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CD147 plays an important role in promoting tumor proliferation and inhibiting cancer cell apoptosis in the tumor microenvironment. However, the mechanisms by which CD147 is involved in tumorigenesis remains unclear. This study systematically analyzed the prognostic value and immune characteristics of CD147 in 31 cancer types. The expression levels and mutant landscapes of CD147 in pan-cancer were explored. The Kaplan-Meier (KM) analysis was applied to analyze the prognostic value of CD147. The immune characteristics of CD147 in the tumor microenvironment were evaluated via TIMER 2.0 and R package (immunedeconv). We also explored the expression of CD147 on tumor cells and stromal cells through Gene Set Variation Analysis and single-cell sequencing analysis. The co-expression of CD147 and macrophage markers CD68 and CD163 in pan-cancer was detected using multiplex immunofluorescence staining on tissue microarrays. CD147 was found to be overexpressed in almost all cancer types, which was related to poor outcome. CD147 expression exhibited a strong association with immune infiltrates, immune checkpoint molecules, and neoantigen levels in the tumor microenvironment. In addition, CD147 was expressed on various cell types in the tumor microenvironment, including tumor cells, macrophages, T cells, monocytes, fibroblasts, etc. Furthermore, multiplex immunofluorescence revealed the co-expression pattern of CD147 and macrophage markers CD68 and CD163 in many tumor types. Finally, the immunotherapy response and sensitive small molecule drugs based on CD147 expression were predicted. In sum, CD147 has a significant relationship with the clinical outcome and immune infiltrates in multiple cancer types. Inhibiting the CD147-dependent signaling pathways might be a promising therapeutic strategy for tumor immunotherapy.
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Introduction

Worldwide, cancer is listed as the main cause of death and has become a major obstacle to increasing life expectancy in almost every country (1, 2). More than 19 million new cancer cases and nearly 10 million cancer deaths occurred in the past year based on the global cancer epidemiological survey estimated by the International Agency for Research on Cancer (3). By 2040, an estimated 30 million newly diagnosed cases and almost 17 million cancer-related deaths are expected to occur per year (2, 4). In general, countries with the highest population life expectancy, education, and living standards have the highest incidence of cancer (5). After many years of disappointing therapeutic results with traditional strategies, immunotherapy has become a promising tool for cancer treatment. In particular, immune checkpoint-based immunotherapy shows remarkable clinical benefits in prolonging the survival time of cancer patients (6). Tumor microenvironment (TME) is a complex and dynamic environment around tumor consisting of surrounding immune cells, signaling molecules, blood vessels, and the extracellular matrix (ECM) (7, 8). Immune checkpoints maintain an intimate relationship with immune cells in TME, such as regulatory T cells (Tregs), macrophages, natural killer (NK) cells, astrocytes, B cells, etc. Programmed death 1 (PD-1)/programmed cell death-ligand 1 (PD-L1) and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)/B7 are the two most important immune checkpoint signaling pathways (9). PD-1 and CTLA-4 are immune inhibitory receptors expressed by activated T cells, which negatively regulate T cell immune function during different phases of T-cell activation in TME (10, 11). Specific inhibitors that target PD-1/PD-L1 and CTLA-4 have undergone a large number of clinical trials and been approved by the FDA, and are widely used in many cancer types. Thus, it is necessary to explore novel and effective immunosuppressive points in tumor immunotherapy.

