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Abstract 

Objective   To investigate the expression profiles, clinical implications, 

and tumor immunoregulatory roles of signaling lymphocyte activation 

molecule family member 7 (SLAMF7) in colon adenocarcinoma (COAD) 

using multi-omics data combined with clinical sample validation, thereby 



providing theoretical evidence for the identification of immune 

biomarkers for COAD. 

Methods   Transcriptomic, clinicopathological, and mutation datasets 

for COAD were retrieved from the TCGA and GEO databases. Eighteen 

pairs of colon cancer tissues and matched adjacent non-tumorous tissues 

were collected from our hospital, and quantitative real-time PCR 

(qRT-PCR) was performed to detect SLAMF7 mRNA expression. 

Bioinformatic analyses were conducted to evaluate the associations 

between SLAMF7 expression and clinicopathological features, as well as 

patient prognosis. Receiver operating characteristic (ROC) curves and a 

prognostic nomogram were constructed. Differentially expressed gene 

(DEG) screening, Gene Ontology (GO), Kyoto Encyclopedia of Genes 

and Genomes (KEGG), and Gene Set Enrichment Analysis (GSEA) were 

performed. The cBioPortal and MEXPRESS platforms were used to 

analyze gene mutation and DNA methylation profiles. The GSCA 

platform was applied to assess immune cell infiltration and drug 

sensitivity, and the TISCH database was utilized to identify the cellular 

origin of SLAMF7 at the single-cell level. 

Results  SLAMF7 was significantly downregulated in COAD tumor 

tissues, a finding validated by multiple GEO datasets and clinical 

qRT-PCR results. Low SLAMF7 expression correlated with advanced 

TNM stage and distant metastasis. Patients with high SLAMF7 



expression exhibited longer overall survival (OS) and disease-free 

interval (DFI); however, SLAMF7 was not an independent prognostic 

factor for OS in COAD patients. The nomogram demonstrated favorable 

performance in predicting 1-year and 3-year survival probabilities. 

Samples with high SLAMF7 expression were enriched in multiple 

anti-tumor immune pathways. SLAMF7 expression was positively 

correlated with the infiltration abundance of cytotoxic T cells and natural 

killer (NK) cells and was co-expressed with multiple immune checkpoint 

genes. Single-cell analyses demonstrated that SLAMF7 was 

predominantly expressed in tumor-infiltrating CD8+ T cells and NK cells, 

whereas malignant tumor cells barely expressed SLAMF7. SLAMF7 

exhibited a low mutation frequency in COAD, and DNA methylation was 

not the primary mechanism underlying its downregulation. Furthermore, 

SLAMF7 expression was significantly associated with sensitivity to 

multiple chemotherapeutic and targeted agents.  

Conclusions  SLAMF7 is downregulated in colon adenocarcinoma and 

reflects the magnitude of anti-tumor immune infiltration in tumor tissues, 

serving as a potential biomarker for evaluating the immune 

microenvironment status of COAD. 
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1.Introduction  

Colon adenocarcinoma (COAD) is one of the most prevalent malignant 

tumors of the digestive system worldwide, characterized by high 

incidence and mortality rates that pose a significant threat to public health 

[1-3]. Surgical resection remains the mainstay of clinical treatment, 

supplemented by chemotherapy and targeted therapy. Although immune 

checkpoint inhibitor therapy has achieved encouraging outcomes for 

advanced COAD, clinical benefits are largely confined to patients with 

microsatellite instability-high (MSI-H) tumors. Most patients exhibit 

limited immunotherapeutic responses and heterogeneous prognoses. The 

tumor immune microenvironment (TIME) exerts pivotal effects on tumor 

initiation, invasion, metastasis, and therapeutic response[4-6]. 

Consequently, the identification of reliable immune-related biomarkers is 

critical for patient risk stratification and the design of individualized 

immunotherapeutic regimens. Accumulating evidence has demonstrated 

that immune-related genes not only modulate tumor progression but also 

correlate closely with immune infiltration status[7].  For instance, the 

infiltration levels of regulatory T cells, macrophages, dendritic cells, and 

CD8+ T cells are significantly associated with survival outcomes in 

COAD patients[8]. Furthermore, the molecular features of the immune 



microenvironment reflect tumor biological heterogeneity and provide a 

theoretical foundation for the development of targeted and 

immunotherapeutic strategies[9]. 

