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= Abstract=

Melanoma antigens genes(MAGE) and GAGE are cancer-associated antigens. Because these
antigens are expressed in several types of cancer and recognized by cytotoxic T cell, they have been
used as cancer diagnosis markers or antigens for induction of anticancer immunity, Here, we studied
DNA and protein homology between MAGE isotypes or GAGE isotypes to evaluate their homology
can be used for cancer diagnosis or cancer immunotherapy.

DNA homology of MAGE family was between 99% and 56%, and protein homology of MAGE
family was between 96% and 51%. Comparisons between MAGE-3 and MAGE-6 showed the highest
DNA and protein homology. DNA homology of GAGE family was between 99.6% and 82%, and
protein homology of GAGE family was between 99% and 93%. All of these results suggest that DNA
homology of MAGE or GAGE family can be used for designing primer that can amplify multiple
isotypes together, and protein homology of GAGE family may be used for designing cancer

epitope that induce cross reactive immune response.
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1. Gene bank search
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2. X 24 % DNA homology search
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Genbankol] £ & 3 MAGESY isotype<
MAGE-19¢]]4] MAGE-12 ¥ MAGE B familyi}

MAGE X family .21, o] 52| CDS$} whi 3]
EAFE F 1o] Aelslgich dicks MAGE
isotype] CDS+= 930bpell4] 1110bp Apo] 2]
A B2} 34.3-40.7 kDE vheRT)

Table 1. Characteristics of genes and proteins of MAGE isotypes

Name Gene bank code Size of CDS MW of protein
(base) (base) (KD)

MAGE-1 HUMMAGIA 930 34.3
MAGE-2 HUMMAGE2X 945 351
MAGE-3 HSU03735 945 347
MAGE-4 HUMMAGEA 954 35.0
MAGE-4a HSU10687 954 349
MAGE-4b HSU10688 954 349
MAGE-5a HSU10689 375 13.0
MAGE-5b HSU10690 375 13.0
MAGE-6 HSU10691 945 349
MAGE-7 HSU10692 135 53
MAGE-8 HSU10693 705 252
MAGE-9 HSU10694 948 35.1
MAGE-10 HSU10685 1110 40.7
MAGE-11 HSU10686 960 355
MAGE-12 HUMMAGE12X 945 34.8
MAGE-x2 HSU10340 954 349
MAGE-xp HSMAGExp 1044 39.2

MAGE-5a % -5b2} CDS+= 375bp, MAGE-7 9
89 CDSE 135 B 70524 5.3-25.2 kD<) thij
AZ FAEYKE .

Z} MAGE isotype £9] 7)41d-& DNAsis
program-g- ©]-£3}e] A& H]23¥ ¥ H3
homology & v}e}ll= ) #-&-& 3 d =}
MAGE-4¢} -x27}Fol] 99%, MAGE-32} MAGE-6

Z¥ell 98% 24} homology7} vl-$- A el
t}h 1} A isotype 7F2] homology+= 56%9l &)
97%Ato) 2 vFEjyd o ™ MAGE isotype & th&
isotype3} homology7} 7F4 w2 71-2 MAGE-
xpATHE 2).

MAGE-19] 4 MAGE-6, MAGE-8¢] 4]
MAGE-128] CDSE o}vlicAt A2 A% 4]

71 ¥ ©}&-2} homologyE prosis program-2- ©]-&
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Table 2. DNA homology of CDS of MAGE isotypes

MAGE DNA homology (%)
isotype 1 2 3 4 4A 4B 5A 5B 6 7 8 9 10 11 12 41 x2 Xp
1 100 78 79 83 83 83 73 73 79 85 T5 74 66 72 79 83 83 60
2 79 100 92 82 82 82 83 83 92 82 77 75 64 74 93 82 82 59
3 8 92 100 83 82 83 & 87 98 8 77 76 69 75 92 83 83 60
4 84 82 83 100 99 99 87 87 83 83 79 79 68 77 83 99 99 62
4A 84 82 83 99 100 100 88 88 83 8 79 79 66 77 83 100 100 6!
4B 87 82 83 99 100 100 8 88 83 85 79 79 67 77 83 100 100 61
5A° 83 81 82 88 88 88 100 100 83 83 80 77 67 74 82 88 88 61
SB 82 81 8 88 88 88 100 100 83 83 80 77 67 77 82 88 88 61
6 81 92 98 83 83 83 87 87 100 8 77 76 70 75 92 83 83 60
78 78 78 79 79 79 75 7S 78 100 79 79 64 73 78 79 79 59
79 78 78 82 82 82 77 77 78 73 100 80 67 77 79 82 82 61
9 76 75 8 79 79 79 74 74 76 81 79100 71 76 76 79 79 62
10 72 70 71 69 69 69 67 67 72 66 69 73 100 76 71 69 69 64
11 73 74 75 77 77 77 75 75 15 80 76 75 69100 75 77 77 61
12 8 93 92 83 83 83 85 8 92 8% 77 76 65 75100 83 83 61
41 87 82 83 99 100 100 88 88 83 85 79 79 68 77 83 100 100 62
X2 8 82 83 99 100 100 88 88 83 85 79 79 69 77 83 100 100 62
xP 61 60 61 62 62 62 56 56 61 58 59 62 64 63 62 62 62 100

