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Human glutathione S-transferase P1 polymorphisms: relationship
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The association between glutathiones-transferase (GST)
activity as measured by 1-chloro-2,4-dinitrobenzene
(CDNB) conjugation and genotype at exon 5 and exon 6
of the human GSTP1gene was investigated in normal lung
tissue obtained from 34 surgical patients. These samples
were genotyped for previously identified polymorphisms in
exon 5 (llel05Val) and exon 6 (Alall4Val) by PCR-RFLP
and direct sequencing. GST enzyme activity was signific-
antly lower among individuals with the 105 Val allele.
Homozygous lle/lle samplesr{ = 18) had a mean cytosolic
CDNB conjugating activity of 74.9 = 3.8 nmol/mg per
min; heterozygotes 6 = 13) had a mean specific activity
of 62.1 £ 4.2 nmol/mg per min and homozygous Val/Val
(n = 3) had a mean specific activity of 52.5+ 4.5 nmol/
mg per min. The CDNB conjugating activity measured for
the lle/lle genotype group was significantly different from
that observed in the lle/Val group (P = 0.03), and from
lle/Val and Val/Val genotypes combined P = 0.009). Mean
GST activity values were consistently lower in individuals
with genotypes containing the 105 valine allele, regardless
of smoking exposure. Genotypes at codon 114 were also
assessed but the mean GST activity was not significantly
lower in individuals with the 114 valine allele. A new
haplotype, present in two samples who were homozygous
105lle and had a 114Val, was identified and proposed
as GSTP¥D. Frequencies of the exon 5 and exon 6
polymorphisms were determined in samples obtained from
European-Americans, African-Americans and Taiwanese.
The differences observed were highly significant suggesting
the possibility of GSTP1genotype-associated, ethnic differ-
ences in cancer susceptibility and chemotherapeutic
response.

Introduction

genic agents (1,2). In some cases, however, glutathione con-
jugation can result in chemical intermediates that may be

more reactive than the parent compounds (3). Biochemical
characteristics separate the cytosolic GST isozymes into four
major classes: alpha, mu, theta and pi (4). Different classes
of GSTs have distinct substrate specificities, although some
substrates, such as 1-chloro-2,4-dinitrobenzene (CDNB), are
conjugated by several classes (2). GST composition varies
among tissues and the particular combination of GSTs

expressed in a tissue may influence detoxifying capability (2).

There is evidence to suggest that GSTs are involved in the
metabolism of chemotherapeutic agents, and that they are
over-expressed in tumors that are refractory to treatment (5).
GST isoforms have been shown to be polymorphic (GSTM1

and GSTT1) resulting in reduced enzyme activity (6-8), and

may confer an increased risk for developing specific types of

cancer (9-13).

GSTP1-1 is widely expressed in normal human epithelial
tissue (14) and is particularly abundant in the lung, esophagus
and placenta (15). As much as 10-fold inter-individual variation
in GST activity has been reported in normal and tumor tissues
(16,17). GSTP1-1 is commonly over-expressed in tumors, and
elevated levels have been found in stomach, colon, bladder,
oral, breast, skin and lung tumors compared with normal
matched tissues (15-23). In some cancer model systems,
GSTP1-1 expression is considered a pre-neoplastic tumor
marker (24). Increased levels of GSTP1-1 in tumors may
account for part of the inherent drug resistance observed in
many tumors, although the mechanism remains unknown (5).
This evidence suggests that genetic polymorphisnG$TP1
could be an important factor in cancer etiology and therapy.

