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Introduction

Esophageal squamous cell carcinoma (ESCC) is the second leading 
cause of cancer-related deaths in northeastern Iran, an area located 
on the esophageal cancer belt.1 In the absence of efficient screening 
and early diagnostic tools, patients often remain undiagnosed until 
the advanced stages when common therapeutic modalities are vir-
tually ineffective and the overall survival rate is low.2 Consequently 
novel therapeutic modalities are needed to combat the odds of sur-
vival. Among these, one of the most attractive is immunotherapy, 
which relies on targeting tumor specific antigens.3 Thus, the iden-
tification of these markers in the tumor is crucial.

As a subgroup of tumor specific antigens, cancer-testis antigens 
(CTAs) have a distinct pattern of expression, which, under normal 
conditions, is mostly confined to the placenta and immature cells 
of the gonads.4 While the aberrant expression of CTAs has been 
frequently observed in a variety of cancer cells, a causal link has yet 
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to be clarified. Through the observation of these genes’ expression 
in mesenchymal cells,5 a link between the cellular processes of self-
renewal and tumorigenicity has been reported and may point to 
the role of these genes in the development of cancer.6

MAGE-A4, LAGE1 and NY-ESO1 are among the major 
CTAs targeted in several studies.7-10 Contradictory data have been 
reported regarding the role of MAGE-A4 in the cell biology of 
different tumors. It has been shown that MAGE-A4 contributes 
to transcriptional control in different ways.11,12 By binding to the 
transcription factor PIAS2, the c-terminal fragment of MAGE-A4 
suppresses transcription at target promoters.13 This fragment is the 
active portion in various interactions, including histone deacety-
lase 1 (HDAC1) and SNW1,14 at promoters leading to a localized 
transcriptional repression. Moreover, the c-terminal fragment of 
MAGE-A4 prevents p21-mediated cell cycle arrest through its 
inhibition of the binding of the transcription factor Miz-1 to the 
p21 promoter and the blocking of p21 upregulation.13 In contrast 
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reaction (PCR) amplification. The mean age ± SD of the enrolled 
patients was 61.44 ± 12.83 (ages ranging between 37–84). The 
Male:Female ratio was 1:1 (22:19). The clinicopathological char-
acteristics of the patients are presented in Table 2.

Upregulation of LAGE1, MAGE-A4 and NY-ESO1 in 
ESCC. The mRNA expression levels of LAGE1, MAGE-A4 
and NY-ESO1 in the tumoral tissue was compared to the corre-
sponding resected tumor-free esophageal epithelium by real-time 
RT-PCR. Descriptive analysis of relative gene expression distribu-
tion of LAGE1, MAGE-A4 and NY-ESO1 in the patients with 
ESCC is represented as a scatter plot in Figure 1. Overexpression 
of LAGE1, MAGE-A4 and NY-ESO1 mRNA was detected in 39, 
90.2 and 41.4% of tumor specimens respectively. Except for one 
(patient 9 in Fig. 1), all other patients showed overexpression of at 
least one of the CT antigens.

Association of MAGE-A4 and clinicopathological features. 
In order to show the impact of CTA expression on pathologic 
indices of poor prognosis, we assessed the correlation between 
metastasis to lymph nodes, tumor depth of invasion and tumor 
stage. We found that the expression of MAGE-A4 significantly 
correlated with the metastasis of the tumor cells to lymph nodes 
(p < 0.05). Moreover, association between the number of involved 
lymph nodes (0.739 ± 1.25) and mean relative expression of 
MAGE-A4 was studied and a significant correlation was observed 
(p < 0.05). There was a significant correlation between the expres-
sion of MAGE-A4 mRNA and the stage of the tumor (p < 0.01).

The expression of LAGE1 and NY-ESO1 genes was not associ-
ated with any clinicopathological features. Correlations between 
the expression levels of MAGE-A4, LAGE1 and NY-ESO1 and 
clinicopathological parameters are shown in Table 3 and 4.

