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SLAMF9, a member of the conserved lymphocyte activation molecules family (SLAMF), has been

less investigated compared to other SLAMs, especially concerning its implications across various
cancer types. In our systematic pan-cancer investigation, we observed elevated SLAMF9 expression in
various tumor tissues, which was correlated with reduced patient survival across most malignancies.
Correlation analyses further revealed significant associations between SLAMF9 expression and
immune cell infiltrates, immune checkpoint inhibitors, tumor mutation load, microsatellite instability,
and epithelial-mesenchymal transition (EMT) scores. Cell-based assays demonstrated that SLAMF9
knockdown attenuated the proliferative, motile, and invasive capacities of colorectal cancer (CRC)
cells. In a nude mouse xenograft model, suppression of SLAMF9 expression substantially inhibited
tumor growth. These findings highlight the potential of SLAMF9 as a prognostic and therapeutic
biomarker across tumors, with notable implications for CRC cell proliferation and migration.
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Malignant tumors have emerged as a significant threat to human life and health, with a notable surge in both
incidence and mortality rates over recent decades. This alarming trend has been attributed to various factors,
including genetic predispositions, exposure to external agents such as chemical, physical and biological car-
cinogens, and alterations in lifestyle habits". Regrettably, effective treatments for cancer remain elusive. Recent
advances in cancer research have highlighted the utility of pan-cancer analysis, particularly in light of the con-
tinuous improvements and expansion of public databases such as The Cancer Genome Atlas (TCGA). Through
such analyses, researchers can identify novel therapeutic targets by assessing gene expression patterns across
diverse cancer types and assessing their associations with clinical prognosis®=>.

The signaling lymphocyte activating molecule (SLAM) family comprises receptors unique to hematopoi-
etic cells’. This family can be categorized into two groups based on their cytoplasmic signaling motif: classical
and non-classical’. Classical SLAM family members, such as SLAMF1-7, typically possess two to four immu-
noreceptor tyrosine switch motifs (ITSMs), which facilitate the recruitment of molecules with SH2 domains,
including the SLAM-associated protein (SAP) and other phosphatases. These receptors play important roles in
various immunological processes, such as NK-T cell formation, NK cell activation, and follicular T helper cell
differentiation®®. SLAMF8 and SLAMF9 are the most frequently studied non-classical SLAM family members'.
Unlike traditional SLAMEF receptors, they lack signaling elements in their short cytoplasmic tail. These receptors
are selectively expressed by various myeloid cells, including neutrophils, dendritic cells (DCs), and macrophages.
SLAMF9, a member of the conserved lymphocyte activation molecules family, has been relatively underexplored
in malignancy research compared to other SLAM family members. The SLAMF9 gene (also known as CD2F10,
SF2001, CD84H) is located outside the SLAM locus’. Specifically, the transcript of SLAMF9 is predominantly
present in fringe monocytes and human monocyte-determined DCs. However, studies on SLAMF9 have typi-
cally focused on individual or small subsets of cancer types, lacking comprehensive comparisons across different
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malignancies to delineate their similarities and differences. A thorough examination is urgently needed because
this information is crucial for comprehending the role of SLAMF9 in diverse malignancies.

The present study aimed to investigate SLAMF9 expression profiles and their prognostic implications in
human malignancies, utilizing the extensive datasets from TCGA. Additionally, the association between SLAMF9
expression and levels of tumor infiltration, tumor mutational burden (TMB), and microsatellite instability (MSI)
across various tumor types was explored. Gene set enrichment analysis (GSEA) was conducted to elucidate
potential underlying mechanisms. Furthermore, molecular biology verification was performed in colorectal
cancer (CRC) to reinforce SLAMF9’s role in neoplasm promotion. Taken together, this study provides valuable
insights into the significant role of SLAMF9 in cancers, identifies potential connections between SLAMF9 and
tumor-immune interactions, and highlights possible underlying mechanisms.

Materials and methods

Data source and processing

We downloaded pan-cancer sequencing data from various cancer samples in the TCGA database and public
SLAMF9 expression data of normal tissue from the Genotype-Tissue Expression (GTEx:https://commonfund.
nih.gov/GTEx/) by using UCSC Xena (https://xenabrowser.net/, last accessed February 18, 2024)'!. Normal
samples from both the TCGA and GTEx databases (http://commonfund.nih.gov/GTEx/) were utilized for com-
parisons between cancer and normal tissue. Additionally, data on tumor mutation burden (TMB) and MSI were
exclusively obtained from the TCGA database. TMB was calculated by tallying the number of insertion or dele-
tion events in repetitive gene sequences, while MSI was assessed by counting the overall mutation occurrences
per million base pairs.