Signaling lymphocyte activation molecule family member 7 (SLAMF7) 

is an immune receptor primarily expressed on NK cells and CD8+ T cells, 

participating in immune cell activation, adhesion, and cytotoxic killing 

[10-13]. SLAMF7 is a well-established therapeutic target for multiple 

myeloma; elotuzumab, an anti-SLAMF7 monoclonal antibody, has 

received FDA approval for this hematologic malignancy. Increasing 

evidence indicates that dysregulated SLAMF7 expression contributes to 

immune evasion and disease progression in solid tumors. In kidney renal 

clear cell carcinoma (KIRC), high SLAMF7 expression is associated with 

unfavorable survival outcomes [14].In breast cancer, elevated SLAMF7 

expression correlates with clinical prognosis [15, 16]. In ovarian cancer, 

SLAMF7 upregulation enhances cancer cell survival, migration, invasion, 

and epithelial-mesenchymal transition [17, 18]. Studies in breast and 

ovarian cancer further link SLAMF7 to immune suppression, T cell 

exhaustion, and immunotherapy responsiveness, implying its potential 

value in solid tumor immunomodulation. Although a previous study 

indicated that SLAMF7 expression correlates with clinical outcomes in 

COAD patients receiving cytokine-induced killer cell-based 

immunotherapy, the biological functions and clinical significance of 



SLAMF7 as an immunoregulatory molecule in COAD remain to be fully 

elucidated [19, 20]. 

Public multi-omics databases enable the efficient high-throughput 

screening of candidate tumor biomarkers. In this study, we integrated 

pan-cancer transcriptomic, clinicopathological, mutation, methylation, 

and single-cell sequencing datasets, combined with qRT-PCR validation 

using clinical tissue specimens. We systematically analyzed SLAMF7 

expression in COAD and explored its relationships with 

clinicopathological parameters, patient prognosis, immune cell infiltration, 

and drug sensitivity. Additionally, single-cell datasets were utilized to 

pinpoint the cellular source of SLAMF7 expression. Our findings 

advance the mechanistic understanding of COAD molecular pathology 

and tumor immunity, providing supporting evidence for follow-up basic 

and translational investigations targeting SLAMF7. 

 

2 Materials and methods 

2.1 Data acquisition and processing 

Gene expression and clinical datasets comprising 480 COAD samples 

and 41 paired adjacent non-tumorous samples were downloaded from the 

TCGA database. FPKM values were converted to transcripts per million 

(TPM) for downstream analyses. Two additional COAD datasets, 

GSE44076 and GSE113513, were obtained from the GEO database for 



the external validation of SLAMF7 mRNA expression. 

2.2 Clinical Sample Collection 

Eighteen pairs of primary colon adenocarcinoma tissues and matched 

adjacent non-tumorous tissues were collected at Guangxi Medical 

University Cancer Hospital between April 2026 and June 2026 for mRNA 

expression validation. 

2.3 Quantitative Reverse-Transcription PCR 

Total RNA was isolated from clinical specimens and reverse-transcribed 

into complementary DNA (cDNA). Quantitative real-time PCR 

(qRT-PCR) was performed to amplify target transcripts. Relative gene 

expression was quantified using the 2−ΔΔCt method. Each experiment 

was performed in biological triplicate with five technical replicates per 

sample. The primer sequences for SLAMF7 were as follows: forward, 

5′-ACCCTCATCTATATCCTTTGGCA-3′;   reverse, 

5′-CACCAACGGAACCGACCAG-3′. 

2.4 Mutation, Methylation, and Drug Sensitivity Analyses 

The cBioPortal database was employed to evaluate SLAMF7 mutation 

frequency, variant loci, and mutation types in COAD. The MEXPRESS 

platform was used to visualize correlations between SLAMF7 

methylation status and gene expression. The Gene Set Cancer Analysis 

(GSCA) database was utilized to analyze associations of SLAMF7 

expression with immune cell infiltration abundance and drug sensitivity. 



The Tumor Immune Single-Cell Hub (TISCH) database was used for the 

single-cell level visualization of SLAMF7 expression across distinct cell 

subpopulations. 

2.5 Statistical Analyses 

All statistical computations and data visualization were performed using 

R software (version 4.2.1). The Wilcoxon rank-sum test was applied for 

differential expression comparisons of unpaired samples. The paired t-test 

was adopted for paired sample comparisons where normality assumptions 

were satisfied. Spearman correlation tests were used for correlation 

analyses. Differences in immune cell infiltration between SLAMF7 high- 

and low-expression subgroups were assessed using the Wilcoxon 

rank-sum test. Receiver operating characteristic (ROC) curves were 

generated using the pROC package. Survival curves were plotted via the 

Kaplan-Meier method, and survival differences were evaluated using the 

log-rank test. The Kruskal-Wallis test, Mann-Whitney U test, and 

chi-square test were appropriately applied for univariate analyses. P < 

0.05 was defined as the threshold for statistical significance.Gene 

expression and clinical datasets comprising 480 COAD samples and 41 

paired adjacent non-tumorous samples were downloaded from the TCGA 

database. FPKM values were converted to transcripts per million (TPM) 

for downstream analyses. Two additional COAD datasets, GSE44076 and 

GSE113513, were obtained from the GEO database for external 



validation of SLAMF7 mRNA expression. 

 

3.Results 

3.1 Pan-cancer and COAD specific differential expression of 

SLAMF7 

Pan-cancer transcriptomic analyses from TCGA revealed significant 

differences in SLAMF7 expression between tumor and corresponding 

normal tissues across multiple cancer types (Figure 1A). SLAMF7 was 

markedly upregulated in lung adenocarcinoma (LUAD), kidney renal 

clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma 

(KIRP), and head and neck squamous cell carcinoma (HNSC) (P < 0.001). 

