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Malignant glioma is the most common and aggressive primary brain tumor and the overall prognosis for glioma patients
remains poor. Clarification of the molecular mechanism responsible for glioma progression is critical for the effective treat-
ment of glioma. Melanoma antigen gene (MAGE)-A2 (MAGEA?2) is a member of the MAGE-A family proteins widely
studied for cancer vaccine development and identification of tumor markers. However, MAGEA2 clinical significance
and biological function in glioma remain unclear, especially for the prognosis of glioma patients. This study investigates
MAGEA?2 expression in glioma tissue samples and its significance in predicting glioma patient prognosis. MAGEA2 protein
expression in tissue samples was measured by immunohistochemistry and western blotting, and MAGEA2 mRNA expres-
sion was determined by real-time polymerase chain reaction. Our results confirmed that MAGEA2 mRNA and protein
expression levels were upregulated in glioma tissues, compared with normal brain tissue. The high expression of MAGEA2
in glioma tissues significantly correlated with World Health Organization advanced grade. Univariate and multivariate
analyses revealed that high MAGEA2 expression is an independent prognostic factor for glioma patient poor overall
survival. The P53 mRNA expression levels were downregulated in glioma tissues compared to noncancerous brain tissue
and MAGEA?2 expression negatively correlated with P53 expression. Taken together, our results suggest that MAGEA?2 plays
an oncogenic role in glioma progression, and they provide insight into MAGEA?2 application as a novel predictor of clinical

outcomes and a potential glioma biomarker.
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Glioma is the most common and aggressive primary brain
tumors; it is invasive, aggressive and neurologically destruc-
tive. The World Health Organization (WHO) classifies it in
four grades: pilocytic astrocytoma (grade I), diffuse astro-
cytoma (grade II), anaplastic astrocytoma (grade III) and
glioblastoma multiforme (grade IV) [4]. Despite advances in
surgical resection followed by a combination of radiotherapy
or chemotherapy, glioma patient median survival remains
at approximately one year [1-3] and it is therefore urgent
to find new therapeutic strategies for glioma because of its
high incidence and mortality. Exploration of new molecular
biomarkers is important for better understanding of the
carcinogenic mechanisms involved and also for development
of patient-specific treatments and improvement in their
prognosis.

Melanoma antigen gene (MAGE)-A proteins are
members of the cancer-testis antigen gene family and are
normally expressed in germline cells as immunogenic

targets and differentially expressed in a variety of human
cancers. MAGE-A proteins are part of the type I MAGE
gene subfamily and MAGE-A expression is restricted to
tumor and germinal cells [5]. Many tumor types have early
MAGE-A expression which is associated with genome-wide
hypo-methylation which is a frequent epigenetic modifica-
tion in carcinogenesis [6]. While MAGE-A proteins have
high sequence homology believed to be functionally redun-
dant, they are widely studied for cancer vaccine develop-
ment and identification of tumor markers [7-9]. MAGE-A
protein biological function has been investigated over recent
years and results show that they confer the following specific
advantages to cancer cells; (1) MageAl interacts with SKIP
and interferes with Notch-IC regulation [10]: (2) MageA3
may regulate FGFR signaling [11, 12] and (3) MageA11 may
regulate AR activation [13]. Further, the role of MAGEA?2 is
gaining more attention through evidence that it is a strong
inhibitor of the p53 tumor-suppressor transcription factor
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by histone deacetylase (HDAC)3 recruitment [14], and it
can also interfere with p53 acetylation in human primary
melanoma cells; thus conferring resistance to chemothera-
peutic drugs which is then reversible by HDAC inhibitor
drugs [14]. Although contrasting studies report the opposite
correlation between MAGE-A gene expression and p53
activity [15, 16], the expression and significance of MAGEA2
in glioma tissue samples remains unknown; especially in the
prognosis of glioma patients.

This study examined MAGEA2 expression in clinical
glioma tissue samples and assessed relationship between
its expression and the clinicopathologic features of glioma
patients. Our results establish that expression level positively
correlates with histologic staging and that MAGEA2 overex-
pression has an important role in glioma grading. It can also
indicate poor clinical prognosis. Moreover, the data suggests
that MAGEA2 is an independent prognostic factor of glioma
patients and it can be a potential therapeutic target in glioma.

