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Abstract Objective To predict the HLA—-A2-restricted CTL epitopes from melanoma antigen MAGE—-12. Meth-
ods HLA—-A2-restricted CTL epitopes of MAGE—-12 were predicted by peptide supermotif prediction combined

quantitative motif and extended motifs. Results Five HLA—-A2—restricted CTL epitope candidates derived from the

tumor antigen MAGE-12 were selected. Conclusion The combination of supermotif, quantitative motif and ex-

tended motifs can improve the prediction efficiency. The predicted epitopes provided useful hints to probe epi-

topes in MAGE-12 by experiments.
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with the innovation of immunology

Recently,

methodology, molecular mechanisms of tumor
antigen presentation and CD8* T cell activation have
been gradually elucidated. Tumor antigens and their
coding genes were identified successively. The break-
through in theoretical tumor immunity accelerated the
development of vaccine targeting on tumor antigen.
The induction of antigen—specific CTL has been sug-
gested to be highly efficacious in the prevention and
treatment of various types of tumors. As it can induce
specific CTL in vitro and in vivo to kill target cells,
epitope peptide vaccine has been of particular inter-

ests. MAGE-12,

(MAGE) gene family, which is expressed in most ma-

a member of melanoma antigen

lignant tumors instead of normal tissues except for
testis and placenta, has been used as an ideal target for
tumor immunotherapy. In view of the fact that HLA-
A2 is one of the most frequently expressed molecules
in China ™.It is very valuable to identify the tumor

antigen epitopes which are presented by HLA—A2 and
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able to induce epitope —specific CTL against tumor
cells. In this study,

bioinformatics method to identify candidate HLA-A2

we report a simple and efficient

restricted CTL epitopes from the tumor antigen
MAGE-12.

MATERIALS AND METHODS

Materials
MAGE-12 (314aa) was selected as objective anti-
gens in this study. The amino acid sequences of the

tumor antigen were quoted from GENBANK database:

MPLEQRSQHC KPEEGLEAQG EALGLVGAQA
PATEEQETAS  SSSTLVEVTL  REVPAAESPS
PPHSPQGAST  LPTTINYTLW  SQSDEGSSNE
EQEGPSTFPD  LETSFQVALS RKMAELVHFL
LLKYRAREPF  TKAEMLGSVI  RNFQDFFPVI
FSKASEYLQL  VFGIEVVEVV ~ RIGHLYILVT
CLGLSYAGLL  GDNQIVPKTG  LLIIVLAIIA
KEGDCAPEEK IWEELSVLEA  SDGREDSVFA
HPRKLLTQDL VQENYLEYRQ VPGSDPACYE
FLWGPRALVE  TSYVKVLHHL LKISGGPHIP
YPPLHEWAFR EGEE

Methods

SYFPEITHI prediction HLA-A2-restricted CTL epi-
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Tablel Coefficients of the polynomial method (HLA-A2)

1

-

Res 1 2 3 4 5 6 7 8 9
A 238 322 .28 266 289 27 235 307 247
C 29 150 -258 -19 -320 -222 297 -237 -150
D 369 -150 -346 -271 -226 -263 -361 303 -150
E 364 150 -351 265 339 341 321 263 -150
F -189 -150 -235 -25 -134 243 218 171 -150
G -232 150 304 -263 -256 -23 313 29 -150
H -267 -150 -258 -258 -205 -332 -313 -216 -150
I -165 -255 28 344 274 279 22 269 21
K 251 -150 -365 -293 334 377 -297 327 -150
L -232 17 209 249 271 263 262 -201 274
M 039 -139 -179 -301 -343 -138 -133 097 -29
N 312 150 -331 -222 236 -23 314 331 -150
P 361 -150 297 264 -242 -231 -183 242 -150
Q 27 -150 -231 -263 -306 -284 -212 -305 -150
R -192 -150 -341 -261 -305 -376 -243 302 -150
S -239 -150 -204 212 283 304 273 202 -150
T 28 358 -26 -248 -217 -258 -267 -314 31
Vo -244 264 -268 -329 -249 225 -268 -28 -17
w 014 -150 -101 -294 177 -277 -28 213 -150
Y 146 -150 -167 -27 -192 -239 -135 337 -150

topes of MAGE —12 were SYFPEITHI prediction ac-

231 Database re-

cording to previous study methods
trieval can be performed on any HTML—-browser sup-
porting JavaScript. The main page of the database
offers three

sections: Find Your Motif, Epitope prediction and In-

(http://www.uni —tuebingen.de/uni/kxi/)

formation.  After a preselection of one or multiple
MHC-types, the Epitope prediction section allows the
user to predict candidate epitope from protein or its
gene, the restriction element are available. The HLA—
A*0201 type was chosen from the frame of Select
MHC type.

