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The Melanoma Antigen Gene (MAGE) belongs to the larger family of cancer testis antigens. The MAGEA family

were the first tumor-associated antigens identified at the molecular level whose expression was consistent in most

human cancers and germinal cells. Aberrant expression of MAGEA family is noted in a majority of human

malignancies, where they are associated with increased cancer cell proliferation, survival, and resistance to various

therapies. This makes them an ideal biomarker and attractive therapeutic target in designing novel therapies.

bladder cancer  Melanoma Antigen Gene  cancer testis antigen  biomarkers

therapeutic target  signaling pathways  protein–protein interaction  genomic alterations

1. Expression of MAGEA Family in Bladder Cancer

There are a few reports on the expression of specific MAGEA family members in bladder cancers. Patard et al.

(1995) analyzed the expression of MAGEA1, MAGEA2, MAGEA3, and MAGEA4 and observed the expression of

at least one of these genes in 61% of invasive and 28% of superficial tumors, with MAGEA3 and MAGEA4 genes

being most frequently expressed . A study by Picard et al. (2007) analyzed the expression of MAGEA3,

MAGEA4, MAGEA8, and MAGEA9 in bladder cancer. The study reported that MAGEA3–9 members were

expressed in 30%, 33%, 56%, and 54% of bladder tumors, respectively. Although MAGEA8 was the most

frequently expressed, its expression was low overall and mostly confined to the normal urothelium. In comparison,

MAGEA9 was expressed at a higher level and was two times more frequent in superficial bladder cancer than in

invasive tumors . Bergeron et al. (2009) showed that MAGEA4 and MAGEA9 were expressed in 38% and 63% of

NMIBC, in 48% and 57% of MIBC, 65% and 84% in carcinomas in situ, and 73% and 85% in lymph node

metastases, respectively. The expression of MAGEA4 (p = 0.007) and MAGEA9 (p = 0.012) was associated with

higher-grade tumors. In multivariable Cox regression analyses, the expression of MAGEA9 in pTa tumors was

associated with recurrence (HR = 1.829; p = 0.010). MAGEA4 expression in these tumors was associated with

progression to MIBC (HR = 7.417, p = 0.013) based on univariate analyses, whereas MAGEA9 expression was

further predictive of bladder cancer progression . A study by Xylinas et al. (2014) showed that MAGEA3

expression was independently associated with an increased risk of bladder cancer recurrence and cancer-specific

mortality . Another study by Dyrskjot et al. (2012) showed that 43% of bladder tumors expressed MAGEA3. A

univariate Cox regression analysis of gene expression in NMIBC showed that the expression of MAGEA3 (p =

0.026) was significantly associated with a shorter progression-free survival .
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The researchers performed a meta-analysis combining the results from several independent studies on bladder

cancer listed in the TCGA database for detecting differentially expressed MAGEA genes with the potential to

increase both the statistical power and generalizability of their analysis. MAGEA family expression was analyzed in

n = 4536 patients according to tumor stage and the p values were generated by two-sample t-test, comparing pTa

and pT2 stage bladder cancer. MAGEA2 (p < 0.001), MAGEA3 (p = 0.005), MAGEA6 (p < 0.001), and MAGEA12

(p = 0.01) were found to have stage-dependent expression (highest in pT2 subgroup), suggesting that these

MAGEA members might play important roles in the development of urothelial carcinoma (Figure 1). These

observations highlight the importance of improving their understanding of the etiology of bladder cancer, as well as

the molecular changes underlying aberrant MAGEA expression. However, the clinical and prognostic value of

MAGEA family members in the pathobiology of bladder cancer is currently under investigation by their group.

Figure 1. MAGEA expression profile across various stages of bladder cancer. Box and dot-plot of bladder cancer

stages. The X-axis of the graph represents various stages of bladder cancer, pT1, pT2, pT3, pT4, and pTa, and the

Y-axis of the graph represents log2 value.

