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Background

CD86 has great potential to be a new target of immunotherapy by regulating cancer immune response. However, it remains unclear whether CD86 is a friend or foe in lower-grade glioma (LGG).



Methods

The prognostic value of CD86 expression in pan-cancer was analyzed using Cox regression and Kaplan-Meier analysis with data from the cancer genome atlas (TCGA). Cancer types where CD86 showed prognostic value in overall survival and disease-specific survival were identified for further analyses. The Chinese Glioma Genome Atlas (CGGA) dataset were utilized for external validation. Quantitative real-time PCR (qRT-PCR), Western blot (WB), and Immunohistochemistry (IHC) were conducted for further validation using surgical samples from Jiangsu Province hospital. The correlations between CD86 expression and tumor immunity were analyzed using the Estimation of Stromal and Immune cells in Malignant Tumours using Expression data (ESTIMATE) algorithm, Tumor IMmune Estimation Resource (TIMER) database, and expressions of immune checkpoint molecules. Gene Set Enrichment Analysis (GSEA) was performed using clusterprofiler r package to reveal potential pathways.



Results

Pan-cancer survival analysis established CD86 expression as an unfavorable prognostic factor in tumor progression and survival for LGG. CD86 expression between Grade-II and Grade-III LGG was validated using qRT-PCR and WB. Additionally, CD86 expression in LGG with unmethylated O(6)-methylguanine-DNA-methyltransferase (MGMT) promoter was significantly higher than those with methylated MGMT (P<0.05), while in LGG with codeletion of 1p/19q it was significantly downregulated as opposed to those with non-codeletion (P<2.2*10-16). IHC staining validated that CD86 expression was correlated with MGMT status and X1p/19q subtypes, which was independent of tumor grade. Multivariate regression validated that CD86 expression acts as an unfavorable prognostic factor independent of clinicopathological factors in overall survival of LGG patients. Analysis of tumor immunity and GSEA revealed pivotal role of CD86 in immune response for LGG.



Conclusions

Integrated analysis shows that CD86 is an unfavorable prognostic biomarker in LGG patients. Targeting CD86 may become a novel approach for immunotherapy of LGG.
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Introduction

Cancer cells escape surveillance of human immune system partly by activating immune checkpoint pathways, which leads to suppressed anti-cancer immune responses of the host (1, 2). To reactivate immune response against cancers, immune checkpoint inhibitors (ICIs) were developed and rose to be a revolution for cancer treatment (3). ICIs reinvigorate anti-cancer response by reactivating immune cells, and as a result enable clearance of cancer cells (4, 5). But well-established ICIs, including blockades targeting CTLA-4 and PD-1/PDL-1, only apply to a subset of cancer patients due to heterogeneous gene expressions and microenvironment across various cancer types (6), and as such novel therapeutic targets need to be considered (7, 8).

CD86 (B7–2), an immunoglobulin-like protein on antigen presenting cells (APCs), works in parallel with the CD80 (B7–1) as a natural ligand for CD28 and CTLA‐4 (9). CD86 promotes T-cell proliferation, function and survival by interacting with CD28 as a co-stimulator, while in activated T cells it interacts with CTLA-4 and acts as a suppressor (10, 11). In this bidirectional way, the interplay of CD86 with CD28 and CTLA‐4 are of great importance for immune responses against autoimmunity (12) and cancers (13). Notably, CD86 has shown higher affinity for binding to CTLA‐4 than that to CD28 (14), indicating the significance of CD86 in immunotherapeutic strategies based on CTLA-4 blockades, which have shown promising effects in treating solid tumors like melanoma (15) and mesothelioma (16) in clinical trials. Besides, CD86 expression was observed to be associated with unfavorable prognosis in myeloma (17) and leukemia (18). Due to the fact that CD86 may serve as a key regulator in cancer immune response via T-cell-mediated mechanisms, it has great potential to be a new target of immunotherapy. However, it remains unclear whether CD86 is a friend or foe in pan-cancer given its dual-edge role in regulating immune response.

In this study, we comprehensively analyzed the prognostic value of CD86 expression in pan-cancer, and found that CD86 acts as an unfavorable factor in the progression and prognosis of lower-grade glioma (LGG). External validation was conducted using surgical samples in our hospital and data from the Chinese Glioma Genome Atlas (CGGA) dataset. To predict survival probability of individual patient with CD86 expression and clinical features, a nomogram was developed and validated in both the cancer genome atlas (TCGA) and the CGGA datasets. Further, we explored the correlations between CD86 expression and tumor immunity of LGG samples, and Gene Set Enrichment Analysis (GSEA) was performed to reveal potential pathways.



Materials and Methods


Acquisition of Data and Ethics Approval

Normalized RNA Sequencing data with Fragments Per Kilobase of transcript per Million mapped reads (FPKM) in 33 different cancer types were downloaded from UCSC Xena (https://xena.ucsc.edu/), while clinical information was accessed using TCGAbiolinks R package on July 1st, 2020. Data for the validation cohort was accessed from the CGGA database (http://www.cgga.org.cn/), which was updated on June 14, 2020. Experimental validation was conducted using surgical samples from department of neurosurgery, the first affiliated hospital of Nanjing Medical University, also known as Jiangsu Province people’s hospital (JSPH). The web-lab validation was approved by the Institutional Review Board and the Ethics Committee of JSPH (No: 2020-SRFA-167), and all patients provided informed consent.



Statistical Analysis

Survival analysis was performed using Cox regression analysis and Kaplan-Meier method, where Cox P-values and log-rank P-values were calculated. Between-group comparisons were conducted using Wilcoxon test (comparison between 2 groups) or Kruskal-Wallis test (comparison among 3 or more groups) (19). Spearman correlation was applied to determine significant correlations. Data were analyzed and visualized using R software 3.6.2, and P-value<0.05 was considered as statistically significant.