chosen from the frame of Choose a nonamer due to

In this study, the nonamers (9aa) were

the typical length of a class I ligand comprised 9
amino acids (nonamers). Following the amino acid se-
quences of the tumor antigen was inputted, the epitope
prediction program was processed immediately. The
values of all possible nonamers of a given sequence
were added together and the fifteen high—scoring pep-
tides of the antigen was selected as optimal T cell epi-

tope for further study.

Polynomial method analysis The basic premise of this
method is independent binding of individual side —

chains (IBS) ™. When residue R occurs at position i in
the peptide, it is assumed to contribute a constant
amount Ri to the free energy of binding of the peptide
irrespective of the sequene of the rest of the peptide.
Parameters Ri are estimated from a training set of 161
peptides by a method analogous to that used by epi-
demiologists to calculate risk factors for developing a
disease . All peptides in the training set contain the
canonical motif for HLA-A2.1,
tain the "correct"
and 9).

positions),

so that they all con-
residue at the anchor positions (2
For i other than 2 and 9 (for the non—anchor
the average negative logl0 of IC50 of all
the peptides carrying R at position i is calculated and
The values of the Ri
terms of HLA—-A2 specificity are shown in Table 1.

used as the estimate of Ri .

To calculate the polynomial method score of peptides
in this study, the Ri values corresponding to the se-
quence of the given peptide were added together. If
this sum exceeded a chosen threshold, the peptide was
predicted to bind. The threshold was chosen as the
number that gave a relatively clean separation between
binders and non-binders in the training set. In the pre-
sent study the threshold was —24.

Coefficients of the polynomial method. For each of
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Y Y S Y
Good binding F F T F
W W C W A P
L1 (2] (3] (4 (5] Le] (7] [8] [9]
D D R D
No binding E E K E
P R R
K H K
H H

Fig 1 Residues associated with good binding or no binding to HLA-A2 molecules in 9-mer peptides

Table 2 The result of MAGE-12 epitope prediction by SYFPEITHI combined with polynomial methods

& &pos Secqquence SYFPEITHI Score Coefficients
Score
112 KMAELVHFL 29 -21.89
201 LLIIVLAIL 28 22.52
108 ALSRKHAEL 27 -21.17
200 GLL I 1vLAI 27 -2233
271 FLYGPRALY 27 -19.47
174 HLY ILYTCL 26 -22.22
220 K I'WEELSVL 26 2301 A: the epitopes were reported, A:
159 QLVFGIEVY 25 22.70 the prediction epitopes whose
188 GLLGONG 1Y 25 -2004 polynomial scores were less than
176 ¥ ILYTCLGL 24 -22.10 -24.
181 CLGLSYAGL 23 -23.44
194 QIVPKTGLL 23 2443
153 KASEYLOLY 22 -20.30
285 KYLHHLLK | 22 2249
15 GLEAQGEAL 21 2457

the 20 amino acid residues, the amount they contribute
to the polynomial score is shown (for all nine posi-

tions in which they may occur).

Extended motifs method amalysis Potential binders
for various MHC class I molecules are ranked accord-

ing in the presence of primary and secondary anchor

amino acids as well as favored and disfavored amino

(Fig 1).
ondary anchors compose extended motifs ™.

acids Those with primary anchors and sec-
Then
perfect HLA-A2.1-binding epitopes were screened out
from the primary predicted epitopes. The screening
principle was that candidate epitopes didnt include

disfavored amino acid residues or favored amino acid
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residues were more than disfavored amino acid

residues.

