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Abstract

We conducted a prevalent case-control study with 51 chronic myelogenous leukemia (CML) cases and 476 controls
to investigate the associations between glutathio®gransferase T1 GSTTJ), glutathione Stransferase M1 GSTMY)
deletions, and the NAD(P)H:quinone oxidoreductase NQO1) C609T polymorphism with risk of chronic myelocytic
leukemia in Japanese. For th&STT1deletion, when theGSTT1positive genotype was defined as the reference, the
OR for the GSTT1 deletion genotype was 1.32 (95%CI; 0.74-2.36). For tt@STM1 deletion, when theGSTM1
positive genotype was defined as the reference, the OR for tl&STM1 deletion genotype was 0.95 (95%Cl; 0.53-
1.69). ForNQO1C609T polymorphism, when theNQO1609CC genotype was defined as the reference, the ORs for
the CT genotype,TT genotype, andCT and TT genotypes combined together were 2.37 (95%Cl, 1.21-4.6#0.012),
1.44 (0.55-3.74P=0.012) and 2.12 (1.10-4.0B=0.025), respectively. The present study revealed that the risk of CML
was modulated little byGSTT1land GSTM1deletions, but a statistically significant association betweetiQO1C609T
polymorphism and CML was observed for Japanese. Incidence case-control studies with a larger statistical power
are now required to confirm our findings.
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Introduction high risk behaviors such as smoking or alcohol consumption.
Moreover, recent advances in both biological and
Genetic polymorphisms of various kinds of genesgpidemiological fields proved rather consistent associations
including those encoding drug metabolizing enzymes, havgetween cancer risk and polymorphisms, including
been recently proved to have important roles in the gened¥AD(P)H:quinone oxidoreductasegene NQO1) C609T
of human malignancies. Among them, the mechanisms ¢Pro187Ser)glutathione S-transferase MGSTM3, and
the genesis of hematological malignancies remain rath@lutathione S-transferase TGSTT).
unexplored. Aberrations in folate metabolism (Matsuo et In humans, there are two groups of carcinogen
al., 2001; Hishida et al., 2003a), or individual differencesnetabolizing enzymes, wphase | and phase Il. Phase |
in drug metabolizing enzyme activities (Kerridge et al..enzymes are cytochrome P-450 (CYP) enzymes, which
2002) have been shown to play important roles in theigonverts procarcinogens into genotoxic carcinogenic
genesis. Other factors have been also examined (Hishidaietermediates which possess reactive electrophiles.
al., 2003b; Hishida et al., 2004), but most of them are lefthereafter, phase Il enzymes complete the detoxification
still unknown. by neutralizing reactive electrophiles or act as indirect
Genetic polymorphisms associated with canceantioxidants.NQOlandGSTsare both phase Il detoxifying
susceptibility could be utilized for cancer prevention, byenzymes which play important roles in preventing
identifying such individuals as are subjective to carcinogenicarcinogen-induced disorders. The enzyme encoded by
environmental substances, and by preventing them froMdQOL1is a flavoprotein involved in the detoxification of
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potentially mutagenic and carcinogenic quinines, which arlaterials and Methods
included in cigarette smoke. This enzyme catalyzes the two-
electron reduction of potentially toxic quinoid compoundsStudy Population and Sample Collection
into their reduced form like hydroquinones (Lafuente et al., Case subjects were recruited from the patients at Nagoya
2000). While enzyme encoded by tBE genotype has a University Hospital and related hospitals who were
full activity, that encoded by tHeT genotype has no activity. histologically confirmed to have CML between April 1989
The enzyme encoded by t6& genotype has intermediate and February 2001. Control subjects were health checkup
activity between those of ti&C andTT genotypes (Siegel examinees aged 20 years or over who visited Nagoya
et al., 1999). University Hospital from June 2003 to Feb 2004 (Nishio et
GlutathioneStransferase M1GSTMJ and glutathione al., 2004). Those attending “a basic health checkup” course
Stransferase TIGSTT) are cancer susceptibility geneswith blood tests were invited to participate in our
because of their ability to regulate the conjugation opolymorphism study, where free genotype announcement
carcinogenic compounds to excretable hydrophiliavas provided to the participants if they wish. All patients
metabolites. Deletion variants lacking in enzyme activityand control subjects were Japanese. For control subjects,
