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Abstract. MAGE-A9, a well-characterized cancer testis 
antigen (CTA), belongs to a member of melanoma antigen gene 
(MAGE) family. In human malignancies, aberrant expression 
of MAGE genes correlated with poor clinical prognosis, 
increased tumor growth, metastases, and enrichment in stem 
cell populations of certain cancers. Cancer stem cells (CSCs) 
have been proposed to contribute to the major malignant 
phenotypes of liver cancer, including recurrence, metastasis 
and chemoresistance. However, expression and potential role 
of MAGE-A9 in liver cancer stem cells (LCSCs) still remain 
unclear. In the present study, we first analyzed the expression 
profiling of MAGE family genes in EpCAM+ and EpCAM- 

human hepatocellular carcinoma (HCC), based on public 
Gene Expression Omnibus (GEO) database. Among these 
examined MAGE members, MAGE-A9 is the only one with 
significantly higher expression in EpCAM+ HCC specimens 
as compared with EpCAM- HCC. Quantitative PCR analysis 
further confirmed that MAGE-A9 expression significantly 
elevated in a subtype of HCC patients that had features of 
hepatic stem/progenitor cells with high-level expression of 
EpCAM and α-fetoprotein (AFP). Moreover, MAGE-A9 
displayed remarkably enriched expression in EpCAM+ HCC 
cells that were sorted by fluorescence-activated cell sorting 
and cultured HCC cell spheroids with characteristics of stem/
progenitor cells. Functional experiments further revealed that 
MAGE-A9 overexpression promoted cell proliferation, colony 
formation, migration, chemoresistance, and tumorigenicity 

in the context of EpCAM+ HCC cells, whereas MAGE-A9 
knockdown significantly inhibited anchorage-dependent 
and spheroid colony formation and in vivo tumorigenicity. 
Collectively, these data demonstrate that MAGE-A9 functions 
as an important regulator of LCSCs, and MAGE-A9 may serve 
as a potential therapeutic target against HCC stem/progenitor 
cells.

Introduction

Hepatocellular carcinoma (HCC), accounting for 90% of 
liver cancers, is an often fatal malignancy with a high recur-
rence and chemoresistance in the world (1). To date, there 
are few therapeutic approaches for advance cases except 
for surgical resection. In the past few decades, cancer stem 
cells (CSCs) in liver cancer has been identified and proposed 
to be responsible for major malignant phenotypes including 
tumor growth, metastasis, recurrence and chemoresistance. 
Therefore, liver cancer stem cells (LCSCs) are considered an 
important targeting subset to improve the curative effect of 
treatments (2,3). LCSCs could be identified by several markers, 
including CD133, CD90, CD44, EpCAM and CD13 (4,5). 
Among these LCSCs biomarkers, epithelial cell adhesion 
molecule (EpCAM) is frequently and highly expressed on 
carcinomas, tumor-initiating cells, selected tissue progeni-
tors and embryonic and adult stem cells (6). EpCAM+ HCC 
displayed a distinct molecular signature with features of 
hepatic progenitor cells and showed hepatic cancer stem cell-
like traits, including self-renewal and differentiation and were 
highly invasive and tumorigenic (7).

Cancer/testis antigens (CTAs) are a family of genes 
with common expression characteristics: they are normally 
expressed only in human germ line, but are also expressed in a 
variety of tumors types (8). Recently, it was reported that some 
CTAs such as CTAG1B, MAGE-1 and SSX are expressed in 
human mesenchymal stem cells (MSCs), suggesting that CTAs 
may be a stem cell marker (9,10). Multiple CTAs, such as 
LUZP4 and ODF1, have unique expression profiles in multiple 
myeloma (MM) stem cells (11). MAGE-A3 has much higher 
expression in a cancer stem cell-like side population in bladder 
cancer (12). Additionally, considerable numbers of CT genes 
had preferential expression in the stem cell-like side population 
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of multiple cancer cell lines (13). More importantly, the 
function of CTAs has been involved in stem cell biology. For 
instance, SSX is involved in self-renewal and differentiation of 
stem cells, as supported by several investigations (9,14).

The melanoma antigen gene (MAGE) family represents one 
of the largest groups of human tumor-associated antigens and 
are well-characterized members of the cancer/testis antigen. 
MAGE family has gained increasing interest as biomarkers 
in cancer and targets of immunotherapies because a subset 
of these >40 human proteins are classified as CTAs (15). 
Members of human MAGE family can be divided into two 
categories based on tissue expression pattern: type Ι MAGEs, 
including MAGE-A, -B and -C subfamily members which are 
clustered on the X chromosome, are considered CTAs; type Π 
MAGEs (MAGE-D, -E, -F, -G, -H, -L subfamilies and Necdin) 
are expressed throughout many tissues in the body and are 
not restricted to the X chromosome (15). MAGEs have been 
found to be broadly expressed in many tumor types, and their 
re-expression are associated with hallmarks of aggressive 
cancers. Importantly, functional studies have demonstrated 
that some MAGE CTAs can have non-overlapping oncogenic 
driver activity.