2. Genomic Aberration of MAGEA Genes in Bladder Cancer

To gain a better understanding of the molecular alteration of MAGEA proteins in bladder cancer, the researchers

used a TCGA bladder cancer patient’s (n = 4536) genomics database to analyze how MAGEA family members

could affect bladder tumorigenesis. Genomic alterations, including mutation, homozygous deletion, or amplification,

led to uncontrolled proliferation and irregularities in cell death in neoplastic cells . It was found that frequencies

of genomic alterations among MAGEA family members in bladder cancer were MAGEA1 1.8%, MAGEA2 1.6%,

MAGEA3 1.9%, MAGEA4 1.6%, MAGEA6 2.6%, MAGEA8 1.7%, MAGEA10 2%, MAGEA11, 2.1%, and MAGEA12
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2.4% (Figure 2A). The most prevalent form of genomic alteration is gene amplification among all MAGEA

members . The amplification of these genes often has the potential to transform normal cells into neoplastic

cells, further hinting at the possibility that the MAGEA family has a significant role in bladder tumorigenesis .

These observations recommend that an analysis of MAGEAs might be a useful diagnostic tool to determine the

invasive potential of bladder cancer. In addition, the amplified regions of some MAGEA genes might serve as

potential therapeutic targets.

Figure 2. Genomic alterations in MAGEA family members. Oncoprint of MAGEA1, MAGEA2, MAGEA3, MAGEA4,

MAGEA6, MAGEA8, MAGEA10, MAGEA11, and MAGEA12 in bladder cancer patients (n = 5436). (A) Color bar

represents the individual patient’s profile showing gene amplification in red, * denotes % gene amplification;

deletion in blue; and mutation in green. (B) Bar graph represents the summary of MAGEA gene alteration

frequency (Y-axis), and the X-axis shows the mutation rate (green), amplification (red), and deep deletion (blue) in

bladder cancer patients.

The researchers also analyzed mutations in the MAGEA family in bladder cancer. MAGEA genes are more

frequently mutated in cancer patients, suggesting their critical role in malignancy . In bladder cancer, the somatic

mutation frequency is very low and ranges from 0.1% to 0.4% in the MAGEA family members identified in 4880

samples from 4158 patients consolidated from 21 studies from the cancer genome atlas (TCGA) (Figure 2B).
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Moreover, missense mutations were identified in MAGEA6 compared to MAGEA3 and MAGEA11. Some of these

mutations, including G137W, E232Q, P242L, Y249H, P262R, G296V, R298C, and E314Q, were found in the 229–

399 amino acid sequence in the MAGEA6 gene . Among the noted mutations, the functional impact of P262R

was most deleterious, which might contribute to poor outcomes in bladder cancer patients (Figure 3A,B).

[4]
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Figure 3. Mutation in the MAGEA family in bladder cancer. (A) Mutation plot was generated by the Mutation

Mapper tool (cBioportal) showing the structure of MAGEA protein, and the frequency and position of mutations.

Green color shows MAGE_N: Melanoma-associated antigen family N terminal (4–97), and red color shows MAGE:

MAGE family (116–286). The green lollipop denotes number and change in the amino acid. (B) The table shows

the patient’s TCGA sample ID, protein change, functional impact, and mutation type. Color dots denotes function

impact: red—high, yellow/orange—moderate, and gray—low impact.

3. Gene Network and Signaling Pathways of MAGEA Family
in Bladder Cancer

The altered expression of genes results in changes in gene expression and gene network interaction during cancer

progression. A Cytoscape version 3.10.1 (Complex Network Analysis) Genemania module  was used to explore

the genetic interaction of MAGEA1, MAGEA2, MAGEA3, MAGEA4, MAGEA6, MAGEA8, MAGEA10, MAGEA11,

and MAGEA12 (red color). This software tool provides a critical assessment and integration of protein–protein

interactions to assess the associations of potential differentially expressed genes. The size of the circle of each

protein represents its degree of connection to other proteins. The analysis demonstrated the interaction of MAGEA

family members with other MAGE members, including MAGEA2B, MAGEB10, MAGEB2, and others (blue color).

