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Abstract 

Background: The investigation of genetic modifications and epigenetic controls within the 

melanoma antigen gene family (MAGE) gene family, the cancer-testis antigen, in breast cancer 

still remains elusive. The present study aimed to detect genetic and epigenetic alterations in the 

MAGE family genes among breast cancer patients, specifically those with metastatic breast cancer 

and experienced resistance to chemotherapy.  

Method: In this bioinformatics study, MAGE family genes were retrieved from HUGO genes 

database and further analyzed for protein-protein interaction using STRING version 12.0, gene 

ontology using DAVID v2024q2, genetic alterations using cBioportal, ROC plot using ROC 

plotter, prognostic value using Kaplan-Meier Plotter, DNA methylation using MethSurv, and the 

correlation between immune cell infiltration using TIMER 2.0. P <0.05 was considered 

statistically significant. 

Results: Patients with metastatic breast cancer have experienced genetic abnormalities in four 

specific genes of MAGEF1, NSMCE3, MAGEL1, and NDN. The relapse-free survival indicated 

that NSMCE3 and NDN have an unfavorable prognosis, while MAGEF1 and MAGEL1 have a 

favorable prognosis in breast cancer patients. A moderate association between the mRNA levels 

of MAGEF1 and MAGEL1 and the efficacy of chemotherapy was observed. The DNA methylation 

analysis revealed two significant CpG sites within the MAGEL1 gene in which become a poor 

prognosis of patients with breast cancer.  

Conclusion: This work has the potential to pave the way for the creation of immunotherapy and 

improved treatment strategy for those struggling with metastatic breast cancer and 

chemoresistance. Further research is guaranteed to authenticate the outcomes of these 

bioinformatics discoveries. 
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Introduction 

Breast cancer is a highly prevalent 

kind of cancer among women in both 

developed and developing countries 

worldwide. Breast cancer is characterized by 

the abnormal growth of cells in the breast 

tissue, particularly in the ducts (the tubes that 

transport milk to the nipple) and lobules (the 

glands that create milk).1 The uncontrolled 

growth of breast cancer is a result of 

alterations including genetic and epigenetic 

alterations.2 Alterations in the genetic and 

epigenetic profiles of regulatory genes 

associated with breast cancer can lead to the 

proliferation and division of cells without 

proper regulation.3 These alterations can lead 

to the proliferation and advancement of 

breast cancer, which can then metastasize to 

other bodily tissues if not appropriately 

managed.4 The comprehension of genetic and 

epigenetic alterations in certain genes 

motivates researchers to create more focused 

and efficient therapies for the management of 

breast cancer.4 

Melanoma antigen gene family 

(MAGE) families are classified as cancer-

testis genes, typically expressed in the testis, 

yet their expression has been associated with 

multiple human cancers.3 The proteins 

comprising MAGE are encoded by the 

MAGE family genes.5 As a member of 

cancer-specific antigens, MAGE have the 

ability to activate an intense immune 

reaction.6 Major histocompatibility complex 

(MHC) class I and Class II-positive tumors 

produce cancer testis antigen class MAGE 

proteins, stimulating immunological 

responses from T and/or B cells in certain 

cancer patients.7 MAGE proteins belong to a 

specific group of antigens called cancer/testis 

(CT) antigens.8 These antigens are shown on 

the surface of cells by MHC class I 

molecules, which are located in a region of 

the immune system that is protected from 

immunological responses.9 The MAGE 

protein family comprises many members. 

MAGEs can be categorized into two types: 

type I MAGEs (MAGE-A, -B, and -C 

subfamilies), which are expressed in the testis 

and other reproductive tissues, and type II 

MAGEs (MAGE-D, -E, -F, -L and Necdin), 

which have a wide expression in other 

tissues.10  

Previous studies showed that MAGE 

family genes regulated cancer progression, 

either as tumor suppressor genes or 

oncogenes. The expression of MAGEA12 and 

MAGEA3 is significantly elevated in breast 

cancer cells.11 Overexpression of MAGEA12 

induces malignancy in cancer cells.12 The 

genes MAGEA5, MAGEA8, MAGEB4, and 

MAGEB6 function as tumor suppressors, 

while MAGEB18 and MAGED4 operate as 

oncogenes in breast cancer.13 A prognostic 

value analysis of MAGE family gene 

members in breast cancer patients was 

previously performed; the results indicated 

that MAGEC3 was an unfavorable prognostic 

factor, while MAGEE2, MAGEH1, and 

MAGEL2 were favorable prognostic factors 

in breast cancer patients.13 Nevertheless, the 

investigation of genetic modifications and 

epigenetic controls within the MAGE gene 

family in breast cancer patients remains 

unexplored.  

