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Breast cancer (BRCA) is a complex disease that leads to major mortalities and unsatisfactory clinical outcomes among women worldwide. CKLF-like MARVEL transmembrane domain-containing 7 (CMTM7) is a potential tumor suppressor and regulator of PD-L1, which has been found as a functional signature in considerable oncogenesis, progression, and therapeutic resistance via deletion and downregulation. In this research, triple-negative breast cancer (BRCA), a molecular subtype having a lower response to endocrinotherapy but a higher response to chemotherapy and immunotherapy, showed higher transcriptional levels of CMTM7. Moreover, CMTM7 positively correlated with immunomodulators, tumor-infiltrating immune cells (TIICs), and immune checkpoints in many independent datasets. Furthermore, in an immunotherapy cohort of BRCA, patients with high CMTM7 expression were more sensitive to immunotherapy, and the therapeutic predictive value of CMTM7 is higher than that of PD-1 and PD-L1. To sum up, CMTM7 correlated with an inflamed tumor microenvironment and identified immune-hot tumors, which can be a novel biomarker for the recognition of immunological characteristics and an immunotherapeutic response in BRCA.
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INTRODUCTION
Breast cancer (BRCA) is a complex disease that is the cause of major mortalities among women, and the worldwide incidence of BRCA changes between 27 in 100,000 (Africa and East Asia) and 97 in 100,000 (North America) (Bray et al., 2018). According to statistics, BRCA accounts for about 30% of female carcinomas and 15% of mortality-to-incidence (Sung et al., 2021). Although the way BRCA is viewed has changed drastically due to the increasing extensive description of the molecular characteristics of BRCA (Curtis et al., 2012; Ellis et al., 2017), the current therapeutic approaches for BRCA mainly focus on comprehensive treatment, including surgery, chemotherapy, and targeted therapy (Waks and Winer, 2019; Trayes and Cokenakes, 2021). More importantly, controversy remains around all aspects of BRCA treatment (McDonald et al., 2016).
In recent years, with the application of immune-checkpoint inhibitors (ICIs), immunotherapy has developed rapidly and revolutionized the management of multiple solid tumors (Emens, 2018). Accumulating data supports a key role for the immune system in determining both response to standard therapy and long-term survival in patients with BRCA (Savas et al., 2016). For example, a clinical trial on atezolizumab (programmed death 1 [PD-L1] inhibitor) plus nab-paclitaxel in BRCA showed that the median overall survival (OS) in the intention-to-treat patients who received atezolizumab (21 months) was longer than that in those who received a placebo (18.7 months) (Schmid et al., 2020). Although the application of immunotherapy based on PD-1 or PD-L1 blockade has achieved encouraging results, we still cannot ignore that most patients present primary or acquired resistance to immunotherapy agents (Yang, 2015).
Based on previous findings, the composition of the tumor microenvironment (TME) might involve in the response to several treatments. Furthermore, tumors can be identified as cold or hot according to their TME (Cai et al., 2021). To be specific, cold tumors tend to exhibit immunosuppressive TME and are resistant to chemotherapy and immunotherapy, while hot tumors are more sensitive to these therapies and characterized by T-cell infiltration and immunosuppressive TME (Gajewski et al., 2017; Hu et al., 2020; Mao et al., 2022). Collectively, the hot tumors showed a favorite therapeutic response to immunotherapy, such as anti-PD-1/PD-L1 therapy (Zemek et al., 2019). Thus, distinguishing hot and cold tumors is an effective method to demarcate the response to immunotherapy.
