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Abstract 

Regarding the variety of symptoms experienced by breast cancer (BC) patients and the unknown 

etiology of the disease, the identification of a prognostic marker can effectively help in the early 

detection and treatment of BC. Using bioinformatic research, the prognostic value of the 

chromodomain helicase DNA-binding family (CHD) was assessed in BC detection. All nine 

members of this gene family are chromatin regulators. Changes in chromatin compression and 

access to cellular machinery are associated with CHD proteins.  These proteins are involved in 

cell proliferation and transcription as well as DNA damage repair. This gene family plays a 

decisive role in cancer development. Our UALCAN investigation indicated substantial 

downregulation of CHD2 and CHD9 in tumor tissues. Large mRNA expression of CHD2 and 

CHD8 has been also linked to superior OS and RFS, according to Kaplan-Miere curves. 

Moreover, a higher SBR grade was associated with lower CHD2, CHD8, CHD9, and CHD7 

mRNA levels, while a lower SBR grade was linked to higher CHD7 mRNA levels. Based on the 

clinic-pathological findings, the mRNA levels of CHD2, CHD8, and CHD9 were lower in ER-

negative, PR-negative, triple-negative, and basal-like BC, while CHD7 was higher. CHD2, 

CHD7, CHD8, and CHD9 mutations were detected in 8%, 15%, 7%, and 11% of BC patients, 

respectively, according to genetic alteration analyses in the cBioportal database. TIMER also 

found a link between CHD2, CHD8, and CHD9 and the infiltration of CD8+ T cells, neutrophils, 

and macrophages. These findings suggest CHD2, CHD7, CHD8, and CHD9 genes as promising 

breast cancer prognostic markers. 
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Introduction 

Breast cancer (BC) is a complicated disease, ranking second in the list of main causes of 

mortality among women (1). Laboratory, epidemiological, and clinical research show that the 

BC rate is still rising (2). Breast cancer tumors have a high degree of variability, leading to their 

various origins and clinical symptoms from patient to patient (3). Based on hierarchical 

clustering, breast cancers are divided into five intrinsic subgroups: duct A, duct B, HER2-

overexpression, basal cell carcinoma (BLBC), and normal-like tumors, as determined by global 

gene expression profiling studies (4). Although clinical, pathological, and molecular markers can 

predict BC prognosis, its fundamental cause has yet to be found. In this regard, minimally 

invasive biomarkers are critical in the early detection of breast cancer (5). Genetic and epigenetic 

alterations in DNA change gene expression by aging and cancer. DNA methylation, histone 

modifications, microRNAs, and nucleosome regeneration are all epigenetic alterations that can 

influence gene expression in human malignancies (6). The nine-membered chromodomain 

helicase DNA-binding family (CHD) is one of the chromatin regulators. CHDs are frequently 

inactivated in human tumors (7). Similar to SNF2, the CHD family has chromatin-organizing 

domains (CHROMOs) that specifically bind to altered histones, as well as an ATP-dependent 

helicase domain which helps in nucleosome mobilization (8). By modifying chromatin 

compression, CHD proteins affect the access of cellular machinery to DNA. As a result, these 

enzymes are involved in vital biological processes like transcription, cell proliferation, and DNA 
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damage repair. The importance of this gene family in a variety of developmental disorders and 

malignancies stems from its critical role in the mentioned cellular processes (7). Estrogen 

signaling, for example, promotes estrogen receptor (ER)-positive BC. MicroRNAs (miR26a and 

miR26b) target and destroy CHD1 transcripts, inhibiting CHD1 transcription. Estrogen has been 

demonstrated to block the expression of these microRNAs. CHD1 transcripts are essential in the 

proliferation of estrogen-stimulated BC cells (9). CHD2 transcription could be linked to 

hormones as human placental gonadotropin (issued during pregnancy) stimulates CHD2 

transcription which has been suggested to prevent breast cancer (10). CHD5 is the first member 

of the CHD family confirmed to possess tumor-suppressing characteristics (11). Colorectal 

cancers have also been linked to CHD6 (12). Low expression of the CHD7 protein has been 

proven to improve survival in patients with pancreatic cancer (13). CHD8 is altered in breast 

cancer, and deletions in CHD8 are the cause of 36% of gastric cancers and 29% of colorectal 

cancers. Promoter methylation in CHD8 also leads to prostate cancer (14-16). The present 

research is thus aimed to determine the prognostic value of all CHD families in BC by complete 

bioinformatics analysis. 

 

Materials and Methods 

UALCAN 

UALCAN (http://ualcan.path.uab.edu/) has created a database that uses the "TCGA gene 

analysis" module for analysis of gene expression and its correlation with different cancer types. 

