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The transcriptional co-activator with PDZ-binding motif (TAZ) is a downstream effector of the Hippo pathway. It has been identified as an oncogene in certain tumor types; however, the function and role of TAZ in colorectal cancer (CRC) has not been illustrated. Here, we aimed to analyze the expression and role of TAZ in CRC. In this study, we investigated the expression level of TAZ in 127 CRC and matched adjacent normal tissues by immunohistochemistry (IHC) and analyzed its correlation with clinicopathological characteristics in CRC. Moreover, we further analyzed the role of TAZ in the CRC-associated immunology using integrative bioinformatic analyses. The cBioPortal and WebGestalt database were used to analyze the co-expressed genes and related pathways of TAZ in CRC by gene ontology (GO) and KEGG enrichment analyses. Meanwhile, the correlations between TAZ and the infiltrating immune cells and gene markers were analyzed by TIMER database. Our study revealed that TAZ expression is higher in CRC tissues than in matched adjacent non-tumor tissues. In addition, CRC patients with higher TAZ expression demonstrated poor overall survival (OS) and recurrent-free survival rates as compared to CRC patients with lower expression of TAZ. Furthermore, the TAZ expression was identified to closely associate with the immune infiltration of CD4 + T, CD8 + T, and B cells. Taken together, our findings suggest that TAZ may serve as a promising prognostic biomarker and therapeutic target in CRC.
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INTRODUCTION

Hippo signaling pathway is a highly conserved intracellular communication network in multiple species. It was originally discovered from Hippo kinase in Drosophila and mainly comprises the upstream activated factors, such as FAT4 and DACHS; core kinase molecules, such as MST1/2 and LATS1/2; and co-transcription factors including YAP and transcriptional co-activator with PDZ-binding motif (TAZ) (1, 2). When Hippo signaling is inhibited, TAZ is translocated to the nucleus from the cytoplasm and acts as a co-transcription factor with other transcription factors such as TEADs, RUNXs to form transcription complexes, thereby regulating the transcriptional expression of a series of downstream target genes (e.g., TEADs, Runxs) (3, 4). Recent studies have reported that the activation of TAZ is closely linked with tumorigenesis as it regulates a series of malignant biological behaviors, such as malignant proliferation, invasion, metastasis, and chemotherapy resistance (5–8).

The Hippo effector TAZ is short for “TAZ.” It is encoded by the WWTR1 gene and located at 3q25 in humans (9). In recent years, TAZ has been identified as an oncogene in several tumor types such as breast, lung, prostate, and ovarian cancers (5–8). Maugeri-Sacca et al. (10) have demonstrated that the high expression of TAZ is associated with the promotion of epithelial-mesenchymal transition (EMT) and chemotherapy resistance in breast cancer. Furthermore, the activation of TAZ is also connected to various cancer hallmarks, such as EMT in thyroid carcinoma (11), glutamine metabolism in breast cancer (12), and chemotherapy resistance in non-small-cell lung cancer (13). Moreover, the expression of TAZ holds prospective prognosis value in certain tumor types. Van Haele et al. (14) have established that the nuclear expression of TAZ is an independent predictor of poor recurrence-free survival (RFS) and overall survival (OS) in hepatocellular carcinoma patients. In colorectal cancer (CRC), several previous studies have reported the association of TAZ with prognosis and tumor aggressiveness (15–17). Moreover, recent studies demonstrated that Hippo pathway was associated with the tumor immunity (18, 19). TAZ may be served as a signal hub that link the cancer cells and immune cells, which can influence the formation of tumor microenvironment (TME), thereby promoting the immune escape (20, 21). However, the specific function and immune role of TAZ in CRC has not been fully elucidated.

Accordingly, in this study, we investigated the expression of TAZ in CRC and matched normal tissues for analyzing the correlation between TAZ expression and clinicopathological characteristics in CRC. Furthermore, we analyzed the role of TAZ in the CRC-associated immunology using an integrative bioinformatic analyses. Thus, the aim of this study was to assess the clinical significance and potential role of TAZ, and to analyze the relationship between TAZ expression and immune infiltration in CRC.