Correlation between LAGE1, MAGE-A4 and NY-ESO1 gene 
expressions. Correlation analysis between LAGE1, MAGE-A4 
and NY-ESO1 mRNA expression was performed by Pearson’s 
correlation test (Table 5).

Significant direct correlation was detected between the expres-
sions of LAGE1 and MAGE-A4 genes (p < 0.01, correlation coef-
ficient: 0.411). Compared to others, patients with concomitant 
overexpression of MAGE-A4 and LAGE1 showed significantly 
higher levels of MAGE-A4 expression (12.3 ± 26.51 vs. 7.34 ± 
6.15, p < 0.001) and LAGE1 expression (5.98 ± 5.04 vs. 0.29 ± 
1.95, p = 0.021). Figure 2 illustrates this correlation in a regres-
sion plot.

The mRNA expression of MAGE-A4 was significantly asso-
ciated with that of NY-ESO1 (p < 0.05, correlation coefficient: 
0.368). Patients with concomitant overexpression of MAGE-A4 
and NY-ESO1 had significantly higher levels of MAGE-A4 
expression (11.99 ± 5.97 vs. 7.15 ± 6.46, p = 0.021) and NY-ESO1 
expression (9.13 ± 6.30 vs. 0.25 ± 1.38, p < 0.001). Correlation is 
represented as a regression plot in Figure 3.

No significant association between the expression levels of 
LAGE1 and NY-ESO1 was identified.

To better understand the gene-gene associations, the impact 
of MAGE-A4 overexpression was assessed after having excluded 
the cases without MAGE-A4 overexpression. The expression lev-
els of LAGE1 in the MAGE-A4 overexpressed group was com-
pared with that of patients with normally expressed MAGE-A4. 

to its oncogenic roles, the carboxyl-terminal portion of MAGE-A4 
induces apoptosis through p53-dependent and p53-independent 
pathways.15 MAGE-A4 interacts with the liver’s oncoprotein 
gankyrin and suppresses its oncogenic activity.16 MAGE-A4 can 
bind PSMD10, an oncoprotein associated with the 19S regulatory 
cap of proteasomes.17 Contrary to MAGE-A4’s suggested onco-
genic roles, these findings propose that MAGE-A4, in some malig-
nancies, functions as a tumor suppressor protein rather than an 
oncoprotein.

The short peptide sequences of CTA epitopes elicit immuno-
genicity in cancer. In light of this, these tumor-specific antigens 
are highly attractive targets for immunotherapy.18 Determining the 
expression patterns of CTA and their clinicopathological signifi-
cance will not only offer a better understanding of their impact on 
the process of tumorigenesis,19 but also provide essential prelimi-
nary steps to identify specific markers for cancer immunotherapy.

In this study, a comparative real-time PCR 5' nuclease assay 
was applied to quantitatively compare the expression profile of 
MAGE-A4, LAGE1 and NY-ESO1 in tumoral cells to the cor-
responding normal tissue margin. The possible correlations and 
interactions between these and the clinicopathological associations 
of each marker were studied.

Results

The expression of cancer-testis antigens was analyzed in 41 
newly diagnosed, fresh frozen tumors and their normal mar-
gins by reverse transcription and real time-polymerase chain 

Figure 1. scatter plot representative of descriptive analysis of relative 
gene expression distribution of LAGe1, MAGe-A4 and NY-esO1 in the 
patients with esCC. The Y axis indicates the relative gene expression, 
and the X axis represents the patients. Relative mRNA expression of 
more than two-fold in tumor tissue is considered as overexpression, less 
than minus two-fold as underexpression, and the range in-between is 
defined as normal. patient 9 (T2N1, distal tumor with poorly differentiat-
ed pathologic grade) did not show overexpression in any of the studied 
CTA. All other patients have overexpression of at least one of the CTAs.



©2011 Landes Bioscience.
Do not distribute.

www.landesbioscience.com Cancer Biology & Therapy 193

NY-ESO1, were observed in cases with concomitant expression of 
both genes.

