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ABSTRACT
Background: Esophageal squamous cell carcinoma (ESCC) is considered as the seventh most common cancer worldwide, and the 
second prevalent malignancy in the north of Iran. A subfamily group of tumor‑specific antigens, commonly specified as cancer/testis 
antigens (CTAs), are expressed restrictedly in testis, ovary, and placenta. Melanoma‑associated antigen A4 (MAGEA4) as a CTA 
is overexpressed in a variety of cancers. Expressional analysis of MAGEA4 protein in ESCC may be useful to investigate its clinical 
relevance leading to effective improvements in ESCC diagnosis and treatment.

Materials and Methods: Fifty‑six ESCC patients with no preoperative therapeutic circumstance such as radiotherapy or chemotherapy 
were analyzed to explore the protein expression level of MAGEA4 using immunohistochemistry assay.

Results: MAGEA4 overexpression was detected in 66% of ESCC samples showing strong nuclear and cytoplasmic staining 
compared to the normal epithelium. There were significant correlations between MAGEA4 protein expression and depth of tumor 
invasion (P = 0.019), and the number of involved lymph nodes (P = 0.045).

Conclusion: Because of the significant correlation of MAGEA4 and indices of poor prognosis, the role of this CTA may be confirmed 
in ESCC aggressiveness and metastasis. Therefore, MAGEA4 may be a promising therapeutic candidate for suppressing ESCC 
aggressiveness.

KEY WORDS: Cancer‑testis antigens, esophageal squamous cell carcinoma, immunohistochemistry, melanoma‑associated 
antigen A4, tumor marker

Original Article

when prevalent therapeutic methods are actually 
feckless and subsequently the overall rate of 
survival decreases.[3] Therefore, novel therapeutic 
methods are required to increase the chance 
of survival rate. Since immunotherapy, which 
targets tumor‑specific antigens, is one of the 
most promising cancer‑therapeutic methods,[4] 
identification of a tumor‑specific marker seems 
necessary.

Cancer/testis antigens (CTAs) are a group of 
tumor‑specific antigens normally expressed in 
testis, ovary, and placenta; however, their aberrant 
expression has been shown in a variety of tumors.[5] 
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INTRODUCTION

Esophageal cancer (EC) is known as the seventh 
and fifth leading cause of cancer‑related deaths 
worldwide and in Iran, respectively,[1] the 
area placed on the Asian EC belt.[2] Due to the 
asymptomatic behavior of esophageal squamous 
cell carcinoma (ESCC) and lack of efficient screening 
and primitive diagnostic tools for the disease, 
patients are often diagnosed at advanced stages 
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Therefore, due to their restricted pattern of gene expression 
in normal tissues, CTAs are introduced as proper therapeutic 
candidates for cancer immunotherapy.

Among CTAs, melanoma‑associated antigens (MAGEs) made 
special consideration as a powerful target in vaccine‑based 
tumor immunotherapy.[6,7] Several numbers of MAGEs have 
been recognized and divided into two subgroups I and II. All the 
members contain MAGE homology domain which is probably 
conserved evolutionary.[8] MAGE genes play outstanding 
biological functions during embryonic development and germ 
line genesis; however, their exact roles in cellular activities 
are still under debate.

Using CTA proteins and peptides in cancer immunotherapy, 
a new promising therapeutic window has being opened 
for treating a variety of tumors such as gastrointestinal, 
esophageal, and pulmonary carcinomas.[9,10] Describing MAGE 
proteins as the best‑identified members of the CTA families 
and anticancer immune targets have been launched new 
immunotherapy investigations on gastrointestinal carcinoma 
and other cancers.[11] Lately, by developing specific monoclonal 
antibodies against certain of 23 related MAGE antigens, their 
immunohistochemical localization within malignant tissues 
such as a subset of uterine malignancies,[12] lung,[13] and 
esophageal carcinomas has been revealed.[14]

Recently, different studies determined MAGEA4 as a potential 
target for immunotherapy and anticancer vaccination. 
Previously, we showed the overexpression of MAGEA4 mRNA 
in ESCC and revealed its clinicopathological importance.[7] 
Since it was not clear that elucidated clinical relevance of 
MAGEA4 is also related to its protein expression, our aim in 
this study was to investigate the MAGEA4 protein expression 
in the same ESCC tissues to survey the correlation between 
MAGEA4 mRNA and protein expression as well as MAGEA4 
protein expression and clinicopathological features of ESCC 
patients to assess its potential as either immunotherapy 
target or prognostic value.