It employs TCGA level three RNA-seq and medical data of thirty-one cancer types (17). CHD 
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mRNA expression was investigated in BC and normal tissues. P-values below 0.05 were 

considered statistically significant. 

 

Kaplan-Meier plotter 

The Kaplan-Meier plotter (www.kmplot.com) is an online database of gene expression and 

clinical data. This database contains information about lung, ovarian, stomach, and breast 

cancers and is aimed to determine the prognostic value of a certain gene (18) for identifying the 

prognostic value of the members of the CHD family in BC patients. The samples were separated 

into high- and low-expression groups according to their median gene expression to study overall 

survival (OS) and recurrence-free survival (RFS). The hazard ratio (HR) was also determined 

with the 95% confidence interval (CI).  Statistical significance involved P-values lower than 

0.05.bc-GenExMiner v4.7.The Breast Cancer Gene-Expression Miner v4.7 (bcGenExMiner 

v4.7) is an online web server that provides expression, prognosis, and correlation modules 

(http://bcgenex.ico.unicancer.fr) (19). The "expression" module of the bcGenExMiner was 

employed in this research to evaluate the expression of CHD family members based on Scarff-

Bloom-Richardson (SBR) grade and intrinsic molecular subtypes determined by the Prediction 

Analysis of Microarray 50 (PAM50) test. Dunnett-Tukey-test Kramer's and Welch's t-test were 

used for determining the P-values, with a P-value<0.05 showing the significance. 

cBioPortal 

cBioPortal is a comprehensive online database for displaying and interpreting multimodal cancer 

genomics data (http://www.cbioportal.org/) (20). The genomic profile changes, including 

mutations, mRNA expression Z scores, and putative copy number alterations (CNAs) from 
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genomic identification of significant targets in cancer (GISTIC) were analyzed using the breast 

invasive carcinoma (TCGA, Firehose legacy) dataset, which contains data from 1108 samples 

(microarray). cBioPortal was also used to obtain the top 49 most frequently changed genes in BC 

with CHDs. The cut-off was set at a P-values< 0.05. 

STRING 

The STRING (https://string-db.org/) database was applied to create the protein-protein 

interaction (PPI) network among CHD families, as well as the top 49 commonly changed genes, 

which were then displayed using the Cytoscape software (version 3.9.0). Cytoscape is free, open-

source software that combines high-throughput expression data, biomolecular interaction 

networks, and other molecular states into a single conceptual framework. (21, 22). 

Enrichr 

Enrichr is a user-friendly web-based enrichment analysis tool (https://maayanlab.cloud/Enrichr/) 

that supplies many sorts of visualization summaries for collective functions of gene lists (23). 

Enrichr was employed to carry out gene ontology (GO) functional annotation and Kyoto 

Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis, transcription factor 

analysis through using Chip Enrichment Analysis (ChEA) database, and miRNA identification 

using the miRTarBase of CHDs. P-values of 0.05 were considered as the criterion. 

 

TIMER 

As a comprehensive resource, Tumor IMmune Estimation Resource (TIMER) 

(https://cistrome.shinyapps.io/timer/) offers a systematic examination of immune cell infiltration 

https://maayanlab.cloud/Enrichr/
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and clinical impact across diverse cancer types (24). The purity-corrected partial Spearman 

approach was utilized for analyzing the relationship between CHDs expression and immune 

infiltrating cells such as B cells, CD8+ T cells, CD4+ T cells, neutrophils, macrophages, and 

dendritic cells. The "survival" module was also utilized to look into the cumulative OS of CHDs 

expression and immune cell infiltration in BC patients, both of which were linked to clinical 

outcomes. Statistical significance was considered p-value= 0.05. 

 

 

Result 

 

Expression of CHD family mRNA in BC patients  

The levels of CHD mRNA expression were compared in primary tumor and normal tissues of 

BC patients using UALCAN. CHD3,4 mRNA expression levels were higher in primary tumors 

compared to normal tissues, while CHD2, 5, 7, and 9 mRNA expression levels were 

considerably lower in tumor samples (Figure 1). 

Prognostic value of CHD family in BC patients  

Based on Kaplan-Meier curves, high mRNA expression of CHD 1, 2, and 8 was significantly 

linked with better OS (P 0.05) in CHD patients, whereas augmented expression of CHD9 was 

strongly associated with shorter OS among BC patients (P-value=0.05).Concerning RFS, BC 

patients with higher mRNA levels of CHD1,2,3,8 showed a better RFS (P-value=0.05). 

Increased expression of CHD7,9, on the other hand, was markedly associated with negative RFS 
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(P-value<0.05). Figures 2 and 3 present the Kaplan-Meier curves of CHDs whose mRNA 

expression levels are strongly linked with OS and RFS. 