RESULTS

SYFPEITHI prediction

The SYFPEITHI prediction values of all possible non-
amers of a given protein sequence were added together
and the fifteen high—scoring peptides of each protein
were selected for further analysis. Scores for all pre-
dicted epitopes specifically for HLA-A*0201 are giv-
en in Table 2. The SYFPEITHI predicted scores of
these epitopes were usually higher than 20.

Polynomial method analysis

The primary predicted epitopes were compared with
epitopes that were demonstrated in previous research.
Three reported HLA —A2 restricted CTL epitopes
MAGE -3y 50 (LLIIVLAID), MAGE -3, 5 (FLWG-
PRALYV), MAGE —n 5 _; (QLVFGIEVV), were elimi-
nated from the SYFPEITHI prediction results™. The
epitopes which polynomial scores less than —24 were
eliminated from the prediction results. Result, ten epi-
topes were selected for further extended motifs method
analysis. The polynomial scores of predicted epitopes

are shown in Table 2.

Extended motifs method analysis

Based on analysis for affect of other amino acid
residues on affinity of peptide binding with HLA-A2
molecule, five 9—mer peptides (ALSRKMAEL x_,
GLLIIVL ALy 20s, HLYILVTCL,4 35 GLLGDNQIV 15
% CLGLSYAGL,3_g) were screened from above ten
candidate epitope for further study.

DISCUSSION

Recent studies show that tumor antigens, especially
TSA, which can induce tumor—specific CTL and dam-
age tumor cells, are a major component of tumor vac-
cines. Induction of potent anti—tumor CTLs responses
can result in regression and prevention of metastasis
formation, as demonstrated in experimental model tu-

mor systems ™. Thus, efforts towards the develop-

ment of cancer immunotherapy have recently focused
on the generation of tumor—specific T cell responses.

The epitope prediction has been carried in tumor
antigen specificity for CTL epitope identification in
most studies recently. About 120 CTL epitopes pre-
sented by HLA—-A, B, C molecules have been reported
in recent study™ and some epitopes have been used as
peptide vaccine in animal and clinical experiments/2",
Schirle et al. reported that two new CTL epitopes of
gastrointestinal tumor were identified by epitope pre-
diction combined with acid eluted methods"*. My col-
league found that MAGE -n —derived peptide
QLVFGIEVV was a new HLA—-A2.1 —-reatricted CTL
epitope capable of inducing MAGE —n specific CTLs
in vitro™, Identification of these CTL epitopes opens
up the possibility of clinical applications of these pep-
tides as cancer vaccines for patients with MAGE—-n+/
HLA-A2+ tumors.

The combination of epitope prediction, epitope re-
construction method and immunological methods can
improve the efficiency and accuracy of CTL epitope
studies ™. The identification of human tumor-rejec-
tion antigens and the CTL epitopes of these antigens
make it possible to develop new cancer vaccines be-
cause 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 owing to their wide expression in
many tumors and their potential to induce tumor—spe-
cific CTL responses. Recent studies showed" that a
vaccine with five common HLA -I restricted epitopes
had function on 80~90% people and that with eight to
nine common HLA-I restricted epitopes had function
on almost all the people in the world.
able to identify the HLA—-A2-restricted CTL epitopes

It is very valu-

from melanoma antigen MAGE—-12.

The epitope prediction were constructed by immu-
nologists in recent decades, In this study, the HLA-A2
restricted CTL epitope of MAGE —-12 were predicted
by the methods of the combination of supermotif,
quantitative motif and extended motifs. Polynomial
method is based on statistical parameter estimation as-
suming independent binding of the side —chain of

residues ™, Its sensitivity and positive predictive value
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are better than the simple motif . This and other '+
independent binding site methods that assign a score to
a peptide have been called quantitative motifs .

Threshold is an integral part of the polynomial
method. In the above analysis the threshold was set to
—24. An extended motif taking into account secondary
anchors increased the predictability of HLA —A2.1 —
binding epitopes to a level of 70%, underscoring the
practical usefulness of extended motifs ™. Then perfect
HLA —-A2.1 -binding epitopes were screened by ex-

tended motifs out from the primary predicted epitopes.
In this study, 5 candidate epitopes were selected for
further immunology experiments by the peptide super-
motif prediction combined, quantitative motif and ex-

tended motifs.
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