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Abstract 

The glu帥 ionetransferases (GST) zeta class is recently identified and found in a range of species企omplants to humans. 

GSTZl catalyze the metabolism of a series of alpha-haloacids including dichloroacetate (DCA) and f1uroacetate. GSTZl also 

plays an important role in the catabolism pa也wayof phenlalan泊eand tyrosine. The human GSTZl locus has some 

polymorphic sites， which were 10回 tedat nucleotides 23， 94， 124 and 245. Some allelic variants showed significant functional 

variation with a number of substrate. In our previous studies， the associations between GSTM1， GSTTl and GSTPl genetic 

poゆnorphismsand lung adenocarcinoma (lung AC)泊aα泊巴sepopulation have been evaluated. In order to assess也eeffects 

of GSTZl genetic polymorphisms on the development of lung AC， we conducted this回se-controlstudy.τ'be frequencies of 

GSTZl Lys32Glu AA， AG and GG genotype were 17.0，51.8 and 31.2% among回sesand 26.1， 40.3 and 33.6%釘nong

controls. GSTZl Lys32Glu G allele was found to be associated with an elevated lung AC risk (OR=1.64， 95% CI 0.86~.19). 

Moreover， GSTZl Lys32Glu G allele showed significantly increased lung AC risk when in combination with either GSTMl 

null genotype or mut佃 tGSTPl Val allele (OR=2.91， 95% CI 1.06-8.91; OR=3.95， 95% CI 1.46-U.47， respectively). GSTZl 

Lys32Glu G allele demonstrated a 5.9・fold泊αeasedlung AC risk創nongheavy smokers compared with non-smokers with 

GSTZl Lys32Glu AA genotype. 

Key lords 

GSTZ1， Genetic Polymorphisms， Dichloroacetate (DCA)， Lung Adenocarcinoma (lung AC) 

I nt roductfon 

It has been well establish巴dthat glutathione仕組sferases(GSTs)， as a large multigene family encoding phase 11 

drug咽伽bolizingenzymes， catalyze the ∞吋ugationof gluta也ionewith a wide variety of hydrophilic and elec位ophilic

substrates.1)τ'be GSTs釘ecategorized into Alpha， Mu， Pi， Theta and Zeta classes.2-4) The Zeta class is recently identified， and 

found in a range of species， including plants， animals and microorganisms.4) Compared wi由otherGSTs， members of the Zeta 

class have a distinct range of substrates and functions， whichω.talyse the metabolism of a series of alpha占aloacids，including 

dichloroacetate (DCA) and f1uoroacetate.S' 6) DCA is a common contaminant of chlorinated drinking wateむ7)and is 

hepato回rcinogenicin rodents.8'U) It has been observed that maleylacetoacetate isomerase (MAAI)， which converts 

maleylacetoacetate (MAA) to fumarylacetoacetate (FAA)， the penultimate step in也ephenylalanine and tyrosine catabolism 

pa也waぉhasan identical sequence to也atof GSTZ1， therefore GSTZl also plays a significant role in the pa也wayof the 

catabolism of phenylalanin巴andtyrosine.12) Several polymorphic alleles ofthe human GSTZ110cus have been reported， and 

some allelic variants showed significant functional variation with a number of substrates.13) Polymorphic sites of GSTZl were 

located at nucleotides 23， 94， 124 and 245.1のτ'beT-to.:c甘ansitionat nucleotide 23 results in a Leu8Pro substitution. A or G 
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was variab1y found at nuc1eotide 94， and A or G was a1so variab1y noted at nucleotide 124， these nucleotide changes 1ead to 

Lys32Glu and Arg42G1y substitution， respective1y. The C-to-T transition at nucleotide 245伺 usesThr82Met substitution. 

These amino acid alterations are known to affect the activities of the GSTZl enzyme for di宜'erentsubstrates， and a宜ecting白e

efficiency of remova1 for these substances. 