SLAMF9 survival analysis

The Kaplan—Meier Plotter database (https://kmplot.com/analysis/, last accessed February 18, 2024) and log-rank
test were used to obtain the overall survival (OS) of cases expressing SLAMF9 across various cancers'?. Addition-
ally, the PrognoScan database (https://dna0o.bio.kyutech.ac.jp/PrognoScan/index.html, last accessed February
18, 2024) was utilized to investigate associations between SLAMF9 expression levels and survival outcomes,
including OS and progression-free intervals (PFIs). The results were visualized using forest plots generated with
the R package. Univariate Cox proportional hazards models were applied to evaluate correlations between clinical
profiles of specimens and patients, with a significance threshold of P<0.05 indicating meaningful differences
in specific cancers. Hazard ratios (HRs), log-rank P values, and 95% confidence intervals (CIs) were estimated
as part of the analysis.

SLAMF9 tumor immune invasion
The TIMER2.0 database (https://timer.cistrome.org/, last accessed February 18, 2024) was utilized to examine
SLAMF9 expression and immune cell infiltration'®. This database offers six advanced algorithms, including
TIMER, xCell, MCP-counter, CIBERSORT, EPIC, and quanTIseq. The ESTIMATE algorithm within the R pack-
age was employed to analyze the ratio of immune matrix components in the tumor microenvironment (TME).
The results were presented as three scores: ImmuneScore, ESTIMATE, and Stromal Score, which are positively
correlated with immune cells, extracellular matrix, and the sum of the two, respectively'®. These scores were
positively associated with the corresponding component ratio in the TME. Additionally, the relationship between
SLAMF9 expression and immune checkpoint markers was analyzed using Spearman’s correlation analysis.
Additionally, we used Gene Expression Profiling Interactive Analysis (GEPIA) (https://gepia.cancer pku.cn/
index.html, last accessed February 18, 2024), a web-based tool facilitating in-depth exploration of the TCGA and
GTEx databases'” to conduct gene correlation analysis, complementing our comprehensive analysis.

Gene set enrichment analysis

GSEA (https://www.gsea-msigdb.org/gsea/index.jsp, last accessed February 18, 2024) was used to compare
biological signaling pathways between the SLAMF9 high-expression group and the low-expression group'®!”.
Visualization of enrichment map results was achieved using Bioconductor (http://bioconductor.org/) and R
software (http://www.r-project.org/).

Clinical profiles on clinical specimens and patients

Cancer tissues and their pair-matched adjacent normal tissues were obtained from patients diagnosed with
CRC at the Affiliated Hospital of Nantong University. None of the patients had undergone chemotherapy or pre-
operative radiotherapy. Written informed consent was obtained from all patients, and this study was approved
by the Ethics Committee of the Affiliated Hospital of Nantong University (Approval number: 2019-L053).

Cell lines and cell culture

The human CRC cell lines (NCM460, CACO2, DLD1, SW1116, and SW620) were purchased from the Chinese
Academy of Sciences (Shanghai, China). Authentication of each cell line was confirmed via short tandem repeat
analysis, and the cells were cultured for fewer than 6 months after testing. All cell lines were maintained in RPMI
1640 medium (Thermo, NY, USA) supplemented with 10% fetal bovine serum (Gibco, CA, USA) and incubated
at 37 °C in a 5% CO, environment. Small interfering RNAs (siRNAs) targeting SLAMF9 were obtained from
Ribobio (Guangzhou, China), and their sequences were as follows: SLAMF9-siRNA-1, 5'-GGCUUUACCAAG
CUCAAGUTT-3"; SLAMF9-siRNA-2, 5'-CACUUAUACAUUCCAUGAATT-3'; SLAMF9-siRNA-3, 5'-CUAUGC
AGAUCCUAACUAUTT-3". Transfection was performed using lipoFiter 3.0 (Hanbio, Shanghai, China), following
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the manufacturer’s instructions. For mouse tumorigenesis studies, the siRNA was modified with 2'-O-Methyl
(2'-OMe) and obtained from GenePharma (Shanghai, China).

Cell counting kit-8 (CCK-8) assay

Cell proliferation was assessed using the CCK-8 assay (Dojindo, Kumamoto, Japan). For this experiment, 3 x 10°
cells/well in 100 pL of media were seeded in triplicate wells of 96-well plates at 48 h post-transfection. After 24,
48,72 and 96 h, 10 pL of CCK-8 solution was added to each well and incubated for 2 h at 37 °C. Absorbance at
450 nm was measured using a microplate reader (Thermo, Waltham, MA, USA).