We focused our attention on MAGE CTAs (type Ι) 
and globally analyzed their expression profile in a set of 
public microarray data from EpCAM+ and EpCAM- HCC 
patients (16). Notably, we found that MAGE-A9, a MAGEA 
family member, was the only one with significant enrichment 
expression in EpCAM+ HCC samples, strongly suggesting 
MAGE-A9 could be a potential LCSCs biomarker. MAGE-A9, 
a member of MAGE-A gene family, is frequently expressed in a 
variety of human tumors, such as bladder (17,18), breast (19,20), 
non-small cell lung cancer (21), laryngeal squamous cell carci-
noma (22) and renal cell carcinoma (23) and hepatocellular 
carcinoma (24). Furthermore, clinical and functional studies 
showed that MAGE-A9 expression could provide prognostic 
information and be a potential therapeutic target (21-23,25). 
However, the role of MAGE-A9 is still largely unknown in 
HCC, especially liver cancer stem cells. In the present study, 
we found that MAGE-A9 had higher expression in a subtype 
of HCC with stem/progenitor cell-like features. The following 
functional experiments showed that MAGE-A9 indeed 
contributed to malignant biological phenotypes of HCC cells, 
including cell proliferation, migration and chemoresistance in 
the context of EpCAM+ HCC cells. Collectively, MAGE-A9 
can modulate liver cancer stem cell-like characteristics and 
may be a potential target for LCSCs therapy.

Materials and methods

Cell lines and tissue specimens. The liver tumor-derived cell 
lines included PLC/PRF/5, Sk-hep-1, MHCC97, Hep3B and 
Huh-7 were obtained from the Cell Bank of Chinese Academy 
of Sciences in Shanghai. These cell lines were grown in 
Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS; Life Technologies, 
Carlsbad, CA, USA) and penicillin (100 U/ml)/streptomycin 
sulfate (100 µg/ml) (Invitrogen, Carlsbad, CA, USA). Cells 
were cultured at 37˚C in 5% CO2 humidified incubator. Cell 
line authentication was performed by short tandem repeats 
(STRs) profiling before this study. Liver cancer samples were 

obtained with informed consent from each HCC patients who 
underwent curative resection.

Immunohistochemical analysis. A commercial tissue micro-
array (TMA) from Shanghai Outdo Biotech Co., Ltd. (SOBC; 
Shanghai, China) is comprised of 90 paired formalin-fixed 
paraffin-embedded (FFPE) tissues from HCC patients. The 
original clinical data of the TMA include patient sex, age, 
tumor size, the 7th edition AJCC TNM stage, tumor grade, 
histological type, lymph node metastasis status, OS time and 
survival status. IHC staining was performed as previously 
described (19,26). Briefly, the TMA sections (4 µm thickness) 
were deparaffinized and rehydrated by passage through xylene 
and a graded alcohol series. Antigen retrieval was performed 
using heat-mediated microwave methods and antigen 
unmasking solution (vector Laboratories, Burlingame, CA, 
USA). Then, these tissue samples were naturally cooled to room 
temperature (RT) and incubated with 0.3% H2O2 for 10 min to 
inactivate endogenous peroxidase activity. TMA sections were 
incubated with a primary monoclonal mouse anti-MAGE-A9 
antibody (1:200; Abcam) and then by peroxidase-conjugated 
secondary antibody. Negative controls were included by 
replacement of the primary antibody with phosphate-buffered 
saline (PBS). The reaction product was detected by ABC 
and DAB kit (vector Laboratories) and counterstained with 
hematoxylin. Two experienced pathologists without any 
knowledge of the clinicopathological information indepen-
dently evaluated the result of MAGE-A9 immunoreactivity. 
A semi-quantitative scoring system (0-3) was used to evaluate 
the expression level of MAGE-A9 as previously described (24). 
The intensity of the staining was classified as negative, weak, 
moderate or strong. Staining intensity was scored as follows: 
0 (negative), 1 (weakly positive), 2 (moderately positive) and 3 
(strongly positive). The percentage of MAGE-A9-positive cells 
was also scored according to 4 categories, where 1 was for 
0-10%, 2 for 11-50%, 3 for 51-80% and 4 for 81-100%. The 
product of the intensity and percentage scores was used as 
the final MAGE-A9 staining score. The degree of MAGE-A9 
staining was quantified using a two-level grading system as 
follows: <3 indicates low or no expression while 3-9 indicates 
high expression.

Cell viability assay and colony formation assay. For cell 
growth analysis, cells were plated on 96-well plates at a 
density of 2x103 cells/well, and cell viability was measured 
using the Cell Counting kit-8 (CCK-8; Dojindo Laboratories, 
Kumamoto, Japan) according to the manufacturer's instruc-
tions. Briefly, 10 µl of CCK-8 solution was added to each well, 
incubated with cells at 37˚C for 1 h. Absorbance value was 
measured at 450 nm for 5 days. For chemoresistance tests, cells 
were plated on 96-well plates at a density of 1x104 cells/well. 
When cells were 90% confluent, they were treated with doxo-
rubicin (Sigma-Aldrich, St. Louis, MO, USA) and cisplatin 
(Alexis Biochemicals, Lausen Switzerland) for 72 h, and 
cell viability was measured using the CCK-8 method. For 
anchorage-dependent colony formation assay, HCC cells were 
plated at a density of 2x103 to 5x103 cells/plate in 100-mm 
plates. Three weeks later, forming colony were washed with 
PBS twice and then stained with crystal violet. Anchorage-
independent colony formation was performed in 6-well plates, 
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where cells were grown on 1% base agar and 0.3% top agar 
medium for 3 weeks. Colonies were stained with crystal violet 
and counted. All experiments were independently repeated 
3 times.