MATERIALS AND METHODS


Tissue Samples

A total of 127 pairs of paraffin-embedded archived CRC specimens and matched adjacent normal tissue samples were obtained from Xiangya Hospital (Changsha, P. R. China). All the CRC tumor specimens obtained after surgical resection were collected between June 2016 and May 2019. None of the patients had received any treatment such as chemotherapy, radiotherapy, or immunotherapy, prior to resection. The clinical CRC specimens were collected with permission from the hospital Research Ethics Board of Xiangya Hospital of Central South University.



Immunohistochemistry

The immunohistochemistry (IHC) procedures were performed using classical biotin–streptavidin–peroxidase staining protocols (22). TAZ expression was detected using anti-TAZ antibody (diluted 1:50; Catalog no: 23306-1-AP; Proteintech Group, Inc, United States). Five random high-power fields were chosen and more than 500 cells were analyzed per field for assessing TAZ expression. The sample TAZ expression scores were based on both the intensity of staining and the proportion of positively stained tumor tissues, with staining intensity scores being either 0 (negative), 1 (weak), 2 (moderate), or 3 (strong); and staining area scores being either 0 (0%), 1 (1–25%), 2 (26–50%), 3 (51–75%), or 4 (76–100%). The final staining score of each specimen was calculated as the product of staining intensity and the staining area scores. The final staining score of 2 or above was considered as positive TAZ expression whereas a staining score of less than 2 was considered as negative TAZ expression (23). The data were subjected to statistical analyses and the associated results are shown in the Supplementary Table 1.



Data Collection and Integrative Bioinformatic Analyses


Gene Expression Omnibus Database Analysis

Colorectal cancer datasets were deposited in the Gene Expression Omnibus (GEO) database: GSE9348 (24), GSE22598 (25), GSE18105 (26), and GSE39582 (27) (these datasets were generated using the Affymetrix Human Genome U133 Plus 2.0 platform). The GSE9348 dataset has 70 primary CRC samples and 12 normal colon samples, GSE22598 has 17 pairs of CRC and adjacent non-tumor tissues, GSE18105 has 67 primary CRC samples and 44 metastatic CRC samples, and GSE39582 contains clinical follow-up data for 574 CRC samples.




TIMER Database Analysis

TIMER1 is a comprehensive analysis software for investigating the gene expression and immune infiltration in various tumor types (28). TIMER database contains 457 colon adenocarcinoma (COAD) tumor samples and 41 normal samples, and 166 rectum adenocarcinoma (READ) tumor samples and 10 normal samples. We used TIMER to reveal the correlation between TAZ expression in CRC and the level of infiltration by immune cells. In addition, the correlation of TAZ expression with gene markers of CD4+ T, CD8+ T, B, and other types of T cells in addition to macrophages, neutrophils, and monocytes were further investigated (29). The gene expression levels were expressed as log2 RSEM (RNA-Seq by Expectation-Maximization).


UALCAN Analysis

UALCAN2 is a user-friendly web resource that contains comprehensive multi-omics data pertaining to various cancers that facilitates the identification of tumor subgroup-specific candidate biomarkers and their validation (30). In the present study, we analyzed the expression of TAZ in CRC patients through UALCAN using cohort stratification on the basis of stage and metastasis status of the disease.



Co-expression Network

cBioPortal3 integrates data from several databases and independent cancer research projects and facilitates visual examination of multi-dimensional cancer genomics data (31). In the present study, we used it to analyze the co-expressed genes of TAZ in CRC. The subsequent protein-protein interaction (PPI) analysis was carried out using Cytoscape (version 3.7.2)4 (32).



Enrichment Analysis

Metascape5 incorporates comprehensive annotated gene lists and analysis resources for experimental biologists that facilitates extensive analyses of datasets across multiple independent and orthogonal experiments (33). In the present study, we performed gene ontology (GO) enrichment and KEGG pathway enrichment to analyze the co-expressed genes of TAZ in CRC, and visualized it using Metascape.




Statistical Analysis

The differences between two groups were analyzed with the Student’s t-test using statistical analysis software package IBM SPSS Statistics 23.0 (International Business Machines Corporation, NY, United States). Chi-Square test was used to analyze the relationship between TAZ expression and the clinicopathological characteristics of CRC patients. The correlation of TAZ expression with immune infiltration and characteristic markers of immune cells were analyzed with Spearman’s Rank correlation. Results were considered statistically significant at P-value < 0.05.