CD147 (cluster of differentiation 147) is an important cell-surface glycoprotein that is expressed on various cell types, such as tumor cells, epithelial cells, cancer-associated fibroblasts (CAFs), T cells, peripheral monocytes, etc. (12, 13). CD147 was first identified as a modulator of matrix metalloproteinases (MMPs) and then found to play a vital role in cancer therapy (14). Increasing studies indicated that CD147 promotes tumor progression through several mechanisms, including reprogramming glycolytic metabolism, inducing matrix degradation, promoting tumor cell invasion and metastasis (15). Studies found that CD147 was overexpressed in the triple-negative breast cancer (TNBC) tissues and positively related to progression, TNM stage, and lymph node metastasis (16). Down-regulating the expression of CD147 by MiR-890 could significantly promote TNBC cell apoptosis through caspase-3 signaling (17). Moreover, strategies that inhibited CD147 expression via lentivirus carrying CD147 shRNA or cDNA showed potential therapeutic effectiveness for lethal metastatic breast cancer through eliminating activated cancer stem cells (CSCs) (18). However, the specific mechanisms through which CD147 involved in the pan-cancer immunity and progression remain ill-defined. Moreover, the relationship between CD147 levels and immune infiltrates in the TME has not been fully studied.

Therefore, in this study, we explored the prognostic value of CD147 in 31 cancer types using large-scale RNA-sequencing (RNA-seq) data from the TCGA. Meanwhile, we explored the role of CD147 in immune infiltration in the TME using online databases. In addition, the expression landscapes of CD147 on tumor and stromal cells through Gene Set Variation Analysis, single-cell sequencing level, and tumor tissue level. Moreover, we predicted the immunotherapy response and sensitive small molecule drugs based on CD147 expression from the public databases.



Materials and Methods


Datasets Collecting and Preprocessing

The RNA-seq data of pan-cancer samples including adrenocortical carcinoma (ACC), bladder cancer (BLCA), breast carcinoma (BRCA), cervical cancer (CESC), cholangiocarcinoma (CHOL), colorectal cancer (COAD), esophageal cancer (ESCA), glioblastoma (GBM), head and neck squamous cell carcinoma (HNSC), kidney chromophobe (KICH), kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), low grade glioma (LGG), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), mesothelioma (MESO), ovarian serous cystadenocarcinoma (OV), pancreatic adenocarcinoma (PAAD), pheochromocytoma and paraganglioma (PCPG), prostate cancer (PRAD), rectal cancer (READ), sarcoma (SARC), skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD), testicular cancer (TGCT), thyroid carcinoma (THCA), thymoma (THYM), uterine corpus endometrial carcinoma (UCEC), uterine carcinosarcoma (UCS) and ocular melanomas (UVM), were obtained from The Cancer Genome Atlas (TCGA) dataset (https://portal.gdc.cancer.gov/), which samples with complete survival information of OS and DSS and tumor histology were included. The normal samples were selected from the Genotype-Tissue Expression (GETx) dataset. The combined cohort of TCGA and GTEx samples was downloaded from https://xenabrowser.net/, which batch effect was already removed (CutAdapt was used for adapter trimming, STAR was used for alignment, and RSEM and Kallisto were used as quantifiers). The cell lines data were downloaded from the Cancer Cell Line Encyclopedia (CCLE) and Human Protein Atlas (HPA) datasets. The single-cell sequencing datasets of invasive breast carcinoma (BRCA, GSE75688, and GSE118389), cholangiocarcinoma (CHOL, GSE125449), colon adenocarcinoma (COAD, GSE81861), head and neck squamous cell carcinoma (HNSC, GSE103322), liver hepatocellular carcinoma (LIHC, GSE125449), bladder cancer (BLCA, GSE145137), kidney renal clear cell carcinoma (KIRC, GSE121636 and GSE171306), ovarian serous cystadenocarcinoma(OV, GSE118828), prostate adenocarcinoma (PRAD, GSE137829), skin cutaneous melanoma (SKCM, GSE72056), stomach adenocarcinoma (STAD, GSE183904) were downloaded from the GEO database (https://www.ncbi.nlm.nih.gov/geo/); the single-cell sequencing dataset of glioblastoma multiforme (GBM, SCP50, and SCP393) were downloaded from the Single Cell Portal platform (http://singlecell.broadinstitute.org); the single-cell sequencing dataset of LUAD was downloaded from the BioProject (PRJNA591860).