RNA isolation and quantitative reverse transcription PCR 
(qRT-PCR). Total RNA was prepared using TRIzol reagent 
(Life Technologies), as described by the manufacturer's 
protocol. One microgram of total RNA was reverse transcribed 
with iScript™ gDNA Clear cDNA Synthesis kit (Bio-Rad 
Laboratories, Hercules, CA, USA). Quantitative real-time 
reverse transcription PCR was performed using iTaq™ 
Universal SYBR® Green Supermix (Bio-Rad Laboratories). 
GAPDH was used as an internal control. All the primer 
sequences were listed in Table І.

Flow cytometric analysis. FITC-conjugated EpCAM mono-
clonal antibody (EBA-1; Santa Cruz Biotechnology, Santa 
Cruz, CA, USA) was used to sort EpCAM+ cells from Hep3B 
and HuH-7 cells. Cultured HCC cells were dissociated with 
0.25% trypsin-EDTA (1 mM) for 3 min, and washed with 
fluorescence-activated cell sorting buffer [PBS containing 1% 
fetal calf serum (FCS)] and then incubated for 1 h at 4˚C in 
fluorescence-activated cell sorting buffer with anti-EpCAM 
antibody. Flow cytometric analysis was performed using a 
FACSCalibur or FACSAriaII (BD Biosciences, San Jose, CA, 
USA).

Transwell migration assay. Twenty-four-well, 8.0 µm was used 
to perform Transwell assay. HCC cells were starved in serum-
free medium for 8 h. These cells were seeded in the upper 
chamber with low-serum (1% FBS) medium, while high-
serum (10% FBS) medium was placed in the lower chamber. 
Following an incubation period, the permeable cells were 
stained and photographed. Stained cells were counted using 
ImageJ software.

Spheroid colony formation assay. Cells were seeded at a density 
of 1,000 cells/ml in the ultra-low attachment plate (Corning 
Costar, Corning, NY, USA) in DMEM/Nutrient Mixture F-12 

Ham (Sigma-Aldrich) supplemented with recombinant human 
basic fibroblast growth factor (20 ng/ml), B-27, recombinant 
human epidermal growth factor (20 ng/ml), L-glutamine 
(200 mmol/l). Spheroids were observed and counted using 
inverted microscope operated with a Nikon Ds-Fi1 camera 
and NIS Elements software (Nikon, Tokyo, Japan).

Plasmid construction, lentivirus production and transfection. 
Human MAGE-A9 coding sequence was cloned into lentivirus 
vector pLenti vector. For MAGE-A9 knockdown, two shRNA 
oligos against MAGE-A9 gene were designed and these target 
sequences against MAGE-A9 is as follows: A9-sh1, 5'-CAT 
GCA GGT GAT CTT TGG CAC TGA T-3'; A9-sh2, 5'-AAT 
TGA AGG TGG CTG AGT TGG TT-3'. A scrambled shRNA 
control with sequence (5'-AAC AGT CGC GTT TGC GAC 
TGG-3') that does not match any known mammalian GenBank 
sequence was used as a negative control. The shRNA oligos 
were reannealed, and then cloned into lentivirus vector 
pLKO.1-TRC cloning vector. Lentivirus were generated by 
transfecting lentivirus vectors with MAGE-A9 overexpression 
or knockdown together with packaging vector psPAX2 and 
pMD2.G into 293T cells. Polybrene (Sigma-Aldrich) at the 
concentration of 8 µg/ml was added to enhance the infection. 
Blasticidin (0.5 µg/ml) and puromycin (1 µg/ml) were used to 
screen the stable infected cells.

Western blotting assay. HCC cells were harvested after 
washing twice with ice-cold PBS. Protein was extracted 
by RIPA Lysis and Extraction Buffer (Thermo Fisher 
Scientific, Waltham, MA, USA). The protein concentration 
was measured using a BCA protein assay kit (Thermo Fisher 
Scientific/Pierce). The same amounts of protein lysates were 
boiled at 95˚C after adding Laemmli protein sample buffer 
(Bio-Rad Laboratories). Samples were separated on 4-12% 
SDS-polyacrylamide gels and transferred to a nitrocellulose 
membrane (Life Technologies). The membranes were blocked 
with 5% BSA for 1 h at room temperature and incubated with 
primary at 4˚C overnight. Primary antibodies used in the 
present study were MAGE-A9, GAPDH and ALB antibody 
from Santa Cruz Biotechnology, OCT4, SOX2 and NANOG 

Table I. Primers sequences used in the present study.

Gene mRNA Ref Primer sequence

MAGE-A9 NM_005365 Forward: 5'-CTGGGGGTCAGAGAGAAGG-3'
  Reverse: 5'-CTCTGCGACCTGAGGACACT-3'
AFP NM_001134 Forward: 5'-AGAGGAGATGTGCTGGATTG-3'
  Reverse: 5'-GTGGTCAGTTTGCAGCATTC-3'
EPCAM NM_002354 Forward: 5'-CTGAATTCTCAATGCAGGGTC-3'
  Reverse: 5'-CCCATCTCCTTTATCTCAGCC-3'
KRT18 NM_199187 Forward: 5'-GGGAGCACTTGGAGAAGAAG-3'
  Reverse: 5'-CGGGCATTGTCCACAGTATT-3'
ALB NM_000477 Forward: 5'-TGCTGATGAGTCAGCTGAAAA-3'
  Reverse: 5'-TCAGCCATTTCACCATAGGTT-3'
GAPDH NM_002046 Forward: 5'-GAAGGTGAAGGTCGGAGTCA-3'
  Reverse: 5'-TTGAGGTCAATGAAGGGGTC-3'
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from Cell Signaling Technology (Danvers, MA, USA). 
Peroxidase-conjugated secondary antibodies were used, 
membranes were developed using the enhanced chemilumi-
nescent immunoassay for the detection of antigen.