Survival Analysis of CD86 Expression in Pan-Cancer

Survival analysis was conducted to estimate the prognostic value of CD86 expression on overall survival (OS) and disease-specific survival (DSS) in pan-cancer. In Cox regression analysis, Cox P-values and hazard ratios (HRs) with 95% confidence intervals (CI) were calculated; whereas, log-rank P-values and HRs with 95%CI were calculated in Kaplan-Meier method. Cancer types where CD86 expression showed prognostic value in OS and DSS were identified for further analyses.



Correlations Between CD86 Expression and Tumor Progression

In the identified cancer types, the correlations between CD86 expression and tumor grade or stage were analyzed to explore the role of CD86 in tumor progression. The comparison of CD86 expression levels among different tumor stages/grades were explored. To investigate whether CD86 expression has independent prognostic value in overall survival, multivariate Cox regression was conducted to adjust the effect of demographic variables and tumor grade/stage. Exploration of cancer types for which CD86 expression showed prognostic value in tumor progression as well as in OS lead to the identification of LGG. CD86 expression profiles among different histological and molecular subtypes stratified by tumor grade of LGG were investigated.



MRNA Extraction and qRT-PCR in JSPH LGG Samples

To further validate the results, 24 surgical samples of LGG (12 grade-II and 12 grade-III) were collected from JSPH and stored in liquid nitrogen. Total RNA was isolated from LGG samples using TRIzol reagent (Invitrogen, USA) according to the manufacturer’s instructions. Subsequently, quantitative real-time PCR (qRT-PCR) was employed to detect the expression levels of CD86 mRNA (forward: 5’-CTTTGCTTCTCTGCTGCTGT-3’ and reverse: 5’-GGCCATCACAAAGAGAATGTTAC-3’) with an ABI StepOnePlus system (Applied Biosystems) and TaqMan-based qRT-PCR assays. The primers for CD86 mRNA PCR were purchased from Guangzhou RiboBio (Guangzhou, China). β-Actin mRNA (forward: 5’-CACCCGCGAGTACAACCTTC-3’ and reverse: 5’-CCCATACCCACCATCACACC-3’) levels were measured for normalization. Data were analyzed using the 2-ΔΔCt method with each test performed in triplicate.



Immunohistochemical Analysis

The tissues for immunohistochemical analysis were fixed by formalin and embedded in paraffin. After being dewaxed in xylene and antigen retrieval, slides were incubated with Anti-CD86 antibody (ab243887, 1:200, Abcam, USA) overnight at 4°C, and then incubated with a Goat Anti-Rabbit IgG H&L antibody (1:50, Beyotime, China) at room temperature for 1 h, followed by incubation with ABC-peroxidase reagent for 1h, washed with PBS, stained with 3, 3-diaminobenzidine (30 mg dissolved in 100 mL Tris-buffer containing 0.03% H2O2) for 5 min, and rinsed in water before counterstained with hematoxylin. Each stained slide was individually reviewed and scored by two independent neuropathologists. Negative controls without primary antibody were included in all experiments to ensure the quality of the staining.



Western Blot (WB) Analysis

Total protein was extracted from tissues using RIPA buffer (KenGEN, China), where protein concentrations were quantified with a BCA Protein Assay Kit (KenGEN, China). Protein was subjected to 10% SDS-PAGE and transferred to PVDF membranes (Millipore, USA). After being blocked with 5% non-fat milk for 2 h, the membranes were incubated overnight at 4°C with primary antibodies against CD86 (ab243887, 1:1000, Abcam, USA), followed by incubation with an HRP-conjugated secondary antibody (1: 3000, YIFEIXUE BIO TECH, China). β-Actin was used as the control (1:1,000, Beyotime, China).



Validation of Prognostic Value of CD86 Expression in CGGA

The prognostic value of CD86 expression in the identified cancer was then validated in the CGGA LGG cohort (n=420). The Kaplan-Meier method was conducted to evaluate the prognostic value of CD86, which was further examined using univariate and multivariate Cox regression. Demographic information (age and gender), cancer type (primary/recurrent), tumor grade, and CD86 expression were incorporated in the regression analyses. If P values were unanimously less than 0.05 in both univariate and multivariate regressions, then CD86 expression was considered as an independent prognostic factor in overall survival of LGG.



Development and Validation of a Nomogram

Using TCGA dataset, CD86 expression and clinical information, including gender, age, tumor grade, cancer type (primary or recurrent), chemotherapy (Yes or No), radiotherapy (Yes or No), and molecular subtypes was employed in univariate and multivariate Cox regressions to identify independent prognostic factors. Subsequently, a nomogram with independent prognostic factors was formulated and validated using the receiver operator characteristic (ROC) analysis and calibration at multiple time-points (20). Validation the nomogram was carried out in both TCGA and the CGGA datasets. Area under curves (AUCs) were calculated to evaluate the discrimination of the nomogram with AUC>0.7 being acceptable and AUC>0.8 being excellent (21, 22). Calibration was performed to compare the predicted probability and the actual observation, indicating the predicative accuracy of the nomogram.



