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Abstract

AIM: To detect the naturally processed antigenic peptides
of melanoma antigen gene (MAGE) in tissues of hepato-
cellular carcinoma (HCC) by the technology of mass spec-
trometry (MS) and the strategy of differential analysis.

METHODS: Epitope prediction was performed to select
HLA-A2-restricted protein sequence of MAGE-1 and
MAGE-3 (theoretic peptides) to serve as the targets for
MS screening. Peptides were isolated by mild acid elu-
tion from the surfaces of HCC cells and non-neoplastic
liver cells, which were obtained from the same patient with
HCC. Then the mixtures of peptides were fractionated by
HPLC and a differential comparison was made between
the two kinds of cells. Finally, the fractions contained tu-
mor-specific peptides were analyzed by MS.

RESULTS: Eighty target peptides were selected after epitope

prediction. Two naturally processed peptides of MAGE anti-
gen were detected from HCC samples: FLWGPRALV
(MAGE-3,71.270) and FPSLREAAL (MAGE-1,4, 302). They were
from peak 45.246 and 34.801, and the m/z was 1 058.49
and 1 003.62 respectively.

CONCLUSION: It is the first evidence that naturally pre-
sented peptides of MAGE antigen can be isolated and
identified from the tumor tissues. MS-based approach can
determine naturally processed peptides of tumor antigen
rapidly and precisely, which is important in epitope identi-
fication and vaccine designation.

Key Words: Cancer/testis antigens; Epitope; High per-
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BHY: AR AR R B AT £ AR T ik, AT RAR
P f K 209 2 & F 9% 3R A B (melanoma antigen gene
MAGE) &AL #4752 457

ik AT fa o An 5 o T T8 AT 4a BB B ) 1460 BT 9% %6
BB ER ek ik oy BT S dm e T4 RO T R RO A A
AL TR ok Beit B HLA—A2 FR4) 49 MAGE—1, MAGE—3 3
AR 3 IRAE A R T ik B AR R 88 BR 2k 4 ik AT R 4w
oL Fe BT 40 Ao, B o 35 AR, 3X SR AT R 4m e e BT dm Bl AR
kB FE BT ES KRB R HPLC 4 & 4 4LiX S ik
B, = fm e e BB (fractions) 4T £ 7 IW &L,
Pk BB A b 60 BB AT R AT

GER- 2 R AT, FRik b 80 £ B ARAK AT 5 fm A
T P A 24 B A 218 69 MAGE# R B FLWGPRALV
(MAGE—357_270)%7 FPSLREAAL (MAGE— 104 300), oAl
23k B HCC #99% 45.246 245 34 801, m/z 53 H
1 058.49 #2 1 003.62.
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J& s (hepatocellular carcinoma, HCC) &%
JIBE MR 2 —, B R T AR WX . BLIHCC T
ARVGRIT R RAE, ik BHHCCYR T ROR XA, 1t Tk
ISP, HCCARJA M R Fwmy, & U5 A
JRR 2 iR T BERE AR KL AL Bress kS
A AACHI DX 7398 A 20 IR T 40 I, S BRAR I BT R I T
T-B. IR 5 e Mk BPUFI—BI A7 (epi topes)
ST 98 98 T 11— AN SR BOD IR UYL BRI, AR i
iR A S o R TR UK I, i A
H B IE 9k Iy, 10 H 8 A A AN BE B IE OV IR 4R
IR R RIS PIUE, XML 2i B AR a1
PN EEAT B AR, 5 % & BRI ] 5 . FRATTAI
RALIM W — BT FH AN 22 e LU IR 7%, 6k JH 9
HArh AR R B A0 BRI (melanoma an—
tigen gene, MAGE) A7 HEAT H AN 45 5.