Tumorigenicity in mice. HCC cells were mixed with an equal 
volume of Matrigel, and then subcutaneously injected into 
the flank of male NOD/SCID mice, 4-5 weeks old. Tumor 
dimensions were measured twice a week using a digital 
caliper and the tumor volume was calculated by the formula: 
v = 0.5 x width2 x length. The mice were sacrificed by 
CO2 euthanasia. Kaplan-Meier method was used to analyze 
tumor-free survival rate, and the statistical significance was 
determined using the log-rank test. P-values that were <0.05 
were considered statistical significant. All mice were housed 
in pathogen-free animal facilities and handled in accor-
dance with the guidelines of the Institutional Animal Care 
and Use Committee at the Affiliated Hospital of Integrated 
Traditional Chinese and Western Medicine, Jiangxi University 
of Traditional Chinese Medicine. All animal procedures were 
conducted in compliance with institutional guidelines and 
protocols.

Statistical analysis. Gene expression data were obtained 
from the National Center for Biotechnology Information 
Gene Expression Omnibus database (GEO accession number 
GSE5975), as previously published (16). The differences 
between the two groups in gene expression, cell proliferation, 
colony number, and permeable cells number were calculated 
using the Student's t-test. The significance of MAGE-A9 
protein expression on clinical parameters of HCC was deter-
mined by Chi-square test. Kaplan-Meier survival analysis 
was also employed to explore the associations between the 
MAGE-A9 expression and the outcome of HCC patients. For 
all tests, the significant level for statistical analysis was set at 
P<0.05. All the statistical analyses were conducted by using 

the GraphPad Prism software 6.0 (GraphPad Software, Inc., 
San Diego, CA, USA).

Results

High expression of MAGE-A9 in EpCAM+ HCC patients. We 
first analyzed the expression profiling of type І MAGE family 
members based on a public microarray dataset deposited in 
Gene Expression Omnibus (GEO) database. In the dataset, 
gene expression profiling was established on tumor tissues 
from 238 HCC patients, which were categorized into EpCAM+ 
(n=95) and EpCAM- (n=143) subgroups according to EpCAM, 
a marker for cancer stem cells in hepatocellular carcinoma. 
We compared the expression difference of MAGE members 
between EpCAM+ and EpCAM- HCCs. Of 13 MAGE genes 
available in the database, 6 genes exhibit significant differ-
ences between the two groups (Fig. 1A and Table II). Notably, 
only MAGE-A9 had higher expression in EpCAM+ HCCs, 
whereas MAGE-A1, MAGE-A8, MAGE-A10, MAGE-A12 
and MAGE-B18 had lower expression in EpCAM+ HCCs 
compared with EpCAM- HCCs (Fig. 1B). Because a previous 
study proposed that EpCAM+/AFP+ HCC subtype resembling 
liver stem/progenitors cells was characterized by a highly 
invasive nature, chemoresistance to cytotoxic reagents, and 
a worse prognosis (27). To evaluate the MAGE-A9 expres-
sion in liver stem/progenitors, we performed real-time qPCR 
to examine the expression of MAGE-A9, EpCAM and AFP 
in another different cohort of 61 HCC samples stored in 
liquid nitrogen. According to EpCAM and AFP expression 
level, we divided these HCC samples into EpCAM+/AFP+ 
HCCs group (ΔctEpCAM-GAPDH <5 and ΔctAFP-GAPDH <5, n=10) 
and non-EpCAM+/AFP+ HCCs group (ΔctEpCAM-GAPDH >5 or 
ΔctAFP-GAPDH >5, n=51) (Fig. 1C). Further analysis showed 
that MAGE-A9 had significant enriched expression in 
EpCAM+/AFP+ HCCs in comparison with non-EpCAM+/AFP+ 
HCCs (P=0.002) (Fig. 1D).

Table II. Expression analysis of MAEG genes in HCC samples.

Gene symbol mRNA RefSeq EpCAM+ HCC (n=95) EpCAM- HCC (n=143) Difference between means P-value

MAGE-A1 NM_004988 0.240±0.221 1.162±0.190 -0.922±0.294 0.001
MAGE-A5 NM_021049 -0.391±0.097 -0.212±0.078 -0.179±0.124 0.075
MAGE-A8 NM_005364 -0.514±0.167 0.102±0.121 -0.616±0.201 0.001
MAGE-A9 NM_005365 0.546±0.064 0.404±0.054 0.142±0.084 0.047
MAGE-A10 NM_021048 -1.473±0.131 -0.996±0.093 -0.478±0.157 0.001
MAGE-A11 NM_005366 -1.127±0.117 -0.940±0.101 -0.187±0.157 0.117
MAGE-A12 NM_005367 -0.016±0.263 0.945±0.242 -0.961±0.366 0.005
MAGE-B1 NM_002363 -1.992±0.144 -1.763±0.159 -0.230±0.227 0.157
MAGE-B2 NM_002364 -0.837±0.206 -0.518±0.139 -0.319±0.239 0.092
MAGE-B3 NM_002365 -1.382±0.113 -1.178±0.101 -0.203±0.154 0.094
MAGE-B4 NM_002367 -0.919±0.192 -0.956±0.176 0.036±0.266 0.446
MAGE-B10 NM_182506 -1.434±0.138 -1.189±0.143 -0.244±0.208 0.121
MAGE-B18 NM_173699 -0.599±0.068 -0.422± 0.065 -0.177±0.097 0.036