In contrast, significant downregulation was observed in thyroid 

carcinoma (THCA), colon adenocarcinoma (COAD), and rectal 

adenocarcinoma (READ) (P < 0.05). 

To characterize SLAMF7 expression specifically in COAD, multi-cohort 

validations were performed. TCGA-COAD paired sample analysis 

demonstrated substantial SLAMF7 downregulation in tumor tissues 

relative to matched adjacent tissues (P < 0.001, Figure 1B). Unpaired 

sample analysis further confirmed this robust differential expression (P < 

0.001, Figure 1C). Two independent GEO datasets corroborated these 

findings: SLAMF7 mRNA levels were significantly lower in tumor 

tissues in GSE44076 (P < 0.01, Figure 1D) and GSE113513 (P < 0.05, 



Figure 1E). Consistent with public database results, qRT-PCR assays 

using our institutional clinical samples confirmed that SLAMF7 mRNA 

expression was significantly decreased in colon adenocarcinoma tissues 

compared with paired adjacent non-tumorous tissues (P < 0.05, Figure 

1F).Consistent with public database results, q-PCR assays using our 

institutional clinical samples confirmed that SLAMF7 mRNA expression 

was significantly decreased in colon adenocarcinoma tissues compared 

with paired adjacent non‑tumorous tissues (P < 0.05, Figure 1F). 

 

Figure 1 mRNA expression profiles of SLAMF7 across pan-cancer and colon 
adenocarcinoma 

A: Expression distribution of SLAMF7 between tumor and normal tissues in the TCGA 
pan-cancer cohort; B: SLAMF7 expression in paired TCGA-COAD samples; C: SLAMF7 
expression in unpaired TCGA-COAD samples; D: SLAMF7 expression in the GSE44076 dataset; 
E: SLAMF7 expression in the GSE113513 dataset; F: qPCR validation cohort using clinical 
samples from this study. N, normal tissue; T, tumor tissue. Asterisks indicate statistical 
significance. 

 

3.2 Correlations between SLAMF7 expression and 

clinicopathological features of colon adenocarcinoma 



TCGA-COAD patients were stratified into SLAMF7 high-expression and 

low-expression subgroups according to the median SLAMF7 expression 

value. Baseline clinicopathological variables were compared between the 

two groups (Table 1). No significant inter-group differences were 

observed for sex, age, T stage, carcinoembryonic antigen (CEA) 

concentration, perineural invasion, or lymphovascular invasion (P > 0.05), 

indicating well-balanced baseline characteristics. However, key 

parameters reflecting tumor metastasis and disease stage differed 

significantly. The proportion of patients with N1 disease was higher in the 

SLAMF7 low-expression subgroup (13.4% vs. 9.2%), whereas the 

proportion of M0 stage patients was lower (39.5% vs. 44.6%). Regarding 

overall TNM staging, the low-expression subgroup contained more stage 

IV patients (9.2% vs. 4.9%) and fewer stage II patients (17.6% vs. 22.5%). 

All aforementioned differences reached statistical significance (P < 0.05). 

Stratified analyses demonstrated that SLAMF7 expression correlated 

closely with COAD disease progression (Figure 2). Patients with M0 

stage disease exhibited significantly higher SLAMF7 expression than 

those with distant metastasis (P < 0.001, Figure 2C). Within TNM staging, 

SLAMF7 expression was significantly higher in stage II tumors 

compared with stage IV tumors (P < 0.001, Figure 2D). No significant 

correlations were detected between SLAMF7 expression and CEA level, 

perineural invasion, or lymphatic invasion. When stratified by survival 



status, surviving patients displayed significantly higher SLAMF7 

expression than deceased patients (P < 0.05, Figure 2H). Collectively, low 

SLAMF7 expression correlated with advanced TNM stage, distant 

metastasis, and unfavorable clinical outcomes, suggesting that reduced 

SLAMF7 may serve as a marker of aggressive biological behavior in 

COAD. 

 



 

Figure 2 Association between SLAMF7 expression and clinicopathological features in colon 
adenocarcinoma 

A: SLAMF7 expression across pathological T stages; B: SLAMF7 expression across pathological 
N stages; C: SLAMF7 expression across pathological M stages; D: SLAMF7 expression across 
overall pathological stages; E: SLAMF7 expression stratified by serum CEA levels; F: SLAMF7 
expression in patients with or without vascular invasion; G: SLAMF7 expression in patients with 
or without lymphatic invasion; H: SLAMF7 expression stratified by overall survival outcome.  

 

3.3 Prognostic value of SLAMF7 and construction of a prognostic 

prediction model 

ROC curve analysis yielded an area under the curve (AUC) value of 

0.859 (95% CI: 0.797–0.921) for SLAMF7 in discriminating COAD from 

normal tissues, indicating favorable diagnostic performance (Figure 3A). 