The available scientific literature reports on the interaction between MAGEA and MAGEB in bladder cancer .

Moreover, both family members share the MAGE domain that influences the tumor microenvironment and

promotes cell proliferation (Figure 4A).

Figure 4. (A) Protein–protein interaction network of MAGEA family members constructed by Cytoscape software

(version 3.10.1). Proteins are represented with color nodes, and interactions are represented with edges. The size

of the circle of each protein represents its connection degree to other proteins. The red color circle shows the query

protein, and the blue color shows the interacting proteins. (B) Signaling pathways associated with MAGEA family;

the X-axis shows the log(B-H) value and the Y-axis represents the associated pathway in bladder cancer.
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4. MAGEA Family as Diagnostic Biomarkers in Bladder
Cancer

Several studies have analyzed the stage-specific expression of the MAGEA family in bladder cancer, indicating

their higher levels in invasive disease . Therefore, the researchers explored the TCGA

database to determine the expression of different MAGEA members in bladder cancer (BCLA; n = 414) compared

with normal bladder samples (n = 19). The BCLA patient’s dataset was not available for MAGEA9, and MAGEA5

and MAGEA7 were excluded from the analysis as they are pseudogenes. In some databases, the expression of

MAGEA5 and MAGEA7 are measured, despite being pseudogenes, as they regulate oncogenes by serving as

miRNA decoys . Interestingly, MAGEA2, MAGEA3, MAGEA4, MAGEA6, MAGEA10, MAGEA11, and MAGEA12

exhibited significant differences in their expression in bladder cancer compared to normal bladder samples. Other

MAGEA family members, including MAGEA1 and MAGEA8, exhibited lower expression in bladder cancer

compared to normal bladder specimens (Figure 5). A data analysis of bladder cancer patients further uncovers the

possibilities of utilizing MAGEA2, MAGEA3, MAGEA4, MAGEA6, MAGEA10, MAGEA11, and MAGEA12 members

as diagnostic biomarkers for bladder cancer.

[1][2][3][4][5][14][15][16][17][18][19]
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Figure 5. Transcriptomic expression of MAGEA family. Relative expressions of varying MAGEA types in normal

samples and bladder cancer samples (BLCA) quantified through a box plot analysis of the TCGA dataset. The X-

axis shows the expression of 435 patients (BCLA = 414, and Normal = 19), and the Y-axis shows the Fragments

Per Kilobase of transcript per Million mapped reads (FPKM) mRNA expression values.

Next, the researchers determined the cancer-specific mortality using a hazard ratio (HR) of MAGEA proteins with

overall survival for the assessment of relative risk for bladder cancer aggressiveness, using the GENT2 database,

which associates gene expression with the HR. The HR was calculated using the fixed effect model and the

random effect model with 95% CI and p-value. Based on the data analysis from various studies, the HR value for

the fixed (FE) and random effect (RE) models were as follows: MAGEA1 (FE, 1.06; RE 1.18; p-value = 0.07);

MAGEA2 (FE, 1.48; RE, 1.48; p-value = 0.67); MAGEA3 (FE,1.43; RE, 1.43; p-value = 0.33); MAGEA4 (FE, 0.96;

RE, 1.21; p-value = 0.02); MAGEA6 (FE, 0.99, RE, 1.05; p-value = 0.03); MAGEA8 (FE, 1.05, RE, 1.05; p-value =

0.86); MAGEA10 (FE, 1.07.; RE,1.10; p-value = 0.11); MAGEA11 (FE, 1.09; RE,0.94; p-value = 0.31); and

