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Expression of MAGE A 1-6 and SSX 1-9 Genes in the Sputum and
Cancer Tissue of the Lung Cancer Patients

Yeun Jae Lee, MD, PhD., Jang Hoon Lee, M.D,, Ph.D? Jung Cheul Lee, MD,, Ph.D? Kwan Ho Lee,
MD, PhD?

'Leeyeunjae Meck Clinic, Departments of “Thoracic and Cardiovascular Surgery, “Internal Medicine, Yeungnam University College
of Medicine, Daegu, Korea

Background: A variety of diagnostic modalities for lung cancer have been developed. To achieve efficient and
early detection of lung cancer, we tried to measure the expression rates of the melanoma associated gene (MAGE)
and synovial sarcoma on X chromosome (SSX) genes.

Methods: We designed primers for the SSX gene. In addition to the pre-developed MAGE A primer, using an
SSX gene primer was attempted to increase the detection rate, We obtained cancer tissues and cancer-free lung
tissues from resected lung, sputum from lung cancer patients who had not undergone surgery, and sputum from
healthy people and patients with benign intrathoracic diseases.

Results: The sensitivity of the MAGE or SSX gene RT-PCR to identifying cancer tissue of the 69 lung cancer patients
was 95.2% for squamous cell carcinoma (scc), 87.0% for adenocarcinoma, and 100% for small cell carcinoma. The
mean sensitivity value was 94.2% (p=0.001). For adenocarcinoma, the additional use of the SSX gene resulted
in a higher expression rate than MAGE alone (87% vs. 69.6%). The expression rate for the cancer-free lung tissue
was 14.3% in scc, 17.4% in adenocarcinoma, and 25.0% in small cell carcinoma, In the induced sputum of 49
lung cancer patients who had not undergone surgery, the expression rate for one of the two genes was 65.5%.
The expression rate for the sputum of healthy people and benign intrathoracic diseases by MAGE or SSX gene
reverse transcription polymerase chain reaction (RT-PCR) was 3.8% and 17.7%.

Conclusion: Detecting lung cancer using the expression of MAGE and SSX genes in lung cancer tissue has high
sensitivity.,
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ol EAAe W% A&Eo] methylation specific =2 338 AAIE AFHsI¥tHTable 1), %2 &3 H=
PCR®, volatile organic compounds (VOC)*& o]g38t % Alsle] £oko] 7P SAH9ol =2 ZS A FH s,
7] #ete] FEEe] /= 53] VOGE o] &gt THolA H=E e "ozl gFellx] 71 A=
AL Il 3-8 VOCE HA5ke] ¢t R s & Hol= HZ22S A3k Z42F 1 mLe] Trizol (Invitro-

Qleh= A= g H|QF SkalolA] RIREE 85.1%, 5ol gen, Calsbad, CA, USA)o| E010= Algdabol| 445}
= 80.5%% Relou’ & o A7} 1ed Aol A AL EL°‘77}X] g3l 70°CollA] Baslt. TAKE Al
< melanoma associated gene (MAGE)S- o]-8-3F 5|9 7 sYate] sk 121 HgRes w2 =2 A
SHo] M|l glom™ o] Foll MAGE A 1914 A 67} Ao Aol WAl o o FORE T
A FAl FFo| 7Fsgt 38 AMAE AN oF T 22 R FEAES A U} A =2 kbt

F AapreHo] 2NEATEE. o] AL Jﬂ‘ﬂ'ZX] Hokg 8o Wl the S -2 agonist (Fenoterol'; Boeh-
oA FI7= 83.3%, Eol% 91.1%% JERIPT", §%= ringer Ingelheim, Ridgefield, CT, USA)E 23] S
A 7101 AR I 0% oL S oF 100 8RR, 50 I 10