Risk distribution visualization illustrated that patients in the high-risk 

subgroup (SLAMF7 low expression) had higher mortality and shorter 

survival duration (Figure 3B). 

Kaplan-Meier survival analysis showed that high SLAMF7 expression 

was associated with superior clinical outcomes. Patients with high 

SLAMF7 expression demonstrated significantly prolonged OS (HR = 



0.65, P = 0.034, Figure 3C) and DFI (HR = 0.68, P = 0.033, Figure 3E). 

Although disease-specific survival (DSS) showed a trend toward better 

outcomes for the high-expression group, the difference was not 

statistically significant (HR = 0.63, P = 0.077, Figure 3D). 

Subgroup analyses revealed that high SLAMF7 expression predicted 

improved OS among patients with T3–T4 advanced stage tumors (HR = 

0.61, P = 0.020) and among stage III–IV patients (HR = 0.59, P = 0.043). 

By contrast, no significant survival difference was observed within the 

N1–N2 lymph node metastasis subgroup (HR = 0.71, P = 0.175). Cox 

proportional hazards regression analyses were performed in 477 patients 

with colon adenocarcinoma to evaluate prognostic factors for OS. 

Univariate analysis demonstrated that age > 65 years, T3/T4 stage, N1/N2 

stage, and distant metastasis (M1) represented significant risk factors for 

OS (P < 0.05). Conversely, high SLAMF7 expression acted as a 

protective factor against death (HR = 0.648, 95% CI: 0.433–0.969, P = 

0.034). 

Variables showing statistical significance in the univariate model were 

further incorporated into the multivariate Cox regression model. 

Multivariate analysis identified age > 65 years, T3/T4 stage, N2 stage, 

and distant metastasis (M1) as independent adverse prognostic factors for 

OS (P < 0.05) (Table 2) . After adjustment for these clinical confounders, 

the association between SLAMF7 expression and OS lost statistical 



significance (HR = 0.656, 95% CI: 0.418–1.030, P = 0.067). 

A nomogram integrating SLAMF7 expression, age, T stage, and 

lymphovascular invasion was constructed to quantitatively predict 1-year, 

3-year, and 5-year OS probabilities (Figure 3H). Calibration curve 

analysis demonstrated good concordance between nomogram-predicted 

survival probabilities and observed clinical outcomes (Figure 3I), 

supporting its predictive accuracy and potential clinical applicability. In 

summary, SLAMF7 represents a promising diagnostic biomarker for 

COAD; its low expression correlates with poor prognosis without 

constituting an independent prognostic variable. The nomogram 

incorporating SLAMF7 enables effective survival risk stratification for 

COAD patients. 

 



 

Figure 3 Diagnostic and prognostic analysis of SLAMF7 and construction of a prognostic 
nomogram for patients with colon adenocarcinoma 

A: ROC curve for diagnostic performance of SLAMF7 expression in COAD; B: Heatmap 
showing SLAMF7 expression distribution in COAD samples; C: Kaplan–Meier survival curve for 
overall survival (OS); D: Survival curve for disease‑free survival (DFS); E: Survival curve for 
disease‑specific survival (DSS); F: OS survival analysis in the T3–T4 subgroup; G: OS survival 
analysis in the N1–N2 subgroup; H: Prognostic nomogram for COAD patients; I: Calibration 
curve of the nomogram to assess the consistency between model‑predicted values and observed 
outcomes. 

 

3.4 Differentially expressed gene profiling and functional enrichment 

analyses 

To dissect potential molecular mechanisms mediated by SLAMF7 in 

COAD, DEG analysis was performed comparing SLAMF7 high- and 

low-expression subgroups. Applying thresholds of |log2FC| > 2 and 

adjusted P < 0.05, 4,222 DEGs were identified, of which 4,084 genes 



were upregulated and 138 genes were downregulated (Figure 4A). 

Co-expression analysis indicated that SLAMF7 was positively correlated 

with immune activation-associated genes, including CD48, IRF4, 

MPEG1, and IKZF1, and negatively correlated with several stromal and 

proliferation-related genes (Figure 4B). 

A protein-protein interaction (PPI) network built via the STRING 

database revealed robust interactions between SLAMF7 and 

immune-relevant molecules CD48, SH2D1B, and CD244 (Figure 4C). 

MCODE algorithm mining identified a core functional module 

comprising immune-related genes: CD2, CD3D, CD3G, CD48, CD53, 

FCGR3A, KLRK1, LCK, SH2D1A, and TYROBP, suggesting the 

coordinated participation of these genes in COAD immunoregulation 

(Figure 4D). 

GO and KEGG enrichment analyses demonstrated that DEGs derived 

from the SLAMF7 high-expression subgroup were predominantly 

enriched in biological processes such as the regulation of immune 

responses, leukocyte-mediated immunity, cell adhesion, and NK 

cell-mediated cytotoxicity. Cellular component terms centered on cell 

membrane compartments and secreted vesicles. Molecular function 

enrichment included immune receptor activity and cytokine receptor 

activity. Key KEGG pathways encompassed cytokine-cytokine receptor 

interaction, chemokine signaling pathways, and NK cell-mediated 



cytotoxicity (Figure 4E). These results imply that SLAMF7 modulates the 

COAD immune microenvironment through cytokine signaling, cell 

adhesion events, and NK cell-dependent cytotoxicity.

