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ABSTRACT

Novel anticancer drug resistance mechanisms
of melanoma antigen family A4 (MAGEA4)

Lee, Tae-Bum
Advisor: Prof. Choi, Cheol-Hee, M.D.& Ph.D.
Department of Medicine

Graduate School of Chosun University

The melanoma antigen (MAGE) gene family in human consists of 55
members that are classified as type 1 MAGE genes (including MAGEA,
MAGEB and MAGEC) and type U MAGE genes. Type 1 MAGE genes
are highly expressed in various forms of cancer, but not in other nor-—
mal tissues except for the testes. The doxorubicin-resistant AML-2
cells (AML-2/DX100) have been selected and characterized with respect
to drug resistance mechanisms. Interestingly, cDNA microarray, RT-PCR
assay and Western blot analysis revealed that AML-2/DX100 cells over-
expressed MAGEA4. In this study, to determine whether overexpression
of MAGEA4 contributes directly to drug resistance, each MAGEA4 and
its mutants were cloned into the mammarian expression vector and then
introduced into human embyonic kidney (HEK) 293T and fibrosarcoma
HT-1080 cells. MTT assay showed that MAGEA4 transfectants increased
resistance to doxorubicin, daunorubicin and hydrogen peroxide, but not to
5-fluorouracil, cisplatin and mitoxantrone. Flow cytometry showed the

decreased accumulation of doxorubicin, daunorubicin, rhodamine 123, mi-
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toxantrone and calcein—AM, suggesting that MAGEA4 may function as an
efflux pump. Also, doxorubicin accumulation was increased by cyanide-in—
duced ATP depletion in MAGEA4 transfectants.

Various P-glycoprotein (Pgp) inhibitors as well as MAGEA4 siRNA in
MAGEA4 transfectants and MAGEA4-overexpressing cells increased ac-—
cumulation of doxorubicin. Immunoprecipitation and Western blot analysis
revealed that MAGEA4 neither interacts with Pgp nor alters its expression.
Confocal microscopy and subcellular fractionation demonstrated that
MAGEA4 was located in plasma membrane, cytosol and nucleus. MAGEA4
protein formed non-disulfide homo- and hetero-dimeric structure. In
addition, MAGEA4 had a reactive oxygen species—scavenging activity.

These results suggest that acquisition of drug resistance in cancer
cells could be at least in part associated with overexpression of MAGEA4
with membrane transporter and antioxidant activities. It is implicated
that MAGEAs can be suitable targets for novel therapeutic strategies of

MAGEAs-overexpressing cancer cells.
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Y (tumor associated antigen)2 1k
EolH o7 Wy = FU-13U(cancer/testis (CT) antigen)o] <
o AAZEA e FSF-12FIL 44709 familyE FAEC L
897e] o] WAEN O (Table 1, Scanlan &, 2004) HFEZQA HO
2 melanoma antigen (MAGE) & H]33}9] B melanoma antigen (B
AGE), G antigen (GAGE), preferentially expressed antigen in mela—
noma (PRAME) 2 cancer/testis antigen 1B (CTAGIB s°] tH(van
der Bruggen 1991; Traversari &, 1992; Gaugler &, 1994; van
der Bruggen &, 1994, Boel &, 1995; Herman &, 1996; Ikeda -5,
1997; Tanaka %, 1997; Visseren &, 1997; Jager &, 1998).

o] ¥ MAGE 73 A+= van der Bruggen 5 (199Dl ols] o4 =4
T AFoA AFowE WHE FHSo|Fdor SAF 8 ool #H4!
TR, E, e, dad, A AR, A% A AR, 4R

W5 Ao BEE dolA o] ™ (Table 2, Bruggen &, 1991;
Van den Eynde &, 1997; Yoshimatsu &, 1998; Lee &, 1999; Tahara
5, 1999; Jungbluth &, 2000; Chomez &, 2001; Otte -5, 2001;
Zambon &, 2001), aghor} Eiwk o]e9]o] Az Ao = Il
EHtoh, 5 Jungbluth &, 2000). ol#& MAGE Ao £
& Eoldg ol&std MAGE wHA e HdS ko] Heke] Fa3 37
AzA ol gste = AF7F IAAH AL dek(Park 5, 2002).

AANA AA7HA 56Fe] MAGE f+3A7F Bals o™ (Table 3,
Xiao®} Chen, 2004), melanoma antigen, family A (MAGEA), mela-
noma antigen, family B (MAGEB), melanoma antigen, family C (MAGECQC),

ol

melanoma antigen, family D (MAGED), melanoma antigen, family E

(MAGEE), melanoma antigen, family H (MAGEF), melanoma anti-



gen, family 1 (MAGED, melanoma antigen, family J (MAGE)), mela—
noma antigen, family K (MAGEK), melanoma antigen, family L (MAGEL)
s B2 olgE& 7HAA Utk MAGE 3= 3¥, 1561, X GAA 9
ZA8H (Fig. 1, Chomez &, 2001) A 137 NP2 YH A=

1 §& MAGEA, MAGEB 2 MAGEC®] i1(Barker$} Salehi, 2002) 1+
A= IPom FEHAKT 138 TYAETAA Eds 13 3
Hrolol o] A ZA oAM= ek FARE NP AdAoMe 2d
= o I1E2 X @A A8k fXsta de Fel weE
MAGEA (Xq28), MAGEB (Xp2l1) % MAGEC (Xq26-27)%2 <l
(Chomez &, 2001), 71 FTolA%E MAGEAE ©|&% AF7F Bo] Ha
gJom, AM7LA °F 12709 subtypeo] EHA AtHde Plaen &,
1994; Kirkin %, 1998; Lin &, 2004). MAGEA subtypes % 1-4W, 6
H, 109, 129 F827E of2] oA FgelA Bol A5 tHBoon
o, 2000).

MAGE +3A2= A8A A= promoter F917F W@ stso] glo]
AARIA7E Ake o glojA Wl &4d3td DNA ZEj2 SAsARE, F
M EZo = promoter F-97F H]Eo] A 2 & demethylation® H A A
3t He AR FAa d& ¥ L g dEiA = ofF A &
v7E A itk (Weber 5, 1994; de Smet &, 1996). 3, AT
Aol o= gAlA o AE HeE AAE S;A EAH=A o s
M A8 weA A g o, ARAIEY A AAlel MAGE
7} Yetyai(Becker &, 1994), Bl #olsty Al EAE
™ (Ohman¥} Nordqgvist, 2001), cell cycle® ZAd= Zoz F
AtHBarker9} Salehi, 2002).

MAGE @4 9] domain 725 ¥ EW ZE MAGE @9d2 MAGE
homology domain (MHD)S X% 7FAal At MHDE Drosophila®t
Aspergillus®t & T8 FoAME &3 Bdst=d Caennorhabditis
elegans| A= A HE M Barkere} Salehi, 2002). Type I MAGE
© MHD%F 7FA a2 QATF Type I MAGE+ MHD 9t ofygl MHD2



= interpersed repeat domain (IRD)S 7FA 1 A= AE ArHFig.
2).

T3, MAGE 3427 @435 WA vtsojx = g o] A ufo]
WastA 9, E0]& <2l human leukocyte antigen (HLA) typeE Zt+=
cytotoxic T lymphoctye (CTL)E olAS dYPoz AAsA FHa,
A3 FEAZE CTLA oA &= 7] w&ol o TS T

1

28 FF9 F42 A=sted Qo] of

52| exel

=
= o =

=

= o83
53 dt(Marchand &, 1995; Nesstle &, 1998; Kawakami <&,
1998). dA7MA oY 7FA MAGE +73AFe] subtypes7F &84 =4
subtypes®l] WA IS AA T 4 9= CTLE HLA types’t THE7]
ol A es 18T Afole 1A 2o HLA typeset 3ol A
“LUJE] TEEFLS ¢ dojoF Fok(Kirkin T, 1998). A =7HA]
HLA types7} H 115 A tHNovellino 5, 2004).
%’49} 71%01 MAGE +37e 4380z 4] d 2 dgx5 §&
o] B2 A7t o]FolHARKVan den Eynde %, 1997; Marchand %,
1999; Park &, 2002) MAGE d=pe] a3 kAl Wdel &3k <
= =&
dehate] gekstet o] o Fad Al F stube T Al
sk kB ol & F Atk ¥ 71A9] F%E(non-small cell #H<+
g AeFH B2F FdAll wgatA ¥= AW (primary re-
sistance) & AU (natural resistance)s H ATk HrdAo| kAo
Agols adE YHetdurl yaes 3%
(acquired resistance)s Hol= AL k. 544 FolA tdE
W/ (multidrug resistance, MDR)¢] 53] A7} ¥ i dth. MDRo| g
o g FFo FUAE AHEEAE W, o] HEI FTH FxE v=
I AR e A = L

X o
asman A A A3 F0@ add Gn A Faw

MDR 7]1AL& 1) Alxdoll A 2kE9] yptake2 A T RO &=L
S 71 AY, 2) B8 a4 24 FFHQ Ws) 3) oFE tiAabe] WE 4)



Aol F7F, 5) apoptosis?] AF o2 Uy & F dr)h o] T
W71 delle Mxe, Alxd, sigmzo]l fojsiy F

A+ AA},  transporter, WAF 2 FEFA Fo] AT Stavrovskaya,
2000). Ly ofFollA 7HE s ddd 7S FEAE] A
x4 o] Wztol7] wjEo] ol WA 7]Hd& typical MDR %+
classical MDRo]&}tar 3tt}, o] & A A2 MDRS F=2 YAFUY=R
S0l FUAE IAE Yo E YHUe Ax wiEHZ F7F ws
¢l A57F Brh o] oA oAl WA #™el e dEAQ A=Y
WE&HA T2 += P-glycoprotein (Pgp, MDRI) (Riordan®} Ling, 1979) mul-

o)

o
R

=

tidrug resistance—associated protein (MRP) (Cole -&, 1992), breast
cancer resistance protein (BCRP) (Doyle & 1998; Maliepaard &,
1999) ol Un. o] 37FA @WALE ATP-binding cassete (ABC)
transportero] Z3tth o]E WA A ABC superfamilyol] &3the
AL Aelstas Al A, oAb, 72, 712 Foll ol &

93] Aol7k Qleh. ol el Solzql 7]de AHAe Fig 33} 2
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I. A5 2 34

1. AE v gs FLEA RAAES] Ad
D AE N

¥4 =4 W38 AE(AML-2), 217 AZ(HEK 293T), AF53 Al
X (HT-1080), 7St A E(Caco-2), °oHd ZMF AE(DM4), A AlE
(SNU-1, -5, =16, -216, -484, -601, -620, -638, -668, & -719)E 3
7C, 5% CO.9F o34 w7 (Sanyo, Osaka, Japan) ol A Bl ka4
o g R 56TolA 30 &3t @A 2l¥ fetal bovine serum (FBS,
GibcoBRL, Gland Island, NY, USA) 10%< <& Al(antibiotic-anti-
mycotic, GibcoBRL)E &3t a-MEM (minimum essential medium al-
pha medium, GibcoBRL) BRI E AML-2 A|¥o] A€t o™, DMEM
(dulbecco's modified eagle medium, GibcoBRL) ®j*]&= HEK 293T,
Caco-2 % DM4 Aol AF8-3F31 a1, HT-1080 A2} 919 A= RPMI
1640 (GibcoBRL) ¥j#] & A8} 31Tt

o9 e 2E(-196C)oA = AEY o] ZE thAl 28] HFA Heol
A7} G717 olQle AE R Ao 79 7402 Hio] 7hsaitt
(Grout 5 1990). 2B = Alxe] My, o4, wjgr]e] 1 Fo= Qlst
of Axs EHstA == A9l diuls] dimethyl sulfoxide (DMSO,
Sigma, ST. Louis, MO, USA) 10%, FBS 23.5% 2 wjJul#] 66.5%% <
G AlE FAMA S} A HA Aaol Baa] FATE gk A5, AA
Ao HaHo] e 52 &71E AW, A 37T FxoA ST
0% dAZE T2 &719 AFE 25330t DMSO= AX A%
Wal7F HE2 AE T2 A 108 9] vjeF vl A & g A E e st S

Ne W Az A ufF iAol Froko] wiFak3lal 6 A7k o] % u
i

=

=
==

=2

==

2) FEA WAPAES A

Doxorubicin (Sigma)?] ICso& (M E 2] S 50% JA|5t= 5%)
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B AIE AML-2 AIEE a3l
F=a AAste MA Ee B T o
50%4 S7HA71E W eR s

FEo] EAFE AN E 2 Aeh

o] ICs0s =2 10u) o3 == = W
obAl £ AML-2/DX100& s HstAtHChoi &, 1999). WA A& e
T dE wzkbA] dFdel £ Y Ha 6 Jhd o Al vl F Aol

A-g BRI,

2. NE 5444

Cytotoxicity Ag2 Aol e Alxeol mEF=gold Sk suc—
cinic dehydrogenase®t= @47} MTT [3-(4,5-dimethyl-2-yD)-2, 5-di-
phenyl tetrazolium bromide, SigmalE ZUA|A formazangd FAAZ
T e AR formazan®] F5 & SHAFOZHN AES AEXTE
Asle MTT HHE o] 83U tHPieters 5 1988). WALz o] A34
HAEE MEZE=Lole] g gazgo] oty e 84 MT
tetrazoliume AFMZ H= HFEAHS MTT formazano = HIA|7]
th. MTT formazan®] S¥ET 540 nme] 3o A Hd7} 5w, o] 3}
Ao Z=AE THE Aolola PAlROR S AT ERE
3 g

i

rz I

—

i
s
=)

96 well microplate (Nunc, Rochester, NY, USA)°l A& AH3 &5
T2 BMAI7IAL AL B 90 wA & 22 Fdvh 2Ean 12 AlRE Foll
SA43tA) gt FES 10 w0 2ar o]w) FEj4l phosphate buffered
saline (PBS)E ¥ ﬂgﬂ oz 4hal, Al tial Wi |
blank® A4Sttt & =& 5 COz vlY7]olA 29 E= 39 &t v &
EE wellol 5 mg/mle] MTT & 10 W= 7Fall5=32 ©FA] 37T, 5% CO»°l
A 4-5 A2 Ol eFate] MTT7F S =5 8kt 4-5 AR & ZF well
o] AWAHE formazan AL suspension A|FE2l 7-9-o+= 0.04 N HCl-iso-
propanol &% 100 0, monolayer Al3ZSl 7%
< 150 u02] DMSOE ¥ i1 10 + &<F shakingallA A4 ¥ formazan 27



2 2 =9]A microplate reader (Bio-Tek Instruments, Winooski, VT,
USA)E o] &3l 540 nmold SF=E SAH5 )