Identification of Corresponding Characteristics

The CBIOPORTAL database (https://www.cbioportal.org/) was used to analyze the mutant genetic aspects of CD147. The disease-specific survival (DSS) and overall survival (OS) were obtained from the KM analysis. The immune landscape (immune related characteristics) of CD147 were analyzed by the ESTIMATE (Estimation of stromal and Immune cells in malignant Tumor tissues using Expression) and immunedeconv (TIMER, xCell, MCP-counter, CIBERSORT, EPIC, and quanTIseq) algorithms. ESTIMATE algorithm was reported to assess the infiltration level of stromal cells and immune cells in tumor tissue. The ESTIMATE algorithm consists of three score systems as follows: stromal score (positively correlating with the presence of stroma), immune score (positively correlating with the level of immune cells infiltrations) and estimate score (which infers and negatively correlates with tumor purity). The biological functions and pathways of CD147 were analyzed by the gene set variation analysis (GSVA) for gene ontology (GO) terms and the gene set enrichment analysis (GSEA) for Kyoto Encyclopedia of Genes and Genomes database (KEGG) terms and HALLMARK terms. The immunotherapy and gene treatment responses of CD147 were predicted from the TIDE (http://tide.dfci.harvard.edu) and TISMO (http://tismo.cistrome.org) websites. The protein-protein interaction network (PPI) analysis was conducted via STRING (https://string-db.org/cgi/input.pl) website. The involvement of CD147 in diseases and aid systematic drug target identification and prioritization was identified from the OPEN TARGET platform (https://www.targetvalidation.org/).



Single-Cell Sequencing Analysis

We integrated the BRCA data through the Anchors function from the R package Seurat. R package Seurat was used for quality control (19). Principal component analysis (PCA) was performed for dimension reduction. Cells were clustered together using the FindClusters function. The R package infercnv and copykat were used for the identification of tumor cells. The UMAP function was used for dimensionality reduction of visualization. Vlnplot, Dimplot, and Featureplot were used for visualizing CD147 levels.



Multiplex Immunofluorescence Staining

Multiplex immunofluorescence staining was performed as previously described (20, 21). The primary Abs were CD147 (Rabbit, 1:100, Proteintech, China), CD68 (Rabbit, 1:3000, AiFang biological, China), CD163 (Rabbit, 1:3000, Proteintech, China). The secondary antibody was horseradish peroxidase-conjugated secondary antibody incubation (GB23301, GB23303, Servicebio, China), and the tyramide signal amplification was TSA (FITC-TSA, CY3-TSA, 594-TSA, and 647-TSA (Servicebio, China)). Multispectral images were analyzed, and positive cells were quantified at a single-cell level by Caseviewer (C.V 2.3, C.V 2.0) and Pannoramic viewer (P.V 1.15.3) image analysis software. Negative control procedures included the omission of the primary antibody.



Statistical Analysis

The student’s t-test and the Kruskal-Wallis test were used to compare CD147 levels in the tumor and normal tissues. The cutoff value of CD147 was calculated by the R package survminer. Samples were grouped into CD147-high and CD147-low groups based on the cutoff value. The survival differences between CD147-high and CD147-low groups regarding OS and DSS were explored by the log-rank test. All tests were two-sided, and P < 0.05 was considered to be statistically significant.




Results


Expression and Mutant Aspects of CD147

In this paper, pan-cancer samples of TCGA database were included for subsequent analysis. The flow chart of our study design is shown in Figure 1. The sample ids and dataset ids in this paper is listed in Supplementary Table 1. To fully elaborate the expression of CD147 in the normal and cancer samples. First, we first observed the expression levels of CD147 in the 31 normal tissues based on the GTEx dataset (Figure 2A). The top three CD147-enriched tissues were testis, heart, and colon. Data from the CCLE dataset indicated that CD147 was highly expressed in these 38 tumor cell lines, especially in glioma, medulloblastoma, melanoma, endometrium, and thyroid (Figure 2B). Data from the HPA dataset indicated that the top five CD147 RNA-enriched cell lines were U-87, U-2197, NTERA-2, HaCaT, and MCF7 (Figure 2C). Data from the TCGA dataset indicated that CD147 upregulated in acute myeloid leukemia tissue than normal control (Figure 2D; P<0.001). In particular, we found that CD147 was significantly increased in cancer samples than normal controls in almost all cancers except KIRC, LAML, READ, UCS, SARC, and pheochromocytoma and paraganglioma (PCPG) (Figure 2D; P<0.01).