 

Figure 4 Differential genes, co-expression, PPI network and functional enrichment analysis 
between SLAMF7 high- and low-expression groups 

A: Volcano plot of differentially expressed genes between SLAMF7 high- and low-expression 
groups. Red dots indicate upregulated genes, blue dots indicate downregulated genes, and grey 
dots represent genes with no significant difference; B: Co-expression heatmap of SLAMF7 and 
immune-related genes, with corresponding correlation coefficients annotated; C: Protein-protein 
interaction (PPI) network of differentially expressed genes; D: Circle plot showing core 
interacting genes of SLAMF7; E: Bubble plot for GO and KEGG functional enrichment analysis. 
BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto 
Encyclopedia of Genes and Genomes pathway. 

 

3.5 Gene set enrichment analysis (GSEA) 

GSEA was performed to further characterize biological pathways 



associated with SLAMF7 status. Multiple anti-tumor immune-related 

gene sets were significantly enriched in the SLAMF7 high-expression 

subgroup (FDR < 0.001). Enriched immune-checkpoint-related signatures 

included the PD-1 signaling pathway (NES = 2.222, Figure 5A) and the 

CTLA4-signaling pathway (NES = 2.149, Figure 5B). Cytokine and 

chemokine-associated pathways comprised cytokine-cytokine receptor 

interaction (NES = 2.011, Figure 5C), chemokine receptor chemokine 

binding (NES = 2.187, Figure 5D), JAK-STAT signaling (NES = 1.747, 

Figure 5E), and chemokine-signaling pathways (NES = 1.891, Figure 5G). 

Immune-cell interaction and cytotoxic function signatures included 

lymphocyte-non-lymphocyte immunoregulatory interactions (NES = 

2.321, Figure 5F) and NK cell-mediated cytotoxicity (NES = 1.921, 

Figure 5H). Collectively, GSEA results support that high SLAMF7 

expression correlates with robust anti-tumor immune activation in COAD; 

SLAMF7 may exert tumor-suppressive effects by modulating 

PD-1/CTLA4 immune-checkpoint signaling, augmenting cytokine signal 

transduction, and potentiating NK cell cytotoxicity.



 

Figure 5 Results of GSEA enrichment analysis 

A: PD-1 signaling pathway; B: CTLA4 pathway; C: Chemokine receptors bind 
chemokines pathway; D: T lymphocyte–non-T lymphocyte interactions at the 
immunological synapse pathway; E: Cytokine–cytokine receptor interaction pathway; 
F: JAK-STAT signaling pathway; G: Chemokine signaling pathway; H: Natural killer 
cell-mediated cytotoxicity pathway. NES, normalized enrichment score; FDR, false 
discovery rate. Red blocks indicate high-expression enrichment of the gene set, while 
blue blocks indicate low-expression enrichment. 

 

3.6 SLAMF7 genetic-alteration landscape and methylation features 

Within the TCGA-COAD cohort, the overall genetic-alteration frequency 

for SLAMF7 was 7 %. Major alteration types included mRNA 

overexpression, gene amplification, and missense mutation; mRNA up 

regulation constituted the most prevalent event (Figure 6A). The S139N 

missense mutation mapped to the Ig-3 functional domain of SLAMF7 

protein (Figure 6B). Comparison between SLAMF7 altered and non 

altered groups revealed distinct distributions for tumor mutational burden 

(TMB), fraction of genome altered values, and total mutation counts 

(Figure 6C-E). mRNA-expression distributions varied across missense 



mutation, truncating mutation, wild type, and mutation unknown 

subgroups (Figure 6F). 

Oncoprint visualization of high frequency driver gene mutations 

demonstrated that APC, TTN, and KRAS were frequently mutated in both 

SLAMF7 high and low expression subgroups. In the high expression 

subgroup, APC exhibited the highest mutation rate at 72.6 %, followed by 

TTN (52.3 %) and KRAS(42.7 %). Statistically significant inter-subgroup 

differences in mutation frequencies existed for APC, KRAS, SYNE1, 

FAT4, and RYR2 (P < 0.05), with variant classes including missense, 

nonsense, frameshift insertion/deletion, and splice site mutations. These 

observations indicate divergent genomic mutation profiles between 

SLAMF7 high and low expression COAD subsets and suggest that 

SLAMF7 expression status may correlate with distinct tumor mutational 

backgrounds. 

MEXPRESS platform based methylation analysis showed that SLAMF7 

CpG site methylation levels correlated with colorectal polyp history, 

tumor stage, body mass index (BMI), and OS. Several CpG site 

methylation events displayed weak positive correlations with SLAMF7 

mRNA expression, whereas copy number variations showed no obvious 

association with methylation status. This finding indicates that DNA 

methylation is not the predominant mechanism driving SLAMF7 down 

regulation in COAD (Figure 6H). 



