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Abstract: Cancer-testis (CT) antigens, which are encoded by CT genes, have been recognized as a group of highly 
attractive targets for cancer immunotherapy. However, the expression and clinical relevance of CT genes in clear 
cell renal cell carcinoma (ccRCC) remains largely unknown. The present study aims to analyze the expression pro-
file of 6 individual CT genes including MAGE-A1, MAGE-A3, MAGE-A12, cTAGE-1, cTAGE-2, and NY-ESO-1 in ccRCC 
and further investigate their possible correlations with clinicopathologic characteristics. The mRNA expressions of 
these CT genes were detected using reverse transcriptase-polymerase chain reaction (RT-PCR) in 105 ccRCC tissue 
samples (T1-2 in 70 samples, T3-4 in 35 samples; G1-2 in 65 samples, G3-4 in 40 samples) as well as the paired adja-
cent normal tissues. The most frequently expressed CT gene was MAGE-A3 (27.6%), followed by MAGE-A12 (23.8%), 
NY-ESO-1 (21%), MAGE-A1 (20%), cTAGE-1 (17.1%), and cTAGE-2 (14.3%). In contrast, no expression of CT genes was 
detected in the paired adjacent normal tissues. Furthermore, the MAGE-A3 protein expression was determined by 
Western blot and immunohistochemistry. MAGE-A3 protein was expressed in 21.9% ccRCC samples with a cytoplas-
mic staining pattern. No MAGE-A3 protein expression was found in the paired adjacent normal tissues. There was a 
significant correlation between MAGE-A3 expression at both mRNA (P =0.045) and protein (P = 0.03) levels with ad-
vanced stages of the disease. Taken together, CT genes may serve as promising targets of specific immunotherapy 
for ccRCC and particularly, MAGE-A3 may serve as a potential prognostic marker for ccRCC patients. 
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Introduction

Renal cell carcinoma (RCC) represents the 
most common malignancy of the adult kidney 
and comprises 2-3% of all malignant tumors in 
adults [1]. Annual estimates of newly diagnosed 
cases of RCC have been increasing gradually 
over recent years [2]. Clear cell RCC (ccRCC) 
accounts for approximately 85% of RCC [3]. 
However, ccRCC possesses a high metastatic 
potential, and the prognosis of ccRCC patients 
is very poor [4]. Furthermore, ccRCC is resis-
tant to conventional therapies such as radia-
tion and chemotherapy [5], underscoring the 
urgent need for novel prognostic biomarkers 
and therapeutic targets. 

RCC is regarded as one of the most immune 
responsive cancers and has well-documented 
responses to some cytokines such as interleu-

kin-2 and interferon-α [6, 7]. However, the over-
all efficacy of such nonspecific immunotherapy 
is limited; therefore, cancer-specific immuno-
therapy may become a promising strategy for 
treating patients with RCC [8]. 

A key step in the development of cancer-specif-
ic immunotherapy for RCC is the implementa-
tion of vaccination strategies allowing for the 
consistent induction of immune responses to 
tumor antigens. In this respect, the choice of 
appropriate antigens, based on both the fre-
quency and the specificity of their expression in 
cancer tissues, is of paramount importance. 
Among tumor antigens identified to date, can-
cer-testis (CT) antigens have been recognized 
as a group of the most promising targets for 
cancer vaccines. CT antigens are encoded by 
CT genes. To date, more than 100 CT genes 
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have been identified [9]. CT antigens are named 
after their pattern of expression, as they are 
found in various types of cancers but only in 
testicular germ cells of normal adult tissues 
[10]. Because of this tumor-associated expres-
sion pattern, CT antigens have been the focus 
of attention as potential targets in immunother-
apy for cancer. Several therapeutic cancer vac-
cine trials of CT antigens such as MAGE-A3 and 
NY-ESO-1 have demonstrated the ability to 
induce cellular and humoral immune respons-
es as well as an excellent safety profile without 
evidence of clinical autoimmunity [11, 12]. The 
persistence of vaccine-induced B- and T-cell 
memory responses years after booster immuni-
zation has also been demonstrated [12]. 
Consequently, the National Cancer Institute in 
the USA has placed two CT antigens, MAGE-A3 
and NY-ESO-1, among the top 10 category of 
the Project for the Prioritization of Cancer 
Antigens [13]. 

