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ARTICLE INFO ABSTRACT

Keywords: Background: Laryngeal squamous cell carcinoma (LSCC) is the ultimate common malignant head
Laryngeal squamous cell carcinoma and neck cancer with dismal prognosis. The expression pattern and clinical significance of Siglec-
Siglec-15

15 (Sialic acid-binding immunoglobulin-like lectin 15) in LSCC are poorly understood. In order to
lay the groundwork for future immune-related research on Siglec-15 in LSCC, we set out to study
its expression and prognostic importance in the disease, as well as to use bioinformatics to
investigate the immune features modulated by Siglec-15 in LSCC.

Methods: @ In order to get the gene expression profile and clinical data for TCGA head and neck
cancer (TCGA-HNSC), you may access the relevant data from UCSC xena and use 110 cases of
laryngeal cancer as a training set. Two datasets, GSE27020 and GSE25727, were obtained from
the GEO databank and utilized as validation sets. These datasets include expression profiles and
clinical information. The Siglec-15 gene and immune characteristics were analyzed by bioinfor-
matics methods. @ Retrospectively collected routine paraffin specimens from patients with
pathological diagnosis of squamous cell carcinoma from December 2012 to November 2015 in
Sun Yat-sen Memorial Hospital and fresh frozen tissue of patients from June 2021 to March 2022.
Immunohistochemistry method, immunofluorescence technique and real-time quantitative PCR
was used to examine the difference of Siglec-15 appearance in LSCC tissue and adjacent tissue,
and its correlation of prognosis, clinic pathological characteristics and CD8+T lymphocyte
infiltration. Using human laryngeal cancer cell line (LCC), we studied the influence of Siglec-15 in
cell proliferation and invasion.

Results: We identified Siglec-15 was upregulated in LSCC. The patients in Siglec-15 high
expression group had a poor overall survival (OS) based on the clinical information from TGCA
and 111 LSCC patients that hospitalized in Sun Yat-sen Memorial Hospital. The COX regression
analysis indicated Siglec-15 as an independent predictor for poor prognosis of LSCC. Bio-
informatic analysis suggested that the high expression of Siglec-15 shape an immune suppressive
tumor microenvironment (TEM), leading to poor response to immunotherapy in LSCC. Siglec-15
enhanced cell invasion and proliferation, as we showed in vitro.

Immune infiltration
Immunotherapy
Bioinformatic analysis

* Corresponding author. Department of Otolaryngology, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, 107 Yanjiang West Road, Yuexiu
District, Guangzhou, 510120, China.
E-mail address: gzhong@mail.sysu.edu.cn (Z. Guan).
1 These authors contributed equally to this work.

https://doi.org/10.1016/j.heliyon.2024.e25266

Received 20 September 2023; Received in revised form 23 January 2024; Accepted 23 January 2024

Available online 30 January 2024

2405-8440/© 2024 The Authors.  Published by Elsevier Ltd.  This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:gzhong@mail.sysu.edu.cn
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e25266
https://doi.org/10.1016/j.heliyon.2024.e25266
https://doi.org/10.1016/j.heliyon.2024.e25266
http://creativecommons.org/licenses/by-nc-nd/4.0/

X. Chen et al. Heliyon 10 (2024) 25266

Conclusion: Our study support Siglec-15 as a potential predictor for LSCC prognosis and an
attractive target for LSCC immunotherapy.

1. Introduction

Laryngeal Cancer originating from the mucosal epithelium within the larynx stands as a prevalent form of head and neck malig-
nancies globally. Within this spectrum, LSCC (laryngeal squamous cell carcinoma) emerges as the utmost frequently encountered
subtype [1,2]. The occurrence of laryngeal cancers has increased by 12 % during the past 3 decades [3]. However, the 5-year survival
rate of laryngeal cancer has not improved significantly in recent years despite the multimodal treatment [4].

Immunotherapy, which relies on medications that target immunological checkpoint genes (ICGs), has recently emerged as a
prominent method for treating advanced laryngeal and other types of head and neck cancer [5]. Advanced melanomas have been
treated using anti-PD-1 or PD-L1 immunotherapies, which do not kill cancer cells directly but rather to inhibit a pathway that protects
tumor cells from immune system components [6,7]. Pembrolizumab and nivolumab are the two FDA-approved PD-1 blocking anti-
bodies for treating recurrent or metastatic head and neck cancers [8,9]. However, due to the tumor heterogeneity, only a small
percentage of patients are effective in PD-1/PD-L1 treatment [10]. Hence, immunotherapy for laryngeal cancer requires a novel target.