 

Figure 6 Genomic alteration and methylation analysis of SLAMF7 in COAD  

A: Overview of global SLAMF7 gene alterations; B: Distribution of mutation sites across the 
SLAMF7 protein domain, with the representative missense mutation S139N annotated; C: 
Comparison of tumor mutational burden (TMB) between the altered and non-altered groups; D: 
Comparison of the proportion of genomic changes between the altered and non-altered groups; E: 
Comparison of total mutation counts between the altered and non-altered groups; F: Comparison 
of SLAMF7 mRNA expression levels between wild-type and altered samples; G: Oncoprint plot 
showing co-mutations in SLAMF7-altered samples, with different colors representing distinct 
alteration types; H: Correlation analysis among SLAMF7 methylation status, gene expression and 



clinicopathological parameters in COAD using the MEXPRESS platform. 

 

3.7 Association between SLAMF7 expression and the tumor immune 

microenvironment 

Given the central importance of the immune microenvironment in COAD 

oncogenesis, immune escape, and prognosis, we systematically analyzed 

relationships between SLAMF7 expression, immune cell infiltration 

abundance, immune gene set scores, and immune marker gene expression. 

Pan-cancer correlation heatmaps indicated broad associations between 

SLAMF7 expression and anti tumor immune cell infiltration across 

multiple malignancies (Figure 7A). In the COAD cohort, the SLAMF7 

high expression subgroup exhibited greater infiltration abundances of 

effector T cells, NK cells, and dendritic cells alongside elevated 

enrichment scores for immune activation related gene sets (Figure 7B-C). 

Correlation quantification demonstrated that SLAMF7 expression was 

positively associated with infiltration levels of cytotoxic T cells, B cells, 

dendritic cells, macrophages, and NK cells. The strongest correlation 

occurred with cytotoxic T cells (R = 0.785, P < 0.001); significant 

correlations with certain suppressive immune cell populations were also 

observed, implying SLAMF7 participates in complex immune regulatory 

networks in COAD (Figure 7D). 

Radar plot visualization showed positive correlations between SLAMF7 

and most chemokines as well as MHC‑I/MHC‑II antigen presentation 



related genes (HLA family genes), suggesting potential involvement in 

tumor antigen presentation (Figure 7E). Meanwhile, SLAMF7 exhibited 

strong positive co-expression with multiple immune inhibitory 

checkpoint genes including PDCD1, CTLA4, LAG3, TIGIT, and 

HAVCR2(Figure 7F). Collectively, SLAMF7 expression closely reflects 

immune cell infiltration magnitude within COAD tumors and likely 

participates in anti-tumor immune responses by modulating immune cell 

infiltration and immune related gene programs. 



 

Figure 7 Correlation analysis between SLAMF7 expression and the tumor immune 
microenvironment in COAD 

A: Heatmap showing correlations between SLAMF7 expression and immune cell infiltration 
levels across pan-cancer cohorts; B: Distribution of immune cell infiltration abundance in 
SLAMF7 high- and low-expression groups; C: Comparison of enrichment scores for 
immune-related gene sets between SLAMF7 high- and low-expression groups; D: Correlation 
between SLAMF7 expression and immune cell infiltration levels, with correlation coefficients 
(*R*) and *P* values annotated; E: Radar plot illustrating correlations of SLAMF7 with 



chemokines and major histocompatibility complex (MHC) molecules; F: Radar plot showing 
correlations between SLAMF7 and the expression of immune marker genes. 

 

3.8 Correlations of SLAMF7 with immune-cell infiltration and 

drug-treatment sensitivity 

The GSCA platform was utilized to validate SLAMF7 immune 

microenvironment associations and further explore its links to 

chemotherapeutic and targeted drug sensitivity in COAD. SLAMF7 

expression was significantly positively correlated with infiltration 

abundance for the majority of immune cell types; the strongest 

correlations were observed for T cells (R = 0.785), cytotoxic cells 

(R = 0.696), and B cells (R = 0.683) (Figure 8A). These results 

independently corroborated that high SLAMF7 expression corresponds to 

enhanced anti-tumor immune cell infiltration in COAD. 

Analyses using GDSC and CTRP drug response databases revealed 

significant correlations between SLAMF7 expression and IC50 values for 

numerous chemotherapeutic and targeted agents. Within the GDSC 

dataset, high SLAMF7 expression positively correlated with IC50 values 

for 17-AAG, cytarabine, and docetaxel, indicating potential drug 

resistance. Conversely, high SLAMF7 expression negatively correlated 

with IC50 values for CAL-101, PIK-93, and UNC0638, suggesting 

improved sensitivity toward these compounds (Figure 8B). CTRP 

database analyses yielded concordant trends: high SLAMF7 expression 



predicted enhanced sensitivity to trametinib, alvocidib, and dinaciclib, yet 

implied resistance to axitinib, AZD4547, and foretinib (Figure 8C). These 

data highlight SLAMF7 as a candidate biomarker for predicting 

therapeutic responses in COAD. 



