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Abstract

Background: The Melanoma Antigen Gene (MAGE) family is a large, highly conserved group of proteins
that share a common MAGE homology domain. Multiple MAGEs are aberrantly expressed in a variety of
cancers. However, the function of distinct MAGE genes in hepatocellular carcinoma (HCC) is largely
unclear. Our study aimed to comprehensively analyze the MAGE family as prognostic and diagnostic
markers for HCC.

Methods: In this research, all HCC data were obtained from NCBI GEO DataSets, The Cancer Genome
Atlas (TCGA) and our clinical center. UALCAN was used to reveal the expression profile of distinct MAGEs
in HCC and further evaluate the association between the expression of MAGEs and the
clinicopathological characteristics of HCC patients, including clinical stage, tumor grade. Kaplan-Meier
Plotter (KM-Plot) was used to evaluate the correlation between MAGEs expression and the overall survival
(0S) of HCC patients. gRT-PCR was used to detection the expression levels of MAGEs in HCC samples.
cBioPortal was used to analyze the genetic alterations in MAGEs and their associations with OS of HCC
patients. Gene Set Variation Analysis (GSVA) algorithm was used to do functional enrichment analysis of
MAGE genes in HCC to reveal the molecular mechanisms of MAGEs functioned in HCC.

Results: Our research showed that many MAGE genes were dysregulated in HCC and most of them were
highly expressed. Among them, MAGEATIMAGEC2IMAGED 11IMAGED2IMAGEF1 and MAGEL2 were
significantly correlated with clinical stage and differentiation of HCC patients. MAGED 1TIMAGED 21
MAGEA6IMAGEA120MAGEAT00MAGEB4IMAGEL?2 and MAGEC3 had significant correlation with HCC
prognosis. Further functional enrichment analysis suggested the dysregulated MAGEs may play
important roles in signal transduction.

Conclusions: Taken together, our research revealed that multiple MAGEs were dysregulated in HCC and
they might play important roles in the development of HCC and can be exploited as useful biomarkers for
diagnosis and treatment for HCC.

Background

Primary liver cancer is one of the leading causes of cancer-related death worldwide with high incidence
rate (4.7%) and mortality rate (8.2%). Hepatocellular carcinoma (HCC) is the main type of primary liver
cancer (comprising 75%-85% of cases)[1]. Approximately 750000 new cases are diagnosed with HCC and
nearly 500000 deaths annually worldwide[2]. Due to the lack of obvious symptom in early stage and
effective early diagnosis methods, only 30-40% of HCC patients can be performed curative resection.
However, the prognosis of these patients are still poor, the five-year recurrence can reach up to 70% [3, 4].
The grim situation urges us to further elucidate the potential molecular mechanism underlying the
occurrence and development of HCC, identify more efficient biomarkers for early diagnosis, prognosis
prediction and find new targets to design more powerful therapeutic methods to improve the prognosis of
HCC patients.
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The first Melanoma Antigen Gene (MAGE) protein was identified in a melanoma patient due to its strong
tumor antigen properties in 1980s[5]. The subsequent studies and homology searches on MAGEs
revealed that the MAGE family consists of about 60 members which are conserved in all eukaryotes and
share a common MAGE homology domain[6, 7]. Based on the chromosomal location and expression
pattern, the MAGE family members can be divided into two classes, type | MAGEs and type Il MAGEs [8].
Type | MAGEs include the MAGE-A, MAGE-B and MAGE-C subfamily members which are located on the X
chromosome and mainly expressed in the testis and aberrantly expressed in tumor tissues. Type I
MAGEs include the MAGE-D, MAGE-E, MAGE-F, MAGE-G, MAGE-H, MAGE-L and Necdin which are not
restricted to the X chromosome and expressed in a variety of tissues|6, 9, 10].

Until now, multiple MAGEs have been reported to be dysregulated in a variety of cancers, including
melanoma [11-13], non-small cell lung cancer [14, 15], colon cancer [16—18], glioma [19, 20], breast
cancer [21, 22] and prostate cancer [23, 24]. Further functional studies show that the aberrant expression
of MAGEs correlated with worse clinical prognosis of tumor patients, including shorter overall survival
(0S) time, shorter disease free survival (DFS) time, larger tumor size, metastasis and so on. The
characteristics of MAGEs in tumors suggest them suitable to serve as targets for diagnosis and treatment
in various cancers[7, 25].

