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Background: The cluster of differentiation 48 (CD48) is a member of the signaling lymphocyte activation molecule family,
constitutively expressed on most hematopoietic cells. CD48 was reported to affect immune regulation in certain tumors, thereby
influencing tumor development and prognosis, but its impact on the prognosis and immune infiltration in pan-cancer remains unclear.
Material and Methods: We systematically analyzed the raw data from The Cancer Genome Atlas (TCGA), Tumor Immune
Estimation Resource (TIMER), and Tumor Immune Dysfunction and Exclusion (TIDE) databases. Initially, we investigated the
differences in CD48 expression between pan-cancer and adjacent normal tissues. Then, the correlation analysis of CD48 with tumor
mutational burden (TMB), microsatellite instability (MSI), tumor microenvironment (TME), and immune-related genes was evaluated.
Moreover, bioinformatics tools: ESTIMATE and gene set enrichment analysis (GSEA) were used for tumor immunology analysis in
pan-cancer. We performed validation studies including quantitative real-time PCR (qPCR) and Western blotting.

Results: Differential analysis revealed that CD48 was significantly altered in pan-cancer as compared with normal tissues.
Meanwhile, the survival analysis demonstrated that CD48 strongly correlated with overall survival (OS), disease-free interval
(DFI), progression-free interval (PFI), and disease-specific survival (DSS), indicating its crucial role in the tumor patients’ prognosis.
CD48 expression was also associated with TMB and MSI levels in 17 and 14 types of pan-cancers, respectively. Moreover, CD48 was
linked to immune infiltrating cells and stromal components in the TME.

Conclusion: Concludingly, patients with pan-cancer may benefit from evaluating CD48 as a prognostic and immunotherapy response
biomarker.
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Introduction
With an increase in life expectancy, changes in lifestyle, and the global environment, the incidence and mortality of
malignant tumors are rising rapidly and have become one of the leading causes of death worldwide.' Similarly, cancer
treatment methods, such as surgery, radiotherapy, and immunotherapy, have evolved gradually over the past few
decades;” immunotherapy is a standard of care in oncology that aims to boost the body’s natural defenses in order to
eliminate cancer cells.® Despite advancements in cancer immunotherapy, the prognosis for many cancers remains dismal.
A subset of immunotherapy recipients experienced little or no benefit and may have been exposed to toxicity, despite the
high cost of these treatments.* Consequently, we must identify a biomarker to evaluate the efficacy of immunotherapy.
CD48 is constitutively expressed as an adhesion and stimulation molecule mainly on antigen-presenting cells (APCs).
Specifically, its distribution and binding properties and ability to act as an activating and inhibitory receptor make it a key
player in the immune system’s regulation.’ Recently, research has shown that the combination of CD48 and growth
differentiation factor 15 (GDF15) may increase the immunotherapeutic modalities in hepatocellular carcinoma, and their
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interaction promotes the generation or inhibitory function of immunomodulatory cells.” Moreover, the occurrence and
development of some tumors are also linked to CD48, such as glioma, small cell lung cancer, and acute myeloid leukemia
(AML),>*? with evidence indicating that high CD48 expression could reverse immune evasion in AML and activate the
function of natural killer (NK) cells in vivo,” or influence tumor development and prognosis by affecting immune regulation in
gliomas.® Besides, it has been well documented that CD48-positive small cell lung cancer cells may be susceptible to NK cell-
mediated cytotoxicity.® Based on these findings, CD48 may play an important role in regulating immune responses to tumor-
induced immune activation or suppression. However, its role in the overall human cancer spectrum remains largely unknown.
It is of great interest to understand the relevance of CD48 to pan-cancer for the exploration of immunotherapy targets.

During this study, we aimed to explore the expression of CD48 in pan-cancer, the immune cell infiltration in the TME,
and the prognostic impact on the survival of tumor patients. Moreover, we also analyzed the relationship of CD48 with
TMB'? and MSI."" GSEA'? was also used to analyze the gene set’s biological functions and the potential mechanisms behind
it. The results helped to comprehend the crucial role of CD48 in pan-cancer, indicating probable links between CD48 with
tumor-immune interactions, further illustrating the underlying mechanisms of its functions in the TME.