Migration and invasion assays

For migration assays, Transwell inserts (8-pm pore size) from Millipore (NY, USA) were utilized. A 24-well plate
containing the upper chamber was filled with 100 pl/well of resuspended transfected cells in FBS-free RPMI 1640
media at a concentration of 5 x 10° cells/ml. The lower chambers were filled with 600 ul/well of RPMI 1640 with
10% FBS. The cells were then cultured for 48 h. Subsequently, the lower surface of the membrane’s infected cells
was fixed, dyed, and photographed. Cell counts were performed by examining three randomly chosen microscope
fields for each group. For invasion assays, Transwell membranes were coated with 50 pl of Matrigel (30 mg/well;
BD Biosciences, USA) prior to conducting experiments in the same manner.

Immunohistochemistry (IHC)

Human CRC specimens underwent dewaxing and dehydration. Antigen retrieval was achieved by heating the
sections in a microwave with sodium citrate buffer (10 mM, pH 6.0). The sections were incubated in a citric acid
buffer for 20 min to complete the antigen retrieval process. Following this, the slides were treated with 0.3% H,0,,
blocked with 5% goat serum, and then incubated overnight with a rabbit polyclonal antibody against SLAMF9
(1:400, Novus, USA). Visualization of the results was performed using 3,3'-diaminobenzidine tetrahydrochloride
(DAB) staining. Following staining, the slides underwent a five-minute hematoxylin redye process. The immune
complexes were observed under a microscope after undergoing cleaning, dehydration, transparency, and fixation
using a gel. Each experiment was conducted in triplicate.

Western blotting analysis

Proteins were separated by 12% SDS-PAGE and transferred to PVDF membranes. The blots were then blocked
in 5% evaporated milk at room temperature for 1.5 h and subsequently incubated with either rabbit polyclonal
anti-human SLAMF9 antibody (1:1000, Novus, USA) or mouse anti-human -tubulin antibody (1:1000, Abmart,
China). After incubation, the membranes were washed and treated with the appropriate secondary antibody. Pro-
tein bands were visualized using an enhanced chemiluminescence system (ECL; Beyotime Institute of Biotechnol-
ogy), and densitometry was used to quantify the protein bands after a second round of washing and incubation.

Tumor formation in nude mice

The animal experiments conducted in this study were approved by the Institutional Animal Care and Use Com-
mittee of the Affiliated Hospital of Nantong University (Approval number: $20211217-005). DLD1 cells were
stably transfected, and nude mice (BALB/c Nude, 4 weeks old) were obtained from the Experimental Animal
Centre of Nantong University. Each mouse was subcutaneously injected with 1x 107 cells on the ventral side
for tumor formation assays. Tumor volume on the ventral side was measured at 4, 8, 12, 16, 20, 24 and 28 days
post-injection. Mice were sacrificed by cervical dislocation 4-5 weeks after injection, and tumor weight was
measured. All experimental procedures were conducted following relevant guidelines and regulations and are
reported in accordance with the ARRIVE guidelines.

Statistical analysis

Gene expression analysis was conducted using the student’s t-test. Survival analysis was performed utilizing
Kaplan-Meier curves, the log-rank test, and the Cox proportional hazards regression model. Additionally, the
Spearman test was employed to analyze TMB and MSI. These analyses were executed using the R statistical
software package (version 4.0.3) and supplemented with R language software packages, including ggplot2, clus-
terProfiler, GSVA, and enrichPlot. A significance level of P<0.05 was considered statistically significant.

Ethical approval

The present study was approved by the Ethics Committee of the Affiliated Hospital of Nantong University
(Approval number: 2019-L053). All experiments adhered to the principles outlined in the Helsinki Declaration
and institutional guidelines. Written informed consent was obtained from all patients for the use of their tissue
for research purposes. Animal experiments were approved by the Experimental Animal Ethics Committee of
Nantong University (Approval number: $20211217-005).

