

[image: ERBB2 promoter demethylation and immune cell infiltration promote a poor prognosis for cancer patients]
ERBB2 promoter demethylation and immune cell infiltration promote a poor prognosis for cancer patients





ORIGINAL RESEARCH

published: 12 September 2022

doi: 10.3389/fonc.2022.1012138

[image: image2]


ERBB2 promoter demethylation and immune cell infiltration promote a poor prognosis for cancer patients


Hongting Wang 1,2,3,4*†, Yongxu Jiang 1†, Huanhuan Jin 1,2,3 and Cunqin Wang 1,2,3*


1 School of Pharmacy, Drug Research and Development Center, Wannan Medical College, Wuhu, China, 2 Anhui Provincial Engineering Laboratory for Screening and Re-Evaluation of Active Compounds of Herbal Medicines in Southern Anhui, Wuhu, China, 3 Anhui Provincial Engineering Research Center for Polysaccharide Drugs, Wuhu, China, 4 School of Basic Medical Sciences, Shandong University, Jinan, China




Edited by 

Dong-Hua Yang, St. John’s University, United States

Reviewed by 

Zuan-Tao Lin, Harvard Medical School, United States

Shilin Luo, Central South University, China

*Correspondence 

Hongting Wang
 leonasuper@icloud.com 

Cunqin Wang
 wcq5188b@163.com















†These authors share first authorship


Specialty section: 
 This article was submitted to Molecular and Cellular Oncology, a section of the journal Frontiers in Oncology


Received: 05 August 2022

Accepted: 22 August 2022

Published: 12 September 2022

Citation:
Wang H, Jiang Y, Jin H and Wang C (2022) ERBB2 promoter demethylation and immune cell infiltration promote a poor prognosis for cancer patients. Front. Oncol. 12:1012138. doi: 10.3389/fonc.2022.1012138




Background

Receptor tyrosine-protein kinase erbB-2 (ERBB2) expression is a critical factor for the prognosis of various cancers. ERBB2 enrichment indicates a poor prognosis in some cancer types but could be a favorable prognostic factor in others.



Methods

We analyzed DNA methylation, mRNA, protein, immune cell infiltration, and related signaling pathways using TIMER2.0, GEPIA2, STRING, and UALCAN portal datasets in tumor tissues of diverse cancer types and their matched normal tissues.



Results

ERBB2 promoter demethylation increases transcript protein amplification and promotes a poor prognosis for cancer patients. ERBB2 gain-of-function procures immune cell infiltration for tumor growth and drives away T regulatory cells, which suppress or downregulate induction and proliferation of effector T cells. The downstream signaling pathways, such as tumor proliferation, ECM-related genes, and degradation of ECM, are involved in ERBB2 gene demethylation and immune activation in cancer progression.



Conclusion

ERBB2 gene demethylation leads to a poor prognosis in cancer patients, which is strongly influenced by the composition and abundance of tumor immune cell infiltration. ERBB2 demethylation could be used in clinical practice to identify immune profiles and direct therapeutic strategies.
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Introduction

The receptor tyrosine-protein kinase erbB-2 (ERBB2) proto-oncogene encodes the Her-2 tyrosine-protein kinase receptor, which often binds to other members of the epidermal growth factor family as dimerization partners (1). Abnormal amplification of the ERBB2 proto-oncogene could result in increased tumorigenesis of cancers (2). HER2 overexpression is associated with the poor survival outcomes of breast cancer patients (3, 4). Given the complexity of amplification of Her2, it is critical to perform a pan-cancer analysis of the ERBB2 gene and estimate its correlation with survival of patients. Some studies have revealed that ERBB2 gene enrichment is a critical factor in the progression of cancers (2, 3, 5). However, there is no solid evidence to support ERBB2 gene enrichment or deficiency in influencing the survival of cancer patients. Additionally, the relationship between ERBB2 gene expression and the immune micro-environment of various tumor types is elusive. In the analysis of 5,605 cases of breast cancer, ERBB2 was altered in 12.5% of all genes, with 10.6% of amplifications, 2.4% of mutation, and 0.7% of the combination of amplification and mutation (6). Apparently, ERBB2 mutations in the primary breast tumors were associated with poor outcomes in the OMICS data (7–9).

