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Studies of the Genes Related to Lung Cancer Susceptibility
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Abstract: To investigate the genes related to lung cancer susceptibility in Nanjing Han population, China, a 1.1
matched case-control study was performed in which 152 hospital controls were matched to the 152 original lung cancer
cases. The polymorphisms of CYP1A1, CYP2E1, GSTM1., GSTT1, GSTP1, mEH and NQOT genes were analyzed
by PCR—RFLP assay. The results showed that the heterozygote and mutation homozygote genotypes of CYPTAT were
related to the risk of squamous cell carcinoma (OR=2.31, 95% Cl=1.23-4.36). The risk of suffering from lung canc-
er was increased 2.06-fold in the individuals with GSTT1 ( —) genotype (95% Cl= 1.30-3.24). The genotype of
NQO1 wt/mt and mt/mt was found also to be associated with the risk of lung cancer (OR=1.66,95%CI=1.01-
2.74). It was shown that there was no difference in the genotype distribution of CYP2E1, GSTM1, GSTP1 or mEH
between cases and controls. Furthermore, stratified analysis suggested that the combination of genotypes of both
CYPI1AT and GSTT1 enzymes had a synergistic action in risk of lung cancer (OR=3.41, 95%Cl =1.77-6.55) . Simi-
larly, there was a cooperation between CYPTAT mutation genotype and NQOT mutation genotype (OR=2.45, 95% Cl
=1.13-5.31). This study suggested that CYP1AT, GSTT1 and NQO1 gene polymorphisms might be associated with
the susceptibility to lung cancer in Nanjing Han population. Analysis of gene-gene interactions was helpful to identifica-
tion of susceptible individuals and screening high-risk population to lung cancer.
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1 CYP1A1_CYP2E1 . GSTP1 .mEH NQO1
Table 1 CYP1A1,CYP2E1,GSTP1,mEH and NQO1 gene polymorphisms and relative risk of lung cancer

Genotype
Groups n : OR 95% CI
wt/ wt wt/ mt mt/ mt

CYPI1A1

Controls 152 70 71 1 1.00 ~

Patients 152 50 82 20 1.74 1.10~2.77

Squamous carcinoma 63 17 34 12 2.31 1.23~4.36

Adenocarcinoma 89 33 48 8 1.45 0.85~2.48
CYP2E1

Controls 152 75 67 10 1.00 ~

Patients 152 81 61 10 0.85 0.54~1.34

Squamous carcinoma 63 28 30 5 1.22 0.67~2.20

Adenocarcinoma 89 53 31 5 0.66 0.39~1.12
GSTP1

Controls 152 94 54 4 1.00 ~

Patients 152 105 43 4 0.73 0.45~1.17

Squamous carcinoma 63 42 19 2 0.81 0.44~1.50

Adenocarcinoma 89 63 24 2 0.67 0.38~1.17
mEH-exon3

Controls 152 48 76 28 1.00 ~

Patients 152 36 87 29 1.49 0.90~2.47

Squamous carcinoma 63 15 36 12 1.48 0.75~2.89

Adenocarcinoma 89 21 51 17 1.50 0.82~2.71
mEH-exon4

Controls 152 128 23 1 1.00 ~

Patients 152 115 36 1 1.72 0.97~3.03

Squamous carcinoma 63 48 14 1 1.67 0.81~3.43

Adenocarcinoma 89 67 22 0 1.75 0.92~3.34
NQO1

Controls 152 53 71 28 1.00 ~

Patients 152 37 79 36 1.66 1.01~2.74

Squamous carcinoma 63 14 34 15 1.87 0.95~3.69

Adenocarcinoma 89 23 45 21 1.54 0.86~2.74

cwt/wt: swt/mt . s mt/mt . ; OR: wt/mt  mt/mt

Note: wt/wt:wild homozygote genotype; wt/mt :heterozygote; mt/mt. mutation homozygote genotype; OR: calculation after combined gen-
otype of wt/mt and mt/mt.