Recent in-depth studies revealed that CKLF-like MARVEL transmembrane domain-containing member (CMTM) is closely associated with the genesis, development, and metastasis of tumors, displaying opposing activities in diverse human tumors (Wu et al., 2019). CMTM7 can be a biomarker reflecting the progression and immune status of tumor samples (Jin et al., 2018; Liu et al., 2021). Yongdong Jin et al. (2018) found that the downregulation of CMTM7 facilitates the proliferation and tumorigenesis of gastric cancer cells in vitro and in vivo. In addition, in BRCA, the downregulation of CMTM7 can activate the EGFR/Akt signaling pathway to promote tumorigenesis and metastasis of tumor cells (Lu et al., 2021). Notably, increasing evidence proved that CMTM6 can maintain the expression of PD-L1 and enhance the ability of the expression of PD-L1 in tumor cells to inhibit T cells (Burr et al., 2017; Mezzadra et al., 2017), and the dual knockdown of CMTM6 and CMTM7 observably downregulated the expression of PD-L1 in the breast cancer cell line MCF-7Mes than the single knockdown of CMTM6 (Xiao et al., 2021). Collectively, all previous findings suggested that CMTM7 could be a biomarker reflecting tumor progression and immune status.
Therefore, in the current study, we first divided the BRCA patients according to the expression levels of CMTM7 and its co-expressed genes. Multiple bioinformatics analyses revealed that patients in the CMTM7-high group tended to have an inflamed TME, which is the characteristic of the immune-hot tumor. Furthermore, in the immunotherapy cohorts of BRCA, patients with the CMTM7-high phenotype showed a better therapeutic response to immunotherapy. In addition, the immunotherapeutic predictive value of CMTM7 is encouragingly higher than that of PD-1 and PD-L1 in BRCA. Our study will provide important information for understanding the significance of CMTM7 in recognizing BRCA patients with immune-hot TME and predicting the therapeutic response of immunotherapy.
MATERIALS AND METHODS
Dataset acquisition
The normalized RNA-sequencing profile and clinical annotations of patients in TCGA-BRCA cohort were downloaded from the UCSC Xena website (https://xenabrowser.net/datapages/). In addition, we also obtained the Molecular Taxonomy of Breast Cancer International Consortium (METABRIC) cohort (Curtis et al., 2012) from the cBioPortal for Cancer Genomics (http://cbioportal.org) (Cerami et al., 2012). Furthermore, two immunotherapy cohorts of breast cancer [GSE173839 (Pusztai et al., 2021) and GSE194040 (Wolf et al., 2022)] were also acquired from the Gene Expression Omnibus (GEO) portal (https://www.ncbi.nlm.nih.gov/geo/). For the TCGA-BRCA and METABRIC cohorts, samples with overall survival (OS) above zero days were included in this research. For immunotherapy cohorts, diagnostic patients who received immunotherapy were selected for further analysis.
Identification of the CKLF-like MARVEL transmembrane domain-containing 7 groups
In order to identify the CMTM7-related groups in TCGA-BRCA cohort, weighted gene co-expression network analysis (WGCNA) was performed to identify genes co-expressed with CMTM7 based on the expression profiles of the top 25% of most variant genes (MVGs) according to the analysis of variance (5,133 genes) first. GS represented the correlation between the gene expression and the CMTM7 transcriptional values. MM represented the correlation between the module eigengene and gene expression. Thus, genes with GS ≥ 0.5 and MM ≥ 0.5 in the module that had the highest correlation with CMTM7 expression values were selected as CMTM7 co-expressed genes. Second, silhouette analysis was used to determine the optimal number of stable groups. The number of clusters corresponding to the maximum silhouette coefficient is the optimal number of stable groups. The R package “ConsensusClusterPlus” is an unsupervised class discovery tool with confidence assessments and item tracking by implementing the consensus clustering method. Therefore, consensus clustering (the “ConsensusClusterPlus” package (Wilkerson and Hayes, 2010) in R with 1,000 iterations and 80% resampling) was performed to determine the optimal number of stable subpopulations based on the expression matrix of 72 CMTM7 co-expressed genes (Table 1). Silhouette analysis and consensus matrixes showed that the optimal number of stable groups was 2. Subsequently, patients in the TCGA-BRCA cohort were divided into two groups by performing consensus clustering at k = 2. Finally, 576 patients were classified as the CMTM7-high group, and 493 patients were classified as the CMTM7-low group.
