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Background

Cadherin 5 (CDH5) functions critically in maintaining cell adhesion and integrity of endothelial and vascular cells. The expression of CDH5 is abnormal in tumor cells, which may have great potential to serve as a new immune checkpoint. The current pan-cancer analysis was performed to better understand the role of CDH5 in tumor.





Methods

The clinical significance and immunological function of CDH5 in pan-cancers were comprehensively analyzed based on the correlations between CDH5 and clinicopathologic features, prognosis values, tumor mutation burden (TMB), microsatellite instability (MSI), immune cells infiltration and immune response genes using 33 datasets from The Cancer Genome Atlas (TCGA). We further confirmed the expression of CDH5 in bladder cancer (BCa) tissues and cell lines. The CD8+ T cells were screened from peripheral blood of healthy controls and activated. BCa cell-CD8+ T cell co-culture assay and ELISA assay were carried out to verify the immunological function of CDH5.





Results

The expression of CDH5 was down-regulated in 8 types of tumors including in BCa but up-regulated in 4 types of tumors. CDH5 was significantly correlated with tumor stage in 6 types of tumors. In addition, CDH5 was positively or negatively correlated with tumor prognosis. Furthermore, CDH5 was closely associated with TMB in 15 types of tumors and with MSI in 9 types of tumors. KEGG-GSEA and Hallmarks-GSEA analyses results indicated that CDH5 was positively related to immune response in most tumor types. In many tumors, CDH5 showed a positive correlation with immune cell infiltration. Enrichment analyses demonstrated that CDH5 was significantly related to the expression of many immunomodulators and chemokines. Further experiments showed that CDH5 was low-expressed in BCa tissues and cell lines in comparison to adjacent normal tissues and normal urothelial cell line, but it was positively associated with a better prognosis of BCa patients. The results of in vitro co-culture assay and ELISA assay demonstrated that CDH5 could promote the function of CD8+ T cells in TME of BCa.





Conclusion

In summary, CDH5 was positively associated with a favorable prognosis and effective immune response in tumors, showing a great potential to serve as a novel tumor biomarker and immune checkpoint.
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Introduction

Cancer is one of the major causes leading to death worldwide, and it also seriously affects the physical and mental health of patients, resulting in a significant decline in patients’ life quality (1, 2). In 2022, the United States has reported more than 1.9 million new cancer patients and more than 600,000 deaths (2). So far, we still lack effective means to completely cure tumors. The occurrence and progression of tumor are accompanied by considerable mutations in oncogene and tumor suppressor genes (3). With in-depth studies on tumor genomics in recent years, diagnostic and therapeutic targets have been increasingly discovered (4). For example, biomarkers such as CEA and AFP have shown important value in tumor diagnosis, and biomarkers such as HER2 have provided effective direction for targeted therapy (5, 6). However, our understanding of the underlying mechanism of cancer is far from comprehensive, and it is highly necessary to discover more effective tumor markers.

Immune escape is one of the most important hallmarks for tumorgenesis and cancer development (7). Tumor cells evade immune surveillance through affecting their crosstalk with immune cells in tumor microenvironment (TME) (8). Tumor cells can abnormally express immunosuppressive checkpoints, interfere with specific antigen presentation, and secrete immunochemokines to directly influence the function of immune cells (9–11). In addition, abnormal metabolic status of tumor cells can also alter the composition of local TME, such as increasing lactic acid (12). The nutrient deficient acidic TME could weaken the function of immune cells such as CD8+ T cell (13). With the development of single-cell sequencing technology, the immunosuppressive microenvironment within tumors is increasingly understood. For instance, the detailed intratumoral heterogeneity and immunosuppressive TME in liver and brain metastases of breast cancer were revealed by using single cell sequencing (14). In recent years, immunotherapy based on immunocheckpoint inhibitors (ICIs) has been applied in clinical practice in the treatment of a variety of tumors (15). However, the response rate of tumor cells to immunotherapy remains low (16). Therefore, exploring the potential mechanism of tumor immune escape and screening more effective immune checkpoints has great significance in improving the efficiency of tumor immunotherapy. In addition to immunotherapy based on ICIs, new biotechnologies like molecular mimicry and cancer vaccine have also brought more options for cancer treatment (17).

Cadherin 5 (CDH5), also known as VE-cadherin, is one of the superfamily of transmembrane cadherin (CDH) proteins (18). CDH5 plays an important role in cell-cell adhesion that could maintain the integrity of endothelial and vascular tissues (18, 19). Previous study reported abnormal expression of CDH5 in different tumors, and that CDH5 could regulate tumor development by influencing angiogenesis (20–22). In glioma and melanoma, CDH5 stimulated tumor progression through inducing vascular formation (20, 21). In addition, a high expression of CDH5 is associated with a worse clinical outcome of patients with breast cancer and gastric cancer (22–24). However, the regulatory role of CDH5 in tumor immune escape and local immune response is rarely studied. In the present research, we investigated the correlation between CDH5 and the clinical features of cancer patients. The associations between CDH5 and the tumor immune response including immune cells infiltration, immunomodulators expression and chemokines expression were also analyzed. The results showed that CDH5 influenced the prognosis of many tumors and promoted the immune response in most tumors. Further experimental verification indicated that CDH5 was low-expressed in bladder cancer (BCa) and this was positively correlated with a better prognosis of BCa patients. The immune function assays results demonstrated that CDH5 could increase the immune response of BCa to CD8+ T cells. This current study provided a new target for tumor immunotherapy.





Methods




Data collection and processing

RNA sequencing data, clinical data, and mutation data in The Cancer Genome Atlas (TCGA) were obtained from the UCSC Xena (https://xena.ucsc.edu/). CDH5 expression data were extracted from the obtained data sets using Strawberry Perl (Version 5.32.0, http://strawberryperl.com/). Further data processing and analysis were performed using R software (Version 4.0.2; https://www.Rproject.org).





Differential expression analysis

The expression level of CDH5 in 24 normal tissues and 33 tumor tissues were analyzed. The data was log2-transformed and the CDH5 expression was compared in tumor tissues and relative normal tissues. T test was applied to analyze the expression difference.





Clinical significance analysis

The correlations between CDH5 and stage of each tumor type were analyzed. The associations between CDH5 and overall survival (OS), disease free survival (DFS), disease specific survival (DSS), and progression-free survival (PFS) were analyzed. The Kaplan-Meier curve was plotted for prognosis analysis for each tumor type.





Tumor mutation burden and microsatellite instability analysis

The correlations between CDH5 and TMB or MSI of all tumor types were analyzed using Spearman’s rank correlation coefficient. The TMB and MSI data were calculated according to the mutation data.