Figure 1 | The flow chart of the entire study.






Figure 2 | Expression landscape of CD147 in the normal and tumor samples. CD147 levels in 31 human tissues from the GETx dataset (A). CD147 levels in tumor cell lines from the CCLE dataset (B). CD147 levels in 43 tumor cell lines from the HPA dataset (C). CD147 expression analyzed by TCGA and GETx datasets (D). **p < 0.01, ***p < 0.001, NS, no significant differences.



In addition, we explored the mutant aspects of CD147 in pan-cancer using the cBioportal dataset (Supplementary Figure 1). The results demonstrated that SARC, CESC, LGG, and OV had a high mutation level, with an alteration frequency of more than 4% (Supplementary Figures 1A, B). We also analyzed the relationship between CD147 mRNA levels and mutant types (Supplementary Figure 1C) and copy-number alterations (Supplementary Figure 1D). A total of 64 mutation sites (including 52 missenses, eight truncating, three splices, and one fusion) were found between amino acids 0 and 385 (Supplementary Figure 1E).



Prognostic Value of CD147

Next, we studied the prognostic value of CD147 in pan-cancer through KM analysis. CD147 exhibited remarkable value in predicting OS (Figure 3A) and DSS (Figure 3B) in many tumor types. Elevated CD147 was related to shorter OS in BRCA, CHOL, COAD, HNSC, LGG, LIHC, LUAD, SARC, and SKCM (Figure 3C; P<0.05). On the contrary, increased CD147 was associated with longer OS in ACC, KICH, KIRC, KIRP, UCEC (Figure 3C; P<0.05). In addition, overexpressed CD147 was related to decreased DSS in BRCA, HNSC, LGG, LIHC, LUAD, READ, SARC, SKCM, and THCA while related to prolonged DSS in ACC, lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), KIRC, KIRP, UCEC (Supplementary Figure 2; P<0.05).




Figure 3 | Survival analysis of CD147 in pan-cancer from the TCGA database. Survival analysis of CD147 on OS (A) and DSS (B) in pan-cancer described by the forest plot. The prognostic value of CD147 on OS displayed by the KM method (C).





Immune Aspects of CD147 in the Tumor Microenvironment

To identify the immune aspects of CD147 in the TME in pan-cancer, we calculated the correlation between CD147 levels and the immune scores (Supplementary Figure 3), estimate scores (Supplementary Figure 4), and stromal scores (Supplementary Figure 5) in 33 cancer types based on the ESTIMATE algorithm. The top three tumors with the significant correlation between CD147 and stromal scores were TGCT, THCA, and KIRC; the top three tumors with the significant correlation between CD147 and immune scores were THCA, SKCM, and KIRC; the top three tumors with the significant correlation between CD147 and estimating scores were KIRC, THCA, and SKCM (Supplementary Figure 6A; P<0.0001). BRCA, KIRC, and LIHC were the top three cancers with the significant correlation between CD147 and the immune infiltrates in the TME, such as B cell, CD4 and CD8 T cell, dendritic cell, macrophage, and neutrophil (Supplementary Figure 6B; P<0.01). We also studied the correlation between CD147 and neoantigens in human cancers (Supplementary Figure 7). Our data indicated that upregulated CD147 levels were significantly related to the number of neoantigens in GBM, READ, and STAD (p<0.001).