sle] B A3 A3} MAGE-1-& 58.2%¢ A
74.8%, MAGE-23= 52.7%<1 4] 87.5%, MAGE-3
= 95.9%9°l| 4] 49.8%, MAGE-4& 74.4%¢°) 4]
54.6%, MAGE-5A = 74.4%9)| A 46.5%, MAGE-
6% 95.9%l| A 51.2%, MAGE-8-& 66.5%°l| 4]
53.2%, MAGE-9-& 54.8%¢9| 4} 66.4%, MAGE-10
L 58.8%0N A1 46.5%, MAGE-112 61.6%¢|A]
58.0%, MAGE-123= 84.7%|A] 49.8%A}0] &
ettt o] £% o€ MAGE isotypedt
homology”7} 7H & 712 MAGE-10 ]3] 2.
o, 714 & 7S MAGE-38} MAGE-6A}o) 2
A} 95.9%2] homologyZ e} &t}

GAGE®) isotype-& 6 2] CDS$} ghajal 2
A}eEE- ¥ 49l Aelslgdch GAGE isotype 5-&
7l 351-357bp2] CDS, 12.8-13.0 kD2 ¥}
E 7R3 9l oy}, GAGE-12 417bpel CDS
2} 15.4 kDO] @A 2 Jehdti(R 4). &
GAGE isotype 59 714 498 DNAsis
programg o] &-3sle] A2 vl w3 H H
homology & “tetl= W88 3 A3}
GAGE-42} - 57}l 99.8%2] F2AS Ho] &
AA BE-go] 7HF ¥k, v A] isotype
7+2) homologys= 82%9ll 4] 99.6%A e 2 1}E}
3t} GAGE isotype & th& isotype} homology
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Table 3. Protein homology of MAGE isotypes

MAGE Protein homology(%)
isotype 1 2 3 4 5 6 8 9 10 11 12
1 100 666 666 748 66.9 67.5 649 60.3 582 583 66.2
2 66.6 100 844 670 685 83.8 632 58.7 527 580 876
3 666 844 100 679 718 959 636 593 498 59.6 847
4 748 670 679 100 74.4 679 66.5 63.1 546 616 676
5 669 68.5 71.8 744 100 71.8 61.4 52.8 465 59.1 694
6 675 838 959 679 71.8 100 62.8 577 512 596 838
8 649 63.2 636  66.5 61.4 62.8 100 664 532 603 639
9 60.3 587 593 63.1 52.8 577 664 100 548 58,6 58.7
10 58.2 527 498 546  46.5 51.2 532 548 100 58.8 49.8
11 583 580 596 616 591 59.6 603 586 588 100 59.0
12 66.2 87.6 84.7 67.6 69.4 83.8 63.9 58.7 498 59.0 100
Table 4. Characteristics of genes and proteins of GAGE isotypes
Name Gene bank code Size of CDS MW of protein
(base) (KD)
GAGE-1 HSU19142 417 154
GAGE-2 HSU19143 351 12.8
GAGE-3 HSU19144 357 129
GAGE-4 HSU19145 354 13.0
GAGE-5 HSUI19146 354 12.9
GAGE-6 HSU19147 354 12.9

7} 7V 2 A& MAGE-1 o] tK & 5).

7} isotype 9] CDSE o}nj Al M2 A%
A171 ¥ 0]E-2] homology£ prosis program-&-
o8-8} £ 3} 27} GAGE-1-& 96.4% 114
92.1%, GAGE-2+= 96.6%9| 4] 94.7%, GAGE-
35 99.1%9A] 92.7%, GAGE-4+= 99.1% 1} A]
94.3%, GAGE-52- 99.1%°| A 93.8%., GAGE-
6+ 99.1%0 A 92.9% A}o] 2] homology & +}

ehjo] isotypezre] FAA o] vl A it
Stet.

nl &
MAGE$} GAGE 7 gtEollA] wha s 7]

ol A AAt2A de] A7 ok
v} &) 74R] 8] dakake g 7R9] isotype
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Table 5. DNA homology of CDS of GAGE isotypes