Previous studies on the MAGEs in HCC also suggest that the aberrant expression of multiple MAGEs is
significantly correlated with the clinical characteristics of HCC patients [26]. However, the MAGE family
contains about 60 members and the expression profile and function of most MAGE members in HCC are
unclear yet. In this research, we integrated and analyzed almost 600 HCC patients’ data from NCBI GEO
DataSets, TCGA (The Cancer Genome Atlas) and our clinical center using Kaplan-Meier Plotter (KM-Plot),
UALCAN, cBioPortal databases and Gene Set Variation Analysis (GSVA) algorithm to comprehensively
evaluate the function and clinical significance of MAGEs in HCC. Our study revealed that multiple MAGEs
were dysregulated in HCC and significantly correlated with clinicopathological parameters. Further
functional enrichment analysis suggested the dysregulated MAGEs may play important roles in signal
transduction which regulate the development of HCC. The characteristics of MAGEs in HCC suggest that
they are suitable to serve as useful biomarkers to diagnosis and treatment HCC.

Results

Expression profile of MAGE family in HCC

We first analyzed the expression profile of MAGE genes in GSE14520 (obtained from NCBI GEO
DataSets), a microarray data of HCC containing 225 tumor tissues and 220 adjacent non-tumor tissues.
As shown in fig.1TA MAGEATIMAGEA6IMAGEA8IMAGEA120IMAGEB1IMAGEB2IMAGEC1IMAGED 10
MAGED2 and MAGEF1 were significantly up-regulated in HCC tissues compared with non-tumor tissues.
MAGEA100MAGEB4IMAGEC2IMAGEC3 and MAGEL2 were significantly down-regulated in HCC tissues.
We further confirmed the expression of MAGE genes in HCC using TCGA data. As shown in fig.1B,
consistent with the results obtained in GSE14520, MAGEATIMAGEASIMAGEA12IMAGEB2IMAGEC10
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MAGED1IMAGED2 and MAGEF1 were significantly up-regulated in HCC tissues and MAGEL2 was
significantly down-regulated in HCC tissues. In contrast to GSE14520, MAGEC2 was up-regulated in HCC
tissues of TCGA. We speculated that this was related to the low expression of MAGEC2 in tissues. In
addition, there were no difference in the expressions of MAGEA6IMAGEB1IMAGEA10IMAGEB4 and
MAGEC3 between HCC tissues and non-tumor tissues in TCGA dataset, which may also be accounted for
the low expression of those genes. Taken together, the above data indicated that multiple MAGE genes
were dysregulated in HCC and most of them were highly expressed, suggesting that the dysregulated
MAGEs may play important roles in the development of HCC.

Correlation between the expression of MAGE genes and the clinicopathological parameters of HCC
patients

To further evaluate the roles of dysregulated MAGEs in HCC, we analyzed the association between
MAGEs expression and clinical stage and differentiation of HCC patients with TCGA data using UALCAN
(http://ualcan.path.uab.edu). As shown in fig.2A, the expression of MAGEATIMAGEC2IMAGED10
MAGED20MAGEF1 and MAGEL?2 were significantly correlated with HCC patients’ clinical stage. Among
them, the expressions of MAGEATIMAGEC2IMAGED 10MAGED2 and MAGEF1 were increased with the
clinical stage, especially for of MAGED2 and MAGEF1. Another MAGE gene, MAGEL 2, was decreased with
clinical stage.

Fig.2B showed the correlation between MAGEs expression and HCC tumor grade. Similar to clinical stage,
the expression of MAGEATIMAGEC2IMAGED 1T0IMAGED20MAGEF1 and MAGEL2 were also significantly
correlated with tumor grade. Among them, the expressions of MAGEATIMAGEC2IMAGED1IMAGED2 and
MAGEF1 were increased with tumor grade, especially for of MAGED1 and MAGEF1. Another MAGE gene,
MAGEL?2, was decreased with tumor grade.