Results

SLAMFg expression profiles in human normal and cancers tissues

To evaluate the abnormal expression of SLAMF9 in cancers, we analyzed its expression levels using the TCGA
and GTEx data. In the TCGA data, SLAMF9 was found to be significantly upregulated in 16 of 20 cancer types,
except in cholangiocarcinoma (CHOL), esophageal carcinoma (ESCA), pancreatic adenocarcinoma (PAAD), and
prostate adenocarcinoma (PRAD) (Fig. 1A). However, when combining the data of TCGA and GTEZx, significant
differences were observed in 26 of 27 cancers (Fig. 1B). Next, we utilized the TCGA database to assess SLAMF9
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Figure 1. SLAMF9 mRNA expression in CRC tissues. (A) Expression of SLAMF9 mRNA in pan-cancer on

the TCGA database. (B) Combining the data from TCGA and GTEx, SLAMF9 expression differences between
tumor and normal tissues. Expression level of SLAMF9 in normal tissues and paired adjacent tissues unmatched
tissues (C) and matched tissues (D) in TCGA database. (E) The ROC curve analysis for SLAMF9 expression in
CRC patients. ns, P>=0.05; *P<0.05; **P<0.01; **P<0.001.

mRNA expression levels in CRC patients and compared them with those in normal tissues. Our analysis revealed
increased SLAMF9 mRNA expression in CRC tissues compared to normal tissues (Fig. 1C). These findings were
further validated in CRC and paired adjancent normal tissues (Fig. 1D). Additionally, the area under the curve
(AUC) for SLAMF?9 expression in CRC was 0.913 (95% CI 0.83-0.944) (Fig. 1E). Overall, these results highlight
the potential diagnostic implications of SLAMF9 mRNA expression in CRC patients.

Examination of the association between SLAMF9 expression level and prognosis

To investigate the correlation between prognosis and SLAMF9 expression level, we assessed the OS and PFI
of patients with each tumor. Utilizing data from the TCGA database, we assessed the association between
SLAMF9 expression levels and OS across different tumor types by conducting Cox regression analysis. The results
showed that SLAMF9 exhibited significant risk proportions for kidney chromophobe (KICH) (HR 1.35, 95%
CI 1.03-1.77, P=0.02), adrenocortical carcinoma (ACC) (HR 1.25, 95% CI 1.14-1.41, P=5.6e-5), kidney renal
clear cell carcinoma (KIRC) (HR 1.08, 95% CI 1.03-1.14, P=1.0e-3), Lower Grade Glioma in the brain (LGG)
(HR 1.28,95% CI 1.21-1.35, P=2.2e-17), lung adenocarcinoma (LUAD) (HR 1.10, 95% CI 1.02-1.19, P=0.02),
PAAD (HR 1.20, 95% CI 1.07-1.33, P=1.5e-3), Pan-kidney cohort (KIPAN) (HR 1.05, 95% CI 1.01-1.09,
P=0.02), and colon adenocarcinoma (COAD) (HR 1.12, 95% CI 1.01-1.25, P=0.04), with KICH showing the
highest risk effect (Fig. 2A). Subsequent survival analysis, using patient information dichotomized by ideal
cut-off values for each tumor type, revealed varying survival among OS-related tumor types, indicating poorer
prognosis for patients with high SLAMF9 expression (Fig. 2B). Moreover, the Cox proportional hazards model
demonstrated a significant association between SLAMF9 expression level and PFI in patients with ACC (HR
1.17,95% CI 1.07-1.29, P=3.5e—4), PAAD (HR=1.18, 95% CI 1.06-1.30, P=2.8e-3), KIPAN (HR 1.05, 95%
CI1.01-1.10, P=0.01), LGG (HR 1.21, 95% CI 1.15-1.27, P=4.4e-15), pheochromocytoma and paraganglioma
(PCPG) (HR 1.15,95% CI 1.02-1.30, P=0.02), thyroid carcinoma (THCA) (HR 1.10, 95% CI 1.01-1.20, P=0.03),
Testicular Germ Cell Tumors (TGCT) (HR 1.14, 95% CI 1.01-1.28, P=0.04), and KICH (HR 1.24, 95% CI
1.00-1.52, P=0.04) (Fig. 2C). Furthermore, Kaplan-Meier survival analysis indicated that patients with high
levels of SLAMF9 had shorter PFI in ACC (HR 3.15, 95% CI 1.67-5.94, P=1.8e—4), GBMLGG (HR 3.51, 95%
CI2.78-4.45, P=1.5e-28), KIPAN (HR 1.50, 95% CI 1.12-2.00, P=6.0e-3), KIRC (HR 1.80, 95% CI 1.29-2.50,
P=4.4e-4), PAAD (HR 1.65, 95% CI 1.11-2.45, P=0.01), and THCA (HR 2.08, 95% CI 1.04-4.17, P=0.03)
(Fig. 2D).