The present study aimed to identify 

genetic and epigenetic changes in the MAGE 

family genes in breast cancer patients, 

namely those with metastatic breast cancer 

and chemoresistance, using a bioinformatics 

method. We proposed that genetic and 

epigenetic alterations in the MAGE family 

genes correlate with metastatic breast cancer 



and chemoresistance; however, the specific 

relevant genes require further investigation. 
This study has the potential to result in the 

development of immunotherapy and 

improved therapeutic approaches for 

individuals struggling with metastatic breast 

cancer. In conclusion, the results of this study 

have the capacity to enhance patient 

outcomes and overall quality of life. 

 

Material and Methods 

Data mining 

The bioinformatics research 

commenced by extracting data from the 

publicly available HUGO genes database, 

which is the authoritative source for 

authorized human gene nomenclature.14 

HUGO is the primary source for standardized 

human gene symbols and names. The 

database was accessed using the URL 

https://www.genenames.org/ using the 

keyword "MAGE". The generated results are 

subsequently exported in the form of an 

Excel file. As we retrieved from HUGO 

genes, we obtained 40 gene symbol and their 

synonym (Supplementary Table 1: available 

at: http://ugm.id/SFMAGE).  

Protein-protein interaction (PPI) 

PPI study was conducted using the 

STRING-Db software version 12.0 to 

identify and understand the interactions 

between proteins. STRING-Db is a database 

that combines data from various sources, 

including experimental data, genomic 

context, and scientific literature, to provide 

comprehensive and accurate information. 

The analysis was performed via the website 

https://string-db.org/. In summary, a total of 

40 genes belonging to the MAGE family were 

inputted into the STRING database using 

specific criteria, which included Homo 

sapiens organisms and a median confidence 

level of 0.04, as previously described.15 

Furthermore, the default settings of the 

database were configured for the analysis. 

Gene ontology (GO) 

The functional enrichment of the 

MAGE family of genes was assessed through 

an analysis conducted on the DAVID 

Bioinformatics Resources database, a 

valuable resource for functional annotation 

and enrichment analysis of gene lists, 

accessible at 

https://davidbioinformatics.nih.gov. Briefly, 

the MAGE family genes are commonly 

designated with the official gene symbol of 

the Homo sapiens species. GO, a functional 

annotation tool, was then applied to the data 

in order to extract information regarding 

molecular functions, cellular components, 

and biological processes. Furthermore, the 

default settings of the database were 

configured for those analyses. Fisher's Exact 

test is used to assess gene enrichment 

analysis. P-values less than 0.05 are deemed 

significant, as previously described.15,16  

Genetic alterations 

The cBioportal database was used for 

analyzing genetic alterations and obtaining 

information on signaling pathways due to its 

comprehensive data coverage, interactive 

visualization tools, and powerful analysis 

capabilities. The analysis was performed by 

accessing the database using the website 

http://www.cbioportal.org/. To summarize, 

the user inputs the gene symbol as a query in 

the cbioportal database by choosing the 

Breast cancer research. The study with the 

greatest number of genomic alterations from 

the Cancer Types Summary was chosen for 

additional research, specifically OncoPrint, 

Mutual Exclusivity, copy number alteration, 

and pathways, as previously described.17 

Furthermore, the default settings of the 

database were configured for those analyses. 

Mutual exclusivity analysis was performed 

using Fisher's exact test. P-values less than 

0.05 are deemed significant.  

Prognostic value 

The predictive significance of MAGE 

family member genes was assessed using 

Kaplan-Meier (KM) plotter with breast 

https://www.genenames.org/
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cancer patient data obtained from 

https://kmplot.com. The KM plotter, with its 

large dataset, offers sufficient statistical 

power to confidently evaluate the prognostic 

value of MAGE genes. In summary, gene 

symbols were entered into the KM plotter 

database of breast cancer, and various 

parameters were chosen, such as relapse-free 

survival (RFS) and overall survival (OS). 

Furthermore, the default settings of the 

database were configured to restrict analysis 

to subtypes and selected cohorts. A 

significance level of P < 0.05 was chosen, as 

previously explained.18 

Receiver operating characteristic (ROC) 

plot 

The relationship between gene 

expression and chemotherapy sensitivity in 

breast cancer patients was examined using a 

ROC plotter (http://www.rocplot.org). In 

summary, the gene symbols were submitted 

to the ROC plotter, and certain criteria were 

chosen, including ROC plotter for breast 

cancer, RFS at five years, OS, and patients 

who underwent different forms of treatment, 

JetSet only, and no outliers. The two cohorts 

are compared using the Mann–Whitney test 

or the ROC test. The threshold for statistical 

significance was established at a P-value of 

less than 0.05, as previously described.19 
DNA methylation analysis 

We used the MethSurv tool 

(https://biit.cs.ut.ee/methsurv/) to examine 

the expression and prognostic trends 

associated with the methylation of specific 

CpG sites within the MAGE family genes. 