1 #RRTSE

1.1 M8 ¥ B . Na,HPO, A1 NaOH I [ Ak 534k 27 24 7).
(OISR M =R EIR . LIEW A Sigma A 7. E@IE O
i (Centriplus YM-3 %)y H Millipore 24 7). C-18
Spe—Pak £ (£ #LAY) ) H Waters A 7). Trizol W FH]
HInvitrogen/w). A2V B 1491 55 PE e 1 3% (HLA-
A2, 32;-B38, 67), /Mg T AN, EHiL10 cm.
165 g MR ZIUR 180 g J&] [H TGI8 ¥ 1E % 41 234 1)
TUIRHZSERIFH0°C PBS LR . W RE 4 i A0
T 96 T 40 B 1) 4 25 e 988 40 Bt R0 A 988 JHF 40 it ) FH P LARG 72
HE . AEH B IS, ARG /e MW _E iR wt
BE, 500 r/min X 5 min 2.0 3K, FE3KE 6 X 10°
T 93 40 LR 8 X 10° JHF 4 .

1.2 mRNAZE A ¢ 5 M Trizolik#] (Invitrogen)
PO RNA. FH Superscript 1T W% 5%8E (Gibeo)
oligo dT (Promega) 47 |#)# 1 cDNA. PCR 7|91k A A
MM T, AU :MAGE-1:5" CGG CCC AAG GAA
CCT GAC CCAG-3’ (CHO-14)and 5’ GCT CGA ACC CTC
ACT GGG TGG CC-3” (CHO-12) ;MAGE-3:5" TGG AGG
ACC AGA GGC CCC C-3’ (AB 1197)and 5’ GGA CGA
TTA TCA CGA GGC CTG C-3” (BLE-5).PCR JJW 414
SETRAEME 4 min; A8TE 94°C 45 s, iBK55C 45 s,
FEP72°C 45 s, AT 35 AMIEIN; JE 4L 72°C 12 min.

1.3 &4z 7w A FSYFPETITHI ¥k [ vb (6 Bk HE 47 %
PRI, MMAGE-1. MAGE-3 & [ ¥ 51| i & Hi fig 5 HLA-
A2 HWARIGE L, HAME=20 198 k. 9 k. 10 Jik
FEF, FEuE 5t 78 (MW) LK T Y50 ik 37 26
J¥, AE R IR O 3k H A
1.4 BB ERR MR @Ak B 10°405 10 oL
AT 1 R 28 vh v (F7 B 12 0. 067 mol/L+ Na,HPO,
0.123 mol/L, 0.1 mol/L NaOH % pH3. 3) 7E =
W FAEH 2 min, fE4EMRINIE AR, 4580
R EEW . RV IR0 (Millipore,
MW3000) #3E, 44F4°C, 3 000 r/min X 6 h. %
LO 40 Fo () Y& 2 ) — 4~ C-18 Spe—-Pak#: (Waters,
2R b, ZAEE AR FE LR B LA 10 mL (i 2,
i, 20 L1 g/L =AM (TFA) (1) 251
K. S IKIEWAE W T LA 1-2 nl/min B kE, KRG
20 mL 71 g/L TFA 248 KMEAR:, 5 10 oL &
U S IKVEI R T, —20 CIRAE
1.5 HPLC#h A% M\ JI 28 240 M AT H- 40 o 52 B0k 23 731
[AHHPLC R 4% (24846, HP1100 #Y) JEAT /048, #E fhiE
AN CI84E (4.6 mm X 150 mm, Waters), HEATHHEVE
i, B A 0-100% £, AWCA 1 g/L TFA, BhE#
HUWTF:0-0% B 10 min, 0-60% B 60 min, 60-100% B
10 min, 100-100% B 10 min, ¥ 1 mL/min. 2846
MW 215 nm, 254 nm A1 280 nm. BEPIE—ANE
g5, B 20 CORAE. I8 40 B AN H- 28 B 1 (0 15 1)
HEAT LA, A o R 5 e ) 0 B
1.6 i 27 s Mg A it b A IR e e B T TR
DA T4 BRUE S FRDAEDOS IR 23 5 REARATT 23 s T 10 ul
0.1% TFAH, v AN f 2 2 TR Micromass Q-
TOF A4 156 A (Waters) . JEi A3 (¥ 348 9 i 500~
15 000, F I BEANFE St R KB 1620 1 3R 5 fir LG
h TRERARIRHEAT MS W, RN IR B 4 T 7 7 2
(CID) [Py Jo e 2 A o Wi (1) 25 T o IR 7
FIFLERF ELIR_E P2 Efy i (NCBI-Blast) 2547
1.7 MAGE—3y1-ofk 89 2% 547 N T4 HFFLWGPRALV
(MAGE=3471-279) 1E MARHUENK, AbIl) B 4 KAED R 28
7). BL10 fmol, 20 fmol, 50 fmol, 75 fmol, 100 fmol,
250 fmol, 500 fmol, 1 pmol, 2 pmol [KIFRUEIKZ> 51
WE 10 ul 1 g/L TFAH, VEAI[E-—H Micromass Q-
TOF 2% 5 I 0 o A P RSN . 28 BB 935 3¢ Frp A I FR Ay
20 fmol. T8 5 v FEE A b (10 et ot S8 4 3t b A it 28,
F AL TE S R S I R AR DR A sCHE 5 H
AN A )R copy 0 BEAN 40 B IAJIK copy B = IKER
(mol) X Avogadro %% (6. 02 X 10%) / 40 Mu%K.
b2 b KA HL TG0 00, 740,05
PN Gt X
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B 1 PCRMT MAGE-1R] MAGE-3 mRNA £ HCC RIS TTIBRFRAPEIRIA. A: MAGE—1; B: MAGE—3; T: HCC 2144 N: JURIHTA14%; +: P