Polymorphisms in exon 5 (lle105Val) and exon 6 (Alall4-
Val) of GSTP1were first reported by Boardt al. (25) and
these changes appear to be within the active site of the GSTP1-
1 protein (26,27)In vitro cDNA expression studies suggest
that the llel05Val substitution reduces enzyme activity (26).
However, no studies have compared enzyme activities in tissue
samples with the presence of these polymorphisms. In this
study, we investigated whether polymorphisms within exons
5 and 6 of theGSTP1gene could account for the inter-
individual variation seen in GST activity in normal lung tissue.
We initially screened for the exon 5 polymorphism by using
single-strand conformation polymorphism (SSCP) analysis

Glutathione transferases (GSTs*) consist of a super-family odnd then developed a polymerase chain reaction-restriction
dimeric phase Il metabolic enzymes that catalyze the conjugdragment length polymorphism (PCR-RFLP) method for rapid
tion of reduced glutathione with electrophilic groups of a widedetection. We report the association@STP1polymorphisms
variety of compounds. In general, the reactions catalyzed bwith lower CDNB conjugating activity in human lung tissue
GSTs are considered detoxifying, and serve to protect cellulaaind provide data on the frequency GSTP1polymorphism
macromolecules from damage caused by cytotoxic and carcin@mong samples collected from individuals with European,

*Abbreviations: lle, isoleucine; Val, valine; GST, glutathioritransferase;

African and Asian ancestry.

Materials and methods

CDNB, 1-chloro-2,4-dinitrobenzene; PCR, polymerase chain reaction; RFLP,
restriction fragment length polymorphism; SSCP, single-strand conformatiorpubjects
polymorphism; GSTP1-1a, 105 isoleucine form of the GSTP1 protein, GSTP1Sections of peripheral lung tissue (13-108 g), devoid of macroscopically

1b, 105 valine form of the GSTP1 protein; BSA, bovine serum albumin.
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visible tumors, were obtained from surgical patients at Kingston General

275



M.A.Watson et al.

1 2 3 4 5 6 7 8 ND

Table I. Primer sequences

R Rl
Exon 5 sequencing PiF2537  CCA ACC CCA GGG CTC TAT G R - -
and SSCP PiR205 GGG GTG AGG GCA CAA GA e —
Exon 5 RFLP PiF2306 GTA GTT TGC CCA AGG TCA AG -
E(EIL?olr?SGVSII):LP '3:?%1%12 AG%CGC:C?CCA-\FA(\;GAC?A(\;GGA%TGA:SA AT Fig. 1. SSCP analysis of exon 5 revealed three distinct fragment patterns.

; Direct sequencing of these samples determined samples 2 and 3 were
(Ala114val) PiR3800  CAGGTT GTAGTCAGC GAAGGAG  neterozygous and sample 7 was homozygous for-aAGransition at

nucleotide 313 ofSTP1.

Hospital, Kingston, Ontario, Canada, during clinically indicated lobectomy.
Samples were obtained following informed consent and in accord with Queen'g .
University Research Ethics Board guidelines. In order to minimize any loss equencing ) )

of GSTP1-1 activity, immediately after removal, each tissue section wag>henotyped samples screened by SSCP were directly sequenced in order to
placed in 0.9% NaCl and kept on ice. Time between surgical resection anglucidate the basis for observed conformational changes detected. Samples
tissue processing was ~20 min. Tissues were homogenized and cytosdiere amplified prior to sequencing using primers PiF2537 and PiR205 for
prepared by differential centrifugation as described previously (28). Cytosoli€xon 5 (Table I). Cycling parameters were the same used in the SSCP protocol
fractions were then snap frozen in liquic, Mnd stored at —70°C until use. Prior to the radioactive amplification, and both sense and anti-sense sﬁrands
Following thawing, protein concentrations were measured by the method of/ere sequenced. The PCR fragment from exon 6 was sequenced using the
Lowry et al. (29), and glutathion&transferase (GST)-catalyzed conjugation forward primer for the PCR-RFLP (PiF3402). The PCR product was purified
of 1-chloro-2,4-dinitrobenzene (CDNB) (Sigma Corporation, St Louis, MO) With a Microcon 100 microconcentrator (Amicon Corp., Beverly, MA) and 5
was measured as described by Habigal. (30). DNA was isolated from Ml was added to a sequencing mix and cycle sequenced using ABI Prism
frozen sections of peripheral lung by proteinase digestion followed byAmpliTag DNA Polymerase FS (Perkin-Elmer Corp., Foster City, CA).
phenol:chloroform extraction and ethanol precipitation (31). Patients wereéSamples were again purified using Centri-sep columns (Princeton Separations,
characterized with respect to diagnosis leading to surgery, drug treatment prid¥delphia, NJ) and analyzed on an ABI 373 Stretch Sequencer (ABI, Foster
to surgery, smoking status, possible occupational exposure to carcinogen@!ty, CA).