= FAA S AAR well®l Fd=
A S S % = gAE AATA BE wenl Haw 107

3. A FFELAHA NS (RT-PCR)
1) ¥ RNAS & 2 JFHAHRT)

TRIzol A1 %F (Invitrogen, Carlsbad, CA, USA)& o]83dto] & RNAE
¥e FZ3Ath Polypropylene tubedl 5x10°71¢) AZE AAAZ F
TRIzol 1 m& Y1 5 & FoF 15-30TCo|A ¥-A] 71t} 200 wl chloro—
from& Bl 15 = F &2 7PA o5 2-3 & &<t 15-307Cel
Al HEEAIZITE 4T A 13,200 rpm 22 15 23+ €
< tubeol] &7t} 500 @l isopropyl alcoholS @il
¢ 156-30Coll A "H-gAIZIT 4TolA 13,200 rpm
B 8o A5 S gl 75% EtOHZS RNA pelletel] ¥ il vortexingd}
4ColA 13,200 rpme. = 5 -7F YA gt ohs Aol A pelletE
A% A7l % 0.1% DEPC waterol] thA] =T RNA 5% (1 OD = Ageo
unit of single-stranded RNA = 40 pg/ml)E 260 nmol A &4 32 (DUN
650 spectrophotometer, Beckman, Fullerton, CA, USA), RNA +%E2+&
Ao (260 nm A 9] F3F5)/Agso (280 nm oA 9] F3F%E) H|Z, RNA H
T2t 5 g RNAS A7) gFste] gQlstditt. o] 3ol A AHEHE EE &9
< AT F s F}t 37T A F 121TolA 20 23t Ak 571
1t 0.1% DEPC waterg 74 il REEQIT}. First strand ¢cDNAE 1 U/
¢ RNasin (Promega, Madison, WI, USA), oligo(dT) 450 ng, 40 mM
Tris—HCI (pH 8.4), 100 mM KCI, 10 mM MgCls, 1 mM each dNTP, 10
mM DTT (GibcoBRL) % M-MLV reverse transcriptase (Invitrogen)
200 U7} &+19 20 o] &HolA & RNA 1 pgoZHH 48kl

o my o
4
2
[N
o
o
—

o
SuR

i

2) F¥EL AAT3(PCR)
PCR2 1X PCR €54 (10 mM Tris-HCl pH 8.3, 50 mM KCI, 1 mM



MgCls, 100 pg/ml gelatin 2 0.05% Triton X-100)°l 25 ng2] RNAZ5-H
A H cDNA, 27t 10 pM primers, 50 pM dNTP 2 2.5 unit tag DNA
polymerase (Perkin Elmer, Norwalk, CT, USA)7} S5 25 ul2] ¥k-&-
Ao A Aletolch A Hste] 3.33 uCi [a-"*p] dCTP (Amersham
Pharmacia Biotech, Piscataway, NJ, USA)E wrg Z3tEo] A7}k
th. PCR ¥Fg-oll A}&-3F primer®} PCRZ71-2 Table 4 2 63 2t} PCR 7]
A= GeneAmp PCR system 2400 (PE Applied Biosystems, Boston,
MA, USA)Z AH&5llth PCR AHES 7% H] WA polyacrylamide gel %
ol A 100 VellA 2 AzF &<t A7) dFstalt. d719s F 1 Az 30 &
EF 80TNAN AxF F X-ray TFol| =FAA autoradiographyE A 3

stk

4. AN JHA FFELAH NS (Real-time RT-PCR)
TRIzol Al ¢F (Invitrogen)< ©]&3to] & RNAE £ FE3 &
o] WS Light cycler 2.0 (Roche)= ©o]&3lo] HAAIZF Tdas
& AAte] Fsleloitt. RNAZSEH Az 4 w9 cDNAl SYBR
Green I, Tag polymerase, dNTPs % MgCl; 5°] ¥3%% 10X master
8

mix (Roche Diagnostics, Mannheim, Germany)2} Z+ Fdx}o] 3t

primer (Table 5 ¥ 7)& &3 t}3, 20 W= AAZ AFE TFas
A& TP 2FH 2LAE Fol7] HdEl vE AlRE AAZ
; Sho] 72t

=
A FHELANVES B2 AGFAor FRge T
o
o =

5. Western blot #4]

AEE 2 mM phenylmethylsulfonyl fluoride (PMSF), 0.1 M DTT %
10 pg/ml leupepting 3 F=A45 4 [1% NP40, 0.5% sodium deox-
ycholate 2 0.1% sodium dodecyl sulfate (SDS)E g3 PBS& |0 =2
&allA1Z] ¥ sonicationd]A] DNAE ZztWlvh. @ld o] AL bovine

serum albumin (BSA)S ¥ +0 2 o] &34 protein assay kit (Bio-rad,



Hercules, CA, USA)E ©]-&3sto] SA 3t Western blot ¥ -2 Towbin
(1979l o8 A& 7l=d WHe o8k AE F EE 50 pg=
0.1% SDSE 373 7% (w/v) polyacrylamide gel (PAGE)o A A7]9 &
g T gelodl EA8lE @A S electroblotting W 2.2 nitrocellulose
(NO) filteroll A TE H] o421 AgS Atslr] Hsle] NC filterE 5%
G EFE 3 tris-buffered saline-tween (TBST) &80 Wi A
oA 1 Ak &<t WA AT 0.05% TBST €402 10 #3F 13, 15 &
13 A F thA] A2 TBST & Aol 4] 5 &7k 23] Al A T}, Filter
£ 1 A A (MRP (Signet, Dedham, MA, USA), 1:1000; FLAG (Sigma),
1:1000; MAGEA4 (Abgent, San Diego, CA, USA), 1:500)& g3t
TBST & ol JaL Jd2oA 1 Az St A& & 99 2 WHoE A
Aotk AH s & peroxidase XA ¥ goat anti-rabbit IgG (1:2000)&
-3k TBST 45890 filterS Wi Z-2oA 742 1 Al 52t )%
< TBST ¢4Fg&Ho=z 15 #3F 13, 5 &3+ 43 MFHET}E Enhanced
chemiluminescence (ECL) kit (Amersham)& ©]&-3}%] band&& 713}t

At

6. DNA chip assay
1) Probe A%

TRIzol A2k (Invitrogen)S ©]83}o] & RNAE F2] =3 & RNA9
cDNA 9 HAF Wk} Cy labeling ¥4 2] Al2FE2 DNA-chip hybrid-
ization kit (Digital Genomics, Seoul, Korea)E A}&3}3 ). A 2ALe] #]
Aol wskom o] & 7+eFa] 7% 8k 50 ug total RNAOK 1.5 ug oilgo (dT)
primerS 23 70CoA 5 7 HAA 7] 3 8o AAEP 1, AA &

A W82 1 mM dNTP, 0.4 mM DTT 2 0.15 mM Cy’-, Cy’-dUTPE 3
7F8Fal 50 unit AMV reverse transcriptase (Promega)E AF83to] & 2
@l HE-g- B o2 cDNAE labeling 31 th 9 AR WE-S- £ Sephacryl S-100
©.2 labeling & cDNAE AAsIR o AAE cDNA= EtOH Fdo=
FZ=3l1 sample 2 control 2+ 17.5 wul hybridization buffer (6X SSC,



.2% SDS, 5X Denhardt Solution 2 0.1 mg/m¢ salmon sperm DNA)9]

0
=< & §5to] probe® AFS-8FlTH.

3) Hybridization

cDNA chip2 TwinChip Human-8K (Digital Genomics, Seoul,
Korea)E AF8-3}%t}. Prehybridization buffer (6X SSC, 0.2% SDS, 5X
Denhardt solution & 1 mg/m¢ salmon sperm DNA) 30 xlE cDNA chip
of Yil cover glass® 9& § Daato] 2o 2 A 7HEt vh-g-akglth.
2 X SSC9} 0.2X SSCZ cDNA chip2 Al &3 th& dAwE 7] & o] &35}
A=A 7T Labeling® probe 35 ul& 95TolA 2 &3 X5k ®dA]
71 % DNA chip9ol "ojmg] il cover glass® 9TE DNA chip=
100% ¥ =% A7 chamber<tel] 2] 62ColA] 16 AlZF &<t hybrid-
izationd} % T}, Hybridization & 60TColl A A28 M(2X SSC 2 0.2X SDS)
o2 Z}7F 30 v 23] Al el Aol A 0.05X SSCeoll 5 #3F A& gk
T AAEE AT

4) Microarray ¥4

cDNA chip®] #=53} &4 ScanArray Lite (Perkin-Elmer Life
Sciences, MA, USA)2} Genepix 3.0 software (Axon instruments, Union
City, CA, USA)E o] &3tk Cy e} Cy°o] vl &o] 1o] HEE Tz o

2 2453, o8 FYY HIE /1 FOR BA S0 e EA AT

7. Construction¥} transfection
1) Plasmid

el A8 vector® pCMV-Tag 2A, pcDNAG/FLAG 2 pcDN-
A6/Myc-His A vectorg& AF&3F1 2™ (Fig. 4), constructione THE7]
38l AF&3F primer= Table 8, 9 2 103} 2t}

2) PCR product®] gel extraction



A719 %5 H agarose geldlAd Q3= bandE AE F QG buffer
(Quiagen, Hilden, Germany)€ 100 mg4 300 & ¥ ¥ 50T incubator
oM 10 & & BAF F 100 o] isopropanols 7Fsto] & A&
t}. QIAquick spin columnel &3 & Y& st] FF5AE AAS &
PE buffer 750 wE ¥< ¥ & 4ol& §F dAdZdstd 459 A7
gt} Elution buffer 10 W& Y2 ¥ DNAE elutionA 71t}

R

3 Agdarz Aot

Gel extraction 3 & 92 DNAE BamH 1/Xho 1%E%E Hind 1
/Xho 1 AFJaAE o]&slo] st DNA 10 wxl, 10X buffer 1
W, BamH 1 BT+ Hind M 1 W, Xho 1 1 w 2 32} SF7FF 8 W=
d2 % 37ColA overnight 381 th

3) Ligation

Vecter 1 wl, 2X ligation buffer 5 w0, T4 DNA ligase (Takara
Biotechnology, Tokyo, Japan) 1 x¢ 2 PCR product 3 wE 22 ¥ 25T
oA 2 AIZE WA T

4) E. coli transformation

Ligation® plasmid DNAE 2-mercaptoethanol® Z * 2%+ DH5 al-
pha competent cell (Stratagene, La Jolla, CA, USA)°l transformation
0}0"11]- Competent cell 45 wtol ligation® plasmid DNA 4 W& Y&

dLo] 30 E WAEta 42TCelA 30 Z%F heat shocks 3t plas-
mic DNA7} competent cell QFe.2 Eo{7}A 3kt 17 o I35
2 B7F WA3 3 SOC broth 255 wE 7}t 37C shaking incubator
oA 1 AIZF vt &= kanamycin T+ ampicilline] £°1%l& LB agar
plate®l streaking 3+ ¥ 37T incubatorol 4] overnightdt & yepd Z+
Z+o] colonyE LB broth 4 meol v s}3lch.



5) Plasmid DNA purification

Plasmid extraction kit (Quiagen)E ©]&€3}e plasmidE HAA5HS
towdd AMEE At A9 A F pelletell solution I
(50 mM glucose, 25 mM Tris-Cl 2 10 mM EDTA pH 8.0)2 250 ul&
Yol Z 4o]F F solution I (0.2 N NaOH 2 1% SDS) 250 ul& Yol &
T Z Aol 29 v A2olA 2 &3 A% $ solution T (5 M
potassium acetate 2 glacial acetic acid) 350 wlE 7}ste] 2+ 4oj+
5o oF 2 7k WA AI7ITh 12,000 g, 4TellA] 15 #3F dAlwe] o
A= S spin column °ll 71T} Washing buffer I [Phenol/chloroform/isoa—
myl alcohol®] 25:24:1 (v/v/v)] 350 ul 2 washing buffer II (ethanol) 350
wE 7}ake] AelE & TE buffer (pH 8.0) 50 utell =<1t}

S

6) Ak aao] o &9l

A= DNAZE Soi3keA &dtr] 9ste] Algasrs Agste] &
Q1 3}tk DNA 2 wl, 10X buffer 1 wl, BamH 1 Y+ Hind I 0.5
w, Xho 1 0.5 ul, 37 75 6 WE ¥ F 37 TolA 1 A7k wb

St

7) Sequencing

T3¢ T7 forward primersS AF&3}91 11, automated DNA analyzer
system (ABI PRISM 3100, PE Applied Biosystems, Boston, MA,
USA)E o]&3sto] @71-EE& &438F3 T Sequencing kit ddNTPe]
G E A LS labledt= Big dye terminator cycle sequencing 412 9]
|32tk Sequenicng reactions 93¥ PCR reaction 96T 10 =%,
50C 5 =, 60T 4 ¥ 30 cycles2 233ttt PCR producte PCR

purification kit (Solgent, Seoul, Korea)& A}&3te] A AT}

8) Transient % stable transfectant A% 3

Plasmid transfection 85 A A EE trypsinA st AEFE A



Aball FY 50-90% 3} ZFEfol TEshAl skl 72834 wiA 300 ul
o] plasmid DNA 2 ug¥ lipofectamine plus reagent (Invitrogen) 15
WsE E3 N3 FdH wjx] 300 woll lipofectamine (Invitrogen)
7.5 ol @2 fAS Ao 15 B3t widstdth 34 H lipofectamine
reagent®} DNAE NS 42 & HA2oA 15 &3F wigaialeh. Alxo
NS transfection media® A & A|¥o] DNA-lipofectamine &
FAE H7Vel 37T, 5% CO20 6 AlZF #vi%k3t 3 2X complete media
g #H7tsll & F 48 AZbsQt wiFskQlTh Stabledt transfectantE 471
35t transient transfection® 3¥F F blasticidin S (Invitrogen)=
selectionst] WA AlE F2& Ih

8. FAIE EA&E o83 FEFH 4F

kst AZE A7ME PBS (pH 7.40)&d02 A W A F 107/
w7 HEE PBS &l i3 & PFELAS Yol 37TColA 1 Azks
oF vkx13k & A A7) (FACSCailbur, Becton Dickinson, San Jose,
CA, USAE o] &3t #4& 31tk oluf laminar sheath flowe] Al3Eu]
o] ¥FE4S argon ion laser (488 nm)ZE ] 7]A]A rhodamined} calc-

X

e

ein—AM< 585 nm, doxorubicin®} daunorubicin< 585 nm, mitoxantrone
< 650 nmollA WEH = UE A

9. Immunoprecipitation (IP)
M¥EXE 1 mM PMSF, 1 mM DTT, 10 pg/ml leupeptin, 10 pg/ml pep-
statin A 2 10 ug/ml aprotin &3 F=45 N (50 mM Tris-HCI (pH
7.4), 150 mM NaCl, 1 mM EDTA, 10% glycerol ¥ 1% Triton X-100)
o7 G3AIZl SMAS 4ToAA 2 AlZbst 93 A 13 A 7F g4
+ anti-FLAG M2 agarose bead

(Sigma)el 2ol overnight & ¥ F5 &5 Ao =2 43] A H g & 2X sam-
ple loading buffer 35 ulE 2l 95ToIA 5 &3F Z% F A&

T A=oS SDS-PAGEC]l #7145 & F gelo] EAste dide

protein G agarose bead (Invitrogen) &=

2



electroblotting ¥HH . & NC filterol] Zt}. H] Eo] &l AdS 2}¢tsl7]
913kl NC filterg 5% BAERE T3 TBST §fel Wi AeoA 1

A7t B2t vEgAIZ T 0.05% TBST €9 10 &3t 13, 156 #3139
A e F tA] A2 TBST §Ho A 5 &3k 23] Al F gt Filterg Pgp
(1:1000, Santa Cruz), FLAG (1:1000, Sigma) 5=+ Myc (1:1000, Sigma)
12k FAE T/ TBST §Ho] Y /\1%01]/‘1 1 AZF &2t A& 5 9
o} e "W o7 A HFATE A& 3 F peroxidase’t EAH goat an-
ti-rabbit IgG (1:2000)E &3k TBST &5 &N filters YL 20 A
Z4zE 1 AZE Fe BA S § TBST s8N0 = 15 &3k 13, 5 &7t 43]
Al A gt ECL kit (Amersham)E ©]-8&3l bandE< 7} &3t}

10. 99933 &4

5x10*712] M¥XE cytospin (Cell spin, Hanil, Seoul, Korea)Z ©]
%3}01 g4 ¢RvoR 373G &otol= Skl 2o Axsit &
t}o]=E 3.7% paraformaldehyde/PBS= 15 #3F 1243 & 1X PBS®E
10 &7 Al"sdeh Ao F3EE S7HA7171 98 0.2% Triton
X-100/PBS (PBST)® 10 #zF ¥kgAI# T 1X PBSE 10 &7F Al A3}
i, GAe] vSol 4l Agke Alsk] 98 3% BSA/0.1% PBSTZ 1
AlZF &<t blockingdl$lth. blocking €42 A AS & L3 blocking
Aol 1008} 3]A4 A7 anti-FLAG (Sigma) €2+ A& A=s H 1
17t Bk WS AT 0.1% PBST®Z 5 #3F 33 Aldsta, 23 A=

~

anti-rabbit IgG rhodamine conjugate (Santa Cruz Biotechnology, CA,
USA)E blocking8-<foll 3208 3]4ste] A2oA 1 A7t &<k wkgAIR
< PBSTZ 5 #3F 33 AAsoich 22 A AZ Al 1 pg/mle] Hoechest
333425 A A sE T Aqua mount® mountrZl ¥ confocal laser
scanning microscope (FV1000, Olympus, Tokyo, Japan)< ©]-83t
Azskgl.