Taken together, the results above suggested that the expression of 6 MAGE genes were significantly
correlated with HCC patients’ clinical stage and tumor grade .

Prognostic value of MAGE genes in HCC

Further, we analyzed the prognostic value of distinct MAGE genes in HCC using KM-Plot
(http://kmplot.com/analysis/). As shown in fig.3, higher expressions of MAGEA6 ( HR=1.89, 95% CI: 1.32-
2.71, and p=0.00043)IMAGEA12 (HR=1.89, 95% CI: 1.31-2.71, and p=0.00051) IMAGED1 (HR=1.61, 95%
Cl: 1.03-2.51, and p=0.034)IMAGED2 ( HR=1.57,95% CI: 1.09-2.27, and p=0.015) were associated with
worse prognosis of HCC. Higher expressions of MAGEA10 (HR=0.44, 95% CI: 031-0.62, and p=1.6e-06)[
MAGEB4 (HR=0.35, 95% CI: 0.25-0.49, and p=6.3e-10)IMAGEC3 (HR=0.5,95% CI: 0.35-0.71, and p=8.6e-
05) EIMAGEL2 (HR=0.67, 95% CI: 0.47-0.96, and p=0.029) were associated with better prognosis of HCC.
Other members of MAGE family had no significant correlation with HCC prognosis. These results
suggested that the expression of MAGEA6IMAGEA10IMAGEA12IMAGEB4IMAGEC3IMAGED 10MAGED2
and MAGEL2 may serve as useful biomarkers for predicting HCC prognosis.
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Diagnostic value of MAGE genes in HCC

Based on the above results, we wandered to further evaluate the diagnostic value of distinct MAGE genes
in HCC by computing receiver operating characteristic (ROC) curves. As shown in table 1, the levels of
MAGED1 (Area=0.766, 95% CI: 0.719-0.813, and P<0.0001) and MAGED2 (Area=0.864, 95% CI: 0.829-
0.899, and P<0.0001) were correlated with HCC incidence. Detailed ROC curves were shown in fig.4.
These results suggest that the expressions of MAGED1 and MAGED2 may be exploited as useful
biomarkers to diagnose HCC.

Genetic alterations in MAGE genes and their associations with OS of HCC patients

To further comprehensive evaluate the roles of dysregulated MAGEs in HCC, we analyzed genetic
alteration in MAGE genes and their associations with OS of HCC patients in cBioPortal
(https://www.cbioportal.org/). As shown in fig.5A, multiple MAGE genes had high genetic alteration rate
in HCC patients. Among them, MAGEF10MAGEA6IMAGEA1 and MAGEA12 ranked the highest four genes
with genetic alterations, and their alteration rates were 12%, 12%, 11% and 10%. Then, we chose the
MAGEs with alteration rate over 8% for further OS analysis in 372 HCC patients. As shown in fig.5B, the
genetic alterations of MAGEs were not enough to distinguish HCC patients’ prognosis. But the patients
with multiple MAGEs alteration, such as MAGEF1IMAGEA6IMAGEATIMAGEC2IMAGEA1 2lipresented
relatively worse prognosis, especially with genetic alterations of MAGEF1 and MAGEC?2, although with not
statistical difference. The results above suggested more attention is required to focus on the genetic
alterations of MAGEs which may affect HCC patients’ prognosis and can be exploited as useful
biomarkers to diagnosis and treatment HCC.