Chronic tumor-related inflammation damages blood vessels. The regeneration of blood vessels promotes tumor growth, recruitment of immune cells to the tumor site, and secretion of pro-inflammatory cytokines (10–13). Rational knowledge of cancer pathogenesis is critical for seeking new treatments to boost the survival rates of cancer patients. Tumor-infiltrating immune cells are critical for predicting prognosis and efficacy of chemotherapy in many carcinomas (14). Cellular heterogeneity of diverse immune and stromal cell phenotypes contributes to the tumor micro-environment, which is challenged in the dynamic analysis of gene mutation and immune cell interactions (15).

The public Tumor Immune Estimation Resource supplies a set of different tumors to comprehensively evaluate the molecular characteristics of tumor-immune cell interactions in pan-cancer analysis (16–18). The TIMER2.0 revealed the expression of ERBB2 and immune cell infiltration in specific cancers and their correlation with prognosis in different types of cancers. Our results revealed the critical roles of ERBB2 gene demethylation and tumor immune cell infiltration, indicating that the survival of cancer patients could be modulated by improving immune cell infiltration and ERBB2 demethylation in various cancers.



Methods


Data collection and preprocessing

The tumor immune estimation resource, version 2 (TIMER2) provides a user-friendly web interface for dynamic analysis and visualization of gene associations, which is of broad utility to cancer researchers (14). Using samples from TIMER2 datasets, it showed the expression of ERBB2 between primary tumor and adjacent normal tissues for cancer subtypes of the TCGA project. The “Expression analysis-Box Plots” module of the Gene Expression Profiling Interactive Analysis, version 2 (GEPIA2) web server showed box plots of the expression between these primary tumors and the corresponding normal tissues from the Genotype-Tissue Expression (GTEx) database (19). Molecular data for 32 TCGA cancer types were downloaded from the TCGA data portal. The UALCAN portal, an interactive web resource for analyzing cancer omics data, allowed us to conduct protein expression analysis from the Clinical proteomic tumor analysis consortium database (CPTAC) (20, 21). Differential genes were selected based on an FDR of ≤0.05 and at least a two-fold difference in expression levels.



Selection of cancer-specific genes

For the ERBB2 gene of each cancer type, we compared tumor samples with normal samples collectively. The tumor-specific gene set was the union of all cancer types (or subtypes). The Analysis-Box Plots module of the GEPIA2 webserver was used to obtain box plots of the expression between these tumor tissues and the corresponding normal tissues of the GTEx database. Additionally, we used violin plots of the ERBB2 expression in different pathological stages (stage I, stage II, stage III, and stage IV) of PAAD, UCEC, KICH, and KIRC tumors via the “Pathological Stage Plot” module of GEPIA2. The log2 [TPM (Transcripts per million) +1] transformed data were applied for the box or violin plots.



Survival prognosis analysis

The “Survival Map” module of GEPIA2 collected the overall survival and disease-free survival maps of all TCGA cancer types. The median score was used as a cutoff value to separate the high-expression and low-expression cohorts. The “Comparison” module set up the data about the overall and disease-free survival with ERBB2 genetic alteration for the TCGA cancer cases. Kaplan–Meier plots with a log-rank P-value were generated.



DNA methylation analysis

The UALCAN portal was used for analyzing ERBB2 DNA methylation and the pathogenesis of different tumors in the KIRC and UCEC datasets. In the TCGA cases, we observed a significant negative correlation between ERBB2 DNA methylation and gene mutation at the promoter region. Integrating gene expression and DNA methylation data obtained from gene mutation analysis were compared with DNA methylation analysis to identify genes that were significantly altered in DNA methylation (22).



mRNA and protein analysis

The “Expression Analysis-Box Plots” module of the GEPIA2 webserver was used to obtain box plots of the mRNA and protein expression associated with the ERBB2 gene-phenotype of pan-cancer samples in the GTEx database (23–25). Using the CPTAC database, two types of tumors (KIRC and UCEC) were analyzed. The ERBB2 protein expression was summarized for the significant differences between the normal and cancer groups.



Immune cell infiltration analysis

The “Immune-Gene” module of the TIMER2 webserver was used to explore the association between ERBB2 expression and immune cell infiltration across all tumors in the TCGA dataset (14). The immune cells and cancer-associated fibroblasts were selected. The EPIC, TIDE, MCPCOUNTER, and XCELL algorithms were applied to assess immune cell infiltration. Additional analysis of KICH and LGG cancers revealed that the tumor immunity is driven by macrophages, mast cells, NK cells, helper T cells, and regulatory T cells in the tumor micro-environment. The P-values and partial correlation values were obtained via the purity-adjusted Spearman’s rank correlation test (25).