Despite the attractiveness of CT genes in can-
cer-specific immunotherapy, the majority of 
them have not been investigated in ccRCC yet. 
Here, we analyzed the expressions of 6 CT 
genes, MAGE-A1, MAGE-A3, MAGE-A12, cTAGE-
1, cTAGE-2, and NY-ESO-1 in 105 ccRCC tissue 
samples to suggest these genes as potential 
vaccine targets in this immune responsive 
tumor. We also sought to assess the correlation 
between CT gene expression and clinicopatho-
logic characteristics to determine if any of 
these genes had potential prognostic value.

tem recommended by the American Joint 
Committee on Cancer, which showed T1-2 in 70 
cases and T3-4 in 35 cases. Using the Fuhrman 
grading system we classified tumor grade as 
follows: 65 cases were Fuhrman grade 1-2 (G1-2) 
and 40 were Fuhrman grade 3-4 (G3-4). All tumor 
samples and the paired adjacent normal tis-
sues that were more than 5 cm away from the 
tumor margin were freshly obtained during sur-
gery, subjected to snap-frozen in liquid nitrogen 
immediately after resection and then stored at 
-80°C until further use. The rest of the samples 
were subjected to routine pathology examina-
tion. Informed consent was obtained from each 
patient. The study protocol was approved by 
the institutional review board of Shengjing 
Hospital of China Medical University.

Reverse transcriptase-polymerase chain reac-
tion (RT-PCR)

Total RNA was isolated from 100 μg tissue 
samples using Trizol reagent (Invitrogen, CA, 
USA), and subsequently treated by DNase. The 
RNA samples were then stored at -80°C until 
further use. RT reaction was carried out in a 20 
μl volume system, containing 1 μg RNA, 10 μl 
2× buffer, 4 μl 25 mM MgSO4, 1 μl 10 mM 
dNTPs, 1 μl 22 u/μl AMV, 1 μl 50 μM Oligo-dT, 
and 0.5 μl 40 u/μl RNase inhibitor. 

The PCR system contained 3 μl cDNA, 2.5 μl 
10× PCR buffer, 2 μl dNTPs (2.5 mM), 0.2 μl 
Taq enzyme (5 u/μl), 0.2 μl of each primer, and 

Table 1. Primers and conditions of RT-PCR analysis

Genes Primers from 5’ to 3’ Annealing 
temperature

Cycle 
no. 

Product 
size (bp)

MAGE-A1 f: GGAGCACCAAGGAGAAGA 57°C 35 291
r: TGATGGTAGTGGGAAAGG

MAGE-A3 f: AGTCCGAGTTCCAAGCAG 53°C 35 239
r: GCAGGTGGCAAAGATGTA

MAGE-A12 f: GGAAGATGGCTGAGTTGG 53°C 35 214
r: AGGCAGGTGACAAGGATG

cTAGE-1 f: GGAGACCTACCGAAAGCG 53°C 35 303
r: TCAGATGAAGGCCAACCC      

cTAGE-2 f: GGAGACCTACCGAAAGCG 53°C 35 303
r: TCAGATGAAGGCCAACCC

NY-ESO-1 f: GAGCCGCCTGCTTGAGTT 53°C 35 245
r: AGCACTGCGTGATCCACATC

β-actin f: GTGGGGCGCCCCAGGCACCA 53°C 35 498
r: CTCCTTAATGTCACGCACGATTTC

Materials and methods

Patients and tissue samples

Tissue samples from 105 
ccRCC patients were collect-
ed in the Department of 
Urology of Shengjing Hospi- 
tal of China Medical Univer- 
sity between 2009 and 
2013. All the patients, 
including 42 women and 63 
men, were diagnosed with 
ccRCC for the first time and 
received surgical treatment. 
The median age of patients 
was 58 years (range 31-83). 
The pathologic stage of 
tumors was established in 
accordance with the tumor-
node-metastasis (TNM) sys-
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16.9 μl ddH20. The primers and the reaction 
conditions are shown in Table 1. Primers for 
target genes were designed based on GenBank 
sequences. PCR was carried out under the fol-
lowing conditions: initial denaturation for 3 min 
at 94°C followed by denaturation for 40 s at 
94°C, annealing for 1 min at variable tempera-
tures (Table 1), elongation for 1 min at 72°C, 
totally 35 cycles, and ending with a final 7-min 
elongation at 72°C. Electrophoresis was done 
by loading 10 μl of each sample on a 2% aga-
rose gel, and visualized by ethidium bromide 
staining using the Bio-Imaging System (Ultra-
Violet Products, Cambridge, UK). Positive 
expression was defined as those bands that 
electrophoresed with the expected size. ß-actin 
was used as a loading control.