Materials and Methods

Clinical Specimen Collection and Ethics Statement

We collected pathological specimens of bladder cancer patients from the First Affiliated Hospital of Guangxi Medical
University for analysis in 2022. In our study, we included patients diagnosed with muscle-invasive bladder cancer
(MIBC) who underwent radical cystectomy as the primary treatment for their bladder cancer. Specifically, we focused on
patients with a pathologic stage of T1 and above. The study got approval from the Medical Ethics Committee of The First
Affiliated Hospital of Guangxi Medical University (Approval Number: 2022-E386-01). Informed consent was acquired
in writing from each patient.

Raw Data Sources and CD48 Expression Analysis
First, RNA sequences, somatic mutations, and survival data were downloaded from the TCGA database through the
University of California Santa Cruz (UCSC Xena; https://xena.ucsc.edu/). Next, Practical Extraction and Report Language

(Perl) was used to extract CD48 gene expression data from downloaded data sets comprising 12,591 samples of 33 types of
tumors, and the expression matrix was used for subsequent analysis. A box plot was designed using the R package “ggpubr”
to compare the CD48 expression levels between 33 tumors and corresponding normal tissues. The R language version used
in our study was R version 4.0.3. Also, with the help of TIMER (https://cistrome.shinyapps.io/timer/), the expression

profiles of CD48 were presented in pan-cancers.

Prognostic Analysis Based on CD48 Expression Levels

The Kaplan-Meier method was used to investigate four prognostic indicators: OS, DFI, DSS, and PFI to explore the
connection between CD48 expression and patient survival data. The “survminer” and “survival” packages were used for
visualization and statistical analysis. Moreover, a univariate Cox analysis was conducted using the R packages “survival”
and “forest plot” to calculate the hazard ratios (HRs) with 95% confidence intervals (CIs) between CD48 expression and
prognostic indicators.

Relationship of Clinical Phenotype and CD48 Expression
Tumor stage, age, and gender were used to analyze the relationship between clinical phenotype and CD48 expression.
Correlation analysis was performed using the R packages “limma” and “ggpubr”.

qPCR
We extracted total RNA from frozen BLCA tissues using Axygen reagent (CORNING, Nanning, China) and performed
quantitative PCR with ABI7500. Primers sequences were shown below (5°-3”): CD48 forward- AGGTTGGGATTCG
TGTCTGG, reverse- AGTTGTTTGTAGTTCTCAGGCAG.B-actin forward-GTCATTCCAAATATGAGATGCGT, reverse-
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GCTATCACCTCCCCTGTGTG. The 2- AA Ct method was used to calculate the relative expression level, and the results
were statistically analyzed using GraphPad Prism.

Western Blotting

Protease inhibitors were added to the RIPA lysate buffer to extract total protein from BLCA tissues, and then the protein
concentration was determined. After adding the 5xSDS-PAGE protein loading buffer, the protein sample was placed in a 100 °©
C metal bath for 10 minutes. The proteins were separated by 12% SDS-polyacrylamide gels (SDS-PAGE) electrophoresis and
then transferred to the polyvinylidene fluoride (PVDF) membrane. The membrane was sealed with 5% skimmed milk for 1 hour,
and then washed thrice for 5 minutes in TBST. After that, the membrane was incubated with primary antibody at 4 © C overnight,
then washed in TBST, and incubated with secondary antibody at room temperature for 1 hour. Finally, the target stripe signals
were detected using the HRP substrate (Merck Millipore) and analyzed using Image J software and GraphPad Prism.

Relationship of the Immune Microenvironment and CD48 Expression

We used the ESTIMATE method to infer the stromal and immune cell infiltration degree. On this basis, we calculated the
stromal and immune scores for each tumor and their correlation with CD48 expression using the R packages “estimate” and
“limma”. We used the CIBERSORT algorithm to predict the relative contents of immune cells in the pan-cancer tissues. The
immune cells comprised CD4+ T cells, CD8+ T cells, memory B cells, naive B cells, neutrophils, dendritic cells (DCs),
monocytes, macrophages, mast cells, eosinophils, NK cells, plasma cells, regulatory T cells (Tregs), gamma delta T cells and
follicular helper T (Tth) cells. Subsequently, we evaluated the correlation coefficient of CD48 expression with immune cell
infiltration across diverse cancer types using R-packages “ggplot2”, “ggpubr”, and “ggExtra”.