TABLE 1 | Co-expressed genes of CMTM7.
[image: Table 1]Classification of patients in test datasets
The CMTM7 groups identified in TCGA-BRCA cohort were extrapolated to other datasets (testing datasets) following these steps. First, the gene expression profiles of TCGA-BRCA (training dataset) and test dataset were combined, and the batch effect was removed by the R package “limma” (Ritchie et al., 2015). Subsequently, the classification of patients was predicted by the R package “pamr” according to the nearest shrunken centroids method, an algorithm using “shrunken” centroids as prototypes for each group and identifying the representative genes of each group (Tibshirani et al., 2002).
Assessment of immunological characteristics of the tumor microenvironment
In order to assess the immunological characteristics of the TME, the ESTIMATE algorithm (Yoshihara et al., 2013), a method inferring tumor purity and stromal and immune cells from tumor samples based on bulk transcriptomic profiles, was performed to assess tumor purity, the ESTIMATE score, the immune score, and the stromal score. The stromal and immune scores were calculated by performing the single-sample gene set enrichment analysis of two user-defined signatures (stromal and immune signatures) (Yoshihara et al., 2013). Based on the stromal and immune scores, the ESTIMATE score was estimated and used to infer the tumor purity (Yoshihara et al., 2013). In addition, the information of 122 immunomodulators including the major histocompatibility complex (MHC), receptors, chemokines, and immune stimulators was collected from the study of Charoentong et al. (2017). To further understand the immunological status of each patient, a set of signature genes for 29 immune cell types and immune-related pathways (Bindea et al., 2013) was used to estimate the infiltration levels of different immune cell populations, and the activities of immune-related pathways and functions of each patient were calculated by using the single-sample gene set enrichment analysis (ssGSEA) in the R package “GSVA” (Ferreira et al., 2021).
Identification of differentially expressed genes
In order to identify the DEGs for the CMTM7-high and CMTM7-low groups, respectively, the R package “limma” (Ritchie et al., 2015) was used to perform the differential expression analysis. Genes with a fold-change (FC) ≥ 1.5 and adjusted p-values < 0.05 were recognized as upregulated genes for the CMTM7-high group, while genes with a FC ≤ −1.5 and adjusted p-values < 0.05 were recognized as upregulated genes for the CMTM7-low group.
Enrichment analysis of gene functions and pathways
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed by using the R package “clusterProfile.” The top 10 enriched pathways with the most significant p-values were displayed.
Clinical samples
The BRCA tissue microarray (TMA, Cat. HBreD030CS01) was purchased from Outdo BioTech (Shanghai, China). The HBreD030CS01 microarray contained 30 BRCA samples. Ethical approval for the use of TMAs was granted by the Clinical Research Ethics Committee at Outdo Biotech (Shanghai, China). In addition, five breast fibroma samples were collected by Wuxi Maternity and Child Health Hospital. Ethical approval for the collection of tissue sections was granted by the Clinical Research Ethics Committee, Wuxi Maternity and Child Health Hospital.
Immunohistochemistry staining and semi-quantitative scoring
IHC staining was conducted on the previous sections according to the standardized procedures (Cai et al., 2021). Sections were retrieved by EDTA (Cat. KGIHC002, KeyGen). The primary antibody used was as follows: anti-CMTM7 (1:200 dilution, Cat. bs-8026R, Bioss). Antibody staining was visualized with DAB and hematoxylin counterstain. The stained sections were independently evaluated by two pathologists. The evaluation standard was on a 12-point scale by calculating the immunoreactivity score (IRS) (Mei et al., 2021a). Briefly, the percentage of positively stained cells was scored from 0 to 4: 0 (<5%), 1 (6%–25%), 2 (26%–50%), 3 (51%–75%), and 4 (>75%). The staining intensity was scored from 0 to 3: 0 (negative), 1 (weak), 2 (moderate), and 3 (strong). The immunoreactivity score (IRS) equals the percentages of positive cells multiplied by staining intensity.