In order to show the impact of pathologic indices of poor prog-
nosis, i.e., metastasis to lymph nodes, tumor depth of invasion 
and tumor stage, the association between expressions of CTAs, in 
tumors with different depth of tumor (T), tumors with or without 
node metastasis and different stages of tumors were compared. 
Coexpression of CTAs was more frequently observed in tumors 
having a greater depth of invasion, i.e., invasion to the adventi-
tia (T3/T4, p < 0.05) and in tumor with node metastasis (N1, 
p < 0.05). Consequently, both of these associations were only 
observed in more advanced stages (stage III/IV: p < 0.05).

To determine the impact of tumor grade of differentiation 
on concomitant expression of genes, coexpression of genes were 
assessed in different pathologic grades. A significant correlation 
between the coexpression of LAGE1 and MAGE-A4 in all patients 
was observed in only well-differentiated tumor tissues (p = 0.014, 
correlation coefficient: 0.776). Additionally, MAGE-A4 and 
NY-ESO1 coexpression was significantly correlated in moderately 
differentiated tumors (p < 0.001, correlation coefficient: 0.669). 
The expression levels of LAGE1 and NY-ESO1 were strongly cor-
related in poorly differentiated tumors (correlation coefficient: 
0.707) at a level close to statistical significance (p = 0.076).

Discussion

Cancer testes antigens have been part of different preclinical and 
clinical immunotherapy trials, and are promising targets for can-
cer vaccines. However, the lack of sufficient data on the expres-
sion profiles of CTAs in esophageal cancer points to a need for 
a detailed study prior to their application as targets for a cancer 
vaccine. Few reports have predominantly focused on the protein 
expression of CTAs20-23 and, to some extent, mRNA expression 
with conventional methods.24-27 In this study, we applied the 
more sensitive and accurate technique of real-time PCR and dem-
onstrated a high frequency of MAGE-A4, NY-ESO1 and LAGE1 
overexpression in ESCC. Amongst these, MAGE-A4 overexpres-
sion was observed in more than 90% of the ESCC patients, thus 
introducing this tumor-specific antigen as a sensitive and specific 
biomarker in ESCC. Tumor expression of MAGE-A4 has been 
detected in various human malignancies.10,28-33 Quillien et al. 
reported the highest expression of MAGE-A4 in 71% of their 
examined ESCC samples. This discrepancy can be explained by 
the advantages of Real-Time over traditional RT-PCR methods 
and higher sensitivity in the detection of the mRNA overexpres-
sion.21,34 The quantitative analysis of mRNA on fresh tissues in 
this study, which is the first report in ESCC, is more sensitive for 
expression analysis. In addition, most of the previous studies were 
performed on archived tumors and, furthermore, did not exclude 
patients who had obtained adjuvant therapy. These two factors 
may considerably influence mRNA expression.

The expression level of MAGE-A4 was correlated with param-
eters indicating the progression of the tumor. It was not only cor-
related to the metastasis of the tumor to the lymph nodes, but 
the number of involved lymph nodes was also associated with the 
level of MAGE-A4 expression. This is consistent with previous 

LAGE1 was significantly expressed at higher levels in the patients 
with overexpressed MAGE-A4 (5.98 ± 5.04 vs. -0.63 ± 1.50, p < 
0.001). Similarly, to understand the impact of LAGE1 expression 
on MAGE-A4, it should be noted that MAGE-A4 was signifi-
cantly expressed at higher levels in the patients with overexpressed 
LAGE1 (12.32 ± 6.51 vs. -0.13 ± 0.18, p < 0.001).