Gene and signaling pathway analysis

The correlation between the ERBB2 gene and pathway score was analyzed with Spearman and clinical bioinformatics (www.aclbi.com). The density curve on the right represents the distribution of pathway immune score; the upper density curve represents the distribution of gene expression. The value on the top represents the correlation p-value, correlation coefficient, and the correlation calculation method. All signaling pathway analysis was performed using R version 4.0.3. packages, and a p-value <0.05 presented a remarkable signaling pathway change and gene mutation.




Results


ERBB2 gene mutation in the prognosis of various cancers

Based on the TCGA, GTEx, and FANTOM5 datasets, we analyzed the ERBB2 gene level of various cancer types (Figure 1A). ERBB2 gene shows gain-of-function in some cancer types, such as bladder carcinoma (BLCA), breast carcinoma (BRCA), cervical squamous cell carcinoma (CESC), cholangiocarcinoma (CHOL), esophageal carcinoma (ESCA), glioblastoma (GBM), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD), skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD), thyroid cancer (THCA), and uterine corpus endometrial carcinoma (UCEC). Conversely, it showed a loss-of-function in other cancer types, for instance, colon adenocarcinoma (COAD), head-neck squamous cell carcinoma (HNSC), kidney chromophobe (KICH), renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), lung squamous cell carcinoma (LUSC), and prostate adenocarcinoma (PRAD). In primary tumor samples, 67% of tumors overexpressed the ERBB2 gene, including breast carcinoma, cholangiocarcinoma, hepatocellular carcinoma, cervical squamous cell carcinoma, lung adenocarcinoma, bladder carcinoma, pancreatic adenocarcinoma, lung squamous cell carcinoma, stomach adenocarcinoma, uterine corpus endometrial carcinoma, thyroid cancer, esophageal carcinoma, and rectum adenocarcinoma (Figure S1A). However, 31% of cancers showed ERBB2 deficiency in tumor samples, including prostate adenocarcinoma, kidney chromophobe, head-neck squamous cell carcinoma, renal clear cell carcinoma, colon adenocarcinoma, kidney renal papillary cell carcinoma, and lung squamous cell carcinoma (Figure S1A). We defined two cancer types according to ERBB2 expression: 1) primary tumor of patients with over-expression of ERBB2 (ERBB2high) and 2) primary tumor of patients with deficient expression of ERBB2 (ERBB2low), and we investigated the correlation of ERBB2 gene expression with the overall survival and disease-free survival of various primary tumors. ERBB2 gene enrichment was correlated with a poor prognosis of cancer patients in some primary tumors, such as glioblastoma, low-grade glioma, ovarian cancer, and skin cutaneous melanoma (Figure 1C). Disease-free survival showed a correlation between ERBB2 enrichment and poor prognosis in CESE, LGG, LIHC, and PAAD cancer cases. Interestingly, the ERBB2 enrichment of COAD, KICH, KIRC, THYM, and READ tumor groups has a favorable prognosis based on the survival graphs and disease-free survival analysis (Figures 1C, D). A distribution graph of the ERBB2 gene illustrates that the ERBB2 gene has a high-level of expression in some normal tissues, whereas the ERBB2 gene in other tissues shows a low-level of expression in the healthy population (Figure 1B). It indicated that the ERBB2 gene was not a malignant indicator in some cancer types, such as kidney chromophobe, renal clear cell carcinoma, and kidney renal papillary cell carcinoma, which is a mutated hetero-morphism of the kidney tissues. Besides, we also explored the correlation of ERBB2 expression and the pathological stages of PAAD and UCEC, which are cancer types with ERBB2 gene gain-of-function, or KICH and KIRH, which are other cancer types with ERBB2 gene loss-of-function, according to the “Pathological Stage Plot” module of GEPIA2 (Figure 1E). ERBB2 gene enrichment has an increasing trend in pathological stages I–IV of PAAD and UCEC, while their performance appears to have a decreasing tendency in pathological stages I–IV of KICH and KIRC (Figure 1E). A high ERBB2 level also shows a positive relationship with tumor grade and recurrence of PAAD and UCEC, while the deficiency of the ERBB2 gene shows a negative association with tumor grade and recurrence of KICH and KIRC.