Gene set enrichment analysis

GSEA of CDH5 with all genes was conducted based on the TCGA data. Kyoto Encyclopedia of Genes and Genomes (KEGG) set based GSEA analysis and Hallmark set- based GSEA analysis of all types of tumor were conducted. Five enrichment pathways with the highest correlation were shown in the results.





Correlation between CDH5 and immune response

Estimation of Stromal and Immune Cells in Malignant Tumor Tissues Using Expression Data (ESTIMATE) is an algorithm for evaluating the immune and stromal scores of tumors. The correlation between CDH5 and immune score in each tumor type was analyzed by using R software.

CIBERSORT, a metagene tool, was used to evaluate the infiltration scores of 26 types of immunocytes in each tumor. Associations between CDH5 and immune cell infiltration scores were calculated in R software.

In addition, the correlations between CDH5 and lymphocyte infiltration, immunoinhibitor, immunostimulator, MHC molecule, chemokine, and chemokine receptor in each tumor were analyzed using the TISIDB website (http://cis.hku.hk/TISIDB/).





Patient tissues and cell lines

The BCa tissues and adjacent normal tissues (40) were acquired from patients undergoing radical surgery for BCa at the First Affiliated Hospital of Nanjing Medical University from 2016 to 2021. The informed consent was signed by all the patients. The use of tissues derived from BCa patients was approved by the Ethics Committee of The First Affiliated Hospital of Nanjing Medical University. The tissue was diagnosed as BCa tumor tissue via pathologically confirming, while the adjacent normal tissue was confirmed through pathologically diagnosing without tumor tissue. The BCa cell lines (T24, UMUC3, 253J, 5637, J82, BIU87, and RT4) and normal urothelial cell line (SV-HUC) were purchased from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China).





Cell culture and transfection

T24 cells were cultured at constant temperature of 37°C with 5% CO2 in an incubator with DMEM medium (Gibco, USA) containing 10% fetal bovine serum (BI, Israel). The overexpression plasmid of CDH5 and control vector were obtained from GenePharma (GenePharma, Shanghai, China). T24 cells were grew into 50% density in a six-well plate and transfected by CDH5 overexpression plasmid or control vector using the Lipofectamine 3000 kit (Invitrogen, USA).





RNA isolation and quantitative real-time PCR

The BCa tissues or cells RNA were extracted by TRIzol reagent (Invitrogen, USA). After the concentration had been determined by the microplate reader (Tecan, Switzerland), RNA was reverse-transcribed into cDNA by the HiScript II reagent (Vazyme, China). The reaction system used in qRT-PCR experiment was prepared by the SYBR pre-mix kit (Vazyme, Nanjing, China). The StepOne Plus real-time PCR system (Applied Biosystems, USA) was used to conduct the qRT-PCR assay. The target RNA CT values were normalized via subtracting the CT values of β-Actin. The primers used in this study were acquired from TsingKe (Table S1).





Western blot and immunohistochemistry

The tissues protein were extracting by using the RIPA buffer (Sigma, USA). Then we detected the concentration of extracting protein by using bicinchoninic acid (BCA) assays (Beyotime, China). After isolating by SDS-PAGE, proteins were transferred to PVDF membrane (Millipore, USA). After blocking by 5% skim milk, the PVDF membrane were incubated with CDH5 primary antibody (Protech, USA) and Goat anti-rabbit secondary antibody (Protech, USA). The expression level of CDH5 was detected by using Chemiluminescence (Bio-Rad, USA). The paraffin-embedded BCa tissues were sliced into 4 mm slides. After rehydrated by using different grades of ethanol, the antigens of slides were isolated by microwave heating. After dipping with 3% H2O2. the slides were treating with CDH5 primary antibody (Protech, USA) at 4°C for 12 hours. Then the slides were incubating with HRP-conjugated secondary antibody (Protech, USA). The results were observed and collected by using microscope. The expression level of CDH5 was confirmed by at least two pathologists.





Screening, activating, and culturing of CD8+ T cell

The peripheral blood mononuclear cells (PBMCs) were separated from the peripheral blood of healthy persons using the PBMC separation reagent (FACs, Nanjing, China). Magnetic separation based on CD8 microbeads (Miltenyi, Germany) was conducted to screen CD8+ T cells from the PBMCs. CD8+ T cells were cultured in RPMI-1640 medium (Gibco, USA) and then activated by treating with CD3 antibodies (2 μg/mL; Invitrogen, USA), CD28 antibodies (1μg/mL; Invitrogen, USA), and interleukin 2 (IL-2, 5 ng/mL; R&D Systems, USA) for 72 hours.





CD8+ T cell-BCa cell co-culture and CD8+ T cell functional assay

The BCa cells were co-cultured with activated CD8+ T cells at a ratio of 2.5:1 for 48 hours. Then the medium of co-culture system was collected and we performed ELISA assays to detect the content of IFN-γ and granzyme B using commercial kits (FACs, Nanjing, China). In addition, the BCa cells were co-cultured with the activated CD8+ T cells at a ratio of 1:2 for 72 hours. After removing the CD8+ T cells and cell debris from the system, the cells were washed with PBS for several times. The remaining living BCa cells were detected using a microplate reader at 570 OD. Afterwards, the remaining BCa cells were fixed by 4% paraformaldehyde and then stained with 0.1% crystal violet. The methods for CD8+ T cell screening, culturing, activating, and immune functional assays were reported in our previous research (25).






Results




Pan-cancer expression analysis of CDH5

The expression of CDH5 in TCGA pan-cancer was determined. The research process of this subject is shown in Figure S1. CDH5 was down-regulated in 8 tumor types of BLCA, BRCA, CESC, KICH, KIRP, LUAD, LUSC, and UCEC in comparison with relative normal tissues and high-expressed in 4 tumor types of GBM, KIRC, LIHC, and STAD in comparison with relative normal tissues (Figure 1A). The expression of CDH5 was compared in different tumor types, and CDH5 showed a high expression level in KIRC, THCA, and TGCT and a low expression in LAML, CESC, and KIRP (Figure 1B). We then detected the expression of CDH5 across different World Health Organization cancer stages, and found that CDH5 was high-expressed in stage I of BLCA, BRCA, KIRC, and SKCM when compared with higher stages but it was low-expressed in stage I of KIRP and THCA (Figure 1C).




Figure 1 | Differential expression analysis of CDH5 in TCGA pan-cancer. (A) The expression of CDH5 in TCGA pan-cancers and relative normal tissues (*P<0.05, **P<0.01, ***P<0.001, Student’s t-test). (B) The expression of CDH5 in 31 types of tumor. (C) Pan-cancer expression of CDH5 in different tumor stages (*P<0.05, **P<0.01, ***P<0.001, Student’s t-test).