The same set of analysis was performed for the MAGE-A4/
NY-ESO1 association and similar results were obtained. By 
excluding cases with no MAGE-A4 overexpression, it was 
observed that the expression level of NY-ESO1 was significantly 
higher if both genes were coexpressed (9.13 ± 6.30 vs. -0.51 ± 1.07, 
p < 0.001), whereas the difference in the expression of MAGE-A4 
was not significant. Similarly, when samples without NY-ESO1 
overexpression were excluded, higher levels of MAGE-A4, but not 

Figure 2. Regression plot illustrating correlation between level of 
MAGe-A4 and LAGe1 expression. (p = 0.411, p value = 0.008).

Figure 3. Regression plot illustrating correlation between level of 
MAGe-A4 and NY-esO1 expression. (ρ = 0.368, p value = 0.018).
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not be the ample factor to exert this role. Moreover, we showed that 
higher levels of MAGE-A4 expression correlated with advanced 
tumor stage, which is consistent with previous reports.36-39 The 
exact mechanism by which expression of MAGE-A4 and other 
CTAs results in poor clinical outcome is not well described.40 
The precise role that CT antigens might play in cancer cell biol-
ogy has yet remained to be clarified. It is not exactly understood 
whether reactivation of their genes is simply an anomaly of dereg-
ulated expression or is associated with the proliferative and meta-
static potential of the tumor.5 In line with several recent reports 
in various malignancies,41-43 our data support the later hypothesis 
since it appears that the overexpression of MAGE-A4 contributes 
to the progression of ESCC. Conflicting functions are suggested 
for MAGE-A4 in different malignancies. This includes a role as 
a transcriptional suppressor and a tumor suppressor in one entity, 
and functioning as an oncoprotein in another entity.13-16,28-30 
Associated with development of tumor in ESCC, MAGE-A4 
may be involved in transcriptional suppression of tumor suppres-
sor genes or activation of oncogenes.

Crosstalk between MAGE family and different cell signal-
ing pathways has been proposed.44 The MAGE-A4 protein has 
been implemented in the repression of p53 activity.45 Marcar et 
al. have recently suggested a mechanism of p53 repression by 
MAGE-A. Through interaction with peptides located within the 
DNA binding surface of the core domain of p53, MAGE-A can 
disrupt the association of p53 with its recognition site in chroma-
tin.46 Moreover; they showed that silencing of MAGE-A expres-
sion upregulates several p53-responsive genes including p21 and 
MDM2. MAGE-A4 is also associated with Rb and competes 
with p16 to bind to cyclin-dependent kinase 4 (CDK4), thus 
increases both the phosphorylation and degradation of Rb.47 We 

studies on SCC malignancies, which reported an association 
between MAGE-A4 expression and lymph node metastasis in 
lung and vulvar cancers.20,30 Putz et al. showed the expression 
of MAGE-A on all of the micrometastatic cell lines in an estab-
lished working model for human micrometastases.35 Along with 
the previous studies, our results provide further proof that upreg-
ulation of MAGE-A4 may contribute to enhancement of invasive 
and metastatic ability of tumor cells. Direct correlation between 
the level of MAGE-A4 expression and number of involved lymph 
nodes, brings up the assumption that not the expression itself, 
but also the level of expression and probably its impact on down-
stream products will lead to a higher level of metastasis to nodes. 
It is expected that the quantity of the downstream products of 
MAGE-A4 have influence on the ability of cells to spread and 
metastasize to the lymph nodes and overexpression, per se, may 

Table 1. primer and probe sequences used for real-time RT-pCR

Primer sequence (5’→3’) Probe sequence

LAGE1
Forward: GCC TGC TTC AGT TGC ACA TC

Reverse: CGG ACC AGC TCC GCT TC
FAM-CGA TGC CTT TCT CGT C-TAMRA 61

MAGE-A4
Forward: CCA CTA CCA TCA GCT TCA CTT GC

Reverse: CTT CTC GGA ACA AGG ACT CTG C
FAM-AGG CAA CCC AA TGA 

GGG TTC CAG C-TAMRA
108

NY-ESO1
Forward: TGC TTG AGT TCT ACC TGC CA

Reverse: TAT GTT GCC GGA CAC AGT GAA
FAM-AGG ATG CCC CAC CGC TTC CC-TAMRA 137

GAPDH
Forward: GAA GGT GAA GGT CGG AGT C

Reverse: GAA GAT GGT GAT GGG ATT TC
FAM-CAA GCT TCC CGT TCT CAG CC-TAMRA 225

Table 2. Clinicopathological features of patients

Total (41) Males (22) Females (19)