Evaluate the expression and clinical relevance of MAGE genes in HCC tissues of our center

The above analysis results suggests that multiple MAGE genes were dysregulated in HCC and
significantly associated with the clinicopathological parameters of HCC patients. Then, we further
confirmed the expression profile and clinical relevance of some MAGEs which had never been reported
before in our HCC clinical samples. 23 HCC patients were enrolled in our study with paired tumor tissue
and adjacent non-tumor tissue and detailed clinical information. The few previous studies on the
function of MAGEs in HCC have mainly focused on MAGE-A members and MAGE-D members. Based on
this research status and above analysis results, we selected MAGEL2, MAGEB4, MAGEC3 and MAGEF1
for further research. The g-RT PCR experiment was performed to detect the expression of the above
MAGEs in 23 pairs of HCC tumor tissues and adjacent non-tumor tissues. As shown in fig.6, the
expression of MAGEL?2 (fig.6A), MAGEB4(fig.6C) and MAGEC3(fig.6D) were significantly down-regulated
in HCC tissues and MAGEF1 was significantly up-regulated in HCC tissues which were consistent with the
results obtained by the previous bioinformatics analysis. Moreover, we observed a very interesting
phenomenon that the expression patterns of MAGEL2, MAGEB4 and MAGEC3 in HCC patients were very
similar, which may be related to their belonging to the MAGE family and it is worth further research.
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Then, we further analyzed the correlation between the expression of above MAGEs and the
clinicopathologic characteristics of HCC patients. Based on the gRT-PCR result of related MAGEs, the
cohort of 23 HCC patients was divided into low and high groups using median as the cut off. Chi-square
test was used to analyze the relationship between MAGEs expression and multiple clinicopathological
characteristics in HCC patients. As shown in table 2-5, the expressions of MAGEL?2 (table 2),
MAGEB4(table 4) and MAGEC3 (table 5)were significantly correlated with vascular invasion and AFP level
of HCC patients and the expression of MAGEF1 was significantly associated with tumor size and tumor
number of HCC patients. Taken together, the results obtained with the HCC samples of our center further
proved that multiple MAGEs were dysregulated in HCC and correlated with clinicopathologic
characteristics of HCC patients. In addition, MAGEL2, MAGEB4, MAGEC3 and MAGEF1 deserve further
study.

Functional enrichment analysis of MAGE genes in HCC

To reveal the molecular mechanisms of MAGEs functioned in HCC, we calculated GSVA enrichment
scores using GSVA algorithm and further identified the significantly correlated genes with GSVA scores in
GSE14520 microarray data. Then, we used the correlated genes predicted the Molecular function,
Biological process, Cellular component and Reactome pathway of the dysregulated MAGEs in HCC (fig.7).
The Molecular function Circos map (fig.7A) showed that the dysregulated MAGE genes were closely
related to ligand-gated ion channel activity. The Biological process Circos map (fig.7B) showed that the
dysregulated MAGE genes were closely related to cell cycle process and developmental process. The
Cellular component Circos map (fig.7C) showed that the dysregulated MAGE genes were closely related
to transmembrane transporter complex and ion channel complex. The Reactome pathway Circos map
(fig.7D) showed that the dysregulated MAGE genes were closely related to G protein-coupled receptors
(GPCRs) ligand binding, peptide ligand-binding receptor and G alpha signaling events. Taken together, the
above functional enrichment analysis suggested the dysregulated MAGEs may play important roles in
signal transduction.

Screening of core genes significantly correlated to the function of MAGE genes in HCC

Based on correlated genes with MAGEs in HCC, we further draw the protein-protein interaction networks
using STRING. As shown in fig.8A, it was a large and complex network with close interaction of proteins
in some regions. Then, we isolated three major protein-protein interaction regions (fig8B-8D). As shown in
fig.8B, there were 35 members in network 1, most of them were related with GPCR ligand binding and
signal transduction [27, 28]. Among them, five receptor proteins, HRH41GALR1TINMUR10GRM8 and
GPR37L1, were colored with red, which had the most frequent interactions with other proteins and might
play pivotal roles in network 1. In fig.8C, there were 19 members in network 2, most of them were related
with ubiquitin-specific protease activity and regulated cellular protein metabolism [29, 30]. All of the five
pivotal proteins, RNF140FBXO41FBX0220TRIM36 and UBE2G2, were ubiquitin ligase. In fig.8D, there were
17 members in network 3, most of them were also related with G-protein coupled activity and the
regulation of cellular signal transduction and cell communication [31, 32]. MLNRINMBRIGPR1320HTR2C
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and LTB4R2, the five pivotal proteins in network 3, were all protein receptors related with G-protein. Taken
together, the data above further suggested that the dysregulated MAGE genes were involved in the
regulation of multiple pivotal intracellular signaling network. They might play important roles in the
development of HCC and can be exploited as useful biomarkers to diagnosis and treatment HCC.

