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Abstract

The glutathione transferases (GST) zeta class is recently identified and found in a range of species from plants to humans.
GSTZ1 catalyze the metabolism of a series of alpha-haloacids including dichloroacetate (DCA) and fluroacetate. GSTZ1 also
plays an important role in the catabolism pathway of phenlalanine and tyrosine. The human GSTZ1 locus has some
polymorphic sites, which were located at 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, GSTT1 and GSTP1 genetic
polymorphisms and lung adenocarcinoma (lung AC) in a Chinese population have been evaluated. In order to assess the effects
of GSTZ1 genetic polymorphisms on the development of lung AC, we conducted this case-control study. The frequencies of
GSTZ1 Lys32Glu AA, AG and GG genotype were 17.0, 51.8 and 31.2% among cases and 26.1, 40.3 and 33.6% among
controls. GSTZ1 Lys32Glu G allele was found to be associated with an elevated lung AC risk (OR=1.64, 95% CI 0.86-3.19).
Moreover, GSTZ1 Lys32Glu G allele showed significantly increased lung AC risk when in combination with either GSTM1
null genotype or mutant GSTP1 Val allele (OR=2.91, 95% CI 1.06-8.91; OR=3.95, 95% CI 1.46-11.47, respectively). GSTZ1
Lys32Glu G allele demonstrated a 5.9-fold increased lung AC risk among heavy smokers compared with non-smokers with
GSTZ1 Lys32Glu AA genotype.
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Introduction .

It has been well established that glutathione transferases (GSTs), as a large multigene family encoding phase II
drug-metabolizing enzymes, catalyze the conjugation of glutathione with a wide variety of hydrophilic and electrophilic
substrates.” The GSTs are categorized into Alpha, Mu, Pi, Theta and Zeta classes.” The Zeta class is recently identified, and
found in a range of species, including plants, animals and microorganisms.” Compared with other GSTs, members of the Zeta
class have a distinct range of substrates and functions, which catalyse the metabolism of a series of alpha-haloacids, including
dichloroacetate (DCA) and fluoroacetate. ® DCA is a common contaminant of chlorinated drinking water,” and is
hepatocarcinogenic in rodents.®*” It has been observed that maleylacetoacetate isomerase (MAAI), which converts
maleylacetoacetate (MAA) to fumarylacetoacetate (FAA), the penultimate step in the phenylalanine and tyrosine catabolism
pathway, has an identical sequence to that of GSTZ1, therefore GSTZ1 also plays a significant role in the pathway of the
catabolism of phenylalanine and tyrosine.'” Several polymorphic alleles of the human GSTZ1 locus have been reported, and
some allelic variants showed significant functional variation with a number of substrates.' Polymorphic sites of GSTZ1 were

located at nucleotides 23, 94, 124 and 245.*) The T-fo-C transition at nucleotide 23 results in a Leu8Pro substitution. A or G
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was variably found at nucleotide 94, and A or G was also variably noted at nucleotide 124, these nucleotide changes lead to
Lys32Glu and Arg42Gly substitution, respectively. The C-o-T transition at nucleotide 245 causes Thr82Met substitution.
These amino acid alterations are known to affect the activities of the GSTZ1 enzyme for different substrates, and affecting the
efficiency of removal for these substances.

In our previous studies in a Chinese population, the associations between GSTMI1, GSTT1 and GSTP1 genetic
polymorphisms and lung adenocarcinoma (lung AC) have been evaluated.™ 9 But no relationship between lung AC and the
GSTT1 genotypes was observed, either separately or in combination with the GSTM1 or GSTP1 genotypes. Although separate
GSTM1 and GSTP1 polymorphisms were not statistically related to lung AC risk, the coexistence of GSTM1 null genotype
and GSTP1 Val allele was significantly associated with an elevated lung AC risk (OR=2.4, 95% CI 1.1-5.1). To date, the role
of GSTZ1 in the development of lung AC has not been investigated in our study, and studies about GSTZ1 genetic
polymorphisms with susceptibility to lung cancer are limited. In order to assess the effects of GSTZ1 polymorphisms on lung
AC, we conducted this case-control study.

Subjects and methods

This case-control study included 112 cases with lung ACs and 119 cancer-free healthy controls. Detailed descriptions of the

subjects have been presented previously.'®

The GSTZ1 Lys32Glu and Argd2Gly polymorphisms were detected by PCR-RFLP using primers
5 TTCCTTACTGGTCCTCACATCTC3 and 5 -TCACCGGATCATGGCCA GCA-3 , the PCR product was digested with
BsmAlI for Lys32Glu and FokI for Arg42Gly, respectively.” But the Argd2Gly genotypes failed to be detected, because bands
could not be identified after digested by FokI.