In addition, to clarify the relationship between CD147 and immune cells in the TME in pan-cancer, we applied six algorithms for quantification of immune cells, including TIMER (Figure 4A), EPIC (Figure 4B), quanTIseq (Figure 4C), MCP-counter (Figure 4D), CIBERSORT (Supplementary Figure 8A), and xCell (Supplementary Figure 8B). Results indicated that CD147 kept an intimate relationship with these immune cells in pan-cancer. Especially, elevated CD147 maintained a significant positive correlation with CD4+ T cell, CD8+ T cell, neutrophils, B cells, and macrophages in BRCA, KIRC, KIRP, PRAD, and SKCM (Figures 4A, B, D; P<0.05). Increased CD147 showed a significant correlation with M1 or M2 macrophages in BLCA, BRCA, COAD, GBM, KIRC, PRAD, LIHC, PRAD, LUAD, STAD, and SKCM (Figure 4C and Supplementary Figure 8; P<0.05).




Figure 4 | Relationship between CD147 levels and immune infiltrates analyzed by the R package immunedeconv in the TME. Immune cell infiltration analyzed by the TIMER (A), EPIC (B), quanTIseq (C), MCP-counter (D), CIBERSORT algorithms. *p < 0.05, **p < 0.01, ***p < 0.001.



Moreover, we found that CD147 positively related to microsatellite instability (MSI) in COAD, DLBC, ESCA, HNSC, KIRC, KIRP, LIHC, LUSC, SKCM, and STAD (P<0.05), while negatively related to MSI in TGCT (Figure 5A; P<0.05). CD147 was positively related to tumor mutation burden (TMB) in COAD, ESCA, GBM, KIRP, LGG, PAAD, STAD, THYM, and UCEC (P<0.05), while negatively associated with TMB in LAML (Figures 5B; P<0.05). We then explored the relationship between CD147 expression and classic immune checkpoints, such as SIGLEC15, TIGIT, CD274, HAVCR2, PDCD1, CTLA4, LAG3, and PDCD1LG2 (Figure 5C), which indicated that most of these immune checkpoints had a close correlation with CD147 expression levels, especially in BLCA, GBM, KIRC, PAAD, PRAD, LUSC, SKCM, and THCA. In summary, CD147 plays a vital role in immune infiltrates in pan-cancer and might act as a novel immunotherapy target in tumor therapy.




Figure 5 | Relationship between CD147 expression and MSI, TMB, and immune checkpoints in pan-cancer. Relationship between CD147 expression and MSI displayed by the radar chart (A). Relationship between CD147 expression and TMB displayed by the radar chart (B). Relationship between CD147 expression and immune checkpoints (C). *p< 0.05, **p < 0.01.





Functional Analysis Based on CD147 Expression

CD147 was negatively related to immune-related pathways in various cancers based on GO terms calculated by GSVA, especially in BRCA, GBM, KIRC, KIRP, PRAD, SKCM, and THCA (Figure 6A; P<0.05). Interestingly, most of these pathways were involved in the activation and proliferation of fibroblasts, T cells, and macrophages related pathways. Meanwhile, we found that the top three negatively enriched pathways were Alzhemers disease, Huntingtons disease, Parkinsons disease, glutathione metabolism, and pyruvate metabolism (Figure 6B; P<0.01), while the top four positively enriched pathways were ABC transporters based on the KEGG terms (Figure 6C; P<0.05). Glycolysis, MYC targets, and oxidative phosphorylation were the top three negatively enriched pathways based on the HALLMARK terms (Figure 6D; P<0.01), while the top four positively enriched pathways were KRAS signaling up, spermatogenesis, bile acid metabolism, and allograft rejection based on the HALLMARK terms (Figure 6E; P>0.05).




Figure 6 | Functional analysis based on CD147 levels in pan-cancer. Functional enrichment pathways of CD147 based on the GSVA algorithm (A). Top three negative (B) and top four positive (C) enriched pathways based on the KEGG terms. Top three negative (D) and top four positive (E) enriched pathways based on the HALLMARK terms.