Expression value of each gene is shown as mean ± SEM, the statistical significance between EpCAM+ and EpCAM- HCC samples was 
determined by one-tailed unpaired t-test.
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To confirm MAGE-A9 protein expression in HCC, immu-
nohistochemical staining using MAGE-A9 antibody was 
carried out on a tissue array loaded with a different group 

of 90 paired FFPE samples, including HCC tissues and their 
adjacent non-cancerous tissues. Expectedly, high MAGE-A9 
expression levels was observed in 40 of 90 (44%) HCC tissue 

Figure 1. High expression of MAGE-A9 in EpCAM+ HCC patients. (A) Expression difference and statistical significance of 13 MAGE genes between EpCAM+ 
HCCs (n=95) and EpCAM- HCCs (n=143). P<0.05 or -Logp >1.301 was considered to be significant. (B) Expression profiling of MAGE-A1, MAGE-A8, 
MAGE-A9, MAGE-A10, MAGE-A12 and MAGE-B18 in EpCAM+ HCCs and EpCAM- HCCs are displayed as box and whisker (Tukey) Plots, where the 
dots at the end of the boxplot represent outliers. (C) Quantitative real-time polymerase chain reaction (qPCR) was carried out to measure the expression 
level of EpCAM and AFP in 61 HCC tumors, where relative gene expression level was normalized to the GAPDH internal control. According to the relative 
expression value of EpCAM and AFP, 10 EpCAM+/AFP+ HCC samples were demarcated at the region with EpCAM-high expression (ΔctEpCAM-GAPDH <5) 
and AFP-high expression (ΔctAFP-GAPDH <5), shown as red points. Remaining 51 HCC tumors, shown as green points, belong to non-(EpCAM+/AFP+) HCCs. 
(D) Real-time qPCR analysis of MAGE-A9 in EpCAM+/AFP+ HCCs (n=10) and non-(EpCAM+/AFP+) HCCs (n=51) was shown in the scatter plot, where the 
dots indicate -ΔctMAGE-A9-GAPDH value, and the lines represent the mean ± SD value, respectively. Statistical significance was determined by two-tailed t-test. 
**P<0.01 (E) Immunohistochemical analysis of MAGE-A9 in HCCs. Representative photomicrographs of MAGE-A9 high expression (left panel) in tumor 
tissue and MAGE-A9 low expression (right panel) in non-cancerous liver are shown (scale bar, 500 µm). (F) Kaplan-Meier survival curves for 90 HCC patients. 
MAGE-A9 high HCCs (n=40) presented a poor prognosis compared with those HCCs with low MAGE-A9 expression (n=50).



WEI et al:  MAGE-A9 FUNCTIONS IN LIvER CANCER STEM CELLS224

samples, consistent with a previous report (24). There was 
significant difference in high expression rate of MAGE-A9 
protein between HCC tissues and non-cancerous tissues 
(P=0.005). As shown in Fig. 1E, MAGE-A9 protein was 
primarily localized in the cytoplasm of HCC cells. MAGE-A9 
protein high expression was significantly correlated with 
tumor size (P=0.011) and recurrence (P=0.009), whereas there 
were no significant associations between MAGE-A9 protein 

expression level and other clinical features, including sex, 
age, cirrhosis, HBv, HCv, pathological grade and AFP status. 
The association between MAGE-A9 protein expression and 
clinicopathological parameters is summarized in Table III.
MAGE-A9-low HCCs showed better survival than HCCs with 
MAGE-A9-high expression, and significantly MAGE-A9- 
high HCCs exhibited a worse prognosis than MAGE-A9 low 
HCCs (P<0.001; Fig. 1F). Overall, our analyses suggest that 

Figure 2. Enriched MAGE-A9 expression in EpCAM+ HCC cells and spheroid colonies. (A) Quantitative reverse transcription-polymerase chain reaction 
(qRT-PCR) analysis of MAGE-A9 in EpCAM+ and EpCAM- Hep3B cells, which were isolated by FACS sorting. (B) EpCAM+ and EpCAM- Huh-7 cells were 
sorted by flow cytometry, and qRT-PCR examined the MAGE-A9 expression. (C and D) Spheroid colonies, shown in left panel, were derived from Hep3B (C) 
and Huh-7 (D) cells cultured in serum-free medium, and MAGE-A9 protein was detected by western blot assay (right panel) in parent and spheroid cells. (E) 
Original Hep3B cells (O) were subject to spheroid culture in ultralow attachment plates for 10 days until these spheroid colonies (S) were produced. Then the 
spheroid colonies were reverted to the previous conventional adherent culture way for 3 days (R1, R2 and R3). (F) qRT-PCR analysis of the relative mRNA 
levels of MAGE-A9, AFP, Ck-18 and ALB in different culture times. (G) Western blotting assay was performed to evaluate the expression of MAGE-A9, AFP, 
Ck-18 and ALB. GAPDH was used as an internal reference.
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MAGE-A9 expression has higher levels in a subtype of HCCs 
with stem/progenitor characteristics and influences tumor 
sizes, recurrence and survival of HCC patients.