Figure 1 | The expression of ERBB2 gene in pan-cancers. (A) Distributions of gene expression levels are displayed using box plots. The statistical value analyzed using the Wilcoxon test is annotated by the number of stars (*p-value < 0.05; **p-value <0.01; ***p-value <0.001). (B) The distribution graph of the ERBB2 gene in human tissues. The median expression of ERBB2 in tumor and normal samples shows in the body map. Log2 (TPM+1) index marked in different tissues. A larger value shows higher level of ERBB2 gene expression. Overall survival (C) and disease-free survival (D) analyses of different tumors of the TCGA database using Kaplan-Meier curves. The survival map and Kaplan-Meier curves with positive results draw with the red or blue line. (E) Based on the TCGA database, the expression of the ERBB2 gene is present with pathological stages (stage I, stage II, stage III, and stage IV) of PAAD, UCEC, KICH, and KIRC. Log2 (TPM+1) applied for log-scale.





ERBB2 promoter demethylation indicates a poor prognosis in cancer patients

The “mutation” type of cancer studies in the pan-cancer cases demonstrate that the gene alteration frequency is about ~5%. To illustrate that ERBB2 gene enrichment leads to a poor prognosis in some cancers but a good prognosis in other cancers, we detailed the gene alteration frequency data for a systematic comparison of ERBB2 gene structural variants across pan-cancers. ERBB2 gene mutation mainly happens in ERBB2high cancers, such as cervical squamous cell carcinoma, stomach adenocarcinoma, breast invasive ductal carcinoma, uterine corpus endometrioid carcinoma, cholangiocarcinoma, and bladder urothelial carcinoma (Figure 2A). A high-frequency ERBB2 mutation and amplification result in a poor prognosis for cancer patients, regardless of whether they have more ERBB2 gene copy numbers or not. The percentage of ERBB2 mutation and gene amplification of UCEC, CESE, SKCM, and PAAD is more than that of HNSC, KICH, KIRC, and THYM (Figure 2A). Besides, Figure 2B revealed that cases with biallelic pathogenic alterations are not significant (P >0.05; Wilcoxon rank-sum test) compared with wild-type cases; they had higher survival in some cancer types and lower survival in other cancer types. We analyzed DNA methylation of two primary tumors, KIRC and UCEC. KIRC is a cancer type with a favorable prognosis, while UCEC is a cancer type with a poor prognosis. Interestingly, the ERBB2 gene of the UCEC presented DNA promoter demethylation, which is a crucial mechanism to trigger the activation of specific genes within tumor progression. Comparatively, there is seldom ERBB2 promoter demethylation in the homologous control (Figure 2C). Moreover, ERBB2 promoter demethylation of KIRC did not show a significant change compared to their homologous tissues, indicating a correlation between gene missense activation and promoter demethylation.




Figure 2 | Correlation between ERBB2 gene promoter demethylation and gene mutation in TCGA database. (A) ERBB2 alteration frequency of 32 cancer categories is shown based on filtering. It is 12.1%, 10.1%, 6.98%, 6.52% alteration frequency of UCEC, CESE, SKCM, and PAAD; and 3.63%, 1.06%, 0.78%, 0.2% alteration frequency of HNSC, KIRC, KICH, THYM, respectively. (B) Mutation cases with biallelic pathogenic alterations of KIRC(n=367), HNSC(n=499), THYM(n=119), PAAD (n=170), LGG(n=511), and UCEC(n=528) are not significant (P>0.05; Wilcoxon rank-sum test) compared with their wild-type cases. (C) The level of DNA promoter methylation, ranging from 0 (unmethylated) to 1 (fully methylated). Different deta cut-off value was considered to indicate lower-methylation(Beta value:down to 0.25) or hypo-methylation (Beta-value: 0.3 - 0.25). The normal group of KIRC and UCEC showed lower methylation. However, the primary tumor group of UCEC showed significant demethylation.





