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ABSTRACT

Background and ObjectivesT] MAGE (melanoma antigen gene) gene, coding for a tumor antigen recognized by cytotoxic
T lymphocytes, is expressed specifically in a variety of cancers, but not in normal tissues that exclude those of the testis.
Therefore, most studies of MAGE gene are reported for the cancer immunotherapy. There are, however, few reports for the
molecular diagnosis of cancers with MAGE gene. The purpose of this study is to evaluate the MAGE common primers in
discriminating the malignant from benign lesions of the head and neck. Materials and MethodsU Reverse transcriptase-
polymerase chain reaction (RT-PCR) and the nested PCR with the MAGE common primers (C1/C2, C3/C4) designed to
detect MAGE 1-6 genes in this study were conducted in 37 cancer tissues (27 squamous cell carcinomas and 10 nonsquamous
cell carcinoma lesions) and 18 benign tumors and 20 normal tissues of the head and neck. The PCR product was also assayed
by RT-PCR with the MAGE 1-6 specific primer (M1-M6) to investigate which MAGE isotypes were detected. Results(] At
least more than one isotype of MAGE 1-6 genes were detected in 70.4% (19/27) of squamous cell carcinomas and 30% (3/10)
of non-squamous cell carcinoma lesions. But there was no MAGE expression in 18 benign lesions and 20 normal tissues.
Conclusion[] MAGE common primers designed in this study showed high sensitivity and specificty in discriminating the
malignant from benign lesions of the head and neck. This result suggests MAGE gene might be a potential tumor marker in
the head and neck cancer. (Korean J Otolaryngol 2001:44:736-43)
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Table 1. Materials

Pathology No. of cases

Malignant tumor 37

N
~

Squamous cell ca.

Papillary thyroid ca.

Lymphoma

Malignant mixed tumor
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Fig. 1. Schematic structure of the MAGE 1-6 genes and the
location of MAGE common primers on exons for the nested
RT-PCR. C10 sense primer for the first round of RT-PCR, C20
antisense primer for the first round of RT-PCR, C30 sense primer
for the second round of PCR, C40 sense primer for the second
round of PCR, CDSO coding sequence.
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tor(28 U/p |, Promega, USA) 0.25 p |, 50 y M oligo dT
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Table 2. Common primer sequences for the detection of MAGE 1—-6 genes

Primer Type Use Sequence Size (bp)
C1 N RT-PCR CTGAAGGAGAAGATCTGCC 828-924
C2 ASt RT-PCR CTCCAGGTAGTTTTCCTGCAC
C3 S Nested PCR CTGAAGGAGAAGATCTGCCW* GTG 469—493
C4 AS Nested PCR CCAGCATTTCTGCCTITGTGA

*SO sense primer, T ASO antisense primer, ¥ WO Aor T
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Table 3. MAGE 1—6 genes specific primer sequences

oo o
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OO0 MAGE OO0 mRNADO O00000(Fig. 2). 00O
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000000 MAGE 1-6 mRNAO OO OO

oboO0g 180 O 0000 0oo0o ooood MA-
GE 1-6 OOOmMRNAO OO0 0OOOO OO00O(Fg. 4)
(p<0.0001). OO0 OOOO 200000 OO OOO O

Target Primer Type Sequence Size (bp)
MAGE-1 M1 AS CGGAACAAGGACTCCAGGATACAA 377
MAGE-2 M2 AS GAAAGAAGTCCTGGCAATTTCTGAG 523
MAGE-3 M3 AS CCAAAGACCAGCTGCAAGGAACT 569
MAGE-4 M4 AS CGTCAATGCCAAAGATCATCTTICAG 580
MAGE-5 M5 AS CCTITGTGACCAGCTCCTTGACTTA 478
MAGE-6 Mé AS CCAGGCAGGTGGCAAAGATGTACAC 628
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N 14 15 16 17 18 19 20 21 22 23 24 25 26 27 bp
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e GEED WD TP GID GUID oGNS @I e

9 10 11 12 13 bp

Fig. 2. Amplification of MAGE
cDNA common to MAGE 1-6
genes in squamous cell carcin-
omas of the head and neck by
nested RT-PCR using common
primers. G10 sense primer for
GAPDH, G20 nonsense primer
for GAPDH, MO size marker (100
bp ladder), NO no cDNA.
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cDNA common to MAGE 1-6
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of the head and neck by nested
RT-PCR using common primers.
G10 sense primer for GAPDH,
G20 nonsense primer for GAP-
DH, MO size marker (100 bp lo-
dder), NO no cDNA.

493 =
469

00 (Fig. 5).