Statistical analysis
All statistical analyses were handled using R software (version 4.0.4). The significant difference in continuous variables between the two groups was assessed using the Wilcoxon rank-sum test, while Fisher’s exact test was used to measure the difference among categorical variables. Prognostic values were evaluated using the log-rank test. For all analyses, a two-paired p-value ≤ 0.05 was deemed to be statistically significant and labeled with *p-value ≤ 0.05, **p-value ≤ 0.01, ***p-value ≤ 0.001, and ****p-value ≤ 0.0001.
RESULTS
CKLF-like MARVEL transmembrane domain-containing 7 predicts molecular subtypes in breast cancer
Considering that the downregulation of CMTM7 is correlated with tumorigenesis and progression, we first evaluated CMTM7 expression and the clinicopathological features of BRCA. As expected, BRCA patients with a high level of CMTM7 showed significantly better overall survival (log-rank test, p = 0.04, Supplementary Figure S1). As shown in Figure 1A, CMTM7 was remarkably associated with previous PAM50 subclasses. Patients with basal-like and normal-like PAM50 phenotypes tended to have higher levels of CMTM7, while other PAM50 subclasses showed lower expression values of CMTM7 (Figure 1A). In addition, there were no significant differences among patients with different pathological characteristics (Figures 1B–E). To be specific, no statistically significant difference in CMTM7 expression among patients with clinical or TNM stages was observed (Figures 1B–E). Last but not least, given the important role of levels of human epidermal growth factor receptor 2 (HER2) and steroid hormone receptors (estrogen receptor [ER] and progesterone receptor [PR]) in subgrouping BRCA patients (Howlader et al., 2014), we next explored the correlation between transcriptional levels of CMTM7 and these receptors. Results showed that CMTM7 was significantly lower in patients with ER-positive (p < 0.0001) or PR-positive (p < 0.0001) phenotypes (Figures 1A,F,G). In addition, compared with HER2-negative patients, the mRNA expression of CMTM7 was significantly lower in HER2-rich patients (p < 0.0001, Figures 1A,H). In addition, CMTM7 expression was remarkably higher in patients with triple-negative breast cancer (TNBC) (p < 0.0001, Figures 1A,I), a molecular subtype with dead aggressiveness and a lack of effective therapies (Mei et al., 2020), but often overexpressing PD-L1 and showing encouraging therapeutic responses to immunotherapy (Mei et al., 2021b; Majidpoor and Mortezaee, 2021). Collectively, these results showed that CMTM7 was not associated with pathological stages but can predict the molecular subtypes of BRCA.
[image: Figure 1]FIGURE 1 | CMTM7 predicts the molecular subtype in BRCA. (A) Correlations between CMTM7 and clinicopathological features in BRCA. (B–I) Boxplot showing the expression level of CMTM7 among the subtypes of each clinicopathological feature. Horizontal lines in the boxplots represent the median, the lower and upper hinges correspond to the first and third quartiles, respectively, and the whiskers extend from the hinge up to 1.5 times the interquartile range from the hinge. The Wilcoxon rank-sum test was performed to measure the difference between two groups.
Identification of CKLF-like MARVEL transmembrane domain-containing 7-related breast cancer subtypes
Having observed the value of CMTM7 in predicting the molecular subtypes of BRCA and that it is especially overexpressed in TNBC patients who are relatively sensitive to immunotherapy, we next explored the correlation between CMTM7 expression and immunological characteristics. In order to classify the patients scientifically, we first constructed a WGCNA network by using the R package WGCNA to identify the co-expressed genes of CMTM7 in TCGA-BRCA cohort. In the present research, after constructing a scale-free network based on the soft-thresholding power of β = 4 (scale-free network R2 = 0.91, Figures 2A, B), 13 color-coded gene modules except for the gray module were held (Figure 2C). As shown in Figure 2D, the yellow module showed the highest correlation with CMTM7 expression (R = 0.68, p < 0.0001, Figure 2D). The GS and MM values for the yellow module in CMTM7 mRNA levels were displayed in scatter plots (Figure 2E). Genes with GS ≥ 0.5 and MM ≥ 0.5 were selected as the co-expressed genes with CMTM7.