MAGEA12 (FE, 1.00; RE, 1.73; p-value < 0.01). The HR ratio of MAGEA6 and MAGEA12 was statistically

significant with p-value = 0.03; <0.01. Based on these findings, poor survival might be predicted in patients that

express elevated levels of MAGEA6 and MAGEA12. To define the variation among different datasets, the

heterogeneity was calculated. Heterogeneity was common regardless of the treatment effects by odds ratios or risk

differences. Random effects estimates, which incorporate heterogeneity, tended to be less precisely assessed than

fixed effects estimates. Therefore, compared with the fixed effect model, the weights assigned under random

effects are more balanced. The heterogeneity was 0%; this means that heterogeneity has no importance in the

results displayed in the forest plot (Figure 6).
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Figure 6. Hazard ratio (HR) of MAGEA proteins in bladder cancer. Forest plots were generated for hazard ratio in

bladder cancer patients. HR was calculated using the fixed effect model and the random effect model with 95% CI

with the p-value of heterogeneity.

5. Prognostic Value of MAGEA Gene Family in Bladder
Cancer
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The researchers analyzed the prognostic value (log rank) of MAGEA family members viz. MAGEA -1, -3, -4, -6, -8,

-10, -11, and -12 in bladder cancer patients (n = 408; MAGEA2, n = 406) using KM-Plot (http://kmplot.com/analysis

(accessed on 19 October 2023)). For this, the researchers performed survival analysis in bladder cancer patients

using the TCGA database. A hazard ratio (HR) of more than 1.0 was used to predict the potential of genes as

prognostic biomarkers. Based on the log rank value of MAGEA family members, the researchers found that

MAGEA6 scored the highest log rank (log rank 0.99), followed by MAGEA3 (log rank 0.83), compared to other

MAGEA members. These values suggest that MAGEA3 and MAGEA6 may serve as prognostic biomarkers for

bladder cancer patients (Figure 7). Additional clinical validation in bladder cancer patients is required to justify the

above rationale.

Figure 7. Kaplan–Meier plots for overall survival in bladder cancer. These curves were generated using the TCGA

bladder cancer database of n = 408 patients. The X-axis shows the overall survival in days and the Y-axis shows

the overall survival rate.

Next, the researchers determined the predicted location and protein–protein interaction of MAGEA3 and MAGEA6

genes in bladder cancer. MAGEA6 protein is intracellular in location and showed direct interaction (physical

association) with secreted (intracellular) protein S100A9, CTF1, GFOD1, and APO4. MAGEA6 showed interaction
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with intracellular proteins such as TULP3, EXOC5, LSM2, and others. Similarly, MAGEA3 showed interaction with

secreted intracellular protein S100A9, along with other intracellular proteins. Genomic association revealed a direct

correlation of MAGEA3 and MAGEA6 with calcium-binding protein S100A9 (Figure 8A,B). To further understand

the association between MAGEA3 and MAGEA6 with S100A9, the researchers explored the OncoDB cancer

database, a large-scale multi-omics database, and performed pairwise gene expression correlation analysis

between MAGEA3 and MAGEA6 and S100A9 in bladder cancer patients (Figure 9). S100A9 is a secretory protein,

and its expression is positively associated with elevated levels of MAGEA3 and MAGEA6 proteins . An

overexpression of S100A9 is associated with stage progression, invasion, metastasis, and poor survival in bladder

cancer patients . S100A9 and MAGEA family members may be cooperative oncogenes, given their findings.

Figure 8. Gene interaction of (A) MAGEA3 and (B) MAGEA6 in bladder cancer. The figure shows the physical

association and gene regulatory relationships. The assorted colors of the nodes show the predicted location of the

proteins.

[21][22]

[23]
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Figure 9. Plot pair-wise gene expression correlation analysis between MAGEA6, with TRM28, and MAGEA28.

MAGEA3 showed its correlation with S100A9 in BLCA. The X and Y-axes of the graph show log2 transcript per

million (TPM).
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