MATERIALS AND METHODS

Study population
This study was included a total of 56 ESCC samples which 
were collected between 2008 and 2013, and none of the 
patients obtained any preoperative therapeutic circumstance 
such as radiotherapy or chemotherapy treatments. Tumor 
tissues and macroscopically corresponding neighbor normal 
tissues from qualified patients were removed after surgery. 
Tumor and normal tissues were histologically authenticated 
as ESCC and tumor‑free surrounding tissues, respectively. 
Features of tumor samples were defined according to the latest 
tumor‑node metastasis classification guidelines system.[15] 
The suitability criteria for enlisted ESCC patients were hardly 
controlled.

Immunohistochemistry assay
A cross‑sectional hospital‑based study was conducted, and 
formalin‑fixed paraffin‑embedded biopsy specimens were 
collected. A total of 56 patients with confirmed ESCC diagnosis 
were characterized by hematoxylin and eosin staining and 
conventional microscopic examination thoroughly by expert 
pathologists. Immunohistochemistry (IHC) staining for 
MAGEA4 was performed by monoclonal antibody (anti‑MAGEA4 
antibody, ab139297, abcam, United Kingdom), using 
immunoperoxidase technique (Novolink™ Polymer Detection 
System, RE7150‑K, Leica Biosystems, United Kingdom).

Briefly, tissue slides were treated with the antigen retrieval 
solution for 30 min in water bath at 94–98°C. Following 
deparaffinization, endogenous peroxidase activity was blocked 
by a 10 min treatment with hydrogen proxide (RE7101, 
Leica Biosystems, United Kingdom). Slides were washed by 
tris buffer saline (TBS, pH 7.6) and incubated with protein 
block (RE7102, Leica Biosystems, United Kingdom) for 5 min, 
followed by incubation with MAGEA4 primary antibody at 
room temperature for an hour. After washing 3X in TBS, slides 
were incubated with a secondary antibody (RE7111, Leica 
Biosystems, United Kingdom) for 30 min and treated with 
Novolink polymer (RE7112, Leica Biosystems, United Kingdom) 
for 30 min. Then, DAB chromogen was added for 10 min on tissue 
sections. The slides were stained with hematoxylin (RE7107, 
Leica Biosystems, United Kingdom) for 1 min, washed with 
water, dehydrated with alcohol (96% then 100%), cleaned 
with xylene, and coverslipped mechanically.

Fifty‑six ESCC tumor samples were classified into several 
groups according to the percentages of stained cells and the 
intensity of staining on selected slides. To evaluate the level of 
MAGEA4 protein expression, percentages of positive‑staining 
cells were graded on a scale of 0–4. Staining percentage was 
defined as 0 = 0–5%, 1 = 5–25%, 2 = 25–50%, 3 = 50–75%, 
and 4 = 75–100%. The intensity of staining was specified as 
0 = not observed any significant expression pattern, 1 = weak 
staining for protein expression, 2 = moderately expressed, 
and 3 = strong protein expression. For each case, staining 
percentage and staining intensity scores were multiplied to 
give the staining index.[16] Immunohistochemical staining 
index (ISI) was marked as 0–2 = negative, 2–6 = low, and 
6–12 = high.

Statistical analysis
Statistical analyses were performed using SPSS package 
version 16.0 software (SPSS, Chicago, IL, USA). Association 
between the expression of  MAGEA4 protein and 
clinicopathological parameters were assessed by Pearson’s 
correlation or the nonparametric Spearman rank correlation. 
The association between protein expression and categorical 
variables was also analyzed by the Chi‑square test or Fisher’s 
exact test. Moreover, comparison of the expression level of the 
protein between different categorical data was performed with 
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t‑test or ANOVA. A P < 0.05 was considered to be statistically 
significant.