sex, age and race. Patients were considered former smokers if smokirRCR-RFLP analysis

cessation was>2 months prior to surgery. This period coincides with the pcR was performed using the primers PiF2306/PiR2721 for exon 5 (Ile105Val),
time others have found necessary for loss of smoking-related effects on GST4 piF3402/PiR3800 for exon 6 (Ala114Val). The same cycling parameters
and cytochrome P450-mediated biotransformation activities in human lungere used as in the non-radioactive amplification of the SSCP protocol.
tumors (32,33). _ _ _ __Following PCR, the entire sample was digested for 2 h at 37°C with 5 units
Blood samples from African-American and European-American subjeCts,t Ajw26l for exon 5, or Acil for exon 6 (New England Biolabs, Beverly,
were obtained from a community-based sample of 424 healthy, unrelategya) approximately 15p1 of the digest was electrophoresed on a 3% 3:1
volunteers from Durha}m and Chapel Hill, North Carolina, who were "_ec"u'IEdNuSieve:agarose gel (FMC Bioproducts, Rockland, ME) containing ethidium
by newspaper advernsement._Tawanese DNA sample_S were obtameq frogtomide. While digestion with Acil identifies the polymorphism in exon 6
116 unrelated full-term maternity patients with uncomplicated pregnancies {a|a114val), digestions with this enzyme were inconsistent. Optimized condi-
the Chang Gung Memorial Hospital, Taiwan and were kindly provided by Drijons could not be obtained and results reported for Alal14vVal (Table 1V)
L.L.Hsieh. These samples were extracted from placental tissue as describghre confirmed by direct sequencing.
in Hsieh and Hsieh (34). The population samples have been utilized in several .= .
studies from this laboratory and are used only for estimating approximate>t@tistics
gene frequencies (9,13,35,36). Comparison of gene frequency @SEM1 Differences between means of two groups were tested using Stutitess
NAT2 CYP2E) derived from these samples with other published and For comparisons between group data that did not display normal distributions,
unpublished data on European-American, African-American and Asian populalon-parametric analysis was performed by Mann—Whitney rank sum test (SAS
tions suggest that in general, these population samples display gene frequencs#atistical package, SAS, Cary, NC). Analysis of variance (two-way) was
that approximate regional, national and international trends. carried out to test the relationship between smoking history (current versus
All samples were obtained with informed consent and under NIH approvedormer), GSTP1genotype and CDNB conjugating activity (SAS). Genotype
human subject protocols. DNA was extracted from whole blood with conven-and allele frequency differences were tested by chi-square analysis (SAS).
tional phenol:chloroform extraction methodology following lysis and nuclei
pelleting using the Applied Biosystem Inc. protocol on the ABI 340A DNA Results and discussion
Extractor (ABI, Foster City, CA).
Single-strand conformation polymorphism SSCP screening @STPlexon 5 was undertaken at the outset
Using published sequence data, primers were designed using the Oligdf the study because the precise nature of the polymorphism
program (National Biosciences, Inc., Plymouth, MN) to amplify exon 5 of was unclear from the published literature and the genome
the GSTP1gene. Two consecutive PCR reactions were performed. Brieflydatabase. SSCP analysis revealed three distinct fragment pat-
100 ng of genomic DNA from frozen sections of peripheral lung was adde ; ; ;
to a mix containing 25 pmol of primers PiF2537 and PiR205 (Table 1), Zogtems for exon 5 OGSTP.]'.(Flgure 1) From dlreCt sequenu_ng
uM deoxynucleoside triphosphates, 1 U of Taq polymerase (Promega c:orpr the samples that exhibited mobility shifts, it was determined
Madison, W), 1.6 mM MgCJ, and a PCR buffer containing 16.6 mM (W4 that samples 2 and 3 were heterozygous and sample 7 was
SO, 50 mM B-mercaptoethanol, 6.8M EDTA, 67 mM Tris (pH 8.8) and  homozygous for a G A transition at nucleotide 313 of
80 pg/ml bovine serum albumin (BSA), in a final volume of 30 A ‘hot GSTP1 This change represents an amino acid substitution