St — BEMERTTIE /K, M: marker.

2 S5R
2.1 #& M MAGE—14 MAGE-3 mRNA f£ HCC #) & ik
FIF RT-PCR 3 A4 ] MAGE-1 1 MAGE-3 mRNA 7E HCC
41 P RN TG 8 40 P R (1) 2R 0. 7E HCC A i H MAGE-1 F11
MAGE-3 ¥ PA 1, 7rJH-48 M rp 3 B0 (] 1) .

2.2 FAxFRm 6f MAGE-1. MAGE-3 & 4 HEATHA4,
i HH A5 HLA-A2 %5 W &5 4, B = 20 (1) 8K
9 k. 10 IkFPa, FL3R43 80 4% H bRk

2.3 HPLC # £ F e I 99 R UEER 2 A HCC 41 Jf 11
JH- 40 M 2% 1 23 KB, I BASORE HPLC 43 ) 73 293X 46
WEE:, LL215 nm, 254 nm, 280 nm HE4T 424N
. kg HCC 40 M A JH- 48 B ) HPLC (03 ¥ B AT L4,
— SO AR T e A DAL 3K U W e 8 e A M R At
RAE T R AR (E12) . A0 5 T e e e B R 1 20
PRIk ok, BEAT IS 4 AT

2.4 MAGE— 1204 300 FPMAGE—3271-270 8942 BENH
IR A S U B TR 4 LA AT 440 L () R K 1 43 — kg ik
R % . 6 B LA H BT HCC 40 (1945 S M JIK B B AT
W ortr, SREKMRKZEHINEE AL EH, B
DIREAN W B o SRR - Hh A WA INEB S AA
150 7

1257
100

[, AT 2> Bk B HCC & 34. 801 Fllg 45. 246.
B—&IKMm/z 31003.62,  &MKMn/z N
1058. 49. M ¥ 5 ik 52 At A7 ] /& FPSLREAAL (MAGE—1594-302)
(& 3) M1 FLWGPRALV (MAGE—3,71570) (/&1 4).

2.5 MAGE=3271-270 Bk 89 2 % 547 FATH A TG
FLWGPRALV (MAGE=3,71-070) 1E A A5HENK, M 50 fmol,
75 fmol, 100 fmol, 250 fmol, 500 fmol, 1 pmol,
2 pmol JIK U5 /35 J9 30, 74, 100, 150, 480,
1300, 2000 # i Ardfk il 25, 3@ i H L& mH A H A
Y = 0.923X+22. 751 (P = 0.000), Y:Jk2r T3
(fmol), X:U&5REE (counts/scan). HCC # i H MAGE-
Bor1-oro [T /& 397 counts/scan, 6 X 107 ) HCC
ML PA 389 fmol MMk, AB-AfEN40 M KL A
38-39 /> copy.