  

Correlation between the mRNA expression of CHD family and BC grades and subtypes 

A link was also discovered between the mRNA expression of certain CHDs and 

clinicopathological parameters of BC. According to Figure 4 and Table 2, greater SBR grades 

are associated with larger CHD7 mRNA levels and smaller CHD1,2,3,6,8,9 mRNA levels (p 

< 0.05). Meanwhile, as shown in Table 1, the expression of CHD1,3,6,7 was increased in the 

patients older than 51 in comparison with the 51-year-old group (p < 0.05), whereas CHD4 was 

downregulated in the patients older than 51 (p< 0.05).   CHD 1,6,8 mRNA was greater in 

positive lymph nodes of BC patients than in their negative lymph nodes (p<0.05). CHD7 mRNA 

levels, on the other hand, were lower in positive lymph nodes as compared with the negative 

lymph nodes (p < 0.05). Higher mRNA levels of CHD 5,7 were observed in the ER-negative BC 

than in the ER-positive BC, while their CHD1,2,3,6,8,9 was lower (p<0.0001). Similar findings 

were reported in PR-negative BC,  with the addition that CHD4 levels showed a decline 

(p<0.0109). Furthermore, triple-negative BC (TNBC) exhibited some associations with high 

CHD5,7 expression and low CHD1,2,3,6,8,9 expression (p 0.01). Similar findings were found in 

basal-like BC (P<0.01). According to Table 1, HER2-positive cells had lower CHD2,3 mRNA 

levels than HER2-negative cells.  

Genomic alterations and GO enrichment analysis of CHD  members in BC patients 

The cBioPortal database was employed to detect CHD genomic changes. CHDs were altered in 

470 (43%) and 472 (43%) of 1108 BC patients (Figure 5). CHD 4, 6, and 8 mutations were 
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found in 7% of BC patients, while the CHD2 mutation was observed in 8% of BC patients. 

Furthermore, CHD9 and CHD7 were found to be mutated in 11 and 15% of BC patients, 

respectively. Finally, Cytoscape was used to map and visualize the 49 most commonly changed 

neighbor genes in BC that are co-expressed with CHDs (Figure 6). 

The Enrichr database was also utilized to understand the function of CHDs and their mechanism 

of action, as well as their frequently-changed surrounding genes. Arachidonic acid-binding, 

eicosatetraenoic acid-binding, and icosanoid binding were the key molecular players of CHD 

members and their surrounding genes (Figure 7A). Regulation of transcription, DNA templated 

transcription, and DNA templated transcription were the most typically enriched biological 

processes for CHDs members and their surrounding genes (Figure 7B). According to KEGG 

pathway analysis (Figure7C), CHDs and their surrounding genes were most typically enriched in 

lysine degradation. 

miRNA and transcription factor (TF) prediction in CHD family members 

Tables 3 and 4 list the probable transcription factors (TFs) and miRNAs involved in the 

regulation of CHDs extracted from the ChEA and miRTarBase databases, respectively. The 

Kaplan-Meier plotter was also applied to assess the predictive value of the TFs and miRNAs. 

Accordingly, incremented expression levels of UTX were significantly linked to better OS 

among BC patients. High TEAD4 and KDM5B mRNA levels, on the other hand, were correlated 

to a shorter OS (p-value < 0.05) (Figure 8A). Concerning miRNAs, Kaplan-Meier curves 

indicated the remarkable association of high expression of MIR-219a, MIR-98, MIR-5189, MIR-

1296, and MIR-1193 with shorter OS in BC patients, whereas increased expression of MIR-let-

7b was associated with better OS (p-value< 0.05). (Figure 8b). 
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Association of CHDs with immune cell infiltration in BC patients 

The relationship between the expression of CHD family member and immune cell infiltration 

was examined in BC patients using TIMER database. The infiltration of six immune cell types 

(B cells, CD8+ T cells, CD4+ T cells, macrophage cells, neutrophil cells, and dendritic cells) 

was strongly linked with the expression of CHDs (P-value< 0.05). (Figure 9). Furthermore, 

CD8+ T cell infiltration in BC was primarily linked with CHD2 (Cor = 0.321, P = 8.96e-25), 

CHD8 (Cor = 0.296, P = 3.41e-21), and CHD9 (Cor = 0.387, P = 2.91e-36) expression levels. 

Additionaly, CHD2 expression levels were linked to neutrophil infiltration (Cor = 0.295, P = 

1.54e-20). Greater macrophage and neutrophil infiltration (Cor = 0.351, P = 7.01e-30) and more 

neutrophil infiltration (Cor = 0.275, P = 6.31e-18) were also connected to CHD9 expression. 