Patients and methods

Patients and tissue specimens. 120 paraffin-embedded
glioma tissue specimens were retrieved from the Department
of Neurosurgery, Tangdu Hospital, Fourth Military Medical
University from May 2007 to June 2016. The patients did not
receive any radiotherapy or chemotherapy before surgery.
The histologic grade of the tumors was examined by two
independent pathologists according to the WHO classifica-
tion system. Overall survival (OS) was defined as the time
from the date of diagnosis to the date of death, or the date
of the last follow-up if death did not occur. We also obtained
12 non-tumorous brain tissue specimens and 78 fresh
glioma tissue specimens from the Department of Neuro-
surgery, Tangdu Hospital, Fourth Military Medical Univer-
sity from May 2007 to June 2016. The normal brain tissue
specimens were excised from patients with cerebral trauma
or cerebral hemorrhage. All procedures were carried out in
accordance with the Internal Review and the Ethics Board of
the above hospital, its Ethics Committee approved the study
and informed consent was obtained from all participating
patients. The patients’ clinico-pathologic characteristics are
detailed in Table 1.

Immunohistochemical staining of tissue specimens.
Immunohistochemistry analyzed MAGEA2 expression.
In brief, paraffin-embedded specimens were cut into 4
pm sections. After baking at 65°C for 1 hour, the sections
were deparaffinized and rehydrated. Endogenous peroxi-
dase activity was blocked by 3% hydrogen peroxide for 10
minutes at room temperature, followed by incubation with
1% bovine serum albumin to block nonspecific binding.
Rabbit anti-MAGEA2 (1:100 dilution; Santa Cruz Biotech-
nology) was incubated with the sections overnight at 4°C.
Normal goat serum was used as negative controls. After
washing, the tissue sections were incubated with biotinylated
anti-rabbit secondary antibody for 30 min at room tempera-

ture and then counterstained with hematoxylin, dehydrated
and coverslipped.

Scoring of staining. The tissue specimen immunostaining
degree was scored according to the proportion of positively
stained tumor cells and the staining intensity. This scoring
was performed by two independent investigators who were
‘blinded’ to the sample histopathologic features and patient
data. The averaged scoring of MAGEA2 expression was
calculated based on the scores given by the two indepen-
dent investigators, and the proportion of positive stained
tumor cells was graded as follows: 0 (no positive tumor cells),
1 (<10% positive tumor cells), 2 (10-50% positive tumor
cells) and 3 (>50% positive tumor cells). The intensity of
staining was then graded: 0 (no staining), 1 (weak staining,
light yellow), 2 (moderate staining, yellowish brown) and
3 (strong staining, brown). The stage of tumor severity was
evaluated by the staining index (SI), SI = staining intensity
x proportion of positively stained tumor cells. High and low
MAGEA2 expression was defined by the measure of hetero-
geneity with the log-rank test statistics for OS; 0-3 indicates
low expression and 4-9 reveals high expression. MAGEA2
tissue specimen expression was quantitatively analyzed
by the AxioVision Rel. 4.6 computerized image system
equipped with automatic measurement program (Carl Zeiss,
Oberkochen, Germany). The stained tissues were observed
under 200x magnification and six representative staining
fields of each section were analyzed to evaluate the mean
optical density (MOD).

RNA isolation and quantitative RT-PCR. Total RNA was
extracted from brains by RNA isolation kit and then reversely
transcribed into ¢cDNA using miScript II RT Kit (Thermo
Fisher Scientific Inc., Waltham, MA, USA), according to the
manufacturer’s instructions. cDNA was used as a template
in PCR reactions with gene-specific primer pairs. Real-
time PCR was performed by miScript SYBR Green PCR Kit
(Thermo Fisher Scientific Inc., Waltham, MA, USA) with
B-actin as endogenous control. Target gene expression fold
changes were determined by AACt, and relative expression of
these genes was calculated by the 2-2“T method and normal-
ized to B-actin.