Survival analysis of CpG sites located within 

or in close proximity to a target gene is 

facilitated by the MethSurv tool. In summary, 

the gene symbols were submitted to the 

MethSurv, and certain criteria were chosen, 

including cancer study of breast invasive 

carcinoma (BRCA) TCGA March 2017, and 

showing the heatmap. The DNA methylation 

values were denoted as beta values between 

0 and 1, which were computed using the 

formula M/(M + U + 100), where M and U 

denote the intensity values of methylated and 

unmethylated DNA, respectively, in 

accordance with the methodology described 

in an earlier investigation.30 The prognostic 

significance of a particular CpG site was 

analyzed using KM plotter. A significance 

level of P < 0.05 was chosen, as previously 

described.20 

Analysis of the correlation between immune 

cell infiltration and the MAGE family genes 

The TIMER 2.0 database 

(http://timer.cistrome.org) was used to 

calculate the correlation between immune 

cell infiltration and the MAGE family genes. 

The database incorporates modules designed 

to explore cancer-related associations within 

the cohort of The Cancer Genome Atlas 

(TCGA). In summary, the gene symbols were 

submitted to the TIMER 2.0 database, and 

certain criteria were chosen, including BRCA 

study, immune association, and immune 

infiltrates such as B cell, T cell CD8+, T cell 

CD4+, macrophage, neutrophil, and dendritic 

cells. Spearman's correlation coefficients 

were employed to perform correlation 

analyses; the intensity of the correlation was 

classified into the following categories: very 

weak (0.00–0.19), weak (0.20–0.39), 

moderate (0.40–0.69), strong (0.70–0.89), 

and very strong (0.90–1.0). A positive value 

signified a direct association, while a 

negative score indicated an inverse 

correlation. The threshold for statistical 

significance was P < 0.05.19 

 

 

Results 

PPI network 

 The results of a network analysis 

examining PPI among 40 MAGE gene family 

members were as follows: 40 nodes, sixty-

four edges, an average node degree of 3.46, 

and an average local clustering coefficient of 

0.596 (Figure 1). Furthermore, the PPI 

enrichment value generated by this 

investigation was less than 1.0 × 10-16. 

https://kmplot.com/
http://www.rocplot.org/
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Subsequent to the PPI network analysis, an 

investigation into the GO of 40 nucleotide 

MAGE families commenced. The greater the 

number of protein interactions, the greater the 

likelihood that these proteins will influence 

one another and participate in MAGE-gamily 

proteins-regulated breast cancer 

mechanisms. 

GO 

The purpose of GO analysis is to 

collect information from the 40 MAGE 

family genes analyzed in the form of cellular 

components, molecular functions, and 

biological processes. The acquisition of 

seven biological process data, one cellular 

component data, and three molecular 

function data was accomplished through GO 

analysis using the DAVID bioinformatics 

database. MAGE family genes were enriched 

for biological process of negative regulation 

of transcription from RNA polymerase II 

promoter; cellular protein catabolic process, 

positive regulation of ubiquitin-protein 

transferase activity; cellular component of 

nucleus; and molecular function of histone 

deacetylase binding, protein binding, and 

ubiquitin protein ligase binding cellular 

component of nucleus (Table 1).  

Genetic alterations analysis 

The purpose of gene alteration 

analysis using the cBioPortal for Cancer 

Genomics database is to investigate the 

mechanism pathways of genetic changes in 

40 MAGE family genes that are associated 

with breast cancer. One study was chosen 

from the 21 breast cancer studies included in 

the cBioPortal for Cancer Genomics 

database: The Metastatic Breast Cancer 

Project Provisional December 2021, 

consisting 379 samples from 301 patients 

with metastatic breast cancer. This selection 

was based on the study's inclusion of a 40% 

incidence of genetic alterations in the MAGE 

family genes among the population under 

investigation (Figure 2A). Using Oncoprints, 

one can examine the percentage profile of 

gene alterations that transpire in query genes. 

The analysis identified the following 

percentages of genetic alterations that 

transpired in each query gene: 25% in 

MAGEF1, 18% in NSMCE3, 24% in 

MAGEL2, and 23% in NDN (Figure 2B). The 

wingless-related integration site signaling 

pathway, which is associated with cellular 

proliferation, is generated through pathway 

enrichment analysis pertaining to genetic 

alterations (Figure 2C). The analysis of copie 

number alterations for all genes examined 

yielded insignificant results, including 

diploid, deletion, gain, and amplification 

(Figure 2D). Additional mutual exclusivity 

analysis showed six gene pair with co-

occurrence of genetic alterations, including 

MAGEL2-NDN, MAGEF1-NDN, MAGEF1-

MAGEL2, NSMCE3-NDN, NSMCE3-

MAGEL2, and MAGEF1-NSMCE3 (Table 2). 