000 OD00000D00 MAGE 1-6 DDOOO specific
primerd 000 MAGE 000 mRNAO OO

000 00ooOOoOo O c1/c2, C3/C4 common primer
0 00 OO0 000 000 19000 000 MA-GE
0000 0000 OODOD0O MAGE specific primerd
0000 cucz20 10 PCR O C3/M1-6 primerd 200
PCRO 0O0OO0O0O0O. 190 O MAGE 1-6 000 00O
0000 31.60789%0 MAGE 3 0000 OOOO O
000 00 MAGE 10000 00 DOO(Fig. 6A and
B, Table 4). 0000 OO00OO0ODO 270 OO0 com—
mon primerD OO0 MAGE 1-6 0000 0000 MA-
GE 10 22.2%0 00 000, MAGE 30 55.6%0 OO
000 (Table 4).
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0 0000000 OO0 00 o000 MAGE 1-6 OO
00 0000 OO. 0000 000 MAGE OOOO 1
00 000 30,200 000 40,300 00O 40, 40
0 500 00 20,600 00 OO0 OO0 4000 O
00.0000 2700 OO00O0O0O0 O 000 O 00 O
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00 MAGE 1-6 0000 0000 000 70.4%(19/
27)000 (Table 5).

O O

00 000D 00000 000000 D000 0000
000000 00000 0000 00 000 00000
0 D00 00000 000 00 00000 O0d. 00
0000 O 000 000 O 0 00 000 00000
0 0000 00. MAGE 0000 0000 0000 O
0 0000 000000 000 000 0000000
000 00 00 00 0000, 000, 0, 000, 0
0o, 00,000,000,000 00 00000 OO0
02 0000 MAGE OO0OO OO0 000 000 O
00 0 00 0000 00 00000 0O 0 00.

MAGE 0000 12 00000 gene familyd 0000
00 D00 00000 000 0000 000000 MA-
GE 000D 000 00 000 000 0000 00
specific primerD] OO0 O0O. 0 00000 RT-PCR
0 000 MAGE 1-6 0000 0000 00000 O
0 MAGE 0000 000 OO0O0O OO0 O OO0 co—
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PCR primer
1st 2nd
GAPDH G1/G2 - -
MAGE 1-6 C1/C2 C3/C4
N 10 11 12 13 14 15 16 17 18 bp
MAGE 1-6 C1/C2 C3/C4 493 -
469
PCR primes normal tissue of the head and neck
i 94 T 1 2 3 4 5 6 7 8 9 10 bp
PCR primer
Tst Ind M N 1 2 3 4 S5 6 7 8 9 bp
ra G R ————
MAGE 1-6 C1, C2 C3, C4 469
VESENCREReg) 0 — @ — 00 =P
MAGE 2 C1, C2 C3, M2 == o GENS e 523
MAGE 3 C1, C2 C3, M3 G e o e S e P 569
MACE 4 C1, C2 580
MAGE 5 Cc1, C2 3 S
MAGE 6 Cl, €2
PCR primer
1st 2nd
MAGE 1-6 C1, C2 C3, C4
MAGE 1 C1, C2 C3, M1
MAGE 2 C1, C2 C3, M2
MAGE 3 Cl, €2 €3 M3
MAGE 4 C1, C2 C3, M4
MAGE 5 C1, C2 C3, M5
MAGE 6 C1, C2 C3, M6

oo o

Fig. 4. Amplification of MAGE
cDNA common to MAGE 1-6
genes in benign tumors of the
head and neck by nested RT-
PCR using common primers.
G10 sense primer for GAPDH,
G20 nonsense primer for GAP-
DH, MO size marker (100 bp la-
dder), NO no cDNA.

Fig. 5. Amplification of MAGE
cDNA common to MAGE 1-6
genes in normal tissues of the
head and neck by nested RT-
PCR using common primers. G10
sense primer for GAPDH, G20
nonsense primer for GAPDH, 0 O
positive control.

Fig. 6A. Amplification of each
MAGE 1-6 gene in squamous
cell carcinomas of the head
and neck by RT-PCR using MA-
GE 1-6 genes specific primers.
MO size marker (100 bp ladder),
NO no cDNA.

Fig. 6B. Amplification of each
MAGE 1-6 gene in squamous
cell carcinomas of the head
and neck by RT-PCR using MA-
GE 1-6 genes specific primers
(continued). MO size marker (100
bp ladderis), NO no cDNA.
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Table 4. Expression rate of MAGE 1-6 genes in squamous
cell carcinomas of the head and neck

Positive MAGE  In MAGE positive SCC  In all SCC

genes (nO 19) (nO 27)

MAGE 1 31.6% (6/19) 22.2% ( 6/27)
MAGE 2 52.6% (10/19) 37.0% (10/27)
MAGE 3 78.9% (15/19) 55.6% (15/27)
MAGE 4 57.9% (11/19) 40.7% (11/27)
MAGE 5 52.6% (10/19) 37.0% (10/27)
MAGE 6 68.4% (13/19) 48.1% (13/27)