Western blotting. Tissue samples were homogenized in
ice-cold RIPA lysis buffer with protease inhibitor cocktail
kit (Sigma-Aldrich, St. Louis, MO). Protein samples were
subjected to SDS-PAGE and then transferred to PVDF
membrane and incubated overnight at 4°C with primary
antibodies (P-actin: Santa Cruz, 1:500 and MAGEA2:
Abcam, 1:1000). After washing with TBST, the membranes
were incubated at 37°C for 1 hour with horseradish peroxi-
dase (HRP)-conjugated secondary antibodies (Thermofisher
Scientific, USA). Immunoreactive proteins were visualized
with enhanced chemiluminescence captured by BIORAD
Imaging Systems (BIORAD, CA, USA). Equal loading was
ensured by detection of B-actin.

Statistical analysis. Data was analyzed by SPSS17.0 statis-
tical package (SPSS Inc., Chicago, IL, USA), and associations
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Table 1. Relationship between MAGEA2 levels and clinicopathologic
characteristics in 120 glioma specimens.

Number MAGEA?2 expression
Variables of cases Low High X p-value®
(N=120)  (n=49) (n=71)
Age (years) 0.0026  0.8943
<50 58 23 35
>50 62 26 36
Gender 3.219 0.0621
Female 59 26 33
Male 61 23 38
Tumor size (cm) 37.73  <0.0001
<5 51 31 20
>5 69 18 51
Karnofsky score 31.36  <0.0001
<90 75 16 59
>90 45 33 12
WHO grade 26.73  <0.0001
I+1I 77 32 45
III+1V 43 17 26

Note: *chi-square test.

Abbreviations: I, WHO grade I pilocytic astrocytoma; II, WHO grade II
diffuse astrocytoma; III, WHO grade III anaplastic astrocytoma; IV, WHO
grade IV glioblastoma multiforme; WHO, World Health Organization;
MAGEA2, Melanoma-associated antigen A2.

of clinical-pathologic parameters with MAGEA?2 expression
were determined by chi-square test. The OS was evaluated by
Kaplan-Meier analysis and the log-rank test compared differ-
ences between groups. Univariate Cox regression analysis
then evaluated the prognostic significance of clinical and
pathologic characteristics. All statistical tests were two-tailed,
with errors standard deviation (SD) of averaged results and
p-values<0.05 considered statistically significant.

Results

MAGEA?2 expression is correlated with clinicopatho-
logic features of patients with glioma. Table 1 highlights the
relationship between MAGEA2 expression levels and patient
glioma tumor clinical-pathologic features. MAGEA2 expres-
sion in 120 glioma tissue specimens was evaluated by IHC.
These came from 120 glioma patients; 59 women (49.17%)
and 61 men (50.83%) 16 to 78 years old with median age
of 49.6 years. According to 2007 WHO classification, these
consisted of 28 patients with grade I astrocytomas, 49 with
grade II, 21 with grade III and 22 grade IV. We observed that
59.17% of tissue samples (71/120) exhibited high MAGEA2
expression and 27.22% (49/180) had low expression. The
proportion of tumors with <5 diameter was 42.5% (51/120)
and >5 was 57.5% (69/120). This latter 57.5% comprised
71.83% (51/71) in the high MAGEA?2 expression group and
36.73% (18/49) in the low MAGEA?2 expression group. KPS
was also evaluated for all the patients before surgery. High
MAGEA2 expression levels were significantly associated
with large tumor size (>5 cm; p<0.0001), low KPS score
(<90; p<0.0001) and high WHO grade (p<0.0001). However,
we observed no significant correlation between MAGEA2
expression levels and age or gender.