exist for both genes. Individuals with homozygous deletionthose who provided written informed consent for
in the GSTM1or GSTT1genes are supposed to have lesparticipationin this study were asked to complete a self-
ability to metabolize carcinogens and may therefore be moselministered questionnaiaad to provide blood from a
susceptible to cancers (Rebbeck, 1997). peripheral vein. For the cases, DNA samples extracted from
To date, several studies have reported that individuathe bone marrow or peripheral blood samples of those who
with NQO1 609Thenotype are at increased risk of leukemiavere diagnosed as CML at Nagoya University Hospital or
(Larson et al., 1999; Naoe et al., 2000; Smith et al., 2001)elated hospitals from 1989 to 2001 were shuffled and
lung cancer (Rosvold et al., 1995), colorectal canceunidentified according to the genome research guidelines
(Lafuente et al., 2000), urological malignancies (Schulz ety the Ministry of Education, Science, Sports, Culture and
al., 1997), and a possible interaction of this genotype witfiechnology of Japan, and used for the genotype analyses.
smoking for lung and esophageal cancers are also indicat€his study was approved by the Ethics Committee of Nagoya
(Hamajima et al., 2002). To the contrary, there were somgniversity Graduate School of Medicine in 2003 (Approve
studies reporting insignificant, no, or inverse associationsumber 52 and 99).
for lung cancer (Wiencke et al., 1997; Chen et al., 1999; Lin The characteristics of the study population are as follows:
et al., 1999; Xu et al., 2001; Yin et al., 2001) and renal ceB1 patients (age range, 21-78 years; mean age, 47.4 years;
carcinoma (Longuemaux et al., 1999). A meta-analysis ahale, 62.7%; age unknown n=23; gender unknown n=1)
lung cancer showed a significantly increased rislcg®TM1  and 476 control subjects (age range, 17-89years; mean age,
null type (Houlston, 1999). 49.7 years; male, 61.1%) were recruited.
As for hematological malignancies, risk of childhood
acute lymphoblastic leukemia (ALL) is associated withGenotype Analyses of the GSTT1 Deletion, GSTM1 Deletion
GSTMinull orCYP1A1*2Agenotypes, and myelodysplastic and NQO1 C609T Polymorphisms
syndromes (MDS) is reportedly associated V@gir T Inull DNA was extracted from 2Qd of buffy coat preserved
genotype. AlsoGSTT1null and paraoxonas®QN1) BB  at -40°C by QlAamp DNA Blood mini kit (Qiagen Inc.,
genotypes are associated with the risk of non-Hodgkin¥alencia, CA). Triplex PCR was conducted to genotype
lymphoma and multiple myeloma in Caucasians (Kerridgsimultaneously three polymorphismdQO1 C609T,
et al., 2002, Lincz et al., 2004). The associatioN@O1 GSTM1andGSTT1n one tube (Kawase et al., 2003). Two
C609T polymorphism and risk of child lymphoblastic pairs of four primers were used fdQO1C609T genotyping
leukemia (ALL) with or without MLL rearrangement is also by PCR-CTPP, and one pair of primers was used each for
now in hot argument (Kracht et al., 2004; Smith et al., 20025STM1andGSTT1lby ordinary PCR.
Lanciotti et al., 2004). Genomic DNA was used in a volume of [@#3with 0.18
For chronic myelogenous leukemia (CML), nomM dNTPs, 12.5 pmol of each primer, 0.5 units of AmpliTaq
significant association with genetic or environmental factor&old (Perkin-Elmer Corp., Foster City, CA), and2.50°C
was reported, except for ionizing radiations and benzenBCR buffer including 15 mM MgGIPCR System 9700
And there is only one study ever that investigatedaB& (PE Biosystems, Foster City, CA) was used for the DNA
polymorphisms in CML patients, which found no associatiommplification. The PCR was performed with initial
between th&sSTM1andGSTT1genotypes and the risk of denaturation at 95°C for 10 minutes, followed by 35 cycles
CML (Loeffler et al., 2001). However, there is still a of denaturation at 95°C for 1 minute, annealing at 62°C for
possibility that variations in these carcinogen metabolizing minute and extension at 72°C for 1 minute. The final
enzymes could modulate the risk of CML in anotheextension was at 72°C for 5 minutes. All PCR products were
ethnicity, Japanese. Thus, we conducted a prevalent caseparated by electrophoresis on a 2 % agarose gel containing
control study to clarify the association betwee@O1 a 2ul /100 ml of ethidium bromide.
C609T andGST polymorphisms and risk of CML in The representative results of electrophoresis are as shown
Japanese. in the report by Kawase et al (Kawase et al., 2003). The
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amplified DNA are 161 base pair (bp) Q01 609C283 ForNQO1C609T polymorphism, when tihdQO1609CC