_q

98 AT Bolwg LhEhfol*! uje 958k HAPH e 253 FRIE AFAA ExtelA FYAFT A7t
2 HuHSlth MAGE A 1-6 3-8 AEAIE 7Hdet A7 ATE FYS F AES WE 4lo] 9lo™ 50 mL AlF
AES FF HAEES Bol7] Slote] /M FARE ol 3 mL AEE 2k AFS ARl F4) 39
A3FIAL synovial sarcoma on X chromosome (SSX) 2. RNA EZEA|(iC&G, Daegu, Korea)S Y& & Zlgs}a]
F2HE SSX 19 F14E FAl S35k AMEAlE 1%t zZF 2313t U AL FU7HA] ods) 70°Coll] Bkl
B3I}, SSX §-ZAR= cancer testis antigen (CTA) -4} o} ofz] Age 2 Ag BurF B RES Ude
9] g 7HAIEA o}F T oFdS THAAL Jlow T 2 uE uid AR ArE] 18l AFsk e, vk
AE, D8AE D IPPAAE Folxvt B8 EE Flo= AAE 5 e 2kl AAE SA FAG F 39 RNA B
dejA et webd A 2ol HLdQX] o= EAIE FYste] Hasiiitt
L Gl F 7] fRARE ol 8ete] HokeA] 9 A
Aje] W A Solslel sletel 2] Ags o) 2 VA FE
a2 2 AT7E AlskIth ZZ|ol|x] ] RNA F2-2 TrizolAlellN Algsh= F5H
< ARSI WA EH71E ARgste] 22 2 7 o
CHAF QU b 2 2204 587 HX]3}ic}. Chloroform 0.2 mLE A
_— 7kste] wlE 2 2l 1527 o2 s E%
- e 5 12,000 g, 4°CollA] 1583t alielshoict, F-2f 4

200235 E 20043714 Hdo g Fgkx|o] Hek AA| ZHS A AEH] 27| T «] isopropyl alcohol-&-
FEg AW A 600, 7E A B AU 49 FYSAL ERTE TR, Aol 1087 HAIBIAL 12,000
o, #Ht 271AXNE Arlste] RIS E AP H 794 g, 4°CellA] 1027+ Al 6‘}‘215} 5Ne At
a3 ¥ 2 7o) AR} 790, F 27642 Tt 75% ethanol 1 mLE 7}3ke] ek &3F8k ThS- 7,500 g,

Table 1, Specimens used for MAGE and SSX gene expression

Specimen No. of specimens (n=338) Age (y) M:F Diagnosis
Cancer tissue 69 597+£78 45:1 Lung cancer
Induced sputum 49 66.6+8.6 88 :1 Lung cancer
Cancer-free lung tissue 62 5956+75 48 :1 Lung cancer
Induced sputum 79 48.0+105 93:1 Healthy people
Morning sputum 79 53.6+98 72:1 Pulmonary or intrathoracic benign disease

*Values are presented as mean+SD,
MAGE: melanoma associated gene; SSX: synovial sarcoma on X chromosome; M: male; F: female; SD: standard deviation,
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4°Col SERF AAlEe] SFsitt. thAl g AAskAL
RNA FAS-& 5~10 58 37] Folr dx=A17|aL
RNaseZ} §lE= 5577 30 £ L2 738ke] £33t ofe- 60°C
oM 1087+ WHEkIcE. Aol o] F5& RNA 5
N eK(IC&G, Daegu, Korea) O 2 A|&Yatich, WA A4S
=9l & 1,500 RPMof|A] 5E3E A8k 52 15 mL
AR &4t Oligo dT7F A9Hd 2k 2P 7<=
o]Fo]7l §H 50 1 LE 7F8faL Alelx] 30323F roller &
F71e0A TRSAIFTE, AlREE AR o] Ax]gk o
& 1031 ARSI}, &0 Ao b3 2 As
et & HEAE AAS L AHY 1 mLE H7lste]
TEE F-A7IM AHE I A8 R A A
Heldlel Wxste 7&& AR v AFHAE AA
sholh. AAHAg wekshHA] o] A4S 23] F71Ho R
WHESEIL AlF g 2 F2|dfellA] A ASFICE. RNase
7} e SR 30 1 LE Theke] ek the 70°CellA
8 B A3t RNAE 8FA17]aL thA] AR et
o] £t} RNA §50S A Al &7 4°Collr] Bt

toy o

FZ3 RNAZS B8535 A|(Beckman Coulter, Fullerton,
CA, USA)E ©]&3to] RNA w8} HlE S48t or
RNA 1125 b4 whgo] A83}eict, whgele
441,25 mM dNTP 0.4 ¢£L, 100 pmol oligo-dT 0.5 1L,
25 mM MgCl, 2.4 £ L, 40 U/ £ L RNase inhibitor 0.5 #£L,
RT enzyme (Promega, Madison, WI) 1 #LZ TA¥ 4t
Sllol] FE3 RNAS FYto] F 20 L2 ARESFIL.
MasterCycler (Eppendorf, Hamburg, Germany)S ©|-8-}
] 25°C 104, 42°C 60 & 70°C 1587+ J7A}L v
AR