GAGE DNA homology(%)
isotype GAGE-1 GAGE-2 GAGE-3 GAGE-4 GAGE-5 GAGE-6
GAGE-1 100 89.2 82 87.7 87.4 87.7
GAGE-2 89.2 100 93 98.3 98.1 98.1
GAGE-3 82 93 100 94.8 95.1 98.1
GAGE-4 87.7 98.3 94.8 100 99.8 99.4
GAGE-5 87.4 98.1 95.1 99.8 100 99.6
GAGE-6 87.7 98.1 98.1 99.4 99.6 100
Table 6. Protein homology of GAGE isotypes
GAGE DNA homology(%)
isotype GAGE-1 GAGE-2 GAGE-3 GAGE-4 GAGE-5 GAGE-6
GAGE-1 100 96.4 92.7 94.3 93.8 92.9
GAGE-2 96.4 100 94.7 96.6 95.7 94.9
GAGE-3 92.1 94.7 100 98.2 99.1 98.2
GAGE-4 94.7 96.6 98.2 100 99.1 98.3
GAGE-5 93.8 95.7 99.1 99.1 100 99.1
GAGE-6 929 94.9 98.2 98.3 99.1 100
o] & fxAelA Al gAIEIALR o] AR5 2} isotype 2] WA 2 NI ws}

Ae] 2848 9P sk sioh T ARA X

ool A= MAGE-13} MAGE-37} 2+2+ 32%
g 48% e o] Hod(o] 7] 5, 1997), ha=stel]
X} MAGE-1, -2, -3/-6, -4a/-4b7} 2}2} 589 2] oF
Zol] 12,5, 11 Y 42| oll 4] 3l o] E]wf(Yamata et
al, 1995), Gaketell 4l MAGE-13% -37} 74z}
31%, 24% ) A] k&l o) = (Fujie et al, 1997), )
ZFetol| 4] MAGE-1, -2, -37}F 2+2F 30%, 28% 2
20%0l|A4] BH&l o] =™ (Mori et al, 1996) , 7+l
4} MAGE-1 9 -37} ¢k 68%, MAGE-80] ¢}
46%, MAGE-2, -3, -10, -11, - 127} 2F 30%¢]| A 4t
#o) Hlv}w B ¥ 3 QJcKTahara er al, 1999).

of A vbc} o 5-& et

webd EAE Addslr] YaiMde 2
ZollA] 712} who] W =)= isotype-& 7 3Fo]
of 8}7] o] §4l-g o] g3t x A= & A
3] A = ¢S e g Bl

& Aol A= 7 isotyped] FAAL A S
ZAbe) Bgrow, 1 o] f= qHeF 7} isotypeZt
o] 312} FAA o] Frhd Mol FUI ¥
A& ARl o isotyped FAl HEF
T Qe BAAAESA A 7|es L &
A7) wjFelct

B oo A4 MAGEY: isotype Zhel]
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99%A A 56%Ate] o] FAHAE Bdom
GAGE®= 99.8%0l| 4] 82%A}o]| 2] E-AlA)-&- v el
Wadch AAS Role FE-FelA AR
isotypeol] B FUgF AL oot AbgEl w
2 isotypeol|A] F-As}HA £A5H= A dEe] A
N2, olajt ML 42 isotypes FA| el
Z&sh= primer& designdl=tl| $38-3] A4
U ez Azt

T MAGE Rth+ GAGE isotypeZFe] %12}
EAA o) t8 ¥ MAGE= CDS7} & &
exonol| 2).2 v} GAGE+= of#] exonteol] £
3k glof PCReYl 271 $1ekAd ikg-o] ¢l A
L2 Bolct mekA F {542} family] 4
A 25 ghRiedel] o] 8% 4 3l GAGES]
gl vlg F o2 o=

22]1} GAGEE MAGES} g o}3) ohitgl
EolAdo] go] ZF =A] dot Z4F hxA
o) Wk Al 3t AAbz A ol A M E 2] of-Fo)
T e ¥zl e Azt

MAGE % GAGE+ cytotoxic T lymphocyte-&
B3 A0 e FPAAEIE A2
AU Aoz By Yok MAGE-32] 7#-¢
195-203H A o}w] = Akl IMPKAGLLIZ} HLA-
A249) o3 TA|Eo AA=w] o] T AlEE
HLA-A249} MAGE-3& ¥ ¥ 8k St 25 &
A= A2 ¥ s 9fcHTanaka et al,
1997).