Western blot

Tissue samples were lysed, homogenated and 
centrifuged for 15 min at 12,000 rpm at 4°C. 
The supernatant was defined as total protein 
and the protein concentration was determined 
by the Bradford assay (BioRad, CA, USA). Then, 
25 μg of total protein was separated on a 
10-20% SDS–PAGE and transferred onto a 
PVDF membrane (Millipore, MA, USA). The 
membrane was incubated with primary anti-
body overnight at 4°C followed by incubation 
with horseradish peroxidase-conjugated sec-
ondary antibody, and developed with the Super 
Signal West Dura Extended Duration Substrate 
kit (Pierce, IL, USA). The primary antibody to 
MAGE-A3 (mouse monoclonal antibody; Santa 
Cruz Biotechnology, CA, USA) was incubated at 
1:500 overnight then 1:2000 secondary anti-
body (horse anti-mouse antibody; Santa Cruz 
Biotechnology) was incubated for 2 h at room 
temperature. ß-actin was used as a loading 
control. 

Immunohistochemistry (IHC) 

Briefly, formalin-fixed paraffin-embedded tis-
sue sections were deparaffinized in xylene, 
rehydrated through graded concentrations of 
ethanol to distilled water, and treated in hydro-
gen peroxide for 10 min at room temperature to 
block the endogenous peroxidase activity. The 
sections were then subjected to antigen retriev-
al by microwave heating for 15 min in 10 mM 
citrate buffer, pH 6.0. Polyclonal antibody 
LS-B884 (LifeSpan BioSciences, WA, USA) 
against MAGE-A3 was used as the primary anti-
body. The sections were incubated overnight 
with anti-MAGE-A3 antibody at a concentration 
of 10 μg/ml at 4°C, followed by detection using 
PowerVision two-step histostaining reagent 
(Zhongshan Biotechnology, Beijing, China).

Statistical analysis

Statistical analysis was done with SPSS 16.0 
(SPSS Inc., IL, USA). Pearson x2 test was per-
formed to compare the correlation between 
disease stage, grade, and CT genes expres-
sion. P < 0.05 was considered statistically 
significant.

Results

The mRNA expressions of CT genes and the 
relationship with tumor characteristics

The mRNA expressions of 6 individual CT genes 
were analyzed in tumor samples and the paired 
adjacent normal tissues by RT-PCR. The most 
frequently expressed CT gene in ccRCC was 
MAGE-A3 (27.6%), followed by MAGE-A12 
(23.8%), NY-ESO-1 (21%), MAGE-A1 (20%), 
cTAGE-1 (17.1%), and cTAGE-2 (14.3%); (Table 
2). Examples of positive mRNA expression of 
each CT gene are shown in Figure 1. In con-

Table 2. The mRNA expressions of 6 individual CT genes correlated with disease stage and grade of 
ccRCC

Total MAGE-A1 positive MAGE-A3 positive MAGE-A12 positive cTAGE-1 positive cTAGE-2 positive NY-ESO-1 positive
ccRCC 105 21 (20%) 29 (27.6%) 25 (23.8%) 18 (17.1%) 15 (14.3%) 22 (21%)
Stage
    T1-2 70 15 (14.3%) 15 (14.3%) 18 (17.1%) 12 (11.4%) 10 (9.5%) 16 (15.2%)
    T3-4 35 6 (5.7%) 14 (13.3%)* 7 (6.7%) 6 (5.7%) 5 (4.8%) 6 (5.7%)
Grade  
    G1-2 65 13 (12.4%) 17 (16.2%) 15 (14.3%) 11 (10.5%) 9 (8.6%) 14 (13.3%)
    G3-4 40 8 (7.6%) 12 (11.4%) 10 (9.5%) 7 (6.7%) 6 (5.7%) 8 (7.6%)

*P = 0.045.
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trast, no CT gene expression was found in the 
paired adjacent normal tissues. In all 105 
ccRCC patients, 37 patients (35.2%) expressed 
at least one of 6 CT genes tested. Among them, 
5 patients (4.8%) expressed one CT gene. The 
other 32 patients (30.5%) expressed multiple 
CT genes. 