4, SRS AMHIE

A} 9hE- ARE 2 1 LE F3Fe] GAPD (glyceralde-
hyde phosphate dehydrogenase), MAGE & SSX -4}
£ 47} S5k Figure 1), SR AA-S A|eke
MgCl, 1.5 mM, dNTP 0.2 mM, primer 20 pmol, PCR en-
zyme 1.5 U 9 PCR &5 5 L2 F4E F 50« LE
AREBFAIEE. MAGE R37ke] ihg 202 94°CollA 2+
b whgste] S SASRE the, 95°C 30%, 60°C 45
%, 72°C 45%=2 303] FEZ3slal HE FZF7) M=
95°C 30%, 62°C 45%, 72°C SE-O = 13] wke-AIZIT). SsX

SM1 2 3 4 5 6 7 8 9

10 SM

Figure 1, Electrophoresis of MAGE (A), SSX gene (B) and
GAPD (C) RT-PCR products in ten sputa of lung cancer
patients, MAGE: melanoma associated gene; SSX: syno-
vial sarcoma on X chromosome; GAPD: glyceraldehyde
phosphate dehydrogenase; RT-PCR: reverse transcrip-
tion polymerase chain reaction; SM: size markers,

FAE Agemwt 59°C ¥ 58°CE 7hzh Alsklc.
MAGE & SSX G-AAf= o)== Z3ta A odauhe-S A3l
3ter] GAPD frilahs dhie] SREL ke
A3k

5. MAGE 2 SSX SFXlo UME =M

% 338 AAE thog JdAzichel wel MAGE 2
SSX F-7zke] WHeg 9l Bo|w B8 Akt gk
o] MEFe ol uf2 FET H Tt Aol
Heke] T (FP W7l e FHES 47 ki

6. A

oot

yso| AN

MAGE, SSX @ & 7}x] Wb o] o3l A&E<] xjo|=
SPSS version 14.0 (SPSS Inc., Chicago, IL, USA)& ©|-&
sto] x? AAog AN on p<0.058 7E0R 39

o

2 o
1. HL=ZoM MAGE H SSX REAIS| wHE

HotzZ 69 AAS oz Al Aol FtZ
© 2 MAGE (84.1%)7} SSX &-AAH69.6%) ] v]&ke] Hkal
0] E=%oH, MAGE % SSX -2k elst Z2-irx2h&
B2l AREEES wie HEAFTY 95.2%, A9 87.0%,
AAEZSE 100%2A Hi 94.2%e] FHES EAh
(p=0.001), 53] Ate]l loxE= MAGE THE(69.6%) 5.
Th= SSX fAE s wf dago] 8s7Tn= S71
Aot BAA Folde giitkTable 2).
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Table 2, Expression rates of MAGE and SSX gene RT-PCR for lung cancer tissue

Cell type No. of specimens MAGE (%) SSX (%) MAGE or SSX (%) p-value
SQCC 42 952 810 952 0.036*
ADC 23 696 56.5 87.0 00747
SMCC 4 100 50.0 100 NT
Total 69 841 69.6 942 0.001°

p-values were obtained by x? test.

*There is a higher expression rate in MAGE or SSX than SSX alone and it has a statistically significance in squamous cell carcinoma,
There is higher expression rate in MAGE or SSX than SSX alone but it has not statistically significance in adenocarcinoma, There
is a higher expression rate in MAGE or SSX than SSX alone and it has a statistically significance in lung cancer tissue,
MAGE: melanoma associated gene; SSX: synovial sarcoma on X chromosome; SQCC: squamous cell cancer; ADC: adenocarcinoma;
SMCC: small cell carcinoma; RT-PCR: reverse transcription polymerase chain reaction; NT: not tested,

Table 3, Expression rates of MAGE and SSX gene RT-PCR
for cancer-free lung tissue

, , No, of o o MAGE or
Diagnosis specimens MAGE (%) SSX (%) SSX (%)
SQCC 35 86 114 143
ADC 23 87 174 174
SMCC 4 0.0 250 250
Total 62 8.1 145 177

MAGE: melanoma associated gene; SSX: synovial sarcoma on
X chromosome; SQCC: sqguamous cell cancer; ADC: ad-
enocarcinoma; RT-PCR: reverse transcription polymerase chain
reaction,

2. BYZE0M MAGE & SSX 7MAIQ WHE

MAGE ¥ SSX §-2x}e] Eo|n s #slr] ¢Jste] 4
=SkAtollA AFHE A H22 62 Al WEES =
Arkelt. A 2EdNe] g2 ssx At
MAGE®| H|3J4] HFA o= =90 m(14,5% vs, 8.1%),
TS ARESES wie 17.7%2] FHES B
o}, wpeba] 2Rkl #kzA o gk XdSel e
AP 85, 7%, At 82.6%, AAESF 75.00, gL
et 82.3%IcHTable 3).