= MAGE-3 peptide 271-279%= HLA-A28}
At TAZE A3} A7l A vy
=) 3 9JrHValmori ef al, 1997). ¢]&]§ A=a}E
& MAGE®] peptide7} M| 8- TAEE z}
S 4 o o] HAgMEES AT
MAGE-Z384] shH| el 3t 348 & < 3l
& 7leg Azbeict

= MAGE sl & x| Ak kgt

% o)l (Hoon er al, 1995) A FA &4 AYA A
AuhE-& FEAAF sl 58 gadelztn
AZtEe ol#i3l 542 o] & byl
JRHEe} A ol o] 48 SRS
A A}gc}. GAGE-12) YRPRPRRY 94] HLA-
Cwoell sl A|A1E 4= glo] AEFA T 2|2
T 4R FEAC] e Ao Buey gl
(Van den Eynde er al. 1995).

£ o3 o) 4] &= o2] MAGE % GAGE isotype
o] ofwjxAl AP o] FAAE FAMEIG 2T,
1 o= wkeF 7t isotypeZke] ofrlAl FA
Aol Fobd Mdo] FUT ¥-91E peptide
Ale 2 AR8-3}ed o] isotype-S- -4 of] Hbei &t
Tl A B R 5 37 Aol

B o8] 2 el 4 MAGE= isotype2] olu]
XAF A 7bel] 95.9%0ll 4 46.5%AF0] 8] FA
A& 2o GAGEE 99.1%4] 92.1%A}
o] 9] FAlA & ehligich

FAAE Bole F-EFolA ZARRE isotype
of B5 T AL olr} A g
isotypeel] 4] F-U3IA] Eaf3k= A Eo] AN
2, olg]3t -2 o7 isotype& FAell 2l
AR A ZSAT 275 A 7= dl %
3] A ol g e E A=

MAGEXth= GAGE isotypeZte] o}w]xAb
FAA] tS Fol A E H Al oA
GAGE®| &44jo] t& & ZALE oAty
GAGE+= o}A] shitgi Bo]Ado] go] ZHF5|
oot FF vl B2 A7t el Eofo} girim
Az},

= MAGE % GAGE®] 39F Hul-e f- %A
& 7} peptide®] 14 3} 2F A A A = B
o] MHCe|| &%t Mg 52 ofd3t factorE
ey sfof stng 54 FFA] A peptide FU-E
WEhE dls B ol go) I ASE o
At
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]2 &k peptide WAl 2] & FH-5h= 1y
© 2= MAGE b Al A A& ALA U]ol| A w3
A1 7] DNA Qo] glch(Raz er al, 1994;
Tascon et al, 1996).

o] nh-2- M| Eifjol| 4] AAF chil Al g 71
ako] 7} 72l e} MHC7} A g} peptide ¥-915
Agsl Fof 7} 7fele] AEFA THE 4
o 7]ell AF-g-sted HE-S& 5 Ql7] wFo
peptide WA o] vl s A o] glct. DNA Al
7Neke- 98 % AF7)3F MAGE ¥ GAGE $
Az FAA T A A S Fashs A
o] Jpfolet Aztwn, 753t FAAe] ¥
< FHE HYY o B AAYPE oy g}
oll AR = gl= MEFA THAE 9
A vhgo| friEe] & FAE e F
&o)] ol A Ao F Ay7FIch

2 o

Melanoma antigens genes(MAGE)® GAGE
= g s o 24 o) £/ Ed
A AR, A2 T A ZREA A
& Aol ol ore] A=k F gy Al sk
T i an] stef o] 8d 2=
WAolck £ Aol A o) Fe] H7] isotype
Lz FAHA Ade Hell Fedate] o
isotype2] a2} FAA I} ofwl Al AL
T3 3k} kst ek

MAGE family®] #-42} 5442 99% ol|A]
56%Atelsd o chfy oAl A o] FA
Ae 96%N A S1%Ate) 2 vehdt}d. GAGE
family 2] A2} T4 AL 99.6% ol| 4] 82%A)0]
Row A ofvj Al Ao FAAL
99%l| A} 93%Ate] 2 Lhebyk o v, MAGES] B8]
3 GAGE familyol| A} 412} 2 oAl FAl A
2o 2 Aoz eyt

o]AFe] A58 MAGE % GAGE isotype
B2 FAA 5A4A4L 2 isotype & FAl4
&% 4 9)= primerE designdh=d] E-4-%2
4 0.2, GAGE family®] =}zl FAAdL
MAHAUR-E AT IEANE
ishs o 388 ¢ 9ls A2 Ay,
o velrt obaldr]e s seidd ey
Wil = ghAlAke] FAA L o] 83k Jid
o] f-8-3A o] $E A2 ALE Rk
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