11. 3, Alxd 3 Ax9e £



Aol & Mxd =L AHxee] F2 &= Subcellular Proteome
Extraction Kit (Calbiochem, La Jolla, CA, USA)E ©]&3d}o] #2319
o} AIXE PBSE 23] Al&A3 & extraction buffer 1 200 w2} pro-
tease inhibitor cocktail 1 wWE Y F 4ToA 10 &3F ¥-3A171 &
1,000 g2 10 & &<t dA&e 3 5 Axdo] E9dde 45 &
gZgk & Fol Q= pelletol extraction buffer I 200 <}
inhibitor cocktail 1 & ¥ ¥ 4TolA 30 &3 WAL F 6,000
g2 10 & &t dAEE & F AxHo] Eo%e TS &

t} dol A+ pelleto] extraction buffer I 100 wlol

hibitor cocktail 1 @2} benzonase nuclease 0.3 WUE H7}sH 3 47T
A 10 #7 ¥ESAIZ F 6,800 g2 10 ¥ B 94 @ F o] =
o1 2 = stk

protease In-

T

A} o

o

rlr
o{)lf

12. FFSAAE o] 83 WA AAhFY SF

HES-A A A F A2 g2 219l 2' 7'-dichlorodihydrofluoresce-
in-diacetate (DCFH-DA)E ©] &8}t DCFH-DA«= Al=92& g A 3
sk 4 9o AEY 9] esteraseol 93l H]F<Q0 DCFHZ W3y ™ vbg
3 ’&i%ﬂ TAA AbstE o] 39 DCFE AgE = dE & o] &5t vt
SA AtaFo S SAHITHLeBel 5, 1992). 1xX10° N9 MEE T
3k 200 w2 PBSE 96 well plateo] 23 DCFH-DA7} 1 pMO] HEE A
g9 3 Y st 37TCTolA 4 AIZE < HEG-A| 7] 3 excitation 3}
7 485 nm<} emission 3¢ 530 nmoll A & FE27](LS-55, Perkin-Elmer,
CT, USA) olA &3 Z=s A5kt

13. BAIAE
AY Ads HA4+EFHA FHZE e 5 2539 A3
A8 Student's test WS o] &3t P < 0.05¢ A EAA

ool e Ao HFERdt

KV
o

L.

:‘o Sh
=

>~



m. 2 3

1. A HAEAES ""% 2 WA71A9 79
34 =74 WdH AHEQ AML-2 M3 doxorubicin IC5OO_]_(22 4
ng/m)E Folste] AR FEE F7HA1A 100 ng/m7F & = 6714
7+ Al v oFdte] doxorubicin WA A E2Q] AML-2/DX100 AlE£E At}
39 MIT assaye Aldjate] adAlel digk =43 AARsH 23 AML-2/DX100
M E+= A doxorubicin®] H3F ICsos=7F 419.2 ng/mlE FE 744
o

2 AML-2/WT A329] ICspa =% 22.8 ng/ml 2} Bl 1A 18.481 2] WA
[e;

S HA(Fig. 5)

W71 S sl A o2 debAlel g wAE S S A3
ChokE g 28 S B o (x&E v AA]), RT-PCR¥} Western blot ¥
W= o] &3] mRNASH e o] e & 7474 =43 A3 AML-2/DX100

A E= MRP7} 2@ 5 o] 9 tHFig. 6

2. AML-2/DX100 A £ MAGE9 2d

cDNA microarrayS ©|&3le] MAGE FAx 2#dS AR Ay
AML-2/DX100 A= AML-2/WT A E2} H]3A] melanoma antigen?l
MAGEA4 S+ AR} 2210, MAGEAZ2 1238, MAGEA6 18W, MAGEA9 11
Wi, MAGEBZ T¥l, MAGEAI 3.8W] 2 MAGEA12 1.29] T2o.2 F7}8k3]
tHTable 11). 7 Bol S7+s MAGEA4 %qu}g RT-PCR, real-time
RT-PCR B! Western blot %< o]-8-sto] A&7 A3} AML-2/WTell H]
3l @A38] F7FE o] AATHFig. 7).

3. MAGEA4 9] A zHd 4@

MAGEA47} e d AlZE 7] 98l HEK 293T Alxo] MAGEA4E
transfection A7l 24 A|ZF A 96 AIZE7EA] 24413 A © 2 MAGEA49]
WS AN S 48 APl A Hdj o] TES Holor 48 AJRE o] 5
wlo] st 96 AlZtell= A 9] Hels ok B ttkFig. 8).

r|r



4. MAGEA4 9] wr@dz} 39tAl WA Te] BA
MAGEA4 2] ¥t o] ghehA] WA A7 A=A & ZAsH] 98k HEK
293T Al¥o] MAGEA4E transfection A1 & 24A]1%F 3o MDR 7| &9l

¢

doxorubicin, daunorubicin ¥ mitoxantrone # % &}al, non-MDR 7] &
5-FU%} cisplatin® 2% EoF %8 & MTT WHS o] 43t HILTEA
ZAFsF T MDR 71221 doxorubicin®}t daunorubicing A 2|5} o
[Coo =g 7IF2o2 247 1.5 i, 2.31]¢] WA S X o1 mitoxantrone
o = WS Holx &dthFig. 9). Non-MDR 7]& <l 5-FU$} cisplatin®ll
© WA= HolA FUthFig. 10)

fr o ro

5. MAGEA49] ¥d3} & W& a3}

MAGEA47} o= vl 7155°] A dohid7] flske] HEK 293T Al 22
MAGEA4E transfection A7l & 48A17F ol JFEZo]HAA MDR 7] 2!
doxorubicin, daunorubicin, rhodamine123, mitoxantrone % calcein—AM
= AAg T N F FAE BHEE ol&oto] 7] JFHS A
o} 1 A3 MAGEA47} doxorubicin, daunorubicin 2 rhodamine123¢] &
FS V7 23%, 17% 2 21% F2A1F 3L, mitoxantrone< 7%4 =2 &3
= AR o FAA 9o)e Yt ey calcein-AM2 28] %
| 716k tHFig. 11). MAGEA4°] Ede] ojg] MDR 7|dES #iE3d
= Zo] #EH=H dHEAQ] Mxe MEdEzZE 4#% Pgp, MRP,
BCRP2} ## o] AE=A Lolr 7] $18ke] Pgp inhibitorsq! PSC833%} fla-
vonoid (3,6,3°,4’ ~tetramethoxyflavone, TMF), MRP inhibitor¢! probene-
cid, BCRP inhibitor?]l novobiocin ¥ adenosine triphosphate (ATP)E
A7 9FE9Ql cyanideE doxorubicing €7 A F 1 AIgH
FAE F4€S o] 83t9 doxorubicin FFFE #AZ3IT PSC833
I TMFE AXA g o3 cyanideE AXg oA doxorubicin &30l
< 7}8F31 3L probenecid®}t novobiocing A X3 FolA = PPl W}
7} sldek(Fig. 12).
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6. MAGEA49] @33 Pgp9}e] A

Pgp inhibitorE |3+ ol A7t doxorubicin F3eo] F7Fste] MAGEA4
7} Pgpo] HdE Z@sh=x] A E7] 9)ste] HEK 293T Alxe]l MAGEA4
£ transfection A 7] & 48A|7F 3o [PE o] &3} Pgpe wdHS A
3l9l=d MAGEA47F Pgpel @dde 93 T4 ZodrhFig. 14). &=
&, MAGEA47F Pgpolt Ast=AE A7 f18te] PgpEs Ldlshal
A= AEA 9= Caco-2 HEo MAGEA4E 48 A|7H5<) transfection

T Pgpote] Aje ZAE=Hl MAGEA4¢t Pgpes AfshA sk
tHFig. 14).

7. MAGEA4 stable A XA & wjl& &3}

HT-1080 Ao MAGEA4E ¥t sl= 270 9] stable A|3E(HT-1080/
MAGEA4C1 2 /MAGEA4C2)E WHE U MAGEA4°] 2@ s} okz W& &
W& 2T 2709] stable AlEoA MAGEA47} @ Hof 9lglom,
o] M Eo|| doxorubicing A3 T FHE F45S ]85} doxorubicin
A S 5419 S vl HT-1080/MAGEAC12F HT-1080/MAGEA4C291 A
247} 24% 2 37% 72kl tHFig. 15).

HT-1080/MAGEA4C2 stable AlZolA k& W& &3t& dolr7] H8}
o] MDR 7] <] doxorubicin, daunorubicin, rhodaminel23, mitoxantrone,

2 calcein-AME& A& F 1A 2F Fof| FAE EA4=S o] &5t 742t 3
FFS AR T o] A3 A doxorubicin, daunorubicin, rhodamine123,
mitoxantrone 2 calcein-AM®| &3FgFo] Z+2}y 24%, 15%, 22%, 22% 2 8%
a5kl th(Fig. 16).

8. A1 Al X<} A S AF Al XA MAGEA49] &d

10&9 99 MZE(SNU-1, -5, -16, -216, -484, -601, -620,
-638, -668 B -719)9% 2F°] o ST AEDX3 F DM4)olA
MAGEA4 mRNA®S] TdS ZAHAE o Aot AlEoA= SNU-2167%
SNU-484 ML E ALIs ot AXolA= MAGEA47} LAt &ske



T Hof A oHFig.

SANZE AT E MAGEA47} =

o]—/\é

1}, 259 o
17).

9. MAGEA4 siRNA] 9§ <& ®l& a3}
MAGEA4E #+gala 9l AML-2/DX100, SNU-484 2 DM4 Al
¥ol| MAGEA4 siRNAZ transfection 3 ¥ MAGEA4 @@y &
AFSFA T MAGEA4 mRNA®] Zd®e AML-2/DX100
¥= 7Z+7F 100 nM9] siRNA %%
& Lol A

)
s TR |

s 8398 %
AZE 20 nM, SNU-4849F DM4 Al

oA Hdel HAaIE KoM,
MAGEA4 @A 2 7 9] wrel st~
MAGEA4 siRNAE transfection A%
TAIE E4ES ©]&3ko] doxorubicin @3 FS 8T
transfection & AML-2/DX100, SNU-484 % DM4 Aol
14%, 26% 3 29% S 7Vetith(Fig. 18, 19,
GEA4 siRNAE 2443t &<t transfection
¢k HAF F MTT HHl= o]&st Alx=

7oz 1.3 wio e E3vhFig,

7]

Aol g4 @& H
eroH(Fig. 18, 19, 21).

doxorubicing 1A]7F &<t

A=A gk &
siRNAS
doxorubicin &3]

5k, SNU-484A4 30 MA

21). Tl
1 & doxorubicing 29 =

=
=

A7
AE 2GS o IC5sRE

20).
10. PSC833) 9 & ®l& E
AML-2/DX100, SNU-484 % DM4 Aol Pgp inhibitor¢l PSC833
o] -5l

TAE 2Hes

doxorubin¥} &7 1417+ &<F A A3k
3L th. PSCR33<S doxorubicin® A =] H]

AT,
& PSC833& AdgstAl %3ks wjel Hlws)
, 12%

doxorubicin &3S =4
3t 79 doxorubicin &3S
95 W AML-2/DX100, SNU-484 2 DM4 A Zo|A z+7t 58%

9 43% 7} tH(Fig. 22).

11. Doxorubicin I—H/z‘] H]E‘ﬂl)\‘] MAGEA49] &3
1 AML-2/DX100 M4 MAGEA47F 334 &

LR RE R PSP



o] AA+=dl doxorubicineZ o] Azl oE WEwW ydAME
(AML-2/DX250, /DX500, /DX1000 % HL-60/ADR) % H¢AE
(SKMES-1/DX1000)1 4 MAGEA4 mRNA®] ¥&& xAlslgded te
B doxorubin WA EENAN MAGEA42] &do] F7HslA= kot
(Fig. 23). 283 10F° A AEAA MAGEA4 mRNA Zed gt
doxorubicin®] W3t ICsox=ote] AL Holx AdtHFig. 24).

12. MAGEA49] A ] £X

MAGEA4°] AEuexe] x5 dolrr] Halla] HEK 293T Al
MAGEA4E transfection A7 & 48A17F $of] W PFA MY S o] &3]
MAGEA49] AlZW 2325 2AIE W T2 Al fx]sts s a2
gt 4 I tHFig. 25). AlXE o] EA413l= MAGEA47}  transporter2 2§
o g A=A GotRy] st @A F2E oS5k Aol E(http://www.
predictprotein.org/)oll Al MAGEA4°] ©huld 25 2w E A3} transme-

mbrane F2£& 714 4 98-S SHHATHFig. 26).

