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Abstract. Cancer immunotherapy has become one of the 
most important therapeutic approaches to cancer in the past 
two decades. Tumor antigen-derived peptides have been 
widely used to elicit tumor-specific cytotoxic T lymphocytes 
(CTLs). Antigen-specific CTLs induced by MAGE-derived 
peptides have proven to be highly efficacious in the prevention 
and treatment of various types of tumor. MAGE-n is a new 
member of the MAGE gene family and has been shown to be 
closely associated with hepatocellular carcinoma. It is highly 
homologous to the MAGE-A gene subfamily, particularly to 
MAGE-3 (93%). MAGE-n-derived peptide QLVFGIEVV is a 
novel HLA-A2.1-restricted CTL epitope that induces MAGE-
n-specific CTLs in vitro. Identification of these CTL epitopes 
may lead to clinical applications of these peptides as cancer 
vaccines for patients with MAGE-n+/HLA-A2+ tumors. In the 
present study, HLA-A/A24-restricted CTL epitopes of antigen 
MAGE-n were predicted using the NetCTL1.2 Server on the 
web, COMB >0.85. The results showed that the NetCTL1.2 
Server prediction method improved prediction efficacy and 
accuracy. Additionally, 8 HLA-A2- and 9 HLA-A24-restricted 
CTL epitope candidates (nonamers) derived from the tumor 
antigen MAGE-n were predicted. These nonamers, following 
identification via experimentation, may contribute to the 
development of potential antigen peptide tumor vaccines.

Introduction

Recent studies have shown that tumor antigens, particularly 
tumor-specific antigens, which induce tumor-specific cytotoxic 

T lymphocytes (CTLs) and damage tumor cells, are a signifi-
cant component of tumor vaccines. Epitope peptide vaccine has 
been of particular interest as it induces specific CTL in vitro 
and in vivo in order to kill target cells. Previously, a number 
of human genes that code for tumor antigens identified by 
autologous CTLs were isolated (1,2), and the epitopes derived 
from these tumor antigens were further identified to serve as 
targets for CTLs in the context of HLA class I molecules (3). 
MAGE-n is a newly identified member of the MAGE gene 
family which was first reported by our laboratory (Genebank, 
locus no. AF443295) (4), and was also found to be highly 
homologous to MAGE-A subfamily genes. Since HLA-A2/
A24 is one of the most frequently expressed molecules in the 
Chinese population (5,6), it is crucial to identify the tumor 
antigen epitopes which are presented by HLA-A2/A24 and to 
induce epitope-specific CTLs against tumor cells. The present 
study reported a simple and efficient bioinformatics method 
to identify candidate HLA-A2/A24-restricted CTL epitopes 
from the tumor antigen MAGE-n.

Materials and methods

MAGE-n (316 aa) was selected as the antigen of interest 
in this study. The amino acid sequences of the tumor 
antigen were obtained from the Genbank database: 
MSLEQRSQHCKPEEGLEARGEALGLVGAQAPATEE 
QEAASSSSTLVEVTLGEVPAAESPDPPQSPQGASSLP 
TTMNYPLWSQSYEDSSNQEEEGPSTFPDLESEFQ 
A A LSR KVA ELV H F LLLKY R A R EPF T K A EM LGS 
V I R N F Q D F F P V I F S E A S E Y L Q LV F G I E V V E V V 
RIGHLYILVTCLGLSYDGLLGDNQIMPKTGFLIIVLV 
MIAMEGGHAPEEEI W EELSVMEVYDGR EHSAY 
GEPR K LLTQDLVQEKY LEY RQV PDSDPA RY EF L 
WGPRALAETSYVKVLEYVIKVSARVRFFFPSLREAA 
LREEEEGV.