Prognostic value 

Using the parameters RFS and OS, 

the prognostic value of mRNA expressions of 

MAGEF1, NSMCE3, MAGEL1, and NDN 

was determined. NSMCE3 and MAGEL1 are 

synonymous with NDNL2 and MAGEB1, 

respectively. No significant results were 

observed between the mRNA levels of 

MAGEF1, NSMCE3, MAGEL1, and NDN 

and OS in patients with breast cancer (Figure 

3A). Additionally, female breast cancer 

patients with decreased mRNA expression of 

NSMCE3 (P = 0.013) and NDN (P = 0.001) 

had a significantly better RFS; however, 

patients with breast cancer who had low 

mRNA levels of MAGEF1 (P = 0.016) and 

MAGEL1 (P = 0.013) had a substantially 

poorer RFS than the other groups, according 

to RFS analysis (Figure 3B).  

ROC plot 

Analyses were conducted on the 

correlation between gene expression levels of 

MAGEF1, NSMCE3, MAGEL1, and NDN 

and chemotherapy response as measured by 

RFS and pathological complete response 

(PCR) using transcriptome data from breast 



cancer patients. There was a significant 

moderate correlation observed between the 

expression levels of MAGEF1 (AUC=0.543, 

P = 1.3e-02) and MAGEL1 (AUC=0.559, P = 

5.3e-05) and AUC values of PCR (Figure 

4A). The expression levels of MAGEL1 

demonstrated significant prognostic 

capability when the PCR parameter was 

used; their respective AUC and P-values 

were 0.559 and 1.3e-02, respectively (Figure 

4B). 

DNA methylation analysis 

The heatmap that was produced to 

represent the DNA methylation patterns and 

evaluate the predictive value of aggregating 

the expression levels of MAGEF1, NSMCE3, 

MAGEL1, and NDN in patients with breast 

cancer (Figure 5A, Supplementary Figure 2-

4: available at  http://ugm.id/SFMAGE). The 

results of the DNA methylation expression 

level analysis indicated that certain CpG sites 

displayed notably high levels of methylation, 

which had a significant prognostic 

significance in relation to breast cancer (P < 

0.05, as determined by the likelihood ratio 

test). The significantly identified CpG sites in 

MAGEL1 or MAGEB1 comprised the 

following cg02714462 (P = 0.015) and 

cg10941721(P = 0.01) (Figure 5A-5B, Table 

3). 

Correlation with infiltration of immune 

cells 

To examine the relationship between 

target gene expression and the degree of 

immune cell infiltration in breast cancer 

patients, TIMER 2.0 was implemented. The 

purity of breast cancer was correlated 

positively with the mRNA levels of  

MAGEF1 (r = 0.213, P = 1.17e-11) and 

negatively correlated with the levels of NDN 

(r = -0.476, P = 2.14e-57) (Table 4, 

Supplementary Figure 5: available at  

http://ugm.id/SFMAGE). CD8+ cells 

exhibited a positive correlation with NDN2 (r 

= 0.311, P = 1.08e-23). CD4+ exhibited 

positive correlation with NSMCE3 (r = 0.233, 

P = 9.04e-14). A positive correlation was 

observed between macrophage and NDN2 (r 

= 0.377, P = 6.01e-35). MAGEL1 exhibited 

positive correlations with neutrophil (r = 

0.214, P = 8.92e-12), and NDN2 were 

positively correlated with dendritic cells (r = 

0.209, P = 2.58e-11).  

 

Discussion 

The results of this study show that, 

out of the 40 members of the MAGE family 

genes, there are 4 genes that have 

experienced genetic change, specifically 

MAGEF1, NSMCE3, MAGEL1, and NDN. 

Furthermore, this study show that mutual 

exclusivity revealed six pairs of genes that 

exhibited co-occurrence of genetic changes, 

namely involving genes MAGEL2-NDN, 

MAGEF1-NDN, MAGEF1-MAGEL2, 

NSMCE3-NDN, NSMCE3-MAGEL2, and 

MAGEF1-NSMCE3. This finding highlights 

the significant contribution of the four genes 

of MAGE family in the development of 

metastatic breast cancer cells. Prognostic 

value analysis demonstrated that based on 

RFS, NSMCE3 (P = 0.013) and NDN (P = 

0.001) are bad prognosis, while MAGEF1 (P 

= 0.016) and MAGEL1 (P = 0.013) are good 

prognosis in patients with breast cancer. 