start’ was used to prevent non-specific priming in the first cycle of PCR. : ; ; . ;
Following an initial denaturation step at 94°C for 3 min, five cycles of PCR from isoleucine to valine at codon 105; as prewously reported

were carried out (cycle 1: 94°C for 15 s, 64°C for 30 s, 72°C for 60 s) in Py Boardet al. (25) and by Zimniaket al. (26). However, in
which the annealing temperature decreased by 1°C each cycle. This wdke latter study the change was stated to be at codon 104. This
followed by 25 cycles of amplification at 94°C for 15 s, 59°C for 30 s and polymorphism is located at aAlw26l restriction site and
72°C for 1 min in a Perkin—Elmer 9600. Aliquots ofjd of the initial PCR ambiguous identification of variants can be achieved by
reaction were added to a subsequent PCR containing 25 pmol of each SS . . . -
primer, 2uCi [a-*P]dATP (Amersham Corp., Arlington Heights, IL), 12V CR-RFLP, as seen in Figure 2. The results obtained with the

dNTPs, 2.5 mM MgG}, 1 U Taq Polymerase and (MBSO, PCR buffer in ~ present method are equivalent to a recently published method
a final volume of 20ul and amplified for an additional 15 cycles at 94°C for (37); however, the approach used here provides a control cut
15f s, 59°Qdfort30 5 a}ns 720}? fct)rdl mitn. P(;'odluctsdwerQ diIuteéi Ianc(ij a(?dedtt%ite for theAlw26! restriction enzyme.

a formamide stop solution, heat denatured, placed on ice and loaded on to a P :

6% acrylamide gpel containing 10% glycerol.pSampIes were electrophoresig Table Il shows mean GST activity after grouping Sam.p.les
for 5.5 h at 35 W and 4°C. The gel was dried and autoradiographed overnigf?y 1€105Val and Alal14Val genotype. GST enzyme activities
at room temperature. in lung tissue were significantly lower among individuals
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Table Ill. Smoking:GSTP1genotype and CDNB activity

Exon 5 GST Specific activity meann SEM of smoking status
genotype

Non-smoker i) Former @) Current @)
All genotypes 77.9- 88(2) 70.8=55(9) 58.9* 3.3(23)
lle/lle 85.1 (1) 61.5+ 4.2 (5 79.7* 4.0 (12)
lle/Val or Val/Val ~ 70.7 (1) 55.5= 8.9 (4) 61.1* 4.2 (11)

aTo test the difference between current smokers and former smokers,
analysis of variance was carried out with genotype as a covariate. The
differences observed between current smokers and former smokers were not
significant P = 0.11). The presence of a 105Val allele was positively
associated with lower CDNB activity (ANOVA; = 4.48,P = 0.0086).

Fig. 2. PCR-RFLP patterns of the Exon 5 amplified fragment resulted in a

band of 113 bp in all samples, which represents a control cut for ; _ ; ; TP ;
confirmation of proper digestion. In the wild-type sequence (lle/lle), bands acid and bromo-sulfophthalein conjugation; suggesting that

of 329 bp and 113 bp were generated, whereas in the homozygous mutantthe differences in activity reflect differences in binding of the
(Val/Val), bands at 216 bp, 113 bp and 107 bp were produced. In the electrophilic substrate to the hydrophobic binding site of
heterozygous lle/Val, all four bands were present. GSTP1-1. It would be of interest to know how the polymorph-
ism affects activity with regard to other GSTP1-1 substrates
present in cigarette smoke, such as beajpyfrene.