13. MAGEAA4 deletion mutants®] @3} AXY £X

MAGEA4¢] opn| =4t A F o]= #1217} MDR 718 & wi=3dt= a37t
AR Lolr 7] 9dte] Fig. 273 o] deletion mutantsE Tl AFQ1&}I T}
ACE C-terminal deletion< ©]7[3}H AN+ N-terminal deletiong 9]
vlgtty, HEK 293T M3 deletion mutantsE transfection A7l $ 48
AZE ol 2R A2l Z2E ARSI AN1-2328 A9l YA
1-317, AC233-317, AC110-317 % AN1-109 mutantsit %3 t
A THFig. 28). M EF A& o]-&3to] deletion mutants®] A|ZEW &
XS A¥Eed AN1-2328 A9l ymA 1-317, AC233-317, A
C110-317 % AN1-109 mutants?} AlXEZ=o] ¢ Astar A tHFig. 29).
T3l deletion mutantsE transfection AlZ1 § 48A|7F o 3 M2
D Axes Fdste] AExY ERdE AT 1-3172 ¥, Az

D AxzE B EAsta e U™ A mutants AC233-317, A

¢
filo
ol



C110-317 % AN1-109= MEA 3} AlEdto] &A130 o1} AN1-232+%
W 5k FtH(Fig. 30).

14. MAGEAA4 deletion mutants®] & ¥j& a3}

MAGEA4 deletion mutants® & W& 7|s= A¥KE7] 9t Z
mutantsE& HEK 293T A|3ef| transfection A1Z1 $ 48A17F 2| doxorubicin
= 1 ARF EQF ARG F FAE E45& ]85k doxorubicin 3 EFe X
AFskelth 1-317, AC233-317, AC110-317 2 AN1-109 mutants”}
doxorubicin 3L 247t 29%, 17%, 22% 2L 19% FarAoY, &4
= A 2+ AN1-232 mutantoll A+ 32 #3s7F gldoh(Fig. 31).

15. MAGEA4 deletion mutants®] dimer 34

MAGEA47}F A X Wol A oliogomer 725 AT =A Lolr 7] 935)o],
HEK 293T Al 3ol MAGEA4E transfection A1 $ 48A]7F S0 DTTE X
et e BE FE AT AoE FE dldS DTTE AX T F =

% A719Est] DTTE A A8k % o2 3}

t}. DTTE AAE oA = MAGEA4 @
monomerRE AR T A X814 2F2 ol A= monomer$}t dimer”} &
Ao EZA8FAtHFig. 32). 18] MAGEA4 ofn|iAil Ad & o= ¢x|7}
dimer T7ZE o|FcA &olR7] sl FLAGE tagging ¥ MAGEA4%}+
MycO. & tagging © MAGEA4 deletion mutantsE HEK 293T A3
cotransfection AlZ1 § 48|k Fof [PE o] &3}o] ZAFSFAITE Deletion
mutant 1-317, AC233-317, AC110-317 % ANI1-109+ MAGEA4¢}
dimerE o] HA T AN1-232% W=7} Bolx ¢Ftrh(Fig. 33).

16. MAGEA4 9] @33} vh-g-A] A4F3) o] #A
MAGEA4°] wdo] whgA AAaFite] #AE A 98t HEK
293T A|3E transfection 271 & 24A]7F %9 hydrogen peroxideE 2¥

ok A g & MTT WS o] &8sl MESAHS AN ICss s

/‘\l_
Kol
<



71ZFo® 1.3 weo WS HAurk(Fig. 34). T3k, HEK 293T A3

|
MAGEA4ZE transfection A1 & 48A]7F %] oxidative stressE 45l
hydrogen peroxideZ # %3t & DCFH-DAE o] 835lo] WF2A AlAZS =
Aokl =l MAGEA47F WES-A AkAad A S dAlstsE AS 32 4 A

CHFig. 35).

17. AML-2/ WT A X4 5ACS} TSAd 9] MAGEA49] &3

AML-2/DX100 A ZNAX MAGEA4°] do] DNA methylation¥}
histone deacetylation®l] 2]3F ARIXE ZA817] Y18k DNA methyltransferase
(DNMT) inhibitor?! 5-aza-2'-deoxcytidine (5AC)%} histone deacetylase
(HDAC) inhibitorQ! trichostatin A (TSA)& 77t & FAlo AX| g +
MAGEA42] W3S Bzt 1 23 5ACe ola]l MAGEA42] &d o]
S7HA R em, TSA] ofsfir = W37t gl A Fofrjd= TSA7}
5ACY] axto] WiztE Zgstx &Urh(Fig. 36).



Table 1. Current list of CT genes: 44 CT gene families and 89

individual genes or isoforms

Transcript/

Transcript CF.F, Family Members/CT Identifier
. Identifier
family

MAGEA1/CT1.1, MAGEA2/CT1.2, MAGEA3/CT1.3,

MAGEA CT1 MAGEA4/CT1.4, MAGEA5/CT1.5, MAGEAG6/CT1.6,
MAGEA7/CT1.7, MAGEAS8/CT1.8, MAGEA9/CT1.9,
MAGEA10/CT1.10,MAGEA11/CT1.11, MAGEA12/CT1.12
BAGE/CT2.1, BAGE2/CT2.2, BAGE3/CT3.3,

BAGE CT2
BAGE4/CT2.4, BAGE5/CT2.5
MAGEB1/CT3.1, MAGEB2/CT3.2,

MAGEB 13 MAGEB5/CT3.3, MAGEB6/CT3.4

GAGEL CT4 GAGE1/CT4.1, GAGE2/CT4.2, GAGE3/CT4.3, GAGE4/CT4.4,
GAGE5/CT4.5, GAGE6/CT4.6, GAGE7/CT4.7, GAGES8/CT4.8
SSX1/CT5.1, SSX2/CT5.2a, SSX2/CT5.2b, SSX3/CT5.3,

SSX CT5
SSX4/CT5.4

NY-ESO-1 CT6 NY-ESO-1/CT6.1, LAGE-1a/CT6.2a, LAGE-1b/CT6.2b

MAGEC1 CT7 MAGECI1/CT7.1, MAGEC3/CT7.2

SYCP1 CT8 SYCP1/CTS8

BRDT CT9 BRDT/CT9

MAGEE1 CT10 MAGEE1/CT10
SPANXA1/CT11.1, SPANXB1/CT11.2, SPANXC/CT11.3,

CTp11/SPANX CT11
SPANXD/CT11.4
XAGE-1a/CT12.1a, XAGE-1b/CT12.1b, XAGE-1¢/CT12.1c,

XAGE-1/GAGED CT12 XAGE-1d/CT12.1d,XAGE-2/CT12.2, XAGE-3a/CT12.3a,
XAGE-3b/CT12.3b, XAGE-4/CT12.4

HAGE CT13 HAGE/CT13

SAGE CT14 SAGE/CT14

ADAM?2 CT15 ADAMZ2/CT15

PAGE-5 CT16 PAGE-5/CT16.1, CT16.2

LIP1 CT17 LIP1/CT17

NAS8S8 CT18 NAB88/CT12

IL13TA1 CT19 IL13RA1/CTI19

TSP50 CT20 TSP50/CT20

CTAGE-1 CT21 CTAGE-1/CT21.1, CTAGE-2/CT21.2

SPA17 CT22 SPA17/CT22

OY-TES-1 CT23 OY-TES-1/CT23

CSAGE CT24 CSAGE/CT24.1, TRAG3/CT24.2

MMA1/DSCRS8 CT25 MMA-1a/CT25.1a, MMA-1b/CT25.1b

CAGE CT26 CAGE/CT26

BORIS CT27 BORIS/CT27

HOM-TES-85 CT28 HOM-TES-85/CT28




AF15q14/D40 CT29 D40/CT29

E2F-like/hca661 CT30 HCA661/CT30

PLU-1 CT31 PLU-1/CT31
LDHC CT32 LDHC/CT32
MORC CT33 MORC/CT33
SGY-1 CT34 SGY-1/CT34
SPO11 CT35 SPO11/CT35
TPX1 CT36 TPX-1/CT36
NY-SAR-35 CT37 NY-SAR35/CT37
FTHL17 CT38 FTHL17/CT38
NXF2 CT39 NXF2/CT39
TAFT7L CT40 TAF7L/CT40
TDRD1 CT41 TDRD1/CT41.1, NY-CO-45/CT41.2
TEX15 CT42 TEX15/CT42
FATE CT43 FATE/CT43
TPTE CT44 TPTE/CT44




Table 2. Tumor types expressing MAGE genes

No. of

No. of specimens expressing gene

Tumor type ) (percentage) Reference
SPECIENS i M2 M3 M4 M6 MI2
Bladder 57 12(21) 17(30) 20(35) 19(33) - - Patard &, 1995
Breast 28 31D 14 1(4) 0(0) - - Russo &, 1995
Breast 49 15(31) - 12(24) - - - Fujie &, 1997
Colorectal 54 16(30) 15(28) 11(20) - - - Mori &, 1996
Gastric 68 28(41) 21(31) 26(38) - - - Inoue &, 1995
Gastric 38 11(29) - - - - - Katano &, 1997
Glioma 21 8(38) - 7(33) - - - Chi &, 1997
Glioma 14 12(86) - - 5(36) - - Kuramoto, 1997
Non-glioma 14 3(21) - - 1(7) - -
Head and neck-
83 27(33) 34(41) 36(43) 22(27) 35(42) - Eura &, 1995
squamous
Head and neck 12 3(26) 5(42) 4(33) 1(8) 4(33) - Lee %, 1996
non-squamous
Hepatocellular 20 16(86) - - - - - Yamashita 5, 1996
Leukaemia - Shichijo %, 1995a
T 21 12(57) - * * * - #non-specific primers
amplified M1,M3,M4 or
B 8 1(13) - * * * -
M6
Myelomonocytic 16 0(0) - * * * -
Lung 53 6(11) 7(13) 20(38) 7(13) - - Shichijo &, 1995
Lung 46 16(35) - - - - - Weynants &, 1994
Lung 53 6(11) - 5(9) 6(11) 4(13) - Sakata &, 1996
Maxillary 18 9(50) 8(44) 9(50) - - - Eura &, 1995
Melanoma-primary 100 16(16) 41(41) 36(36) 11(11) - - Brasseur &, 1995
-metastasis 145 70(48) 102(70) 110(76) 32(22) - -
Ocular Melanoma-— - Mulcahy &, 1996
primary 27 00 0 0(0) 0(0) - -
metastasis 26 14)  00) 0(0) 0(0) - -
Neuroblastoma 73 13(18) - 41(73) - - - Corrias &, 1996
Oesolhagus—primary 65 12(18) 17(26) 1(2) 5(8) - - Toh &, 1995
-metastasis 11 5(45) 2(18) O 0 - -
Oesophagus 42 26(62) 18(43) 24(57) - - - Inoue %, 1995
Oesophagus 49 26(63) 24(49) 23(47) 35(49) - - Quillien &, 1997
Osteosarcoma 8 5(63) 6(75) 5(63) 1(13) 5(63) - Sudo &, 1997
Ovary 58 12(21) 5(9) 11(19) 4(7) - -  Yamada &, 1995
Ovary —normal 16 16)  00) 1(6) 0(0) - - Gillespie &, 1998
—-benign 25 21(44) 1(4) 0(0) 0(0) - -
-malignant 27 15(56) 1(4) 0(0) 1(4) - -
-metastases 6 2(33) 0(0) 0(0) 0(0) - -




Table 3. The MAGE family genes

Subtype Gene name Access number Expression Length (.)f amino
status acids

MAGEA NMAGEA1 JC2358 T 280
NMAGEAZ AAH13098 T 314
MAGEAS3 AAHO00340 T 314
MAGEA4 BAA06841 T 317
MAGEAS NP_064402 T 320
NMAGEAG6 AAA68875 T 314
MAGEA7 NP_064677 P 80
MAGEAS AAHO02455 T 318
NMAGEA9 P43362 T 315
MAGEA10 AAA68869 T 369
MAGEAII P43364 T 319
MAGEA1Z2 AAF44789 T 314
NMAGEA13 U71148 P -
MAGEA14 NT_011534.1 P -
MAGEA15 NT_025309.1 P -

MAGEB MAGEBI1 AAC23616 T 347
NMAGEBZ AAC23617 T 319
NMAGEBS3 AAC23618 T 346
MAGEB4 AAC23619 T 346
MAGEBS Q9BZ81 T 111
NMAGEB6 Q8N7X4 T 407
MAGEB7 AC005297.1 P -
MAGEBS AC005297.1 P -
MAGEB9 AC005297.1 P -
MAGEB10 AC011693.5 T 348
MAGEB11 AC011693.5 P -
MAGEB12 AC011693.5 P -
MAGEB13 AC011693.5 P -
NMAGEB14 NT_025279.3 P -
NMAGEB15 NT_011752.1 P -
MAGEBI16 NT_025279.3 T 320
MAGEB17 NT_011766.3 T 203

MAGEC MAGECI NP_005453 T 1142
MAGECZ2 NP_057333 T 373
MAGECS AAKO00358 T 346
MAGEC4 AL023279.1 T 115
MAGECS NT_025337.2 P -
MAGECE NT_025337.2 P -
MAGEC7 NT_025337.2 P -




MAGED MAGED1 AAGO09704 N 778
MAGEDZ2 CAB10841 N 606
MAGEDS Q12816 N 1387
MAGED4 Q96JG8 N 741
MAGEE MAGEE1 Q96JG8 N 741
MAGEEZ - N -
MAGEES NP_032879 N 424
MAGEF MAGEF1 NP_071432 N 307
MAGEG MAGEG] AAG38607 N 100
MAGEH MAGEH1 AAG38608 N 219
MAGET MAGET1 NT_011638.3 P -
MAGELZ NT_011638.3 P -
MAGEJT MAGEJ1 NT_011577 P -
MAGEK MAGEK1 781311 P -
MAGELZ MAGELZ2 NP_061939 N 529
Necdin Necdin XM_007686 N 321
Restin Restin (Apr—1) NP_054780 N 219

T: Only expressed in tumor cells or germ cells. P: Pseudogene; N:

Expressed in normal cells. = Unknown.