RESULTS


Transcriptional Co-activator With PDZ-Binding Motif Is Overexpressed in Colorectal Cancer Tissues

To analyze the expression levels of TAZ in various human cancers as compared with those in normal tissues, the mRNA expression of TAZ was analyzed using TIMER database. The results showed that TAZ expression was significantly elevated in bladder urothelial carcinoma (BLCA), breast invasive carcinoma, cholangiocarcinoma (CHOL), esophageal carcinoma (ESCA), head and neck cancer (HNSC), kidney renal clear cell carcinoma, kidney renal papillary cell carcinoma (KIRP), liver hepatocellular carcinoma, lung adenocarcinoma, lung squamous cell carcinoma (LUSC), prostate adenocarcinoma, stomach adenocarcinoma, thyroid carcinoma, and especially in COAD and READ (Figure 1A and Supplementary Figure 1A).


[image: image]

FIGURE 1. Transcriptional co-activator with PDZ-binding motif (TAZ) is overexpressed in colorectal cancer (CRC). (A) Relative expression of TAZ in different cancers as compared with that in adjacent normal tissues as per the analysis using TIMER database. (B) Box plot showing expression of TAZ in colon adenocarcinoma (COAD) and rectum adenocarcinoma (READ) patients as compared with that in normal healthy individuals generated using the UALCAN database. (C) #GSE22598 (containing 17 pairs of CRC tissues and corresponding normal colorectal tissues) and (D) #GSE9348 (containing 12 normal colon samples and 70 primary CRC samples) from the Gene Expression Omnibus (GEO) database were used to analyze the expression of TAZ. *P < 0.05, **P < 0.05, ***P < 0.001 as compared with control.


To further determine the expression of TAZ in CRC, we first employed the UALCAN database to analyze the expression of TAZ in COAD and READ (Figure 1B, P < 0.05). Moreover, we analyzed two online GEO datasets (#GSE22598 and GSE9348) based on the Affymetrix Human Genome U133 Plus 2.0 platform. TAZ was significantly upregulated in CRC tissues compared with non-tumor tissues (Figures 1C,D, P < 0.05). Subsequently, IHC was performed to validate the protein expression of TAZ in 127 pairs of CRC tumor tissues and corresponding adjacent normal mucosa tissues. IHC staining analysis revealed that TAZ was mainly localized in the nucleus of cancer cells in the tissues analyzed, as indicated by brown staining (Figure 2A). After the statistical analysis, TAZ was also expressed significantly highly in CRC tissues than in the adjacent non-tumor tissues as revealed by the Student’s t-test (Figure 2B, P < 0.001).
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FIGURE 2. Transcriptional co-activator with PDZ-binding motif (TAZ) expression is up-regulated in colorectal cancer (CRC) tissues. (A) Immunohistochemistry (IHC) staining showing the expression of TAZ in matched normal adjacent or CRC tumor tissues (200 × magnification). (B) Expression scores of TAZ proteins expression in 127 pairs of CRC tumor tissues and corresponding adjacent normal mucosa tissues.




Transcriptional Co-activator With PDZ-Binding Motif Expression With Clinical Characteristics and Prognosis in Colorectal Cancer

To analyze the correlation between TAZ expression and clinicopathological features of CRC, we assessed the correlation between TAZ expression and distant metastasis in CRC tissues by one GEO dataset (#GSE18105). The analysis demonstrated that the expression of TAZ was higher in metastatic CRC tissues than in primary CRC tissues (Figure 3A, P < 0.05). Furthermore, the relevant gene expression and corresponding patient data of multiple cancer types from TCGA database and were stratified on the basis of individual tumor stage and nodal metastasis. GEPIA database (34) analysis found that the higher expression of TAZ was significantly associated with the pathological stages of CRC (Figure 3B, P < 0.05). UALCAN database analysis was performed, which further revealed that TAZ was more highly expressed in the differential tumor stages and nodal metastasis status groups of COAD or READ than in the normal group (Figures 3C,D and Supplementary Figure 1B, P < 0.05).
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FIGURE 3. Correlation of transcriptional co-activator with PDZ-binding motif (TAZ) expression with clinicopathological features of CRC patients. (A) #GSE18105 [containing 67 primary colorectal cancer (CRC) samples and 44 metastatic CRC samples] from the Gene Expression Omnibus (GEO) database were used to analyze the expression of TAZ in primary and metastatic CRC tissues. (B) The Gene Expression Profiling Interactive Analysis (GEPIA) database was used to analyze the association between TAZ expression and the pathological stages of CRC. (C,D) UALCAN database was used to analyze the association between TAZ expression and the tumor stages and nodal metastasis status of CRC. *P < 0.05 as compared with control.