RESULTS

The cancer‑testis antigen MAGEA4 expression was analyzed in 
56 newly diagnosed, archived tumor samples, and their normal 
margins by IHC assay. The mean age ± standard deviation 
(SD) of the enrolled patients was 61.72 ± 12.83 (ages ranged 
between 30 and 87). The male:female ratio was 0.8 (25:31). 
Tumor diameter varied from 1 to 7 cm (mean ± SD: 3.63 ± 1.36 
cm). Forty‑two of 56 (75%) samples showed invasion of tumor 
cells to the adventitia (T3 and T4), and 22 of 56 (39.3%) patients 
showed lymph node metastasis with one to six involved lymph 
nodes. The clinicopathological characteristics of the patients 
are presented in Table 1.

Upregulation of melanoma‑associated antigen A4 protein in 
esophageal squamous cell carcinoma
The protein expression level of MAGEA4 in all samples 
was independently examined by IHC. Descriptive analysis 
of relative protein expression of MAGEA4 in all examined 
ESCC patients is represented as a scatter plot in Figure 1. 
Expression of MAGEA4 was detected in 66.1% of tumor 
specimens. Relative protein expression with ISI ≥ 2 in 
tumor tissues is considered as positive expression (66.1%). 
MAGEA4 expression intensity in ESCC patients is shown 
in Table 2.

Association of melanoma‑associated antigen A4 protein 
expression and clinicopathological features
Having analyzed the impact of MAGEA4 expression on different 
indices of poor prognosis, we observed that the expression 
of MAGEA4 was significantly correlated with the depth of 
tumor invasion (P = 0.019) and the numbers of involved 
lymph nodes (P = 0.045). There was no significant correlation 
between the expression of MAGEA4 protein and other 
clinicopathological features. Correlations between MAGEA4 
and clinical variables are summarized in Table 1.

Immunohistochemistry assay of melanoma‑associated 
antigen A4 antigen expression in esophageal squamous 
cell carcinoma
The staining pattern of MAGEA4 protein expression in 
tumors was examined by the IHC assay. The results showed 
that MAGEA4 was expressed in both cytoplasm and nucleus 
of tumor tissues, compared to the normal epithelium 
[Figure 2]. Tumors were graded in four groups regarding 
the intensity and location of staining: Group 0 = negative 
staining, Group 1 = strong staining for protein expression in 
both nucleus and cytoplasm, Group 2 = moderately staining 
of either nucleus or cytoplasm, and Group 3 = weakly 
staining of nucleus and cytoplasm, which are presented in 
Table 3.

DISCUSSION

CTAs comprise a family of genes which their expression in 
normal tissue is mostly restricted to germ cell precursors 
and placenta. Some CTAs can be also expressed at low 
levels in nongerm cell tissues such as pancreas, liver, and 
spleen compared to germ cells.[17] Therefore, CTAs are 
identified as a particular group of highly attractive targets 

Table 1: Clinicopathological features of patient and correlation 
between protein expression of melanoma-associated antigen 
A4 and clinicopathological variables

Characteristics MAGEA4 protein expression P
Negative Low/high

Count Column (%) Count Column (%)
Sex

Male 8 42.1 17 45.9 0.143
Female 11 57.9 20 54.1

Lymph node 
metastasis

No metastasis 11 57.9 23 62.2 0.078
Node metastasis 8 42.1 14 37.8

Tumor invasion
T1, T2 6 31.6 8 21.6 0.325
T3, T4 13 68.4 29 78.4

Stage of tumor 
progression

Stage 1, Stage 2 14 73.7 23 62.2 0.754
Stage 3, Stage 4 5 26.3 14 37.8

Grade of tumor 
differentiation

PD 0 0.0 2 5.4 0.321
MD 11 57.9 28 75.7
WD 8 42.1 7 18.9

Tumor invasion
T1 0 0.0 1 2.7 0.019
T2 6 31.6 7 18.9
T3 13 68.4 27 73.0
T4 0 0.0 2 5.4

PD=Poorly differentiated, MD=Moderately differentiated, WD=Well differentiated, 
MAGEA4=Melanoma-associated antigen A4