Relationship of TMB, MSI, TIDE, and CD48 Expression

TMB is a quantifiable immune-response biomarker that measures tumor cell DNA mutations.'® MSI occurs when DNA
fragments simultaneously gain and lose nucleotides.'' Based on mutation data downloaded from the TCGA database, we
calculated the TMB and MSI scores. The correlation between TMB, MSI, and CD48 was analyzed using Spearman
correlation analysis. Results were presented as a radar diagram and visualized using the R-package “fmsb”. Furthermore,
the TIDE database was used to predict the immunotherapeutic efficacy of CD48 in different tumors.

Relationship of Immunity-Related Genes and CD48 Expression

To analyze the association between immunity-related genes and CD48, we calculated the gene correlation coefficient and
p-values using the R-packages “BiocManager” and “limma”. Results were presented as a heatmap and generated using
the “reshape2” and “RColorBrewer” packages.

Biological Function of CD48 in Pan-Cancer
GSEA was conducted to investigate potential mechanisms and biological functions of CD48 in pan-cancer. Functional
analysis was performed using the R-packages “clusterProfiler” and “enrichplot”.

Statistical Analysis

The R software (version 4.0.3) and attached packages were used for all statistical analyses. The Wilcoxon test was used
to compare CD48 expression levels between the 33 tumors and corresponding normal tissues. Kaplan-Meier curves and
univariate Cox analyses were used for survival analysis. The relationship between the two variables was investigated
using Spearman correlation. A two-tailed p-value of less than 0.05 was considered statistically significant.

Results

Expression Levels of CD48 in Pan-Cancer
We used the pan-cancer datasets provided by the TIMER database to comprehensively analyze the expression of CD48 in
pan-cancer and normal tissues, which were typically sampled from areas located more than 2 cm away from the tumor.
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According to the TIMER database, CD48 expression was significantly higher in the several types of cancers than in
normal tissues: head and neck squamous cell carcinoma (HNSC), kidney renal clear cell carcinoma (KIRC), kidney renal
papillary cell carcinoma (KIRP), and breast invasive carcinoma (BRCA). Meanwhile, CD48 expression was significantly
decreased in colon adenocarcinoma (COAD), bladder urothelial carcinoma (BLCA), lung adenocarcinoma (LUAD),
kidney chromophobe (KICH), lung squamous cell carcinoma (LUSC), thyroid carcinoma (THCA), and rectum adeno-
carcinoma (READ) than in their corresponding normal tissues (Figure 1A). We also dissected the expression of CD48 in
pan-cancer using the TCGA database. Similarly, CD48 expression was significantly regulated in some tumors, including
COAD, BRCA, BLCA, kidney renal clear cell carcinoma (KIRC), glioblastoma multiforme (GBM), LUAD, KIRP,
LUSC, READ, pancreatic adenocarcinoma (PAAD), and THCA (Figure 1B). Taking these results together, CD48 was

widely and significantly expressed in different tumors while downregulated in most tumors.
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Figure | Expression levels of CD48 in pan-cancer and relative normal tissues based on (A) TIMER and (B) TCGA databases. *p < 0.05, **p < 0.01, ***p < 0.001.
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Prognostic Value of CD48 in Pan-Cancer

Univariate Cox and Kaplan-Meier analyses were conducted to investigate the prognostic value of CD48 in pan-cancer. In
univariate Cox analysis, OS and DSS demonstrated that high CD48 expression was a favorable factor in cervical
squamous cell carcinoma and endocervical adenocarcinoma (CESC) (OS: HR = 0.687, p = 0.003; DSS: HR = 0.687, p =
0.003), HNSC (OS: HR = 0.820, p = 0.005; DSS: HR = 0.773, p = 0.007), LUAD (OS: HR = 0.0.833, p = 0.011; DSS:
HR = 0.827, p = 0.035), sarcoma (SARC) (OS: HR = 0.771, p = 0.005; DSS: HR = 0.807, p = 0.039), skin cutaneous
melanoma (SKCM) (OS: HR = 0.808, p = 0.001; DSS: HR = 0.784, p < 0.001), and uterine corpus endometrial
carcinoma (UCEC) (OS: HR = 0.750, p = 0.026; DSS: HR = 0.703, p = 0.031) (Figure 2A and B). Meanwhile, DFI
indicated that high CD48 expression was associated with better prognosis in CESC (HR = 0.622, p = 0.025), COAD (HR
=0.455, p = 0.012), liver hepatocellular carcinoma (LIHC) (HR = 0.756, p = 0.012), and UCEC (HR = 0.712, p = 0.047)
(Figure 2C). In addition, by the PFI, higher CD48 expression was a protective factor in BRCA (HR = 0.792, p = 0.004),
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Figure 2 Prognostic analysis based on CD48 expression levels through univariate Cox analysis. Relationships of CD48 expression levels and (A) OS, (B) DSS, (C) DFl, as
well as (D) PFI through univariate Cox analysis.
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CESC (HR=0.645, p < 0.001), cholangiocarcinoma (CHOL) (HR = 0.554, p = 0.021), HNSC (HR = 0.838, p = 0.02),
LIHC (HR = 0.814, p = 0.036), SKCM (HR = 0.906, p = 0.017), and UCEC (HR = 0.765, p = 0.016) (Figure 2D).