Prognosis analysis of CDH5 in pan-cancer

In order to investigate the role of CDH5 in tumor prognosis, we conducted prognosis correlation analyses including OS, DFS, DSS, and PFS in pan-cancer. The result of Cox proportional hazards model analyses showed that CDH5 was significantly correlated with OS of CESC, KIRC, KIRP, LGG, LUSC, and MESO. It was a high-risk gene in CESC, KIRP, LGG, LUSC, and MESO, but a low-risk gene in KIRC (Figure 2A). The results of Kaplan-Meier survival analyses showed that a high expression of CHD5 was positively associated with a better OS of KIRC patients but negatively associated with a better OS of LGG, MESO, and SKCM patients (Figures 2B-E). Furthermore, Cox proportional hazards model analysis based on DFS demonstrated that CDH5 was significantly associated with DFS in CESC, KIRP, and UCEC. CDH5 was a high-risk gene in CESC and KIRP, but it was a low-risk gene in UCEC (Figure S2A). Kaplan-Meier survival analysis results demonstrated that high-expressed CHD5 was positively associated with a better DFS of LUAD and UCEC patients, while CDH5 was positively associated with a worse DFS of CESC patients (Figures S2B-D). In addition, Cox proportional hazards model analysis based on DSS indicated that CDH5 was significantly associated with DSS in CESC, KIRC, KIRP, LGG, and UCEC. It was a high-risk gene in CESC, KIRP, and LGG but a low-risk gene in KIRC and UCEC (Figure S3A). Kaplan-Meier survival analysis results showed that high-expressed CHD5 was positively associated with a better DSS of KIRC patients but it was positively associated with a worse DSS of KIRP, LGG, and SKCM patients (Figures S3B-E). Moreover, Cox proportional hazards model analysis based on PFS indicated that CDH5 was significantly associated with PFS in CESC, KIRC, KIRP, THCA, and UCEC. It was a high-risk gene in CESC and KIRP but a low-risk gene in KIRC, THCA, and UCEC (Figure S4A). Kaplan-Meier survival analysis results showed a high expression of CHD5 was positively associated with better PFS of HNSC, KIRC, and THCA patients, while CDH5 was positively associated with a worse PFS of SKCM patients (Figures S4B-E).




Figure 2 | Correlation of CDH5 with overall survival time of TCGA pan-cancer. (A) Cox proportional hazards model of CDH5 in overall survival of TCGA pan-cancer. (B-E) Kaplan-Meier analysis of correlation between CDH5 and overall survival in different tumors.







Correlation analysis of CDH5 with TMB and MSI in pan-cancer

We further studied the association between CDH5 and TMB or MSI in pan-cancer, which all showed a significant relationship with the sensitivity of ICIs. The gene activity of CDH5 in different tumors and relative normal tissues were first assess and the results indicated that the activity of CDH5 was lower in tumors including BLCA, BRCA, CESC, COAD, KICH, KIRP, LUAD, LUSC, PRAD, READ, and UCEC but it was higher in tumors including GBM, KIRC, LIHC, and THCA (Figure 3A). CDH5 was significantly associated with TMB in 15 tumors including UCEC, THYM, THCA, STAD, SKCM, PAAD, LUSC, LUAD, LIHC, LGG, KIRP, HNSC, CESC, BLCA, and BRCA (Figure 3B). And CDH5 was significantly associated with MSI in 9 tumors including UCEC, STAD, SKCM, PAAD, LUSC, HNSC, DLBC, COAD, and BRCA (Figure 3C).




Figure 3 | Associations between CDH and Tumor Mutation Burden (TMB) or Tumor Microsatellite Instability (MSI) in TCGA pan-cancer. (A) The CDH5 gene activity in TCGA pan-cancers (*P<0.05, **P<0.01, ***P<0.001, Student’s t-test). (B) The correlation between CDH5 and TMB in TCGA pan-cancers (*P<0.05, **P<0.01, ***P<0.001, Student’s t-test). (C) The correlation between CDH5 and MSI in TCGA pan-cancers (*P<0.05, **P<0.01, ***P<0.001, Student’s t-test).







GSEA analyses of CDH5

To investigate the biological function of CDH5 in different types of tumor, KEGG-GSEA and Hallmarks-GSEA analyses were conducted. The KEGG pathway gene sets and Hallmark pathway gene sets were downloaded from the website (https://www.gsea-msigdb.org/gsea/index.jsp). KEGG-GSEA results showed that CDH5 was significantly correlated with immune regulative pathways such as antigen processing and presentation, chemokine signaling, cytokine-cytokine receptor interaction, natural killer cell mediated cytotoxicity, B cell receptor signaling, and primary immunodeficiency in 19 tumors including BLCA (Figure 4). Hallmarks-GSEA results demonstrated that CDH5 was significantly associated with immune regulative pathways such as complement, IL2-STAT5 signaling, inflammatory response, interferon gamma response, TNFA signaling via NFkB, IL6-JAK-STAT3 signaling, and interferon alpha response in 20 tumors including BLCA (Figure 5).




Figure 4 | KEGG-GSEA of CDH5 in TCGA pan-cancer. (A-S) KEGG pathway analyses of CDH5 in different types of tumor. The results which was enriched in immune response pathway has been screened out.






Figure 5 | Hallmarks-GSEA of CDH5 in TCGA pan-cancer. (A-T) Hallmarks pathway analyses of CDH5 in different types of tumor. The results which was enriched in immune response pathway has been screened out.







Relationship between CDH5 and immune response in pan-cancer

We assessed the relationship between CDH5 expression and immune cells infiltration in tumors. The ESTIMATE algorithm was used to calculate the immune scores in pan-cancer, and the results showed that CDH5 was positively correlated with the immune scores of 13 tumors including ACC, BLCA, COAD, ESCA, HNSC, KICH, LUSC, PAAD, PCPG, PRAD, READ, SKCM, and STAD but CDH5 was negatively correlated with immune score of THCA (Figure 6). The stromal scores were also investigated in pan-cancer. The results showed CDH5 was positively associated with stromal score in 14 tumors including ACC, BLCA, COAD, ESCA, HNSC, KICH, LUSC, PAAD, PCPG, PRAD, READ, SKCM, STAD and THYM (Figure S5). CIBERSORT was used to analyze the correlations between CDH5 and different immune cell infiltration in pan-cancer. We found that CDH5 was positively associated with memory T cells, B cells, T regulatory cells, mast cells, NK cells, macrophages, and neutrophils infiltration in 13 tumors (Figure 7). In addition, we also performed the co-expression analyses to further study the associations between CDH5 expression and immune response genes in pan-cancer. The immune response genes consisted of lymphocytes infiltration relative genes, immunoinhibitors, immunostimulators, MHC molecules, chemokines, and chemokine receptors. The co-expression analyses results showed that almost all the immune response genes were positively associated with CDH5 in pan-cancers except THCA (Figure 8). We detected the correlation between CDH5 and real-world immunotherapy response by using BEST website (https://rookieutopia.com/). In Riaz 2018 immunotherapy cohort, patients with high expression of CDH5 had significant immunotherapy response (Figure S6). However, in Kim 2019 cohort, patients with high CDH5 expression had a worse immunotherapy response rate (Figure S6). The role of CDH5 in single-cell RNA-seq analyses was also investigated by using TISCH website (http://tisch.comp-genomics.org/). The results showed that CDH5 was mainly enriched in endothelial cells (Figure S7).