Siglec-15 is an immunoglobulin superfamily protein that is found in M2 macrophages, myeloid cells, dendritic cells and osteoclasts.
It has the potential to cause immunosuppression in the TEM (tumor microenvironment) by persistently reducing T-cell activation
[11-13]. Recent studies have shown that Siglec-15 is the primary immunosuppressive factor via a mechanism unrelated to the
PD-1/PD-L1 pathway, it may provide a new promising immunotherapy target for cancer patients, who didn’t have positive responses
to PD1 or PD-L1 therapy [14-16]. Siglec-15 has emerged as a promising immunotherapy target for several kinds of tumors [17-19]. To
date, the appearance and clinical importance of Siglec-15 in LSCC stay indistinct.

To summarize, there is an urgent need to explore suitable biomolecules to predict the prognosis of LSCC, identify effective pop-
ulations for immunotherapy and serve as new targets for immunotherapy drugs. This research designed to investigate the expression
characteristics, prognostic value of Siglec-15 in LSCC and its relationship to immunotherapy. To accomplish this, we initially obtained
the gene expression profile of LSCC patients from public databases and conducted survival analysis by grouping based on the
appearance of Siglec-15 to ascertain its prognostic value. Subsequently, we examined the connection among immune checkpoint gene
expression and tumor immune infiltration and Siglec-15 expression levels. Enrichment analysis was employed to demonstrate the
potential mechanisms of Siglec-15 in regulating the immune environment. Furthermore, we investigated the appearance levels of
Siglec-15 in patients exhibiting different responses to immunotherapy, revealing its potential role in immunotherapy. We further
validated the predictive value of Siglec-15 through qRT-PCR, immunohistochemistry, immunofluorescence, survival curves and Cox
models in our own cohort. Additionally, cell experiments confirmed the impact of knocking out/overexpressing Siglec-15 on the
proliferation and migration of laryngeal cancer cell line (LCC). Our research helped us learn more about the roles of Siglec-15 in LCSS
and found that it might be a good target for immunotherapy.

2. Methods and materials
2.1. Dataset collection and analysis

Gene expression profiles of LCSS and normal larynx in TCGA databank were acquired from UCSC xena (https://xenabrowser.net/).
The GSE27020 (n = 109) and GSE25727 (n = 56) datasets containing expression profiles of laryngeal carcinoma tissues were
downloaded and annotated from the GEO (Gene Expression Omnibus) (https://www.ncbi.nlm.nih.gov/geo/) databank and applied as
validation. Wilcoxon test was applied to compare the differences in Siglec-15 mRNA expression between LSCC tissues and Para
tumorous tissues in the TCGA database. P < 0.05 was measured to be statistically different.

2.2. Kaplan-Meier survival analysis

Based on the median Siglec-15 expression, the patients were separated into Siglec-15 low and high group. Kaplan-Meier estimator
was utilized to build the persistence function of each group. Log-rank test was applied to relate the survival curves created by the
Kaplan-Meier estimator to assess the influence of Siglec-15 on overall survival (OS). The “survival” and “survminer” R programs were
used to perform and display the survival analyses.

2.3. Estimation of immune infiltrating
The ESTIMATE method, which is part of the R package “estimate,” was used to grade the tumor microenvironment based on the

amount of immune and stromal cell infiltration. This was based on the particular gene appearance stages of these cells in LSCC, as
measured by TCGA expression profiles [20].


https://xenabrowser.net/
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2.4. Correlation analysis

The correlation of Siglec-15 with the expression of ICGs (Immune checkpoint genes), immune or stromal scores, proportion of
specific immune cells and the GSVA score of specific pathways was analyzed using PCA (Pearson Correlation Analysis) and P < 0.05
and |R| > 0.2 were considered to be correlated in this exploratory study. The outcomes were visualized by R package “ggplot2”.

2.5. Functional enrichment analysis

To carry out the differential gene expression analysis, the “limma” package was used. Genes that had an FDR < 0.05 and a |1og2FC]|
> 1 were considered to be DEGs. KEGG (Kyoto Encyclopedia of Genes and Genomes) and Gene Oncology (GO) enhancement analysis
were executed for DEGs through R package “clusterProfiler” and the results were visualized by “ggplot2”.

2.6. Gene sets and gene set variation analysis

In the present study, gene sets were attained from the Molecular Signatures Database (MSigDB). Then, GSVA (Gene Set Variation
Analysis) was executed to derive the enrichment score of specific anti-cancer immune process and immunotherapy-related pathways in
each certain sample using R package “GSVA”. The Wilcoxon test was used to examine the differentiation of GSVA score in specific
pathways between low and high Siglec-15 appearance groups.

2.7. Clinical specimens

LSCC and Para tumorous samples were collected from 111 patients diagnosed with LSCC from Sun Yat-sen Memorial Hospital.
Clinical information was recorded from these patients and the clinical characteristics were summarized in Table 2. In addition, the Chi-
Squared test was used to assess the relationship among low and high Siglec-15 expression and various categorical clinical charac-
teristics of patients with LSCC. P < 0.05 was deliberated to be statistically diverse.