Figure 1: Scatter plot representative of descriptive analysis of relative 
protein expression distribution of melanoma-associated antigen A4 in 
esophageal squamous cell carcinoma patients. The Y axis indicates 
the relative protein expression, and the X axis represents the patient’s 
number. Relative protein expression of ≥2 in tumor tissues is 
considered as positive expression (66.1%), whereas the range between 
0 and 2 indicated as negative
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for cancer immunotherapy because of their unique high 
and aberrant pattern of expression in a variety of malignant 
neoplasms.[6] Expression of CTAs is strictly regulated by 
epigenetic mechanisms such as DNA methylation.[18] Recent 
investigation on human mesenchymal stem cells suggested 
that expression pattern of some CTAs such as NRAGE, 
NY‑ESO, MAGE‑1, and SSX may be considered not only as a 
hallmark of gametogenesis but also as stem cell markers.[5] 
Recently, cytotoxic T lymphocytes responsible to recognize 
MAGE‑derived peptides have been described as powerful 
candidates for immunotherapy.[19] Cytotoxicity induction 
against tumor via chimeric mRNA‑loaded DCs was lately 

found even more considerable than previous design of loading 
DC with total mRNA.[10] Although tumor‑specific biomarker 
MAGEA4, as an interesting target for ESCC immunotherapy, 
expresses at a considerably high frequency at mRNA level in 
ESCC, the lack of sufficient data on its protein expression, 
as a remarkable part of different preclinical, and clinical 
immunotherapy trials, should be overcame. There are a 
majority of reports which have predominantly focused on the 
mRNA expression of CTAs with conventional methods;[14,20‑22] 
however, a few of them are carried out at the protein 
expression level.[23]

Previously, we showed the relative mRNA expression of MAGEA4 in 
ESCC samples with quantitative reverse transcription‑polymerase 
chain reaction and observed its upregulation in 90.2% of 
tumors.[7] To confirm the results of mRNA expression analysis 
and to verify the expression of MAGEA4 at the protein level, 
immunohistochemical staining was applied on the same ESCC 
samples. Our data corroborated the high prevalence of MAGEA4 
protein expression in 66.1% of ESCC patients while we did not 
detect MAGEA4 protein in the tumor‑free surrounding tissue. 
The IHC staining detected that MAGEA4 was often expressed 
strongly in either the cytoplasm or the nucleus of tumor cells 
in comparison with the normal epithelium.

Quillien et al. found MAGEA4 overexpression in 71% of 
examined ESCC samples.[14] It has been shown that the 
members of the MAGEA family including MAGEA4 and MAGEA9 
are frequently expressed in 42% and 32% of bladder cancers, 
respectively.[24] Furthermore, Sharma et al.[25] investigated 
protein expression of seven CTAs including MAGEA1, MAGEA3, 
MAGEA4, CT7, CT10, NY‑ESO‑1 and GAGE, and indicated 
MAGEA4 as the protein with the highest level of expression 
among these CTAs in a group of 94 bladder cancer samples. 
Cuffel et al. identified coexpression of MAGEA3 and MAGEA4 
in 35% of the head and neck SCC, where MAGEA4 expression 
was correlated to the poor overall survival.[26] In line with 
several reports in different malignancies,[27‑29] our data 
support that MAGEA4 is upregulated at protein level in ESCC 
and contributed to the progression and invasiveness of the 
disease. Expression of MAGEA4 and coexpression of CTAs in 
nonsmall cell lung cancer was also reported as independent 
markers of poor prognosis for adenocarcinoma of the lung.[30] 
Correlation between MAGEA4 protein expression and indices 
of poor prognosis bring up the assumption that high level of 
MAGEA4 expression and probably its effects on cell signaling 
pathways components can increase the invasion of tumor cells 
leading to metastasis into the lymph nodes.[7]

It has been proposed that the concomitant aberrant 
expression of CTAs is associated with promoter demethylation; 
however, alternative transcriptional and posttranscriptional 
mechanisms via control of gene expression may participate in 
different CTAs activation in a variety of cancers.[23,31,32] Although 
the physiological function of MAGEA proteins remains unclear, 
there is increasing finding to suggest their implications in 