Figure 6 | Correlation coefficients of CDH5 and immune scores of TCGA pan-cancer. (A-N) The associations between CDH5 and immune scores in different types of tumor.






Figure 7 | Associations between CDH5 and different immune cells infiltration in TCGA pan-cancer. (A–M) The associations between CDH5 and immune cells infiltration in different types of tumor.






Figure 8 | Relationship between CDH5 and immune response related genes. (A) The associations between CDH5 and immunoinhibitors in TCGA pan-cancers. (B) The associations between CDH5 and immunostimulators in TCGA pan-cancers. (C) The associations between CDH5 and MHC molecules in TCGA pan-cancers. (D) The associations between CDH5 and chemokines in TCGA pan-cancers. (E) The associations between CDH5 and chemokine receptors in TCGA pan-cancers. (F) The associations between CDH5 and infiltrated immune cells in TCGA pan-cancers.







CDH5 was down-regulated in BCa tissues and cell lines and was associated with a better prognosis

The expression of CDH5 in 40 pairs of BCa tumors were detected by qRT-PCR. The results showed that CDH5 was low-expressed in BCa when compared with adjacent normal tissues (Figures 9A, B). Kaplan-Meier analysis demonstrated that patients with a higher expression of CDH5 had a better OS (Figure 9C). Furthermore, qRT-PCR results indicated that CDH5 was low-expressed in 6 BCa cell lines (T24, BIU87, 5637, 253J, J82, and UMUC3) when compared with SV-HUC (Figure 9D). Western blot results showed that CDH5 was highly expressed in adjacent normal tissues when compared with BCa tissues (Figure 9E). Results of IHC indicated that CDH5 was lowly expressed in BCa tissue when compared with adjacent normal tissue (Figure 9F).




Figure 9 | CDH5 was lowly expressed in BCa. (A, B) The CDH5 expression in 40 pairs of BCa tissues was validated by qRT-PCR (*P<0.05, Student’s t-test). (C) Kaplan-Meier analysis of correlation between CDH5 and overall survival of 40 BCa patients. (D) The expression of CDH5 in BCa cell lines and SV-HUC was validated by qRT-PCR (**P<0.01, ***P<0.001, Student’s t-test). (E) The expression of CDH5 in 4 pairs of BCa tissues was validated by western blot. (F) The expression of CDH5 in BCa tissues was validated by IHC. Data are mean ± SD, n=3.







CDH5 promoted the anti-tumor ability of CD8+ T cells in BCa

According to our qRT-PCR result, the expression of CDH5 in T24 cells was the lowest among the 7 bladder cancer cell lines. Therefore, we selected T24 cells to construct CDH5-overexpressing BCa cells. The CDH5 over-expression and relative control plasmids were successfully transfected into T24 cells (Figure 10A). The CD8+ T cells were screened from the peripheral blood of healthy persons and then activated by CD3 antibody, CD28 antibody, and IL2. The activated CD8+ T cells showed obvious expansion and cluster growth (Figure 10B). The tumor cell killing ability of CD8+ T cells was promoted after co-culturing with CDH5 overexpressed T24 cells (Figure 10C). ELISA assays results indicated that CD8+ T cells produced more IFN-γ and granzyme B after co-culturing with CDH5 overexpressed T24 cells (Figure 10D). In conclusion, CDH5 could promote the function of CD8+ T cells in the TME of BCa.




Figure 10 | CDH5 promoted the function of CD8+ T cells in BCa. (A) The overexpression of CDH5 in T24 cells was validated by qRT-PCR (***P<0.001, Student’s t-test). (B) The microscope images of CD8+ T cells before and after activation. (C) Results of BCa-CD8+ T cell co-culture assay and CD8+ mediated tumor killing assay indicated the function of CD8+ T cells was promoted when co-cultured with CDH5 overexpressed BCa cells. (D) Results of ELISA assays indicated that CD8+ T cells produced more IFN-γ and granzyme B when co-cultured with CDH5 overexpressed BCa cells (**P<0.01, Student’s t-test). Data are mean ± SD, n=3.








Discussion

In the last few years, a wide use of immunotherapy based on PD1/PDL1 and other ICIs has gradually provided new clinical treatment modalities, especially for patients with locally advanced or metastatic tumors who have lost the chance for taking surgery (26, 27). Although ICIs therapies have achieved tumor remission and prolonged patient survival, only a relatively small proportion of patients could benefit, which limits the clinical use of ICIs (28). Therefore, developing new immune checkpoint inhibitors to improve the efficacy and accuracy of treatment of ICIs has great clinical significance.

In recent years, more and more molecules or genes have been found to be related to the effects of tumor immunotherapy through pan-cancer analyses. For instance, cancer-associated fibroblast-derived biglycan was confirmed having great potential acting as therapeutic target in immunotherapy (29). In addition, RUNX Protein Family and FOXO Family were also confirmed having good correlation with tumor progression, clinical outcome and drug sensitivity by pan-cancer analyses (30, 31). CDH5 as a vascular endothelial transmembrane calmodulin plays an important role in the process of vasculogenic mimicry (32). Previous studies demonstrated that a high CDH5 expression is mainly associated with tumor angiogenesis (20, 21). The aberrant expression of CDH5 in a variety of tumor tissues has been verified by bioinformatics analysis and experiments, and the results confirmed that high-expressed CDH5 was positively correlated with worse survival and higher tumor stage (33). Hendrix et al. also reported that the down-regulation of CDH5 gene expression inhibits vasculogenic mimicry (20). However, our research verified that CDH5 was downregulated in urothelial carcinoma tissues and cell lines. Moreover, we also found that a low expression of CDH5 was associated with more advanced tumor stage and poorer prognosis of BCa. Therefore, we considered that there may be other ways to affect the etiology or pathogenesis of cancer, especially for BCa.