In our previous studies in a Chinese popu1ation， the associations between GSTM1， GSTTl and GSTPl genetic 

po1ymorphisms and 1ung adenocarcinoma (lung AC) have been eva1uated戸16)But no re1ationship between 1ung AC and the 

GSTTl genotypes was observed， either separate1y or泊combinationwith也eGSTMl or GSTPl genotypes. Although separate 

GSTMl and GSTPl po1ymorphisms were not statistically re1ated to 1ung AC risk， the coexistence of GSTMl null genotype 

and GS官 1Val alle1e was signifi回nt1yassociated with an e1evated 1ung AC risk (OR=2.4， 95% CI 1.1-5.1). To date， the ro1e 

of GSTZl in the deve10pment of 1ung AC has not been investigated in our study， and studies about GSTZl genetic 

po1ymorphisms with susceptibility to 1ung c阻 cerare limited. In order to assess the effects of GSTZl po1ymorphisms on 1ung 

AC， we conducted也is伺 se弔問tro1study. 

SubJects and闘 thods

τ'his case-contro1 study inc1uded 112伺 seswith 1ung ACs and 119伺 ncer右eehealthy contro1s. Detailed descriptions of the 

su吋ectshave been presented previous1戸の

τ'he GSTZl Lys32Glu and Arg42G1y po1ymorphisms were detected by PCR長FLP using pr加ers

5 -TTCCITACTGGTCCTCACATCTC-3姐d5-1・'CACCGGATCATGGCCAGCA-3 ，也ePCR product was digested with 

BsmAI for Lys32G1u and FokI for Arg42Gly， respective1y.4) But the Arg42Gly genotypes fai!ed to be detected， because bands 

cou1d not be identified after digested by FokI. 

The difference in di則.butionof genotypes .between回sesand controls was ex捌 nedwi白血eitest. For measuring 
association between GSTZl genotypes and 1ung AC， ORs and 95% CIs were estiroated企omunconditiona11ogistic regression 

using the software package SAS (version 8.勾andadjusted for age， sex and smoked pack哲郎.The combined effects of 

GSTZl genotypes with GSTM1， GSTTl and GSTPl po1ymorphisms were estimated， and gene-environment interactions in 

terms of cigarette smoking were a1so eva1uated. 

Results 

The di甜 ibutionof GSTZl Lys32G1u genotypes is presented in Tab1e 1. The frequency of GSTZl Lys32Glu AA genotype 

was e1evated among con加 ls(26.1 %)白血 among伺 ses(17.0%)， while heterozygote AG was 1ess泊 con位olsas comp訂edto 

也巴四ses(40.3 and 51.8%， respective1y)， the企equencyof GSTZl Lys32Glu GG genotype among四ses(31.2%) was s加ilarto 

contro1s (33.6%). No significant di宜erencein the di曲 ibutionof GSTZl Lys32G1u genotypes was found between回sesand 

contro1s (P=0.14). The企equenciesof three GSTZl Lys32Glu genotypes among contro1s were not different from those 

expected企omthe Hardy-Weinberg equilibrium. 

The ORs for 1ung AC by GSTZl poゆnorphismsep釘ate1yand in combination with GSTM1， GSTTl血 dGSTPl 

po1ymorphisms are summarized in Tab1e 2. Ei也釘GSTZlLys32G1u AG or GG genotype was associated with an e1evated risk 

of Lung AC (OR=1.84， 1.40; respective1y)， but not statistically significant. Wi白 respectto combined genotypes， a1though 

respective po1ymorphism of GSTM1， GSTPl or GSTZl was not statistically associated with 1ung AC， when the alle1e G of 

GSTZl Lys32Glu was combined with GSTMl null genotype， GSTTl null genotype and GSτ'Pl Va1 alle1e， significant1y 

increased risks were found for combined GSTZl Lys32G1u G alle1e and G釘'Mlnull genotype (OR=2.91， 95%CI 1.06-8.91) 

or mutantGS百 1Val allele (OR=3.95， 95%CI 1.46-11.4η. 