Materials And Methods

Data sources

GSE14520, a microarray data of human HCC which contains 225 tumor tissues and 220 non-tumor
tissues, was download from NCBI GEO DataSets (https://www.ncbi.nlm.nih.gov/gds/?term=). The TCGA
data was obtained through Genomic Data Commons Data Portal (https://portal.gdc.cancer.gov/). The
platform contained 371 HCC tissues and 50 adjacent non-tumor liver tissues. The data from the TCGA
are publicly available and open access, and this research follows the TCGA data access policy and
published guidelines.

HCC specimens

A total of 23 clinical HCC specimens used in this study were histopathologically and clinically diagnosed
at the third affiliated hospital, Sun Yat-Sen University (Guangzhou, Guangdong, China). All samples were
collected from 2017 to 2018 and each HCC tissue has paired non-tumorous tissues. For the use of these
tissue in our study, we obtained approval from the Institutional Research Ethics Committee and informed
written consent from all participants.

Total RNA extraction and qRT-PCR

Total RNA was isolated from tissue specimens using Trizol reagent (Invitrogen, Life Technologies Inc.,
Germany) according to the manufacturer’s instructions. The density and purity of RNA were measured
with NanoDrop 2000 (Thermo Fisher Scientific, USA). cDNA was synthesized by reverse transcription by
First Strand cDNA Synthesis Kit for RT-PCR (Roche, Switzerland) according to the manufacturer's
instructions. qRT-PCR was performed on LC480 real-time PCR detection system (Bio-Rad, Hercules, CA,
USA), and a Roche SYBR FAST Universal gPCR Kit (Roche, Switzerland) was used for gene detection. All
primers used for gRT-PCR were designed in primerBank
(https://pga.mgh.harvard.edu/primerbank/index.html) and synthesized by BGITech (Beijing, China).
GAPDH was used as the internal control. The sequences of primers are presented in Table S1.

KM-Plot

KM-Plot (http://kmplot.com/analysis/) is capable to evaluate the effect of 54k genes on survival in 21
cancer types. The datasets includes gene chip and RNA-seq data - sources for the databases include
TCGA, GEO, and EGA. The main purpose of this tool is a meta-analysis based discovery and validation of
survival biomarkers . In this research, we analyzed the correlation between MAGEs expression and the OS

of HCC patients in KM-Plot. P values < 0.05 were considered statistically significant.
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UALCAN

UALCAN (http://ualcan.path.uab.edu/index.html) is a comprehensive, user-friendly, and interactive web
resource for analyzing cancer OMICS data. UALCAN is designed to, a) provide easy access to publicly
available cancer OMICS data (TCGA and MET500), b) allow users to identify biomarkers or to perform in
silico validation of potential genes of interest, c) provide graphs and plots depicting gene expression and
patient survival information based on gene expression, d) evaluate gene expression in molecular
subtypes of breast and prostate cancer, €) evaluate epigenetic regulation of gene expression by promoter
methylation and correlate with gene expression, f) perform pan-cancer gene expression analysis, and g)
Provide additional information about the selected genes/targets by linking to HPRD, GeneCards, Pubmed,
TargetScan, The human protein atlas, DRUGBANK, Open Targets and the GTEx. These resources allow
researchers to gather valuable information and data about the genes/targets of interest[33]. In this
research, we analyzed the expression of MAGEs between HCC and non-tumor tissues and the association
between MAGEs expression and clinicopathological characteristics of HCC patients, including clinical
stage and differentiation. P values < 0.05 were considered statistically significant.