2.8. RNA extraction and quantitative real-time PCR (qRT-PCR)

We followed the directions supplied by Vazyme, a company based in Nanjing, China, to extract total RNA using their RNA Isolator
Total RNA Extraction Reagent. After obtaining 500 ng of RNA from Takara in Shiga, Japan, the cDNA was reverse-transcribed using the
Prime Script TM RT reagent Kit with gDNA Eraser. qRT-PCR was accomplished using TB Green® Premix Ex Taq™ II (Takara, Shiga,
Japan). The following were the parameters used for qRT-PCR: Start at 95 °C for 30 s, then alternate between 60 °C for 30 s and 95 °C for
5 s for 40 repetitions. Triplicate runs of each reaction were initiated. The expression level was normalized using GAPDH. Utilizing the
AACt technique, the results of the real-time PCR were examined. Primers orders were as follows: Siglec-15-forward: 5'-
CGCGGATCGTCAACATCTC-3;  Siglec-15-reverse: 5-GTTCGGCGGTCACTAGGTG-3’; GAPDH-forward: 5-CGACCACTTTGT-
CAAGCTCA-3; GAPDH-reverse: 5-AGGGGAGATTCAGTGTGGTG-3'.

2.9. Immunohistochemistry

Immunohistochemistry was accomplished on 5 pm paraffin-embedded sections as previously described [21]. Briefly, xylene was
used for deparaffinization, and a graded series of ethanol was used to rehydrate the sections. After a 10-min microwaving session and
subsequent cooling to ambient temperature, the antigen was extracted from a 0.01 M sodium citrate buffer with a pH of 6.0. The
sections were exposed to 3 % H0; for a duration of 10 min to inhibit the activity of the endogenous horseradish peroxidase (HRP). The
sections were treated with the anti-Siglec-15 antibody after being blocked with 5 % BSA (1:1000, SAB3500654, Sigma, and St. Louis,
MO) at 4 °C overnight. After rinsing with PBS, the slices were incubated with goat anti-rabbit IgG antibodies that were biotin-labeled
for 30 min. They were then incubated with streptavidin-HRP complex for another 30 min. The positive signals were detected using the
DAB Horseradish Peroxidase Colour Development Kit (P0202, Beyotime, Shanghai, China), which appeared as a reddish-brown color.
Hematoxylin was used as a counterstain on the sections, and Image J was used for image analysis.

2.10. Immunofluorescence

Xylene was used to deparaffinized 5 pm slices that were embedded in paraffin, and a graded series of ethanol was used to rehydrate
them. Sodium citrate buffer (0.01 M) with a pH of 6.0 was used to microwave the antigen for 10 min. After soaking for an hour in 5 %
goat serum, the sections were treated with anti-CD8 or control overnight at 4 °C (1:500, 55397) or anti-Siglec-15 (1:500, SAB3500654,
Sigma, St. Louis, MO) antibodies. Following a PBS wash, the sections were left to incubate at room temperature with the secondary
antibody for 1 h. Afterwards, 4, 6-diamidino-2-phenylindole dihydrochloride (DAPI) was used as a counterstain.

2.11. Cell culture and transfection

The human LCC (laryngeal cancer cell) line was sustained in RPMI-640 medium containing 15 % FBS penicillin-streptomycin and 5
% CO4 with raised temperature at 37 °C. ShSiglec-15 and pLVX-Siglec-15 were constructed by Shanghai HaoGe biotechnology
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company (Shanghai, China). LCC were transfected with shSiglec-15 and pLVX-Siglec-15 using Lipofectamine 2000.

2.12. Cell counting kit-8 (CCK-8) assay

The CCK-8 test was used to determine the degree of cell proliferation. In conclusion, after transfection with shSiglec-15 and pLVX-
Siglec-15 for 24, 48 and 72 h, the cells were cultured for 4 h at 37 °C. Each well was supplemented with 10 pL of the CCK-8 solution at
every time point.

2.13. Transwell invasion assay

A mixture of 1 x 105 cells and 150 pg of Matrigel (BD Biosciences Clontech, Palo Alto, CA) were added to the top chamber. The
attractant was a medium comprising 15 % FBS, which was introduced to the bottom chambers. After that, the cells were left to incubate
for 24 h at 37 °C. Then, any cells that had not transferred were carefully removed from the top chamber using cotton swabs. Fixing and
staining the migrating cells in a mixture of 20 % methanol and 0.1 % crystal violet allowed them to be perceived using an inverted
microscope (Olympus, Tokyo, Japan). The quantification of five fields that were randomly chosen was then counted.

2.14. Statistical analysis

Error bars indicate +SEM and significance was calculated using an independent student t-test if not otherwise stated, with P < 0.05
considered significant. SPSS 25.0 and R software were used for the statistical analysis. Analysis of the relationship between the in-
dependent variables was conducted using estimated HR (Hazard Ratio), univariate and multivariate Cox regression models. For cell
culture, at least n = 4 independent biological replicates were examined for each experiment.