Table 4. PCR primers

Length of
a . Sequences )
Gene  S&AS Nucleotide sequences . PCR References
region
g products
S 5'-GACGGGAGCTGGGAAGTC-3' 4180-4197 Cole =
ole &,
MRP 389 bp 1992"
AS 5'-CCGTGGCCTCATCCAACA-3' 4551-4568
S 5'-AAGGACTCTGCGTCAGGC-3' 89-106 .. =
Tajima &,
MAGEA4 446 bp 9003
AS 5'-GAGCAGACAGGCCAACCG-3' 517-534
S 5'-GACTATGACTTAGTTGCGTTA-3' 1912-1932 Nakajimali—
B-actin 501 bp jima &,
AS 5'-GTTGAACTCTCTACATACTTCCG-3' 2392-2412 1985
MPRP, multidrug resistance—-associated protein
MAGEA4, melanoma antigen, family A 4
B-actin, PCR control (house keeping gene).
“Sense and antisense.
"References for gene sequences
Table 5. PCR primers for real-time PCR
Length of
) Sequences
Gene S&AS Nucleotide sequences ) PCR References
region
products
S 5'-AAGGACTCTGCGTCAGGC-3' 89-106 .. =
Tajima &,
MAGEA4 446 bp .
AS 5'-GAGCAGACAGGCCAACCG-3' 517-534
S 5'-GACTATGACTTAGTTGCGTTA-3' 1912-1932 ..
. Nakajimaliji—
LB-actin 501 bp = 1985
AS 5'-GTTGAACTCTCTACATACTTCCG-3' 2392-2412 ma o,




Table 6. PCR conditions

Gene Cycles Hot start Denaturation Annealing Extension
MRP 22 53T, 30 sec
MAGEA4 22 94T, 94T, 70C, 30 sec 72¢,
12 min 30 sec 1 min
L-actin 18 53T, 30 sec
Table 7. Real-time PCR conditions
Gene Cycles Hot start Denaturation Annealing Extension Melting
MAGEA4 45 57C, 5 sec 72T, 8 sec
957, 957, 65T,
10 min 15 sec 15 sec
B-actin 40 55T, 5 sec 72T, 18 sec




Table 8. PCR primers for pCMV-Tag2AMAGEA4 construction

Construction S&AS Nucleotide sequences

S 5'-CGGGCGGATCCCATGTCTTCTGAGCAGAAGAGTC-3'

1-317
AS  5'-CCCCCTCGAGGTTCAGACTCCCTCTTCCTCCTC-3'
S 5'-CTGGGTGTGATGGGGGTGTATTGAGATGGGAGGGAGCACACTGTC-3'
AC233-317
AS  5'-GACAGTGTGCTCCCTCCCATCTCAATACACCCCCATCACACCCAG-3'
S 5'-GAGTCCTTGTTCCGAGAAGCATGACTCAGTAACAAGGTGGATGAG-3'
AC110-317
AS  5'-CTCATCCACCTTGTTACTGAGTCATGCTTCTCGGAACAAGGACTC-3'
S 5'-CGGGCGGATCCCCTCAGTAACAAGGTGGATGAG-3'
AN1-109
AS  5'-CCCCCTCGAGGTTCAGACTCCCTCTTCCTCCTC-3'
S 5'-CGGGCGGATCCCGATGGGAGGGAGCACACTGTC-3'
AN1-232

AS  5'-CCCCCTCGAGGTTCAGACTCCCTCTTCCTCCTC-3'

Table 9. PCR primers for pcDNA6/FLAGMAGEA4 construction

Construction S&AS Nucleotide sequences

S 5'-GCTAGTTAAGCTTGGGCCACCATGGATTACAAGGATG-3'
1-317
AS  5'-5'-CCCCCTCGAGGTTCAGACTCCCTCTTCCTCCTC-3'-3'




Table 10. PCR primers for pcDNA6/MAGEA4Myc construction

Construction S&AS

Nucleotide sequences

5'-AGCTAGTTAAGCTTGGGCCACCATGTCTTCTGAGCAGAAGAGTCAG-3'

1-317

AS  5'-TCTAGACTCGAGGACTCCCTCTTCCTCCTCTAA-3'

S 5'-AGCTAGTTAAGCTTGGGCCACCATGTCTTCTGAGCAGAAGAGTCAG-3'
AC233-317

AS  5'-TCTAGACTCGAGATACACCCCCATCACACCCAGCTC-3'

S 5'-AGCTAGTTAAGCTTGGGCCACCATGTCTTCTGAGCAGAAGAGTCAG-3'
AC110-317

AS  5'-TCTAGACTCGAGTGCTTCTCGGAACAAGGACTCTGC-3'

S 5'-AGCTAGTTAAGCTTGGGCCACCATGCTCAGTAACAAGGTGGATGAGTTG-3'
AN1-109

AS  5'-TCTAGACTCGAGGACTCCCTCTTCCTCCTCTAA-3'

S 5'-AGCTAGTTAAGCTTGGGCCACCATGCTCAGTAACAAGGTGGATGAGTTG-3'
AN1-232

AS  5'-TCTAGACTCGAGGACTCCCTCTTCCTCCTCTAA-3'




Table 11. Expression profiling of MAGE genes using DNA chip
between AML-2/WT and AML2/DX100 cells

Gene Description of genes Fold change vs. control
MAGEA1 Melanoma antigen, family Al +3.80
MAGEAZ Melanoma antigen, family A2 +123.32
MAGEA4 Melanoma antigen, family A4 +221.58
MAGEAG Melanoma antigen, family A6 +18.09
MAGEA9 Melanoma antigen, family A9 +11.25
MAGEA1Z2 Melanoma antigen, family Al2 +1.22
MAGEBZ2 Melanoma antigen, family B2 +7.04
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Fig. 1. Chromosomal locations of the human MAGE subfamilies.
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Fig. 5. Resistance of AML-2/DX100 cells to doxorubicin.
Cytotoxicity was determined by the MTT assay. The MTT assay

was performed for 3 days after treatment of drug.
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Fig. 6. MRP gene expression in AML-2/WT and AML/DX100 cells.
Expression was determined by the RT-PCR and Western blot analyses.

The cDNA reverse-transcribed from mRNA was separately amplified
with each primer pair for MKP and B-actin genes. Aliquotes of
each PCR reaction mixture were separated on 7% PAGE. The gel
was dried and exposed on X-ray film overnight. The protein
samples were extracted from cells and then 50 ng of total cellular
protein were separated on 7% SDS/PAGE.
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Fig. 7. MAGEA4 gene expression in AML-2/WT and AML-2/DX100

cells. Experiments are described in Materials and methods.
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Fig. 8. MAGEA4 expression as a function of time after
transfection in HEK 293T cells. MAGEA4 expression was
shown as expression of its fused FLAG using Western blot

assays as described in Materials and methods.
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was determined using the MTT assay. The MTT assay was

performed for 2 days after treatment of drugs.
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Fig. 11. Drug accumulation of MDR substrates after MAGEA4
transfection for 48 hr in HEK 293T cells. Fluorescent compounds
for the functional detection of transporters; 3 ug/mé doxorubicin,
5 uM daunorubicin and 1 uM rhodamine 123 for Pgp, 50 nM
calcein—~AM for MRP and 20 pM mitoxantrone for BCRP. The
level of fluorescence was determined by flow cytometry. Mean
+ SEM of triplicate determination is given. #*, statistically
significant at P < 0.05 from the control values by a Student's

t—test.
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Fig. 12. Comparison of drug accumulation by MDR inhibitors after
MAGEAA4 transfection for 48 hr in HEK 293T cells. The fluorescence
level of 3 pg/m¢ doxorubicin was determined by flow cytometry in
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and 100 uM novobiocin for BCRP inhibition, 2 mM cyanide for
ATP depletion. Mean £ SEM of triplicate determination is given. *,
statistically significant (at P < 0.05). DX, doxorubicin.
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Fig. 13. Pgp expression after MAGEA4 transfection for 48 hr in
HEK 293T cells. IP and Western blot analysis (A) and real-time
RT-PCR assay (B) were performed as described in Materials and

methods. IB, immunoblot.
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Fig. 14. Interaction between MAGEA4 and Pgp after MAGEA4
transfection for 48 hr in Caco-2 cells. IP and Western blot analysis

were performed as described in Materials and methods.
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Fig. 15. MAGEA4 expression (A) and doxorubicin accumulation
(B) in stable MAGEA4-overexpressing HT-1080 cells. Expre—
ssion of MAGEA4 was determined by the Western blot analysis.
The intracellular fluorescence was determined by flow cy-
tometry using 6 ug/m¢ doxorubicin. Mean * SEM of triplicate

determination is given. #*, statistically significant (at P < 0.05).
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Fig. 16. Drug accumulation of MDR substrates in stable MAGEA4-ov-
erexpressing HT-1080 cells. The intracellular fluorescence was deter—
mined by flow cytometry. Mean £ SEM of triplicate determination is
given. *, statistically significant (at £ < 0.05).
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Fig. 17. MAGEA4 mRNA expression in gastric cancer and

melanoma cells. mRNA expression was determined by the

real-time RT-PCR assay as described Materials and methods.
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Fig. 18. Effect of MAGEA4 siRNA on expression (A) and accurmulation
of doxorubicin (B) in MAGEA4-overexpressing AML-2/DX100 cells.
Expression and accumulation were observed after 24 hr of
MAGEA4 siRNA transfection. Expression was determined by the
real-time RT-PCR and Western blot analyses as described
Materials and methods. The intracellular fluorescence was
determined by flow cytometry using 6 ng/mt doxorubicin. Mean *
SEM of triplicate determinations is given. *, statistically significant
(at P< 0.05).
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Fig. 19. Effect of MAGEA4 siRNA on expression (A) and
accumulation of doxorubicin (B) in MAGEA4-overexpressing SNU-484
cells. Expression and accumulation were observed after 24 and 48
hr of MAGEA4 siRNA transfection, respectively. Expression was
determined by the real-time RT-PCR and Western blot analyses
as described Materials and methods. The intracellular fluorescence
was determined by flow cytometry using 6 pg/mé doxorubicin.
Mean £ SEM of triplicate determinations is given. *, statistically
significant (at < 0.05).
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Fig. 20. Effect of MAGEA4 siRNA on cytotoxicity of doxorubicin in
MAGEA4-overexpressing SNU-484 cells. 100 nM MAGEA4 siRNA
was transfected for 24 hr. Cytotoxicity was determined by the MTT
assay. The MTT assay was performed for 2 days after treatment

of drug.
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Fig. 21. Effect of MAGEA4 siRNA on expression (A) and
accumulation of doxorubicin (B) in MAGEA4-overexpressing DM4
cells. Expression and accumulation were observed after 24 and 48
hr of MAGEA4 siRNA transfection, respectively. Expression was
determined by the real-time RT-PCR and Western blot analyses
as described Materials and methods. The intracellular fluorescence
was determined by flow cytometry using 6 pg/mé doxorubicin.
Mean £ SEM of triplicate determinations is given. *, statistically
significant (at < 0.05).
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Fig. 22. Effect of PSC833 on accumulation of doxorubicin in
MAGEA4-overexpressing AML-2/DX100 (A), SNU-484 (B) and DM4
(C) cells. The intracellular fluorescence was determined by flow
cytometry using 6 ug/m¢ doxorubicin in the presence of 10 uM
PSC833 for Pgp inhibition. Mean + SEM of triplicate determinations
is given. *, statistically significant (at P < 0.05).
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Fig. 23. MAGEA4 mRNA expression in doxorubicin resistant—sublines.
mRNA expression was determined by the real-time RT-PCR assay

as described Materials and methods.
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Fig. 24. Correlation of MAGEA4 mRNA expression and ICso of
doxorubicin in gastric cancer cells. mRNA expression was
determined by the real-time RT-PCR assay as described Materials

and methods.
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Fig. 25. Localization of MAGEA4 after transfection for 48 hr
in HEK 293T cells. Localization of MAGEA4 was visualized by

immunofluorescence assay as described in Materials and
methods. The cells were stained with a rhodamine—conjugated
anti-rabbit secondary antibody and counter—stained with Hoechst

33342. DIC; Differential interference contrast.



Fig. 26. Proposed prediction structure of MAGEA4. NORS,
non-regular secondary structure; H, helix; E, strand; M, tran—

smembrane helix; e, exposed.
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Fig. 27. Schematic representation of various MAGEA4 deletion

mutants.
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Fig. 28. Expression of MAGEA4 deletion mutants after transfection
for 48 hr in HEK 293T cells. Expression of MAGEA4 deletion
mutants was determined by the Western blot assay as described in
Materials and methods. The protein samples were extracted from
cells and then 1 pg and 50 pg of total cellular protein of 1-317
mutant and the other mutants were separated respectively on 10%
SDS/PAGE.
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Fig. 29. Localization of MAGEA4 deletion mutants after
transfection for 48 hr in HEK 293T cells. Localization of
MAGEA4 deletion mutants was visualized by confocal microspcoy
using immunofluorescence assay as described in Materials and

methods.
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Fig. 30. Subcellular localization of MAGEA4 deletion mutants
after transfection for 48 hr in HEK 293T cells. Expression of
MAGEA4 deletion mutants was determined by Western blot
assay as described in Materials and methods. N, Nuclear; C,

Cytosol; M, Membrane.
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Fig. 31. Doxorubicin accumulation of MAGEA4 deletion mutants
after transfection for 48 hr in HEK 293T cells. The intracellular
fluorescence was determined by flow cytometry using 6 pg/ml
doxorubicin. Mean = SEM of triplicate determinations is given. ¥,

statistically significant (at P < 0.05).
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Fig. 32. Dimeric formation of MAGEA4. The protein samples were
solubilized in SDS sample buffer with (+) or without (-) 100 mM

DTT and then total cellular proteins were separated respectively
on 8% SDS/PAGE.
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Fig. 33. Dimeric formation of MAGEA4 deletion mutants after
MAGEA4 and MAGEA4 mutants cotransfection for 48 hr in HEK
293T cells. IP and Western blot anlaysis were performed as described

in Materials and methods.
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Fig. 34. Cytotoxic effects of hydrogen peroxide after MAGEA4
transfection for 24 hr in HEK 293T cells. Cytotoxicity was
determined using the MTT assay. The MTT assay was

performed for 2 days after treatment of drug.
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Fig. 35. Generation of reactive oxygen species by hydrogen
peroxide after MAGEA4 transfection for 48 hr in HEK 293T
cells. PBS containing 1X10%/m¢ cells was incubated with 1 uM
DCFH-DA at 37T for 4 hr in the presence or absence of 5
mM hydrogen peroxide. After incubation, the DCF fluorescence
intensity was determined by using a fluorometer set at a
wavelength of 485 nm for excitation and 530 nm for emission.
Mean + SEM of triplicate determinations is given. *, statistically
significant (at P< 0.05).
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Fig. 36. Effects of 5AC and/or TSA on MAGEA4 mRNA expression
in AML-2/WT cells. Control, no treatment of 5AC or TSA. Expression
was determined by the RT-PCR assay. Total RNA was isolated
after treatment with 2.5 uM 5AC for 96 hr and/or 150 ng/m¢ TSA
for 24 hr.
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2 AFo| A= doxorubicin WA #EH A E(AML-2/DX100)°l A4
MAGE 7 210] 3t oAl Id S F53 H4oA 9 923 WA
= Edte 7IdE wslaAt skglth. AML-2/DX100 AlZolAM o
MAGEA subtypes & MAGEA4°9] &3 o] 7M =3ko™ MAGEA47F 3}
g A XEoA ozl MDR 7|2 UAdS HolH 11] gt Z7)5ko] o
g VA ES WEdte ow A, Eg
o RE ojyet w3 AAFE AlASHE VTR o
zlt,

MAGEA 342 93308 T4 Ad 2 "5 3850
2o A3t o]FoFHATHVan den Eynde %, 1997; Marchand %,
1999; Park 5, 2002), dA7kA MAGEA?] 75| dsis 43 &
#7 v7k QltkMonte 5, 2006). MAGEA®] w&o] hekAl W3 #
Aol vt BHid =72 AF7A o 28] E#sith Duan &
(2003) paclitaxel WA P2 AE(SKOV-3)ollA o8] MAGEA

AxEo] A AL ‘ﬂ O FolA EEFol =2 MAGEA29
MAGEAG6E & 3slo] paclitaxelol sensitivedt F4¢E AIZZ(OVCARS)
FEFAARE W, ICooe e @t 7I£S2® MDR 7]E¢l paclitaxeld}
doxorubicin®l Z}Z+ 4 wje} 2 wjeo] WAHES H Ao} non-MDR 7]Z <]
cisplatin®] 4} topotecano= WA S HolX Lt H st} o] 2
= MAGEA7ZF &kl Aol #ojsta duts Hxo Btk T3
HEAQ A2 wE=g = Pepetel #EAE A= MAGEA2
o} MAGEAG69] Zdo] Pgpel L& &S v XA Zdrta 3Tt
2 AFolAE MAGEA4°] sharde] Pgpol walel=
ko, Pgpet AFeAE dTh Monte 5(2006) &A1l etopo-
sideo] M3k W71 M o2 MAGEA27F A& o] lkal B ustich WA
717 s B MAGEA27F p533 A3 3te] p53S down-regulation?]