3 9L

CD8+ T 4 i & 470 /e e i S B (1) S AU N 4 B, T A
JUREE ORI S A F MHC T 2800 1 B IFa 5 2 40 i
FAH PRI —BD 4 P EE TR 40 (eytotoxic T
lymphocyte, CTL) FAV. MAEMG %3 CTL A A2 8

76.365
78.309
80.093
82.776
[~ 84.888

175 |
150 -
125
100
75
50 |
257 N M d H
0 Foms g
=25+

0

2 HCC {REEFDAF4REEHY HPLC it E(4280 nm). A: JT4REM (GIEE: B: HCC 4RlEn (0

302, EiSk BRRICIE 45.246 £ FLWGPRALV(MAGE=3271 7).

. Fisk ABRIC U& 34.801 £ FPSLREAAL(MAGE— 124
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A B
469.13
1024.59
937.56 1180.69 h34.24 685.30
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789.51
655.36 953-5;
1003.62 617.29
1 632.40
5.37 oc. 735.29 821.27
0 0 T T T T T
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L A A E R L s P F VMax
100 1003,67(M+H)+
C

B3 380 A: HCC 155 34 TSR 1855 34 £1&

RIS BRI, AR LR A %‘H’Jkgq‘ C: R m/z 24 1003.62
BRI IT I8 — AN 8. (E H A 1 e R A7 58

&%%?%ﬁﬁ%%wmﬁﬁﬁ%mmﬁTmmﬁM
CDNA ST, M AR R A AR5 & X 22k, I
FHARATIARRIBT 40 0 ; foe e K N BUBUS KT 40 ML e 5
TRBX LK /R N8 20 B AR i R BN B g, i HL
AR R R Al SEAE T B2 1 - (D)
TR PR 0I5 IR AE A4 P9 BT T A 7 3 81 8 40 P 2 1
(2) cDNA Gt (U IR FIAE N T R R R K
S G TR 3 S w8 1 D) TR B | R BL U b
MR, D AEELLT EEOPIRY (1) M5

% 34.801 (& 1). £ERIE

LRI B: H4RiEAE

EET, m/z 4 1003.62 I9IM+H] ¥ &1
.

MIM+H] " &1 CID JiTiE

W (3) BT, sl S MHC T 2875 T2 360k
A (4) B Golgi AMIA R A MR, SiL4y
CD8" T 20 MU, 05160 T AR (A B 0% e 18 o vl LA 5
SUHIOEAN/Y ) Waa S s O G T = e R S o e
AT DLSRF 22 NP TR 52390 (0 SR P AL s L i
K, AT LB IR TT BAR= A2 B 5L TR ) A g Y
X, RIS T DUCRYE T i A DNA JP51, A 2 AL
PR F cDNA. IX S8 R R R 5 FH A% 4 1) 35 R 77 vk 45 51
POFUIAE 123 TR XE RN ASHEAR (10 0. R, S b8 4R
530 T UK EAT A U B Sk £ BT ] A

b AR A B = A PR ; (2) PR A B T 4 i 22 N T H Rres B 2R S P sUR AT B, fEHoR
798.37 690.87
A 100 100 B
418.90
826.85
612.31
548.72
% | *
529.75
1058.50
504 681.32
14%?“_23 645.30 757.640828.36911:45 I
0 - L s S S S B R S
400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150
c FL w G .PR A L vV bMax
v L AR P G 1 w 798.38 - L F yMax
100 y7
233.14
% aZ H
0 612.31
12007 159,08 526}3-213 Y
3 W £ ssei31 798.98 1058.49(M+H)+
86'0:" j H0f Y 612.85 781.35 91345
| i 400,12 28.36 CEERY:
i 170.04° (1768 39965 -3 . 121 75937 [ b7 P aag [1059.58