3. H|etAte| FEAEHM MAGE & SSX 7EAI2|
UHE

MAGE % $SX #3Ap7E 27]9gke] AEFAA2A
o7 gaXo] QRS AZEy

ool

FEAFIN 7 GRS WHPFS B
X
P

jfl
ol
ol
2
)
ks
o
)
{0,

(Table 4). & 499]|2] 2ol MAGE 2 SS
247} 51.0%, 42.9%, ZE-AAR= 65.3%2)]
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ERISITE. o] THZ|ol w2 E-Rdie AR =2 T
W71oA gl = veRgom, =3 fxke] 3

T1 33.3%, T2 72.2%, T3 80.0% L2]aL T4ol|A 66.7% 4
WHES 27 YERASITKTable 4).

4 Fdelnt o A 82 Wl JdgEExe AeoM
MAGE % SSX &%

MAGE % SSX f-512te] #|gkate] 7t thgh 5o
5 #Ea1] flste] 1Rl fr=A

o ok tpgos St S
SSX -4} ae|a 2gGAAke] wEge 747} 2 5%,
250 2Em 38uglon] ohAEeIE 27k 2.5%,
15.2% 12]aL 17.7%ck. whebx] #HQkekxte] Agte] o
SAke] Ak Eo|w= 82 3~96. 208 VFERITH
(Table 5).

3} z3k
5.1 % 82 W UyEz

=Hof| A MAGE 2!

QP ko] mhe Agtlie] HElgS RAls) Hsk
o}, AAHOR SSX §47} MAGES] H]aA uHelgo

=93CH15.2% vs, 2.5%). LAl Zg--xte] wal e 5
Heékate] A ool FAelglen HAdS ;ﬂ J A
ol AFolA 25.00, THE T FASME 16,1%
2 7] Yelt(Table 6).

o E

MAGE #-38d4= A, B, C, D, E, F, G, H 5 t}ofst
ool EAsH A o} ThHAl A 17 A 128 Yo
o] 2= MAGE C4Z A|9)8t A, B, C ¢} oF
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Table 4, Expression rates of MAGE and SSX gene RT-PCR for the induced sputum of lung cancer patients

Stage No. of specimens MAGE (%) SSX (%) MAGE or SSX (%) p-value
T 9 222 222 333
T2 18 614 500 722
T3 10 700 500 80.0
T4 12 47 417 66.7
Total 49 510 429 65.3 0.074*

p-values were obtained by 2% test,

“There is a higher expression rate increasing T-stage but it has not statistically significance,

MAGE: melanoma associated gene; SSX: synovial sarcoma on X chromosome; RT-PCR: reverse transcription polymerase chain
reaction,

Table 5, Expression rates of MAGE and SSX gene RT-PCR for the sputum of healthy people and benign diseases

Specimen Diagnosis No. of specimens MAGE (%) SSX (%) MAGE or SSX (%)
Induced sputum  Healthy people 79 25 25 38
Morning sputum  Pulmonary or intrathoracic benign diseases 79 25 152 177

MAGE: melanoma associated gene; SSX: synovial sarcoma on X chromosome; RT-PCR: reverse transcription polymerase chain
reaction,

Table 6, Expression rates of MAGE and SSX gene RT-PCR in benign diseases

Diagnosis No. of specimens MAGE (%) SSX (%) MAGE or SSX (%)

Acute pneumonia 11 00 00 00

Other acute diseases 5 00 200 200 Lung abscess
Acute empyema, etc

CGl including pulmonary 32 6.3 188 250

tuberculosis

Other chronic disease 24 0.0 161 16.1 Chronic bronchitis, emphysema,
bronchiectasis, interstitial lung disease,
fungal ball, atelectasis, inflammatory, etc

Mean 25 152 177

CGl: chronic granulomatous inflammation; MAGE: melanoma associated gene; SSX: synovial sarcoma on X chromosome; RT-PCR:
reverse transcription polymerase chain reaction,

HEo| SolH o WEslH MAGE D, E, F, G, H 5-&
AAEE HHEG MAGE A F344= SHAIE B3
2 #7849 F Fo= ol dyHu i,
MAGE 34k 39, 15W, X A Sl vheFsil A
ahY, 21 et o) frEAke] sl tisiA & dEiAA
Qgtort A2 vang 570 ofatel 11 7lso] AE
bAoA W EE MAGE Thle KAP1 THilo] p33 gk
w7} Agste] hEe] AdNg dAlsked st
B A, S MAGE FAke psell o3k 2%
AES] g oAlete] GHER olshahet] ke Fo