 

Discussion 

CHD proteins promote context-dependent cell proliferation, pluripotency, and differentiation by 

regulating the transcription of specific sets of genes and restricting improper expression of other 

sets of genes (25). Over 3000 primary breast cancers with integrated genomic, transcriptomic, 

and clinicopathological data demonstrated that various BC subtypes have different CHD copy 

numbers and expression patterns (26). CHD1 depletion was shown to substantially and precisely 

decrease survival, cell proliferation, and tumorigenic potential in PTEN-deficient prostate and 

breast cancers (27). In this research, the expression of CHD1 showed an increment in the over 

51-year-old group in comparison to patients younger than 51. The mRNA level of CHD1 was 

greater in the positive lymph nodes of BC patients when compared to the negative lymph nodes. 
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Kaplan-Meier curves, however, indicated the significant association of greater CHD1 mRNA 

expression was with better OS in our study. Moreover, clinicopathological characteristics of BC 

revealed a link between greater SBR grade and lower CHD1 mRNA expression. CHD1 was also 

reduced in ER-negative, PR-negative, triple-negative (TNBC), or basal-like BC types. CHD1 

expression was also associated with CD8+ T cell infiltration abundance in the TIMER database. 

Regarding such disparate results, we cannot comment on the oncogenic or tumor suppressor 

capabilities of the CHD1 gene. 

Chd2 protein serves as a tumor suppressor and may be involved in modifying DNA damage 

response at the chromatin level, as stated by Prabakaran Nagarajan et al. Based on them, the 

Chd2 heterozygous mice had increased tumor susceptibility, suggesting the potential tumor-

suppressing role of CHD2 as implicated in lymphoma suppression (28). In addition, genetic 

research introduced Chd2 as one of three candidates of breast cancer genetic modifier, explaining 

why p53 heterozygous mutant mice are unusually prone to the development of mammary gland 

tumors in a BALB/c genetic background (29). UALCAN findings indicated the downregulation 

of CHD2 in tumor samples. Furthermore, Kaplan-Miere curves revealed the significant 

association of greater CHD2 mRNA expression with superior OS and RFS. Moreover, a higher 

SBR grade was linked to a lower CHD2 mRNA level. The clinic-pathological data of this 

research showed lower mRNA levels of CHD2 in ER-negative, PR-negative, triple-negative, 

basal-like, and HER2-positive BC. Genetic alteration investigation in the cBioportal database 

revealed CHD2 mutation in 8% of BC patients. Moreover, TIMER indicated a correlation 

between infiltration of CD8+ T cells, CD4+ T cells, macrophages, and neutrophils with CHD2 

expression level. These findings supports the potency of CHD2 as a breast cancer prognostic 

marker. 
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Little information can be found on the involvement of CHD3 in BC. However, UALCAN 

investigations revealed higher mRNA expression levels of CHD3 in primary tumors as compared 

with normal tissues; while the Kaplan-Miere curves suggested that BC patients with higher 

CHD3 mRNA levels had a considerably better RFS. This research also addressed the 

clinicopathological aspects of BC and found that a higher SBR grade is linked to a lower CHD3 

mRNA expression. Despite this, CHD3 expression was higher in the BC patients older than 51 

compared to their younger counterparts. Lower CHD3 mRNA was also observed in ER-negative, 

PR-negative, triple-negative, and basal-like BC cases. HER2–positive cells showed lower CHD3 

mRNA levels compared to HER2–negative cells. Regarding the disparity of the results, further 

research is required on CHD3 as an oncogene or tumor suppressor gene. 

Wang et al. reported a significant rise in CHD4 mRNA levels in luminal A, luminal B, HER2+, 

and basal-like BC (30). Luo and colleagues also found a strong association between high CHD4 

expression and metastatic stage, survival, and tumor recurrence in triple-negative patients based 

on IHC labeling of biopsy tissues of 60 TNBC patients. Kaplan–Meier survival analysis 

indicated lower survival was reported in patients with high CHD4 expression compared to those 

with low CHD4 expression (31). UALCAN, results suggest higher CHD4 mRNA expression 

levels in primary tumors compared to normal tissues which confirmed our hypothesis. Based on 

the genetic alteration investigation of CHDs, 7% of BC patients had altered CHD4. The level of 

CHD4 mRNA was lower in PR-negative and BC patients older than 51. Due to the partial 

disparity of the results of current research with other studies, CHD4 cannot be definitely 

suggested as an oncogene or tumor suppressor. CHD5 identification as a tumor suppressor 

mapping to human 1p36-a genomic region often deleted in various cancers- was the first 

documentation of any CHD protein with a functional contribution to cancer development (11). 
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Zhongliang Ma et al. reported the prevalence of promoter methylation and RNA-level 

downregulation of CHD5 in BC cases. Moreover, CHD5 downregulation is partially due to 

promoter methylation. Their findings also revealed the association of CHD5 methylation with 

ER/PR state (32). In line with the mentioned work, CHD5 showed a dramatic downregulation in 

tumor samples of the current research based on UALCAN findings. Contrary to Zhongliang Ma 

et al., the mRNA level of CHD5 was greater in ER-negative, PR-negative, and triple-negative 

BC (TNBC). 