The difference in distribution of genotypes between cases and controls was examined with they® test. For measuring
association between GSTZ1 genotypes and lung AC, ORs and 95% CIs were estimated from unconditional logistic regression
using the software package SAS (version 8.2) and adjusted for age, sex and smoked pack-years. The combined effects of
GSTZ1 genotypes with GSTM1, GSTT1 and GSTP1 polymorphisms were estimated, and gene-environment interactions in
terms of cigarette smoking were also evaluated.

-Results

The distribution of GSTZ1 Lys32Glu genotypes is presented in Table 1. The frequency of GSTZ1 Lys32Glu AA genotype

was elevated among controls (26.1%) than among cases (17.0%), while heterozygote AG was less in controls as compared to
the cases (40.3 and 51.8%, respectively), the frequency of GSTZ1 Lys32Glu GG genotype among cases (31.2%) was similar to
controls (33.6%). No significant difference in the distribution of GSTZ1 Lys32Glu genotypes was found between cases and
controls (P=0.14). The frequencies of three GSTZ1 Lys32Glu genotypes among controls were not different from those
expected from the Hardy-Weinberg equilibrium.
The ORs for lung AC by GSTZ1 polymorphism separately and in combination with GSTM1, GSTT1 and GSTP1
polymorphisms are summarized in Table 2. Either GSTZ1 Lys32Glu AG or GG genotype was associated with an elevated risk
of Lung AC (OR=1.84, 1.40; respectively), but not statistically significant. With respect to combined genotypes, although
respective polymorphism of GSTM1, GSTP1 or GSTZ1 was not statistically associated with lung AC, when the allele G of
GSTZ1 Lys32Glu was combined with GSTM1 null genotype, GSTT1 null genotype and GSTP1 Val allele, significantly
increased risks were found for combined GSTZ1 Lys32Glu G allele and GSTM1 null genotype (OR=2.91, 95%CI 1.06-8.91)
or mutant GSTP1 Val allele (OR=3.95, 95%CI 1.46-11.47).

Interactions of gene and cigarette smoking are presented in Table 3. The combination of smokers and GSTZ1 Lys32Glu G

allele was not found significantly increased lung AC risk (OR=1.88, 95% CI 0.80-4.59) as compared to combined non-smokers
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and GSTZ1 Lys32Glu AA genotype. However, when smoked pack-years were stratified, ORs of light smokers
(0<pack-years<20), moderate smokers (20<=pack-years<40) and heavy smokers (pack-years>=40) were respectively 0.70
(95% CI 0.29-1.65), 1.04 (95% CI 0.50-2.15) and 4.04 (95% CI 1.42-13.41) as compared to non-smokers. Moreover, among
heavy smokers, GSTZ1 Lys32Glu G allele was found to be associated with a 5.9-fold increased lung AC risk (OR=5.93, 95%

CI 1.65-25.41).
Discussion

GSTs are widely distributed and expressed in many mammalian tissues, the expression of GSTs is regulated in a
tissue-specific manner resulting in quantitatively different protein products in different tissues."”** The highest amount of total
GSTs protein has been found to express in liver, followed by brain, pancreas, adrenals, heart and lung,??" where are the major
sites for drug and chemical metabolism. GSTZ1 is expressed in multiple tissues in human.” GSTZ1 is mainly expressed in
liver, testis and prostate, and moderately expressed in brain, heart, pancreatic islets, adrenal medulla, and the epithelial lining

of the gastrointestinal tract, airway, and bladder in rats.?