Correlation between MAGEA2 expression and glioma
grade. To examine whether MAGEA2 expression level was
associated with glioma grade, IHC was performed to deter-
mine MAGEA2 expression in non-tumorous brain tissues
and glioma tissue specimens. The images of MAGEA2
staining obtained from glioma patients and non-tumorous
brain tissue are highlighted in Figure 1A. MAGEA?2 staining
gradually increased as tumor grade rose. We compared
MAGEA2 staining mean optical density (MOD) in 12
non-tumorous brain tissues and all grades of the glioma
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Figure 1. MAGEA2 expression is increased in glioma tissues. (A) Immunostaining of MAGEA?2 in paraffin-embedded specimens, including 12 non-
tumor brain tissues and 120 glioma tissues with WHO grade I to IV. (magnification x200). (B) Comparative quantification of the mean optical density
(MOD) of MAGEAZ2 staining in different specimens. (C) Relative mRNA expression of MAGEA?2 in 78 tissue samples (12 non-tumor brain tissues, 13
GI, 18 GII, 16 GIII and 19 GIV glioma tissue samples). (D) Protein expression of MAGEA?2 in tissue samples. “p<0.05 vs control.
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tissue. The MOD of MAGEA?2 staining increased stepwise
from lower to higher grade (p<0.05; Figure 1B). MAGEA2
mRNA expression was also determined by qRT-PCR analysis
in 78 glioma tissue specimens and 12 non-tumorous brain
tissue specimens. MAGEA2 mRNA and protein levels were
markedly increased in all grades of glioma tissue specimens
(p<0.05; Figure 1C and D) compared to the non-tumorous
brain tissue. Moreover, the MAGEA2 mRNA and protein
expression increased from lower grade to higher grade in
all gliomas (p<0.05; Figure 1C and D). These results suggest
MAGEA2’s important role in glioma development.

Positive expression of MAGEA?2 is correlated with poor
prognosis of glioma patients. MAGEA2 was divided into
high and low expression groups to assess the correlation
between protein expression and glioma patient prognosis.
The categorization was defined on the basis of positively
stained tumor cells and intensity of staining. Kaplan-Meier
survival analysis was performed to investigate the prognostic
significance of MAGEA2 levels in patients with glioma.
We showed that patients with high MAGEA?2 levels had
a significantly shorter OS than those with low MAGEA2
levels (p<0.0001; Figure 2). In addition, the median survival
time of patients whose tumors had high MAGEA?2 expres-
sion levels was only 22 months (hazard ratio [HR]=0.3762;
95% confidence interval [CI]: 0.2713-0.5237), whereas the
median survival time of those with low expression level was
46 months (HR=2.238; 95% CI: 1.583-2.904). Moreover, the
cumulative 5-year survival rate was 40.81% (20/49) in the low
MAGEA?2 expression group, whereas it was only 7.04% (5/71)
in the high expression group. The relative risk of prognostic
parameters was also determined using univariate and multi-
variate analyses for the 120 glioma patients (Table 2). Results
indicated that the MAGEA2 expression level, tumor size and
WHO grade were independent prognostic factors for poor OS
in glioma patients,and that MAGEA2 protein over-expression
correlated with poor prognosis in glioma clinical patients.
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Figure 2. Kaplan-Meier curves with log-rank test for patients with low
MAGEA?2 expression (bold line) versus high MAGEA2 expression tumors
(dotted line). High MAGEA?2 expression was markedly associated with a
reduced overall survival in glioma patients (p<0.0001).

MAGEA2 expression is negatively correlated with P53
expression. The next step evaluated the possible relation-
ship between MAGEA2 and P53 expression. We compared
MAGEA2 mRNA expression in 12 non-tumorous brain
tissues and all grades of studied glioma tissue. The results
showed that the levels of P53 mRNA were markedly
decreased in all grades of glioma tissue specimens compared
with non-tumorous brain tissues (p<0.05; Figure 3A).
Moreover, the P53 mRNA expression decreased from lower
grade to higher grade in all gliomas (p<0.05; Figure 3A).
MAGEA?2 expression was inversely correlated with the P53
expression (R*=0.6428; Figure 3B). These results indicated
that the MAGEA2 oncogenic role in glioma progression may
be associated with P53.downregulation.

Table 2. Univariate and multivariate analyses of prognostic parameters for survival in glioma patients.

