cells
by TRIzol method, and the RNA was reversed into cor-
responding cDNA by reverse transcription kit. RT-qPCR
was performed using cDNA as template. The primers were
PRMTS justice chain: 5'-CTGTCTTCCATCCGCGTT
TCA-3', antisense chain: 5'-CTGTCTTCCATCCGCGTT
TCA-3'; GAPDH justice chain: 5'-CATCTCTGCCCCCTC
TGCTGA-3’, antisense chain: 5'-GGATGACCTTGCCCA
CAGCCT-3".

Cell transfection

C6661 and SUNI1 cells were inoculated into 6-well plates,
OE-NC, OE-CELSR3-#1 and OE-CELSR3-#2 were trans-
fected with Lipofectamine 3000 reagent, and fresh medium
was replaced after transfection for 24-48 h.

The CCK-8 experiment

The transfected C6661 and SUNI cells were inoculated
into 96-well plates with 2 x 103 cells per well, and 100 pL
medium containing CCK-8 was added to each well at a ratio
of 1:9, and incubated at 37 °C for 1 h without light. Cell
proliferation was detected at different time points (0, 24, 48,
72,96 H). At the wavelength of 450 nm, the corresponding
OD value was detected by enzyme-labeled instrument, and
the cell proliferation curve was drawn.

Results

CELSR3 expression in pan-cancer and HNSCC
patients

Using the data from TCGA, we found that CELSR3 expres-
sion was significantly elevated in 21 of 33 cancer types,
including bladder urothelial carcinoma (BLCA), bladder

urothelial carcinoma (BRCA), cholangiocarcinoma (CHOL),
colon adenocarcinoma (COAD), kidney renal esophageal
carcinoma (ESCA), kidney renal clear cell carcinoma
(KIRC), among others (Fig. 1A). CELSR3 expression was
also significantly higher in HNSCC tissues compared to nor-
mal samples (Fig. 1B). CELSR3 expression was similarly
higher in cancer tissues than in matched normal neighboring
tissue samples in the 43 pared samples (Fig. 1C).

The expression of CELSR3 is associated
with patients’ survival in HNSCC

CELSR?3 expression survival data in HNSCC patients were
examined. A ROC curve was created to assess the diagnostic
utility of the CELSR3 expression level. CELSR3 expression
has a high sensitivity and specificity for HNSCC diagno-
sis, as demonstrated in Fig. 2A. The AUC (area under the
curve) was 0.896. Following that, the prognostic value of
CELSR3 expression was assessed using a KM analysis. The
median was chosen as the cut-off value for the high and
low CELSR3 expression groups. The results showed that
patients with higher CELSR3 mRNA expression had longer
OS (p<0.001) (Fig. 2B), DSS (p <0.005) (Fig. 2C), PFI
(p<0.05) (Fig. 2D). As a result, CELSR3 mRNA expres-
sion in HNSCC is linked to survival. The result of OS from
GEPIA is also consistent with our results (Fig. 2E).

Prognostic potential of CELSR3 in HNSCC

Then, using a variety of clinical features and CELSR3
expression levels, we ran univariate and multivariate Cox
regression analyses. Furthermore, univariate and multi-
variate Cox regression analyses illustrated that CELSR3
expression (p <0.01), pN-stage (p <0.05), and pM-stage
(p<0.01) were important independent factors to the prog-
nosis of HNSCC (Fig. 3A, B). We then created a nomo-
gram that comprised only three independent prognostic
markers (CELSR3, pN-stage, and pM-stage) to offer doc-
tors a quantitative guideline for predicting the probability
of 1-, 3-, and 5-year OS in HNSCC patients (Fig. 3C). Each
patient is assigned a total score by summing each prognostic
parameter point, with a larger total score indicating a worse
outcome. Furthermore, the calibration curves revealed that
the nomogram did well in estimating 1-, 3-, and 5-year OS
(Fig. 3D). As a result, CELSR3 may be a possible HNSCC
diagnostic marker.

Association between CELSR3 expression
and immune cell infiltration and immune molecule
expression levels

We used Spearman’s correlation to reveal a link between
CELSR3 expression levels and immune cell infiltration
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Fig.1 CELSR3 expression in pan-cancer and HNSCC patients.
A CELSR3 expression levels in different tumor types. B CELSR3
expression is significantly higher in tumor tissues than in normal tis-