Our findings suggested that CDH5 played an important role in cancer immunity. Database analysis showed that CDH5 was closely associated with TMB, MSI, immune cell infiltration and immune response genes in a variety of tumors including BCa. This suggested that the CDH5 may affect the response of patients to ICIs therapy through influencing tumor immune response. Furthermore, KEGG enrichment analysis demonstrated that CDH5 and its co-expressed mRNA were enriched to some signaling pathways such as cytokine-cytokine receptor interaction-related signaling pathway, JAK-STAT signaling pathway, chemokine signaling pathway, IL2-STAT5 signaling pathway that have been reported to be associated to tumor immunity (34–38). These results indicated that the high expression of CDH5 in BCa can inhibit tumor growth through activating the immune activity of CD8+ T cells to kill tumor cells. The results of co-culture assay and ELISA experiments in BCa also showed that CDH5 could promote the function of CD8+T cells in BCa TME, which further confirmed that CDH5 can be used as a potential immune biomarker.

In our study, CDH5 was found to be positively correlated with immune cell scores in 25 tumor tissues, including BCa. Additionally, the correlation analysis revealed significant associations between CDH5 and immune cells (such as T cells, B cells, Macrophage cells, Treg cells, DC cells, and so on). In summary, our results confirmed that CDH5 was closely associated with tumor immune response, and that it could be used as a new immune checkpoint for immunotherapy in the future.





Conclusions

Taken together, CDH5 was differentially expressed in many tumors and was significantly correlated to tumor prognosis. CDH5 was positively associated with tumor immunity and showed great potential to act as an immune checkpoint for cancer immunotherapy.
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Abbreviations

CDH5, Cadherin 5; TMB, Tumor mutation burden; MSI, Microsatellite instability; TCGA, The Cancer Genome Atlas; TME, Tumor microenvironment; ICI, Immunocheckpoint inhibitor; OS, Overall survival; DFS, Disease free survival; DSS, Disease specific survival; PFS, Progression-free survival; GSEA, Gene set enrichment analysis; qRT-PCR, Quantitative real-time PCR; ACC, Adrenocortical Cancer; BLCA, Bladder Cancer; BRCA, Breast Cancer; CESC, Cervical Cancer; CHOL, Bile Duct Cancer; COAD, Colon Cancer; DLBC, Large B-cell Lymphoma; ESCA, Esophageal Cancer; GBM, Glioblastoma; HNSC, Head and Neck Cancer; KICH, Kidney Chromophobe; KIRC, Kidney Clear Cell Carcinoma; KIRP, Kidney Papillary Cell Carcinoma; LAML, Acute Myeloid Leukemia; LGG, Lower grade glioma; LIHC, Liver Cancer; LUAD, Lung Adenocarcinoma; LUSC, Lung Squamous Cell Carcinoma; MESO, Mesothelioma; OV, Ovarian Cancer; PAAD, Pancreatic Cancer; PCPG, Pheochromocytoma & Paraganglioma; PRAD, Prostate Cancer; READ, Rectal Cancer; SARC, Sarcoma; SKCM, Melanoma; STAD, Stomach Cancer; TGCT, Testicular Cancer; THCA, Thyroid Cancer; THYM, Thymoma; UCEC, Endometrioid Cancer.




References

1. Liu, ZY, Wang, C, Zhang, YJ, and Zhu, HL. Combined lifestyle, mental health, and mortality in US cancer survivors: a national cohort study. J Trans Med (2022) 20(1):376. doi: 10.1186/s12967-022-03584-4

2. Siegel, RL, Miller, KD, Wagle, NS, and Jemal, A. Cancer statistics, 2023. CA Cancer J Clin (2023) 73(1):17–48. doi: 10.3322/caac.21763

3. KontOmanolis, EN, Koutras, A, Syllaios, A, Schizas, D, Mastoraki, A, Garmpis, N, et al. Role of oncogenes and tumor-suppressor genes in carcinogenesis: A review. Anticancer Res (2020) 40(11):6009–15. doi: 10.21873/anticanres.14622

4. Hahn, WC, Bader, JS, Braun, TP, Califano, A, Clemons, PA, Druker, BJ, et al. An expanded universe of cancer targets. Cell (2021) 184(5):1142–55. doi: 10.1016/j.cell.2021.02.020

5. Silsirivanit, A. Glycosylation markers in cancer. Adv Clin Chem (2019) 89:189–213. doi: 10.1016/bs.acc.2018.12.005

6. Oh, DY, and Bang, YJ. HER2-targeted therapies - a role beyond breast cancer. Nat Rev Clin Oncol (2020) 17(1):33–48. doi: 10.1038/s41571-019-0268-3

7. Mortezaee, K. Immune escape: A critical hallmark in solid tumors. Life Sci (2020) 258:118110. doi: 10.1016/j.lfs.2020.118110

8. Lei, X, Lei, Y, Li, JK, Du, WX, Li, RG, Yang, J, et al. Immune cells within the tumor microenvironment: Biological functions and roles in cancer immunotherapy. Cancer Lett (2020) 470:126–33. doi: 10.1016/j.canlet.2019.11.009

9. Dutta, S, Ganguly, A, Chatterjee, K, Spada, S, and Mukherjee, S. Targets of immune escape mechanisms in cancer: basis for development and evolution of cancer immune checkpoint inhibitors. Biology (2023) 12(2):218. doi: 10.3390/biology12020218

10. Chibaya, L, Snyder, J, and Ruscetti, M. Senescence and the tumor-immune landscape: Implications for cancer immunotherapy. Semin Cancer Biol (2022) 86(Pt 3):827–45. doi: 10.1016/j.semcancer.2022.02.005

11. Sari, G, and Rock, KL. Tumor immune evasion through loss of MHC class-I antigen presentation. Curr Opin Immunol (2023) 83:102329. doi: 10.1016/j.coi.2023.102329

12. Chen, L, Huang, L, Gu, Y, Cang, W, Sun, P, and Xiang, Y. Lactate-lactylation hands between metabolic reprogramming and immunosuppression. Int J Mol Sci (2022) 23(19):11943. doi: 10.3390/ijms231911943

13. Liu, X, Zhao, Y, Wu, X, Liu, Z, and Liu, X. A novel strategy to fuel cancer immunotherapy: targeting glucose metabolism to remodel the tumor microenvironment. Front Oncol (2022) 12:931104. doi: 10.3389/fonc.2022.931104