Table 1. CDNB conjugating activity in lung tissue cytosols in relationship Due to limited availability of tissues, this study utilized

to GSTP1genotypes healthy tissue from patients undergoing surgery (as opposed
to healthy tissue from healthy patients). While disease state

Exon 5 Specific activity Exon 6 genotype Specific ti infl . f tabolizi

genotype  mean (SEM) (Alal14val) activity mean can sometimes influence expression of metabolizing enzymes

(lle105Val) (SEM) in tumors, this has not been observed for GSTP1-1 in normal
human lung tissue (41). The present study focuses on the

lle/lle 74.9 (3.8} Ala/Ala 70.5 (2.8} effect of GSTP1genotype on GSTP1-1 activity levels in

(n = 18) (0 =27) healthy lung tissue, and while the relationship between these

lle/Val 62.1 (4.2) Ala/Val 59.2 (10.3) . e X .

(n = 13) (= 6) var]ables (;ould be influenced by disease state, thls seems

Val/Val 52.5 (4.5) Val/val 55.2 unlikely, given that these results are consistent with the

(n=273) (h=1) biochemical data (26,27).

Ae105Val tests, llellle versus lle/VaR = 0.014; lle/lle versus Val/Val, AS dsrlmwn n TabIGesllT, there was a ”.org.s'%n'f'fam. ;rer?d

P = 0.05; lle/lle versus pooled lle/Val and Val/Vd, = 0.005 (all Mann— towar _ower mean_ activity am_ong '_n_ viduals W|t_ the

Whitney rank sum test). 114 valine allele. Ali-Osmaet al. (27) identified three variant

PAlal14Val tests, Ala/Ala versus Ala/VaR = 0.36; Ala/Ala versus Ala/val - cDNAs with the following haplotypes: (i) 105 lle/114Ala

+ Val/Val, P = 0.22 (all Mann-Whitney rank sum test). (GSTPZXA); (i) 105Val/114Ala (GSTP1B), and (iii) 105Val/

114Val GSTPZIC) (see Reference 39 for GST nomenclature).

with the 105 Val allele. The mean activities for the lle/Val Precise haplotype frequencies could not be determined in the
heterozygote group (62.£ 4.2 nmol/mg per minP = 0.03)  present study using PCR genotyping methods, but haplotypes
and lle/Val and Val/Val genotypes combined (66-38.6 nmol/  can be estimated to occur in the or@&8TPTA >> GSTPIB
mg per min,P = 0.009) were significantly lower than for lle/ > GSTPZXC. In addition, two samples had a 114 valine allele
lle genotypes (74.% 3.8 nmol/mg per min). and were homozygous for 105lle. Therefore, a fourth rare

Zimniak et al. (26) usedEscherichia coliexpression to haplotype exists forGSTP1 (105lle/114Val, proposed as
compare lle 105 and Val 105 alleles and found reduced (~30%}STPXD). There were not enough individuals in the study
CDNB conjugating activity for the 105Val allele, and a recentcarrying this haplotype GSTP*D) to assess if 114 valine
paper by Ali-Osman and colleagues reproduced this findindgpad an independent association with enzyme activity levels.
(27). The reduced CDNB activities we observe in lung tissueHowever, the mean conjugating activity for the two individuals
samples with genotypes containing 105Val were consistentarrying GSTPXD alleles was 87.9 nmol/mg per min, sug-
with these findings. Of note, heterozygote genotypes had lowegesting that the presence of a valine at position 114 had little
mean CDNB conjugating activity than lle/lle homozygotes.impact on enzyme activity in whole tissue extracts.
This suggests the possibility that GSTP1a-1b heterodimers, Exposure to cigarette smoke can alter expression of some
which would be present in the cells of those with heterozygotexenobiotic metabolism enzymes (32,33,40,41). Because we
genotypes, may have reduced activity. observed considerable variation for CDNB conjugating activity