Single Cell Sequencing and Multiplex Immunofluorescence Staining of CD147 Expression on Tumor and Stromal Cells

Then, we investigated CD147 expression on tumor and stromal cells in several cancer types, including GBM (Figure 7A), HNSC (Figure 7B), KIRC (Figure 7C), LUAD (Figure 7D), PRAD (Figure 7E), CHOL (Figure 7F), STAD (Supplementary Figure 9A), LIHC Supplementary Figure 9B), OV (Supplementary Figure 9C), SKCM (Supplementary Figure 9D), COAD (Supplementary Figure 9E), BLCA (Supplementary Figure 9F), and BRCA (Supplementary Figure 9G). Interestingly, results indicated that CD147 is highly co-expressed on cancer cells and stromal cells in these cancers, especially on M2 macrophages, macrophages, T cells, B cells, and CAFs. We also identified the involvement of CD147 in diseases based on the OPEN TARGET platform (Supplementary Figure 10A). The PPI network of CD147 with other molecules was shown in Supplementary Figure 10B.




Figure 7 | Single cell sequencing analyzing CD147 co-expression on tumor and stromal cells in pan-cancer. The expression levels of CD147 in tumor and stromal cells in GBM (A), HNSC (B), KIRC (C), LUAD (D), PRAD (E), CHOL (F).



Furthermore, we also used multiplex immunofluorescence staining to verify the co-expression of CD147 with macrophages (CD68) and M2 macrophages (CD163) in these cancers, which CD68 was marked red, CD163 was marked green, CD147 was marked purple, and DAPI was marked blue (Supplementary Figure 10C). Results indicated that CD147 increased in WHO III gliomas than WHO II gliomas (Figure 8A). Data from the multiplex immunofluorescence staining of GBM tissues showed that CD147 was highly expressed on M2 macrophages (Figure 8B). We found a lot of CD163 positive cells in UTUC cancer and normal samples (Figure 8C). In addition, we found that CD147 elevated in the cancer samples than normal samples in BLCA (Figure 8D), laryngeal squamous cell carcinoma (LSCC) (Figure 8E), THCA (Figure 8F), CESC (Figures 8G, H), penile squamous cell carcinoma PSCC (Figure 8I), and TGCT (Figure 8K). PRAD samples with higher Gleason scores had less CD147 levels than lower Gleason scores (Figure 8L). Interestingly, CD147 was found to mainly express on CD163+ M2 macrophages in BLCA, LSCC, CESC, PSCC, TGCT, and PRAD. In addition, CD147 was also found co-expressed on CD68+ macrophages in UTUC, THCA, BLCA, CESC, Ovarian serous papillary cystadenocarcinoma (OPV) and OV (Figure 8J).




Figure 8 | Multiplex immunofluorescence staining analyzing CD147 co-expression on macrophage and M2 macrophage in pan-cancer. The expression levels of CD147 on macrophage and M2 macrophage in LGG (A), GBM (B), UTUC (C), BLCA (D), LSCC (E), THCA (F), CESC (G, H), PSCC (I), OV (J), TGCT (K), and PRAD (L).