3. Results
3.1. Association of Siglec-15 with overall survival in LSCC

Based on the TCGA database, we found that appearance level of Siglec-15 in LSCC was considerably greater than the corresponding
normal tissues (Fig. 1A). Based on the median value for the total dataset, patients in TCGA were separated into groups with low and
high appearance of Siglec-15. This was done to investigate, if there was a connection among Siglec-15 expression and the prognoses of
LSCC patients. According to Kaplan-Meier investigation, patients whose Siglec-15 expression was high had a substantially lower
overall survival (OS) compared to those whose expression was low (29.7 + 28.9 months vs. 34.9 + 32.2 months, P = 0.030, Fig. 1B).

3.2. The effect of Siglec-15 on the immune infiltration of LSCC

The ESTIMATE method was used to obtain the immunological, stromal and ESTIMATE scores from the TGCA database. The Pearson
correlation coefficient results displayed that the Siglec-15 expression was completely connected with immune score (R = 0.38, P =
4.95E-05), stromal score (R = 0.47, P = 2.58E-07) and ESTIMATE score (R = 0.38, P = 4.95E-07) (Fig. 2A), suggesting that the greater
level of Siglec-15 was linked to the higher infiltration degree of stromal and immune cells in LSCC. To examine the connection among
Siglec-15 and sixteen different kinds of immune cells, the Pearson correlation test was used. The expression of Siglec-15 indicated a
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Fig. 1. The expression level of Siglec-15 is higher in LSCC. (A) Siglec-15 mRNA levels in LSCC tissues and normal larynx tissues in TCGA (P < 0.001,
Wilcoxon test). (B) Kaplan-Meier curves of OS in patients with LSCC grouped by the Siglec-15 mRNA expression. LSCC, Laryngeal Squamous Cell
Carcinoma; TCGA, The Cancer Genome Atlas Program; OS, overall survival.
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Fig. 2. Correction of Siglec-15 with immune infiltration in LSCC. (A) Pearson correlation analyses demonstrating the positive association between

Siglec-15 and immune, stromal and estimate scores based on TCGA database data. (B) Scatter plot illustrating the correlation between Siglec-15 and
seven distinct immune cells. TCGA, The Cancer Genome Atlas Program.

positive association with 7 immune cell types, containing macrophages, Dendritic cells (DCs), T helper cells, Regulatory T cells (Tregs),

Neutrophils, Tumor-infiltrating lymphocytes (TIL) and active DCs (aDCs) (Fig. 2B). Taken together, high expression of Siglec-15
altered the TME by promoting the immune infiltration of LSCC.

3.3. Correlation analysis of Siglec-15 expression and ICGs

We next investigated the relation between Siglec-15 expression and ICGs using Pearson correlation test. Based on the TCGA
database, 31 ICGs associated with Siglec-15 expression were identified in LSCC (Table 1). Positive correlations are observed between
Siglec-15 expression level and B7-1 (CD80) in the TCGA, GSE27020, and GSE25727 datasets, as well as cytotoxic T-lymphocyte-

associated antigen 4 (CTLA4) in the TCGA and GSE27020 datasets (Fig. 3). Suggesting it played an immunosuppressive role in
laryngeal cancer through immunomodulation.

Table 1
31 ICGs associated with Siglec-15 expression.

Immune checkpoint genes

HAVCR2 CD80 CD86 TNFSF14 TNFSF4 LGALS9 TNFRSF9
CD28 CD226 HLA-DMB ICOS TIGIT CD274 HLA-DOA
CTLA4 HLA-DQA1 HLA-DPB1 HLA-DPA1 HLA-DRA
PDCD1LG2 HLA-DRB1 SIRPA CD70 HLA-DMA TNFRSF14
BTN2A2 ADORA2A TNFRSF4 BTNL9 BTN2A1 CD209
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Fig. 3. Association of Siglec-15 with CD80 and CTLA4 in LSCC. (A, B) Pearson correlation analysis showing the positive association between Siglec-
15 expression and CD80 (A) and CTLA4 expression (B) based on indicated databases.

3.4. Functional enrichment analysis of Siglec-15 in LSCC

We found 101 DEGs by comparing the gene expression patterns of the Siglec-15 low expression group with the high expression
group. This will help us learn more about Siglec-15’s roles in LSCC. Annotations based on GO functions showed that upregulated DEGs
were primarily involved in improving the following areas: Biological Processes (lymphocyte activation regulation), Cellular
Component (MHC class II protein complex), Immune receptor activity, Molecular Function (peptide antigen binding) and Cellular
Component (clathrin-coated endocytic vesicle membranes) (Fig. 4A). In addition, DEGs were very abundant in cell adhesion mole-
cules, Th1 and Th2 cell differentiation, and Th17 cell differentiation, according to the KEGG pathway enrichment analysis shown in
Fig. 4B. These outcomes suggested that the DEGs were closely associated with immune-related functions and tumor-associated
pathways. Therefore, we next compared the appearance levels of 122 immunomodulatory among Siglec-15 low expression and
high expression groups. Heat map showed 16 immunomodulatory genes were significantly different indicated in Fig. 5A.