MAGEF1, a gene on chromosome 3, 

encodes melanoma-associated antigen F1 

(MAGE-F1).3,21This protein is expressed 

across a spectrum of tumor tissues, including 

breast, cervical, ovarian, and melanoma 

cancers.32 In addition to its involvement in 

tumorigenesis, MAGE-F1 plays a role in 

early neurogenesis, alongside MAGE-D1, 

D2, D3, E1, E2, G1, H1, and Necdin.21 In 

lung cancer, MAGE-F1 interacts with the 

NSE1 E3 ubiquitin ligase to form a complex, 

leading to the degradation of MMS19, and 

this interaction inhibits the cytosolic Fe-S 

assembly pathway, reducing DNA repair 

capacity.22  

Melanoma-associated antigen B1 

(MAGE-B1) encoded by MAGEB1 or 

http://ugm.id/SFMAGE
http://ugm.id/SFMAGE


MAGEL1 is expressed primarily in specific 

tissues such as placenta, embryo, testis, and 

cancer cells.23 MAGE-B1 plays a crucial role 

in the development, progression, and 

prognosis of lung cancer.24 Similarly, 

MAGE-B2 has been implicated in laryngeal 

cancer progression, showing positive 

correlations lymphatic metastasis.24 In an in 

vivo study, MAGEB2 knockdown inhibited 

tumor development and lung metastasis.24  

NSMCE3, also known as MAGEG1, is 

a gene that produces a component of the 

SMC5/6 complex, and is essential for 

repairing DNA damage.25 NSMCE3 also 

plays a role in regulating the cell cycle, 

promoting neural differentiation, and 

facilitating apoptosis.23,26 Necdin interacts 

with MAGE-G1 and E2F1 during neuronal 

development both in vitro and in vivo, 

specifically in cells suffering death.27 

Accordingly, necdin and MAGE-G1 act as 

inherent proteins that inhibit apoptosis, 

specifically protecting neuronal precursors 

and postmitotic neurons from E2F1-induced 

apoptosis.28,29 

NDN, a gene that encodes NDN 

(Necdin) is situated on chromosome 15q11-

q13.30 Necdin interacts with p53 to weaken 

the p53 signaling pathway in human cells in 

response to genotoxic stress.31 Necdin is a 

suppressor of metastatic breast cancer that 

regulate the transcription of c-Myc.32 Yang H 

et al. conducted a study showing that the 

reintroduction of NDN caused a 

downregulation of Bcl-2 levels and initiated 

apoptosis, resulting in a significant 

suppression of ovarian cancer cell growth in 

both in vitro and xenografts.33 Necdin forms 

a complex with MAGE-G1 by binding to the 

transactivation domain of E2F1, and thus 

generate a complex that inhibits the 

transcriptional activity of E2F1.28  

A previous study showed that 

NSMCE3 missense mutations cause a new 

autosomal recessive syndrome that damages 

chromosomes that affects the stability of the 

SMC5/6 and HR complexes, leading to 

impaired function of T and B cell 

lymphocytes, and is known as lung disease, 

immunodeficiency and chromosome damage 

syndrome.34 Currently, there is a lack of 

research on the impact of mutations in 

MAGEF1, MAGEL2, and NDN genes and 

their association with breast cancer, and 

therefore, deeper investigation is required to 

understand this relationship. 

 A previous study showed that 

MAGE-G1 encoded by NSMCE3 inhibits 

apoptosis in sarcoma, colon cancer, breast 

cancer, and melanoma cells by enhancing the 

transcription of E2F1 a protein that increased 

proliferation in various kinds of cancer.35 

Another study demonstrated that the 

downregulation of NDN gene expression is 

dependent upon the activity of STAT3 in 

human melanoma, prostate, and breast cancer 

cell lines, which has been shown to 

contribute to the pathogenesis of cancer.36 

These findings support our results, that shows 

NSMCE3 and NDN is a bad prognosis marker 

in breast cancer patient according to RFS. In 

head and neck squamous cell carcinomas, 

high expression of MAGEF1 is associated 

with a significantly poorer clinical 

prognosis.22 Patients with breast cancer 

which have high expression of MAGEF1 

showed a significant better OS than those in 

the lower levels of MAGEF1, especially in 

basal-like, luminal A, and luminal B, but not 

in HER2+ subtype.13 A separate study 

indicated that breast cancer patients with 

elevated levels of MAGEB1 mRNA exhibited 

superior survival rates in comparison with the 

contrasting group.13 Taken together, this 

study offers significant insights; however, 

additional research is required to confirm 

these findings, specifically to investigate the 

potential involvement of NSMCE3, NDN, 

MAGEF1 and MAGEL1 in breast cancer 

progression and chemotherapy response. 

The ROC analysis, using PCR and 

RFS parameters, revealed a statistically 



significant and moderate association between 

the mRNA levels of MAGEF1 and MAGEL1 

with the sensitivity of chemotherapy. A 

previous study showed that Necdin 

expression was diminished in melanoma and 

drug-resistant ovarian cancer cell lines.36 

Thus, MAGEF1 and MAGEL1 have the 

potential to serve as biomarkers for 

evaluating the sensitivity of metastatic breast 

cancer cells to chemotherapy.  