Exploration of CD86-Related Tumor Immunity and Gene Set Enrichment Analysis

Correlation analyses were conducted between CD86 expression and tumor immunity evaluated by tumor purity, immune cells, and immune checkpoint molecules to explore the potential mechanisms whereby CD86 affects prognosis. Tumor purity was measured by stromal score (SS) and immune score (IS), as calculated with the Estimation of Stromal and Immune cells in Malignant Tumours using Expression data (ESTIMATE) algorithm (23). The relationships between CD86 expression and immune cells were analyzed using Tumor IMmune Estimation Resource (TIMER) database (https://cistrome.shinyapps.io/timer/), an online web server that extracted data from gene expression profiles and calculated the abundance of tumor-infiltrating immune cells (24, 25), which was correlated to CD86 expression level with the purity-corrected partial Spearman method (25). Additionally, the association between CD86 expression and immune checkpoint molecules were delineated using Spearman correlation analysis. Correlation coefficients >0.7 were considered as strong correlation, while those falls in the range from 0.4 to 0.7 were interpretated as moderate correlation and values less than 0.4 as weak correlation (26). GSEA was performed using clusterProfiler r package (27) to identify the enriched terms in Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG).




Results


Pan-Cancer Survival Analysis of CD86 Expression Identified Three Cancer Types

The schematic workflow of the study is presented in Figure 1, where the body image was downloaded from Gene Expression Profiling Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/) (28). Survival Analysis of CD86 expression in pan-cancer was conducted to identify relevant cancer types. In Cox regression analysis, the results revealed that CD86 expression was significantly associated with survival rates in five cancer types, i.e., cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), LGG, skin cutaneous melanoma (SKCM), thymoma (THYM) and uveal melanoma (UVM) (Figure 2). Survival analysis on OS showed protective effects of CD86 expression in CESC (HR = 0.702, 95%CI [0.527, 0.935], Cox P = 0.016) and SKCM (HR= 0.710, 95%CI [0.623, 0.809], Cox P < 0.001), while unfavorable effects were demonstrated in LGG (HR= 1.490, 95%CI [1.227,1.810], Cox P < 0.001), THYM (HR = 3.099, 95%CI [1.400, 6.861], Cox P = 0.005) and UVM (HR = 2.318, 95%CI [1.313, 4.092], Cox P = 0.004) (Figure 2A). The results on DSS were in line with the OS analysis, showing similar effect of CD86 expression in the five cancer types: CESC (HR = 0.611, 95%CI [0.436, 0.856], Cox P = 0.004), LGG (HR = 1.555, 95%CI [1.261, 1.917], Cox P < 0.001), SKCM (HR = 0.696, 95%CI [0.604, 0.803], Cox P < 0.001), THYM (HR = 3.603, 95%CI [1.082, 11.993], Cox P = 0.037) and UVM (HR = 2.112, 95%CI [1.160, 3.845], Cox P = 0.014) (Figure 2B).




Figure 1 | Schematic flowchart of the study process. The top left panel indicates that CD86 expression level of the brain is 11.86 [expression= Log2(TPM + 1)].






Figure 2 | Forest plots of cox regression analysis with CD86 expressions in different cancer types. (A) Overall survival (OS). (B) Disease-specific survival (DSS). Cancer types with statistically significant prognostic value of CD86 in both OS and DSS are highlighted in red.



Using Kaplan-Meier method, we also conducted pan-cancer survival analysis of CD86 expression. CD86 was observed to be prognostic in four cancer types (Figure 3A), i.e., LGG (HR = 1.5, 95%CI [1.2, 1.8], log-rank P < 0.001) (Figure 3B), SKCM (HR = 0.71, 95%CI [0.62, 0.81], log-rank P < 0.001) (Figure 3C), UVM (HR = 2.3, 95%CI [1.3, 4.1], log-rank P < 0.001) (Figure 3D) and Testicular Germ Cell Tumor (TGCT; HR = 3.9, 95%CI [1, 15], log-rank P = 0.022) (Figure 3E). Similarly, CD86 expression demonstrated to be prognostic on DSS in four cancer types: LGG (HR = 2.3, 95%CI [1.3, 4.1], log-rank P < 0.001) (Figure 3F), SKCM (HR = 2.3, 95%CI [1.3, 4.1], log-rank P < 0.001) (Figure 3G), UVM (HR = 2.3, 95%CI [1.3, 4.1], log-rank P < 0.001) (Figure 3H), and CESC (HR = 2.3, 95%CI [1.3, 4.1], log-rank P = 0.013) (Figure 3I). The intersection of survival analysis with OS and DSS highlighted three cancer types (LGG, SKCM, and UVM), which indicated that CD86 expression has prognostic value in these three cancer types.




Figure 3 | Kaplan-Meier analysis with CD86 expressions in different cancer types. (A) The Venn diagram of the identified cancer types in cox regression analysis and Kaplan-Meier method. (B–E) Kaplan-Meier survival curve showing the prognostic value of CD86 on OS in LGG (B), SKCM (C), UVM (D), TGCT (E). (F–I) Kaplan-Meier survival curve showing the prognostic value of CD86 on DSS in LGG (F), SKCM (G), UVM (H), CESC (I).





CD86 Expression Was Correlated With Tumor Progression and Worse OS in LGG

We investigated the correlations between CD86 expression and tumor progression in the identified cancer types: SKCM, UVM and LGG. Although CD86 expression was significantly altered among different tumor stages in SKCM (Figure 4A), no independent prognostic value in OS was observed (Figure 4B). In contrast, there was no significant correlation between CD86 expression and tumor stage of UVM (Figure 4C), neither was independent prognostic value of CD86 for UVM (Figure 4D). Higher CD86 expression was present in Grade-III LGG as compared to Grade-II (p=0.025), indicating a carcinogenetic effect of CD86 in LGG (Figure 4E). The multivariate regression analysis showed an independent prognostic value of CD86 in LGG on OS (HR = 1.678, 95%CI [1.308, 2.152], Cox P < 0.001) after variables including age, gender, and tumor grade were adjusted (Figure 4F). Consistent with bioinformatic analysis, in vitro experiments with 24 surgical samples of LGG using qRT-PCR (Figure 4G) and WB analysis (Figure 4H) indicated that CD86 expression in Grade-III LGG was significantly higher than that in Grade-II. Thus, CD86 was observed to be an unfavorable prognostic factor in tumor progression, OS, and DSS for LGG.