2 GSTwMm1 GSTT1
Table 2 GSTM1 and GSTT1 gene polymorphisms and relative risk of lung cancer

Genotype
Groups n OR 95% ClI
+) (=)
GSTM1
Controls 152 73 79 1.00 ~
Patients 152 70 82 1.08 0.69~1.70
Squamous carcinoma 63 28 35 1.16 0.64~2.09
Adenocarcinoma 89 42 47 1.03 0.61~1.75
GSTT1
Controls 152 94 58 1.00 ~
Patients 152 67 85 2.06 1.30~3.24
Squamous carcinoma 63 25 38 2.46 1.36~4.47
Adenocarcinoma 89 42 47 1.81 1.07~3.08
(+) (=)

Note: ( +) Positive genotype; ( —) Null genotype
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Table 3 Combined genotype of CYP1A1, GSTT1 and NQO1 and relative risk of lung cancer
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Patients Controls OR 95% CI
CYPIAT GSTTI
wt/ wt (+) 24 43 1.00 ~
wt/wt (=) 26 27 1.73 0.83~3.60
wt/vt, vt/ vt (+) 43 51 1.51 0.79~2.88
wt/vt.vt/vt (=) 59 31 3.41¢ 1.77~6.55
GSTT1 NQO1
(+) wt/ wt 17 35 1.00 ~
+) wt/vt., vt/ vt 50 59 1.75 0.88~3.48
(=) wt/wt 20 18 2.29 0.97~5.40
=) wt/vt, vt/ vt 65 40 3.35 1.68~6.66
CYPI1A1 NQO1
wt/ wt wt/wt 13 20 1.00 ~
wt/ wt wt/vt, vt/ vt 37 50 1.14 0.50~2.59
wt/vt, vt/ vt wt/ wt 24 33 1.12 0.47~2.69
wt/vt, vt/ vt wt/vt, vt/ vt 78 49 2.45" 1.13~5.31
Note: Interaction
NQOI1 n2asl,
’
CYPI1A1 (AHH) , o
(PAH) o NQOI1
CYPI1A1 o
, PAH CYP2E1,.GSTM1.GSTP1 .
, o mEH 3.mEH 4
CYPI1A1 s . Ue-
o, . mastu 1'% CYP2E1
Dra [ ;
) CYPI1A1 GSTM1 )
o s GSTM1
GSTT1 , L10); Saarikoski
CYPI1A1 S5 Harris ¢ GSTPImt
. GSTTI1 3
GSTTI1 , mEH , Persson
. . L7 mEH
,  Lewis 4 mt .
GSTTI1 N
[10]
NQO1 s ,
. C609T , ,
s o NQO1
[18.19]
b b b



588 HEREDITAS (Beijing)2004 26
s s [10] Lewis S J. Cherry N M, Niven R M, Barber P V, Povey A C.
GSTM1, GSTT1 and GSTPI polymorphisms and lung cancer
| ' risk. Cancer Letters ,2002,180:165~171.
[11] LIN Yue-Hao. LU Xi-Lin, SHAO Ming. LIANG Yi-Ren, LI You-
’ ° Juan. NAD (P) H: quinone oxidoreductase gene polymorphism
and susceptibibity of lung cancer. Chinese Journal of Cancer .
(References) : 2000,19(5) :450~452.
[1] WuMT, Huang S L. Ho C K, Yeh Y F, Christiani D C. Cyto- ’ ’ ’ - Neor

[2]

[3]

(4]

(5]

(6]

(7]

(8]

(9]

chrome P4501A1 Msp I polymorphism and urinary 1-hydroxy-
pyrene concentrations in coke-oven workers. Cancer Epidemiol
Biomarkers Prev, 1998,7.823~829.
Wang S L, Lee H, Chen K W, Tsai K J, Chen C Y, Lin P. Cy-
tochrome P4502E1 genetic polymorphisms and lung cancer in a
Taiwanese population. Lung Cancer , 1999, 26.27~34.
LAN Qing, HE Xing-Zhou, Debra Costa, TIAN Wei-Lin, LU Xu-
Bang, Judy Mumford. Glutathione S-transferase GSTMI and
GSTT1 genotypes and susceptibility to lung cancer. Journal of
Hygiene Research, 1999, 28(1).:9~11.
, s Debra Costa, ,
GSTM1  GSTT1
,1999,28(1):9~11.
Maugard C M, Charrier J, Pitard A, Campion L, Akande O,

» Judy Mumford.