Association between the expression of SLAMF9 and immune infiltrating level of tumors
To investigate the relationship between SLAMF9 expression and the tumor immune response, we utilized the
TIMER database to assess immune infiltration in human tumors across different SLAMF9 expression levels.
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Figure 2. Survival analysis of SLAMF9 in pan-cancer. (A)The relationship between SLAMF9 expression levels
and OS in various cancer types through single variate Cox regression analysis using data from the TCGA
database. (B) The survival analyses for median expression value in various cancer types using data from the
TCGA database. (C) Correlation between SLAMF9 expression and PFS analyzed by Cox regression using data
from the TCGA database. (D) The survival analysis for SLAMF9 expression and prognosis in various cancer
types.
Overall, SLAMF9 exhibited a positive correlation with immune infiltrating levels of various components, includ-
ing cancer-associated fibroblasts (CAFs), macrophages, myeloid-derived suppressor cells (MDSCs), monocytes,
neutrophils, and natural killer (NK) cells. However, a negative correlation was observed between SLAMF9 expres-
sion and CD8+ T cells. This profile suggests that SLAMF9 plays a role in immune infiltration to some extent and
is essential for immuno-oncological interactions (Fig. 3A).

To determine whether SLAMF9 contributes to the modulation of immune infiltration across multiple can-
cers, we assessed the association between SLAMF9 expression and cancer purity. As shown in Fig. 3B, SLAMF9
expression exhibited strong associations with stromal score, immune score, and ESTIMATE score, with the most
significant correlations observed in COAD, rectum adenocarcinoma (READ), and GBMLGG.

Correlation between immunotherapy, immune checkpoints, and SLAMF9

The pan-cancer associations between SLAMF9 and immunological checkpoints are shown in Fig. 4A. In several
tumors such as CHOL, COAD, KICH, brain LGG, PCPG, READ, and thymoma (THYM), significant relation-
ships were observed between SLAMF9 expression and the expression levels of well-known immune checkpoints
such as neuronilin-1 (NRP1), leukocyte-associated immunoglobulin-like receptor-1 (LAIR1), CD48, CD28,
HAVCR2, CD276, CD80, CD70, CD274, CD86, and CD44, suggesting potential cooperation between SLAMF9
and established immunological checkpoints.

During DNA replication and genetic recombination, the mismatch repair mechanism plays a crucial role
in detecting and correcting mismatched nucleotides'®. MSI, characterized by frequent polymorphisms in short
repetitive DNA sequences and single nucleotide substitutions, is a hypermutator phenotype resulting from DNA
mismatch repair deficiency. This condition leads to an increased TMB by accumulating mutations in cancer-
related genes'?-*2. MSI and TMB are considered independent predictors of immune checkpoint blockade (ICB)
effectiveness and are involved in tumor initiation**=?. In this study, we investigated the relationship between
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Figure 4. Correlations between SLAMF9 and immune checkpoints, as well as other variables of interest.
(A) The correlations between SLAMF9 and confirmed immune checkpoints in multiple cancers. (B) The
correlations between SLAMF9 and essential genes involved in MMR in multiple cancers. (C,D) The correlations

of SLAMF9 expression and TMB, MSI in cancers. (*P<0.05, **P<0.01, ***P<0.001).

SLAMEF9 expression and several critical mismatch repair (MMR) characteristics. Our analysis revealed that
SLAMF?9 expression was negatively correlated with MutL homolog 1 (MLH1) in CHOL, HNSC, LGG, OV, and
THYM. Conversely, in ACC, SLAMF9 expression was positively correlated with MutS homolog 2 (MSH2) and
MutS homolog 6 (MSH6). However, there was a negative association between THYM and UCEC. In COAD,
ESCA, GBM, head and neck squamous cell carcinoma (HNSC), KIRP, LGG, and THYM, it was negatively associ-
ated with epithelial cell adhesion molecule (EPCAM) (Fig. 4B). Additionally, in BRCA, cervical squamous cell
carcinoma and endocervical adenocarcinoma (CESC), COAD, HNSC, LGG, Ovarian serous cystadenocarcinoma
(OV), PAAD, sarcoma (SARC), skin cutaneous melanoma (SKCM), STAD, uterine corpus endometrial carcinoma
(UCEC) and BLCA, we found that SLAMF9 expression demonstrated a favorable association with TMB (Fig. 4C).
Most MSI-High tumors were found to express more SLAMF9 than genetically stable ones, while the opposite
trend was observed for LUAD and lung squamous cell carcinoma (LUSC) cohorts (Fig. 4D).