ERBB2 promoter demethylation improves transcript protein amplification

We explored the whole transcriptome to identify specific amplification or deletion in the pan caners. The result shows specific ERBB2 mRNA amplification (Figure 3A) and truncation (Figure S1B) in the ERBB2 transcription level of BRCA, STAD, UCEC, BLCA, ESCA, and CESC. However, more ERBB2 gene deletions (Figure 3A) and fewer truncations (Figure S1B), possibly a heterozygous deletion, within an ERBB2 transcriptome analysis of KICH, KIRC, PRAD, SARC, and SKCM were observed. ERBB2 mutations promote amino acid changes being encoded at a particular position, resulting in the replacement of one protein building block, especially gene in-frame and gene missense mutations (Figure 3B). Given an evaluation of the regression line, the graph has no slope to reveal the correlation between ERBB2 mRNA transcription and protein translation (Figure 3C). In light of mass-spectrometry-based proteomic data analysis from the CPTAC confirmatory cohorts, we compared ERBB2 protein expression between K1–K9 subtypes of KIRC and some kidney tissue cases. All subtypes of KIRC display ERBB2 protein deficiency in 109 samples (Figure 3D). Conversely, K1–K10 subtypes of UCEC showed ERBB2 protein overexpression, where their p-values present log-transformed expression values centered on standard deviations from the median, suggesting that the overloading of ERBB2 protein is possible to be a positive link with ERBB2 promoter demethylation.




Figure 3 | ERBB2 demethylation results in the amplification of mRNA and protein. (A) Amplification indicates a high-level amplification (more copies, often focal), and it shows a low-level gain function(a few additional amplification, often broad). Deep deletion indicates a deep loss, possibly a homozygous deletion, and shallow deletion indicates a shallow loss, literally a heterozygous deletion in the pan-cancer analysis. BRCA, STAD, UCEC, BLCA, ESCA, and CESC show specific amplification in the ERBB2 transcription level. And KICH, KIRC, PRAD, SARC, and SKCM present shallow deletion, possibly a heterozygous deletion. (B) ERBB2 mRNA expression of 10967 samples from 32 studies was sorted in the available parameters, according to ERBB2 missense, in-frame, truncating, splice, multiple, no mutation, and no profiled. ERBB2 missense is a dominant factor resulting in mRNA amplification. (C) Correlation analysis of ERBB2 mRNA expression and protein translation. There is no relationship between ERBB2 mRNA missense or amplification and protein level in the samples. (D) Unsupervised clusteringanalysis was performed using the ERBB2 proteins from the CPTAC Confirmatory/Discovery total protein data set across five CPTAC projects. The Mass-spectrometry-based proteomic data to categorize 109 cases into nine different KIRC subtypes. Z-values represent standard deviations from the median score across samples for the given cancer type. ERBB2 protein of K1-K9 subtypes in KIRC displayed a deficiency compared to the normal tissues. Moreover, ERBB2 protein of K1-K10 subtypes in 100 cases of UCEC was performed to be raised compared to the normal tissues, using log-transformed expression values centered on standard deviations from the median score.





The landscape of tumor-infiltrating immune cells with ERBB2 mutation

We assessed the distribution of immune cells for the correlation between immune infiltrates and the prognosis of cancer patients. In the ERBB2 mutation primary tumors, we detected cancer-associated fibroblast infiltration through the four estimation algorithms, including EPIC, MCP counter, Xcell, and TIDE (Figure 4A). Overall, ERBB2 mutation did not activate cancer-associated fibroblast cluster as messengers between the innate and adaptive immune systems. Four estimation algorithms revealed that the more ERBB2 gene enriched in the tumor cluster of KICH and KIRC patients, and less cancer-associated fibroblast infiltrated in the immune cell cluster of KICH and KIRC patients (Figures 4B, C). In contrast, the fewer ERBB2 genes expressed in the tumor cluster, the more cancer-associated fibroblasts infiltrated into the immune cell cluster of LGG and CESC (Figures 4D, E). Three estimation algorithms detected the distribution of regulatory T cells (Tregs), macrophages (M1), natural killer cells (NKs), mast cells, follicular B helper T cells (Th2), and T helper cells in the two cancer types LGG and KICH (Figure 5A). Results revealed that a primary tumor with ERBB2 gene gain-of-function LGG is easier to recruit macrophages, mast cells, NK cells, Th2 cells, and follicular helper T cells, to make them less susceptible to inducers of cell death and to release cytokines that activate other cells (Figure 5D). A cancer type with ERBB2 deficiency, KICH presents fewer macrophages, mast cells, NK cells, Th2 cells, and follicular helper T cell cluster infiltration, apparently driving follicular B helper T cell-mediated adaptive immunity (Figure 5B). In addition, it comprehensively illustrated that T-cell regulatory clusters have the loss-of-function and decrease-quantity to accompany ERBB2 mutation of LGG patients in Figure 5C, which suppress or downregulate induction and proliferation of effector T cells. On the contrary, T-cell regulatory cluster gradually have gain-of-function and increase-quantity in ERBB2 deficient KICH patients, suppressing the immune response to improve the survival rate of KICH patients.