The DNA methylation analysis 

revealed significant CpG sites in MAGEL1 

also known as MAGEB1, specifically 

cg02714462 and cg10941721. This indicates 

that methylation on the MAGEL1 gene could 

potentially impact the metastasis of breast 

cancer cells to other parts of the body and 

their sensitivity to chemotherapy. A prior 

study has identified a significant presence of 

DNA methylation, specifically cg02714462 

in MAGEB1, in individuals diagnosed with 

acute myeloid leukemia and diffuse large B 

cell lymphoma.37 Other studies also showed 

that MAGEB2 gene plays a role in the 

development of laryngeal carcinoma by 

being influenced by methylation.38,39 

Accordingly, the role of methylation of 

MAGEL1 in metastatic breast cancer and 

chemoresistance is interesting topic for 

further investigations. 

Analysis of the infiltration of immune 

cells revealed that the purity of breast cancer 

had a slight positive connection with 

MAGEF1, but a moderate negative 

correlation with NDN. The NDN expression 

showed a mild positive correlation with 

CD8+ cells, while NSMCE3 exhibited a weak 

positive correlation with CD4+ cells. There 

was a weak positive correlation between 

macrophages and NDN2 levels, a weak 

positive correlation between neutrophils and 

MAGEL1 levels, and a positive correlation 

between NDN2 and dendritic cells. A 

previous study showed that MAGEB2 

demonstrated a strong correlation with 

immune cell infiltration, particularly CD8+ T 

cells, in lung cancer and influenced the 

secretion of chemokines/cytokines and 

immunogenicity in lung cancer cells.24 Given 

the immunogenicity of type I MAGE 

antigens, ongoing cancer vaccination studies 

are exploring their potential as targets for 

immunotherapy.23 MAGE proteins, like 

MAGE-B1 and MAGE-B2, hold promise as 

cancer-testis antigens and targets for 

immunotherapy due to their distinctive 

expression patterns in tumors and significant 

immunogenicity.23 Taken together, the effect 

of MAGEF1, NSMCE3, MAGEL1, and NDN 

on immune cell infiltration in patients with 

metastatic breast cancer and patients 

experiencing chemoresistance needs to be 

further clarified.  

Although this study provides valuable 

insights, it has limitations because it relies 

solely on computational methods. 

Computational methods require careful 

consideration to avoid drawing inaccurate 

conclusions. In addition, the study findings 

may be affected by patient heterogeneity and 

the resistance associated with interpreting 

bioinformatics data into clinical applications. 

To overcome these limitations, it is necessary 

to consider patient heterogeneity and conduct 

further validation studies, which will 

strengthen the overall analysis and improve 

the clinical application of the findings of this 

study. 

The results of this study demonstrate 

that MAGEF1 and MAGEL1 serve as good 

prognostic indicators for breast cancer 

patients and predict chemotherapy 

effectiveness. NSMCE3 and NDN are 

associated with worse prognoses in breast 

cancer patients. In addition, MAGEL1 

methylation is a negative predictive indicator 

in breast cancer patients. Future studies 

should focus on the findings of this study in 

relation to clinically relevant applications. 

This involves investigating the potential of 

MAGE family genes as prognostic 

biomarkers for patient risk stratification and 



chemotherapy treatment response prediction. 

Additionally, exploring these genes as 

therapeutic targets is essential, including the 

development of MAGE-specific 

immunotherapy and the targeting of MAGE-

related signaling pathways. Furthermore, 

clinical trials are necessary to confirm these 

findings in larger cohorts and to investigate 

their clinical implications for enhancing the 

efficacy of breast cancer therapy. 

 

Conclusion 

In this study, we found genetic and 

epigenetic alterations in the MAGE family 

genes among breast cancer patients, 

specifically those with metastatic breast 

cancer and experienced resistance to 

chemotherapy, by employing a 

bioinformatics approach. We have 

discovered four genes that have undergone 

genetic alterations, namely MAGEF1, 

NSMCE3, MAGEL1, and NDN. According to 

RFS, NSMCE3 and NDN have a negative 

prognosis, while MAGEF1 and MAGEL1 

have a positive prognosis in breast cancer 

patients.  The ROC analysis, using PCR and 

RFS data, showed a statistically significant 

and moderate correlation between the mRNA 

levels of MAGEF1 and MAGEL1 and the 

effectiveness of chemotherapy. The 

investigation of DNA methylation identified 

two important CpG sites, namely 

cg02714462 and cg10941721, in the gene 

MAGEL1. This study has the potential to lead 

to the development of immunotherapy and 

enhanced therapy strategies for those 

grappling with metastatic breast cancer and 

chemoresistance. Further studies are needed 

to validate the results of these bioinformatics 

findings, including exploration of the 

potential of MAGE family genes as 

prognostic biomarkers and therapeutic 

targets for breast cancer treatment. Also, 

clinical trials are needed for larger cohorts. 
 