Although CDNB is not a class specific GST substrate, awithin GSTP1genotypes, we also tested to see if current
large proportion of human lung CDNB activity has beensmoking behavior influenced GSTP1-1 activity in lung tissue
attributed to GSTP1-1 (38). Contribution to CDNB activity in samples. There were two non-smokers, nine former smokers
the lung from other GST enzymes such as GSTM3 or GSTAland 23 current smokers in the study. As seen in Table lll,
A2 would tend to dilute thaGSTP1genotype effect that we which displays stratification by smoking and also by smoking
have observed. Thus tH&@STP1105Val genotype might have and genotype, there is no apparent relationship between smok-
greater impact on other GSTP1-1 substrates. Interestinglyng history and CDNB activity in these tissue samples. Mean
Zimniak et al. (26) found that the GSTP1-1 enzyme containingactivity levels for current smokers (68.5) were intermediate to
105Val had higher rather than lower activity for ethacrynicnon-smokers (87.9) and former smokers (62.5). Individuals
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Table IV. GSTP1genotype and allele frequencies among Taiwanese, African-Americans and European-Americans

Exon 5 lle105Val Exon 6 Alal14Val
n lle/lle lle/Val Val/Val Allele frequency n Ala/Ala Ala/Val Val/Val  Allele frequency
(valine) (valine)
Taiwanese 116 78 (67%) 35 (30%) 3 (3%) ¢18 ndé n.d. n.d. n.d. n.d.
African-American 137 48 (35%) 63 (46%) 26 (19%) 042 112 106 (95%) 6 (5%) 0 (0%) 0.05
European-American 287 119 (42%) 147 (51%) 21 (7%) 9933 114 93 (82%) 20 (18%) 0 (0%) 0.09

8Allele frequency Taiwanese versus African-Americans, chi-squareRest0.0001.

bAllele frequency African-Americans versus European-Americans, chi-squardtest.01.

CAllele frequency Taiwanese versus European-Americans, chi-squar® tes.0001.

dThe Hardy—Weinberg equilibrium test indicates an excess number of 105Val heterozygotes in this European-American populatidh sa@®.(Other
populations were in equilibrium. HW tests for other gen@STM1 NAT2 NAT], CYP2E) in these populations were all in equilibrium.

®n.d., not determined.

with the 105 valine allele tended to have lower activities ininterest if genetic polymorphism modulates GSTP1-1 tumor
each smoking category; however, due to the small size of thisxpression or drug resistance phenotype.
study, differences observed in the stratified analysis are not Other GST super-family genes are polymorph@@STM1
statistically meaningful. Oni\GSTP1genotype appears to be and GSTT) and variations within these genes have been
a significant predictor of activity{ = 4.48,P = 0.0086). Other  associated with an increased risk for cancer, including bladder
studies of GSTP1 and smoking have also been inconclusivend lung (9-13). A recent report by Harrietsal. (37) suggests
Nakajimaet al. (41) found no significant differences in GSTP1- that GSTP1 genotype may also influence risk of cancer,
1 activity in lung tissue among samples from smokers andndividuals who wereGSTP1valine 105 homozygotes had
non-smokers, providing further evidence that tobacco may ndncreased risk for bladder and testicular cancer, and decreased
be an effective inducer of GSTPL1 in lung. risk for prostate cancer. No information on epidemiological