CHD6 resides within a colorectal cancer amplification area (33). CHD6 is also mutated in 

bladder transitional cell carcinoma (34). In the case of breast cancer, the clinic-pathological 

findings of this study revealed the association of a higher SBR grade with a lower CHD6 mRNA 

level. Despite this, CHD6 expression was higher in patients older than 51 compared to the 

younger group. CHD6 mRNA was also larger in positive lymph nodes when compared to 

negative lymph nodes of BC patients. On the other hand, CHD6 mRNA levels were lower in ER-

negative, PR-negative, triple-negative, and basal-like BC cases. CHD6 mutation was observed in 

7% of BC patients. In the TIMER database, CD8+ T cell infiltration was linked to CHD6 

expression levels. More trials and studies are required on the involvement of CHD6 in breast 

cancer to further enlighten these findings. 

The experiments indicated the oncogenic potential of CHD7 in various cancer types, particularly 

the cases developing from the breast (26). Furthermore, enhanced CHD7 expression was 

remarkably correlated with adverse RFS. Higher SBR grades also exhibited some associations 

with higher CHD7 mRNA levels. Upregulated CHD7 expression was also detected in patients 

over 51 as compared with the younger ones. CHD7 mRNA levels were greater in ER-negative, 

PR-negative, triple-negative (TNBC), and basal-like BC cases.  CHD7 was, 



15 

 

however, downregulated in tumor samples in UALCAN (Figure 1). Moreover, CHD7 mRNA 

levels were lower in positive lymph nodes as compared with negative lymph nodes. Further, 

genetic alteration analysis revealed CHD7 mutation in 15% of BC cases, the highest percentage 

among the other CHDs. This gene can be thus suggested as a possible oncogene, hence, CHD7 

could be a viable BC-predictive biomarker although further research is essential. 

Sawada et al. reported the downregulation of CHD8 mRNA expression in gastric cancer tissues 

compared to the neighboring normal mucosa (35). On the other hand, Damaschke et al. 

associated greater nuclear expression of CHD8 with lower survival and increased metastasis in 

prostate cancer patients (36). The pro-proliferative influence of estrogen in BC cells is mediated 

by cyclin D1-mediated activation of cyclin E2/CDK2. CHD8 is needed for E2F1 recruitment to 

the promoter of cyclin E2 and its transcriptional activation (37). Li and coworkers found some 

evidence supporting the correlation of CHD8 mutations with elevated BC risk (38). While some 

works suggest the tumor-suppression ability of CHD8, others show its unequivocal pro-

oncogenicity. Here, the increased CHD8 mRNA expression was related to better OS and RFS. A 

link was also suggested between CHD8 mRNA expression and clinicopathological 

characteristics of BC. These findings revealed that a lower mRNA level of CHD8 was associated 

with a higher SBR grade. The mRNA levels of CHD8 were higher in the positive lymph nodes of 

BC patients than in their negative lymph nodes. CHD8 mRNA levels were, however, lower in 

ER-negative, PR-negative, triple-negative, and basal-like BC cases. In addition, CHD8 alteration 

was detected in 7% of BC patients. CHD8 expression levels were linked to CD8+ T cells, 

macrophages, and neutrophils in the TIMER database. CHD8 appears to be a tumor suppressor 

based on the findings of the current research, further studies are required to corroborate this 

hypothesis. 
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Seven tumors were positive for CHD9 mutations. Somatic mutation or loss of expression alters 

CHD9 in MSI-H gastric and colorectal tumors (14). Low CHD9 expression has also been 

associated with poor prognosis and the stage of metastatic neuroblastoma in another work (39). 