levels assessed by ssGSEA in the HCC tumor microenvi-
ronment to better understand the effect of CELSR3 expres-
sion on the tumor microenvironment. T helper cells were
significantly positively correlated with CELSR3 expres-
sion (Spearman R =0.174, p <0.001). Other immune cell
subsets, such as Th2 cells, B cells, effective memory T
cells (Tem cells), and others, are likewise related to DNT-
TIP1 expression (Fig. 4A). Following that, Using the CIB-
ERSORT algorithm, we discovered that CELSR3 expres-
sion was positively correlated with the infiltration of B
cells, NK cells, T cell follicular helper cells, cluster of
differentiation 4-positive T cells (CD4+ T cells), cluster
of differentiation 8-positive T cells (CD8+ T cells), T cell
follicular helper cells, common lymphoid progenitor, and
Macrophage M1 cells (Fig. 4B). CELSR3 expression levels
were significantly positively linked with immune cell infil-
trations (p <0.001). The level of T helper cell infiltration
in the high-expression group of CELSR3 was substantially
different from that in the low-expression group (p <0.001)
(Fig. 4C).
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sues. ***p <0.001. C CELSR3 expression in 43 HNSCC tissues and
their paired adjacent para-carcinomatous tissues.*p <0.05

Similarly, we investigated the relationship between
CELSR3 and immunoassays, as well as the expression of
immune checkpoints, such as CD274, CTLA4, HAVCR2,
LAG3, PDCDI1, PDCDILG2, TIGIT, and SIGLECI5
(Figs. 5A), in WHO grade I and Il HNSCC. The results illus-
trated that LAG3 (p <1.32e—10), CTLA4 (p <7.32e—14),
CD274 (p <5.66e—05), HAVCR2 (p <9.00e—09), TIGIT
(p<5.67e—10), and SIGLEC15 (p <3.15e—11) were upreg-
ulated in WHO grade II compared with WHO grade I of
HNSCC (Fig. 5B). Furthermore, we discovered that HNSCC
patients in WHO grade II responded better to immune
checkpoint blockade than HNSCC patients in WHO grade
I (Fig. 5C). As a result, CELSR3 could be a viable immu-
notherapy target.

Enrichment analysis of CELSR3 neighborhood genes
in HNSCC

To investigate the functional network of CELSR3 neigh-
borhood genes in HNSCC, we first used LinkedOmics to
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Fig.2 CELSR3 expression level has potential diagnostic and prog-
nostic values for patients with HNSCC. A The diagnostic value of
CELSR3 expression was evaluated using the ROC curve. B Kaplan—

identify CELSR3 neighborhood genes. The outcomes are
depicted in a volcano plot (Fig. 6A). In addition, the heat
map displayed the top 50 negatively and positively signifi-
cantly linked genes (Figs. 6B, C). GSEA significant GO
term analysis revealed that genes correlated with CELSR3
were primarily found in methyltransferase complexes,
ATPase complexes, chromosomal regions, and integra-
tor complexes, where they were involved in microtubule
organizing center organization, double-strand break repair,
protein alkylation, and chromatin assembly or disassem-
bly. These linked genes also performed the functions
of damaged DNA binding, catalytic activity, acting on
DNA, modification-dependent protein binding, and ubiq-
uitinyl hydrolase activity (Figs. 6D-F). KEGG pathway
analysis revealed that these CELSR3-related genes were
primarily prominent in signal pathways such as Fanconi
anemia, Propanoate metabolism, Carbohydrate digestion
and absorption, and Taurine and hypotaurine metabolism
(Fig. 6G).

Months

Meier (K-M) survival curves for OS. C K-M survival curves for
DSS. D K-M survival curves for PFI. E K-M survival curves for OS
constructed from GEPIA

Overexpression efficiency of CELSR3 in HNSCC cells

RT-qPCR verified the overexpression efficiency of CELSR3
in C6661 and SUNI1 cells, and the results showed that both
OE-CELSR3 could significantly up-regulate CELSR3
expression. It was demonstrated that OE-CELSR3 signifi-
cantly up-regulated the expression of CELSR3 in C6661 and
SUNI cells (Fig. 7A, B).

Overexpression of CELSR3 inhibited
the proliferation of HNSCC cells

The effect of CELSR3 on the proliferation ability of HNSCC
cells was detected by CCK-8 assay. Compared with the con-
trol group (NC group), the proliferation capacity of C6661
and SUNI cells in OE-CELSR3-#1 and OE-CELSR3-#2
groups was significantly down-regulated (p <0.05) (Fig. 7C,
D).
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Fig.3 Prognostic efficacy of CELSR3 expression levels in patients
with HNSCC. A Results of univariate Cox regression analyses dis-
played using forest plots. B Results of multivariate Cox regression
analyses displayed using forest plots. C Nomogram for predicting

Discussion

HNSCC is the world’s sixth most common cancer. It comes
from the oral cavity, nasal cavity, nasopharynx, larynx,
hypopharynx, and oropharynx, among other places in the
head and neck. 90% of head and neck cancers are squamous
cell carcinomas (SCC) [31]. Because of the delayed early
identification and high recurrence risk of HNSCC, approxi-
mately 50% of all patients will eventually have a local or
regional recurrence. Despite advancements in treatment, the
5-year survival rate remains very low, and some patients
continue to have poor treatment effects and poor prognoses
[19]. As aresult, it is critical to investigate new genes associ-
ated with the onset and progression of HNSCC, as well as
to identify indicators with more specificity and sensitivity,
particularly for additional molecular mechanism targets such
as immune infiltration, to improve HNSCC treatment. The
purpose of this study was to look at the diagnostic signifi-
cance of the CELSR3 gene in HNSCC as well as its effect
on tumor immune invasion.