Depending on the staining score of TAZ in the IHC studies, all CRC patients were divided into low and high TAZ expression groups. The integration of corresponding clinical characteristics along with the expression of TAZ revealed their strong correlation with the TAZ high- and TAZ low-expression groups. Statistical analyses revealed that high TAZ expression was significantly associated with the N stage and the differentiation degree of CRC patients (P < 0.05, Table 1 and Supplementary Figure 2). These results indicated that TAZ may be a biomarker for CRC. Furthermore, CRC was divided into four subgroups by the consensus molecular subtypes (CMS) classifications, named as CMS1, CMS2, CMS3, and CMS4 (35). Zhang et al. found that TAZ overexpression is related to specific CRC subgroups, such as the CMS4, which was associated with the poor prognosis of CRC patients (36). Therefore, we further analyzed the correlation between TAZ expression and the status of MSI, BRAF, and KRAS in CRC patients. However, the results showed no significant correlations between them (Supplementary Table 2).


TABLE 1. Association between the expression of transcriptional co-activator with PDZ-binding motif (TAZ) and colorectal cancer (CRC) patients’ clinicopathological parameters.

[image: Table 1]
By analyzing the public CRC samples in the GEPIA database, we found that the high TAZ expression was associated with poor OS and disease-free survival (DFS) (Figures 4A,B, P < 0.05). Furthermore, we also examined the association between TAZ expression levels and OS and RFS in the GSE39582 database using Kaplan-Meier analysis with log-rank tests. The results revealed that patients with high TAZ expression levels had lower OS and RFS (Figures 4C,D, P < 0.05). Collectively, these data indicate that TAZ can serve as a potential prognostic marker for CRC patients.
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FIGURE 4. Correlation of transcriptional co-activator with PDZ-binding motif (TAZ) expression with survival status of colorectal cancer (CRC) patients. (A,B) GEPIA database was used to analyze the clinical impact of TAZ expression patterns on the overall survival (OS) and disease-free survival (DFS) of CRC patients. (C) Kaplan-Meier analysis showing OS curves for CRC patients with different expression levels of TAZ; statistical significance was assessed by log-rank tests (#GSE39582, the specimen was divided into two groups: group 1, low TAZ expression, n = 441; group 2, high TAZ expression, n = 133). (D) Kaplan-Meier analysis showing recurrence-free survival (RFS) curves for CRC patients with different expression levels of TAZ; statistical significance was assessed by log-rank tests (#GSE39582, the specimen was divided into two groups: group 1, low TAZ expression, n = 401; group 2, high TAZ expression, n = 173).




Transcriptional Co-activator With PDZ-Binding Motif Co-expression Network and Its Functional Enrichment Analysis in Colorectal Cancer

We next explored the biological functions of TAZ using the cBioPortal and Cytoscape database. Firstly, we downloaded co-expressed genes of TAZ in CRC from the cBioPortal database, and then screened them based on the absolute value of | log2FC| > 1.2 and P < 0.05. Finally, a total of 254 aberrantly expressed genes were obtained (Supplementary Table 3). We next employed STRING and Cytoscape database to illustrate the protein-protein interaction network (PPI network). The results of this analysis revealed the genes, including C-X-C chemokine ligand 12 (CXCL12), C-X-C chemokine receptor 4 (CXCR4), and secreted phosphoprotein 1 (SPP1), that were most closely co-expressed with TAZ (Figure 5A). Further, GO and KEGG pathway analyses were performed using Metascape. The results of KEGG pathway enrichment analysis demonstrated that the activated pathways correlated with TAZ expression included “Leishmaniasis,” “Pathways in cancer,” “Hippo signaling pathway,” and “Cytokine-cytokine receptor interaction.” In addition, the co-expressed genes also demonstrated a certain level of enrichment in “TGF-beta signaling pathway” and “human immunodeficiency virus 1 infection,” which indicated that TAZ might be involved in immunological processes associated with CRC (Figure 5B). Meanwhile, the results of GO analysis revealed that the co-expression genes of TAZ were also enriched in the “MHC class II protein complex,” “response to virus,” and “GTP binding” pathways (Figure 5C), which have been reported to be important in the regulation of tumor-associated immunological processes (37, 38). Taken together, it is reasonable to speculate that TAZ expression is closely related to tumor immune-associated molecules and signaling pathways in CRC tissues.