Using the ssGSEA algorithm, we obtained the anti-cancer immune process matrix score and immunotherapy-related pathway
enrichment value for individual patients in the TCGA databank. The Pearson correlation investigation exhibited that the Siglec-15
expression was connected with multiple anti-cancer immune process and immunotherapy-related pathway (Fig. 5B). The
immunotherapy-related pathways included the FGFR3 co-expressed gene pathway (P = 0.018, R = —0.22), the spliceosome pathway
(P =0.031, R = —0.20) and the hypoxia pathway (P = 0.0044, R = 0.27). The anti-cancer immune process includes immune initiation
and activation (P = 2.12E-06, R = —0.43), CD4 + T cell recruitment (P = 0.020, R = 0.22), macrophage recruitment (P = 0.010, R =
0.24) and Treg cell recruitment (P = 0.0029, R = 0.28).

3.5. The effect of Siglec-15 on immunotherapy in LSCC

The functional enrichment analysis showed that Siglec-15 is connected to a number of immunotherapy-related pathways. We then
used the Wilcoxon test to look at the differences in the immunotherapy-related pathway enrichment score among low and high
appearance groups of Siglec-15. This showed how Siglec-15 affects immunotherapy. Fig. 6A shows that the low Siglec-15 subgroup was
considerably more enriched in the EGFR ligand route, the FGFR3 co-expressed gene pathway and the pyrimidine metabolism pathway,
while the high Siglec-15 subgroup was more enriched in the interferon (IFN) pathway.
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Fig. 4. GO and KEGG pathways enrichment analysis. (A, B) Bubble plot demonstrating GO (A) and KEGG pathways (B) analysis of DEGs between
Sigles-15 high expression group and Sigles-15 low expression group. GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs,
differentially expressed genes; BP, biological process; CC, cellular component; MF, molecular function.

Comparing the Siglec-15 expression levels in the clinical reactions of LSCC patients getting immunotherapy was needed to learn
more about how Siglec-15 expression levels affect the clinical benefit of immunotherapy for patients. Because of a lack of immuno-
therapy group data, the fact that the gene profiles of immunotherapy for head and neck squamous cancer are very similar [22]. We
obtained gene expression profiles of patients with uroepithelial carcinoma treated with anti-PD-L1 immunotherapy and compared the
appearance levels of Siglec-15 in dissimilar clinical responses to immunotherapy, containing Stable Disease, partial response, pro-
gressive disease and complete response. We observed that Siglec-15 expression was considerably greater in PD and SD than in CR and
Siglec-15 expression was utmost in the PD group and lowermost in the CR group (Fig. 6B). Collectively, our outcomes show that
increased Siglec-15 expression is associated with a lower immune response (SD or even PD).

3.6. The expression of Siglec-15 in LSCC

The data for this study came from 111 patients who were diagnosed with LSCC between 2012 and 2016 from Sun Yat-sen University
Memorial Hospital. The data include 106 males and 5 females, with age distribution ranging from 29 to 80 years old and a median age
of 61 years. As stated in the AJCC (American Joint Committee on Cancer) TNM scheme, 31 cases were tumor (T) 1, 30 cases were T2,
36 cases were T3 and 14 cases were T4; 89 cases were node (N) 0, 2 cases were N1, 19 cases were N2, and 1 case was N3. No metastasis
patient was found. There were 31 cases in clinical phase I, 25 cases in clinical phase II, 28 cases in clinical phase III and 27 cases in
clinical phase IV. According to the degree of pathological differentiation, these patients with LSCC were divided into three groups. The
groups including well-differentiated squamous carcinoma (53 cases), moderately differentiated squamous carcinoma (54 cases) and
poor-differentiated squamous carcinoma (4 cases). The median duration of follow-up was 68 months, and all patients had full clinical
records. The OS rate at 5 years was 78.4 %. These cases had no other treatment such as radiotherapy or chemotherapy before surgery
and only received surgery.

As shown in Fig. 7A, the qRT-PCR findings demonstrated that the expression level of Siglec-15 mRNA in LSCC was much higher
than in paratumor. After that, Inmunohistochemistry was used to categories LSCC patients into two groups according to the expression
of Siglec-15. The majority of Siglec-15 expression was seen in the cytoplasm of the cells, according to immunohistochemistry pictures
shown in Fig. 7B. In a study of 111 LSCC patients, 61 (55.0 %) showed high Siglec-15 expression, while 50 (45.0 %) showed low
expression indicated in Fig. 7B.