The relationship between CT gene expression 
and the clinicopathologic characteristics of the 
ccRCC samples in terms of tumor stage and 
degree are shown in Table 2. CT genes were 
expressed across all tumor stages and grades. 
Among 35 cases of T3-4 tumors, there were 14 
cases with positive MAGE-A3 mRNA expres-
sion, while only 15 out of 70 cases of T1-2. 
MAGE-A3 mRNA–positive cases were primarily 
found in advanced-stage (T3-4) tumors in a sta-
tistically significant fashion (P = 0.045). The 

other CT genes studied did not show any signifi-
cantly different distribution between tumor 
stages. We did not detect any significant corre-
lation between CT gene expression and tumor 
grade (P > 0.05). 

Protein expression of MAGE-A3 by Western 
blot and the relationship with tumor character-
istics

Western blot analysis revealed that MAGE-A3 
protein was expressed in 23 (21.9%) ccRCC 
samples (Figure 2). As expected, all of these 
samples were previously found to be positive 
for MAGE-A3 mRNA expression. There was no 
MAGE-A3 protein expression found in the 
paired adjacent normal tissues.

Figure 1. Examples of positive expression of each CT gene detected by RT-PCR in ccRCC. M: marker; N, N2: adjacent 
normal tissues.

Figure 2. Expression of MAGE-A3 protein detected 
by Western blot in ccRCC. T1-T3: cancer tissues; N1, 
N2: adjacent normal tissues.

Table 3. MAGE-A3 protein expression by 
Western blot correlated with disease stage 
and grade of ccRCC

Total MAGE-A3 protein positive
ccRCC 105 23 (21.9%)
Stage
    T1-2 70 11 (10.5%)
    T3-4 35 12 (11.4%)*
Grade
    G1-2 65 13 (12.4%)
    G3-4 40 10 (9.5%)
*P = 0.03.
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results of some previous reports [14, 15]. Over 
1/3 patients expressed at least one CT gene 
tested. There was a tendency that the mRNA 
expressions of these 6 CT genes appeared to 
be clustered. Among 37 CT mRNA–positive 
cases, 32 expressed multiple CT mRNAs simul-
taneously. This pattern was also found in mela-
noma, breast cancer, colon cancer, non-small-
cell lung cancer and bladder cancer [16-19]. 
This clustering phenomenon may be related to 
the activation/de-repression process for CT 
genes in cancer. For instance, hypomethylation 
state in cancer cells might induce the activa-
tion of otherwise silent CT genes [17]. It is also 
possible that activation of a single CT gene 
could be the switch for activating other CT 
genes [16].

Among 6 CT genes studied, we were particular-
ly intrigued by the expression of MAGE-A3. The 
MAGE-A3 gene encodes a 46 kDa protein that 
has been mapped to q28 of the X-chromosome. 
MAGE-A3 is of particular interest in tumor 
immunology since it is expressed in a wide vari-
ety of cancers and in a very restricted number 
of normal tissues. Lonchay et al. found that 
MAGE-A3 gene was one of the most commonly 
expressed CT genes in malignancies [20]. In 
the present study, we also found that MAGE-A3 
showed the highest mRNA expression frequen-
cy (27.6%) in ccRCC samples among the 6 CT 
genes studied. Furthermore, we observed that 
the mRNA expression of MAGE-A3 in T3-4 ccRCC 
samples was much higher than that in T1-2 sam-
ples. There was a significant correlation 
between MAGE-A3 mRNA expression and 

The expression pattern of MAGE-A3 protein is 
summarized in Table 3. We detected a signifi-
cant correlation between MAGE-A3 protein 
expression and advanced stages of the tumor 
(P = 0.03): tumor samples from advanced stag-
es (T3-4) showed a higher expression frequency 
of MAGE-A3 protein. We did not detect any sig-
nificant correlation between MAGE-A3 protein 
expression and tumor grade (P > 0.05).

MAGE-A3 protein expression confirmed by IHC

Five ccRCC samples that had positive MAGE-A3 
mRNA/protein expression and 5 samples that 
had negative mRNA/protein expression were 
stained by IHC. The expression pattern was het-
erogeneous, ranging from focal to diffuse 
immunoreactivity. As shown in Figure 3, 
MAGE-A3 expression showed an exclusively 
cytoplasmic staining pattern in all of the 5 sam-
ples with positive MAGE-A3 expression, and as 
expected, no expression was observed in the 
other 5 negative samples.