Interactions of gene and cigarette smoking are presented in Tab1e 3. The combination of smokers and GSTZl Lys32Glu G 

alle1e was not found significantly inαeased lung AC risk (OR=1.88， 95% CI 0.80-4.59) as compared to combined non-smokers 
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and GSTZl Lys32Glu AA genotype. However， when smoked packヴearswere stratified， ORs of light smokers 

(O<packヴears<20)，moderate smokers (20<=packヴears<40)and heavy smokers (packヴears>=40)were respectively 0.70 

(95% CI 0.29-1.65)， 1.04 (95% CI 0.50~.15) and 4.04 (95% CI 1.42-13.41) as comp釘edto non-smokers. Moreover， among 

heavy smokers， GSTZl Lys32Glu G allele was found to be associated with a 5.9イ'oldinαeased lung AC risk (OR=5.93， 95% 

Cll.65♀5.41). 

Dlscusslon 

GSTs are widely distributed and expressed in many mammalian tissues，伽 expressionof GSTs is regulated in a 

tissue-specific manner resulting in quantitatively di宜'erentprotein products in di宜'erenttissues.17-l9) The highest amount oftotal 

GSTs prot巴inhas been found to express in liver， followed by brain， panαeas， adrenals， heart and lung，20， 21) where are也emaj町

sites for drug and chemical metabolism. GSTZl is expressed in multiple tissues in human.4) GSTZl is mainly expressed in 

liver， testis and prostate， and moderately expressed in bra泊，heart， panαeatic islets， adrenal medulla， and the epi也eliall泊ing

ofthe gas仕ointestinaltract， airway， and bladder in rats.22) 

As described above， GSTZl catalyse the metabolism of a series of alpha-baloacids， including DCA and fluoroacetate.5，6) 

GSTZl a1so p1ays an important role泊 thepa也wayof the catabolism of phenylalanine and tyrosine.12) Humans are exposed to 

DCA by environmental and medical ways. DCA is a by-product of chlorination of drinking water， may b巴consumedevery 

day.23， 24) DCA is also a metabolite of trich1oroethylene and chlora1 hydrate， the former is found in industrial solvents and 

degreasing agents， and the latter is a sedative.25，26) DCA is also used clinically for the treatment of congenita1lactic acidosis.27， 

28) Although the mechanism by which DCA exerts its toxicity has been unclear， studies have shown也atDCA perhaps induce 

GSTZl inactivate，29， 30) and the DCA-induced inactivation of GSTZl perturbs tyrosine metabolism in rats，31) and these 

perturbations may result in也emultiorgan toxicity of DCA， in accordance with the multiple tissues expression of GSTZ1. In 

the present studぁthevaried GSTZl Lys32Glu G alle1e showed elevated 1ung AC risk (OR=1.64， 95% CI 0.86-3.19). Moreover， 

coexistence of GSTZl Lys32Glu G allele with either GSTMl null genotype or mutant GSTPl Val allele was found 

signifi回ntlyincreased lung AC risk (OR=2.91， 95% CI 1.06-8.91; OR=3.95， 95% CI 1.46-11.47， respectively)， which also 

explained the coordinated effects of GSTs detoxifying enzymes. 

Tobacco exposure is clearly associated with the development of 1ung cancer， and individua1 susceptibility has been 

investigated in terms of the abi1ity to activate and detoxi町carcinogens.Many studies have an叫yzedthe influence of tobacco 

smoking on lung回ncerrisk with association with GSTs polymorphisms， but results are contradictory. Some studies have 

reported a stronger association between lung回ncerrisk and GSTMl null genotype or GSTPl Val allele among heavy 

smokers，32，33) and several studies showed similar associations for 10w or moderate doses of smoking戸，35)In our previous study， 

GSTMl null genotype was found to be associated with a 5.9イ'oldincreased lung AC risk among light smokers，15)佃 dGSTPl

1ゐ1allele was found no significantly elevated risk among smokers戸i)In this studぉheavysmokers were associated wi也組

increased lung AC risk (OR=4.04， 95% CI 1.42-13.41) as compared with non-smokers. Furthermore， G釘'ZILys32Glu G 

allele showed signifi四ntlyincreased lung AC risk among heavy smokers (OR=5.93， 95% CI 1.65~.41)， even though 

interactions between GSTZl Lys32Glu G allele and smokers were not obvious. 