3.7. Association of Siglec-15 with patient prognosis in LSCC

We then analyzed the correlation among clinical characteristics and Siglec-15 expression levels in patients with LSCC through Chi-
Squared test. As indicates in Table 2, there was no significant association among high and low Siglec-15 expression and age, sex,
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Fig. 5. Correction of Siglec-15 with immunomodulatory genes in LSCC. (A) Heatmap of 16 immunomodulatory genes that was significantly
different between Siglec-15 high expression group and Siglec-15 low expression group. (B) The Pearson correlation analysis showing the correlation
of Siglec-15 expression with multiple anti-cancer immune process and immunotherapy-related pathways based on GSVA score for individual pa-
t‘ients in the TCGA database. GSVA, gene set variation analysis; TCGA, The Cancer Genome Atlas Program.
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Fig. 6. The effect of Siglec-15 on immunotherapy. (A) Wilcoxon test showing the difference of immunotherapy-related pathway enrichment score
between Siglec-15 low expression group and high expression group. (B) mRNA expression levels of Siglec-15 in patients with different clinical
responses to immunotherapy for uroepithelial carcinoma. PD: progressive disease; SD: stable disease; PR: partial response; CR: complete response.
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Fig. 7. The expression of Siglec-15 is increased in LSCC. (A, B) qRT-PCR (B) and Immunochemistry (A) analyses of Siglec-15 expression in our LSCC
cohort. LSCC, Laryngeal Squamous Cell Carcinoma.

clinical stage, pathological rank, N stage and T stage (P > 0.05), which recommended that the Siglec-15 expression did not correlate
with the clinical features of patients with LSCC.

Based on immunohistochemistry data, 111 cases of LSCC were split into two groups: the high expression group (61 cases, or 55 %)
and the low expression group (50 cases, or 45 %). The OS rate was much lower in low appearance group of Siglec-15 compared to the
Siglec-15 high expression group, according to the Kaplan-Meier analysis (66.0 + 7.8 months vs. 90.7 + 5.9 months, P = 0.011, Fig. 8A)
and suggesting a poor OS rate for LSCC patients with Siglec-15 high expression.
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Table 2
Clinical characteristics of patients with LSCC.

Variables Cases High expression (61 case) Low expression (50 case) Statistics P

Age 0.087 0.8491
<60 56 (50.5) 30 (27.0) 26 (23.5)

>60 55 (49.5) 31(27.9) 24 (21.6)

Sex 0.479 0.489*
Male 106 (95.5) 57 (51.4) 49 (44.1)

Female 5(4.5) 4(3.6) 1(0.9)

Clinical stage 2.599 0. 1297
I+1I 56 (50.5) 35 (31.6) 21 (18.9)

II+IV 55 (49.5) 26 (23.4) 29 (26.1)

Pathological grade 0. 195 1.000°
Well 53 (47.7) 29 (26. 1) 24 (21.6)

Moderately 54 (48.6) 30 (27.0) 24 (21.6)

Poor 4(3.6) 2(1.8) 2(1.8)

T stage 1.870 0. 18671
T14+T2 59 (53.2) 36 (32.5) 23 (20.7)

T3+T4 52 (46.8) 25 (22.5) 27 (24.3)

N stage 0.002 1.000f
0 89 (80.2) 49 (44.2) 40 (36.0)

N1+N2+N3 22 (19.8) 12 (10.8) 10 (9.0)

A Cox regression model was used to examine Siglec-15’s prognostic value for LSCC patients’ prognoses. The univariate Cox
regression result showing in Table 3 suggested that the factors affecting the survival prognosis included clinical phase (P = 0.011), T
part (P = 0.020), N part (P = 0.003) and Siglec-15 expression (P = 0.0115, and there was no statistical significance in age, gender and
pathological grading (all P > 0.05).

Afterwards, we used multivariate Cox regression analysis to find the single factor that had the most significant impact on the
clinical outcome of LSCC cases. Considering the strong connection among clinical phase and T-stage and N-stage, clinical phase was
excluded for multivariate Cox regression analysis. As shows in Table 4, N-stage (P = 0.036) and Siglec-15 (P = 0.002) appearance were
independent factors affecting prognosis of LSCC patients.

Higher CD8" T cell infiltration is associated with improved immunotherapy results and prognosis in patients [23]. We studied the
protein appearance of Siglec-15 and CD8 in 80 LSCC case (40 early-stage patients and 40 late-stage patients) by immunofluorescence.
Immunofluorescence images and quantification of fluorescence intensity presented an important negative connection among Siglec-15
and CD8 protein levels (P < 0.0001, R = 0.2807, Fig. 8B and C).

3.8. Functional characterization of Siglec-15 in LCC cells

To investigate the roles of Siglec-15 in LSCC, viral-based shRNAs of shSiglec-15 and lentiviral vector of pLVX-SIGLEC15 were
transfected to LCC in vitro, respectively. qRT-PCR results showed that shSiglec-15 transfected LCCs had substantially reduced Siglec-15
mRNA expression, while it was significantly increased in LCC transfected pLVX-SIGLEC15 (Fig. 9A and B). Knockout of Siglec-15
significantly inhibited the proliferation of LCC, while overexpression of Siglec-15 promoted the proliferation (Fig. 9C and D). Using
transwell invasion assay, we observed that silence of Siglec-15 reduced the migration ability of LCC, while overexpression of Siglec-15
enhanced cell migration (Fig. 9E and F). Overall, Siglec-15 downregulation reduced LCC cell invasion and proliferation in vitro.