Tumor invasion

T1, 2 6 6 -

T3, 4 35 16 19

Lymph node metastasis

N0 23 12 11

N1 17 10 7

N2 1 - 1

Stage

I/II 26 15 11

III/IV 15 7 8

Grade

WD 9 4 5

MD 25 16 9

pD 7 2 5

Tumor location

Upper 1 - 1

Middle 25 13 12

Lower 15 9 6

Tumor size

1–4 cm 23 12 11

4–8 cm 18 10 8

WD, Well-differentiated; MD, moderately-differentiated; pD, poorly 
differentiated.

Table 3. Correlation between expression level of MAGe-A4 and metas-
tasis to lymph nodes and tumor stage

MAGE-A4

MRE ± SD p value

Node metastasis

N0 7.28 ± 5.91
0.040

N1 11.28 ± 6.99

Stage

I/II 6.96 ± 5.76
0.006

III/IV 12.65 ± 6.68

MRe, Mean relative expression; sD, standard deviation.
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expression at the mRNA level will lead to membrane presenta-
tion of the antigens.

In summary, MAGE-A4, LAGE1 and NY-ESO1 are fre-
quently overexpressed in ESCC. MAGE-A4 is a tumor-specific 
biomarker that is significantly overexpressed in the majority of 
ESCC patients. MAGE-A4 is associated with the development 
of tumors through advanced stages, playing a possible oncogenic 
role. The expression of MAGE-A4 is correlated with the levels 
of LAGE1 and NY-ESO1 expression. The clinicopathological 
consequences of these associations suggest a possible functional 
interaction between these CTAs. A combination of these CTAs 
could be a beneficial target for designing a polyvalent vaccine for 
ESCC immunotherapy.

Material and Methods

Study population and sample collection. A total of 41 histo-
logically confirmed ESCC patients were enrolled in the study 
following an informed consent and prior to receiving any thera-
peutic interventions. Fresh esophageal tissues were obtained from 
the patients, who had undergone surgery at Omid Hospital of 
Mashhad University of Medical Sciences (MUMS), the referral 
oncology hospital of northeastern Iran. Fresh tumoral and nor-
mal specimens were microdissected and microscopically exam-
ined to ensure that all the included samples contained more than 
70% tumor cells, with rare or no infiltrating cells. These were 
kept in an RNA later solution (Qiagen, Hilden, Germany) at 
-20°C until extraction.

The ethics committee of MUMS approved the study and all 
patients gave their informed consent.

RNA extraction, cDNA synthesis and quantitative RT-PCR. 
RNA was extracted from the normal and tumoral tissues of 
the resected esophagus with the RNeasy Mini kit (Qiagene, 
Hilden, Germany). Reverse transcription of total RNA was per-
formed using oligo dT in first-strand synthesis kit (Fermentas, 

have previously suggested a possible cross-
talk between p53-MDM2 and p16/Rb 
pathways.48 MAGE-A4 could be poten-
tially introduced as an intermediate mol-
ecule of this crosstalk.45,47,48 Along with 
the previous reports, our observations 
bring up a hypothesis that MAGE-A4 
may block the arrests of cell cycle and 
promote proliferation and inhibit apopto-
sis through the inhibition of p16/Rb and 
p53. The possible intermediate role should 
be further studied in detail to support this 
hypothesis.