Functional analysis by GSEA
To investigate the pathways associated with SLAMF9 in tumor immunosuppression, we determined the dif-
ferentially expressed genes (DEGs) between SLAMF9 high-expression and low-expression groups. The results
indicated a positive correlation between SLAMF9 expression and various immune-related pathways across dif-
ferent tumors, including TNFA-signaling-via-NFKB, inflammatory response, IL6-JAK-STAT3 signaling, IL2-
STATS5 signaling, and epithelial-mesenchymal transition (EMT) (Fig. 5A). Notably, EMT plays a significant role
in tumor metastasis, a leading cause of mortality?>*". To determine the association between SLAMF9 expression
and tumor metastasis, we examined the correlation between SLAMF9 expression and EMT score. The analysis
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Figure 5. Correlation pathway analysis of SLAMF9 expression by TCGA database. (A) The potential signaling
pathways of SLAMF9 in pan-cancer. (B) EMT score in various tumors. (C)The KEGG terms and Hallmark
terms of high SLAMF9 expression and low SLAMF9 expression.

revealed a significant positive correlation between SLAMF9 expression and EMT score in most malignancies
(Fig. 5B). Furthermore, GSEA was employed to assess the functional enrichment of DEGs. Generally, the top
three positively enriched KEGG terms in the high SLAMF9 subgroup were pathogenic Escherichia coli infection,
glycolysis gluconeogenesis, and pentose phosphate pathway. Conversely, negatively enriched terms included basal
cell carcinoma. Additionally, the top positively enriched HALLMARK terms encompassed hypoxia, glycolysis,
and EMT (Fig. 5C). These results suggest that the immunosuppressive microenvironment facilitated by SLAMF9
across various cancers could be guided by these pathways.

Clinical correlation analysis of SLAMF9 in colorectal carcinoma

Since the above findings suggest that SLAMF?9 plays a key role in the development of CRC, we further analyzed
the association between SLAMF9 expression in the TCGA database and clinical characteristics in CRC (Table 1).
The results indicated that SLAMF9 expression level was significantly associated with T stage (P=0.005), N stage
(P=0.007), and pathological stage (P=0.016). Next, logistic analysis was employed to analyze the relationship
between different clinical parameters and the prognosis of patients, revealing associations of the T stage, N
stage, and pathological stage with OS (Table 2), and the results indicate that SLAMF9 expression was linked to
the malignant pathological progression of CRC. For further confirmation of the role of SLAMF9 in CRC occur-
rence and development, the expression of SLAMF9 in CRC and surrounding tissues was initially examined.
The results from western blotting indicated that SLAMF9 expression was increased in CRC tissues compared to
para-cancerous tissues (Fig. 6A). Immunohistochemistry was utilized to assess SLAMF9 protein expression in
CRC tissues, revealing an upregulation of SLAMF9 protein expression in CRC tissues (Fig. 6B). Subsequently,
SLAMF9 mRNA expression in five CRC cell lines was examined using qRT-PCR and western blotting to further
verify SLAMF9 expression in CRC. The results showed that compared with NCM460, the level of SLAMF9 was
significantly increased in four CRC cells (Fig. 6C), which was consistent with the observed protein levels in
western blotting (Fig. 6D).

SLAMF9 promotes cell viability and motility in CRC cells

To investigate the role of SLAMF9 in colorectal carcinogenesis, we used three siRNAs to knock down the expres-
sion of SLAMF9 in CRC cells. The efficacy of the knockdown transfection was assessed by QRT-PCR and western
blotting, revealing a significant reduction in SLAMF9 expression in CRC cells following siRNA transfection
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Characteristics Low expression of SLAMF9 | High expression of SLAMF9 | P value
n 322 322

Gender, n (%) 0.477
Female 155 (24.1%) 146 (22.7%)

Male 167 (25.9%) 176 (27.3%)

Age, n (%) 0.633
<=65 141 (21.9%) 135 (21%)

>65 181 (28.1%) 187 (29%)

Pathologic T stage, n (%) 0.005
T1&T2 82 (12.8%) 49 (7.6%)

T3 207 (32.3%) 229 (35.7%)

T4 32 (5%) 42 (6.6%)

Pathologic N stage, n (%) 0.007
NO 200 (31.2%) 168 (26.2%)

N1 76 (11.9%) 77 (12%)

N2 45 (7%) 74 (11.6%)

Pathologic M stage, n (%) 0.316
MO 241 (42.7%) 234 (41.5%)

M1 40 (7.1%) 49 (8.7%)

Pathologic stage, n (%) 0.016
Stage I 69 (11.1%) 42 (6.7%)

Stage IIT 81 (13%) 103 (16.5%)

Stage II 119 (19.1%) 119 (19.1%)

Stage IV 40 (6.4%) 50 (8%)

CEA level, n (%) 0.130
<=5 137 (33%) 124 (29.9%)

>5 69 (16.6%) 85 (20.5%)

Table 1. SLAMF9 expression associated with clinicopathological characteristics. P<0.05, and the results were
statistically significant.