In colorectal cancer, CHD9 acted as an anti-oncogenic factor (CRC). CHD9 expression 

inhibition was most likely a crucial mechanism through which miR-130b-3p promotes CRC cell 

proliferation (40). In clear cell renal cell carcinoma, Guan et al. found a statistically significant 

reduction in cytoplasm CHD9 expression, while nucleus CHD9 expression showed an elevation 

(41). CHD9 was considerably downregulated in tumor samples of this research, according to the 

UALCAN database. The Kaplan-Meier curves linked the higher CHD9 expression levels to a 

shorter OS and worse RFS. A lower mRNA level of CHD9 was also linked to a higher SBR 

grade. CHD9 mRNA levels were lower in ER-negative, PR-negative, triple-negative, and basal-

like BC as compared to ER-positive BC. According to genomic changes research, CHD9 was 

altered in 11% of BC cases. Increased infiltration aboundances of macrophages, neutrophils, and 

CD8+ T lymphocytes were all correlated with CHD9 expression. Our findings support tumor-

suppressing characteristics of CHD9, thus, it can be employed as a BC marker. The association 

of this gene with a shorter OS and a poor RFS still requires further investigation.Tumor-

associated immune cells could possess anti-tumor or pro-tumor properties. The major tumor-

antagonizing immune cells include CD4/8+ T cells, natural killer cells, macrophages, and 

neutrophils (42). Infiltration of CD8+ T cells into the tumor can predict a better prognosis (43). T 

cell infiltration in colorectal cancer tissue was also linked to improved prognosis (44). Activated 

CD8+ T lymphocytes are important for adaptive immune response and killing cancer cells 

through diverse routes; they are the key cytotoxic lymphocytes with anti-tumor actions (45). 

TIMER investigations confirmed previous reports by showing a link between higher expression 
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of CHD2, CHD8, and CHD9 genes and CD8+ T cell infiltration, which could explain the 

suppressive effects of the mentioned genes. 

Conclusion 

According to the findings of this work, a decline in expression of CHD2, CHD8, and CHD9 

tumor-suppressors and an increase in expression of CHD7 oncogene can be regarded as 

predictive signs of BC. These findings could be potentially used to discover a novel strategy for 

the treatment or control of breast cancer, although further research is required to corroborate the 

obtained results. 

Declarations 

Consent for Publication: Not applicable. 

Funding: None. 

Conflict of interest: The authors confirm that this article content has no conflict of interest. 

Availability of data and material: All data gathered in this study are included in the 

manuscript. 

Ethical considerations: 

Authors' contributions: SMHG  contributed to study design. NMN performed the analysis, 

drafted the manuscript with input from all authors. MK and EAR contributed to data collection 

and interpretation of results. NMP contributed to the revision of the manuscript. All authors were 

involved in interpreting data and all have read and approved the final manuscript. 

Acknowledgments: 

We acknowledge the help of Mr.Hossein hozhabri for this review. 

 



18 

 

References 

1. Jafari SH, Saadatpour Z, Salmaninejad A, Momeni F, Mokhtari M, Nahand JS, et al. 

Breast cancer diagnosis: Imaging techniques and biochemical markers. Journal of Cellular 

Physiology. 2018;233(7):5200-13. 

2. Britt KA-O, Cuzick JA-O, Phillips KA-O. Key steps for effective breast cancer 

prevention. (1474-1768 (Electronic)). 

3. Shen Y, Peng X, Shen C. Identification and validation of immune-related lncRNA 

prognostic signature for breast cancer. Genomics. 2020;112(3):2640-6. 

4. Tsang JYS, Tse GM. Molecular Classification of Breast Cancer. Advances in Anatomic 

Pathology. 2020;27(1). 

5. Zhang M, Chen H, Wang M, Bai F, Wu K. Bioinformatics analysis of prognostic 

significance of COL10A1 in breast cancer. LID - 10.1042/BSR20193286 [doi] LID - 

BSR20193286. (1573-4935 (Electronic)). 

6. Ilango S, Paital B, Jayachandran P, Padma PR, Nirmaladevi R. Epigenetic alterations in 

cancer. (2768-6698 (Electronic)). 

7. Mills AA. The Chromodomain Helicase DNA-Binding Chromatin Remodelers: Family 

Traits that Protect from and Promote Cancer. Cold Spring Harb Perspect Med. 

2017;7(4):a026450. 

8. Marfella CGA, Imbalzano AN. The Chd family of chromatin remodelers. Mutat Res. 

2007;618(1-2):30-40. 

9. Tan S Fau - Ding K, Ding K Fau - Li R, Li R Fau - Zhang W, Zhang W Fau - Li G, Li G 

Fau - Kong X, Kong X Fau - Qian P, et al. Identification of miR-26 as a key mediator of 



19 

 

estrogen stimulated cell proliferation by targeting CHD1, GREB1 and KPNA2. (1465-542X 

(Electronic)). 

10. Russo J Fau - Russo IH, Russo IH. Molecular basis of pregnancy-induced breast cancer 

prevention. (1868-1883 (Print)). 