MAGE-A9 expression is enriched in EpCAM+ HCC cells 
and spheroid colonies formed by cancer stem cells. We 
next evaluated the expression of MAGE-A9 in EpCAM+ and 
EpCAM- cells, which were sorted from Hep3B and Huh-7 HCC 
cells using EpCAM-FITC antibody. We found that MAGE-A9 
significantly exhibited elevated expression in EpCAM+ cells 
compared with EpCAM- cells (Fig. 2A and B). To further 
examine MAGE-A9 expression in LCSCs, we employed a 
method of serum-free suspension culture method (28,29) 
to isolate stem-like cells from Hep3B and Huh-7 cells. As 
expected, the enrichment of MAGE-A9 protein occurred in 

spheroid colonies compared with parent cells of Hep3B and 
Huh-7, demonstrated by western blotting assay, respectively 
(Fig. 2C and D).

On the other hand, we restored the spheroid colony formed 
by Hep3B cells to the conventional adherent culture condi-
tion, and evaluated MAGE-A9 expression level at different 
culture time-points (Fig. 2E). As a result, MAGE-A9 enrich-
ment gradually decreased when these spheroid colonies were 
returned into the conventional culture manner, as indicated 
by quantitative RT-PCR (Fig. 2F) and western blotting 
assay (Fig. 2G). Moreover, we also examined the expression 
of certain genes (AFP, cytokeratin 18 and albumin), which 
could reflect differentiated state of hepatic stem/progenitor 
and mature cells. The results showed that AFP was upregu-
lated in the spheroid colonies and then decreased gradually 
upon conventional adherent culture, whereas cytokeratin 18 
(Ck-18) and albumin (ALB) expression was downregulated 
in the spheroid colonies and subsequently restored in recov-
ered cells (Fig. 2F and G). Collectively, the data suggest that 
MAGE-A9 exhibits enriched expression in liver cancer stem 
cells.

Effects of MAGE-A9 overexpression on cell proliferation, 
colony formation and cell migration. To investigate whether 
MAGE-A9 high-expression contributes to malignancy, we 
performed cell growth curve and colony formation assay to 
evaluate the role of MAGE-A9 in HCC cell lines, including 
Hep3B, Huh-7, MHCC97 and Sk-hep-1. As reported, Hep3B 
and Huh-7 cells are EpCAM+, while MHCC97 and Sk-hep-1 
cells remain EpCAM- (7,30,31), which was also confirmed 
by western blot assay (Fig. 3A). The HCC cells were trans-
fected with lentivirus carrying flagged MAGE-A9, and 
western blotting assay showed that ectopic MAGE-A9 stably 
expressed in the four HCC cell lines (Fig. 3B). Intriguingly, 
MAGE-A9 overexpression led to increased growth of Hep3B 
and Huh-7 cells (Fig. 3C), but had no obvious effects on 
cell proliferation of MHCC97 and Sk-hep-1 cells (Fig. 3D). 
Similarly, anchorage-dependent colony formation assay 
showed overexpressed MAGE-A9 significantly promoted 
anchorage-dependent colony formation of Hep3B and Huh-7 
cells (Fig. 3E), while the colony formation seems to be hardly 
influenced by MAGE-A9 overexpression in MHCC97 and 
Sk-hep-1 cells (Fig. 3F). In addition, we evaluated the effect of 
MAGE-A9 on cell migration using Transwell assay. The result 
showed that MAGE-A9 overexpression significantly promoted 
migration ability of Hep3B and Huh-7 cells (Fig. 3G), but had 
few effect on MHCC97 and Sk-hep-1 cells (Fig. 3H). Taken 
together, these data demonstrate that MAGE-A9 depends on 
the context of EpCAM expression to play its roles in promoting 
cell proliferation, colony formation and migration.

Effects of MAGE-A9 knockdown on HCC cell proliferation 
and self-renewal. Above investigations suggested that HCC 
cells with MAGE-A9 high expression are potential cancer 
stem/progenitor cells as an initiating role in tumorigenicity. 
To confirm that MAGE-A9 could serve as a therapeutic target, 
we employed lentivirus-mediated RNA interference to knock 
down endogenous MAGE-A9 in Hep3B and Huh-7 cells, as 
confirmed by qPCR and western blot analysis (Fig. 4A and B). 
Then, we performed anchorage-dependent colony formation 

Table III. Relationship of high MAGE-A9 expression with 
clinicopathological characteristics in HCCs.

 MAGE-A9- MAGE-A9-
 high low
Parameters (n=40) (n=50) P-value

Sex   1.000
  Male 33 41
  Female 7 9

Age (years)   0.328
  <60 28 40
  ≥60 12 10

Cirrhosis   0.145
  Positive (+) 37 41
  Negative (-) 3 9

HBsAg   0.180
  Positive (+) 32 45
  Negative (-) 8 5

AntiHCv   0.260
  Positive (+) 1 0
  Negative (-) 38 49

Pathological grade   0.277
  I-II 2 0
  II-III 27 36
  III-Iv 11 14

Tumor size (cm)   0.011a

  >5 24 16
  ≤5 16 34
Serum AFP level (µg/l)   1.000
  High >400 15 18
  Low ≤400 25 32

Recurrence   0.009a

  Yes 30 23
  No 10 27

aStatistical significance, where Chi-square test was applied.
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and spheroid colony formation assays to observe the effects of 
MAGE-A9. As a result, MAGE-A9 knockdown significantly 
inhibited anchorage-dependent colony formation of HCC cell 

lines Hep3B and Huh-7 (Fig. 4C and D). Furthermore, the 
spheroid colony formation assay demonstrated that MAGE-A9 
knockdown also significantly restrained spheroid colony 