. Univariate analysis
Variables

Multivariate analysis

HR 95% CI p-value HR 95% CI p-value®
Age (years)
<50 vs >50 0.858 0.509-3.567 0.561
Gender
Female vs Male 0.914 0.659-3.814 0.603
Tumor size (cm)
<5vs>5 0.582 0.362-0.891 <0.001* 0.613 0.389-0.971 <0.001*
MAGEA2 level
Low vs high 2.345 1.489-3.672 <0.0001* 2.473 1.582-3.894 <0.0001*
WHO grade
I+11 vs ITI+IV 1.985 1.367-3.497 <0.0001* 2.346 1.475-3.782 <0.0001*

Notes: “log-rank test. *p<0.05

Abbreviations: I, WHO grade I pilocytic astrocytoma; I, WHO grade II diffuse astrocytoma; ITII, WHO grade III anaplastic astrocytoma; IV, WHO grade
IV glioblastoma multiforme; CI, confidence interval; HR, hazard ratio; WHO, World Health Organization
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Figure 3. MAGEAZ2 expression is negatively correlated with P53 expression in glioma tissues. (A) Relative mRNA expression of P53 in 78 tissue samples
(12 non-tumor brain tissues, 13 GI, 18 GII, 16 GIII and 19 GIV glioma tissue samples). (B) Correlation between MAGEA2 and P53 expression in

glioma tissues. “p<0.05, vs control.

Discussion

Malignant glioma is the most common and aggressive
primary brain tumor and the overall prognosis for glioma
patients remains poor [17, 18]. Clarification of the molecular
mechanism responsible for glioma progression is critical
for effective treatment of glioma [19]. The main finding in
the current study is that the progression of human glioma
is associated with upregulation of MAGEA2 expression. We
found that high MAGEA2 expression levels were notably
associated with large tumor size (>5 cm; p<0.0001), low KPS
score (<90; p<0.0001) and high WHO grade (p<0.0001).
Moreover, IHC and qRT-PCR results showed that MAGEA2
expression in glioma tissue samples was increased compared
with non-tumorous brain tissues. The MAGEA?2 staining
score increased stepwise from lower to higher grade glioma
tissues, and MAGEA2 mRNA and protein expression levels
also increased from lower to higher grades. The prognostic
significance of MAGEA2 levels in glioma patients was
evaluated by Kaplan-Meier survival analysis, and results
confirmed that patients with high MAGEA2 levels had a
remarkably shorter OS than those with low MAGEA?2 levels
(p<0.0001). In addition, the cumulative 5-year survival rate
was significantly higher in the low MAGEA2 expression
group than in the high expression group. The results demon-
strate the expression format and prognostic importance
of MAGEA2 expression in human glioma tissue samples,
and these suggest that MAGEA2 acts as an independent
prognostic factor for glioma patient overall survival.

Accumulating evidence indicates that MAGEA2 expres-
sion level is associated with cancer progression and that
MAGEA?2 over-expression’s prognostic significance makes it
a potential therapeutic target for patients with lung cancer
[20]. MAGEA2 also promotes breast cancer progression
by regulating Akt and Erk1/2 pathways [21] and MAGEA

proteins may suppress the p53 transcriptional program during
tumor development [16]. Enhanced MAGEA2 protein levels
correlate with impaired acetylation of both p53 and histones
surrounding the p53-binding sites [14]. Further, MAGEA2
restrains cellular senescence by targeting the function of
PMLIV/p53 axis at the PML-NBs [22]. MAGEA2 is also
differentially expressed in head and neck squamous cell
carcinoma and it functions, in part, through the p53 pathway
by increasing cellular proliferation and abrogating cell cycle
arrest [23]. In particular, it has been shown that induced loss
of MAGEA?2 expression correlates with increased caspase 3/7
activity, BCL2/BAX ratio and TUNEL signal [24].

Our study reveals that MAGEA?2 expression is negatively
correlated with the P53 expression down-regulated in glioma
tissues. Together with previous reports, our findings suggest
that the interaction between MAGEA2 and P53 is involved in
MAGEAZ2’s oncogenic role in glioma. However, further study
is required to clarify the mechanism underlying MAGEA2’s
oncogenic and prognostic significance and its directional
interaction with P53. Finally, these observations and our
results confirm that MAGEA2 can not only act as a potential
predictive biomarker for the prognosis of gliomas but it can
also be a potential therapy target.
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