11. Bagchi A, Papazoglu C Fau - Wu Y, Wu Y Fau - Capurso D, Capurso D Fau - Brodt M, 

Brodt M Fau - Francis D, Francis D Fau - Bredel M, et al. CHD5 is a tumor suppressor at human 

1p36. (0092-8674 (Print)). 

12. Mouradov D, Sloggett C, Jorissen RN, Love CG, Li S, Burgess AW, et al. Colorectal 

cancer cell lines are representative models of the main molecular subtypes of primary cancer. 

(1538-7445 (Electronic)). 

13. Colbert LE, Petrova AV, Fisher SB, Pantazides BG, Madden MZ, Hardy CW, et al. 

CHD7 expression predicts survival outcomes in patients with resected pancreatic cancer. (1538-

7445 (Electronic)). 

14. Kim MS, Chung Ng Fau - Kang MR, Kang Mr Fau - Yoo NJ, Yoo Nj Fau - Lee SH, Lee 

SH. Genetic and expressional alterations of CHD genes in gastric and colorectal cancers. (1365-

2559 (Electronic)). 

15. Pongor L, Kormos M, Hatzis C, Pusztai L, Szabó A, Győrffy B. A genome-wide 

approach to link genotype to clinical outcome by utilizing next generation sequencing and gene 

chip data of 6,697 breast cancer patients. (1756-994X (Electronic)). 

16. Damaschke NA, Yang B, Blute ML, Jr., Lin CP, Huang W, Jarrard DF. Frequent 

disruption of chromodomain helicase DNA-binding protein 8 (CHD8) and functionally 

associated chromatin regulators in prostate cancer. (1476-5586 (Electronic)). 



20 

 

17. Chandrashekar DS, Bashel B, Balasubramanya SAH, Creighton CJ, Ponce-Rodriguez I, 

Chakravarthi B, et al. UALCAN: A Portal for Facilitating Tumor Subgroup Gene Expression and 

Survival Analyses. (1476-5586 (Electronic)). 

18. Lánczky A, Győrffy B. Web-Based Survival Analysis Tool Tailored for Medical 

Research (KMplot): Development and Implementation. J Med Internet Res. 2021;23(7):e27633-

e. 

19. Jézéquel P, Gouraud W, Ben Azzouz F, Guérin-Charbonnel C, Juin PP, Lasla H, et al. bc-

GenExMiner 4.5: new mining module computes breast cancer differential gene expression 

analyses. LID - 10.1093/database/baab007 [doi] LID - baab007. (1758-0463 (Electronic)). 

20. Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, et al. The cBio Cancer 

Genomics Portal: An Open Platform for Exploring Multidimensional Cancer Genomics Data. 

Cancer Discovery. 2012;2(5):401-4. 

21. Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, Pyysalo S, et al. The STRING 

database in 2021: customizable protein-protein networks, and functional characterization of user-

uploaded gene/measurement sets. (1362-4962 (Electronic)). 

22. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al. Cytoscape: a 

software environment for integrated models of biomolecular interaction networks. Genome Res. 

2003;13(11):2498-504. 

23. Chen EY, Tan CM, Kou Y, Duan Q, Wang Z, Meirelles GV, et al. Enrichr: interactive 

and collaborative HTML5 gene list enrichment analysis tool. BMC Bioinformatics. 2013;14:128-

. 

24. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: A Web Server for 

Comprehensive Analysis of Tumor-Infiltrating Immune Cells. (1538-7445 (Electronic)). 



21 

 

25. Hota SK, Bruneau BG. ATP-dependent chromatin remodeling during mammalian 

development. Development. 2016;143(16):2882-97. 

26. Chu X, Guo X, Jiang Y, Yu H, Liu L, Shan W, et al. Genotranscriptomic meta-analysis 

of the CHD family chromatin remodelers in human cancers - initial evidence of an oncogenic 

role for CHD7. Mol Oncol. 2017;11(10):1348-60. 

27. Zhao D, Lu X, Wang G, Lan Z, Liao W, Li J, et al. Synthetic essentiality of chromatin 

remodelling factor CHD1 in PTEN-deficient cancer. Nature. 2017;542(7642):484-8. 

28. Nagarajan P, Onami TM, Rajagopalan S, Kania S, Donnell R, Venkatachalam S. Role of 

chromodomain helicase DNA-binding protein 2 in DNA damage response signaling and 

tumorigenesis. Oncogene. 2009;28(8):1053-62. 

29. Koch JG, Gu X Fau - Han Y, Han Y Fau - El-Naggar AK, El-Naggar Ak Fau - Olson 

MV, Olson Mv Fau - Medina D, Medina D Fau - Jerry DJ, et al. Mammary tumor modifiers in 

BALB/cJ mice heterozygous for p53. (0938-8990 (Print)). 