Figure 4 | Correlations between CD86 expression and tumor progression. CD86 expression in different stages of SKCM (A) and UVM (C). Multivariate regression analysis of CD86 expression, age, gender, and tumor stage for OS in SKCM (B) and UVM (D). (E) CD86 expression between different grades of LGG. (F) Multivariate regression analysis of CD86 expression, age, gender, and tumor grade for OS in LGG. (G) CD86 mRNA expression evaluated by qRT-PCR in different grades of LGG. (H) CD86 protein expression evaluated by WB in different grades of LGG.





CD86 Expression Was Correlated With Histological and Molecular Subtypes of LGG

CD86 expression profiles among histological and molecular subtypes stratified by tumor grade in LGG were examined. Significantly higher expression of CD86 was observed in Grade-III astrocytoma as compared with oligoastrocytoma and oligodendroglioma of the same grade, while oligodendroglioma presented lower CD86 expression as opposed to oligoastrocytoma (P<1.4*10-14) (Figure 5A). Grade-II glioma showed the same trend between histological types, with no statistical difference detected in CD86 expressions between astrocytoma and oligoastrocytoma (Figure 5A). Besides, CD86 expression in MGMT-unmethylated LGG (Grade-II & Grade-III) was significantly higher than those with methylated MGMT (P<0.05) (Figure 5B). As shown in Figure 5C, markedly higher CD86 expressions were demonstrated in Grade-III glioma with wild-type (WT) isocitrate dehydrogenase (IDH) compared with IDH mutant (P<0.001), while no between-group significance was observed in Grade-II glioma. CD86 in LGG with codeletion of 1p/19q was significantly downregulated as opposed to those with non-codeletion (P<2.2*10-16) (Figure 5D). Immunohistochemistry (IHC) staining validated that CD86 expression was correlated with MGMT status and X1p/19q subtypes (Figure 5E), which is independent of tumor grade. IHC staining for 24 cases with LGG can be accessed in Supplementary File S1.




Figure 5 | Comparisons of CD86 expression with different histological/molecular subtypes of LGG stratified by tumor grade. (A) CD86 expression in astrocytoma, oligoastrocytoma and oligodendroglioma. (B) CD86 expression in IDH mutant and WT of LGG. (C) CD86 expression in MGMT-methylated LGG versus unmethylated type. (D) CD86 expression in LGG with X1p/19q codeletion versus non-codeletion. (E) IHC staining of CD86 among different molecular subtypes regarding status on MGMT methylation and X1p/19q codeletion. *p<0.05 **p<0.01, ***p<0.001, ****p<0.0001, ns: not significant.





CD86 Was an Unfavorable Prognostic Factor in CGGA LGG Patients

The prognostic performance of CD86 expression in LGG was validated in CGGA to determine whether the prognostic value of CD86 was independent of datasets. Kaplan-Meier analysis showed that CD86 expression was significantly correlated with survival rates in LGG (HR = 1.1, 95%CI [1, 1.1], log-rank P = 0.011) (Figure 6A), primary LGG (HR = 1.1, 95%CI [1, 1.2], log-rank P < 0.001) (Figure 6B), and recurrent LGG (HR = 1, 95%CI [0.96, 1.1], log-rank P = 0.05) (Figure 6C). The results of univariate and multivariate regression validated that CD86 acts as an unfavorable prognostic factor independent of clinicodemographic factors in overall survival of LGG patients (Figures 6D, E).




Figure 6 | Validation of the prognostic value of CD86 for LGG in CGGA. (A) Kaplan-Meier analysis of CD86 expression and OS in all LGG. (B) Kaplan-Meier analysis of CD86 expression and OS in primary LGG. (C) Kaplan-Meier analysis of CD86 expression and OS in recurrent LGG. (D) Univariate Cox regression of CD86 expression, LGG cancer type (primary or recurrent), grade, gender and age. (E) Multivariate Cox regression using the same variables.





Development and Validation of a Nomogram

Univariate Cox regression revealed prognostic values of CD86 expression, age, tumor grade, as well as molecular subtypes including IDH mutation status, X1p/19q codeletion, and MGMT methylation (Figure 7A); whereas, multivariate Cox regression showed independent prognostic roles of CD86 expression, age, tumor grade, and IDH mutation status in overall survival of LGG (Figure 7B). A nomogram with these independent factors was formulated to predict an individualized probability of survival (Figure 7C). The ROC curve analysis of the nomogram in TCGA dataset showed acceptable to excellent accuracy in classification with 1-year AUC of 0.904, 3-year AUC of 0.801, 5-year AUC of 0.794 (Figure 7D). Additionally, ROC analysis in the CGGA dataset validated the classification performance with 1-year AUC of 0.665, 3-year AUC of 0.726, 5-year AUC of 0.728 (Figure 7E). Moreover, calibration revealed adequate prediction accuracy of the nomogram at multiple timepoints in TCGA (Figure 7F) and CGGA (Figure 7G).




Figure 7 | Development and validation of a Nomogram. Univariate Cox regression (A) and Multivariate Cox regression (B) with CD86 expression, demographic and clinicopathological factors; Red dots represent risk factor (HRs>1), while green dots represent protective factor (HRs<1). *P<0.05, **P<0.01, ***P<0.001. (C) Nomogram with independent prognostic factors. ROC curve analysis at 1 year, 3years, and 5 years using TCGA dataset (D) and the CGGA dataset (E). Calibration plot at 1 year, 3years, and 5 years in TCGA (F) and the CGGA (G).