[image: image]

FIGURE 5. Transcriptional co-activator with PDZ-binding motif (TAZ) co-expression network and pathway enrichment analysis. (A) The protein-protein interaction (PPI) network of TAZ expression which is analyzed with cBioPortal database and Cytoscape software. (B) The analysis of KEGG enrichment pathway using Metascape database. (C) The analysis of gene ontology (GO) cell components (CC), molecular functions (MF) and biological processes (BP) using Metascape database.




Correlation of Transcriptional Co-activator With PDZ-Binding Motif Expression With Immune Infiltration in Colorectal Cancer

Tumor-infiltrating cells play critical roles in tumor metastasis, with multiple reports indicating immune infiltration to be an independent factor associated with CRC prognosis, as well as an indication for the treatment interventions employing CRC immunotherapy (39). In the KEGG enrichment analysis, we found that the co-expression genes of TAZ were associated with the immune process. Consequently, we further explored the relationship between tumor infiltration and TAZ expression using TIMER database. Our results showed that the expression level of TAZ was significantly correlated with the infiltration level of CD4+ T cells (r = 0.164, P < 0.05), CD8+ T cells (r = −0.323, P < 0.05), and B cells (r = −0.111, P < 0.05) in COAD, in addition to the infiltration level of CD8+ T cells (r = −0.198, P < 0.05) in READ (Figure 6). Thus, TAZ expression was significantly correlated with immune cell infiltration in CRC.
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FIGURE 6. Correlation of transcriptional co-activator with PDZ-binding motif (TAZ) expression with immune infiltration in colorectal cancer (CRC). The correlation between the expression of TAZ and the immune infiltration level of CD4+ T cells (A), CD8+ T cells (B), and B cells (C) in colon adenocarcinoma (COAD) and rectum adenocarcinoma (READ) by the TIMER database.


Subsequent assessment of the expression of typical immune cell markers in COAD and READ datasets was performed to determine the relationship between TAZ expression and tumor-associated immune processes (Supplementary Table 4). We found that the gene markers of CD8+ T cell, B cell, T cell, macrophage, neutrophil and monocyte were comparatively high with TAZ expression in COAD, while only the gene markers of neutrophil and monocyte had significant correlation with TAZ expression level in READ (P < 0.05, Figures 7, 8). Taken together, these results indicated the participation of TAZ in potential mechanism in CRC immune regulation.
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FIGURE 7. Correlation between the expression of transcriptional co-activator with PDZ-binding motif (TAZ) expression and tumor immune cell markers in colorectal cancer (CRC) by the TIMER database. (A) Correlation between the expression of TAZ and CD4+ T cell markers, IL5 and IL6 in colon adenocarcinoma (COAD) and rectum adenocarcinoma (READ), respectively. (B) Correlation between the expression of TAZ and CD8+ T cell markers, CD8A and GZMA in COAD and READ, respectively. (C) Correlation between the expression of TAZ and B cell markers, CD19 and MS4A1, in COAD and READ, respectively.
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FIGURE 8. Correlation between the expression of transcriptional co-activator with PDZ-binding motif (TAZ) and additional tumor immune cell markers in colorectal cancer (CRC) by the TIMER database. (A) Correlation between the expression of TAZ and T cell markers, CD2 and CD3D in colon adenocarcinoma (COAD) and rectum adenocarcinoma (READ), respectively. (B) Correlation between the expression of TAZ and macrophage markers, CD163 and VSIG4 in COAD and READ, respectively. (C) Correlation between the expression of TAZ and neutrophil markers, ITGAM and SIGLEC5 in COAD and READ, respectively. (D) Correlation between the expression of TAZ and monocyte markers, CSF1R and C3AR1 in COAD and READ, respectively.