The Kaplan—Meier analysis indicated that high CD48 expression represented better OS in BRCA, CESC, and SKCM.
However, brain Lower Grade Glioma (LGG) patients with high CD48 levels presented worse prognoses (Figure 3A).
Notably, high CD48 expression had a richer DSS in UCEC, SKCM, and CESC, while LGG and lymphoid neoplasm
diffuse large B-cell lymphoma (DLBC) had a poorer DSS (Figure 3B). Moreover, the results identified that high CD48
expression predicted a better DFI in CHOL, COAD, LIHC, and UCEC (Figure 3C). Regarding PFI, patients with high
levels of CD48 expression had a better prognosis in CESC, BRCA, and SKCM, while it showed a worse prognosis in
LGG (Figure 3D).

In general, high CD48 expression was a protective factor, especially in CESC, HNSC, SKCM, and UCEC. In LGG,
CD48 played an undesirable role. Subsequently, CD48 expression was inextricably related to the prognosis of some

tumor patients, and it may serve as a biomarker to predict patients’ prognosis.
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Figure 3 Prognostic analysis based on CD48 expression levels through Kaplan-Meier curve analysis. Relationships of CD48 expression levels and (A) OS, (B) DSS, (C) DFI,
as well as (D) PFl through Kaplan-Meier curve analysis.
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Relationship of CD48 Expression and Clinical Phenotype

In order to examine the connection between CD48 expression and clinical phenotype, we compared the levels of CD48
expression among patients with different clinical annotations. Remarkably, we found that CD48 expression significantly
correlated with tumor stage in KIRC, COAD, SKCM, LUAD, and testicular germ cell tumors (TGCT). Interestingly,
CD48 expression increased in the advanced stage of KIRC and SKCM, while it was the other way around in COAD,
LUAD, and TGCT (Figure 4A-E). We also analyzed the associations of age and gender with CD48 expression. Notably,
older patients had higher CD48 expression in acute myeloid leukemia (LAML), esophageal carcinoma (ESCA), LGG,
and LUAD (Figure 4F-M). Additionally, females presented higher expression levels in BLCA, BRCA, LUAD, and
LUSC (Figure 4N-Q). The results revealed that CD48 expression was significantly associated with multiple clinical
indicators, indicating that CD48 could affect the clinical progression of cancers.

To assess whether CD48 expression in pan-cancer correlates with the stromal and immune components of the TME,
we studied its relationship with the stromal and immune scores. CD48 expression was found to be positively correlated
with immune score in BRCA, LUAD, UCEC, LGG, SKCM, CESC, and SARC (Figure 5A). Furthermore, CD48 was
positively associated with the stromal score in BRCA, LUAD, UCEC, LGG, SKCM, CESC, and SARC (Figure 5B).

Several studies have suggested that immune cells within the TME may play a role in patient survival;'* hence, based
on the TCGA database, we examined the relationship between CD48 expression and immune infiltration. The results
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Figure 4 Relationship of clinical phenotype and CD48 expression. (A-E) Relationship of stage and CD48 expression in COAD, KIRC, LUAD, SKCM, and TGCT. (F-M)
Relationship of age and CD48 expression in BRCA, LAML, ESCA, LUAD, LIHC, LGG, STAD and SKCM. (N-Q) Relationship of gender and CD48 expression in BLCA,
BRCA, LUAD, and LUSC.
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A Immune Score

Figure 5 Relationships of CD48 expression and different components in TME. (A) Relationship of CD48 expression and immune components in some cancer. (B)
Relationship of CD48 expression and stromal components in some cancer.