CD86 Expression Was Correlated With Tumor Immunity and Implicated in Immune-Related Pathways

As shown in Figures 8A, B, SS and IS were both significantly correlated with CD86 expression (r>0.7, P<2.2*10-16), indicating CD86 could serve as a biomarker in tumor purity. Spearman correlation analysis demonstrated strong correlations of CD86 expression with CD4+ cells (Figure 8E), macrophage (Figure 8F), neutrophil (Figure 8G), as well as with dendritic cells (Figure 8H) using TIMER (r>0.7, P<0.0001). Moderate correlation was also observed between CD86 expression and B cells  (Figure 8C), and there was weak correlation between CD86 expression and CD8+ cells (Figure 8D). Meanwhile, we found that CD86 expression correlated with multiple immune checkpoint molecules, including VSIR, HAVCR2, and PDCD1LG2 (PD-L2) (r>0.7, P<0.0001) (Figure 8I). Additionally, CD86 levels was associated with BTLA, CTLA4, CD274 (PD-L1), and PDCD1 (PD1) with moderate correlation (r>0.4, P<0.001) (Figure 8I).




Figure 8 | Exploration of CD86-related tumor immunity and GSEA. (A) Correlations between CD86 expression and Stromal Score. (B) Correlations between CD86 expression and Immune Score. Correlations between CD86 expression and different immune cells: B cell (C), CD8 T cell (D), CD4 T cell (E), macrophage (F), neutrophil (G), and dendritic cell (H). (I) Correlations between CD86 expression and different immune checkpoint molecules. (J) GSEA of GO terms. (K) GSEA in KEGG pathway. **p<0.01, ***p<0.001.



Subsequently, GSEA was conducted to explore the underlying mechanisms whereby CD86 expression may alter prognosis in LGG. The results of GO analysis showed that CD86 was significantly enriched in adaptive immune response based on somatic recombination of immune receptors, coagulation, leukocyte cell-cell adhesion, and lymphocyte mediated immunity (Figure 8J). In KEGG analysis, CD86 was significantly enriched in antigen processing and presentation, chemokine signaling pathway, and cytokine-cytokine receptor interaction (Figure 8K).




Discussion

In the present study, pan-cancer survival analyses revealed prognostic values of CD86 expression in three cancer types, i.e., LGG, SKCM and UVM. CD86 demonstrated to be an unfavorable factor independent of clinicodemographic variables in tumor progression and prognosis for LGG, which was validated by qRT-PCR and WB in LGG samples, as well as a real-world cohort in CGGA. Additionally, data from TCGA showed CD86 expression was associated with aggressive molecular subtypes of LGG, and IHC staining of surgical samples confirmed these associations. To predict an individualized probability of survival, a nomogram was developed with TCGA dataset, showing adequate classification performance and predictive accuracy in TCGA as well as the CGGA dataset. To explore potential mechanisms by which CD86 acts as an unfavorable prognostic factor in LGG, analysis of tumor immunity and GSEA revealed pivotal role of CD86 in immune response for LGG.

Although CD86 has been reported to be associated with poor prognosis in chronic lymphocytic leukemia (9), myeloma (29), and overall glioma (30), there was no report of its prognostic value in LGG and melanoma. As shown in the present study, CD86 expression level was significantly correlated with worse survival and it was upregulated as the tumor grade increases in LGG. Besides, univariate and multivariate Cox regression validated the independent prognostic value of CD86. Further, analysis of the correlations between CD86 expression and molecular subtypes of LGG indicated that CD86 expression was significantly higher in MGMT-unmethylated type and LGG with non-codeletion of 1p/19q. Low MGMT unmethylation has been established to be associated with poor survival of glioma according to previous studies (31–33), while IDH mutant with 1p/19q codeletion has been observed to have better therapeutic response and clinical outcomes compared to those with non-codeletion (34–36). Therefore, CD86 may alter the malignant processes of LGG by interacting with pathways related to MGMT status and 1p/19q codeletion, which could be relevant to treatment decisions for LGG patients.

Further, we formulated a nomogram to guide clinical practice in an individualized manner, and its predictive performance was validated across different datasets. Although many previous studies have adopted nomogram models in predicting overall survival of LGG patients, most of them (37–39) suffered from a lack of external validation. Our study, on the other hand, offered solid external validation with ROC analysis and calibration plot and the nomogram demonstrated to be clinically relevant, discriminant and accurate in predicting survival outcomes.

To further investigate on the mechanisms, the correlations between CD86 expression and immunity were comprehensively explored. The results indicated that CD86 expression was significantly associated with TME, which has been identified as a key factor in tumor progression and therapeutic response (40, 41). Specifically, we found strong correlations of CD86 expression with immune infiltration of CD4+ cells, macrophage, neutrophil and dendritic cells. These results were consistent with previous studies (38, 42) indicating higher levels of immune cell infiltration may contribute to worse prognosis of LGG. Additionally, CD86 levels demonstrated strong correlations with multiple immune checkpoint molecules, including VSIR, HAVCR2, and PDCD1LG2 (PD-L2). Although there was no report of VSIR and HAVCR2 in LGG, PD-L2 was observed to be an unfavorable prognosticator in tumor progression and prognosis for LGG patients (43). Likewise, CD86 could be a prognostic biomarker and serves as a potential therapeutic target for LGG patients.

To our best knowledge, this article presents the first report on the prognostic value of CD86 expression in pan-cancer. CD86 expression demonstrated to be an unfavorable prognostic factor in survival and tumor progression for LGG patients, thereby serving as potential target of immunotherapy. However, a cause-effect relationship of CD86 expression with prognosis could not be established in the present study. Further investigations about downstream mechanisms arewfi 2 needed, while potential pathways shown in GSEA suggested possible directions.