Supplementary Files 

Supplementary Figure 1. Oncoprint analysis 

of MAGE family genes, as analyzed by 

cBioportal from a study entitled The 

Metastatic Breast Cancer 2021. 

Supplementary Figure 2. Expression levels of 

MAGEF1 DNA methylation in breast cancer 

cells, as determined by the MethSurv 
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Figure 1. (A). Protein-protein interaction network of MAGE family genes. (B). Summary 

alterations of MAGE family genes across breast cancer studies in cBioportal database. (C). 

Oncoprint analysis of MAGE family genes across The Metastatic Breast Cancer Project 

Provisional 2021 study in cBioportal showed only four alterations in MAGEF1, NSMCE3, 

MAGEL2 and NDN. (D). Pathway related to genetic alterations of MAGEF1, NSMCE3, MAGEL2 

and NDN across The Metastatic Breast Cancer Project Provisional 2021 study in cBioportal. (E). 

Copy number alterations of MAGEF1, NSMCE3, MAGEL2 and NDN across The Metastatic Breast 

Cancer Project Provisional 2021 study in cBioportal. 
MAGE: Melanoma antigen gene 

 

 

 



 

 

 

 



 



 



 

 

Figure 2. Prognostic value related to the mRNA levels of MAGEF1, NSMCE3, MAGEL1, and 

NDN in patients with breast cancer, as analyzed using KM plotter based on (A). OS, and (B). RFS. 

ROC plot related to the mRNA levels of MAGEF1, NSMCE3, MAGEL1, NDN and chemotherapy 

efficiency in patients with breast cancer, as analyzed using ROCPlotter based on (C). PCR and 

(D). 5-years RFS.  
OS: Overall survival; RFS: Relapse-free survival; PCR: Pathological complete response 

 

 



 

 

 



 

Figure 3. (A). Expression levels of MAGEL1 or MAGEB1 DNA methylation in breast cancer 

patients from TCGA study (2017), as determined by the MethSurv database, depicted as a 

heatmap. The heatmap was classified based on ethnicity, race, age, event, relation to UCSC CpG 

island, and UCSC reference gene group. (B). The prognostic significance of a particular CpG site 

within the MAGEL1 or MAGEB1 genes in patients with breast cancer from TCGA study (2017), 

assessed using the MethSurv platform.  
TCGA: The Cancer Genome Atlas; UCSC: University of California, Santa Cruz 

 



Table 1. Gene Ontology enrichment analysis of MAGE family genes, as analyzed using DAVID 

