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Background : Tumor associated antigens, which are produced specifically by tumor cells, are promising targets
for the early diagnosis and immunotherapy. Among the tumor associated antigens, MAGE (a melanoma antigen),
BAGE, GAGE, PRAME and NY-ESO were named as cancer/testis specific antigens since they are detected
exclusively in the testis or cancer cells. If MAGE is easily detectable in the sputum, it would become a
convenient method for diagnosing lung cancer. This study was undertaken to investigate MAGE expression in
the induced sputum obtained from lung cancer patients.

Method : In 14 control patients and 30 lung cancer patients, the induced sputum was collected after
inhaling 3% saline(5 cc) delivered by nebulizer for approximately 5 minutes after a mouth rinse and
bronchodilator inhalation. The induced sputum was placed in a conservative-mixed solution (guanidinium
isothiocyanate, Triton X-100). The total cellular mRNA was extracted from the cells and RT PCR and
nested PCR were run in 30 and 35 cycles respectively, with two different types of primers specially
designed to detect six subtypes of MAGE DNA simultaneously.
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Results : MAGE expression was not detected in the 14 controls, but in the 30 cancer patients, MAGE

was found in 24 patients (80%, p=0.001). In the cancer patients, there were no differences in the

expression level according to the tissue types (squamous cell cancer 13/17, adenocarcinoma 7/9, and
small cell cancer 4/4, p=0.56). Among the 24 MAGE-positive patients, the tumor was not visible on a

bronchoscopy in 11 patients (45.8%).

Conclusion : A study of MAGE in induced sputum appears to be a useful and complementary

method in the diagnosis of lung cancer. A further prospective study with more patients is

recommended. (Tuberculosis and Respiratory Diseases 2002, 53:265-274)
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Table 1. Characteristics of the lung cancer patients

Characteristics No.
Age (range) 61.3 (43 - 78)
Sex (M/F) 20/10
Smoker/Nonsmoker 26/4
NSCLC 26(87)
Squamous cell carcinoma 17(57)
Adenocarcinoma 9(30)
Stage < IlIb 4(13)
= IIIb 22(73)
Small Cell Lung Carcinoma 4(13)
LD 2(7)
ED 27)

NSCLC : Nonsmall cell lung cancer.
The number in the parentheses is percent.

Table 2. Characteristics of the control group

Characteristics No.
Age (range) 60.7 (42-72)
Sex (M/F) 1173
Smoker/Nonsmoker 11/3
Diagnosis

COPD 11(78%)
Bronchiectasis 2(14%)
Pulmonary Thc 1(7%)
FEVYFVC (range) 56%(30-75)
Bronchoscopy N-S
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Table 3. Common primer sequences for the detection of MAGE 1-6 genes

Primer Type use Sequence size (bp)
Cl s RT-PCR CTGAAGGAGAAGATCTGCC 828-852
C2 AS™ RT-PCR CTCCAGGTAGTTTTCCTGCAC
C3 S nested PCR CTGAAGGAGAAGATCTGCCW GTG 466-490
4 AS nested PCR CCAGCATTTCTGCCTTTGTGA
S, sense primer; AS”, antisense primer
W,Aor T
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PCRPrimer M N 1 2
1st 2nd
GAPDH G1/G2 - -

MAGE 1-6 C1/C2 C3/C4

GAPDH G1/G2 - -

MAGE 1-6 C1/C2 C3/C4

4 5 6

7 8 9 10 11 12 13 bp

Fig. 1. Amplification of MAGE 1-6 by nested RT-PCR using multiple MAGEs recognizing

primers(C1/C2 and C3/C4) in the induced sputum from the lung cancer patients (upper
panel) and the control group (lower panel). G1/G2:sense/antisense primer for GAPDH,
Fig. 1. Amplification of MAGE 1 - 6 by nested RT-PCR using multiple
MAGESs recognizing primers(C1/C2 and C3/C4) in the induced sputum from the
lung cancer patients (upper panel) and the control group (lower panel).

G1/G2: sense/antisense primer for GAPDH, M: size marker, N: negative

control.M: size marker, N: negative control.

Table 4. Mage expression in the induced sputum from lung cancer patients and the control

group
MAGE (+) MAGE (-)
Cancer patients 24(80%) 6(20%)
Control group 0 14(10026)
Total 24 20

p=0.0001
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Table 5. MAGE expression in the induced sputum according to the tissue types of lung cancer

Tissue type MAGE (+) MAGE (-) Total
Squamous cell 13(76.5%) 4 17
Adenocarcinoma (77.8%) 2 9
Small cell 4(100%) 0 4

Total 24(80.0%) 6 30
p=0.56

Table 6. Mage expression in the induced sputum according to the visibility of the tumor on
bronchoscopy and its relationship with the sputum cytology

Endobronchial lesion MAGE (+) MAGE(-) Total
Found” 13(72.2%) 4(23.5%) 17
Cytology (+)” 8 0 8
Cytology (-) 5 4 9
Not found 11(84.6%) 2(15.4%) 13
Cytology (+) 3 0 3
Cytology (=) 8 2 10
Total 24 6 30

*p value of MAGE expression by the bronchoscopic findings: 0.927
#xp value of MAGE expression by the result of sputum cytology; 0.107
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