14. Zou, Y, Ye, F, Kong, Y, Hu, X, Deng, X, Xie, J, et al. The single-cell landscape of intratumoral heterogeneity and the immunosuppressive microenvironment in liver and brain metastases of breast cancer. Adv Sci (Weinheim Baden-Wurttemberg Germany) (2023) 10(5):e2203699. doi: 10.1002/advs.202203699

15. Wang, Y, Zhang, H, Liu, C, Wang, Z, Wu, W, Zhang, N, et al. Immune checkpoint modulators in cancer immunotherapy: recent advances and emerging concepts. J Hematol Oncol (2022) 15(1):111. doi: 10.1186/s13045-022-01325-0

16. Plazy, C, Hannani, D, and Gobbini, E. Immune checkpoint inhibitor rechallenge and resumption: a systematic review. Curr Oncol Rep (2022) 24(9):1095–106. doi: 10.1007/s11912-022-01241-z

17. Tagliamonte, M, Cavalluzzo, B, Mauriello, A, Ragone, C, Buonaguro, FM, Tornesello, ML, et al. Molecular mimicry and cancer vaccine development. Mol Cancer (2023) 22(1):75. doi: 10.1186/s12943-023-01776-0

18. Cavallaro, U, Liebner, S, and Dejana, E. Endothelial cadherins and tumor angiogenesis. Exp Cell Res (2006) 312(5):659–67. doi: 10.1016/j.yexcr.2005.09.019

19. Lagendijk, AK, and Hogan, BM. VE-cadherin in vascular development: a coordinator of cell signaling and tissue morphogenesis. Curr Topics Dev Biol (2015) 112:325–52. doi: 10.1016/bs.ctdb.2014.11.024

20. Hendrix, MJ, Seftor, EA, Meltzer, PS, Gardner, LM, Hess, AR, Kirschmann, DA, et al. Expression and functional significance of VE-cadherin in aggressive human melanoma cells: role in vasculogenic mimicry. Proc Natl Acad Sci USA (2001) 98(14):8018–23. doi: 10.1073/pnas.131209798

21. Mao, XG, Xue, XY, Wang, L, Zhang, X, Yan, M, Tu, YY, et al. CDH5 is specifically activated in glioblastoma stemlike cells and contributes to vasculogenic mimicry induced by hypoxia. Neuro-oncology (2013) 15(7):865–79. doi: 10.1093/neuonc/not029

22. Rezaei, M, Friedrich, K, Wielockx, B, Kuzmanov, A, Kettelhake, A, Labelle, M, et al. Interplay between neural-cadherin and vascular endothelial-cadherin in breast cancer progression. Breast Cancer Res BCR (2012) 14(6):R154. doi: 10.1186/bcr3367

23. Labelle, M, Schnittler, HJ, Aust, DE, Friedrich, K, Baretton, G, Vestweber, D, et al. Vascular endothelial cadherin promotes breast cancer progression via transforming growth factor beta signaling. Cancer Res (2008) 68(5):1388–97. doi: 10.1158/0008-5472.CAN-07-2706

24. Higuchi, K, Inokuchi, M, Takagi, Y, Ishikawa, T, Otsuki, S, Uetake, H, et al. Cadherin 5 expression correlates with poor survival in human gastric cancer. J Clin Pathol (2017) 70(3):217–21. doi: 10.1136/jclinpath-2016-203640

25. Lv, J, Li, K, Yu, H, Han, J, Zhuang, J, Yu, R, et al. HNRNPL induced circFAM13B increased bladder cancer immunotherapy sensitivity via inhibiting glycolysis through IGF2BP1/PKM2 pathway. J Exp Clin Cancer Res CR (2023) 42(1):41. doi: 10.1186/s13046-023-02614-3

26. Shiravand, Y, Khodadadi, F, Kashani, SMA, Hosseini-Fard, SR, Hosseini, S, Sadeghirad, H, et al. Immune checkpoint inhibitors in cancer therapy. Curr Oncol (Toronto Ont) (2022) 29(5):3044–60. doi: 10.3390/curroncol29050247

27. Grivas, P, Agarwal, N, Pal, S, Kalebasty, AR, Sridhar, SS, Smith, J, et al. Avelumab first-line maintenance in locally advanced or metastatic urothelial carcinoma: Applying clinical trial findings to clinical practice. Cancer Treat Rev (2021) 97:102187. doi: 10.1016/j.ctrv.2021.102187

28. Balar, AV, Galsky, MD, Rosenberg, JE, Powles, T, Petrylak, DP, Bellmunt, J, et al. Atezolizumab as first-line treatment in cisplatin-ineligible patients with locally advanced and metastatic urothelial carcinoma: a single-arm, multicentre, phase 2 trial. Lancet (Lond Engl) (2017) 389(10064):67–76. doi: 10.1016/S0140-6736(16)32455-2

29. Zheng, S, Liang, JY, Tang, Y, Xie, J, Zou, Y, Yang, A, et al. Dissecting the role of cancer-associated fibroblast-derived biglycan as a potential therapeutic target in immunotherapy resistance: A tumor bulk and single-cell transcriptomic study. Clin Trans Med (2023) 13(2):e1189. doi: 10.1002/ctm2.1189

30. Pan, S, Sun, S, Liu, B, and Hou, Y. Pan-cancer Landscape of the RUNX Protein Family Reveals their Potential as Carcinogenic Biomarkers and the Mechanisms Underlying their Action. J Trans Internal Med (2022) 10(2):156–74. doi: 10.2478/jtim-2022-0013

31. Xie, J, Zhang, J, Tian, W, Zou, Y, Tang, Y, Zheng, S, et al. The pan-cancer multi-omics landscape of FOXO family relevant to clinical outcome and drug resistance. Int J Mol Sci (2022) 23(24):15647. doi: 10.3390/ijms232415647

32. Sauteur, L, Krudewig, A, Herwig, L, Ehrenfeuchter, N, Lenard, A, Affolter, M, et al. Cdh5/VE-cadherin promotes endothelial cell interface elongation via cortical actin polymerization during angiogenic sprouting. Cell Rep (2014) 9(2):504–13. doi: 10.1016/j.celrep.2014.09.024

33. Wang, Y, Zhou, X, Han, P, Lu, Y, Zhong, X, Yang, Y, et al. Inverse correlation of miR-27a-3p and CDH5 expression serves as a diagnostic biomarker of proliferation and metastasis of clear cell renal carcinoma. Pathol Res Practice (2021) 220:153393. doi: 10.1016/j.prp.2021.153393

34. Zheng, X, Wu, Y, Bi, J, Huang, Y, Cheng, Y, Li, Y, et al. The use of supercytokines, immunocytokines, engager cytokines, and other synthetic cytokines in immunotherapy. Cell Mol Immunol (2022) 19(2):192–209. doi: 10.1038/s41423-021-00786-6