@ Springer

Nomogram—prediced(%)

=462 d=203 p=6, 46.2 subjects per group X2 resampling optimism added, B=200
Gray: ideal Based on observed—predicted

clinical outcomes associated with CELSR3 expression in HNSCC
patients. D Calibration plots validating 1-, 3-, and 5-year clinical out-
comes for HNSCC patients

The CELSR3 gene is a member of the flamingo subfam-
ily and the Cadherin superfamily [6]. CELSR3 may be cru-
cial for cell-to-cell communication throughout the devel-
opment of the nervous system [23]. According to reports,
the CELSR3 gene may contribute to the development of
tumors by regulating neurite-dependent neurite outgrowth
and being overexpressed in several human malignancies.
Several human cancers, including brain tumors, ovarian
cancer, pancreatic cancer, liver cancer, colorectal cancer,
and cervical cancer, have been shown to have overexpressed
CELSR3 genes [1, 5, 7, 13]. Finally, we can conclude that
CELSR3 may be involved in tumor formation and devel-
opment by influencing cell proliferation via the cellular
microenvironment.

CELSR3 expression was discovered to be differentially
expressed in numerous forms of cancer and their matching
normal tissues in our investigation, including BLCA, BRCA,
CHOL, COAD, ESCA, KIRC, and others. Some studies, for
example, found that CELSR3 was highly expressed in the
early stages of cancer and remained present throughout the
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entire cancer process, implying that CELSR3 may play a
key role in the carcinogenesis of hepatocellular carcinoma.
CELSR3 expression in HNSCC was confirmed further, and
the results revealed that patients with high CELSR3 expres-
sion had a better prognosis. Furthermore, we discovered
that CELSR3 gene expression was related to pN-stage, and
pM-stage. Furthermore, univariate and multivariate Cox
regression analysis revealed that CELSR3 expression was
a prognostic factor for HNSCC. As a result, CELSR3 may
have diagnostic significance in HNSCC.

Based on GO and KEGG analyses, we observed that the
functional network of CELSR3 in HNSCC was related to
methyltransferase complex, ATPase complex, chromosomal
region, integrator complex, where they were involved in
microtubule organizing center organization, double-strand
break repair, protein alkylation, chromatin assembly or dis-
assembly. These related genes also served as damaged DNA
binding, catalytic activity, acting on DNA, modification-
dependent protein binding, ubiquitinyl hydrolase activity.
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T cells, T cell follicular helper cells, common lymphoid progenitor,
and Macrophage M1 cells. C The level of T helper cell infiltration
in the high-expression group of CELSR3 was substantially different
from that in the low-expression group (p <0.001)

KEGG pathway analysis demonstrated that these genes
related to CELSR3 were mainly enriched in signal pathways
such as Fanconi anemia pathway, Propanoate metabolism,
Carbohydrate digestion and absorption, Taurine and hypo-
taurine metabolism.

We used Spearman’s correlation to reveal a link between
CELSR3 expression levels and immune cell infiltration lev-
els assessed by ssGSEA in the HCC tumor microenviron-
ment to investigate the effect of CELSR3 expression on the
tumor microenvironment. CELSR3 expression was highly
linked with T helper cells. Other immune cells subsets, such
as Th2 cells, B cells, and T cells, are similarly linked to
DNTTIP]I expression. The level of T helper cell infiltration
in the CELSR3 high-expression group was considerably
higher than in the low-expression group. CELSR3 expres-
sion was found to be positively connected with B cells, NK
cells, T cell follicular helper cells, CD4+ T cells, CD8+
T cells, T cell follicular helper cells, and Macrophage M1
cell infiltration. CELSR3 expression levels were shown to
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be substantially linked with immune cell infiltrations. Most
cancers boost inhibitory ligand levels by affecting T cell
function to avoid immune responses that lead to tumor pro-
gression. One of the potential pathways boosting tumor
development is hypothesized to be this. Patients with higher
T-cell infiltration frequently have a better prognosis [18, 25].
Similarly, we looked at the relationship between CELSR3
and immunoassays and discovered that LAG3, CTLA4,
CD274, HAVCR?2, TIGIT, and SIGLEC15 were increased in
WHO grade I HNSCC compared to WHO grade Il HNSCC.
Furthermore, we discovered that HNSCC patients in WHO
grade II responded better to immune checkpoint blockade
than HNSCC patients in WHO grade 1. As a result, CELSR3
could be a viable immunotherapy target.