As described above, GSTZ1 catalyse the metabolism of a series of alpha-haloacids, including DCA and fluoroacetate.> ®
GSTZ1 also plays an important role in the pathway of the catabolism of phenylalanine and tyrosine.u) Humans are exposed to
DCA by environmental and medical ways. DCA is a by-product of chlorination of drinking water, may be consumed every
day.??) DCA is also a metabolite of trichloroethylene and chloral hydrate, the former is found in industrial solvents and
degreasing agents, and the latter is a sedative.?> 2 DCA is also used clinically for the treatment of congenital lactic acidosis.z”
%8 Although the mechanism by which DCA exerts its toxicity has been unclear, studies have shown that DCA perhaps induce
GSTZ1 inactivate,” *” and the DCA-induced inactivation of GSTZ1 perturbs tyrosine metabolism in rats,®” and these
perturbations may result in the multiorgan toxicity of DCA, in accordance with the multiple tissues expression of GSTZ1. In
the present study, the varied GSTZ1 Lys32Glu G allele showed elevated lung AC risk (OR=1.64, 95% CI 0.86-3.19). Moreaver,
coexistence of GSTZ1 Lys32Glu G allele with either GSTM1 null genotype or mutant GSTP1 Val allele was found
significantly increased 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 lung cancer, and individual susceptibility has been
investigated in terms of the ability to activate and detoxify carcinogens. Many studies have analyzed the influence of tobacco
smoking on lung cancer risk with association with GSTs polymorphisms, but results are contradictory. Some studies have
reported a stronger association between lung cancer risk and GSTM1 null genotype or GSTP1 Val allele among heavy
smokers,”>** and several studies showed similar associations for low or moderate doses of smoking.*** In our previous study,
GSTMI1 null genotype was found to be associated with a 5.9-fold increased lung AC risk among light smokers,'” and GSTP1
Val allele was found no significantly elevated risk among smokers.!® In this study, heavy smokers were associated with an
increased lung AC risk (OR=4.04, 95% CI 1.4213.41) as compared with non-smokers. Furthermore, GSTZ1 Lys32Glu G
allele showed significantly increased lung AC risk among heavy smokers (OR=5.93, 95% CI 1.65-25.41), even though
interactions between GSTil Lys32Glu G allele and smokers were not obvious.

In conclusion, although the distribution of GSTZ1 Lys32Glu genotypes among lung AC cases was not significantly different
from controls, GSTZ1 Lys32Glu G allele was found to be associated w:ith an elevated lung AC risk. Moreover, GSTZ1
Lys32Glu G allele showed significantly increased lung AC risk when in combination with either GSTM1 null genotype or
mutant GSTP1 Val allele. Among heavy smokers, GSTZ1 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 GSTZ1 genotypes in cases and controls

Genotype Cases (%) Controls (%) P value”
GSTZ1 Lys32Glu
AA 19 (17.0) 31(26.1)
AG 58 (51.8) 48 (40.3)
GG 35(31.2) 40 (33.6) 0.14
' p value by * text

Table 2. ORs for lung AC by GSTZ1polymorphism, separately and in combination
with GSTM1, GSTT1 and GSTP1 polymorphisms

Genotypes Cases/Controls ”  ORs (95% CI) ¥
GSTZ1 genotypes
AA 19/31 1.00 (ref)
AG 58/48 1.84 (0.92-3.74)
GG : 35/40 1.40 (0.67-2.97)
~ AG+GG 93/88 1.64 (0.86-3.19)
Combined genotypes
GSTZ1 GSTM1
AA present 6/14 1.00 (ref)
AGor GG present 37/45 1.79 (0.64-5.56)
AA null 13/17 1.78 (0.54-6.36)
AG or GG null 56/43 2.91 (1.06-8.91)
GSTZ1 GSTT1
AA present 7/16 1.00 (ref)
AG or GG present 52/49 2.23 (0.86-6.35)
AA null 12/15 1.76 (0.54-5.97)
AG or GG null 41/39 2.28 (0.86-6.61)
GSTZ1 GSTP1
AA Le/Tle 8/19 1.00 (ref)
AG or GG Ile/Ile 59/65 2.22 (0.91-5.91)
AA Ile/Val or Val/Val 11/12 2.69 (0.82-9.20)
AG or GG Ile/Val or Val/Val 34/23 3.95 (1.46-11.47)
“/ Numbers of Cases/Controls.

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

Table 3. Assessments of interaction of GSTZ1 genotypes and smoking status

Smoking status GSTZ1 Lys32Glu__Cases/Controls ” OR (95%CD)
Non-smokers AA 12/19 1.00 (ref)
Non-smokers AG or GG 52/52 1.55 (0.69-3.62)
Smokers AA 712 0.95 (0.28-3.13)
Smokers AGor GG 41/36 1.88 (0.80-4.59)
Pack—years‘”
>0, <20 AA 1/5 0.31 (0.02-2.24)
>0, <20 AG or GG 9/12 1.28 (0.40-4.05)
>=20, <40 AA 4/6 1.10 (0.24-4.78)
>=20, <40 AG or GG 18/20 1.53 (0.57-4.19)
>=40 AA 21 4.12 (0.33-104.45)
>=40 AG or GG 14/4 5.93 (1.65-25.41)

“ Numbers of Cases/Controls.
2) Adjusted for age and sex.
¥ Also referenced to non-smokers with GSTZ1 Lys32Glu AA genotype.
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