35. Owen, KL, Brockwell, NK, and Parker, BS. JAK-STAT signaling: A double-edged sword of immune regulation and cancer progression. Cancers (Basel) (2019) 11(12):2002. doi: 10.3390/cancers11122002

36. Jia, SN, Han, YB, Yang, R, and Yang, ZC. Chemokines in colon cancer progression. Semin Cancer Biol (2022) 86(Pt 3):400–7. doi: 10.1016/j.semcancer.2022.02.007

37. Goenka, A, Khan, F, Verma, B, Sinha, P, Dmello, CC, Jogalekar, MP, et al. Tumor microenvironment signaling and therapeutics in cancer progression. Cancer Commun (London England) (2023) 43(5):525–61. doi: 10.1002/cac2.12416

38. Lutz, V, Hellmund, VM, Picard, FSR, Raifer, H, Ruckenbrod, T, Klein, M, et al. IL18 receptor signaling regulates tumor-reactive CD8+ T-cell exhaustion via activation of the IL2/STAT5/mTOR pathway in a pancreatic cancer model. Cancer Immunol Res (2023) 11(4):421–34. doi: 10.1158/2326-6066.CIR-22-0398




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Li, Wu, Lv and Gu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A comprehensive pan-cancer analysis of CDH5 in immunological response

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Data collection and processing

          



          		

            Differential expression analysis

          



          		

            Clinical significance analysis

          



          		

            Tumor mutation burden and microsatellite instability analysis

          



          		

            Gene set enrichment analysis

          



          		

            Correlation between CDH5 and immune response

          



          		

            Patient tissues and cell lines

          



          		

            Cell culture and transfection

          



          		

            RNA isolation and quantitative real-time PCR

          



          		

            Western blot and immunohistochemistry

          



          		

            Screening, activating, and culturing of CD8+ T cell

          



          		

            CD8+ T cell-BCa cell co-culture and CD8+ T cell functional assay

          



        



        



        		

          Results

        

          		

            Pan-cancer expression analysis of CDH5

          



          		

            Prognosis analysis of CDH5 in pan-cancer

          



          		

            Correlation analysis of CDH5 with TMB and MSI in pan-cancer

          



          		

            GSEA analyses of CDH5

          



          		

            Relationship between CDH5 and immune response in pan-cancer

          



          		

            CDH5 was down-regulated in BCa tissues and cell lines and was associated with a better prognosis

          



          		

            CDH5 promoted the anti-tumor ability of CD8+ T cells in BCa

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-14-1239875-g008.jpg
ADORAZA |
BTLA
D160
D244 |
D274 |
CD% |
CSFIR |
fa 7Yy
HAVCR2 |
1DO1”
110
1L10RB ™
or
KIR2DL1 ]

KIR2DL3
LAG3
LGALS9 |
PDCD1 |
PDCDILG2
PVRL2
TGFB1

TGFBR1 |

HLA-A|
HLA-B |
HLAC |
HLA-DMA |
HLA-DMB |
HLA-DOA |
HLA-DOB
HLA-DPA1 |
HLA-DPB1 |
HLA-DQAT |
HLA-DQA? |
HLA-DQB1 |
HLA-DRA |
HLA-DRB1 |
HLAE |
HLAF |
HLAG
1] ]

TAP2
TAPEP |

RSEEIR

ccrt |

CCR2
CCR3
CCR4 J
CCRS

CCR6 |
R

¥ !5
SERIREPIRBR I RRRGEGS

d 1

i

A B N R SR SRR

[ =

SRR IR TEIRAG G

ActB
ImmB ]
MemB
NK]
CDS6bright |
CDS6dim
MDSC ]
NKT |
ActDC ]
pDC |

iDC
Macrophage

Eosinophil
Mast |
Monocyte |
Neutrophil |

o n mlmmel =

5

En

o

C OO Pl
HRBBRRS

ARERIREP IRRRITARAEARS





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1239875-g002.jpg
Overall Survival

pvalue Hazard ratio
ACC 0.364 0.794(0.482-1.307)
BLCA 0.141 1.145(0.956-1.371)
BRCA 0.797 1.028(0.835-1.265)
CESC 0.026 1.367(1.038-1.801)
CHOL 0.889 1.048(0.543-2.021)
COAD 0.382 1.128(0.862-1.476)
DLBC 0.969 0.981(0.376-2.558)
ESCA 0.733 1.046(0.810-1.350)
GBM 0.568 0.931(0.727-1.191)
HNSC 0.291 0.908(0.759-1.086)
KICH 0.238 0.553(0.207-1.479)
KIRC <0.001 0.714(0.621-0.821)
KIRP <0.001 1.658(1.239-2.220)
LAML 0.436 1.259(0.705-2.250)
LGG <0.001 1.494(1.177-1.897)
LIHC 0.320 0.898(0.726-1.110)
LUAD 0.372 0.922(0.771-1.102)
LUSC 0.025 1.212(1.024-1.434)
MESO 0.029 1.243(1.023-1.510)
ov 0.986 1.002(0.789-1.273)
PAAD 0.234 0.851(0.652-1.110)
PCPG 0.349 0.689(0.315-1.504)
PRAD 0.471 0.710(0.279-1.805)
READ 0.624 1.161(0.640-2.105)
SARC 0.207 0.891(0.746-1.066)
SKCM 0.413 1.069(0.911-1.254)
STAD 0.055 1.224(0.995-1.505)
TGCT 0.421 1.806(0.428-7.623)
THCA 0.878 1.058(0.514-2.182)
THYM 0.949 1.032(0.386-2.765)
UCEC 0.250 0.845(0.635-1.126)
B
Cancer: KIRC
CDH5 levels == high == low
1.00
Sors
<
=
2 0.50
©
2 025
She p=0.003
0.00
0 2 4 6 8 10 12
Time(years)
©®
@
2 high{ 263 175 18 52 24 10 1
10 low{ 264 181 100 a7 17 3 0
a 0 2 4 6 8 10 12
o Time(years)
5 Cancer: MESO
CDH5 levels =+ high == low
1.00
Sors
2
=3
2 0.509
[
2 0.25
She p=0.005
0.00 .
0 2 1 6 [
Time(years)
K]
g
2 high{ 42 10 0 0 0
10 low{ 42 20 8 3 0
o 0 4 6 8
o