A great number of studies have established that tumor
immune cell infiltration can alter the efficacy and progno-
sis of cancer patients receiving chemotherapy, radiation,
or immunotherapy [16, 30]. Taken together, CELSR3’s
influence on immune cell infiltration has a good impact
on tumor patients. In HNSCC, CELSR3 is involved in the
recruitment and control of immune-invading cells. Most

@ Springer

notably, CELSR3 expression may influence the immuno-
logical microenvironment, which in turn influences the
prognosis of HNSCC. The drawback of our study is that
a large number of samples were required to verify our
findings, and additional clinical samples will be gathered
in the future to enhance the data. Furthermore, the under-
lying immune mechanisms should be investigated, and
CELSR3 should be tested as a biomarker to predict the
immune response rate in real-world HNSCC patients.

RT-qPCR verified the overexpression efficiency of
CELSR3 in C6661 and SUNI cells, and the results showed
that both OE-CELSR3 could significantly up-regulate
CELSR?3 expression. It was demonstrated that OE-CELSR3
significantly up-regulated the expression of CELSR3 in
C6661 and SUNI cells. The effect of CELSR3 on the pro-
liferation ability of HNSCC cells was detected by CCK-8
assay. Compared with the control group (NC group), the
proliferation capacity of C6661 and SUNI1 cells in OE-
CELSR3-#1 and OE-CELSR3-#2 groups was significantly
down-regulated.



European Archives of Oto-Rhino-Laryngology (2024) 281:3143-3156

3153

A B

CELSR3 Association Result

25

k ! e

20

ol e
i “‘,H\ ‘w"wu

HMH

it i

15

M
‘.. i

1\‘1‘ i w“\ {1
H\ |‘ | ‘”‘ \\I‘

l,‘ “‘ I ‘.H‘H" ‘1

Wi i 'w"”‘ ‘

W

-log10(pvalue)

10

h \h H”N

‘l"
me

Spearmans rho Statistic (Spearman test)

D - FOR < 0.05

FOR > 005

Fig.6 Genes differentially expressed in association with CELSR3 in
HNSCC, and enrichment analysis of the genes altered in the CELSR3
neighborhood in HNSCC. A Volcano plot. B Heat maps of the top
50 genes positively correlated with CELSR3. C Heat maps of the top

The article discussed the diagnostic value of CELSR3 in
HNSCC and its effect on tumor immune invasion, which have
an important impact on the clinical management of HNSCC
patients. Numerous clinical trials are underway to further
refine the application of immunotherapy and develop new
immunotherapy approaches. However, there is an urgent need
for reliable predictive biomarkers for personalized clinical
management and new treatment strategies [3]. Chen X et al.
suggested that CELSR3 may play an important role in the
progression of prostate cancer [4]. Ouyang et al. [20] demon-
strated that CELSR3 was highly expressed in the early stage of
cancer and was present throughout the entire cancer process,
which suggested that CELSR3 may serve a key role in the
carcinogenesis of hepatocellular carcinoma. We found that
CELSR3 expression is elevated in HNSCC tumor tissues, and
high CELSR3 expression is associated with well prognosis,
which inhibited the proliferation of NHSCC cells. CELSR3
has the potential to influence tumor formation by controlling
tumor-infiltrating cells in the TME. As a result, CELSR3 may
have diagnostic significance in HNSCC. In clinical medicine,
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the application of bioinformatics can not only help doctors to
diagnose and treat diseases, but also accelerate the develop-
ment of new drugs and the implementation of personalized
medicine. These findings could help doctors make earlier diag-
noses, provide more precise treatments, and provide targets for
the development of new drugs. For example, by sequencing
the genomes of patients with HNSCC, it may be found that
mutations in the CELSR3 are associated with the development
of HNSCC. Based on the genomic information of patients
with HNSCC, doctors can select the most appropriate drug
and dose for the patient, improve treatment effectiveness, and
reduce adverse reactions during treatment, and enabling early
cancer screening and diagnosis.

Conclusions
In conclusion, our findings show that CELSR3 expres-

sion is enhanced in HNSCC tumor tissues, and that high
CELSR3 expression is related to well prognosis. CELSR3
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Fig.7 Overexpression efficiency of CELSR3 in C6661 and SUNI
cells. CCK-8 assay was used to detect the effect of CELSR3 on the
proliferation of head and neck squamous cell cells. A, B OE-CELSR3
significantly up-regulated the expression of CELSR3 in C6661 and

overexpression significantly inhibited the proliferation of
HNSCC cells. CELSR3 has the potential to influence tumor
formation by controlling tumor-infiltrating cells in the tumor
microenvironment (TME). CELSR3 could be used as an
immunotherapy target.
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