Diagnostic prediction

In this research, we plotted the ROC curves in SPSS based on the expression of MAGEs in HCC tissues
and non-tumor tissues. The ROC curves were used to evaluate the predictive power of the dysregulated
MAGEs in HCC diagnosis. The area under the curve > 0.7 was considered with diagnostic value.

cBioPortal

cBioPortal (https://www.cbioportal.org) provides a Web resource for exploring, visualizing, and analyzing
multidimensional cancer genomics data. The portal reduces molecular profiling data from cancer tissues
and cell lines into readily understandable genetic, epigenetic, gene expression, and proteomic events. The
query interface combined with customized data storage enables researchers to interactively explore
genetic alterations across samples, genes, and pathways and, when available in the underlying data, to
link these to clinical outcomes|[34] . In this study, we analyzed the genomic profiles of 16 MAGE genes,
including mutations, putative copy-number alterations from GISTIC and mRNA Expression z-Scores
(RNASeq V2 RSEM) with a z-score threshold +1.8. The MAGE genes which genetic alteration rate
exceeded 8% were further evaluated the correlation between the genetic alteration and the OS of HCC
patients. P values < 0.05 were considered statistically significant.

GSVA algorithm

The GSVA package implements a non-parametric unsupervised method, called Gene Set Variation
Analysis (GSVA), for assessing gene set enrichment (GSE) in gene expression microarray and RNA-seq
data [35]. GSVA provides increased power to detect subtle pathway activity changes over a sample
population in comparison to corresponding methods. While GSE methods are generally regarded as end
points of a bioinformatic analysis, GSVA constitutes a starting point to build pathway-centric models of
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biology. Moreover, GSVA contributes to the current need of GSE methods for RNA-seq data. GSVA is an
open source software package for R which forms part of the Bioconductor project and can be
downloaded at http://www.bioconductor.org. In this research, we identified the significantly correlated
genes with MAGEs in GSE14520 microarray data using GSVA algorithm. The |r| > 0.3 was considered with
significant correlation.

Functional enrichment analysis

Based on the significantly correlated genes with MAGEs, the functional enrichment analysis were
conducted using clusterProfiler, biomaRt, GOplot and ReactomePA packages in R. The results were shown
in the form of four circos plots which were generated using the Circos visualization tool in R [36]. In the
circos plot, significantly correlated genes were presented in left and the related gene ontology (GO) terms
were presented in right which different colors represented different GO terms and genes are connected by
lines to the corresponding GO terms. GO terms with P<0.05 were considered statistically significant.

Protein-protein interaction network analysis

Based on the significantly correlated genes with MAGEs, the protein-protein interaction network analysis
was conducted using STRING (https://string-db.org/). Then, we further isolated the major protein-protein
interaction regions using STRING results in Cytoscape version 3.3.1
(http://www.cytoscape.org/cy3.html). The genes with red color represented more frequent interactions
with other proteins in networks.

Statistical methods

LIMMA Package in R was used to analyze the MAGEs expression in HCC tissues compared to non-tumor
tissues of GSE14520, and differences in transcriptional expression was conducted using Student’s t-test.
P values < 0.05 were considered statistically significant. The ROC curves were plotted using the SPSS
software version 22.0. The area under the curve > 0.7 was considered with diagnostic value.

Discussion

HCC, accounting for 75%-85% of liver cancer, is a highly malignant carcinoma with high recurrence and
chemoresistance all over the world[1]. Only a few treatments are available for HCC patients. Among them,
surgical resection is still the most effective therapy to HCC patients. Even with surgical resection, the five-
year recurrence is also as high as 70% [2, 3]. Moreover, most HCC patients lose the chance of surgical
resection due to untimely diagnosis. The incurable and high recurrence of HCC are significantly correlated
with the extremely complicated pathogenesis of HCC which multiple molecules and signal pathways
have participated [37, 38]. Although with the continuous development of science and technology in recent
years, researchers have clarified lots of molecules and signaling pathways related to HCC, the treatment
of HCC has not been significantly improved. Further searching for molecules significantly correlated to
the occurrence and development of HCC and revealing their functions are still urgent tasks for the
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majority of researchers, which will provide more effective targets for the diagnosis and treatment of HCC.
In this research, we integrated and analyzed nearly 600 HCC patients’ data from NCBI GEO DataSets and
TCGA with authoritative bioinformatics websites and algorithms to reveal that multiple MAGE genes were
dysregulated in HCC and significantly correlated with HCC clinicopathological characteristics, including
clinical stage, tumor grade and OS. We further confirmed the expression and clinical relevance of MAGE
genes in HCC tissues of our center, which suggested the MAGE genes are suitable to serve as new targets
to diagnosis and treatment HCC.