Conclusion

In summary, CD86 expression is associated with tumor progression and prognosis for LGG patients, where its prognostic value was observed to be independent of clinical features. Besides, CD86 expression was correlated with levels of tumor-infiltrated immune cells and expressions of immune checkpoint molecules. CD86 could be a novel biomarker in the prognosis and treatment of LGG.



Data Availability Statement

Publicly available datasets were analyzed in this study. This data can be found here: [https://xena.ucsc.edu/, http://www.cgga.org.cn/].



Ethics Statement

The studies involving human participants were reviewed and approved by the Institutional Review Board and the Ethics Committee of JSPH (No: 2020-SRFA-167). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

HQ: Conceptualization, Data curation, Formal analysis, Roles/Writing - original draft, Writing - review & editing. WT: Lab investigation and Methodology. YH: Roles/Writing - original draft, Writing - review & editing. JHL, CH, and YL: Writing and revision of the draft. NL, and JNL: Funding acquisition, Methodology, Project administration, Resources, Supervision.



Funding

This study was funded by The Introduced Project of Suzhou Clinical Medical Expert Team (SZYJTD201725), the Nanjing Municipal Science and Technology Bureau (No. 2019060002), the Postgraduate Research & Practice Innovation Program of Jiangsu Province(SJCX20_0478),  and Key Project of Jiangsu Provincial Department of Science and Technology (BE2017007-5).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.654350/full#supplementary-material

Supplementary File S1 | IHC staining of CD86 for 24 cases with LGG.



References

1. Darvin, P, Toor, SM, Nair, VS, and Elkord, E. Immune checkpoint inhibitors: recent progress and potential biomarkers. Exp Mol Med (2018) 50(12):1–11. doi: 10.1038/s12276-018-0191-1

2. Hegde, PS, Karanikas, V, and Evers, S. The Where, the When, and the How of Immune Monitoring for Cancer Immunotherapies in the Era of Checkpoint Inhibition. Clin Cancer Res (2016) 22(8):1865–74. doi: 10.1158/1078-0432.CCR-15-1507

3. Demaria, O, Cornen, S, Daëron, M, Morel, Y, Medzhitov, R, and Vivier, E. Harnessing innate immunity in cancer therapy. Nature (2019) 574(7776):45–56. doi: 10.1038/s41586-019-1593-5

4. Topalian, SL, Taube, JM, Anders, RA, and Pardoll, DM. Mechanism-driven biomarkers to guide immune checkpoint blockade in cancer therapy. Nat Rev Cancer (2016) 16(5):275–87. doi: 10.1038/nrc.2016.36

5. O’Donnell, JS, Teng, MWL, and Smyth, MJ. Cancer immunoediting and resistance to T cell-based immunotherapy. Nat Rev Clin Oncol (2019) 16(3):151–67. doi: 10.1038/s41571-018-0142-8

6. Topalian, SL, Drake, CG, and Pardoll, DM. Immune checkpoint blockade: a common denominator approach to cancer therapy. Cancer Cell (2015) 27(4):450–61. doi: 10.1016/j.ccell.2015.03.001

7. Li, B, Chan, HL, and Chen, P. Immune Checkpoint Inhibitors: Basics and Challenges. Curr Med Chem (2019) 26(17):3009–25. doi: 10.2174/0929867324666170804143706

8. Qin, S, Xu, L, Yi, M, Yu, S, Wu, K, and Luo, S. Novel immune checkpoint targets: moving beyond PD-1 and CTLA-4. Mol Cancer (2019) 18(1):155. doi: 10.1186/s12943-019-1091-2

9. Takács, F, Tolnai-Kriston, C, Hernádfői, M, Szabó, O, Szalóki, G, Szepesi, Á, et al. The Effect of CD86 Expression on the Proliferation and the Survival of CLL Cells. Pathol Oncol Res (2019) 25(2):647–52. doi: 10.1007/s12253-018-0512-7

10. Brzostek, J, Gascoigne, NR, and Rybakin, V. Cell Type-Specific Regulation of Immunological Synapse Dynamics by B7 Ligand Recognition. Front Immunol (2016) 7:24. doi: 10.3389/fimmu.2016.00024

11. Chen, R, Ganesan, A, Okoye, I, Arutyunova, E, Elahi, S, Lemieux, MJ, et al. Targeting B7-1 in immunotherapy. Med Res Rev (2020) 40(2):654–82. doi: 10.1002/med.21632

12. Keir, ME, and Sharpe, AH. The B7/CD28 costimulatory family in autoimmunity. Immunol Rev (2005) 204:128–43. doi: 10.1111/j.0105-2896.2005.00242.x

13. Leach, DR, Krummel, MF, and Allison, JP. Enhancement of antitumor immunity by CTLA-4 blockade. Science (1996) 271(5256):1734–6. doi: 10.1126/science.271.5256.1734

14. Schwartz, JC, Zhang, X, Fedorov, AA, Nathenson, SG, and Almo, SC. Structural basis for co-stimulation by the human CTLA-4/B7-2 complex. Nature (2001) 410(6828):604–8. doi: 10.1038/35069112

15. Hodi, FS, O'Day, SJ, McDermott, DF, Weber, RW, Sosman, JA, Haanen, JB, et al. Improved survival with ipilimumab in patients with metastatic melanoma. N Engl J Med (2010) 363(8):711–23 doi: 10.1056/NEJMoa1003466.