30. Wang Y, Chen Y, Bao L, Zhang B, Wang JE, Kumar A, et al. CHD4 Promotes Breast 

Cancer Progression as a Coactivator of Hypoxia-Inducible Factors. Cancer research. 

2020;80(18):3880-91. 

31. Luo CW, Wu CC, Chang SJ, Chang TM, Chen TY, Chai CY, et al. CHD4-mediated loss 

of E-cadherin determines metastatic ability in triple-negative breast cancer cells. (1090-2422 

(Electronic)). 

32. Ma Z, Song J, Liu S, Han L, Chen Y, Wang Y, et al. Decreased expression of the CHD5 

gene and its clinicopathological significance in breast cancer: Correlation with aberrant DNA 

methylation. Oncol Lett. 2016;12(5):4021-6. 



22 

 

33. Ali Hassan NZ, Mokhtar NM, Kok Sin T, Mohamed Rose I, Sagap I, Harun R, et al. 

Integrated analysis of copy number variation and genome-wide expression profiling in colorectal 

cancer tissues. PLoS One. 2014;9(4):e92553-e. 

34. Gui Y, Guo G Fau - Huang Y, Huang Y Fau - Hu X, Hu X Fau - Tang A, Tang A Fau - 

Gao S, Gao S Fau - Wu R, et al. Frequent mutations of chromatin remodeling genes in 

transitional cell carcinoma of the bladder. (1546-1718 (Electronic)). 

35. Sawada G, Ueo H, Matsumura T, Uchi R, Ishibashi M, Mima K, et al. CHD8 is an 

independent prognostic indicator that regulates Wnt/β-catenin signaling and the cell cycle in 

gastric cancer. Oncol Rep. 2013;30(3):1137-42. 

36. Damaschke NA, Yang B, Blute ML, Jr., Lin CP, Huang W, Jarrard DF. Frequent 

disruption of chromodomain helicase DNA-binding protein 8 (CHD8) and functionally 

associated chromatin regulators in prostate cancer. Neoplasia (New York, NY). 

2014;16(12):1018-27. 

37. Caldon CE, Sergio Cm Fau - Schütte J, Schütte J Fau - Boersma MN, Boersma Mn Fau - 

Sutherland RL, Sutherland Rl Fau - Carroll JS, Carroll Js Fau - Musgrove EA, et al. Estrogen 

regulation of cyclin E2 requires cyclin D1 but not c-Myc. (1098-5549 (Electronic)). 

38. Li J, Li H, Makunin I, kConFab I, Thompson BA, Tao K, et al. Panel sequencing of 264 

candidate susceptibility genes and segregation analysis in a cohort of non-BRCA1, non-BRCA2 

breast cancer families. Breast Cancer Res Treat. 2017;166(3):937-49. 

39. Lasorsa VA, Formicola D, Pignataro P, Cimmino F, Calabrese FM, Mora J, et al. Exome 

and deep sequencing of clinically aggressive neuroblastoma reveal somatic mutations that affect 

key pathways involved in cancer progression. Oncotarget. 2016;7(16):21840-52. 



23 

 

40. Song D, Zhang Q, Zhang H, Zhan L, Sun X. MiR-130b-3p promotes colorectal cancer 

progression by targeting CHD9. (1551-4005 (Electronic)). 

41. Guan B, Ran X-G, Du Y-Q, Ren F, Tian Y, Wang Y, et al. High CHD9 expression is 

associated with poor prognosis in clear cell renal cell carcinoma. Int J Clin Exp Pathol. 

2018;11(7):3697-702. 

42. Mao G, Zheng Y, Lin S, Ma L, Zhou Z, Zhang S. Bioinformatic Analysis of Prognostic 

Value, Genetic Interaction, and Immune Infiltration of Chromobox Family Proteins in Breast 

Cancer. Int J Gen Med. 2021;14:9181-91. 

43. Bai M, Zheng Y, Liu H, Su B, Zhan Y, He H. CXCR5(+) CD8(+) T cells potently 

infiltrate pancreatic tumors and present high functionality. (1090-2422 (Electronic)). 

44. Governa V, Trella E, Mele V, Tornillo L, Amicarella F, Cremonesi E, et al. The Interplay 

Between Neutrophils and CD8(+) T Cells Improves Survival in Human Colorectal Cancer. 

(1557-3265 (Electronic)). 

45. Farhood B, Najafi M, Mortezaee KA-O. CD8(+) cytotoxic T lymphocytes in cancer 

immunotherapy: A review. (1097-4652 (Electronic)). 

 

 

 Figure Legends 

 