indicated that CD48 expression was positively related to levels of infiltrating naive B cells (Figure 6A), M1 macrophages
(Figure 6B), monocytes (Figure 6C), neutrophils (Figure 6D), plasma cells (Figure 6E), T cells (Figure 6F-H), activated
CD4 memory T cells (Figure 61), resting dendritic cells (Figure 6J), and CDS8 T cells (Figure 6K) in most tumors. On the
contrary, an inverse relationship was observed between CD48 expression and infiltrating activated mast cells (Figure 6L),
activated dendritic cells (Figure 6M), resting NK cells (Figure 6N), MO macrophages (Figure 60), M2 macrophages
(Figure 6P), resting mast cells (Figure 6Q) and resting CD4 memory T cells (Figure 6R) in most tumors. Interestingly,
CD48 was positively interrelated with levels of infiltrating memory B cells in LUAD but negatively linked in PAAD
(Figure 6S). Moreover, as the levels of infiltrating activated NK cells were increased, CD48 was also increased in KICH
and thymoma (THYM), while it was decreased in KIRC (Figure 6T).

Figures 5 and 6 show that CD48 was strongly associated with immune cell infiltration in TME, prompting that CD48
may have a significant relationship with immune microenvironmental remodeling.

Relationship of Immunity-Related Genes, TMB, MSI, TIDE, and CD48 Expression

To clarify the relationship between CD48 expression and immune function, we explored the correlation between
immunity-related genes and CD48. In pan-cancer samples, expression of CD48 strongly correlated with most immu-
nity-related genes, as shown in Figure 7A. Notably, CD48 was positively associated with BTLA, TNFRSF14, LAIR],
LAG3, ICOS, CTLA4, CD28, CD276, PDCDI1, TMIGD2, HAVCR2, LGALS9, PDCDI1LG2, and CD86 in LGG. In
summary, CD48 expression played an indispensable role in immune function.

Then, to evaluate the general predictive power of CD48 on immunotherapy response, an analysis of the correlation
between CD48 and TMB and MSI was conducted. The results demonstrated that CD48 expression was positively
correlated with TMB in UCEC, ovarian serous cystadenocarcinoma (OV), LGG, and COAD but negatively related in
adrenocortical carcinoma (ACC), THYM, THCA, TGCT, stomach adenocarcinoma (STAD), prostate adenocarcinoma
(PRAD), PAAD, MESO, LUAD, LIHC, HNSC, DLBC, and CHOL (Figure 7B). Similarly, higher expression of CD48
correlated with higher MSI in COAD, while it was correlated with lower MSI in TGCT, STAD, SKCM, SARC, PAAD,
OV, LUSC, LUAD, LIHC, LGG, KIRP, HNSC, and ESCA (Figure 7C). TIDE database containing varying cancer
cohorts treated with immunotherapy was used to validate above-mentioned results, which indicated that CD48 (AUC >
0.5 in 19 sub-cohorts) showed a better predictive value compared with TIDE (AUC > 0.5 in 18 sub-cohorts), MSI score
(AUC > 0.5 in 13 sub-cohorts), TMB (AUC > 0.5 in 8 sub-cohorts), CD8 (AUC > 0.5 in 18 sub-cohorts), interferon-
gamma (IFNG) (AUC > 0.5 in 16 sub-cohorts), T.Clonality (AUC > 0.5 in 7 sub-cohorts), B.Clonality (AUC > 0.5 in 7
sub-cohorts), and Merck18 (AUC > 0.5 in 18 sub-cohorts) (Figure 7D). Apart from this, higher CD48 was significantly
correlated with longer PFS or OS in melanoma and higher cytotoxic T lymphocyte (CTL) level (Figure 7E). Overall,
CD48 could be a powerful predictor of immunotherapy response.
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Figure 6 Relationship of CD48 expression and levels of infiltrating immune cells. Relationships of CD48 and levels of (A) naive B cells, (B) M| macrophages, (C) monocytes,
(D) neutrophils, (E) plasma cells, (F-1) T cells, (J) resting dendritic cells, (K) CD8 T cells, (L) activated mast cells, (M) activated dendritic cells, (N) resting NK cells, (O and
P) MO0 and M2 macrophages, (Q) resting mast cells, (R) resting CD4 memory T cells, (S) memory B cells, and (T) activated NK cells.
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MSI, and (D and E) TIDE. *p < 0.05, *p < 0.01, **p < 0.001.