Figure 3. Effects of MAGE-A9 overexpression on cell proliferation, anchorage-dependent colony formation, and cell migration. (A) Western blot analysis of 
EpCAM in Hep3B, Huh-7, MHCC97 and Sk-hep-1 cells. (B) Western blotting assay with anti-FLAG antibody was performed in the four HCC cell lines with 
stable MAGE-A9 overexpression, where these cells infected with empty lentivirus vector were negative controls. (C) Cell growth curves were consecutively 
measured using CCK-8 method in EpCAM+ HCC cell lines (Hep3B and Huh-7). (D) Cell growth curves of EpCAM- HCC cell lines (MHCC97 and Sk-hep-1). 
(E and F) Anchorage-dependent colony formation assay was performed to evaluate the effect of MAGE-A9 overexpression on cell proliferation in EpCAM+ 
Hep3B and Huh-7 cells (E) and EpCAM- MHCC97 and Sk-hep-1 cells (F), respectively. Histograms shown on the right panel represent the mean numbers 
of colonies from triplicate tests (mean ± SD), and the statistical significance of difference between colony numbers was determined with two-tailed t-test. 
**P<0.01; ns, no significance. (G and H) Effect of overexpressed MAGE-A9 on cell migration was evaluated using Transwell assay in Hep3B and Huh-7 
EpCAM+ cells (G) and MHCC97 and Sk-hep-1 EpCAM- cells (H), respectively. Histograms represent the mean numbers of permeable cells from triplicate 
tests (mean ± SD). Two-tailed t-test was used to calculate the statistical significance of these experiments.
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formation of the two HCC cell lines (Fig. 4E and F). These 
data suggested that MAGE-A9, a regulator of cell proliferation 
and self-renewal, could serve as a potential therapeutic target 
against HCC.

MAGE-A9 confers chemoresistance in EpCAM+ HCC cells. 
As reported, cancer stem/progenitor cells are resistant to 
routine chemotherapy. To investigate whether MAGE-A9 
could be involved in chemoresistance, we treated Hep3B and 

Figure 4. Anti-proliferative role of MAGE-A9 knockdown in HCC cells. (A and B) qRT-PCR analysis (upper panel) and Western blot assay (lower panel) were 
performed to evaluate knockdown efficiency of two shRNA against MAGE-A9 in Hep3B (A) and Huh-7 (B) HCC cells with scrambled shRNA (shScr) as a 
negative control. (C and D) Anchorage-dependent colony formation assay was performed to observe proliferative effects of lentivirus-mediated MAGE-A9 
knockdown on Hep3B (C) and Huh-7 (D) cells. As shown in the right panel, formed colonies were counted and statistically analyzed using a two-tailed t-test. 
(E and F) Moreover, spheroid colony formation assay was performed in Hep3B (E) and Huh-7 (F) cells cultured in serum-free medium, upon MAGE-A9 
knockdown. Numbers of colonies are shown in the right histogram and statistically analyzed using the Student's t-test. *P<0.05; **P<0.01.



WEI et al:  MAGE-A9 FUNCTIONS IN LIvER CANCER STEM CELLS228

Huh-7 cells with two kinds of common chemotherapeutic 
drugs: doxorubicin and cisplatin, when MAGE-A9 was overex-
pressed and knocked down, respectively. Notably, MAGE-A9 
overexpression enhanced chemoresistance to doxorubicin 
and cisplatin in the two EpCAM+ HCC cell lines Hep3B and 
Huh-7 (Fig. 5A and B). On the contrary, MAGE-A9 knock-
down promoted chemosensitivity to the two drugs in Hep3B 
cells (Fig. 5C). Moreover, similar results were observed 
in Huh-7 cells (Fig. 5D). Taken together, these data suggest 
that MAGE-A9 plays a vital role in the chemoresistance of 
EpCAM+ HCC.

Effects of MAGE-A9 on tumorigenicity of CSC-like HCC 
cells. To further evaluate the role of MAGE-A9 in LCSCs, we 
dissociated these Hep3B-formed spheroid cells with trypsin 
digestion into single cell suspension. Following cell counting, 

1x104 cells with lentivirus infection of MAGE-A9 were subcu-
taneously injected into the flank of NOD/SCID mice, and an 
equal volume of cells with Lenti-GFP vector as controls, were 
injected into the opposite flank of the same mice. Intriguingly, 
Hep3B spheroid cells with MAGE-A9 overexpression 
significantly resulted in the occurrence of visible tumors from 
spheroid Hep3B cells over 2 months. Kaplan-Meier tumor-
free survival analysis showed that MAGE-A9 overexpression 
significantly promoted tumorigenesis (P<0.05; Fig. 6A). In 
addition, 2x105 Hep3B-formed spheroid cells were infected 
with lentivirus of A9-sh1 and then subcutaneously inoculated 
into the flanks of NOD/SCID mice. Expectedly, MAGE-A9 
knockdown significantly suppressed the tumorigenesis of these 
spheroid cells, with the size and weight of the xenograft tumors 
reduced (Fig. 6B and C). In conclusion, the data showed that 
MAGE-A9 could be a key driver of HCC initiation and serve 

Figure 5. Effects of MAGE-A9 on chemoresistance. Chemoresistance of (A) Hep3B and (B) Huh-7 cells was raised by MAGE-A9 overexpression.  In contrast, 
MAGE-A9 knockdown led to chemosensitization of (C) Hep3B and (D) Huh-7. These cells were treated with 1 µM doxorubicin (Dox), 0.5 mM cisplatin (Cis) 
for 3 days, and then cell viability was analyzed.