Characteristics Total (N) | OR (95% CI) Pvalue
Pathologic T stage (T3&T4 vs. T1&T2) 641 1.898 (1.279-2.815) | 0.001
Pathologic N stage (N2&N1 vs. NO) 640 1.486 (1.084-2.036) | 0.014
Pathologic M stage (M1 vs. M0) 564 1.262 (0.801-1.988) | 0.316
Pathologic stage (Stage ITI & Stage IV vs. Stage I & Stage II) | 623 1.477 (1.074-2.029) | 0.016
Gender (Male vs. Female) 644 1.119 (0.821-1.525) | 0.477
Age (>65 vs.<=65) 644 1.079 (0.790-1.474) | 0.633
CEA level (>5 vs.<=5) 415 1.361 (0.912-2.030) | 0.131

Table 2. logistic analysis of the association between slamf9 expression and clinical characteristics. P<0.05,
and the results were statistically significant.

(Fig. 7A). CCK-8 assays demonstrated a significant decrease in cell proliferation ability in siRNA-transfected
CRC cells compared to the siNC group (Fig. 7B). We conducted transwell migration experiments to explore the
impact of SLAMF9 on CRC cell invasion and migration, finding that SLAMF9 was positively associated with the
migration and invasive abilities of CRC cells (Fig. 7C). To ascertain whether SLAMF9 increases the invasiveness
of CRC through mechanisms related to EMT, we identified EMT indicators via western blotting. We observed
that E-cadherin, an epithelial cell marker, was significantly expressed in siSLAMF9-transfected CRC cells, while
the expression of mesenchymal markers Vimentin and N-cadherin decreased in CRC cell lines transfected with
siSLAMF?9, indicating a shift towards a mesenchymal phenotype. Overall, our findings suggest that SLAMF9
induces EMT to facilitate tumor invasion and metastasis (Fig. 7D).

SLAMF9 knockdown inhibits tumor growth in vivo

According to the findings indicating that SLAMF9 inhibits CRC cell proliferation, migration, and invasion
in vitro, we proceeded to investigate its effect on CRC growth in vivo. Initially, we established a nude mice model
by subcutaneously injecting DLD1 cells into the ventral side and monitored tumor growth regularly (Fig. 8A
and B). Two weeks after subcutaneous injection, we observed significantly lower tumor weight and size in the
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Figure 6. Validation of SLAMF9 expression in CRC. (A) Comparing the SLAMF9 expression in paired normal
and tumor by WB. (B) Representative immunohistochemical analysis of SLAMF9 in CRC, bar =50 pm. (C)
Relative mRNA expression of SLAMF9 in CRC cell lines. (D) Expression levels of SLAMF9 protein in CRC cell
lines (*P<0.05, **P<0.01, ***P<0.001).

SLAMF9 knockdown group compared to the control group (Fig. 8C and D). Immunohistochemical staining of
tumor tissues further confirmed these results, showing lower expression of Ki-67 in the SLAMF9-siRNA group
(Fig. 8E). Collectively, these in vivo findings suggest that SLAMF9 may function as an oncogene, promoting
CRC cell proliferation, migration, and invasion.

Discussion

SLAMF comprises nine members, all located at the same locus***. Recently, SLAMF9 was discovered as a
new member of the SLAMF family. While its intracellular tail lacks known signaling motifs, it does possess a
transmembrane region, an extracellular amino-terminal variable immunoglobulin-like domain, and a mem-
brane-proximal constant immunoglobulin-like domain, similar to other Slamf receptors. Studies have shown the
presence of slamf9 mRNA in various immune cells, including human T cells, B cells, monocytes, and DCs**-32,
Enrichment analysis has linked high SLAMF9 expression with immune response®. However, both a signal
transduction mechanism and a ligand for SLAMF9 remain elusive. Unique effects of SLAMF8/9 deficiency in
macrophages have been observed, but the precise role of SLAMF9 remains largely unknown. Given these con-
siderations, we hypothesized that SLAMF9 may play a significant role in immune system regulation, motivating
our focus on this gene.