&v

e vAA g

o



71" HDAC3/p53 complex®} ZA3slo] p53L deacetylation Ao 24
p539 TS o AIste] etoposide W ol #ofghrlar W skl tt. MAG-
EALl, -A4 2 -Al1l1 5°] SKIP, Miz-1 ¥ androgen receptor FXXLF
motif 53 < transcription factor®t ZA§ste] AAZ4E S 3o &
Z dtHLaduron &, 2004; Sakurai &, 2004; Bai 5, 2005). MAGEA
F AR = AAA EZ o 4] DNA methylationo] 98] @& shA] & YA, F
SFA| 7} W A Brother of the Regulator of Imprinted Sites (BORIS) &
o] MAGEA 3 2F2] DNA methylations 9 Algte] MAGEA ©al &
g 7= Aoz dHA AtHLoukinov 5, 2002; Vatolin 5, 2005).
ol A & std MAGEA ©d (MAGEAL, -A2 % -A6) ] p537 2%
ato] p539] 7le& AT B s gtk (Monte 5, 2006).

rF olvgk MAGEAZ} apoptosisE AAIgtE Bil% Qlt}d. Morishima
5(2002)& murine A|E(C2C12)°1A endoplasmic reticulum (ER) stress
(inhibition of glycosylation or ER-specific calcium ATPase)& %A 4
caspase-127} @A 315 ™ caspase-93 -3 7 A apoptosisE do7|=
ol MAGEA37} caspase-12¢} A¥slo] caspase-12°] @4dS& A3}
apoptosisE ATt H a5t 13U humanol A o213k 7154 9]
dojd &2 At} dfufst¥ caspase-127F H=538 murineol A ©A
12%2] apoptosis €35 H S vt o}y g} human¥} murine?] caspase—12
°] homology7F A°] §17] W&ol tH(Nakagawa &, 2000; Lamkanfi &,
2004).

Hti 2 MAGEAZF apoptosisE FE3ttteE H % 9t} Sakurai
(2004)2 MAGEA4°] 317709] oln|x=4t ¥ C-terminalel] 9 X]3FaL

T 211-317 F&°] Miz-13 binding 3}%] cell deathE Y°7|& pbh3
Qi—,—lﬂ AEZE B3slE 988 8= p219 transcriptiong JAAZL
Bk oy gl pb3e] M-S FUIA AL EMN pb3 upregulated modulator
of apoptosis (PUMA)¢} &2
chrome CE W=A1719, anti—apoptotic gene?l Bel-xLe] ¥dS i

Al A cell deaths FE3cta B89t Peikert 5(2006) non-small

30 off

pro—apoptotic geneE9] L&A A cyto-



cell lung cancer 22}2] 48%°) 4 MAGEA47F 23 &1 0™ caspase-3<
g4 3 A1 A apoptosisE =3 B skt Yo #o] MAGEA ©H
A& drug resistance, survival, cell cycle ¥ apoptosis 53 H&Ho]
ATk &HA Ak

obx A3k nie} o] MAGEA29F MAGEAG67F paclitaxel® doxor—
ubicin WAell #efata lvke Bie YA Duan 5, 2003), MAGEA4
7V @A Wd 3 d-e] doe Hie AHgolw dA7FA MAGEA47+
apoptosisg f#eth= BHuwk QIth(Sakurai &, 2004; Peikert &,
2006). ApoptosisE =3t 299 HuE AuH™ MAGEA49 7]
Soll g vk B aE stal 9tk = Peikert 5(2006)2 MAGEA4 9]
open reading frame (ORF) 59 (o}n =%t < 1-317)7} apoptosis=
FEottta B3l A gk Sakurai 5(2004) ORF F2 apoptosis&
o7z a1 317709 oAt F C-terminalel] YR8 Y= 211-317
FERE apoptosisE frEgHrhal H 138kl T}

MAGEA4 @b g2 317709] opm|iestoz FAE 2ol 34.9 kDa
Al #e @idolty, MAGEA4 ©iid Fx22 A3 MHDelo] th&
domaing 7FAaL A Frh &3] dHAA A AET] EAs= ABC
=g Pgp, MRP, BCRP SolAA" =< o]s T2 trans-
membrane domaing 7FA i AA o ATP7} A3sIE nucleotide
binding domainX= 7FAaL JA| &t ZdolkE &78tal MAGEA47F oF
e WEdte 9Tl el o9 Thsde A4dd F AUk obA7A
MAGEA47} A3 4o 23 wEsts 985 o AAA ofdd o

ol 75s =T AUA
st A= FAsHA] Fo dwd F2E 45T 7 e AE
(http://www.predictprotein.org/)ol| <] MAGEA42] MHD 9 X7} trans-

membrane T%E AT F AtiE JFsA R Hol AAAQ k&)

o



=9t & % Atk B dFA MAGEA47} dimerE AT E AL
gltoieh. Ee MAGEA47F MAGEA2¢F Afsith= 21& Zelshalth
(RE WA, o] T Ay, MAGEA4E homo-dimer T2E o] F9]

Eg W= HZE ALY R de ¥ oldEl, ©E MAGEA sub-
types®} Z3dsle] hetero-oligomers A st UdE WL o 7eA
= 9ttt MAGEA4°] dimer”’} 7%7} disulfide bond®l 23] o] A =X
Golr 7] 9Jate] MAGEA4°] ofr|=ib A A(1-317)°] EAlsk= 4709
cysteinee mutation AFH =S WXZ dimerE FASUTHAIRE W AA].
MAGEA4+= disulfide bond7} obd a-helix®} G-sheet7} AZA =0 dim-
er 725 4T 7t AU
MAGEA ©9de dia x4 ¢

(Ohman¥} Nordqgvist, 2001). MAGEA @& A xdto| = Za)g 4
Aed Ax=Ho R olssie HAUSTES AVEW AT EAEAA
MAGEA w4 o] /‘ﬂﬁifdoﬂﬁ el g Ea o] ol A7 7= &
H, A¥AZ olF3 T ZXAE E3] major histocompatibility com-
plex MHC) @& 1 2 22 Mxdo] @ads™ CTLo|Y helper TAl
o 93] A Arh(Kirkin 5, 1998). & AFZ27NA d% o
237 9191t MAGEA47} 2 Alxufe] A8t ALes &3 S
&g 7bsAel dths Folth Eg MAGEA49 @y oF Fx
Ao E™ o] myristoylation E 7hsAol e AtolEZE EAt=H)
MAGEA47} AX=o 2 o]F3st=dl myristoylationo] &g 7}Hs Al o]
UTH EZH MAGEA47F AMlE2ol|A MDR 7|dZ& #i&3ts 7|s& ot
W MAGEA4¢L Aetsh= o3 71250 A3t 4= wies AAlse
AAA= AT Holvt. AA7FA MAGEA4°] 7oyt AAA=

H e gtk 2 AFolA MAGEA47} doxorubicin, daunorubicin, rhod-
amine123, mitoxantrone % calcein-AM 3 #2 o3 MDR 7|2 E
= HlEetol o MAGEA47F 3pdd | AlxolA Pgp S AIAI] PSC833
ot} TMFel olaf °f= wi= 7]5o] A=A o 74 MAGEA4 9]
Tl F27F WA A k7] el gdE FxE Bhelthd MAGEA4

o] SAETa dE A 3l



o Agtet= o8 712 B AAAE Z2E ¢ de Aom Jddn
ot SAFS A AAHeR B NErE Frteka qlon, 53], W
ol Al War zpe]d o] o] B2 AJelA EAEo] FrHEIwood, 1996;

el
Eggermont, 2002). %% & ®luy =7 GASAR vj=9 -5
AA 9F-oke] 5%5 AA AL, EE I AL
=2 =7t ¥& dolthElwood, 1996). 4 =

st e A E7} w1 FgAY A eA e AR
ol & whgakA e, o2 Bel-29F Bel-xL Fo] o4 SAF A
X9 apoptosisE HWallsl7] wjEo|tHTuker %, 1997; Thompson %,
2005). ¢4 SAFe As @yt dv ==+ dacarbazine, ni-
trosourea, platinum -FAFA], vinca alkaloids % taxane %°] Ut
(Nathan?} Mastrangelo, 1998; Buzaid, 2000). <ol 7l @ 4¢ATF
oA o FAFO Azl AR A= 30F9] Ea HIZESES]
+Hl dacarbazine, nitrosourea © F 7FA 2F=7Fo] response rate (RR)
7F 10% o) goletar ®aslal Qe dacarbazineo] @ 313 QH A A
2 7P a4l Ao dHA AtHGogas &, 2004). o SAF Al
XE Ao EE MAGEA subtypesE 2ddla dti(Brasseur, 1999).
B AFAde] ZASHH MAGEA4 ¥4t olyz} ttE MAGEA subtypes

il
= A WA B g vlE ASel gol@AE EET I, o9 S

AZFol A7 LA v 1A Y= o7 FE wlE VTS Ut
1 MAGEA®] #ddo] ¢9lo] & & it}

Doxorubicin WA W& A Z(AML-2/DX100)E= MAGEA49] HHg o]
=9ko v} doxorubicin®. 2 WAS 53 v wigdd A L (AML-2/DX250,
/DX500, /DX1000 % HL-60/ADR)$} #H¢ AZE(SKMES-1/DX1000)9] A]
+ MAGEA49] ®do] &2 Fohr}. o] -2 A doxorubicing A&
1S W BE SHA|ZoA MAGEA47F FdsEE AL olyn] Al¥
40 et 2vke S o g}

(<0

MAGE+ - 7d#9] hypermethylation®. & 2do] oF H 11 Q= AE
oA ofe] 7}A] Yo Z demethylation® ™ 2 o] ¥&= oz



dedA AtHWeber 5, 1994; de Smet &, 1996). AML-2/DX100 A
¥ 54 A9 ERY  doxorubicindl WF WS ZHA AL AARE G
3@l catalase’} #ZAHO] 9o hydrogen peroxide, t-butyl hy-
droperoxide % paraquat®} #2 pro-oxidantsol] 238 WAL HQl
CHKim 5, 2001). o]¢} #o] AML-2/DX1004 %= A7) doxor-
ubicin¥} #2 pro-oxidantso] <& 4tsd ZEHAE ¢ @ol] wbo}
MAGEA4 A A7} demethylation® ROZE F35
o 22 B AV AdxEtdzges AAdE7] wEel MAGEAZE 34tsl
a23E 7HA AL i O]Eﬁi FAl WS B 7heA= Al
A&to] MAGEA49] 3H4k3 £ S48t 1 23 MAGEA47F 3
bk Ga3E 7HAAL e As HEE G99 T g Aoy od THe
2 ks gyE HoleA THoloF & IpAlolty. = AN
heme?] ATFE22l porphyring BCRP7} AlXE glo g =ojjo] NO ¥
Atz S AAstE AMEJonker &, 2007)2 7122 MAGEA4
7h guZe] Aol #ofdts WA 71d S viETdeEA Fitkst
ads Y F dvs FECl 7Hseth
AML-2/DX100 A3 4] hydrogen peroxideE 3} uf

Az s 2 B2 Atawidzde AR EAT, WA b ¢
A AERT B gdo & glutathione S-transferase Pi (GSTP1),
peroxiredoxin 2 (PRDX2), thioredoxin 2 (TXN2) % glutaredoxin (GLRX)
o S kst aao] wdo] A AlEe HlE] S ] AATHOh
S, 2004). AML-2/DX1004 304 MAGEA47} o] 2]k WQlgd gitsto]
7k 71l 2 7k ol Utk

o

I
i
%)

. Anthracyclines

aly
OSL'
4c+
an)
HEA

=
T
E

flo ox



V. o8

A7 A AA7EA] 56F2] Melanoma antigen (MAGE) A A7F X
5o A type 13 type IZ=Z YHA =Y [J2> MAGEA
(melanoma antigen, family A), MAGEB (melanoma antigen, family
B) ¥ MAGEC (melanoma antigen, family C)7} 9o UyHx= 019
o7 FREHXI Type 182 YA FEAA T 18k 2 Ejgk o]
9ol A XA oAM= wdskA FARE, DS FAZTAdME ddE
gth Type 1@ 5 MAGEA®l Wk 771 7Hd ®eol ¥

Doxorubicin A W& AZ(AML-2/DX100)0 X MAGE - =ke] &
AF g A WS g 53 oA e 9T YIS Fste 71dE
ZAFEHlTh AML-2/DX100 A Zell Al o8] MAGEA subtypes & MAGEA4
o] Bdo] 71 Fokor MAGEA47F it ® A ¥o]x MDR 7129l
doxorubicin¥} daunorubicinoll WAL ¥ non-MDR 7] &<l 5-FU
9} cisplatinoll= W/ds HolA gFgkth E3gE doxorubicin, daunorubicin,
rhodamine 123, mitoxantrone % calcein-AM¥} #-2 o2 MDR 7]&
S WEsk3la ATPE ZA 7]+ cyanidedl ]3] doxorubincin &3
Fol F7Fslsith. MAGEA47F 3t ® Mo A P-glycoprotein (Pgp)
inhibitorel] ©]3ll doxorubicin @FFo] 7t AR MAGEA4¢] &
o] Pgpe| Walols e WAA Fkow MAGEA49}t Pgpe 2%
A &ttt 1Ela MAGEA47F " Aol A] MAGEA4 siRNAY
o8l = doxorubicin ¥FZo] S/t MAGEA4E= &, AXA, Al
FLubo] EASAAT FE AT EAstn Ak 22l MAGEA4
kA9 disulfide Z2&©°] dimerE&

AGEA4= Whg4d AHage A7

+ homodimer % heterodimerE

FAS=H HosA = BeTh BE

st 8= A A

ole] Aol MAGEA4E F=2 MEo] =487 dimer 725
2] MDR 7]do] WA S HolH 7[dES w=sts 93 vt

A AdaFs A 7se st Ao AE .

=z ox T

¢



H fA2e MAGEA4E o=z WA

)

Ho



VI ZAbe] o

M s MHOE o] SUo dYR FHIFS 0N, TAHL O &
o 2H0M OB E259d =& &0 OJF H¥2 YAHE UHss = WA 82 *

9 22 MY 2 2HUT.