Immunotherapy Response and Sensitive Drugs Prediction Based on CD147 Expression

Finally, to fully explore the promising value of CD147 as a novel immune target in pan-cancer, we predicted the immunotherapy response and sensitive drugs based on CD147 expression (Figure 9). Notably, CD147 could significantly predict immunotherapy response in 4 murine immunotherapy cohorts, which responders were more likely to have elevated CD147 levels (Figure 9A). We also calculated the biomarker relevance of CD147 by comparing it with standardized biomarkers based on their predictive power of immunotherapy response of human immunotherapy cohorts. Interestingly, we found that CD147 alone had an AUC of more than 0.5 in 12 of the 25 immunotherapy cohorts (Figure 9B). CD147 exhibited a higher predictive value than TMB, T. Clonality, and B. Clonality, which respectively gave AUC values above 0.5 in eight, nine, and seven immunotherapy cohorts. The predictive value of CD147 was, however, lower than the MSI score (AUC > 0.5 in 13 immunotherapy cohorts), CD274 (AUC > 0.5 in 21 immunotherapy cohorts), TIDE (AUC > 0.5 in 18 immunotherapy cohorts), IFNG (AUC > 0.5 in 17 immunotherapy cohorts), and CD8 (AUC > 0.5 in 18 immunotherapy cohorts). The correlation between CD147 levels and drug sensitivity based on the GDSC dataset indicated that methotrexate, TPCA-1 (IKK-2 inhibitor), and PAC-1 (first procaspase activating compound) were the top three drugs that positively related to CD147 expression (Figure 9C and Table S2; P<0.0001). On the contrary, bleomycin, 17-AAG, and docetaxel were the top three drugs that negatively related to CD147 expression (Figure 9C and Supplementary Table 2; P<0.0001). The correlation between CD147 levels and drug sensitivity based on the CTRP dataset showed that LRRK2-IN-1 (potent and selective inhibitor of LRRK2), PRIMA-1 (mutant p53 reactivator), and tacedinaline (inhibitor of HDAC) were the top three drugs which positively related to CD147 expression (Figure 9D and Supplementary Table 3; P<0.0001). These results demonstrated the immunotherapy value of CD147 in pan-cancer. More importantly, a series of targeted and small molecule drugs with promising therapeutic effects were predicted, which might provide a direction for immunotherapy targeting CD147 in pan-cancer.




Figure 9 | Immunotherapy response, biomarker relevance, and sensitive drug prediction of CD147 in pan-cancer. Immunotherapy response (A) and biomarker relevance (B) of CD147 in immunotherapy cohorts. Predictive drugs based on the CD147 expression in pan-cancer from the GDSC (C) and CTRP (D) datasets.






Discussion

CD147, as an important member of the immunoglobulin superfamily, participates in many physiological and pathological progress, including lymphocyte response, spermatogenesis, neurological development, cell proliferation, apoptosis, and cancer migration, metastasis, and differentiation (22–24). Accumulating evidence demonstrated that CD147 could promote tumor progression through regulating cancer cell apoptosis. Moreover, CD147 acts as a key role in mediating tumor cell invasiveness via regulating MMP expression, such as MMP-2 and MMP-9 in adjacent cancer cells or CAFs (25, 26). One study indicated that CD147 could induce malignant melanoma cell apoptosis through IGFBP2 and PTEN/PI3K/AKT signaling pathway (27). In a HNSCC xenograft model, Binbin Yu et al. concluded that overexpressed CD147 was associated with malignant clinicopathologic features (28). Meanwhile, CD147 was found to regulate tumor initiation and progression through nuclear factor kappa B (NF-κB) signaling. The underlying mechanism by which CD147 facilitates tumorigenesis, however, remains unclear. In this study, we explored the expression and mutant status of CD147 in pan-cancer. In most cancers, CD147 levels significantly increased in cancer samples than those of normal controls, which was closely related to the patients’ outcome. These results, combined with previous studies, emphasized the excellent predictive value of CD147 in a variety of cancers.

The immune system was first determined as a useful tool for targeting neoplastic disease by Wilhelm Bush and Friedrich Fehleisen in the nineteenth century (29). Since then, increasing studies have devoted to exploring the mechanism of tumor immunity for developing tumor immunotherapy (9, 30). Tumor immunotherapy, differing from previous standards of therapies (including surgery, chemotherapy, and radiotherapy), has brought patients significant improvements in terms of quality of life and survival outcome (31). Tumor immunotherapy has been recently categorized into immune checkpoint inhibitors, T-cell transfer therapy, monoclonal antibodies, therapeutic vaccines, and immune system modulators, among which immune checkpoint inhibitors have become the most dazzling star. Especially with the increasing popularity of high-throughput sequencing, several new immune checkpoints have been discovered (32–34). In this paper, we systematically explored the role of CD147 as a novel immunotherapy target in the TME among 33 cancer types. We found that CD147 was closely related to the immune score, estimate score, and stromal score in many cancers. In addition, the positive relationship between CD147 and neoantigens, MSI, TMB was revealed in these cancers. Moreover, the positive correlation between CD147 and other classic immune checkpoint molecules, such as SIGLEC15, TIGIT, CD274, HAVCR2, PDCD1, CTLA4, LAG3, and PDCD1LG2, was determined.