[image: Figure 2]FIGURE 2 | Identification of relevant modules associated with CMTM7 expression in TCGA-BRCA. (A) Analysis of the scale-free fitting indices for different soft-thresholding powers (β). (B) Mean connectivity analysis of different soft-thresholding powers. (C) Clustering dendrograms of genes were based on dissimilarity, topological overlap, and module colors. As a result, 13 co-expressed modules except the gray module were constructed and labeled with different colors. These modules were arranged from large to small according to the number of genes included. (D) Heatmap of the correlation between module eigengenes and CMTM7 expression of BRCA. The yellow gene module was revealed to exhibit the highest correlation with CMTM7 expression. (E) Scatter plots showing the relationship between MM and GS in the yellow module.
Next, we classified the patients in TCGA-BRCA cohort based on the expression matrix of CMTM7 and its co-expressed genes. According to silhouette analysis and consensus matrixes (Figures 3A,B; Supplementary Figure S2), the optimal number of stable groups was 2. Then, 1,069 patients in TCGA-BRCA cohort were divided into two subgroups by performing consensus clustering at k = 2 (Figures 3B,C), including 576 patients in the CMTM7-high group and 493 patients with the CMTM7-low phenotype. Then, DEG analysis was performed to find the specifically expressed genes for the CMTM7-high and CMTM7-low groups, respectively (Figure 3D). Notably, the functional enrichment analysis showed that genes upregulated in the CMTM7-high group were highly related to signaling pathways associated with immune status, such as T-cell activation and cytokine–cytokine receptor interaction (Figure 3E). Consistent with the biological pathways, compared with the CMTM7-low group, patients with the CMTM7-high phenotype showed higher levels of immune score (p = 0.00055), stromal score (p = 0.032), and ESTIMATE score (p = 0.00074) but lower levels of tumor purity (p = 0.00074, Figures 3F–I). All the aforementioned results suggested that CMTM7 expression was positively correlated with the inflamed TME.
[image: Figure 3]FIGURE 3 | Identification of a CMTM7-related subtype in TCGA-BRCA (A) Average silhouette coefficient for k = 1 to k = 10. (B) Consensus clustering matrix of TCGA-BRCA samples using the expression matrix of CMTM7 and its co-expressed genes for k = 2. (C) Principal component analysis of TCGA-BRCA samples based on the expression matrix of all genes. (D) Volcano plot showing the differentially expressed genes (DEGs) for the CMTM7-high and CMTM7-low groups. (E) Functional enrichment analysis of DEGs for the CMTM7-high and CMTM7-low groups. (F–I) Boxplot showing the immune score, stromal score, ESTIMATE score, and tumor purity between the CMTM7-high and CMTM7-low groups. Horizontal lines in the boxplots represent the median, the lower and upper hinges correspond to the first and third quartiles, respectively, and the whiskers extend from the hinge up to 1.5 times the interquartile range from the hinge. The Wilcoxon rank-sum test was performed to measure the difference between two groups.