Figure 4 | An analysis of the cancer-associated fibroblast infiltration using the four estimation algorithms. (A) An example of the scatter plot from the ‘Mutation Module’ displays the difference in TIMER-estimated cancer-associated fibroblast infiltration of KICH, KIRC, LGG, and CESC using the four estimation algorithms, including EPIC, MCP counter, Xcell, and TIDE. Overall, there was a decline in cancer-associated fibroblasts of KIRC (B) and KICH (C). Moreover, cancer-associated fibroblasts of LGG (D) and CESC (E) present an increasing trend in immune cell infiltration.






Figure 5 | The landscape of immune cell infiltration on differentially expressed ERBB2 in two types of cancers. (A) A heat map visualizes immune cell infiltration for assessing different tumors with mutation status of ERBB2 gene, including mast cells, follicular B helper T cells, T follicular helper, T cell regulatory, macrophage cell, and NK cell. (B) A scatter plot displays the difference of immune cell infiltration in KICH, such as Tregs, macrophages, NK, mast cells, Th2, and T helper cells. (C) A scatter plot displays LGG immune cell infiltration using TIMER-estimate (D) The 65 samples of KICH and 513 samples of LGG showed immune cell changes compared to their normal tissues. The abscissa represents immune cell types, and the ordinate represents the expression distribution of immune scores in the two cancer groups. *p<0.05, **p<0.01,***p<0.001, asterisks (*) stand for significance levels. The difference between the two groups presents through the Wilcox test.





ERBB2 mutation promotes the activation of downstream signaling pathways

ERBB2 binding protein triggers receptor homo- and hetero-dimerization and autophosphorylation on key cytoplasmic residues. The phosphorylated receptor recruits adapter proteins like GRB2 and NRG1, which activate complex downstream signaling cascades (Figures 6A, B). The Spearman analysis showed that the crosstalk of the ERBB2 mutation among KICH and LGG primary tumors significantly correlated with some signaling pathways and played an indispensable role in distinct cancer cluster patterns (Figure 6C). Three P-values of the KICH group revealed that tumor proliferation, the extracellular matrix (ECM)-related gene, and degradation of ECM possessed a more prominent advantage in ERBB2 mutant cancer and progression-free survival. However, many signaling pathways of the LGG group present remarkable changes (P <0.05). ERBB2 gene mutation could deteriorate the process of cancer, which involves tumor inflammation signature, cellular response to hypoxia, tumor proliferation signature, EMT marker, angiogenesis, apoptosis, DNA repair, G2M checkpoint, inflammatory response, PI3K/AKT/mTOR pathway, p53 pathway, MYC target, TGFB, IL-10 anti-inflammation signature pathway, ROS upregulated genes, DNA replication, collagen formation, degradation of ECM, and ferroptosis pathways.




Figure 6 | The correlations between individual genes and pathway score. (A) The protein-protein interaction network functional enrichment analysis between EGFR family members. (B) A Venn diagram identified that the ERBB2 receptor recruits adapter proteins like GRB2 and NRG1, which activates complex downstream signaling cascades using the STRING database. (C) A map of KICH and LGG showed the correlation of ERBB2 enrichment and various signaling pathways. The abscissa represents the distribution of the ERBB2 gene expression, and the ordinate represents the distribution of the pathway score. The density curve on the right represents the trend in the distribution of pathway scores. The upper-density curve represents the trend in the distribution of gene expression. The value on the top represents the correlation p-value, correlation coefficient, and correlation calculation method.