Methods. HLA-A/A24-restricted CTL epitopes of antigen 
MAGE-n were predicted using the NetCTL1.2 Server on the 
web. The NetCTL1.2 Server (http://www.cbs.dtu.dk/services/
NetCTL) was used for CTL epitope prediction according to the 
following steps: i) input (paste) the MAGE-n protein sequence 
in the ʻSubmissionʼ window, ii) select A2/A24 (HLA-A2/
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Figure 1. The web page of the NetCTL-1.2 Server epitope prediction.

Table II. HLA-A24-restricted epitope prediction results derived from MAGE-n.

ID Sequence pep aff aff_rescale cle tap COMB

156 EYLQLVFGI 0.7953 1.6935 0.2612 0.6670 1.7661
195 IMPKTGFLI 0.6701 1.4269 0.0687 0.6150 1.4679
293 VSARVRFFF 0.5493 1.1698 0.1103 2.7550 1.3240
  97 TFPDLESEF 0.4816 1.0254 0.9542 2.7200 1.3045
  76 NYPLWSQSY 0.3996 0.8510 0.9783 3.2470 1.1601
142 NFQDFFPVI 0.4356 0.9276 0.7956 0.8390 1.0889
138 SVIRNFQDF 0.3807 0.8106 0.5758 2.7650 1.0353
282 SYVKVLEYV 0.4190 0.8923 0.4156 0.7200 0.9906
113 VAELVHFLL 0.3159 0.6727 0.9570 1.0260 0.8676

ID, protein identifier; sequence pep, peptide sequence; aff, predicted MHC binding affinity; aff_rescale, rescale binding affinity; 
cle, C terminal cleavage affinity; tap, TAP transport efficiency; COMB, prediction score.

Table I. HLA-A2-restricted epitope prediction results derived from MAGE-n.

ID Sequence pep aff aff_rescale cle tap COMB

201 FLIIVLVMI 0.6883 1.0260 0.9554  0.4980 1.1942
176 YILVTCLGL 0.6209 0.9255 0.9451  1.1290 1.1237
289 YVIKVSARV 0.6177 0.9208 0.9484  0.3350 1.0798
108 ALSRKVAEL 0.5660 0.8437 0.9285  1.2680 1.0464
174 HLYILVTCL 0.5486 0.8178 0.9762  1.0400 1.0163
158 LQLVFGIEV 0.5876 0.8760 0.4210  0.3600 0.9571
276 RALAETSYV 0.5436 0.8103 0.1751  0.4840 0.8608
  24 GLVGAQAPA 0.5000 0.7453 0.9252 -0.5690 0.8556

ID, protein identifier; sequence pep, peptide sequence; aff, predicted MHC binding affinity; aff_rescale, rescale binding affinity; 
cle, C terminal cleavage affinity; tap, TAP transport efficiency; COMB, prediction score.
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A24) from the ʻSupertypeʼ menu, iii) enter 0.15, 0.05, 1.0 
in the ʻWeight on C terminal cleavage ,̓ ʻWeight on TAP 
transport efficiencyʼ and ʻThreshold for epitope identificationʼ 
windows, respectively, iv) select Combined score from the 
dropdown menu of ʻSort by score ,̓ and v) Submit to run the 
remote forecast. The predicted value includes the ID (protein 
identifier), sequence pep (peptide sequence), aff (predicted 
MHC binding affinity), aff_rescale (rescale binding affinity), 
cle (C terminal cleavage affinity), tap (TAP transport 
efficiency) and COMB (prediction score). According to the 
characteristic property, the greater the COMB, the higher 
the specificity of the predicted result; 0.85 was selected as 
the threshold. Finally, the candidate HLA-A2/A24-restricted 
CTL epitope peptides were obtained by excluding the peptides 
already confirmed from the prediction results.