Our findings indicate that SLAMF9 expression is significantly elevated in many cancers compared with
normal tissues. High SLAMF?9 levels could be likely necessary for the control of the immune response, which
could account for the protein’s elevated expression in most tumor tissues. This increased expression was found
to be associated with worse OS and PFI in those cancers. Under typical circumstances, the immune system is
able to identify and eliminate tumor cells from the TME?**~*. However, tumor cells may employ a number of
strategies for surviving and proliferating while evading the immune system. Tumor immunotherapy, including
immune checkpoint inhibitors of the monoclonal antibody family’, cancer vaccines®, therapeutic antibodies®,
and cell therapy*’, may restore the body’s innate ability to combat tumors. Clinical outcomes for various cancers
are influenced by tumor-infiltrating immune cells (TTICs). Through the analysis of over 40 frequently occurring
immune checkpoint genes, we identified a correlation between SLAMF9 expression and tumor purity, as well
as an inverse relationship with TIICs, which suggests an association between SLAMF9 expression and tumor
infiltration levels. Moreover, specific clinicopathological characteristics, such as increased TMB and lymphocytic
infiltration, have been associated with MSI, which in turn is linked to elevated cancer risks. Notably, TMB has
emerged as a latent biomarker for predicting ICB response*! with potential implications for immune-related
survival outcomes in breast cancer patients*2. Consequently, future investigations may use SLAMF9 expression
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Figure 7. Effects of SLAMF9 knockdown on cell proliferation and migration. (A) RT-PCR and WB determine
the efficiency of SLAMF9 knockdown in CRC cells. (B) The cells growth rates were determined by CCK-8
proliferation assays at various time points. (C) Transwell analysis was preformed to determine the cell migration.
(D) The protein expression of E-cadherin, N-cadherin and vimentin in the indicated cells was examined by WB
(*P<0.05, **P<0.01, **P<0.001).

levels to assess the impact of immunotherapy. Furthermore, the development of SLAMF9-targeted therapies
could complement conventional immunotherapies, enhancing their effectiveness.

We also investigated the protein interactions and intracellular signaling control, both of which were found to
be significant. Previous studies have shown that simultaneous knockdown of SLAMF8 and SLAMF9 can prevent
endotoxin-induced liver inflammation by suppressing TLR4 expression in macrophages. Another study revealed
that SLAMF9 regulates plasmacytoid DC (pDC) homeostasis and function in both healthy and pathological
conditions, which aligns with our hypothesis, suggesting that SLAMF9 plays a key role in immune regulation.
Furthermore, we examined the function of SLAMF9 in CRC using molecular biological techniques and observed
upregulated SLAMF9 expression in CRC tissues, as confirmed by Western blotting and immunohistochemistry.
CCK-8 assays demonstrated that SLAMF9 promoted CRC cell proliferation. Transwell experiments indicated
that SLAMF9 enhanced CRC cell invasion and migration, and SLAMF9 was found to induce EMT, an essential
process for cancer invasion and metastasis**. During EMT, cells acquire mesenchymal characteristics at the
expense of epithelial traits. Notably, our study demonstrated that decreasing SLAMF9 expression suppressed
EMT by increasing the expression of the epithelial marker E-cadherin and reducing the expression of mesen-
chymal markers such as vimentin and N-cadherin. Taken together, these findings support the validity and reli-
ability of the bioinformatics study results in CRC. In the future, we aim to conduct similar molecular biological
validations in additional malignancies.

Despite our comprehensive exploration and integration of data from various databases, our present study
still had some limitations that should be clarified. While molecular biology techniques confirmed that SLAMF9
promotes cancer in CRC and the bioinformatic analysis provided valuable insights into SLAMF9’s role in malig-
nancies, further in vitro or in vivo biological experiments are necessary to validate our findings and improve their
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Figure 8. Knockdown of SLAMF9 inhibits colorectal cancer cell tumorigenesis in vivo. (A) The appearance of
nude mice from SLAMF9 NC and SLAMF9-si groups. (B) Tumor size of the two groups. (C) Tumor images of
nude mice in the two groups. (D) Weight of tumors in the two groups. (E) The tumor sections were under IHC
staining using antibodies against ki-67, bar =50 um (*P <0.05).

therapeutic applicability. Additionally, it remains uncertain whether SLAMF affects clinical survival through
immunological mechanisms despite its association with immunity and clinical outcomes in human malignancies.

Conclusion

In summary, our research highlights the key role of SLAMF9 in tumor development and metastasis. Based on the
obtained results, we proposed a potential mechanism by which SLAMF9 influences tumor immunology, meta-
bolic activity, and EMT in various cancers. Future studies focusing on SLAMF9 expression and its interaction
with the tumor immune microenvironment could pave the way for the development of immunotherapy-based
anti-cancer strategies.

Data availability
The original available statements demonstrated in the study are summarized in the article materials. Additional
inquiries should be submitted to the corresponding authors.
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