Time(years)

|
|
' .II |I
(|
 —
Ho—
—_
-
=X
HH
| e s |
HH
-
——a—
| e
o
=
—a—
|
e |
L —
Hed
(o o]
e |
_
=
[ T ' T 1
0.1 1 10
Hazard ratio
C
Cancer: LGG
CDHS5 levels == high =+ low
1.00
T o075
e
=
2050
©
2
0.25
o p=0.015
0.00
0 2 4 6 8 10 12 14 16 18 20
Time(years)
12}
©
>
L high] 260 123 41 24 10 8 4 4 1 0o 0
0 low{260 127 52 30 16 10 5 1 0 0 o0
o 0 2 4 6 8 10 12 14 16 18 20
o Time(years)
Cancer: SKCM
E
CDH5 levels == high == low
1.00
T 0.751
2
3
20509
o
g025
She p=0.018
000{ _ _
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time(years)
»
g
2 high{ 228148101 67 51 36 23 15 8 4 2 1 1 1 1 0
0 low{229146 96 58 45 37 28 20 15 15 8 6 5 3 3 2
8 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Time(years)





OEBPS/Images/fimmu.2023.1239875_cover.jpg
& frontiers | Frontiers in Immunology

A comprehensive pan-cancer analysis of
CDH5 in immunological response





OEBPS/Images/fimmu-14-1239875-g004.jpg
‘I‘ J‘I I

it w i

TR

A ol e
’i I h

4 ‘ e I."IT Inll:l'HHl'IIH"\

[N
1 u\lm 1 mll LT

1 no [
Vi il | "

1y o HJ'I i

|

TR s

L”m‘

B

i [
A b 2 4

Lo
ﬁNMM‘“u‘.*

ko Y
1

h |\||| ”““ll‘“Hl" "I\IW

Ll

gy

i






OEBPS/Images/fimmu-14-1239875-g006.jpg
A

H

8
E

2

8
I

2

8
M

z

8

Cancer: ACC

R=047,p=19e-05

1500 1000 2000

I
ImmuneScore

Cancer: HNSC

R=031,p=28e-12 .

Cc

Cancer: BLCA Cancer: COAD

D  cencerEsca

R=048,p<22e-1%

R=044,p=8.3e-09,

03 o
3 3%
8 8
2
2
'
'
R T T 3 60 200 ET BT 1 )
ImmuneScore ImmuneScore ImmuneScore
Cancer: KICH G Cancer: LUSC H Cancer: PAAD
51 R=043,p=000045 s R=055p<22e-16 ki R=058,p<22e-16 * .

100 3 1000

ImmuneScore

2600

Cancer: PCPG

y -

R=039,p=8.76%8"

1000 2000

]
ImmuneScore

Cancer: STAD

R=04,p=79-16

~1000 3 1000

ImmuneScore

2000 3000

000 1000 I3 1600

ImmuneScore

2600 3000

L Cancer: SKCM

B 5 60 ET R oo 200
immuneScore ImmuneScore
Cancer: PRAD K
R=039,p<22e-16 .

R=036.p=74e-16

[ 1000
ImmuneScore

~1000 [ 1000

ImmuneScore

2600

Cancer: THCA

-1000 ] 1000

ImmuneScore

2600 3000

2000 000 2000

ImmuneScore

3000





OEBPS/Images/fimmu-14-1239875-g001.jpg
Type EJ Normal E3 Tumor

K kkk kkk

Rk KAE KRR

Kk kkk ko

uoissaidxe GHAD

Stage IV

Stage | :] Stage Il I:] Stage IlI

stage

uoissaidxe GHAD





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-14-1239875-g010.jpg
>

Relative CDHS
‘expression

Vector CDH5

CD8* T cell (-)

T24
CD8* T cell (+)

15 S20
8 3
3 2 1.
) e
Q
z 0 % 10
% 5 gos
2 2

0.0 E 0.0

%

L
%,
(o)
%,
bs





OEBPS/Images/fimmu-14-1239875-g003.jpg
. Type EJ Normal E5 Tumor

Fkk ke dokok * kkk kkk *h kk Hkk

dkk kkk ok ek *ok

y

0.0

CDHS5_activit

B (]
Tumor mutation burden Microsatellite instability
BLCA* ACC ycec BLCA ACC ycec
BRCA*™* THYM™* BRCA* THYM
CESC™* 0:5 THCA* CESC 0:5 THCA
CHOL 0.25 TeCT CHoOL 0.25 TGCT
COAD 0 STAD*** COAD* 0 STAD***
DLBC SKCM*** DLBC™* SKCM**
ESCA SARC ESCA SARC
GBM READ GBM READ
HNSC*** PRAD HNSC*** PRAD
KICH PCPG KICH PCPG
KIRC PAAD** KIRC PAAD*
KIRP*** ov KIRP ov
LAML MESO LAML MESO
LGG™ o uaD++USC LGG | e Luap MUSC





OEBPS/Images/fimmu-14-1239875-g009.jpg
— high CDH5
—— low CDH5

40
Time (month)

=40, p=0.0188

20

g & -
() [eAINS JuadIad

s

s
S S
(152) uoissasdxo

SH annerey
om

0.21
0.15

Normal

0.05.
000 .-
o

< { 1o,2) voIssasdxo
s

Normal

Tumor

15

e -

CDH5

- Cl
uojssaidxe
SHAD aAnejay

Tubulin

Tumor

Normal






OEBPS/Images/fimmu-14-1239875-g007.jpg
A

E

Cancer: THYM

A

R=0.38,p=1.7e-05

00 01 02 03
T cells CD4 memory resting

Cancer: KIRC

050 23 070 o5
Mast cells resting

Cancer: LIHC

R=032,p=7.8-08

2
1
7o ] 02 5] 04
T cells CD4 memory resting
Cancer: THYM

3
2
1

050 005 00 o015

Macrophages M1

)
}
}
)

F

J

CDHs

Cancer: BLCA c Cancer: ESCA

‘R=034,p=8.8-10

Cancer: ESCA

| T

D

R=0.31,p72e-04

53
8
2
'
) ] 2 %0 obs o0 oS o obo obs oo o8
B cels naive B cells naive T cells reguiatory (Tregs)
Cancer: KIRC G cancerkiRP H  cancer:Lae
R=033,p=5.1e- °1 R=044,p=35e-13
4
= i
' 2
3 3
8 8
2
2
'
1
%0 %5 oo o0 002 0% o7 o700 ot o%s oo
NK cells esting Macrophages M1 Macrophages M1
Cancer: PAAD K Cancer: READ L Cancor: TecT

050 005 o070 075 030 060 23 010 B3 o 1 [ 03
B cells naive Neutrophils T cells CD4 memory resting





OEBPS/Images/fimmu-14-1239875-g005.jpg
o SRR -

:HWMM!I'IHMMH‘MW\”JMHH”!h'n”M'

B

| e