0 | | \ \ | | n ! T Mz

100 200 300 400 500 600 700 800 900 1000 1100

B4 LE. A HOC /) 45 LU, () 45 (2

GI&0% 45 2468 1). 7RIS,

m/z 4 529.75 [IIM+2H] > B -, giEkbrics B: FF2miatdn i

SRR, RILFTRANRIIES 7 C FEERE m/z 24529.75 [9IM+2H] 2 B-F1 CID JFiEE.
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AR, IEE SO, — N R A 10°-10°
ANMHC T 28751, ABATTE I K Z 10" ANASTRIFR 2R K.
ANTRVRI SR I = B A 22 B R s B A IR AE AT R
JETR), R BSAATT 56 2 b 2 BT 1 B IR 5
RIIE, %FMHC T 2875 45 GIKATIEIT, 75 25 dE )
I FR IR, T 10 a, FEEREAH (high perfor-
mance liquid chromatography, HPLC) FlJ5iitids A J5
TP DA A0 ke T S 241 2 RS I 3 AT AR
PR RE, - SR T B AR RO ey 17 RS P A
UK U H3E A A ik, SR RIE B AR /D

TEARSEES H, FRATRI W - BB BRI 22 S Ll
BT 1 B D i )CHCC AR 2 rp S N H 9 4% H AR 5L 3 (1)
CT HuJEIK FLWGPRALV (MAGE=347,-579) 1 FPSLREAAL
(MAGE =1 591--302) . T 1o SCHRAS: ZRAIE S IX S 7 M M 8g 4
U 2y SR EH BRI CT $L Ik,

JR9eg — 22 A PT )R (cancer—testis antigens), ffij
KCT LR, 1% HE R S R IE T 2 Bl 2 ) iR
o, FEIE W ALK (SRR BV IR ERSN . R
ZIEPLR LK (melanoma antigen gene, MAGE) &&CT
P 500 i Wadse RARER MR — ANl 2. AT B
JUHE 7R MAGE-1 T MAGE-3 3 [RIE HCC HZHh [l R IEH
FIE 40-80%, T BABATI I R H W R CRER”
LG X B PR RMAGE BT I 7= 1) & I8 2 ¥ 7 (1)
AR H A5t

MAGE-3 J& R IA M e e 1) CT Ptz —. WHIT ik
SEMAGE=371-970 Bk (HLA-A2 353) BEREAEAR N . ARHRH)SE
Bk CD8" T Al s, WA R A
FH AT S IE K. (H B AR 5 IIMAGE =347, oo I A B
UM HCC LR ZArb sy Wt ok . AN 5T St s A AN HCC 4 a4
A 40 4 copy I MAGE=347, 070 1K, IX—HRFE AL AR P 2 A
WG T AR R FRAT ) £ R A 1% A A I S R
FH$R AL T — 52 M B R . MAGE—1 594300 DA R A WLARIE
WFPANE, 2474 Pro, C-Jite Leu, f5& BT AT
SEREE S, PSS R HLA 207, HEWT A 2 i HLA-
BO7 431 53 1. JHC G2 S PR s 1 p Asp k2B R .

ASERSESE O Mg 23 B AR Sl A IR T
AR T AT M, FEWIP R T T VA R EE AT
il IR0 R W7 R AL MR 1L s 1 2R A 71 mRNA R 25 1 7K
VAEAEA A ZE S, B P Rk ) (He terogeneous
expression) "', A (KK T T 1) ) JEUKG SR 5%
H OO RN B AT PURRAASI, DA Bl A T 5
MK G V0T 77 8 (R v 7 M) A& 4 B
(). FALIR ERAS MNEALIX T7 1 HA B it e 2= ).
PEEHAHAE, BEAAHOCHOR M R, AR E B
TEZRA 56 e AP B 15 v 7 T R ke R E 2L (/R
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