4. Discussion

20 % of head and neck cancers are laryngeal cancers and most of them are LSCCs. The incidence of laryngeal cancer has been
increasing at a rate of about 1/10,000 per year in recent years. However, the progression mechanisms of laryngeal cancer are still
poorly understood [24]. Despite the rapid advances in tumor diagnostic techniques and treatment strategies, the prognosis for
laryngeal cancer has not significantly improved [25]. Nivolumab and pembrolizumab are examples of ICIs that have transformed the
way advanced laryngeal cancer is treated [8,9]. They are only effective in a minority of laryngeal cancer and are limited in patients
with frequent or metastatic laryngeal cancer. Consequently, it is critical to detect the predictive biomarkers for checkpoint
inhibitor-based immunotherapy for LSCC.

Compared to solid tumors, LSCC has a high concentration of immune cells, and the patterns of this infiltration can influence
laryngeal cancer patients’ disease prognoses and the therapeutic effectiveness of immunotherapy [26-28]. However, studies on the
effect of immune cell infiltration on immunotherapy and prognosis of laryngeal cancer are still limited. Based on our study, Siglec-15
may be a useful biomarker for predicting the outcome of LSCC. We used the TCGA database to find that Siglec-15 was highly expressed
in LSCC. The qRT-PCR result showed the evidence of the upregulating Siglec-15 in LSCC. Tumor and mesenchymal cell membranes and
cytoplasm were the primary sites of its expression. Afterwards, we used immunohistochemistry to categorize the LSCC data into two
sets, one for each level of Siglec-15 expression. Kaplan-Meier investigation exposed that patients in Siglec-15 great expression group
had a poor OS. Based on the COX regression, Siglec-15 was identified as an autonomous factor that associated with the prognosis of
LSCC.
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Fig. 8. Association of Siglec-15 with survival probability and CD8 in LSCC. (A) Kaplan-Meier analysis showing the survival probability of patients in
Siglec-15 high expression and Siglec-15 low expression. (B, C) Quantification of fluorescence intensity and immunofluorescence images exhibiting a
significant negative correlation between Siglec-15 and CD8 protein levels. Scale: 20 pm.

LSCC is classified to those tumors with strong immunogenicity [29]. Herein, we observed a favorable connection among the
Siglec-15 expression level and the stromal score, immunological score and ESTIMATE score of LSCC. These findings demonstrated that
Siglec-15 promoted of stromal and immune cell infiltration. TME consists of immune and non-immune stromal components, which are
closely associated with tumor growth [30]. Next, we identified that Siglec-15 was positive related to 7 immune cell types, including
macrophages, T helper cells, Tregs, Neutrophils, DCs, TIL and aDCs. It is reported that Siglec-15 is mostly stated in macrophages and
DCs [31,32]. Normally, Siglec-15 is weakly expressed in macrophage. However, M-CSF (Macrophage Colony-Stimulating Factor)
induces the appearance of Siglec-15 in tumor-associated macrophages in response to tumor or inflammatory factor stimulation,
remodeling the tumor microenvironment and promoting tumor metastasis and poor prognosis [33,34]. Macrophages are an important
component of TME immune cells that promote tumorigenesis, progression, metastasis and have acquired a lot of interest as potential
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Table 3

Univariate Cox results of independent variables to LSCC.
Variables HR (95 % CI) P
Age 0.938 (0.441-1.995) 0.867
Sex 0.819 (0. 111-6.041) 0.844
Clinical stage 2.911 (1.273-6.657) 0.011
Pathological grade 0.789 (0.396-1.572) 0.500
T stage 2.580 (1.159-5.748) 0.020
Siglec-15 expression 2.927 (1.234-6.943) 0.015
N stage 3.353 (1.527-7.366) 0.003

Table 4

Multivariate Cox results of independent variables to LSCC.
Variables HR (95 % CI) P
Siglec-15 expression 3.920 (1.622-9.474) 0.002
T stage 2.284 (0.897-5.811) 0.083
N stage 2.661 (1.065-6.648) 0.036