DISCUSSION

Colorectal cancer is the third most commonly diagnosed malignant tumor in the world (40, 41), exhibiting high risk of recurrence and distant metastasis. Despite the ever-advancing novel strategies for CRC prevention and treatment (42), the 5-year relative survival rate of postmetastatic CRC is less than 15% (43, 44). Therefore, the pathological mechanisms that promote the tumorigenesis of CRC must be investigated to provide potential targets for effective clinical diagnosis and treatment. As a key downstream effector of Hippo pathway, TAZ has been recently identified as an oncogene in certain tumor types. Moreover, the aberrant expression of TAZ has been identified to be associated with the development of breast, liver, and thyroid cancers (10, 11, 14). Wang et al. (45) have studied the combined amplification of TAZ gene in 33 cancer cell types and found that TAZ exhibits the most significant amplification rate in five common types of squamous cell carcinomas including cervical squamous cell carcinoma (CESC), LUSC, ESCA, HNSC, and BLCA. Furthermore, this study demonstrated that the frequent amplification of YAP1 and TAZ occurred in a mutually exclusive manner in HNSC and CESC, in addition to delineating the molecular mechanism of TAZ being involved in the regulation of squamous cell carcinoma progression. However, the roles and the mechanisms involving TAZ in CRC progression have rarely been investigated. Accordingly, in this study, we performed the integrative bioinformatic analyses of the expression level of TAZ in CRC employing the publicly available cancer gene expression databases. Our results revealed that the mRNA and protein expressions of TAZ were significantly overexpressed in CRC compared to those in the matched normal adjacent tissues. Furthermore, our analysis showed that high TAZ expression was significantly associated with the N stage and degree of differentiation in CRC. Likewise, CRC patients with high TAZ expression levels were also identified to exhibit lower OS and RFS than those with low TAZ expression. Moreover, we found that patients with high TAZ expression levels had lower OS and RFS by the Kaplan-Meier analysis. However, Wang et al. (16) reported that patients with high YAP expression levels had poor prognosis in CRC, especially when TAZ was co-expressed, but at multivariate analysis TAZ alone showed no statistical correlation to prognosis. Because the small sample size limits, this study was not entirely concluded that YAP is a better biomarker or the YAP + TAZ is the best biomarker. Furthermore, Mouillet-Richard et al. (35) found that TAZ mRNA is clearly enriched in CMS4 tumors by the examination of the levels of TAZ by CMS classification, those tumors known to express EMT, TGF-b, and have a worse survival; while, TAZ has a low expression in CMS2 and CMS3 type of tumors. Interestingly, immune infiltration is related to a better outcome in CRC as examined by “immunoscore,” and CMS4 microenvironment is rich in “immune suppressors” (46). In a word, these results indicated the potential of TAZ to become a biomarker in CRC.

The gene co-expression analysis is a high throughput correlation analysis which distinctly illustrates the molecular interaction and systematically corresponds the targeted gene functions with specific biological process. Currently, the gene co-expression network has become a crucial method to search for novel gene markers for CRC targeted therapy (47, 48). In this study, we used the cBioPortal database to analyze the co-expression network of TAZ and finally found out three genes which had the highest correlation: CXCR4, CXCL12 and Secreted Phosphoprotein 1 (SPP1). These three molecules are closely related to the tumor immune response. For example, Yu et al. (49) also demonstrated that CXCL12/CXCR4 is involved in the regulation of CRC proliferation. CXCL12/CXCR4 can sponge miR-133-a-3p and liberate its inhibitory effect on RhoA pathways, thus inducing the cytoskeletal remodeling and immunocytes recruitment, and promoting the progression of inflammatory CRC. Moreover, Zhang et al. (50) reported that SPP1 overexpression can positively regulate the expression of PD-L1, thereby promoting the macrophage polarization and immune escape in lung cancer. Interestingly, targeting the CXCR4, CXCL12, and SPP1 for CRC chemotherapy have been reported. For example, Jung et al. (51) demonstrated that bevacizumab and ramucirumab combined with the inhibitors AMD3100 of CXCR4 can improve the blockade in CRC angiogenesis. Cutler et al. (52) found that the chemotherapy drug 5-fluorouracil might inhibit tumor migration by selecting for CXCR4-negative cells in CRC. Moreover, SPP1 has been demonstrated to be significantly overexpressed in afatinib-resistant lung cancer cells, and that the knockdown of SPP1 increases the chemotherapy sensitivity of lung cancer cells. These findings thus indicate that SPP1 can serve as a potential target for overcoming afatinib resistance (53). Consequently, we firmly believe that further studies on the correlation between TAZ and these co-expressed genes has the potential to provide new immunotherapy targets for CRC.