Biological Function of CD48 in Pan-Cancer
Next, we conducted GSEA to investigate the potential biological function of CD48 expression in seven cancers,
including BRCA, UCEC, LUAD, LGG, CESC, SKCM, and SARC. As shown in Figure 8, according to the gene
ontology (GO) terms (Figure 8 A-G), CD48 negatively correlated with mRNA blinding in BRCA, intermediate filament
cytoskeleton in CESC, the intermediate filament in LUAD, and negative regulation of endothelial cell differentiation in

UCEC. According to our findings, CD48 was positively connected with B cell-mediated immunity in SARC, immune

response regulating signaling pathway in SKCM and LGG. Furthermore, as per Kyoto encyclopedia of genes and

https:
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Figure 8 Biological function of CD48 in pan-cancer based on GSEA. (A-G) GO functional terms of CD48 in BRCA, UCEC, LUAD, LGG, SKCM, SARC, and CESC. (H-M)
KEGG pathway analysis of CD48 in LUAD, CESC, SARC, SKCM, LGG, and UCEC.

genomes (KEGG) terms (Figure 8H-M), the results indicated that CD48 had significant enrichment in some immunity-
related pathways, such as primary immunodeficiency in CESC, LUAD, and SARC, NK cell-mediated cytotoxicity in
SKCM, cytokine receptor interaction in UCEC, and T cell receptor signaling pathway in LGG.

A wide range of functions and signaling pathways were found to be regulated by CD48, especially in immune
response regulating signaling pathways and primary immunodeficiency.

Differential Expression of CD48 in BLCA

To further confirm the differential expression of CD48 in BLCA and normal neighboring tissues, we conducted qPCR
and Western blotting analysis. Our results revealed that CD48 was significantly increased in carcinoma tissues of bladder
cancer patients compared to normal tissues (Figure 9A-C). Surprisingly, this finding is in agreement with those analyzed
by TCGA and TIMER databases.

Discussion
In recent years, more and more studies have focused on genome-wide pan-cancer analysis to reveal genetic mutations
and oncogenic driver genes associated with cancer development, which is important for early diagnosis and the
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Figure 9 Western blotting and qPCR. (A) Western blotting confirmed the differential expression of CD48 in BLCA. (B) Gray value analysis of relative CD48 expression.
(C) Comparison of CD48 gene mRNA expression between normal and tumor tissues in BLCA by qPCR. *p < 0.05, **p < 0.01, **p < 0.001.

identification of sensitive clinical biomarkers.'*'> CD48 belongs to the family of signaling lymphocyte activation mole-
cules, constitutively expressed on most hematopoietic cells.'® Several studies have shown that AML cells evade NK cell
surveillance by reducing CD48 or possibly by producing soluble forms.” It has also been shown that CD48 may be
involved in T-cell activation signaling, immune synapse organization, and target lysis of effector lymphocytes in
hepatocellular carcinoma.” However, the basic molecular mechanism of CD48 dysregulation in tumors has not been
fully elucidated. Considering the potential prognostic value and biological function of CD48, it is important to explore its
basic regulatory mechanisms in pan-cancer and the possibility of using it as a biomarker. Herein, the study analyzed
CD48 expression in all 33 cancers using processed data from the TCGA and the TIMER database. There was
a significant upregulation of CD48 expression in four types of cancer in the study, while it was downregulated in
seven cancer types. In addition, Kaplan-Meier survival analysis indicated that high CD48 expression was correlated with
poor prognosis (OS, DSS, DFI, and PFI), especially in CESC, HNSC, and UCEC. Furthermore, CD48 expression was
significantly related to survival indicators and clinical annotations, including tumor stages, gender, and age in multiple
cancer types. Overall, results suggested that CD4S8 is a potential prognostic biomarker in tumors. Moreover, our results
agreed with a previous study, which reported that overexpressed CD48 might assume the role of interesting potential
biomarkers in clear cell renal cell carcinomas (ccRCC), and its blockade may lead to its validation as a new target for
immunotherapy.'” CD48 has recently been shown to be a candidate gene for determining the level of immune infiltrating
cells in bladder cancer, and it may be represented as a biomarker to guide immunotherapy of bladder cancer.'®
Meanwhile, this finding is consistent with the results of our qPCR and Western blotting analysis.