therapeutic targets [35]. Tregs, which are generated by T helper cell activation and recruited by TME, suppress immune responses,
perpetuating an immunosuppressive microenvironment and promoting tumorigenesis and progression [36,37]. Neutrophils in the
TME might facilitate cancer progression through secretion of proteases [38]. IC (Immune checkpoint) pathways are very important for
keeping the immune system in balance and stopping disease. Nevertheless, the tumor microenvironment (TME) of many cancers often
displays an increase in ICs and their ligands. Accordingly, effective anti-tumor responses might be initiated by blocking the interaction
between ICs and their ligands [39,40]. It has been shown that some tumors may be effectively treated with one of many newly
discovered immune checkpoint inhibitors (ICIs) [40]. One negative regulator of T-cell immune activity is the CTLA4 immune
checkpoint. Upregulated CTLA4 competes with CD28 for binding of B7 molecules such as CD80, limiting the T cell responses and
survival [41,42]. Our data suggested that the appearance of Siglec-15 had a positive correction with the expression of CTLA4 and CD80
in LSCC, indicating that Siglec-15 could suppress the immune system through upregulating the expression of CTLA4 and CD80. In order
to delve further into the functions of Siglec-15 in LSCC, we analyzed the gene expression patterns of LSCCs with high and low Siglec-15
expression. Improved control of lymphocyte activation, leukocyte cell, and cell adhesion was seen in the DEGs. The cellular component
of T cells, the MHC class II protein complex, the MHC protein complex and the Biological Processes section on T cell instruction.
Furthermore, we also identified 16 immunomodulatory genes were significantly different between Siglec-15 low expressed LSCC and
Siglec-15 high expressed LSCC. The MHC proteins HLA-DRA, HLA-DRB1, HLA-DPB1, HLA-DMB, HLA-DOA, HLA-DPA1, HLA-DQB1
and DQAL1 are involved in antigen recognition during the immune response and the chemokines (CCL19, CXCL13, CXCL10, CXCL9
and CCL18) and chemokine receptors (CXCR4) can promote the recruitment of myeloid-derived suppressor cells, leading to immune
tolerance or immune escape. These results indicated Siglec-15 promotes immune cell infiltration to exert immunosuppressive effects,
which might be associated with various chemokines and chemokine receptors in LSCC.

We employed the Wilcoxon test to analyze the differences of immunotherapy-related pathway, enrichment score among Siglec-15
low expression and high appearance groups and observed that the immunotherapy-related pathway including EGFR ligand pathway,
FGFR3 co-expressed gene pathway and pyrimidine metabolism pathway were considerably enhanced in the low Siglec-15 subgroup,
while IFN pathway was considerably enhanced in the high Siglec-15 subgroup. The different mechanisms underlying primary and
acquired immunotherapy resistance are associated with IFN signaling [43].

This study systematically explored the predictive part of Siglec-15 in LSCC prognosis and its implications in immunotherapy for the
first time. It confirmed that the appearance level of Siglec-15 is an independent factor influencing LSCC prognosis. Focusing on the
emerging theme of immunotherapy, it provided novel insights into identifying sensitive populations for LSCC immunotherapy and
selecting immunotherapeutic targets, which display promising applications. We employed various research methods including Bio-
informatic analyses, cellular experiments and clinical samples to verify the results from multiple angles. Besides, the prospective
mechanism that Siglec-15 affects the prognosis of LSCC and the response to immunotherapy by regulating immune infiltration and
immune checkpoint gene expression was in-depth discovered.

In spite of the significant outcomes of our research, they exist some limitations. First, the reliance on a single laryngeal cancer cell
line for in vitro experiments might present a limited representation of the heterogeneity in LSCC, although this cell line is widely used
and well characterized. Second, clinical samples and corresponding patient data in our research derived from a single medical center,
potentially introducing a bias in demographic characteristics. This limitation might constrain the generalizability of our findings to a
broader population of LSCC patients. Despite collaborative validation with transcriptome data from the TCGA database, future studies
are needed to validate these findings across diverse patient populations from multiple centers to ensure broader applicability. In
general, our study lays a foundation for understanding the predictive value and potential immunotherapeutic implications of Siglec-15
in LSCC. Addressing these limitations through collaborative efforts and larger cohort studies could enhance the translational impact of
our findings.
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Fig. 9. The effects of Siglec-15 on cell proliferation and invasion in vitro. (A, B) qRT-PCR showing the mRNA expression of Sigles-15 in LCC
transfected with shSiglec-15 (A) and pLVC-Siglec-15 (B) respectively. (C, D) Cell proliferation was assessed by CCK8 assay. (E, F) Cell invasion was
examined using transwell cell invasion assay. *P < 0.05, **P < 0.01, ***P < 0.001 between control and indicated group. LCC, laryngeal cancer
cell line.

5. Conclusions

The findings demonstrated that LSCC tissues expressed Siglec-15 at a higher level than paratumor tissues, and that a high level of
Siglec-15 appearance was significantly connected with a worse diagnosis for LSCC patients. According to a Bioinformatics research,
immunomodulation of the tumor microenvironment (TME) in LSCC may contribute to poor immunotherapy response when Siglec-15
expression is high. Our study provides perceptions into the part of Siglec-15 in LSCC. The results recognize Siglec-15 as a robust
immune-suppressive factor in LSCC and highlight its potential as an immunotherapeutic target for LSCC.
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