In order to determine the distribution of genotypes infisk factors was available for subjects in the Harresal.
different populations, lle105Val and Ala114Val polymorphismsstudy, but the positive findings in that preliminary study
were analyzed in samples obtained from European-American§uggest that more detailed studies might be worthwhile.
African-Americans and Taiwanese populations. Table IV shows Levels of expression of the GSTP1-1 enzyme may be
the frequencies of genotypes and alleles in these population§nportant for the efficiency of detoxification. Terrietal. (14)
The 105 valine allele was most common among African-usedimmunohistochemistry to examine GSTP1-1 expression in
Americans (0.42) and least common among Taiwanese (0.18prmal human tissue and found high levels of GST pi-class
with European-Americans (0.33) intermediate between thes@XPression in respiratory, urinary and digestive tract epithelia.
groups. The allele frequency for European-Americans is nof hus, tissues that are the most likely to be exposed to
significantly different. These frequencies should be considere8x0ogenous chemicals from the environment also generally
preliminary; in particular, the European-American sample€XPress GSTPl-l‘ at hlg’h levels. Hy_pothetlcally, these tissues
displays an excessive number of heterozygotes. While thE1ay be the most ‘at risk’ of developing cancers among those
samples used to test frequency may not be truly representati\b'%d'v'duab with genetically determined low activity GSTP1-
of these racial groups, the differences observed were highly Phenotypes. Indeed, a very recent paper suggests that
statistically significant, which suggests that the underlyingndividuals with low activity alleles forGSTP1had higher
allele frequencies in Europeans, Asians and African-AmericanVelS of smoking related DNA adducts in lung tissue and
are likely to be different. Other data from our laboratory Ngher risk of lung cancer (44). We are conducting follow-up
suggests that Asian populations, in general, may have a |0\5;,ase-control studies of_can_ce_r of the bladder, I_ung, C(_)Ion, breast
105 valine allele frequency: a Japanese population we ha\/%nd prostate to determine if risk asso_uated with enylronmental
tested had a 0.14 allele frequency for 105 valine (D.A.Bellgxsp.lc_);lireS is modulated by genetic polymorphism in the
and T.Katoh, unpublished). | gelne._ the 1le105Val pol hism in H@STP1

The Alall4Val polymorphism in exon 6 was less common n conc %.S'O”’I el € al polymorn |sn‘]|( |r;1. h
than the Ile105Val in both European-Americans (0.09) angc ¢ S'9M! |c|:anty alters cata?mc acgvn%( of this phase I
African-Americans (0.05) (Table 1V). While the 105Val allele nzyme in fung tissue samples and this variation occurs
was more common in African-Americans than in European—f-req-uent-Iy n human _popu]atlonGSTPlv_anablllty has poten-
Americans, the opposite was true for the 114Val allele Thust'al |mpl|cat|ons for .|nd|V|duaI susceptibility to _eIectrophlllc

' . ‘. ““earcinogen metabolites, as well as for expression of the drug

the GSTPXB haplotype must be the common variant allele in resistant phenotype
African-Americans. The differences in genotype and allele '
frequencies that we observed between groups suggests the
possibility of differences in susceptibility to exposure to ~\Cknowledgements
electrophilic toxicants, or in effectiveness of drugs that arewe thank L.L.Hsieh, Chang Gung Medical School for providing DNA samples
inactivated by GSTP1-1-catalyzed biotransformation. Forffog Tait\{vahef_e ma}_emityH%E:}:]enlﬁz-r V\:]eoiscr’;hsg';E(?tgif;;'rszﬁg}rg'EAF:IZfOV
example G.STP]'_]' IS over-expres§gd In certain ‘?"“9 reSIStaﬁgl S(éipelnnc"ez,alécz:r.]sfé)r lZ?e?tistical Eganalﬁsis. Tghispstudy was supported ir’1 partygy
tumor cell lines and GSTP1-1 activity may contribute to thepegical Research Council of Canada grant MT10382 to T.E.M. The authors
drug resistant phenotype of these cells (42,43). It will be ofwish to express gratitude to Drs Alan Conlan, Ken Reid and Dimitri Petsikas,
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Department of Surgery, Queen’s University for providing the human lung2l.Peters,W.M., Boon,C.W., Roelofs,H.J., Wobbes,T., Nagengast,F.M. and
tissue and smoking histories. We also thank Sophia Ali and Patty Donnelly Kremers,P.G. (1992) Expression of drug metabolizing enzymes and P-170

4. Mannervik,B.,

10. Seidegard,J., Pero,R.W., Markowitz,M.M., Roush,G., Miller D.G. and

11.Nazar-Stewart,V., Motulsky,A.G., Eaton,D.L., White,E., Hornung,S.K.

17.Howie A.F.,

20.Mulder,T.J.,

for assistance in tissue preparation.
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