In the current era of precision medicine, the mining of biomarkers is indispensable for the development of
immunotherapy, which is playing an increasingly prominent role. TMB and MSI are promising pan-cancer predictive
biomarkers.'>*° The TMB biomarker may improve immunotherapy for colorectal and pan-cancers.’’ MSI is an
independent predictor of clinical immunotherapy success in colorectal cancer.?! The use of programmed death recep-
tor-1/ligand 1 (PD-1/L1) antibodies in many types of cancer can lead to durable remissions and improve the effectiveness
of immunotherapy.”? PD-1/PD-L1 blockade therapy is highly effective in tumors with high MSI. Interestingly, previous
studies have shown that PD-1 blockade may be more effective on tumors with high MSI when combined with their high
TMB, which predicts response to checkpoint inhibitors in many cancer types.”> 2° Although the above biomarkers have
made great progress in the field of immunotherapy, they still have their limitations. For example, they are expensive for
clinical use, technically demanding, and not widely available in clinical pathology laboratories.”” Hence, it is crucial to
find more appropriate biomarkers. Our study showed a significant correlation between CD48 expression and TMB levels
in 17 cancer types and between CD48 expression and MSI in 14 cancer types. It is worth noting that high CD48
expression showed a consistently significant correlation with the high TMB and MSI in COAD. CD48 expression was
linked with expression levels of multiple immunity-related genes in several tumor types. Moreover, our validation results
from the TIDE database showed that CD48 has a higher predictive value in immunotherapy response. This indicates that
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CD48 has better predictive power in immunotherapy response in most tumor types. Based on existing research, our
findings may provide a new direction for biomarker mining and development in immunotherapy.

TME is a complicated and dynamic system made up of cells, proteins, and small molecules, the central part of which
is mainly tumor cells and infiltrating immune cells.”® Immunotherapy is based on infiltrating immune cells as an
emerging approach to oncology treatment, including APCs, helper T cells (Th), NK cells, and cytotoxic
T lymphocytes (CTLs).?’ Notably, the infiltrating immune cells of TME play an instrumental role in the immunotherapy
of tumors.*® Alternatively, some immune cells could skillfully evade immune surveillance, including tumor-associated
macrophages (TAMs), Tregs, and myeloid-derived suppressor cells (MDSCs).?! Furthermore, recent findings suggested
that B cells can also play other vital roles in cancer therapy, acting as APCs and secreting antibodies.>?> Meanwhile,
finding the appropriate immune checkpoint for TME remains a necessity.

Correspondingly, this study demonstrated a significant correlation between CD48 expression and several types of
immune cells infiltrating the body, such as B cells, CD4+ and CD8+ T cells, DCs, macrophages, and neutrophils. In the
meantime, CD48 also had strong relevance to stromal and immune scores, particularly in BRCA, LUAD, UCEC, LGG,
SKCM, CESC, and SARC. The outcomes of the GSEA analysis established that CD48 was widely engaged in immune
response-regulating signaling pathways. Based on previous findings and our results, it is concluded that CD48 may affect
the TME by influencing immune components and stromal components, thereby affecting the performance of immu-
notherapy. Notably, research suggested that transforming growth factor-f (TGF-B) secreted in the TME modulated
immunotherapy sensitivity in acute leukemia through downregulation of CD48.** CD48 mediated NK cell dysfunction in
hepatocellular carcinoma.*® As a result of these innovations, CD48’s crucial role in immune infiltration has been better
understood. Nevertheless, further research and exploration are needed to uncover the specific regulatory mechanisms of
CD48 in the TME.

It is worth noting that despite our analysis and integration of information from different databases, this research has
certain limitations. First, even though analysis of the biological information of CD48 in the field of pan-cancer provided
us with novel insights, experimental studies are expected to verify our findings in vitro and in vivo. Second, the specific
regulatory mechanisms or immune signaling pathways of CD48 in the TME are still not elucidated, and further summary
studies are necessary. Furthermore, CD48 expression in tumors has been associated with immune and clinical survival,

but its impact on clinical survival through the immune system remains unclear.

Conclusions

In summary, CD48 was exceptionally expressed in pan-cancer compared with normal tissues. Additionally, high CD48
was significantly associated with TMB, MSI, and TME, demonstrating its potential as a biomarker for predicting
immunotherapy response. These surveys will provide new and improved options for innovative targets for tumor

immunotherapy.

Data Sharing Statement
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