 

Figure 8 Analysis of the associations of SLAMF7 expression with immune infiltration and 
drug sensitivity in COAD based on the GSCA platform 

A: Scatter plot showing the correlation between SLAMF7 expression and immune cell infiltration 



levels; B: Bubble plot of correlations between SLAMF7 expression and drug sensitivity from the 
GDSC database. Bubble color represents the correlation coefficient, and bubble size denotes 
−log₁₀(FDR); C: Bubble plot of correlations between SLAMF7 expression and drug sensitivity 
from the CTRP database. 

 

3.9 Single cell transcriptomic dissection of SLAMF7 cellular 

expression sources in COAD 

To pinpoint the cellular origin and distribution of SLAMF7 within the 

COAD immune microenvironment, two single-cell RNA sequencing 

datasets (Smart-seq2 and 10× Genomics) from the GSE146771 dataset 

hosted on the TISCH platform were analyzed. UMAP clustering of 

Smart-seq2 data partitioned tumor microenvironment cells into B cells, 

CD4⁺ T cells, CD8⁺ T cells, dendritic cells, macrophages, NK cells, 

malignant epithelial cells, and stromal cell subsets. SLAMF7 signal was 

predominantly enriched in immune cell clusters and barely detectable in 

malignant tumor cells (Figure 9A). Violin plot quantification 

demonstrated that SLAMF7 was most highly expressed in CD8⁺ T cells 

and NK cells (Figure 9B). 

Analyses of the 10× sequencing dataset reproduced these observations: 

cell clustering patterns and SLAMF7 expression distribution closely 

recapitulated the Smart seq2 findings (Figure 9C). SLAMF7 was again 

predominantly detected in CD8⁺T cells and NK cells, whereas malignant 

cells showed negligible expression (Figure 9D). Results from both single 

cell platforms confirm that SLAMF7 in COAD is primarily produced by 



tumor infiltrating immune cells (predominantly CD8⁺ T cells and NK 

cells), rather than malignant tumor cells per se. This single cell evidence 

mechanistically explains the observed associations between SLAMF7 and 

immune cell infiltration phenotypes in colon adenocarcinoma. 

 

Figure 9 Analysis of SLAMF7 expression characteristics at the single-cell level in COAD 
from the GSE146771 dataset using the TISCH platform 

A: UMAP plot of cell clusters and projected UMAP visualization of SLAMF7 gene expression 
from Smarter-seq2 sequencing; B: Violin plot showing SLAMF7 expression across cell 
subpopulations from Smarter-seq2 sequencing; C: UMAP plot of cell clusters and projected 
UMAP visualization of SLAMF7 gene expression from 10× Genomics sequencing; D: Violin plot 
showing SLAMF7 expression across cell subpopulations from 10× Genomics sequencing. The 
results revealed that SLAMF7 was predominantly expressed in cytotoxic immune cells such as 
CD8⁺ T cells and NK cells, with low expression in malignant tumor cells. 

 

4.Discussion 

Colon adenocarcinoma represents a multi-gene-driven malignancy that 

progresses through multi-step oncogenic events. Dysregulation of the 

tumor immune microenvironment constitutes a core mechanism driving 

tumor proliferation, invasion, metastasis, and therapeutic resistance 

[21-23]. Identification of immune‑related biomarkers can facilitate 



improved risk stratification and advance individualized immunotherapy 

for patients with colon adenocarcinoma. 

SLAMF7 is an immunoregulatory molecule that modulates immune cell 

activation and cytotoxic function, and it is closely implicated in the 

initiation and progression of diverse human cancers [12]. High SLAMF7 

expression has been linked to tumor invasion and metastasis in multiple 

myeloma, lymphoma, and KIRC [24-26]. Findings regarding ovarian 

cancer remain controversial: some studies have reported significant 

SLAMF7 up-regulation associated with unfavorable patient prognosis, 

whereas other investigations have drawn opposite conclusions, whereby 

elevated SLAMF7 predicts favorable clinical outcomes [17]. In high-risk 

neuroblastoma, increased SLAMF7 levels are similarly correlated with 

better patient prognosis[27].Previous studies have documented 

down‑regulated SLAMF7 expression in primary or metastatic colorectal 

cancer tissues relative to normal colonic tissues[11]. Moreover, high 

SLAMF7 expression serves as a potential biomarker for favorable 

therapeutic responses among colorectal cancer patients receiving cytokine 

induced killer cell based immunotherapy[20]. Nevertheless, most existing 

evidence is derived from cellular or animal models, and validations in 

large‑scale clinical cohorts are still lacking[19]. 