Table 2: Relative protein expression intensity of melanoma- 
associated antigen A4 in esophageal squamous cell 
carcinoma patients

Percentage 
of expression

Number 
of case

MAGEA4 protein 
expression

33.9 19 Negative
53.6 30 Weak
12.5 7 Strong
MAGEA4=Melanoma-associated antigen A4

Table 3: Intensity of melanoma-associated antigen A4 
protein expression according to nuclear and cytoplasm 
localization by immunohistochemistry staining

Intensity Nucleus (%) Cytoplasm (%)
0 16 (28.5) 18 (32.1)
1 7 (12.5) 4 (7.1)
2 30 (53.5) 30 (53.5)
3 3 (5.3) 4 (7.1)

Figure 2: Protein expression analysis of esophageal squamous 
cell carcinoma tissues using immunohistochemical staining and 
anti-melanoma-associated antigen A4 antibody. (a) Normal esophageal 
epithelium. Neither nuclear nor cytoplasmic melanoma-associated 
antigen A4 staining was not found in histologically normal 
tissue, (×400); (b) strong intensity of nuclear and cytoplasmic staining 
for melanoma-associated antigen A4 protein expression, (×1000); 
(c) moderately nuclear and cytoplasmic immunohistochemical 
staining, (×400); (d) weak immunostaining of melanoma-associated 
antigen A4 in both nucleus and cytoplasm, (×400). The arrow indicates 
nuclear or cytoplasmic staining in tumor cells

a b

c d
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the regulation of apoptosis and cell cycle progression. In vitro 
experiment found that 107 amino acid carboxyl‑terminal 
fragment of MAGEA4 induces apoptosis via p53‑dependent 
and p53‑independent pathways.[33,34] It has been shown that 
C‑terminal fragment of MAGEA4 regulates transcription via 
binding to the transcription factor PIAS2; moreover, this part 
of MAGEA4 can lead to inhibition of p21 expression through 
binding to zinc finger transcription factor Miz‑1 sensitizing 
the cells to p53‑dependent apoptosis.[33] This fragment is also 
implicated in interaction with various proteins including 
histone deacetylase 1 and SNW1[35] to repress transcription 
at target promoters. While MAGEA4 overexpression leads 
to induction of apoptosis and caspase‑3 activity in 293 cells, 
in vitro MAGEA4 silencing in these cells and squamous cell 
lung cancer cell line H1703 was associated with decreased 
caspase‑3 activity.[34]

Controversial functions are suggested for MAGEA4 in various 
malignancies which include either transcriptional tumor 
suppressor or oncogenic roles.[24,33‑36] It has been shown that 
interaction of MAGEA4 with liver’s oncoprotein gankyrin[36] and 
PSMD10, an oncoprotein associated with the 19S regulatory 
cap of proteasomes, suppresses their oncogenic activities, and 
MAGEA4 functions as a tumor suppressor protein.[37] On the 
other hand, Marcar et al. have recently proposed oncogenic role 
for MAGEA4. They showed that MAGEA may repress p53 leading 
to its dissociation from chromatin, due to upregulation of 
p53‑responsive genes including p21 and MDM2 after MAGEA4 
silencing.[38] In addition, MAGEA4 as an intermediate molecule 
of p53‑MDM2 and p16/Rb pathways crosstalk may block cell 
cycle arrest, improve cell proliferation, and inhibit apoptosis 
through the suppression of both signaling pathways.[39]

Since upregulated MAGEA4 protein expression was directly 
correlated with tumor invasion and number of involved 
lymph node in ESCC, our results support the oncogenic role 
of MAGEA4 in ESCC and introduce it as a potentially good 
therapeutic target for immunotherapy of the disease.

CONCLUSION

MAGEA4 protein, a tumor‑specific biomarker, is significantly 
overexpressed in the majority of ESCC samples in significant 
association with depth of tumor invasion and lymph node 
metastasis. Therefore, it plays oncogenic roles in ESCC 
progression and aggressiveness and can be recognized as a 
potential therapeutic target to inhibit ESCC development.
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