Correlation of CKLF-like MARVEL transmembrane domain-containing 7-related breast cancer subtypes with immune infiltration
Given that the patients with the CMTM7-high phenotype tend to have an infiltrating TME and activate some signaling pathways associated with an immune response, we subsequently explored the immunological characteristics between the CMTM7-high and CMTM7-low groups in TCGA-BRCA cohort in depth. As shown in Figures 4A–D, patients with the CMTM7-high phenotype had remarkably higher enrichment scores of chemokines, paired receptors, MHC molecules, and immunomodulators (Figures 4A–D), which were involved in recruiting effector tumor-inflamed immune cells, such as CD8+ T cells, macrophages, and antigen-presenting cells. Meanwhile, the CMTM7-high group showed higher enrichment scores of immune-related pathways and a relative abundance of immune cells such as nature killer (NK) cells (Figure 4E), indicating that these patients tend to have more inflamed TME. In addition, the expression of immune checkpoint inhibitors such as PD-1/PD-L1 was reported to be high in inflamed TME (Cai et al., 2021). Consistently, in our research, CMTM7 was found to be positively correlated with a majority of immune checkpoint inhibitors including PD-1, PD-L1, and CTLA4 (Figure 4F).
[image: Figure 4]FIGURE 4 | Immunological characteristics between the CMTM7-high and CMTM7-low groups in TCGA-BRCA cohort. (A–D) Comparison of the enrichment scores of receptors, MHC, immunostimulators, and chemokines between the CMTM7-high and CMTM7-low groups. (E) Heatmap showing the enrichment scores of immune subpopulations and immune-related signaling pathways. (F) Heatmap showing the gene expression matrix of immune checkpoint inhibitors.
Last but not least, we further validated these findings in the METABRIC cohort. Consistent with the results found in TCGA-BRCA cohort, patients in the CMTM7-high group had remarkably higher levels of immune scores, stromal scores, and ESTIMATE scores, and lower tumor purity (Figures 5A–D). In addition, patients with the CMTM7-high phenotype also showed significantly higher enrichment scores for immunomodulatory factors and immune-related status (Figures 5E–I). Meanwhile, a majority of immune checkpoint inhibitors are also highly expressed in patients in the CMTM7-high group. Totally, CMTM7 is tightly correlated with the development of an inflamed TME, which may play a critical role in identifying the immunogenicity of BRCA.
[image: Figure 5]FIGURE 5 | Immunological characteristics between the CMTM7-high and CMTM7-low groups in the METABRIC cohort. (A–D) Boxplot showing the immune score, stromal score, ESTIMATE score, and tumor purity between the CMTM7-high and CMTM7-low groups. (E–H) Comparison of the enrichment scores of receptors, MHC, immunostimulators, and chemokines between the CMTM7-high and CMTM7-low groups. (I) Heatmap showing the enrichment scores of immune subpopulations and immune-related signaling pathways. (J) Heatmap showing the gene expression matrix of immune checkpoint inhibitors.
CKLF-like MARVEL transmembrane domain-containing 7 predicts the therapeutic response of immunotherapy
A previous study found that the dual knockdown of CMTM6 and CMTM7 observably downregulated the expression of PD-L1 in the breast cancer cell line MCF-7Mes (Xiao et al., 2021), indicating the potential role of CMTM7 in reflecting the anti-tumor activity of BRCA. Therefore, we further explored the therapeutic predictive values of CMTM7 in immunotherapy cohorts of BRCA. First, patients in the immunotherapy cohorts were classified into the CMTM7-high and CMTM7-low groups based on the gene expression profiles, respectively (see “Methods”). As expected, the transcriptional levels of CMTM7 were positively correlated with the relative abundance of immune cells in the GSE173839 immunotherapy cohort (R2 = 0.41, p < 0.0001, Figure 6A). Meanwhile, compared with the CMTM7-low group, patients with the CMTM7-high phenotype had higher levels of inflamed immune cell subpopulations and immune checkpoint inhibitors (Figures 6B, C), in keeping with the results in TCGA-BRCA and METABRIC cohorts. In addition, the results in the GSE194040 cohort were also consistent with the previous results (Figures 6D–F). Encouragingly, patients with a CMTM7-high phenotype were more likely to exhibit sensitivity to immunotherapy (p < 0.0001, Figure 6G), and the transcriptional levels of CMTM7 showed more predictive value of an immunotherapy response than those of PD-1 and PD-L1 (CMTM7: AUC = 0.9024; PD-L1: AUC = 0.8187; PDCD1: AUC = 0.7016; Figure 6H). Last but not least, these results were also validated in another immunotherapy cohort for BRCA (Figures 6I, J). Collectively, all the previous results suggested that CMTM7 was positively correlated with immune-hot TME and can be a novel biomarker for predicting the therapeutic response of immunotherapy in breast cancer well.