16. Calabrò, L, Morra, A, Fonsatti, E, Cutaia, O, Amato, G, Giannarell, D, et al. Tremelimumab for patients with chemotherapy-resistant advanced malignant mesothelioma: an open-label, single-arm, phase 2 trial. Lancet Oncol (2013) 14(11):1104–11. doi: 10.1016/S1470-2045(13)70381-4

17. Pope, B, Brown, RD, Gibson, J, Yuen, E, and Joshua, D. B7-2-positive myeloma: incidence, clinical characteristics, prognostic significance, and implications for tumor immunotherapy. Blood (2000) 96(4):1274–9. doi: 10.1182/blood.V96.4.1274

18. Maeda, A, Yamamoto, K, Yamashita, K, Asagoe, K, Nohgawa, M, Kita, K, et al. The expression of co-stimulatory molecules and their relationship to the prognosis of human acute myeloid leukaemia: poor prognosis of B7-2-positive leukaemia. Br J Haematol (1998) 102(5):1257–62. doi: 10.1046/j.1365-2141.1998.00901.x

19. Xu, F, Chen, JX, Yang, XB, Hong, XB, Li, ZX, Lin, L, et al. Analysis of Lung Adenocarcinoma Subtypes Based on Immune Signatures Identifies Clinical Implications for Cancer Therapy. Mol Ther Oncolytics (2020) 17:241–9. doi: 10.1016/j.omto.2020.03.021

20. Xu, F, He, L, Zhan, X, Chen, J, Xu, H, Huang, X, et al. DNA methylation-based lung adenocarcinoma subtypes can predict prognosis, recurrence, and immunotherapeutic implications. Aging (Albany NY) (2020) 12(24):25275–93. doi: 10.18632/aging.104129

21. Ranson, WA, Neifert, SN, Cheung, ZB, Mikhail, CM, Caridi, JM, and Cho, SK. Predicting in-hospital complications after anterior cervical discectomy and fusion: a comparison of the Elixhauser and Charlson comorbidity indices. World Neurosurg (2020) 134:e487–96. doi: 10.1016/j.wneu.2019.10.102

22. Conoscenti, C, Rotigliano, E, Cama, M, Caraballo-Arias, NA, Lombardo, L, and Agnesi, V. Exploring the effect of absence selection on landslide susceptibility models: a case study in Sicily, Italy. Geomorphology (2016) 261:222–35. doi: 10.1016/j.geomorph.2016.03.006

23. Yoshihara, K, Shahmoradgoli, M, Martínez, E, Vegesna, R, Kim, H, Torres-Garcia, W, et al. Inferring tumour purity and stromal and immune cell admixture from expression data. Nat Commun (2013) 4:2612. doi: 10.1038/ncomms3612

24. Li, B, Severson, E, Pignon, JC, Zhao, H, Li, T, Novak, J, et al. Comprehensive analyses of tumor immunity: implications for cancer immunotherapy. Genome Biol (2016) 17(1):174. doi: 10.1186/s13059-016-1028-7

25. Li, T, Fan, J, Wang, B, Traugh, N, Chen, Q, Liu, JS, et al. TIMER: A Web Server for Comprehensive Analysis of Tumor-Infiltrating Immune Cells. Cancer Res (2017) 77(21):e108–10. doi: 10.1158/0008-5472.CAN-17-0307

26. Schober, P, Boer, C, and Schwarte, LA. Correlation Coefficients: Appropriate Use and Interpretation. Anesth Analg (2018) 126(5):1763–8. doi: 10.1213/ANE.0000000000002864

27. Yu, G, Wang, LG, Han, Y, and He, QY. clusterProfiler: an R package for comparing biological themes among gene clusters. Omics: J Integr Biol (2012) 16(5):284–7. doi: 10.1089/omi.2011.0118

28. Tang, Z, Li, C, Kang, B, Gao, G, Li, C, and Zhang, Z. GEPIA: a web server for cancer and normal gene expression profiling and interactive analyses. Nucleic Acids Res (2017) 45(W1):W98–102. doi: 10.1093/nar/gkx247

29. Brown, R, Kabani, K, Favaloro, J, Yang, S, Ho, PJ, Gibson, J, et al. CD86+ or HLA-G+ can be transferred via trogocytosis from myeloma cells to T cells and are associated with poor prognosis. Blood (2012) 120(10):2055–63. doi: 10.1182/blood-2012-03-416792

30. Qiu, H, Li, Y, Cheng, S, Li, J, He, C, and Li, J. A Prognostic Microenvironment-Related Immune Signature via ESTIMATE (PROMISE Model) Predicts Overall Survival of Patients With Glioma. Front Oncol (2020) 10:580263. doi: 10.3389/fonc.2020.580263

31. Chamberlain, MC. Prognostic or predictive value of MGMT promoter methylation in gliomas depends on IDH1 mutation. Neurology (2014) 82(23):2147–8. doi: 10.1212/01.wnl.0000451452.30826.6b

32. Karschnia, P, Teske, N, Dorostkar, MM, Siller, S, Weller, J, Baehring, JM, et al. Extent and prognostic value of MGMT promotor methylation in glioma WHO grade II. Sci Rep (2020) 10(1):19758. doi: 10.1038/s41598-020-76312-x

33. van den Bent, MJ, Dubbink, HJ, Sanson, M, van der Lee-Haarloo, CR, Hegi, M, Jeuken, JW, et al. MGMT promoter methylation is prognostic but not predictive for outcome to adjuvant PCV chemotherapy in anaplastic oligodendroglial tumors: a report from EORTC Brain Tumor Group Study 26951. J Clin Oncol (2009) 27(35):5881–6. doi: 10.1200/JCO.2009.24.1034