Discussion

In this study, we determined the expression 
profile of 6 CT genes including MAGE-A1, 
MAGE-A3, MAGE-A12, cTAGE-1, cTAGE-2, and 
NY-ESO-1 in 105 ccRCC tissue samples as well 
as the paired adjacent normal tissues. Using 
RT-PCR, we found that the mRNA expressions 
of 6 individual genes can be detected with vari-
ous frequencies across all tumor stages and 
grades in ccRCC samples but not in the adja-
cent normal tissues, which was similar to the 

Figure 3. Immunohistochemical staining of MAGE-A3 protein in ccRCC. Panels refer to representative sections show-
ing positive cytoplasmic staining (A) and negative staining (B). Original magnification is ×200.
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carried out, with promising results observed in 
several studies [12, 28, 29].

However, the high disease burden and associ-
ated immunosuppressive tumor environment 
are believed to represent the important obsta-
cles limiting the efficacy of the induced immune 
response from cancer vaccines. Multi-antigen 
vaccines might be a benefit in this case by elic-
iting more effective T-cell responses and limit-
ing the potential for positive-selection of anti-
gen-negative tumor cells that may ‘escape’ CTL 
killing [10, 16, 30]. The characterization of CT 
antigens expression pattern in a particular type 
of tumor may be of critical importance in devel-
oping multi-antigen vaccines for active specific 
immunotherapy. In this study, instead of analyz-
ing selected antigen, we evaluated a broad 
panel of CT genes. Our data about the expres-
sion profile of CT genes in ccRCC could be par-
ticularly useful for the targeting of therapeutics 
in the form of multi-antigen vaccine prepara-
tions in active specific immunotherapy for 
ccRCC.

Taken together, the present study determined 
the expression profile of 6 individual CT genes 
in tissue samples of ccRCC. No expression of 
CT genes was detected in the paired adjacent 
normal tissues. Therefore, CT genes may serve 
as promising targets of specific immunotherapy 
for ccRCC, especially based on multi-antigen 
vaccine preparations. Furthermore, we obser- 
ved a significant correlation between MAGE-A3 
expression at both mRNA and protein levels 
with advanced stages of the disease. MAGE-A3 
thus may serve as a potential prognostic mark-
er for ccRCC patients. 
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advanced stages of the disease (P = 0.045). 
This is consistent with previous reports that 
increased CT antigen expression was associat-
ed with more aggressive diseases, or advanced 
stages of disease [21, 22]. Therefore, the 
expression of MAGE-A3 may have potentially 
prognostic as well as therapeutic value for 
ccRCC patients. 

Since the expression of tumor antigen at pro-
tein level is a prerequisite for design of a thera-
peutic vaccine, we further explored the protein 
expression of MAGE-A3 gene using Western 
blot and immunohistochemistry. This is of par-
ticular importance, as discrepancies have been 
reported between mRNA and protein expres-
sion levels in previous studies of CT genes [23, 
24]. In the present study, we detected that the 
MAGE-A3 protein was also expressed in 23/105 
(21.9%) ccRCC samples with a cytoplasmic 
staining pattern and was primarily found in 
advanced-stage (T3-4) tumors in a statistically 
significant fashion (P = 0.03), which was consis-
tent with its mRNA expression pattern. However, 
the microarray study by Jungbluth et al. showed 
that none of MAGE-A genes examined was 
expressed in RCC [25]. Some authors pointed 
out that they preferred full sections of tumor 
tissue rather than tissue microarray samples 
because of the heterogeneous expression of 
CT genes in different tumor areas [24]. 
Therefore, these conflicting data can be 
explained by differences in the sensitivities of 
the techniques employed or patient groups, 
emphasizing the need for additional studies to 
evaluate the potential of CT genes as biomark-
ers and candidate vaccine antigens for ccRCC.

Immunogenicity of MAGE-A3 has been demon-
strated in clinical trials, including the induction 
of both cellular and humoral immune respons-
es and the persistence of memory responses 
years after booster immunization [11, 12]. 
Furthermore, some recent data suggested that 
CT antigens may be predominantly expressed 
on cancer stem cells [26, 27]. Therefore, elimi-
nation of CT antigen-positive cells may be 
effective at eradicating the tumor. These unique 
features of MAGE-A3, such as its frequent 
expression in tumors but very restricted expres-
sion in normal tissues, as well as its spontane-
ous immunogenicity, rank it among the most 
attractive targets for cancer vaccines. Multiple 
clinical trials using MAGE-A3 antigen have been 
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