Results

The NetCTL-1.2 prediction values of all possible nonamers of 
a given protein sequence were added together. The peptides of 
each protein were selected for further analysis. The primary 
predicted epitopes were compared to those of previous studies 
(7-9). It was found that the 4 reported HLA-A2-restricted 
CTL epitopes, i.e., MAGE-1278-286(KVLEYVIKV), MAGE-
3278-286(KVAELVHFL), AGE-3271-279(FLWGPRALV) and 
MAGE-n159-167(QLVFGIEVV) were eliminated from the 
NetCTL-1.2 prediction results. The epitopes with COMB 
scores <0.85 were eliminated from the prediction results. A 
total of 8 HLA-A2- and 9 HLA-A24-restricted CTL epitope 
candidates (nonamers) derived from the tumor antigen 
MAGE-n were predicted. The results of predicted epitopes 
are shown in Tables I and II, i.e., that the NetCTL1.2 Server 
prediction method improved prediction efficacy and accu-
racy.

Discussion

Recently, with the innovation of immunology methodology, 
the molecular mechanisms of tumor antigen presentation 
and CD8+ T-cell activation have been gradually elucidated. 
Tumor antigens and their coding genes have been identified 
in a consecutive manner. The breakthrough in theoretical 
tumor immunity has accelerated the development of 
vaccines targeting tumor antigens. The induction of antigen-
specific CTLs has been suggested to be highly efficacious 
in the prevention and treatment of various types of tumor. 
Induction of potent anti-tumor CTL responses results in the 
regression and prevention of metastasis formation, as shown 
in experimental model tumor systems (10,11). Thus, efforts 
towards the development of cancer immunotherapy have 
recently focused on the generation of tumor-specific T-cell 
responses.

Epitope prediction was recently conducted in tumor 
antigen specificity for CTL epitope identification in a majority 
of studies. Approximately 120 CTL epitopes presented by 
HLA-A, B and C molecules were reported (12), and various 
epitopes were used as peptide vaccines in animal and clinical 
experiments (13,14). Schirle et al reported that two new 
CTL epitopes of gastrointestinal tumors were identified by 
epitope prediction combined with acid elution methods (15). 

Dong et al found that MAGE-n-derived peptide QLVFGIEVV 
was a new HLA-A2.1-restricted CTL epitope that induces 
MAGE-n-specific CTLs in vitro (9). Identification of these 
CTL epitopes allows for clinical applications of these peptides 
as cancer vaccines for patients with MAGE-n+/HLA-A2+ 
tumors. Our previous study showed that the combination of 
MAGE-3 and MAGE-n epitopes induced more effective anti-
tumor immune responses than either of the peptides alone 
(16). In addition, the peptide-specific activity was observed to 
be in a MHC-restricted manner. This study suggested that the 
combination of a number of tumor antigen-derived peptides is 
more efficacious as a peptide-based cancer immunotherapy.

The combination of epitope prediction, epitope recon-
struction and immunological methods improves the efficacy 
and accuracy of CTL epitope studies (9). The identification 
of human tumor-rejection antigens and CTL epitopes of these 
antigens allows for the development of new cancer vaccines 
since patients are likely to benefit from immunization with an 
identified CTL epitope. Among the identified tumor-rejection 
antigens, MAGE gene products are of particular interest due 
to their wide expression in various types of tumor and their 
potential to induce tumor-specific CTL responses. A previous 
study showed that a vaccine with 5 common HLA-I-restricted 
epitopes was beneficial in 80-90% of patients (17). It was also 
found that 8-9 common HLA-I-restricted epitopes may exhibit 
benefical effects on patients worldwide (17). The identifica-
tion of the HLA-A2-restricted CTL epitopes from melanoma 
antigen MAGE-n is crucial. In the present study, the HLA-A2/
A24-restricted CTL epitopes of MAGE-n were predicted 
using the methods from the NetCTL1.2 Server. These 
candidate epitopes were selected for further immunology 
experiments. The results showed that the NetCTL1.2 Server 
prediction method improves prediction efficacy and accuracy. 
These nonamers, following identification through experimen-
tation may contribute to the development of potential antigen 
peptide tumor vaccines.
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