No. Biological process Count P-value Genes 

1 GO:0000122~negative 

regulation of 

transcription from RNA 

polymerase II promoter 

39 9.82E-50 MAGEH1, MAGEL2, MAGEA12, 

MAGEB18, MAGED1, MAGEB17, 

MAGEB16, MAGEF1, MAGEA9B, 

MAGEA9, TRO, MAGEA8, MAGED4B, 

MAGEA1, MAGEC3, MAGEA2, NDN, 

MAGEC1, MAGEC2, MAGEA11, 

MAGEB10, MAGEA6, MAGEA10, 

MAGEA3, MAGEA4, MAGEE1, 

MAGEE2, NSMCE3, MAGEA2B, 

MAGEB2, MAGED4, MAGEA5P, 

MAGEB3, MAGED2, MAGEB1, 

MAGEB6, MAGEA13P, MAGEB4, 

MAGEB5 

2 GO:0044257~cellular 

protein catabolic process 

3 4.96E-04 MAGEA2, MAGEC2, MAGEA2B 

3 GO:0051443~positive 

regulation of ubiquitin-

protein transferase 

activity 

3 8.37E-04 MAGEA2, MAGEC2, MAGEA2B 

4 GO:0072331~signal 

transduction by p53 

class mediator 

2 0.00779144 MAGEA2, MAGEA2B 

5 GO:0030163~protein 

catabolic process 

3 0.00942586 MAGEA2, MAGEC2, MAGEA2B 

6 GO:1901984~negative 

regulation of protein 

acetylation 

2 0.01166496 MAGEA2, MAGEA2B 

7 GO:0033234~negative 

regulation of protein 

sumoylation 

2 0.02128446 MAGEA2, MAGEA2B 

No. Cellular component Count P-value Genes 

1 GO:0005634~nucleus 39 6.96E-21 MAGEH1, MAGEL2, MAGEA12, 

MAGEB18, MAGED1, MAGEB17, 

MAGEB16, MAGEF1, MAGEA9B, 

MAGEA9, TRO, MAGEA8, MAGED4B, 

MAGEA1, MAGEC3, MAGEA2, NDN, 

MAGEC1, MAGEC2, MAGEA11, 

MAGEB10, MAGEA6, MAGEA10, 

MAGEA3, MAGEA4, MAGEE1, 

MAGEE2, NSMCE3, MAGEA2B, 

MAGEB2, MAGED4, MAGEA5P, 

MAGEB3, MAGED2, MAGEB1, 

MAGEB6, MAGEA13P, MAGEB4, 

MAGEB5 

No. Molecular function Count P-value Genes 

1 GO:0042826~histone 

deacetylase binding 

13 1.17E-18 MAGEA12, MAGEA9B, MAGEA2B, 

MAGEA9, MAGEA8, MAGEA1, 

MAGEA2, MAGEA5P, MAGEA11, 



MAGEA6, MAGEA10, MAGEA3, 

MAGEA4 

2 GO:0005515~protein 

binding 

30 4.69E-04 MAGEH1, MAGEL2, MAGEA12, 

MAGEB18, MAGED1, MAGEF1, 

MAGEA9B, MAGEA9, TRO, MAGEA8, 

MAGED4B, MAGEA1, MAGEA2, 

NDN, MAGEC1, MAGEC2, MAGEA11, 

MAGEB10, MAGEA6, MAGEA3, 

MAGEA4, MAGEE1, NSMCE3, 

MAGEA2B, MAGEB2, MAGED4, 

MAGEB3, MAGED2, MAGEB6, 

MAGEB4 

3 GO:0031625~ubiquitin 

protein ligase binding 

3 0.09334344 MAGEA2, MAGEC2, MAGEA2B 

No.: Number; GO: Gene ontology, MAGE: Melanoma antigen gene; DAVID: The Database for annotation, visualization and 

integrated discovery  



Table 2. Mutual exclusivity analysis of the MAGE family genes in breast cancer patients from The Metastatic 

Breast Cancer 2021 study, analysis was conducted using cBioportal 

A B P-value Tendency 

MAGEL2 NDN <0.001 Co-occurrence 

MAGEF1 NDN <0.001 Co-occurrence 

MAGEF1 MAGEL2 <0.001 Co-occurrence 

NSMCE3 NDN <0.001 Co-occurrence 

NSMCE3 MAGEL2 0.001 Co-occurrence 

MAGEF1 NSMCE3 0.009 Co-occurrence 
MAGE: Melanoma antigen gene 

Table 3.  The prognostic significance of a particular CpG site within the MAGEL1 or MAGEB1 genes in patients 

with breast cancer from TCGA study (2017), assessed using the MethSurv platform 

Name HR CI Wald_P value 

MAGEB1-TSS200; 5'UTR-island-cg18444868 1.304 (0.845;2.011) 0.23 

MAGEB1-TSS200; 5'UTR-island-cg01331780  0.932 (0.628;1.384) 0.73 

MAGEB1-TSS200; 5'UTR-island-cg08706312  1.51 (0.971;2.349) 0.067 

MAGEB1- 5'UTR;1stExon-island-cg04685060 0.801 (0.537;1.195) 0.28 

MAGEB1-TSS200; 5'UTR-island-cg02714462  1.617 (1.097;2.384) 0.015 

MAGEB1-TSS200; 5'UTR-island-cg03757053  1.647 (1.116;2.43) 0.012 

MAGEB1-Body-Open_Sea-cg10941721 1.669 (1.129;2.468) 0.01 
Bold indicates significant value (P < 0.05); TCGA: The Cancer Genome Atlas; HR: Hazard ratio; CI: Confidence interval
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Table 4. The correlation between immune cell infiltration and the levels of MAGEF1, NSMCE3, MAGEL1, 

and NDN expression in breast cancer patients  

Gene 

Name 
Parameters Purity B cell CD8+ CD4+ Macrophage Neutrophil 

Dendritic 

cell 

MAGEF1 R 0.213 0.03 -0.141 -0.003 -0.021 0 -0.034 

  P value 1.17e-11 3.37e-01 8.10e-06 9.27e-01 5.12e-01 9.94e-01 2.77e-01 

NSMCE3 R -0.116 -0.065 0.182 0.233 -0.04 0.128 0.011 

  P value 2.38e-04 4.09e-02 7.74e-09 9.04e-14 2.10e-01 5.42e-05 7.36e-01 

MAGEL1 R 0.007 -0.17 -0.108 0.142 -0.126 0.214 0.128 

  P value 8.32e-01 7.31e-08 6.77e-04 7.41e-06 6.48e-05 8.92e-12 4.90e-05 

NDN R -0.476 -0.158 0.311 -0.036 0.377 0.02 0.209 

  P value 2.14e-57 5.15e-07 1.08e-23 2.62e-01 6.01e-35 5.37e-01 2.58e-11 

The Spearman's Rank Correlation Coefficient values (R) indicated the following degrees of correlation strength: extremely 

weak (0.00-0.19), weak (0.20-0.39), moderate (0.40-0.69), strong (0.70-0.89), and very strong (0.90-1.0). A correlation and a 

significant value (P < 0.05) are denoted in bold. CD8: Cluster of differentiation 8; CD4: Cluster of differentiation 4 