SCCO squamous cell carcinoma

Table 5. Numbers of positively detected MAGE 1-6 genes
in squamous cell carcinomas of the head and neck

No. of positively
detected MAGE genes

)

No. of case Detection rate (%)

4 21.1
5 2 10.5
4 2 10.5
3 4 21.1
2 4 21.1
3 15.6
9 70.4 (19/27)

1
Total 1
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0 0000 4000 0000 MAGE 30000 OO O
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0 000 MAGE 1-6 000D 0000 0O0.0 OO0
0 OO0 MAGE D000 100 000 30,200 OO
0 40, 300 00O 40, 40 O 500 OO 20 OOO
600 0O0ODD OO0 000 000 4000 0O0O. 00
00 2700 OOOOOOD O 000 000 000 MA-
GE 1-6 00D 000D 000 704%(19/27)00. O
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00 0000 0000000000 100 O 30(30%)
00 MAGE 0000 0000 0000 OOOOOOO
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0O 0000 common primerd 0000 2000 PCR
0 0000 MAGE 1-6 OOOD OO0 0000 OO
00000, 000 0000000 O0O0O00000 00
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00 000 00000 00 000 0000 o000d.
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000 000 0,00 00,00 0000 0000 oo
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REFERENCES

1) van der Bruggen P, Traversari C, Chomez P, Lurquin C, De Plaen
E, Van den Eynde B, et al. A gene encoding an antigen recognized
by cytolytic T lymphocytes on a human melanoma. Science 1991;
254:1643-7.

2) De Plaen E, Arden K, Traversari C, Gaforio JJ, Szikora JP, DeSmet
C, et al. Structure, chromosomal localization, and expression of
12 genes of the MAGE family. Immunogenetics 1994:40:360-9.

3) Eura M, Ogi K, Chikamatsu K, Nakano K, Masuyama K, Itoh K,
et al. Expression of the MAGE gene family in human head-and-neck
squamous-cell carcinomas. Int J Cancer 199564 :304-8.

4) Lee KD, Eura M, Ogi K, Nakano K, Chikamatsu K, Masuyama K,
et al. Expression of the MAGE-1, -2, -3, -4, and -6 genes in non-
squamous cell carcinoma lesions of the head and neck. Acta Otol-
aryngol (Stockh) 1996;116:633-9.

5) Lee KD, Chang HK, Jo YK, Kim BS, Lee BH, Lee YW, ef al. Ex-
pression of MAGE 3 Gene Product in Squamous Cell Carcinomas
of the Head and Neck. Anticancer Research 1999:19:5037-42.

6) Inoue H, Li J, Honda M. AGE-1 mRNA expression in gastric car-
cinoma. Gastroenterol 1995;109:1522-5.

7) Inoue H, Mori M, Honda M. Human esophageal carcinomas fre-
quently express the tumor-rejection antigens of MAGE genes. Int
J Cancer 1995;63:523-6.

8) Mori M, Inoue H, Mimori K. Expression of MAGE genes in human
colorectal carcinoma. Ann Surg 1996;224:183-8.

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

10) Russo M, Traversari C, Verrecchia A. Expression of MAGE gene
family in primary and metastatic human breast cancer: Implications
for tumor-specific immunotherapy. Int J Cancer 1995,64:216-21.

11) Russo V, Dalerba P, Ricci A, Bonazzi C, Leone BE, Mangioni C,
et al. MAGE, BAGE and GAGE genes expression in fresh epithelial
ovarian carcinomas. Int J Cancer 1996,67:457-60.

12) Yamashita N, Ishibashi H, Hayashida K, Kudo J, Takenaka K,
Itoh K, et al. High frequency of the MAGE-1 gene expression in
hepatocellular carcinoma. Hepatology 1996:24:1437-40.

13) Mori M, Mimori K, Tanaka F, Ueo H, Sugimachi K, Akiyoshi T.
Molecular Diagnosis of circulating cancer cells using MAGE gene
assay. JA-MA 1997,278:476-7.

14) Mori M, Mimori K, Ueo H, Karimine N, Barnard GF, Sigimachi
K, et al. Molecular detection of circulating solid carcinoma cells
in the peripheral blood: The concept of early systemic disease. Int
J Cancer 1996,68:739-43.

15) Mori M, Mimori K, Ueo H, Tsuji K, Shiraishi T, Barnard GF, et al.
Clinical significance of molecular detection of carcinoma cells in
lymph nodes and peripheral blood by reverse transcription-poly-
merase chain reaction in patients with gastrointestinal or breast
carcinomas. J Clin Oncol 1998;16:128-32.

16) Johnson P, Burchill S, Selby P. The molecular detection of circu-
lating tumor cells. Brit J Cancer 1995,72:268-76.

743