In this multi-omics study integrating public-database resources and 

institutional clinical specimens, we confirmed consistent SLAMF7 down 



regulation in COAD tissues across TCGA, multiple GEO datasets, and 

our q-PCR clinical cohort. Low SLAMF7 expression correlated with 

advanced TNM stage and distant metastasis. Patients with high SLAMF7 

expression displayed superior OS and DFI, and this prognostic benefit 

persisted within T3-T4 and stage III-IV subgroups. However, multivariate 

Cox regression demonstrated that SLAMF7 was not an independent 

prognostic factor for OS in COAD patients. This may reflect complex 

multi-factorial transcriptional regulation of SLAMF7, as well as cohort 

heterogeneity and limited sample size that could obscure true biological 

relationships. Accordingly, multi-center large patient cohorts are required 

to validate whether SLAMF7 can serve as an independent prognostic 

biomarker. The nomogram incorporating SLAMF7 alongside established 

clinical risk factors achieved favorable survival prediction performance 

and may support clinical risk stratification. 

Our genomic variant and methylation analyses revealed a low overall 

mutation rate for SLAMF7 in COAD. Distinct mutation landscapes 

existed between SLAMF7 high and low expression subgroups. DNA 

methylation changes only weakly correlated with SLAMF7 expression, 

implying that promoter methylation is not the major cause of SLAMF7 

down regulation in COAD. Other regulatory layers, including 

transcription factor control and non coding RNA mediated epigenetic 

repression, likely contribute and merit experimental follow up. 



Significant differences in the mutation frequencies of canonical COAD 

driver genes such as APC and KRAS between SLAMF7 subgroups 

suggest potential crosstalk between tumor driver mutation backgrounds 

and SLAMF7 transcriptional status, which warrants further mechanistic 

inquiry. 

The infiltration of immune cells within the tumor immune 

microenvironment is closely associated with the malignancy of colon 

adenocarcinoma. Enhancing the anti-tumor activity of tumor-reactive 

tumor-infiltrating lymphocytes (TILs) can effectively suppress tumor 

progression[28-30]. Gene Set Enrichment Analysis (GSEA) indicated that 

SLAMF7 is closely linked to multiple immune signaling pathways and 

lymphocyte-associated functions. Further correlation analysis revealed 

that SLAMF7 expression is significantly positively correlated with the 

infiltration levels of T cells, B cells, and NK cells, as well as the 

expression of their signature marker genes. This suggests that SLAMF7 

may influence colon adenocarcinoma progression by modulating TIL 

infiltration. Notably, significant enrichment of regulatory T cell 

(Treg)-related features was also observed in the SLAMF7 

high-expression subgroup. Integrating previous findings from 

hepatocellular carcinoma studies, we hypothesize that SLAMF7 may 

mediate the polarization of immunosuppressive macrophages, thereby 

remodeling the tumor microenvironment and ultimately contributing to 



resistance against immune checkpoint blockade therapy[31, 32]. 

Accumulating evidence supports the pivotal role of SLAMF7 in 

regulating immune cell polarization, immune response activation, and 

anti-tumor effects[12]. Synthesizing these results, we propose that 

SLAMF7 remodels the tumor immune microenvironment in colon 

adenocarcinoma by modulating the functions of various immune cells, 

including TILs and Tregs, consequently altering the overall anti-tumor 

immune status. Due to these dual biological effects, SLAMF7 represents 

a sophisticated yet promising therapeutic target for solid tumor 

immunotherapy, holding potential for the development of bispecific 

antibodies and combination regimens with immune checkpoint inhibitors. 

Drug sensitivity analyses based on the GSCA platform uncovered 

significant associations between SLAMF7 expression and responses to 

diverse chemotherapeutic and targeted agents. Given its cellular 

expression pattern, SLAMF7 associated drug response phenotypes are 

likely mediated by remodeling of the immune microenvironment and 

altered immune cell function rather than direct intrinsic drug sensitivity 

changes in tumor cells. These bioinformatic observations offer 

preliminary clues for designing chemo-immunotherapy combination 

regimens for COAD but require validation using cellular models, animal 

experiments, and prospective clinical cohorts. 

This study has several notable limitations. First, validation is restricted to 



mRNA level measurements from clinical specimens; protein level 

immunohistochemical confirmation of SLAMF7 expression in COAD 

tissues remains absent. Second, all public database analyses are 

retrospective and subject to selection bias; our nomogram model was 

validated only internally and lacks external cohort verification. Third, this 

work generates mechanistic hypotheses purely derived from in silico 

multi-omics analyses. Functional cellular and in vivo animal experiments 

are needed to delineate the precise molecular mechanisms whereby 

SLAMF7 modulates CD8⁺ T cell and NK cell driven anti tumor immunity 

in colon adenocarcinoma. 

 

5.Conclusion 

This multi-omics study demonstrates that SLAMF7 is down regulated in 

colon adenocarcinoma and correlates with immune functional pathways 

and immune cell infiltration profiles. Although SLAMF7 cannot act as an 

independent prognostic biomarker, it is associated with humoral 

immunity, complement activation, and enrichment of diverse immune cell 

subsets including regulatory T cells. These results expand our 

understanding of COAD immunobiology and provide new theoretical 

foundations for future translational research targeting SLAMF7. 
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