HH 2 =20 AGHIIA w9 FHA 4 YHS dMWYT ML 7
o HE 2 MT2E NS T Nk wy X HY waHA PHOER AN
gUt. 280 W2 BHS V20 FAL YItR R H[WH oY oY TAS Of
X FofE & X+ waHd, Of2 HHEMY JF2HME OFAYU= XEY A

g

2 UFAD RV NEWLS Of T4 P 4 B4d, T ¥ Aid, § 34
DAY YOE ANE SYUL DD 2 AT A0t HY 1Y 5 £
2 AT GYO AFY 4+ YRS Y LS YN OF FAYRUY My
Y 02D YYMEAPME o 4TSN IHU ANUE O WS B
of HOIED N

TREOE FA% A2 50 UIIN MNP dsd YPoR U FH
oY Aol A2 AME EPUL. EW £ S0 RRHS HiHOLY
e Y2 oA god ¥H, A8l RHI} P2 HROY NFOG= &
YEoAE HHoR NOZE MO YRR Y WUIoH XNUEF HHO
G EUT. 20 Y= 29 ZOM of HFo TEOHX ¥y (X &
MNZote ANCHR QA0 HESF WUAMN 5 FASE OFS X FASULD
O& XF2 s AN FY AU 4 §I[E FAL 5 O HHI
HpepA| 2 MO AMUOH R EORE J[HorH S Ol YHO| O PHHY =E 3
HE M L O

o] 2 Z2O0FM FAUE = i H1oF He R0l Mo FAYL
Mo B2 ORI 9% &4 FX ¥0 XIAZ, AL FAUUO =HGERE
U Opx] E2[9F H S0l FFHM gRE HEO[JF OfZ + UJHE YIH A
My wgyo, 2 7k2H0] HE EOopHEM FOE HWUWM YA AL gL
UYLk OfXpm ZO] Y= ZO] OFHYIER. #O[ -

o iy md

il

A
njo

59

[

2007. 6.
o H®H H



VI.L 33153

Bai S, He B, Wilson EM. Melanoma antigen gene protein MAGE-11
regulates androgen receptor function by modulating the interdomain

interaction. Mol Cell Biol. 25(4):1238-57, 2005.

Barker PA, Salehi A. The MAGE proteins: emerging roles in cell cycle
progression, apoptosis, and neurogenetic disease. J Neurosci Res.

67(6):705-12, 2002.

Becker JC, Gillitzer R, Brocker EB. A member of the melanoma
antigen—encoding gene (MAGE) family is expressed in human skin

during wound healing. Int J Cancer. 58(3):346-8, 1994.

Boel P, Wildmann C, Sensi ML, Brasseur R, Renauld JC, Coulie P,
Boon T, van der Bruggen P. BAGE: a new gene encoding an antigen

recognized on human melanomas by cytolytic T lymphocytes.
Immunity. 2(2):167-175, 1995.

Boon T, Van den Eynde B. Cancer vaccines: Cancer antigens,
shared tumor-specific antigens., In: Principles and Practice of the
Biologic Therapy of Cancer., SA Rosenberg ed., Philadelphia,
Lippincott Williams & Wilkin, pp.493-504, 2000.

Brasseur F, Rimoldi D, Liénard D, Lethé B, Carrel S, Arienti F,
Suter L, Vanwijck R, Bourlond A, Humblet Y, et al. Expression of

MAGE genes in primary and metastatic cutaneous melanoma. Int J
Cancer. 63(3):375-80, 1995.



Brasseur F. Melanoma: Brussels melanoma cell lines. In: Human
Cell Culture. Vol. 1. Cancer Cell Lines. Part 1., ed. JRW Masters,
B Palsson, Kluwer Academic Publishers, pp.275-82, 1999.

Buzaid AC. Strategies for combining chemotherapy and biotherapy
in melanoma. Cancer Control. 7(2):185-97, 2000.

Chi DD, Merchant RE, Rand R, Conrad AJ, Garrison D, Turner R,
Morton DL, Hoon DS. Molecular detection of tumor-associated

antigens shared by human cutaneous melanomas and gliomas. Am J

Pathol. 150(6):2143-52, 1997.

Chomez P, De Backer O, Bertrand M, De Plaen E, Boon T, Lucas S.
An overview of the MAGE gene family with the identification of all
human members of the family. Cancer Res. 61(14):5544-51, 2001.

Choi CH, Kim HS, Rha HS, Jeong JH, Park YH, Min YD, Kee KH,
Lim DY. Drug concentration—-dependent expression of multidrug
resistance—associated protein and P-glycoprotein in the doxorubicin—-resistant

acute myelogenous leukemia sublines. Mol Cells. 9(3):314-9, 1999.

Cole SP, Bhardwaj G, Gerlach JH, Mackie JE, Grant CE, Almquist
KC, Stewart AJ, Kurz EU, Duncan AM, Deeley RG. Overexpression

of a transporter gene in a multidrug-resistant human lung cancer

cell line. Science. 258(5088):1650-54, 1992.
Corrias MV, Scaruffi P, Occhino M, De Bernardi B, Tonini GP,

Pistoia V. Expression of MAGE-1, MAGE-3 and MART-1 genes In
neuroblastoma. Int J Cancer. 69(5):403-7, 1996.



de Plaen E, Arden K, Travesari C, Gaforio JJ, Szikora JP, de Smet C,
Brasseur F, van der Bruggen P, Lethe B, Lurquin C, Brasseur R,
Chomez P, de Backer O, Cavenee W, Boon T. Structure, chromosomal

localization, and expression of 12 genes of the MAGE family.
Immunogenetics. 40(5):360-69, 1994.

De Smet C, De Backer O, Faraoni I, Lurquin C, Brasseur F, Boon T.
The activation of human gene MAGA-1 in tumor cells is correlated
with genome-wide demethylation. Proc Natl Acad Sci USA. 93(14):7149-53,
1996.

Doyle LA, Yang W, Abruzzo LV, Krogmann T, Gao Y, Rishi AK,
Ross DD. A multidrug resistance transporter from human MCF-7
breast cancer cells. Proc Natl Acad Sci USA. 95(26):15665-70,
1998.

Duan Z, Duan Y, Lamendola DE, Yusuf RZ, Naeem R, Penson RT,
Seiden MV. Overexpression of MAGE/GAGE genes in paclitaxel/doxorubici-
n-resistant human cancer cell lines. Clin Cancer Res. 9(7):2778-85,

2003.

Eggermont AM. European approach to the treatment of malignant

melanoma. Curr Opin Oncol. 14(2):205-11, 2002.

Elwood JM. Melanoma and sun exposure. Semin Oncol. 23(6):650-66,
1996.

Eura M, Ogi K, Chikamatsu K, Lee KD, Nakano K, Masuyama K,
Itoh K, Ishikawa T. Expression of the MAGE gene family in human



head-and-neck squamous-cell carcinomas. Int J Cancer. 64(5):304-8,

1995.

Eura M, Chikamatsu K, Ogi K, Nakano K, Masuyama K, Ishikawa
T. Expression of genes MAGE-1, -2, and -3 by human maxillary
carcinoma cells. Anticancer Res. 15(1):55-9, 1995.

Fujie T, Mori M, Ueo H, Sugimachi K, Akiyoshi T. Expression of
MAGE and BAGE genes in Japanese breast cancers. Ann Oncol.
8(4):369-72, 1997.

Gaugler B, Van den Eynde B, van der Bruggen P, Romero P, Gaforio
JJ, De Plaen E, Lethe B, Brasseur F, Boon T. Human gene MAGE-3
codes for an antaigen recognized on a melanoma by autologous

cytolytic T lymphocytes. J Exp Med. 179(3):921-30, 1994.

Gillespie AM, Rodgers S, Wilson AP, Tidy J, Rees RC, Coleman
RE, Murray AK. MAGE, BAGE and GAGE: tumour antigen expression
in benign and malignant ovarian tissue. Br J Cancer. 78(6):816-21,

1998.

Gogas H, Bafaloukos D, Bedikian AY. The role of taxanes in the
treatment of metastatic melanoma. Melanoma Res. 14(5):415-20,
2004.

Herman J, van der Bruggen P, Luescher IF, Mandruzzato S, Romero P,
Thonnard J, Fleischhauer K, Boon T, Coulie PG. A peptide encoded by
the human MAGES3 gene and presented by HLA-B44 induces cytolytic
T lymphocytes that recognize tumor cells expressing MAGES.



Immunogenetics 43(6):377-83, 1996.

Ikeda H, Lethe B, Lehmann F, van Baren N, Baurain JF, de Smet C,
Chambost H, Vitale M, Moretta A, Boon T, Coulie PG.
Characterization of en antigen that is recognized on a melanoma

showing partial HLS loss by CTL expressing an NK inhibitory
receptor. Immunity. 6(2):199-208, 1997.

Inoue H, Mori M, Li J, Mimori K, Honda M, Nakashima H, Mafune
K, Tanaka Y, Akiyoshi T. Human esophageal carcinomas frequently
express the tumor-rejection antigens of MAGE genes. Int J

Cancer. 63(4):523-6, 1995.

Inoue H, Mori M, Honda M, Li J, Shibuta K, Mimori K, Ueo H,
Akiyoshi T. The expression of tumor-rejection antigen "MAGE"

genes in human gastric carcinoma. Gastroenterology. 109(5):1522-5,
1995.

Itoh K, Hayashi A, Nakao M, Hoshino T, Seki N, Shichijo SJ. Human
tumor rejection antigens MAGE. J Biochem. (Tokyo) 119(3):385-90,
1996.

Jager E, Chen YT, Drijfhout JW, Karbach J, Ringhoffer M, Jager D,
Arand M, Wada H, Noguchi Y, Stockert E, Old LJ, Knuth A.
Simultaneous humoral and cellular Immune response against
cancer—testis antigen NY-ESO-1: definition of human histocompatibility
leukocyte antigen (HLA)-A2-binding peptide epitopes. J Exp Med.
187(2):265-70, 1998.



Jonker JW, Musters S, Vlaming ML, Plosch T, Gooijert KE,
Hillebrand MJ, Rosing H, Beijnen JH, Verkade HIJ, Schinkel AH.
Breast cancer resistance protein (Bcrpl/Abcg?2) is expressed in
the harderian gland and mediates transport of conjugated
protoporphyrin IX. Am J Physiol Cell Physiol. 292(6):C2204-12,
2007.

Jungbluth AA, Busam KlJ, Kolb D, Iversen K, Coplan K, Chen YT,
Spagnoli GC, Old LJ. Expression of MAGE-antigens in normal tissues
and cancer. Int J Cancer. 85(4):460-5, 2000.

Katano M, Nakamura M, Morisaki T, Fujimoto K. Melanoma
antigen—encoding gene-1 expression in invasive gastric carcinoma:
correlation with stage of disease. J Surg Oncol. 64(3):195-201,
1997.

Kawakami Y, Robbins PF, Wang RF, Parkhurst M, Kang X, Rosenberg
SA. The wuse of melanomal proteins in the immunotherapy of

melanoma. J Immunother. 21(4):237-46, 1998.

Kim HS, Lee TB, Chot CH. Down-regulation of catalase gene
expression in the doxorubicin-resistant AML subline AML-2/DX100.
Biochem Biophys Res Commun. 281(1):109-14, 2001.

Kirkin AF, Dzhandzugazyan K, Zeuthen J. Melanoma-associated
antigens recognized by cytototoxic T lymphocytes. APMIS. 106(7):665-79,

1998.

Kuramoto T. Detection of MAGE-1 tumor antigen in brain tumor.



Kurume Med J. 44(1):43-51, 1997.

Laduron S, Deplus R, Zhou S, Kholmanskikh O, Godelaine D, De
Smet C, Hayward SD, Fuks F, Boon T, De Plaen E. MAGE-Al
interacts with adaptor SKIP and the deacetylase HDAC1 to repress
transcription. Nucleic Acids Res. 32(14):4340-50, 2004.

Lamkanfi M, Kalai M, Vandenabeele P. Caspase-12: an overview. Cell
Death Differ. 11(4):365-8, 2004.

Lee KD, Eura M, Ogi K, Nakano K, Chikamatsu K, Masuyama K,
Ishikawa T. Expression of the MAGE-1, -2, -3, -4, and -6 genes
iIn non-squamous cell carcinoma lesions of the head and neck.

Acta Otolaryngol. 116(4):633-9, 1996.

Lee KD, Chang HK, Jo YK, Kim BS, Lee BH, Lee YW, Lee HK, Huh
MH, Min YG, Spagnoli GC, Yu TH. Expression of the MAGE 3 gene

product in squamous cell carcinomas of the head and neck. Anticancer
Res. 19(6B):5037-42, 1999.

LeBel CP, Ischiropoulos H, Bondy SC. Evaluation of the probe
2'7'—dichlorofluorescin as an indicator of reactive oxygen species

formation and oxidative stress. Chem Res Toxicol. 5(2):227-31, 1992.

Lin J, Lin L, Thomas DG, Greenson JK, Giordano TJ, Robinson GS,
Barve RA, Weishaar FA, Taylor JM, Orringer MB, Beer DG.
Melanoma—-associated antigens In esophageal adenocarcinoma:

identification of novel MAGE-A10 splice variants. Clin Cancer Res.
10(17):5708-16, 2004.



Loukinov DI, Pugacheva E, Vatolin S, Pack SD, Moon H, Chernukhin I,
Mannan P, Larsson E, Kanduri C, Vostrov AA, Cui H, Niemitz EL,
Rasko JE, Docquier FM, Kistler M, Breen JJ, Zhuang Z, Quitschke WW,
Renkawitz R, Klenova EM, Feinberg AP, Ohlsson R, Morse HC,
Lobanenkov VV. BORIS, a novel male germ-line-specific protein
associated with epigenetic reprogramming events, shares the same
11-zinc—finger domain with CTCEF, the insulator protein involved In

reading imprinting marks in the soma. Proc Natl Acad Sci USA.
99(10):6806-11, 2002.

Maliepaard M, van Gastelen MA, de Jong LA, Pluim D, van
Waardenburg RC, Ruevekamp-Helmers MC, Floot BG, Schellens JH.
Overexpression of the BCRP/MXR/ABCP gene in a topotecan—selected
ovarian tumor cell line. Cancer Res. 59(18):4559-63, 1999.

Marchand M, Weymants P, Rankin E, Arienti F, Belli F, Parminai G,
Cascinelli N, Bourlond A, Vanwijck R, Humblet Y. Tumor regression

responses In melanoma patients treated with a peptide encoded by
gene MAGE-3. Int J Cancer. 63(6):883-5, 1995.

Marchand M, van Baren N, Weynants P, Brichard V, Dreno B, Tessier
MH, Rankin E, Parmiani G, Arienti F, Humblet Y, Bourlond A,
Vanwijck R, Lienard D, Beauduin M, Dietrich PY, Russo V, Kerger J,
Masucci G, Jager E, De Greve J, Atzpodien J, Brasseur F, Coulie PG,
van der Bruggen P, Boon T. Tumor regressions observed in patients
with metastatic melanoma treated with an antigenic peptide encoded
by gene MAGE-3 and presented by HLA-A1l. Int J Cancer.
80(2):219-30, 1999.



Monte M, Simonatto M, Peche LY, Bublik DR, Gobessi S, Pierotti MA,
Rodolfo M, Schneider C. MAGE-A tumor antigens target pb3
transactivation function through histone deacetylase recruitment and

confer resistance to chemotherapeutic agents. Proc Natl Acad Sci
USA. 103(30):11160-5, 2006.