In conclusion， a1though也edistribution of GSTZl Lys32Glu genotypes among lung AC cases was not significantly di宜'erent

from controls， GSTZl Lys32Glu G alle1e was found to be associated with an e1evated lung AC risk. Moreover， GSTZl 

Lys32Glu G allele showed significantly inαeased lung AC risk when in combination with either GSTMl null genotype or 

mutant GSTPl Val allele. Among heavy smokers， GSTZl Lys32Glu G allele was found to be associated with a 5.9・fold

increased lung AC risk. 
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Table 1. Distribution of GSTZl genotypes in回 S白血d∞ntrols
Genotype Cases (%) Controls (%) 

GS1Z1 Lys32Glu 

AA 

AG 

GG 

J) P value by X2 text 

19 (17.町
58 (51.8) 

35 (31.勾

31 (26.1) 

48 (40.3) 

40 (33.6) 

P value1) 

0.14 

Table 2. ORs for lung AC by GSTZlpolymorphism， separately and in combination 
wi也GS1Ml，GSTTl姐dGSτ'Plpolymorphisms 
Genotypes Cases/ControlsυORs (95% Cn ~J 

GSTZl genotyp凶

AA 

AG 
GG 

AG+GG 

白mbinedgenotypes 

GS1Z1 GSTMl 

AA present 

AGorGG pr回ent

AA null 

AGorGG null 

GSτZI GSTTl 

AA present 

AGorGG prωent 

AA null 

AGorGG null 

GS1Z1 GSTPl 

AA lle/lle 

AGorGG lle/lle 

AA lleNal or ValNal 
AGorGG lleNal or ValNal 
リNumbersofCases/白山01s.

2) Adjusted for age， sex and smoked pack-years. 

19/31 

58/48 

35/40 

93/88 

6/14 

37/45 

13/17 

56/43 

7/16 

52/49 

12/15 

41/39 

8/19 

59/65 

11/12 

34/23 

1.00 (ret) 

1.84 (0.92-3.74) 

1.40 (0.67-2.97) 

1.64 (0.86-3.19) 

1.00 (ret) 

1. 79 (0.64-5.56) 

1. 78 (0.54-6.36) 

2.91 (1.06-8.91) 

1.00 (ret) 

2.23 (0.86-6.35) 

1.76 (0.54-5.9η 

2.28 (0.86-6.61) 

1.00 (ret) 

2.22 (0.91-5.91) 

2.69 (0.82-9.20) 

3.95 (1.46-11.4η 

百ible3.Assωsm四tsofint忘ractionof GS1Z1 genotypes and smoking鋭a旬S

smokin~ 託atus GSTZl Lys32Glu Cases/ControlsυOR(95%α) ~J 

Non-smokers AA 12/19 1.00 (ret) 

Non-smokers AG or GG 52/52 1.55 (0.69-3.62) 

Smokers AA 7/12 0.95 (0.28-3.13) 

Smokers AG or GG 41/36 1.88 (0.80-4.59) 

Pack-years.lり

>0，<20 AA 

>0，<20 AGorGG 

>=20，<40 AA 

>=20，<40 AGorGG 

>=40 AA 

>=40 AGorGG 

1) Numbers of Cases/I白ntrols.

リAdjustedfor age and sex. 

1/5 

9/12 

4/6 

18/20 

2/1 

14/4 

0泊 (0.0也-2.24)

1.28 (0刈ー4.凶)

1.10 (0.24-4.7町
1.53 (0.57-4.19) 

4.12 (0.33-104.45) 
5.93 (1.65-25.41) 

みA1s0referenced to non-smokers with GS1Z1 Lys32Glu AA genotype. 
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