[image: Figure 6]FIGURE 6 | CMTM7 correlated with inflamed TME and predicted the immunotherapeutic response. (A) Correlation between CMTM7 expression and immune score in the GSE173839 cohort. (B) Heatmap showing the enrichment scores of immune subpopulations and immune-related signaling pathways in GSE173839. (C) Heatmap showing the gene expression matrix of immune checkpoint inhibitors in GSE173839. (D) Correlation between CMTM7 expression and immune score in the GSE194040 cohort. (E) Heatmap showing the enrichment scores of immune subpopulations and immune-related signaling pathways in GSE194040. (F) Heatmap showing the gene expression matrix of immune checkpoint inhibitors in GSE194040. (G) Barplot showing the percentage of complete remission (CR) and non-complete remission (NR) in the CMTM7-high and CMTM7-low groups in GSE173839. (H) ROC curves showing the predictive values of immunotherapeutic response for CMTM7, PD-L1, and PD-1 in the GSE173839 cohort. (I) Barplot showing the percentage of CR and NR patients in the CMTM7-high and CMTM7-low groups in the GSE194040 cohort. (J) ROC curves showing the predictive values of the immunotherapeutic response for CMTM7, PD-L1, and PD-1 in the GSE194040 cohort.
Validation of CKLF-like MARVEL transmembrane domain-containing 7 expression in breast cancer and breast fibromas
To study the protein expression of PSMC2 in BRCA, 30 BRCA samples and five breast fibroma samples were detected by IHC. Figure 7A shows the representative images. The results suggested that CMTM7 expression was significantly enhanced in tumor samples (Figure 7B). Given that CMTM7 is overexpressed in tumor tissues, it could be a candidate target in BRCA.
[image: Figure 7]FIGURE 7 | CMTM7 protein expression in BRCA and breast fibromas. (A) Representative images uncovering CMTM7 expression in tumor and breast fibroma tissues using anti-CMTM7 staining. (B) Semi-quantitative analysis of CMTM7 in tumor and breast fibroma tissues.
DISCUSSION
BRCA is one of the most widespread gynecological oncologies, which leads to major deaths among women around the world (Sung et al., 2021). Although the way BRCA is viewed has changed drastically due to the increasing extensive description of the molecular characteristics of BRCA (Curtis et al., 2012; Ellis et al., 2017), there remains considerable controversy around all aspects of BRCA treatment (McDonald et al., 2016). In addition, although the application of ICIs has revolutionized the management of multiple solid tumors and achieved encouraging therapeutic effects, there are still many patients who present primary and acquired resistance to immunotherapy (Yang, 2015).
According to previous studies, tumors are complex masses consisting of malignant and considerable normal cell subpopulations, such as CD8+ T cells and macrophages. The complex interactions among these cells via cytokines, chemokines, and growth factors form the TME (Gout et al., 2022). Based on the crosstalk among various cell subpopulations, the TME might be involved in the response to several treatments and the prognosis. Furthermore, tumors can be recognized as cold or hot depending on their TME. To be specific, cold tumors tend to exhibit immunosuppressive TME and are resistant to chemotherapy and immunotherapy, while hot tumors are more sensitive to these therapies, which are characterized by T-cell infiltration and immunosuppressive TME (Cai et al., 2021; Mao et al., 2022). Collectively, the hot tumors showed a favorite therapeutic response to immunotherapy, such as anti-PD-1/PD-L1 therapy. Thus, distinguishing hot and cold tumors is an effective method to demarcate the response to immunotherapy.