The MAGE gene first attracted widespread attentions from oncologists due to its strong tumor antigen
properties in melanoma. Subsequent series of studies further show that the dysregulation of MAGE genes
exist in a variety of tumors, such as lung cancer, colon cancer, glioma, breast cancer, and prostate
cancer[11-24]. The dysregulated MAGEs in cancers are often associated with worse clinical prognosis of
tumor patients. However, the function of distinct MAGE genes in HCC is largely unclear. Kouichirou
Tahara[26] and his colleagues first detected the expression of MAGEA1-A12 in 22 HCC tissues using qRT-
PCR, immunoblotting and immunohistochemistry. Their research suggested that multiple MAGEs were
positively expressed in tumor tissues compared to non-tumor tissues. However, because the sample size
is too small, the correlation between MAGEs expression and clinicopathological characteristics needs to
be further verified. Soon after D-C Mou [39] tested the expression of MAGEA1 and MAGEAS in the
peripheral blood of 30 HCC patients by nested RT-PCR and found that detection of MAGE transcripts
with follow-up survey in PBMC is a feasible and reliable assay for the early prediction of the relapse and
prognosis of the HCC patients. Zhao H [40] examined the expression of MAGEA4 in HCC and analyzed
the relationship between positive expression rate of MAGEA4 and other clinical and lab data including
AFP, AFU, anti-HCV, HBsAg, AFP mRNA, and the diameter of the tumors. Their research suggested that
MAGEA4 might be served as a target for immunotherapy in HCC patients, but the expression of MAGEA4
has no correlation with HCC metastasis and recurrence. Hideki Takami [41] evaluated the expression of
MAGED4 in Japanese HCC patients and found that overexpression of MAGED4 may be a predictive
marker of early recurrence and mortality in patients with HCC. Hashimoto R and his colleagues [42, 43]
analyzed the expression of MAGED1 and MAGEDZ2 in nine HCC cell lines and 151 pairs of surgical tissues
and indicated that MAGED1 and MAGED?2 affect tumor progression and may serve as novel biomarkers
and molecular targets for the treatment of HCC. Xuefeng Gu [44] detected the expression of MAGEA9 in
HCC and analyzed the association between MAGEA9 expression and the clinicopathological
characteristics of HCC. The results indicated that MAGEA9 expression is a valuable prognostic biomarker
for HCC and high MAGEA9 expression suggests unfavorable survival outcomes in HCC patients.
Subsequently, Youping Wei [45] found that high expression of MAGEA9 contributes to stemness and
malignancy of HCC.

The MAGE family contains nearly 60 members, including type | MAGEs (MAGE-A, MAGE-B and MAGE-C
subfamily members) and type Il MAGEs (MAGE-D, MAGE-E, MAGE-F, MAGE-G, MAGE-H, MAGE-L and

Necdin). However, previous studies on MAGEs in HCC have mainly focused on the MAGE-A superfamily
and the HCC samples involved in previous studies are not enough. Based on these issues, we integrated

and analyzed almost 600 HCC patients’ data from NCBI GEO DataSets and TCGA using KM-Plot,
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UALCAN, cBioPortal databases and GSVA algorithm to comprehensive evaluate the function and clinical
significance of MAGE genes in HCC. Our study revealed that multiple MAGE genes were dysregulated in
HCC and most of them were highly expressed. Among them, MAGEATIMAGEC2IMAGED 10MAGED2[
MAGEF1 and MAGEL?2 were significantly correlated with HCC patients’ clinical stage and tumor grade.
MAGED 10MAGED2IMAGEA6IMAGEA12IMAGEAT00MAGEB4IMAGEL2 and MAGEC3 had significant
correlation with HCC prognosis. We also analyzed the functions of MAGEA3, MAGEA4, MAGEA9 and
MAGED4 using data from NCBI GEO DataSets and TCGA, which had been reported in previous studies.
Consistent with previous reports, MAGEA3 was up-regulated in HCC and correlated with shorter OS of
HCC patients (data not shown). However, the expression of MAGEA3 was very low, which were also seen
in MAGEA4, MAGEA9 and MAGED4 (data not shown), so we did not doing further research on them. Other
unmentioned MAGE proteins were not analyzed due to low expression or undetected in HCC.