Figure 6. Effects of MAGE-A9 on tumorigenicity and tumor burden in a xenograft mouse model. (A) Hep3B cells (1x104) from spheroid culture were infected 
with lentivirus of MAGE-A9 and then injected subcutaneously into a single flank of NOD-SCID mice (n=7), while the same number of cells infected with 
pLenti-GFP vector were used as a control. Tumor-free Kaplan-Meier survival curve of these mice was statistically analyzed using a log-rank test. (B) Hep3B-
formed spheroid cells (2x105) with infection of A9-sh1 lentivirus were subcutaneously injected into a single flank in NOD-SCID mice (n=5), while cells 
infected with Lenti-shScr were subcutaneously injected into opposite flanks of the same mice. Tumor size was measured by serial calibration, and tumor 
volume with SEM is shown. (C) Tumor weights were statistically analyzed using the paired Student's t-test. *P<0.05.
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as a potential therapeutic target, probably through targeting 
LCSCs.

Discussion

In the present study, we showed that MAGE-A9 had enriched 
expression in a subtype of HCC which had features of 
hepatic stem/progenitor cells. Although MAGE-A9 has been 
reported to have high expression and significant associa-
tions with the development and prognosis of human cancers, 
including lung, liver, ovarian, colon, breast, renal and liver 
cancers (18,19,21-24,26,32-34), few studies have involved its 
role in cancer stem cells. In line with a previous report (24), our 
analysis of MAGE-A9 expression in a cohort of HCC patients 
revealed patients with MAGE-A9-high expression had a worse 
overall survival compared with patients with MAGE-A9-low or 
none-expressing tumors, supporting its predictive association 
with poor clinical outcomes. Hepatocellular carcinomas that 
harbor phenotypic features of stem cells and progenitor cells 
constitute a subclass of therapeutically challenging cancers 
that are associated with a particularly poor prognosis (35). The 
evidence of MAGE-A9 expression and prognostic predictor 
strongly suggest that MAGE-A9 have important roles in liver 
cancer stem cells. Further functional experiments support that 
MAGE-A9 plays a role in regulating stemness characteristics 
in EpCAM+ HCC cells. Since EpCAM is a wnt-β-catenin 
signaling target gene 30), MAGE-A9 may function in the 
context of the activation of β-catenin signaling.

The present study also showed that MAGE-A9 could 
serve as a therapeutic target against liver stem cancer cells, 
which highlights the need to develop a novel therapeutic 
approach for HCC stem or stem-like subtype. Although 
immunotherapy of MAGE CTAs has had little success 
and met challenges for many years, the development and 
application of CRISPR-Cas9 gene editing technique will 
revolutionarily pave the way to targeted-MAGE-A9 therapy 
against HCC. Most recently, an increasing number of reports 
have demonstrated that CRISPR/Cas9-mediated genome 
editing is a powerful technology for gene therapy (36,37). 
The application of CRISPR/Cas9-mediated MAGE-A9 defi-
ciency in vitro and in vivo will explore the feasibility and 
practicability of MAGE-A9 targeted therapy. In addition, 
understanding the transcriptional regulations controlling 
the aberrant MAGE-A9 re-expression in HCC may provide 
insight into potential drug targets for MAGE-A9-expressing 
tumors. Type I MAGEs are not normally expressed in somatic 
cells due to methylation of CpG islands in their promoter 
regions. Demethylating agents such as 5-aza-2-deoxycytidine 
(5DC) and HDAC inhibitor such as trichostatin A can induce 
expression of MAGE-A1 in cancer cells (38,39). A similar 
result that MAGE-A9 was re-opened in several HCC cells 
treated with 5DC and trichostatin A was observed in this 
study (data not shown). As for detailed mechanisms proposed 
for the demethylation of type I MAGE promoters, some 
pathways may be the key to understand how type I MAGEs 
are turned on in cancer cells. For example, the deregulation 
of KIT tyrosine kinase activity and the FGFR2-IIIb that 
was found to be a putative upstream regulator of MAGE-
A3/6 expression (40,41). Fibronectin knockdown also led to 
increased MAGE-A3 expression (42).

To date, molecular mechanism how MAGE-A9 modulate 
malignant characteristics of LCSCs is unclear in the present 
study. Increasing investigations on other MAGE genes may 
provide primary references for the MAGE-A9-associated 
mechanistic study. For instance, the MHDs of MAGE-A2, -A3, 
-A6 and -C2 can bind to the coiled-coil domain of the TRIM28/
KAP1 ubiquitin ligase (43,44). Importantly, identification of 
MAGE-A9-mediated signaling transduction and molecular 
interaction will possibly unveil deeper understanding of the 
molecular pathogenesis of HCC. A typical example is the 
finding that MAGE-A3-TRIM28 and MAGE-A6-TRIM28 
ligase complexes can ubiquitinate the alpha catalytic subunit 
(PRKAA1) of the tumor suppressor AMPK, leading to AMPK 
degradation and reduction of overall AMPK protein levels 
in tumors (45-47). Because AMPK agonists (e.g. metformin) 
and mTOR inhibitors (e.g. everolimus) are already in use in 
the clinic (48), the utilization of MAGE-A3 and -A6 may act 
as a biomarkers for effective use of these drugs (45). Taken 
together, our data suggest that MAGE-A9 exhibits enrichment 
expression in liver cancer stem/progenitor cells and could be 
a potential therapeutic target against liver cancer. Although 
these findings provided a basic perspective of cancer testis 
antigens in liver cancer stem cells, further investigations are 
still needed in the future.
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