Increasing evidence has suggested that tumor-infiltrating immune cells in the TME play a critical role against cancer (35, 36). Cancer cells are able to escape from the immune response and build complicated microenvironment in which some immune cells may promote tumor progression, invasion, and resistance to therapy (34, 37). As the major component of the TME, tumor-associated macrophages (TAMs) are the main regulator in cancer-related inflammation (37, 38). Lots of basic and clinical researches have revealed that high infiltration of TAMs is associated with poor outcome (39). TAMs were found to participate in tumor immunity through regulating the functions of other immune cells and secreting cytokines that interact with immune checkpoints (40, 41). TAMs could polarize into two subtypes, M1 type and M2 type macrophages, which play opposite roles in tumor immunity. M1 subtype, known as pro-inflammatory macrophages, could eliminate tumor cells through direct or antibody-dependent cell-mediated cytotoxicity (42). M2 subtype, so-called anti-inflammatory macrophages, could facilitate survival and migration of tumor cell through expressing a variety of cytokines and growth factors, such as TGF-β1 (43).

T lymphocytes are the most effective mediators of the adaptive anti-tumor immune response. T lymphocytes mediate tumor immunity by secreting various cytokines into the TME, such as IL-2, IL-4, IL-5, IL17, IL-21, IL-22, and IFN-γ (44, 45). In particular, regulatory T (Treg) cells, known as the immunosuppressive class of CD4+ T cells, could suppress anti-cancer immunity by expressing CD25 and FOXP3 (46). NK cells not only identify and kill tumor cells by releasing cytolytic granules but also manage anti-tumor immune response by secreting specific chemokines (47). Recent findings found that B cells have both positive and negative effects on tumor immune response (48). Among the non-neoplastic cells, CAFs are essential for tumor mesenchyme in the TME (49), which CAFs not only provide mesenchymal support for tumor cells but also modulate tumorigenesis in a context-dependent manner (50). In this paper, we explored the expression landscape of CD147 in tumor cells and stromal cells in pan-cancer. CD147 was highly expressed on cancer cells and stromal cells, especially M2 macrophages, macrophages, T cells, B cells, and CAFs, in most cancers. Meanwhile, multiplex immunofluorescence staining was used to verify the expression of CD147 on macrophages and M2 macrophages in these cancers, which CD147 was mainly expressed on CD163+ M2 macrophages in BLCA, LSCC, CESC, PSCC, TGCT, and PRAD. In addition, CD147 was also found to be widely expressed on CD68+ macrophages in UTUC, THCA, BLCA, CESC, OPV, and OV. These results demonstrated the significant connection between CD147 and tumor cells, stromal cells in the TME.

The use of public databases and computational models to identify the optimal individualized therapeutic drugs has been increasingly popular (51, 52). In this paper, we calculated the biomarker relevance of CD147 in 25 immunotherapy cohorts to verify its predictive value. Meanwhile, we also predicted the sensitive drugs from two public databases based on CD147 expression. Interestingly, we found that CD147 alone had an AUC of more than 0.5 in 12 immunotherapy cohorts. CD147 exhibited a higher predictive value than TMB, T. Clonality, and B. Clonality in 8, 9, and 7 immunotherapy cohorts, indicating the predictive value of CD147 in immunotherapy. More importantly, a series of targeted small molecule drugs with promising therapeutic effects were predicted, providing theoretical basis for developing drugs targeting CD147.



Conclusion

We comprehensively explored the prognostic value and immune aspects of CD147 in pan-cancer. However, lack of functional and mechanistic studies at the cellular and immunological levels was the major limitation of our study. Given that, more in-depth functional and mechanistic studies are needed. In sum, therapies targeting CD147 in the tumor microenvironment are promising in improving and prolonging the survival of cancer patients.
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