bp for609T, 219 bp foIlGSTM] and 507 bp fo6STTlas genotype was defined as the reference, the ORs f@The

well as common band with 403 bp fdQO1 Bands were genotypeT Tgenotype, an@TandT T genotypes combined

clear enough for each sample to be genotyped correctly. together were 2.37 (95%Cl, 1.21-4.67), 1.44 (0.55-3.74,

P=0.012) and 2.12 (1.10-4.0B=0.025), respectively.

Statistical Analysis We also calculated The ORs for the combinations of
All statistical analyses in this study were performed usingsSTT1deletion andsSTM1deletion polymorphisms. None

STATA (College Station, TX) statistical software. of the combined genotypes revealed statistically significant

Accordance witlthe Hardy-Weinberg equilibrium, which ORs (data not shown).

indicates an absencedi$crepancy between genotype and The P value for the deference between genotype

allele frequency, was checkied control subjects using the frequency oNQO1C609T polymorphism among the control

X? test. Odds ratios (ORs) and 95% confidence intervalsubjects and the Hardy-Weinberg’s equilibrium was 0.0486.

(95% Cl)were calculated by unconditional logistic

regression model. Gene-gene interactions were al9Djscussion

calculated by an unconditional logistic regression model, as

ORs for interaction between the two genotypes with atleast In the present study, we examined the association

one variant allele. Adjustment fiowltiple comparisons was between the polymorphisms in the three carcinogen

not performed because the analyses wenelucted in an metabolizing genesGSTT1, GSTM1, NQQ®A&nd the risk

exploratory context, which requires careful interpretatiorof chronic myelocytic leukemia. To our knowledge, this is

of anyPvalues. the second report that investigated the influence of the
GSTT1andGSTMI1polymorphisms on the genesis of CML,
Results and as foNQO1C609T polymorphism, this is the first report

ever. The first study that investigated tH&ST
Genotyping for the GSTT1 Deletion, GSTM1 Deletion an@golymorphisms in CML patients found no association
NQO1 C609T Polymorphisms between th&STM1andGSTT1genotypes and the risk of

Table 1 shows the genotype frequencies, age- and se3ML (Loeffler et al., 2001). As for other hematological

adjusted odds ratios (OR) and 95% confidence intervalsalignancies, associations betweerG&Ipolymorphisms
(95%Cl) forGSTT1deletion,GSTM1deletion andNQO1  and the risk of therapy-related leukemia/MB&novaacute
C609T polymorphisms. Among the cases and controls, thayeloid leukemia, non-Hodgkin’s lymphoma and multiple
frequencies of th&STT1deletion and>STM1deletion were  myeloma have been reported. AsKpO1polymorphism,
56.9% and 51.0% for cases, and 50.0% and 52.3% fahere are several reports about TRL/MDS dadiovoAML
controls, respectively. The frequency of tM@O1609TT  risk, however, ours is the first report about CML.
genotype (which has no enzymatic activity) was 13.7% for Our study results revealed that the influenceG&T
cases, and 15.8% for controls, respectively. polymorphisms on the risk of CML is limited for Japanese,

which confirmed the previous report in Caucasians. For
Risk Estimation for Genotypes by the Unconditional LogistiNQO1 polymorphism, possible association between poor
Model metabolizing genotypes and increased risk of CML was

For theGSTTlandGSTM1deletions, when th&€STT1  found. However, these associations could be different in

positive orGSTM1positive genotype was defined as theother ethnicities, influenced by different kinds of lifestyles
reference, neither of theSTT1deletion or theGSTM1 or circumstances (e.g., smoking habits, environmental
deletion genotype demonstrated statistically significant ORpollutants like benzene, and so on), or difference of the gene-
1.32 (95%Cl; 0.74-2.36) for theSTT1deletion and 0.95 gene interactions between the ethnicities. Accordingly,
(95%Cl; 0.53-1.69) for th&STM1deletion, respectively. better-designed studies with much larger populations or in

Table 1. Comparison of GST T1, GST M1, NQO1 Polymorphism Frequencies in Cases and Controls (univariate
analysis).

Polymorphism CML patients Controls OR 95%ClI P value
n (%) n (%)
GSTT1 pos 22 (43.1) 238 (50.0) referent
null 29 (56.9) 238 (50.0) 1.32 0.74-2.36 0.353
GST M1 pos 25 (49.0) 227 (47.7) referent
null 26 (51.0) 249 (52.3) 0.95 0.53-1.69 0.857
NQO1 C609T CcC 13 (25.5) 200 (42.0) referent
TC 31 (60.8) 201 (42.2) 2.37 1.21-4.67 0.012
TT 7 (13.7) 75 (15.8) 1.44 0.55-3.74 0.458
TC+TT 38 (74.5) 276 (58.0) 2.12 1.10-4.08 0.025

Asian Pacific Journal of Cancer Prevention, Vol 6, 200253



Asahi Hishida et al

other ethnicities are required to verify our findings.betweenNQO1C609T polymorphism and risk of chronic
Moreover, further studies to clarify the gene-environmeninyelocytic leukemia was observed for Japanese. Further
interactions between gene polymorphisms encoding theexaminations with sufficiently larger population and other
carcinogen detoxifying enzymes (GSTs and NQO1) andthnicities are required to confirm our findings.
environmental exposure to carcinogenic substances like

cigarette smoking, pollutants might possibly provide potenAcknowledgements

clues to prevent the genesis of CML.
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