Mori M, Inoue H, Mimori K, Shibuta K, Baba K, Nakashima H,
Haraguchi M, Tsuji K, Ueo H, Barnard GF, Akiyoshi T. Expression

of MAGE genes in human colorectal carcinoma. Ann Surg.
224(2):183-8, 1996.

Morishima N, Nakanishi K, Takenouchi H, Shibata T, Yasuhiko Y. An
endoplasmic reticulum stress—specific caspase cascade In apoptosis.

Cytochrome c-independent activation of caspase—9 by caspase—12. J
Biol Chem. 277(37):34287-94, 2002.

Mulcahy KA, Rimoldi D, Brasseur F, Rodgers S, Liénard D,
Marchand M, Rennie IG, Murray AK, Mclntyre CA, Platts KE,
Leyvraz S, Boon T, Rees RC. Infrequent expression of the MAGE
gene family in uveal melanomas. Int J Cancer. 66(6):738-42, 1996.

Nakagawa T, Zhu H, Morishima N, Li E, Xu J, Yankner BA, Yuan J.
Caspase-12 mediates endoplasmic-reticulum-specific apoptosis and

cytotoxicity by amyloid-beta. Nature. 403(6765):98-103, 2000.

Nakajima-Iijima S, Hamada H, Reddy P, Kakunaga T. Molecular
structure of the human cytoplasmic beta—actin gene: interspecies

homology of sequences in the introns. Proc Natl Acad Sci USA.
82(18):6133-37, 1985.



Nathan FE, Mastrangelo MJ. Systemic therapy in melanoma. Semin
Surg Oncol. 14(4):319-27, 1998.

Nestle FO, Aljjagic S, Gilliet M, Sun Y, Grabbe S, Dummer R, Burg G,
Schadendorf D. Vaccination of melanoma patients with peptide—or

tumor lysate—-pulsed dentritic cells. Nat Med. 4(3):328-32, 1998.

Novellino L, Castelli C, Parmiani G. A listing of human tumor antigens
recognized by T cells: March 2004 wupdate. Cancer Immunol
Immunother. 54(3):187-207, 2005.

Oh YK, Lee TB, Choi CH. Anti-oxidant adaptation in the AML
cells supersensitive to hydrogen peroxide. Biochem Biophys Res
Commun. 319(1):41-5, 2004.

Otte M, Zafrakas M, Riethdorf L, Pichlmeier U, Loning T, Jianicke F,
Pantel K. MAGE-Agene expression pattern in primary breast cancer.

Cancer Res. 61(18):6682-7, 2001.

Park JW, Kwon TK, Kim IH, Sohn SS, Kim YS, Kim CI, Bae OS, Lee
KS, Lee KD, Lee CS, Chang HK, Choe BK, Ahn SY, Jeon CH.A new

strategy for the diagnosis of MAGE-expressing cancers. J Immunol
Methods. 266(1-2):79-86, 2002.

Patard JJ, Brasseur F, Gil-Diez S, Radvanyi F, Marchand M,
Francois P, Abi-Aad A, Van Cangh P, Abbou CC, Chopin D.
Expression of MAGE genes in transitional-cell carcinomas of the

urinary bladder. Int J Cancer. 64(1):60-4, 1995.



Peikert T, Specks U, Farver C, Erzurum SC, Comhair SA. Melanoma
antigen A4 is expressed in non-small cell lung cancers and promotes
apoptosis. Cancer Res. 66(9):4693-700, 2006.

Pieters R, Huismans DR, Leyva A, Veerman AJ. Adaptation of the
rapid automated tetrazolium dye based (MTT) assay for chemosensitivity

testing in childhood leukemia. Cancer Lett. 41(3):323-32, 1988.

Quillien V, Raoul JL, Heresbach D, Collet B, Toujas L, Brasseur F.
Expression of MAGE genes in esophageal squamous—cell carcinoma.
Anticancer Res. 17(1A):387-91, 1997.

Riordan JR, Ling V. Purification of P-glycoprotein from plasma
membrane vesicles of Chinese hamster ovary cell mutants with
reduced colchicine permeability. J Biol Chem. 254(24):12701-05,
1979.

Russo V, Traversari C, Verrecchia A, Mottolese M, Natali PG,
Bordignon C. Expression of the MAGE gene family in primary and

metastatic human breast cancer: implications for tumor antigen—specific

immunotherapy. Int J Cancer. 64(3):216-21, 1995.

Sakata M. Expression of MAGE gene family in lung cancers.

Kurume Med J. 43(1):55-61, 1996.
Sakurai T, Itoh K, Higashitsuji H, Nagao T, Nonoguchi K, Chiba T,

Fujita J. A cleaved form of MAGE-A4 binds to Miz-1 and induces
apoptosis in human cells. J Biol Chem. 279(15):15505-14, 2004.



Scanlan MJ, Simpson AJ, Old LJ. The cancer/testis genes: review,

standardization, and commentary. Cancer Immun. 4:1, 2004.

Shichijo S, Tsunosue R, Masuoka K, Natori H, Tamai M, Miyajima
J, Sagawa K, Itoh K. Expression of the MAGE gene family In

human lymphocytic leukemia. Cancer Immunol Immunother. 41(2):90-103,
1995.

Shichijo S, Hayashi A, Takamori S, Tsunosue R, Hoshino T, Sakata
M, Kuramoto T, Oizumi K, Itoh K. Detection of MAGE-4 protein In
lung cancers. Int J Cancer. 64(3):158-65, 1995.

Stavrovskaya AA. Cellular mechanisms of multidrug resistance of

tumor cells. Biochemistry (Mosc). 65(1):95-106, 2000.

Sudo T, Kuramoto T, Komiya S, Inoue A, Itoh K. Expression of
MAGE genes in osteosarcoma. J Orthop Res. 15(1):128-32, 1997.

Tahara K, Mori M, Sadanaga N, Sakamoto Y, Kitano S, Makuuchi M.
Expression of the MAGE gene family in human hepatocellular
carcinoma. Cancer. 85(6):1234-40, 1999.

Tajima K, Obata Y, Tamaki H, Yoshida M, Chen YT, Scanlan MJ, Old
LJ, Kuwano H, Takahashi T, Takahashi T, Mitsudomi T. Expression of
cancer/testis (CT) antigens in lung cancer. Lung Cancer. 42(1):23-33,
2003.

Tanaka F, Fujie T, Tahara K, Mori M, Takesako K, Sette A, Celis E,

Akiyoshi T. Induction of antitumor cytotoxic T lymphocytes with a



MAGE-3-encoded synthetic peptide presented by human leukocytes
antigen-A24. Cancer Res. 57(20):4465-68, 1997.

Thompson JF, Scolyer RA, Kefford RF. Cutaneous melanoma.
Lancet. 365(9460):687-701, 2005.

Toh Y, Yamana H, Shichijo S, Fujita H, Tou U, Sakaguchi M,
Kakegawa T, Itoh K. Expression of MAGE-1 gene by esophageal
carcinomas. Jpn J Cancer Res. 86(8):714-7, 1995.

Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of proteins
from polyacrylamide gels to nitrocellulose sheets. procedures and some

applications. Proc Natl Acad Sci USA. 76(9):4350-4, 1979.

Traversari C, van der Bruggen P, Luescher IF, Lurquin C, Chomez P,
Van Pel A, De Plaen E, Amar-Costesec A, Boon T. A nonapeptide
encoded by human gene MAGE-1 is recognized on HLA-A1 by cytolytic
T lymphocytes directed against tumor antigen MZZ2-E. J Exp Med.
176:1453-1457, 1992.

Tucker MA, Halpern A, Holly EA, Hartge P, Elder DE, Sagebiel
RW, Guerry D, Clark WH. Clinically recognized dysplastic nevi. A
central risk factor for cutaneous melanoma. JAMA. 277(18):1439-44,

1997.

Van den Eynde BJ, van der Bruggen P. T cell defined tumor antigens.
Curr Opin Immunol. 9(5):684-93, 1997.

van der Bruggen P, Traversari C, Chomez P, Lurquin C, De Plaen E,



Van den Eynde B, Knuth A, Boon T. A gene encoding an antigen
recognized by cytolytic T lymhocytes on a human melanoma. Science.
254(5038):1643-47, 1991.

van der Bruggen P, Bastin J, Gajewski T, Coulie PG, Boel P, De Smet
C, Traversari C, Townsend A, Boon T. A peptide encoded by human
gene MAGE-3 and presented by HLA-AZ induces cytolytic T

lymphocytes that recognize tumor cells expressing MAGE-3. Eur J
Immunol. 24:3038-42, 1994.

van der Bruggen P, Szikora JP, Boel P, Wildmann C, Somville M, Sensi
M, Boon T. Autologous cytolytic T lymphocytes recognize a MAGE-1
nonapeptide on melanomas expressing HLA-Cw=*1601. Eur J Immunol.
24(12):2134-40, 1994.

Vatolin S, Abdullaev Z, Pack SD, Flanagan PT, Custer M, Loukinov
DI, Pugacheva E, Hong JA, Morse H, Schrump DS, Risinger JI,
Barrett JC, Lobanenkov VV. Conditional expression of the CTCF
—-paralogous transcriptional factor BORIS in normal cells results in
demethylation and derepression of MAGE-A1l and reactivation of

other cancer—testis genes. Cancer Res. 65(17):7751-62, 2005.

Visseren MJ, van der Burg SH, van der Voort EI, Brandt RM,
Schrier PI, van der Bruggen P, Boon T, Melief CJ, Kast WM.
Identification of HLA-A*0201-restricted CTL epitopes encoded by
the tumor-specific MAGE-2 gene product. Int J Cancer. 73(1):125-30,
1997.

Weber J, Salgaller M, Samid D, Johnson B, Herlyn M, Lassam N,



Treisman J, Rosenberg SA. Expression of the MAGE-1 tumor antigen
1s up—regulated by the demethy lating agent 5—aza—2'-deoxycytidine.
Cancer Res. 54(7):1766-71, 1994.

Weynants P, Lethé B, Brasseur F, Marchand M, Boon T.
Expression of mage genes by non-small-cell lung carcinomas. Int J
Cancer. 56(6):826-9, 1994.

Xiao J, Chen HS. Biological functions of melanoma-associated antigens.

World J Gastroenterol. 10(13):1849-53, 2004.

Yamashita N, Ishibashi H, Hayashida K, Kudo J, Takenaka K, Itoh
K, Niho Y. High frequency of the MAGE-1 gene expression in hepa-
tocellular carcinoma. Hepatology. 24(6):1437-40, 1996.

Yamada A, Kataoka A, Shichijo S, Kamura T, Imai Y, Nishida T,
Itoh K. Expression of MAGE-1, MAGE-2, MAGE-3/-6 and MAGE-4a/-4h
genes in ovarian tumors. Int J Cancer. 64(6):388-93, 1995.

Yoshimatsu T, Yoshino I, Ohgami A, Takenoyama M, Hanagiri T,
Nomoto K, Yasumoto K. Expression of the melanoma antigen—-encoding

gene in human lung cancer. J Surg Oncol. 67(2):126-9, 1998.

Zambon A, Mandruzzato S, Parenti A, Macino B, Dalerba P, Ruol A,
Merigliano S, Zaninotto G, Zanovello P. MAGE, BAGE, and GAGE gene
expression in patients with esophageal squamous cell carcinoma and

adenocarcinoma of the gastric cardia. Cancer. 91(10):1882-8, 2001.



A 2HE o8 3 A

C s | 20057613 | 3 A A A}, wkAL

7N g}
d4 g o] Bl W g F R #Hi P Lee Tae Bum
T & FFFGA 5T s 101-195
o] 2+ 4] E-MAIL : tbleeO1@hanmail.net

sl : Melanoma antigen family A4 (MAGEA4)<]
A EE FAA W7ol Bg AT

9 : Novel anticancer drug resistance mechanisms
of melanoma antigen family A4 (MAGEA4)

wolo] A4g 9o ALEo vlale] e g xold xAdetas)

AR o 48 5 YT HFsha T
— q_ ©°
1. 4429 DBT% 2 YIS 3 AnFAGole] NS e

A] 2 €] A, 710“PX]°1H A%, AE & g
2. 919 HAE flsto] gk e ol B - Ao WS sl
ChrRE, ?ﬂﬂ of fEWAL FA4%
3. HH_L . x%"ﬂ ;q;d— 4 Oﬂaﬂ E_}HO -r]"'?l’ Exﬂ ;q;} ;5_% %% %Lxlz;;j]—.
o]

4, A= gk o] &7 5Lﬂ0§ shal, 71725 370 olulo] HEo
OJAF BAZE Q1S AgolE AFE Olﬁﬂﬂc’ A A,
5. dld A= ALES oA FEsAY e 3E JFS d1% S

Ao+ 1714 olgo] el o]E ER g

6. UL AL OLFIIL o F Y AL Asfol BF
ERolol o Ae sl chskel WAl WA YL A e

7. adjotel ggslael A AF U ALY 5 ANEARS ol
B A% FAL At

TR FI( O ) 23X FA( ) ¥ )

2007 64 30¢

A7) ol ) SR

=AYSE 4 A




	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 세포 배양과 항암제 내성세포의 선별
	2. 세포 독성실험
	3. 역전사 중합효소연쇄반응(RT-PCR)
	4. 실시간 역전사 중합효소연쇄반응(Real-time RT-PCR)
	5. Western blot 분석
	6. DNA chip assay
	7. Construction과 transfection
	8. 유세포 분석술을 이용한 약물축적 실험
	9. Immunoprecipitation (IP)
	10. 면역형광 분석
	11. 핵, 세포질 및 세포막의 분리
	12. 형광탐식자를 이용한 반응성 산소종의 측정
	13. 통계처리

	Ⅲ. 결과
	1. 항암제 내성세포의 선별 및 내성기전의 규명
	2. AML-2/DX100 세포에서 MAGE의 발현
	3. MAGEA4 의 시간별 발현량
	4. MAGEA4의 발현과 항암제 내성과의 관계
	5. MAGEA4의 발현과 약물 배출 효과
	6. MAGEA4의 발현과 Pgp와의 관계
	7. MAGEA4 stable 세포에서 약물 배출 효과
	8. 위암 세포와 악성 흑색종 세포에서 MAGEA4의 발현
	9. MAGEA4 siRNA에 의한 약물 배출 효과
	10. PSC833에 의한 약물 배출 효과
	11. Doxorubicin 내성 세포에서 MAGEA4의 발현
	12. MAGEA4의 세포 내 분포
	13. MAGEA4 deletion mutants의 발현과 세포내 분포
	14. MAGEA4 deletion mutants의 약물 배출 효과
	15. MAGEA4 deletion mutants의 dimer 형성
	16. MAGEA4의 발현과 반응성 산소종과의 관계
	17. AML-2/WT 세포에서 5AC와 TSA에 의한 MAGEA4의 발현

	Ⅳ. 고찰
	Ⅴ. 요약문
	Ⅵ. 감사의 말씀
	Ⅶ. 참고문헌