Higher level of MAGE-A4 expression 
was observed to be associated with higher 
levels of NY-ESO1 and LAGE1 expres-
sion. Correlation between the expressions 
of CTAs has been reported in other malig-
nancies as well.49 Glazer et al. documented 
a significant, coordinated coexpression 
of six CTAs, including MAGE-A4 and 
NY-ESO1, in the SCC subtype of non-small cell lung cancer. It 
has been suggested that coordinated promoter demethylation is 
associated with the concomitant aberrant expression of CTAs.51 
However, demethylation alone may not explain the activation 
of different CTAs in various cancers and alternative transcrip-
tional and even post-transcriptional mechanisms that control 
gene expression may contribute.18,21 On top of the correlations 
between the gene expressions, it has been observed that overex-
pression of each gene exerted a significant impact on the levels of 
expression of other CTAs that was concomitantly overexpressed. 
These correlations were associated with unfavorable parameters 
responsible for tumor progression and pathologic indices of poor 
prognosis, including the depth of invasion, metastasis to lymph 
nodes and the tumor stage. The observed coordinated coexpres-
sion and association with advanced tumors are consistent with 
reports in other malignancies.40,52 Each correlation was associated 
with a distinct pathologic behavior of the tumor. These findings 
raise the possibility of the role of some functional interactions, to 
be responsible for the correlation between the overexpression of 
the CTAs, in addition to the general regulatory impact of pro-
moter demethylation. MAGE-A4 is suggested as an interesting 
target for ESCC immunotherapy, especially in advanced tumors 
since it expresses at a considerably high frequency in ESCC 
tumors and these expression levels are associated with unfavor-
able clinicopathological parameters of the tumor.

The correlation with LAGE1 and NY-ESO1 and their influ-
ence on tumor progression, strongly suggests that the use of these 
CTAs makes a more efficient option for a polyvalent vaccine 
resulting in a more extended and optimum clinical outcomes. 
The polyvalent vaccine simultaneously introduces the antigens 
to the immune system and is expected to elicit a specific immune 
response against these antigens, which selectively targets the 
cells containing these antigens i.e., tumoral cells. To validate the 
applicability of these antigens as suitable targets, future experi-
ments must be performed to confirm that the increased CTA 

Table 4. Correlation between number of involved lymph nodes and relative expression of MAGe-
A4, LAGe1 and NY-esO1

                                                                 Number of involved lymph nodes*

Pearson correlation p value

MAGE-A4 0.376 0.015

NY-ESO1 0.016 0.924

LAGE1 0.152 0.343

*Mean ± sD of involved lymph nodes is 0.739 ± 1.25.

Table 5. Concomitant mRNA expressions in 41 patients and  associations between gene  
expressions

LAGE1 NY-ESO1

MAGE-A4 14 (34.14%) 16 (39.02%)

p value 0.008 0.018

pearson correlation 0.411 0.368

NY-ESO1 8 (19.51%)

p value 0.99

pearson correlation 0.001
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Lithuania) according to the manufacturer’s protocols. cDNA 
was amplified on the Stratagene Mx-3000P real-time ther-
mocycler (Stratagene, La Jolla, CA) with primers and probes 
presented in Table 1. Real-time PCR was carried out with the 
Maxima probe (Fermentas), containing ROX as a reference dye. 
The following thermal cycling program was applied: 10 min at 
95°C and 40 cycles of 15 s at 95°C, 30 s at 60°C and 45 s at 72°C. 
Data were normalized for glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) expression via the comparative thresh-
old cycle method. The PCR efficiency for GAPDH, LAGE1, 
MAGE-A4 and NY-ESO1 was measured using standard curves 
generated by the serial dilution of cDNA and it ranged from 
95–100. All experiments were performed in triplicates.

More than a 2-fold fluorescence intensity of mRNA expres-
sion in the tumor tissue in comparison with corresponding nor-
mal tissues was considered as overexpression for each gene. Less 
than a minus 2-fold intensity indicated underexpression. The 
range in between was interpreted as normal.

Statistical analysis. Statistical analysis was performed using 
the SPSS 16.0 statistical package (SPSS, Chicago, IL). The  
correlation between the expression levels of the genes, and 
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