34. Brat, DJ, Verhaak, RG, Aldape, KD, Yung, WK, Salama, SR, Cooper, LA, et al. Comprehensive, Integrative Genomic Analysis of Diffuse Lower-Grade Gliomas. N Engl J Med (2015) 372(26):2481–98. doi: 10.1056/NEJMoa1402121

35. van den Bent, MJ, Brandes, AA, Taphoorn, MJ, Kros, JM, Kouwenhoven, MC, Delattre, JY, et al. Adjuvant procarbazine, lomustine, and vincristine chemotherapy in newly diagnosed anaplastic oligodendroglioma: long-term follow-up of EORTC brain tumor group study 26951. J Clin Oncol (2013) 31(3):344–50. doi: 10.1200/JCO.2012.43.2229

36. Chamberlain, MC, and Born, D. Prognostic significance of relative 1p/19q codeletion in oligodendroglial tumors. J Neurooncol (2015) 125(2):249–51. doi: 10.1007/s11060-015-1906-y

37. Tu, Z, Wu, L, Wang, P, Hu, Q, Tao, C, Li, K, et al. N6-Methylandenosine-Related lncRNAs Are Potential Biomarkers for Predicting the Overall Survival of Lower-Grade Glioma Patients. Front Cell Dev Biol (2020) 8:642. doi: 10.3389/fcell.2020.00642

38. Yin, W, Jiang, X, Tan, J, Xin, Z, Zhou, Q, Zhan, C, et al. Development and Validation of a Tumor Mutation Burden-Related Immune Prognostic Model for Lower-Grade Glioma. Front Oncol (2020) 10:1409. doi: 10.3389/fonc.2020.01409

39. Wang, Y, Wang, Z, Zhao, B, Chen, W, Wang, Y, and Ma, W. Development of a nomogram for prognostic prediction of lower-grade glioma based on alternative splicing signatures. Cancer Med (2020) 9(24):9266–81. doi: 10.1002/cam4.3530

40. Yin, Q, Han, T, Fang, B, Zhang, G, Zhang, C, Roberts, ER, et al. K27-linked ubiquitination of BRAF by ITCH engages cytokine response to maintain MEK-ERK signaling. Nat Commun (2019) 10(1):1870. doi: 10.1038/s41467-019-09844-0

41. Kondratova, M, Czerwinska, U, Sompairac, N, Amigorena, SD, Soumelis, V, Barillot, E, et al. A multiscale signalling network map of innate immune response in cancer reveals cell heterogeneity signatures. Nat Commun (2019) 10(1):4808. doi: 10.1038/s41467-019-12270-x

42. Lin, S, Xu, H, Zhang, A, Ni, Y, Xu, Y, Meng, T, et al. Prognosis Analysis and Validation of m(6)A Signature and Tumor Immune Microenvironment in Glioma. Front Oncol (2020) 10:541401. doi: 10.3389/fonc.2020.541401

43. Wang, ZL, Li, GZ, Wang, QW, Bao, ZS, Wang, Z, Zhang, CB, et al. PD-L2 expression is correlated with the molecular and clinical features of glioma, and acts as an unfavorable prognostic factor. Oncoimmunology (2019) 8(2):e1541535. doi: 10.1080/2162402X.2018.1541535



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Qiu, Tian, He, Li, He, Li, Liu and Li. 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/Images/fonc-11-654350-g007.jpg





OEBPS/Images/fonc-11-654350-g002.jpg
A overall survival B Mananspnaiic snrei

—

0.‘.,.0.!..0!-".-'

sapsnontossnossssotons:

-

am 20en






OEBPS/Images/fonc.2021.654350_cover.jpg
’ frontiers
in Oncology

Integrated Analysis Reveals
Prognostic Value and Immune
Correlates of CD86 Expression
in Lower Grade Glioma





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Integrated Analysis Reveals Prognostic Value and Immune Correlates of CD86 Expression in Lower Grade Glioma

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Acquisition of Data and Ethics Approval

          



          		

            Statistical Analysis

          



          		

            Survival Analysis of CD86 Expression in Pan-Cancer

          



          		

            Correlations Between CD86 Expression and Tumor Progression

          



          		

            MRNA Extraction and qRT-PCR in JSPH LGG Samples

          



          		

            Immunohistochemical Analysis

          



          		

            Western Blot (WB) Analysis

          



          		

            Validation of Prognostic Value of CD86 Expression in CGGA

          



          		

            Development and Validation of a Nomogram

          



          		

            Exploration of CD86-Related Tumor Immunity and Gene Set Enrichment Analysis

          



        



        



        		

          Results

        

          		

            Pan-Cancer Survival Analysis of CD86 Expression Identified Three Cancer Types

          



          		

            CD86 Expression Was Correlated With Tumor Progression and Worse OS in LGG

          



          		

            CD86 Expression Was Correlated With Histological and Molecular Subtypes of LGG

          



          		

            CD86 Was an Unfavorable Prognostic Factor in CGGA LGG Patients

          



          		

            Development and Validation of a Nomogram

          



          		

            CD86 Expression Was Correlated With Tumor Immunity and Implicated in Immune-Related Pathways

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-11-654350-g005.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-654350-g006.jpg





OEBPS/Images/fonc-11-654350-g003.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-654350-g001.jpg
1.Survival analysis(33 cancer types in TCGA): 2Cormelation of CD86 snd tumar progression:
Cone it s i concres Tows gradeghomalLG) 15948.CGoA
sugearsampie

[ ——






OEBPS/Images/fonc-11-654350-g004.jpg





OEBPS/Images/fonc-11-654350-g008.jpg
mmm\mm“ﬂ\m J WMJMM “M{M‘MM'L‘;&M

i — 1%
1 B