Discussion

Cancer development is a complex process involved in more than one single factor. Abnormal amplification of the ERBB2 proto-oncogene has been condemned as a critical factor resulting in the tumorigenesis of various types of cancers and is related to poor survival outcomes. In a pan-cancer analysis, 67% of primary tumors have a high ERBB2 gene copy number, and 31% of primary tumors present a low level of ERBB2 compared with their non-tumor tissues in the TCGA database. We demonstrated that over-expression of ERBB2 was associated with a poor prognosis for cancers. The ERBB2 copy number increases in the primary tumors of CESE, LGG, LIHC, and PAAD. Interestingly, other cancer patients who suffered from COAD, KICH, KIRC, THYM, and READ also presented more amplification of the ERBB2 gene, had a favorable prognosis of overall survival and disease-free survival.

In the present research, we analyzed the distribution of the ERBB2 gene in various types of tumor populations and comprehensively explored the connections between ERBB2 copy number and clinicopathological characteristics. We demonstrated that the ERBB2 gene mutation is associated with a poor prognosis. We applied several computational methodologies to quantify the infiltration of the immune cells, and specifically identified the downstream signaling pathways associated with immune activation that are prominently elevated in biological pathways. The results showed that a number of normal human tissues have a wide distribution of the ERBB2 gene. Compared to normal kidney tissues, primary kidney tumors do not have a remarkable ERBB2 gene increase in a profiling gene interactive expression. Another analysis also confirmed that two primary tumors, KICH and KIRC, did not present an ERBB2 gene copy number increase. Conversely, these two types of cancers showed a remarkable ERBB2 deficiency, suggesting that ERBB2 overload is not a crucial cause of some cancers, even though 67% of pan-cancers have presented a high ERBB2 gene level. To assess the therapeutic benefit of patients with a ERBB2 mutation, we also compared the ERBB2 gene difference in the various pathological stages of cancer. It was shown that the survival of cancer patients was associated with pathological stages and ERBB2 gene overexpression. In light of the clinical estimation of structural gene variation, we detected that higher ERBB2 mutations and more amplification are frequently associated with a worse prognosis of cancer, regardless of whether these cancers have more ERBB2 gene copy numbers or not. There was a correlation between gene missense and ERBB2 promoter demethylation, which resulted in ERBB2 gene amplification. To identify the correlation between immune infiltrates and prognosis of cancer patients, we demonstrated that ERBB2 gain-of-function of primary tumor boosts macrophages, mast cells, NK cells, Th2 cells, and follicular helper T-cell cluster infiltration, apparently recruits follicular B helper T-cell-mediated adaptive immunity, and gradually drives away T regulatory cells that suppress or downregulate induction and proliferation of effector T cells. The immune cell infiltration could deteriorate the tumor micro-environment and decrease the survival of patients, indirectly suggesting the essential role of the ERBB2 gene demethylation in mediating immune response.

Moreover, we analyzed the downstream signaling pathway involved in ERBB2 gene demethylation and immune activation by assessing the STRING database and comprehensively explored the connections between macrophage-infiltrating immune cells and clinicopathological characteristics, survival outcome, and immunotherapeutic efficacy in cancer therapies, such as tumor proliferation, ECM-related genes, and degradation of ECM. The extracellular matrix is a cell surface-associated three-dimensional macromolecular network that helps cells attach to, and communicate with, nearby cells and plays a crucial role in cell growth, cell movement, and other cell functions. The network provides a dynamic microenvironment surrounding the cell, enabling it to carry on its function and involves a complex series of steps in which cancer cells leave the primary tumor site, resulting in tumor metastasis and a poor prognosis for cancer patients. It was revealed that these signaling pathways possessed more prominent advantages in ERBB2 mutant cancer and progression-free survival. In light of these results, we demonstrated that ERBB2 demethylation could be used in clinical practice to identify immune profiles and direct therapeutic strategies. Nevertheless, more prospective datasets of cancer samples were required to verify our results.



Conclusions

In summary, we comprehensively analyzed ERBB2 gene mutations using the TCGA database concerning gene-phenotype, gene transcription, protein translation, and tumor-infiltrating immune cells. We systematically established contact between signaling pathways with prognosis and immunotherapeutic efficacy. This integrated analysis demonstrated that patients with ERBB2 overexpressed primary tumors have a poor prognosis and a low survival rate. ERBB2 gene promoter demethylation activated an immunity mechanism and enhanced protein translation in a non-canonical manner, which is a critical factor in the poor prognosis of cancer patients. This study provided novel insights that link immune cell infiltration and ERBB2 promoter demethylation-related signatures to patient survival.
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