&k o3hs FRB3T AlZoX MAGE frdate] dale 1
AE7L Fo R olsh= A Foll a2 sk ke
B MAGE A thide R 3 77t v% &hted
Ao dPFELh SSX SRR 1~ 9749 ofFe] glo.
™ o] o}go] BF X Mo A8} Synovial sar-
comadlM = SSX AR} SYT (synovial sarcoma trans-
located to X chromosome) 74} k2] A9, & ¢ (X18)
(p11.2;q11.2)7} ot FFF-HARR] SYT/SSX 2427}
TN SSX F2F F X 1, 2, 4 Fo] EFH F
2 e B3] FohzA oAl SSX 1 28%, SSX 2
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11% Z22]al SSX4+ 35%7} L Ee= Aeg BuEHd
oF, SSX 1, 2, 4, 6, 8 2 9= A 2HoME= FHEA
031 ZoFol Ak W ECH ™ who] ssx39) SSX5E &
FollA 2 HEER] ekom’ SsX 6-9%= Zokhe] Ao
gk A7t mulett o e AES SIshA] ssx
A d=ERU= F2 U2 CTA (cancer testis antigen)
kel zgste] o] &3t Tajima 5 FYE2
MAGE Al-6 @ SSX 1, 2 ¥ 4 = o] 3l 7[Xgl=
221 73971 94%EkaL SFIEH], o] MAGES} SSX -
2AE o83t A HEo] 953 WS 2k

A& AAFe, AR SSX f-7d7) o} =
THEL AAESS Alshs Al v ¥
S7olt}, webr] B AFtellr= ssX ofd@zte] fA) 5
22do] 83~ 9500 Eoith= Vol Zgkato], SSX 1olA]
SSX 7HA] FAle] SEE F e FEAAE 219kt
7122] MAGE A 1-6 359} A ARgRe] 9k
AZES Fo|aA} 31t & AT 2, Az oA
SSX -frdAke] W | T 9 A EQbellX] MAGE
of Wy} FEEE 97t Bol TUHEEC] S7HEA

= 2kl AR Aol - SSX FAR= MAGES}

O

2 do Ho

oZ

N

]

¢

o] AMgBR= A AEEo] MAGE ©EHT} 17% A%
ek, web T 7R fdak
E S0l ARgEEE A AAl Hgdoll glolA FAdEo
94,20l Gate] HQt AZEe] FH o2 whe- F-83tTt,
ol2|d 7L Tajima 5'°¢] AT} H5F FAJE0lA
Tk, Tiireci®, Sahin 579] $FelAE FotollA sSX £-71
212 ofrdEo] 21%e] Bafste] tha 2ol Holal 9tk
SSX ko] FEIT AgRITte] e go] Afo] o
7} Bag A5t BEsle] gelsly] e Aol
MAGE % SSX frzlxle] Ho|=g glelslr] $ste] £k
QI Rolo] 8ol A wlxA, vlFd WAl o3
At A AR fe As vides fxix T
5 ARSIt A4 Hz2]or ] MAGE % SSX #-3
Akl WEE-2- 17.7%2 YERIA Hdoll tigt Solwi=
82.3% %2 H, o= MAGE T2l 7350l BIaiA] oF 10%
A Eoler} 743tk MAGEE A Z=olM 2w
o Bjgte] Bolwr} tha =] ekt o 7]1E9]
g sl ZI0EHAY 7Fs e AN FFAE] T
H3K(field cancerization)l] &Jgh n]Agh FYA|EL] EA)
7¥s370ll 71918 = gl& Aoltt. Aeoll MAGE 3-&
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A} HlBle] 94231 ol s YERNJATH97.5% vs.
84.8%0). MAGEE A3 $AZoxnt $ofdo] =l
O} SSX FARE FlES AlQfet diFte] vjEdd 2
ZhollA] 16.1~20.0%2] f1FdE°] HZ=H A} F 44
2L 25 A9 Fo] 54 9579 ddHcks 23 ¢
AEA HghollA] gl F7HeEA, o] v o
o] Ht Flete] Bol=g A7l F8 Ules 2}
AALek, A8 3ol A] MAGE B SSX -314}<]
7 23 7Hge] &XdstE7] Slsia o 7zt
o] 28 FE R vhgslel wh2 AlE W F4}
sy} Fuke oz faEch Zedale) #ok v
Wio] gl Algrt} Erhs A7 A9
of At Ao THAF Aol st Wt
S wiAIE 4 gle Aot B9-7] MAGES] ¥&o]
T4 APEE RS Alo]EE MAGE 4] Adgt
A2 Ho A o E gl Qg Hrp A5
FeItt, RS WHHolA ssX fxzk
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