Recent in-depth studies revealed that genes belonging to the CMTM family are closely associated with the genesis, development, and metastasis of tumors, displaying opposing activities in diverse human tumors (Wu et al., 2019). As CMTM7 is a potential tumor suppressor and frequently deleted in many carcinomas, its dysfunction could promote oncogenesis and progression in multiple carcinomas (Jin et al., 2018; Lu et al., 2021). Furthermore, the expression of surface PD-L1 in the breast cancer cell line MCF-7Mes was remarkably downregulated via the dual knockdown of CMTM6 and CMTM7 compared to that of a single knockdown of CMTM6 (Xiao et al., 2021). Notably, increasing evidence proves that CMTM6, a regulator of PD-L1, can maintain the expression of PD-L1 and enhance the ability of PD-L1 expression in tumor cells to inhibit T cells (Burr et al., 2017; Mezzadra et al., 2017). In addition, the co-expression of CMTM6 and PD-L1 is associated with an active immune microenvironment and a favorable prognosis in colorectal cancer, especially in patients receiving adjuvant chemotherapy (Peng et al., 2021). Furthermore, in triple-negative breast cancer, CMTM6 is positively correlated with PD-L1 and associated with the relapse-free survival rate (Shi et al., 2022). Combined with these findings, CMTM7 might have functions similar to CMTM6, where CMTM7 could be a regulator of PD-L1 and associated with the active immune microenvironment. However, the crucial values of CMTM7 in the recognition of tumor immune status have not been evaluated.
Therefore, in this research, we first reported that the transcriptional levels of CMTM7 were not associated with pathological stages but can predict the molecular subtypes of BRCA. To be specific, patients with negative status for HER2 or steroid hormone receptors showed remarkably higher expression of CMTM7 than those with positive status. Notably, CMTM7 was upregulated in the TNBC subtype of BRCA. As previously reported, TNBC, a molecular subtype with dead aggressiveness and a lack of effective therapies, often overexpressed PD-L1 and showed encouraging therapeutic responses to ICIs.
Given this finding, we next scientifically divided patients into several groups according to CMTM7 expression. First, the WGCNA algorithm was performed to identify the co-expressed genes of CMTM7. Then, patients in TCGA-BRCA cohort were classified into two groups (CMTM7-high and CMTM7-low groups) via multiple bioinformatics methods based on the gene expression matrix of these co-expressed genes. Subsequently, the further exploration of immunological characteristics between the CMTM7-high and CMTM7-low groups found that patients with the CMTM7-high phenotype tended to exhibit a more activated immune TME. To be specific, CMTM7 was positively correlated with the enrichment of immunomodulators and TIICs. Notably, the recruitment of effector TIICs was enhanced, thereby promoting the development of an inflamed TME. Meanwhile, we also found that some well-known immune checkpoint inhibitors such as PD-1, PD-L1, and CTLA4 were remarkably highly expressed in the CMTM7-high group. Further analysis in the immunotherapy cohort of BRCA found that high CMTM7 expression was associated with the enhanced response to immunotherapy, and the therapeutic predictive value of it is higher than that of PD-1/PD-L1. Collectively, all our findings suggest that CMTM7 is a novel biomarker that can recognize the immune-hot TME and predict the effective therapeutic response of immunotherapy in BRCA, indicating that measuring the CMTM7 levels of breast cancers could guide the therapeutic schedule.
CONCLUSION
To sum up, based on multiple bioinformatics analyses, we reported that the BRCA patients with the CMTM7-high phenotype had the TME with enhanced infiltration of immune cell subpopulations and more activation of immune-related signaling pathways. In addition, patients in the CMTM7-high group were more likely to exhibit sensitivity to immunotherapy. Meanwhile, the transcriptional levels of CMTM7 can predict the immunotherapy response better than those of PD-1 and PD-L1, suggesting that CMTM7 is a novel biomarker that can recognize the immune-hot TME and predict the effective therapeutic response of immunotherapy in BRCA, implying that measuring the CMTM7 levels of breast cancers could guide the therapeutic schedule.
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