Interestingly, our KEGG analysis results revealed the correlation between TAZ expression and TGF-β signaling pathway, which has been reported to regulate extracellular matrix production, tissue fibrosis, and inflammation (54). Furthermore, the TGF-β signaling pathway is associated with the tumorigenesis, including EMT, immune escape and tumor angiogenesis (55). Li et al. (56) revealed that TAZ was involved in TGF-β1-induced EMT in oral cancer cells. Pseftogas et al. (57) explored the regulatory effect of CYLD in the hyperplastic alterations in the mammary epithelium of breast cancer, which is associated with the increased nuclear expression of TAZ and phosphorylation of Smad2/3, a key factor in TGF-β pathway, further supporting the involvement of TAZ in TGF-β-facilitated tumorigenesis. In view of the strong influence of TGF-β pathway on the formation of TME and tumor immune infiltration (58), the crosstalk between TAZ and TGF-β pathway may become a fresh entry point for targeted drug research. The correlation with “cytokine-cytokine receptor interaction” also indicates the potential mechanism of TAZ on the regulation of tumor immune landscape. Many cytokines such as interleukin play important roles in tumor immune process. IL-17 was reported to inhibit T cell attracting chemokines CXCL9 and CXCL10, thereby inhibiting the recruitment of CD8+ T cells and Treg cells in CRC, which helped the immune escape of tumor cells (59). Matsushita et al. (60) found that activated TAZ most significantly enhanced the transcription of genes related to “cytokine-cytokine receptor interaction” in malignant mesothelioma (MM). Their studies revealed that IL-1β induced by TAZ was a key factor for the development of malignant phenotype of mesothelioma cells.

Tumor immunotherapy has been widely investigated and employed in clinical fields, as it holds great promise as a neoadjuvant therapy besides surgery and radiotherapy (61–63). At present, many inhibitors have been identified to play emerging roles in tumor suppression by regulating TME or assisting immuno-surveillance by immune cells (64). Hippo pathway has is involved in the regulation of immune processes associated with tumorigenesis. Geng et al. (65) have shown that TAZ is a key co-activator of the Th17 transcription factor Rorγt, which is responsible for the differentiation of precursor CD4+ T cells into inflammatory Th17 cells. In contrast, TAZ has also been reported to suppress the acetylation of Foxp3 and inhibit the generation of Treg cells, suggesting that TAZ plays an important role in the lineage balance of Th17/Treg cells. SKIL is an important oncogene that regulates the induction of TGF-β pathway (66). Furthermore, Ma et al. (67) have reported that SKIL facilitates the immune escape of non-small cell lung cancer (NSCLC) cells by enhancing the expression of TAZ and activating the STRING pathway to induce the autophagy of malignant cells. In our study, we have determined that TAZ expression has significant correlation with the infiltration of CD4+ T, CD8+ T, and B cells in CRC using the TIMER database. Remarkably, our results demonstrate statistically significant correlation of TAZ expression with the expression CD8+ T cells, B cells, other T cells, macrophages, neutrophils, and monocyte gene markers. However, the specific mechanism illustrating the involvement of TAZ in regulating the tumor-associated immunological processes lacks evidence, and the effects of prospective application of TAZ-related inhibitors on CRC immunotherapy remain to be further explored.

In summary, our study provides comprehensive evidence that overexpression of TAZ in CRC tissues was highly correlated with the carcinogenesis and poor prognosis of CRC. Moreover, our co-expressed gene network and functional analysis indicated a notable correlation between TAZ expression and tumor metabolism as well as inflammation. Likewise, the expression of TAZ had a significant correlation with the immune infiltrating levels of CD4+ T, CD8+ T, and B cells, as well as the expression of immune cell specific gene markers in CRC tissues. Overall, our findings suggest that TAZ will become a novel biomarker in the diagnosis and treatment of CRC.
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