Pleasants L, Ali-Osman F. Genetic polymorphism at the glutathi-
one S-tranferase(GST)P1 locus is a breast cancer risk modifier.
Int J Cancer, 2001, 91.334~339.
Helzlsouer K J, Selmin O, Huang H Y, Strickland P T, Hoffman
S, Alberg A J, Watson M, Comstock G W, Bell D. Association
between glutathione S-tranferase M1, P1 and T1 genetic poly-
morphisms and development of breast cancer. Journal of the Na-
tional Cancer Institute , 1998, 90.512~518.
Smith C A D, Harrison D J. Association between polymorphism
in gene for microsomal epoxide hydrolase and susceptibility to
emphysema. Lancet, 1997, 350:630~633.
Wiencke J K, Spitz M R, McMillan A, Kelsey K T. Lung cancer
in Mexicar-Americans and African-Americans is associated with
the wild-type genotype of the NAD ( P) H: quinone oxidoreduc-
tase polymorphism. Cancer Epidemiology . Biomarkers and
Prevention, 1997,6:87~92.
CHEN Chang-Zhong, YOU Li-Qing, ZHENG Guang-Hu, JIN Yong-
Tang. Application of case-control technique in gene-environment
interaction research. Chinese Journal of Health Statistics , 1998,
15(1):31~32.

,1998,15(1):31~32.
Kawajiri K, Nakachi K, Imai K, Yoshii A, Shinoda N, Watan-
abe J. Identification of genetically high risk individuals to lung
cancer by DNA polymorphisms of the cytochrome P4501A1
gene. FEBS Lett, 1990, 263: 131~133.

[12]

[13]

[14]

[15]

[16]

(171

[18]

[19]

,2000,19(5) :450~452.
Wiencke J K, Spitz M R, McMillan A, Kelsey K T. Lung cancer
in Mexicar-Americans and African-Americans is associated with
the wild-type genotype of the NAD ( P) H: quinone oxidoreduc-
tase polymorphism. Cancer Epidemiology , Biomarkers and Pre-
vention, 1997,6:87~92.
Lin P P, Wang H J, Lee H. NAD (P): quinone oxidoreductase
polymorphism and lung cancer in Taiwan. J Toxicol Environ
Health, 1999, 58.187~197.
Uemastu F, lkawa S, Kikuchi H, Sagami |, Kanamaru R, Abe
T, Satoh K, Motomiya M, Watanabe M. Restriction fragment
length polymorphism of the human CYP2E1 ( cytochrome
P4502E1) gene and susceptibility to lung cancer: possible rele-
vance to low smoking exposure. Pharmacogenetics, 1994, 4.
58~63.
Saarikoski S T, Voho A. Reinikainen M, Anttila S, Karjalainen
A, Malaveille C. Vainio H. Husgafvel- Pursiainen K, Hirvonen
A. Combined effect of polymorphic GST genes on individual sus-
ceptibility to lung cancer. Int J Cancer, 1998,77.516~521.
Harris M J. Coggan M, Langton L. Wilson SR, Board P G. Pol-
ymorphism of the Pi glutathione S-transferase in normal popula-
tions and cancer patients. Pharmacogenetics , 1998, 8. 27~31.
Persson |, Johansson I, Lou Y C, Yue Q Y, Duan L S, Bertils-
son L, Ingelman-Sundberg M. Genetic polymorphism of xenobi-
otic metabolizing enzymes among Chinese lung cancer patients.
Int J Cancer . 1999, 81:325~329.
XIANG Yong-Bing, GAO Yu-Tang, ZHONG Li-Jie, JIN Fan, SUN
Lu, CHENG Jia-Rong. Study on familial aggregation of lung
cancer among women in Shanghai. Hereditas ( Beijing) . 1996,
18(5):31~35.
»1996, 18(5):31~35.
LI Yu, SONG Yan, LU Gang, ZOU Rong, ZOU Ya-Nan, ZHANG
Gui-Yin, LI Pu. A metastasis-related gene with non-small lung
carcinoma——RAB5A gene. Hereditas ( Beijing ), 1999, 21
(4):6~10.
——RAB5A
,1999,21(4) :6~10.