Hashimoto R and his colleagues [42, 43] had analyzed the expression of MAGED1 and MAGED2 in HCC
and indicated that MAGED1 and MAGED?2 affect tumor progression and may serve as novel biomarkers
and molecular targets for the treatment of HCC. In our research, we further evaluated the diagnostic value
of MAGED1 and MAGED2 in HCC by computing ROC curves. The detailed ROC results suggest that
MAGED1 (Area =0.766,95% Cl: 0.719-0.813, and P<0.0001), and MAGED2 (Area = 0.864, 95% CI:
0.829-0.899, and P <0.0001) were significantly correlated with HCC incidence and may be exploited as
useful biomarkers to diagnose HCC.

Gene abnormal alteration, including amplification, deletion and mutation are often correlated with the
development of cancers [46]. We further analyzed genetic alteration in MAGE genes and their
associations with OS of HCC patients. Analysis results showed that multiple MAGE genes had high
genetic alteration rate in HCC and the patients with MAGE genetic alteration presented relatively worse
prognosis, although with not statistical difference. More attention should be required to focus on the
genetic alterations of MAGE genes in HCC which can be exploited as useful biomarkers to diagnosis and
treatment HCC.

Previous studies on MAGEs in HCC mainly analyzed the expression of MAGEs in HCC and their
association with the clinicopathological characteristics. However, it is largely unclear how dysregulated
MAGE genes function in HCC. Recent biochemical and biophysical studies indicate that MAGEs assemble
with E3 RING ubiquitin ligases to form MAGE-RING ligases (MRLs) and act as regulators of ubiquitination
by modulating ligase activity, substrate specification, and subcellular localization [5]. Do the MAGE genes
functioned in HCC depending on their regulation of the ubiquitin proteasome pathway? To clarify the
molecular mechanisms of MAGE genes functioned in HCC, we analyzed the correlated genes of MAGEs
in HCC using GSVA algorithm and further predicted the related Molecular function, Biological process,
Cellular component and Reactome pathway. Based on the correlated genes of MAGEs, we also draw the
protein-protein interaction networks using STRING. 15 core proteins, including HRH40GALRTINMUR1D
GRMB8IGPR37L1IRNF140FBX040FBX0221TRIM3601UBE2G2IMLNRINMBRIGPR1320HTR2C and LTB4R2,
were found to be significantly correlated to the function of MAGEs in HCC. Most of them were G-protein
receptors and ubiquitin ligase, involved in regulating GPCR ligand binding, ubiquitin-specific protease
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activity, cellular protein metabolism and signal transduction, which suggested the dysregulated MAGEs
may play important roles in signal transduction of HCC cells and part of MAGEs function depend on their
regulation of the ubiquitin proteasome pathway.

There are also limitations in our research. We analyzed the expression of MAGEs in HCC and the
correlation between MAGEs expression and HCC clinicopathological characteristics using MAGEs mRNA
levels in NCBI GEO DataSets and TCGA. Then, we verified the expression and clinical relevance of MAGE
genes in HCC tissues of our center (N = 23). More studies are needed to evaluate the functions of MAGEs
in HCC using protein levels in larger HCC samples with the protein level of MAGEs. Moreover, the
molecular mechanisms underlying MAGEs functioned in HCC need to be further investigated through
comprehensive in vivo and vitro experiments and we will keep focusing on this issue in our future studies.

Conclusions

our research revealed that multiple MAGE genes were dysregulated in HCC and significant correlation
with HCC prognosis. The dysregulated MAGEs were involved in the regulation of multiple signal
transduction, might play important roles in the development of HCC and can be exploited as useful
biomarkers to diagnosis and treatment HCC.
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