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ABSTRACT

Genetically based differences in carcinogen metabolism have been re
lated to polymorphisms of the cytochrome P45OIA1 gene (CYPIAJ) and
the null genotypes of glutathione S-transferase classes mu and theta
(GSTMJ and GSTfJ). By PCR we examined the genotypes of CYPJA1,
GSTM1, and GS7TJ in relation to breast cancer risk in Caucasian and
African-American women. The study included 164 Caucasian and 59
African-American women with primary invasive breast cancer and age
matched female controls. Enzyme polymorphisms Included In this study
were the null deletions of GSTMI and GSTJ'l and the ml (MspI), m2
(codon 462: isoleuc1neâ€”@valine),m3 (MspI-AA), and m4 (codon 461:
threonineâ€”asparagine) polymorphisms of CYPIAJ. Contrary to previous
reports by other investigators, none ofthe enzyme genotypes, individually
or combined, appear to associate with an increased risk for breast cancer
In Caucasian or African-American women. We also report that the
recently described m4 allele occurs at a lower frequency in African
Americans than Caucasians and Is not linked with breast cancer in either
race. Thus, it is unlikely that polymorphisms of GSTM1, GS7T1, or
CYPIA1 represent susceptibfflty factors for breast cancer in Caucasians or
African-Americans.

INTRODUCTION

In the United States, breast cancer currently afflicts 1 of 8 women
by the age of 85 and the incidence continues to rise (1). The etiology
of this disease is unclear; known risk factors such as family and
reproductive history account for only 30% of the disease (2). Epide
miological studies have recently suggested that the environment may
also play a significant role in the development of breast cancer.

Carcinogens are present in a variety of levels of the environment,
including work-related areas, urban residence, diet, and alcohol or
tobacco intake. Genetic differences in the metabolism of such carcin
ogens have been associated with different susceptibilities to develop
lung, bladder, and colon cancer (3â€”5).These investigations have
focused on the enzymes CYPIAJ3 and GSTMI. CYP!AI, a Phase I
enzyme, metabolizes a variety of environmental carcinogens, includ
ing PAHs, and produces many reactive intermediates (6). To date,
four polymorphisms have been described in the human CYPIAJ gene:
ml, a cytosine substituted for thymidine, giving rise to MspI restric
tion site in the 3'-noncoding region (7); m2, an amino acid exchange
(codon 462: isoleucineâ€”*valine)in the heme-binding domain of exon
7 (8); m3, an African-American-specific MspI RFLP in the 3'-non
coding region (9); and m4, another amino acid substitution (codon
461: threonineâ€”@'asparagine)adjacent to the m2 polymorphism (10).
Because ml and m3 are in the noncoding region of CYPJAJ, they are
unlikely to have direct functional consequences on CYPIAJ activity.
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Using recombinant CYPIAJ and the carcinogen benzo(a)pyrene as
substrate, Thang et a!. (11) found no difference in enzymatic activity
of the m2 variant compared to the wild type. However, CYPIA1
activity is more readily inducible in lymphocytes with the m2 geno
type than wild-type lymphocytes (12). The â€œhighinducibility pheno
typeâ€•has similarly been associated with the ml genotype (13, 14).
The greater inducibility would result in higher levels of the allelic
variants, leading in turn to greater carcinogen bioactivation and there
fore a potential risk for cancer. The functional effect of m4 has not yet
been reported. Although the CYPIA] polymorphisms have not been
shown to directly affect carcinogen metabolism, a study by Vaury et
a!. (15) suggests that the GSTMJ genotype is associated with a high
inducibility of CYPJAJ gene transcription. Our study investigates the
role of the GSTMJ and GS17'l deletions alone and in combination
with known CYPIAJ polymorphisms in breast cancer.

Several recent investigations have pointed out racial differences in
genotypes that determine the enzymes involved in the metabolism of
carcinogens. Racial differences in frequencies of genetic polymor
phisms are common, and even one of the CYPIAJ polymorphisms has
been reported to be unique to Africans and African-Americans (9).
For example, African-Americans are three times as likely as Cauca
sians to have the ml MspI allele (16). The AA-RFLP has been
associated with an increased risk of adenocarcinoma of the lung (17).
Presently, only one small study has examined these polymorphisms in
African-American women with breast cancer. Surprisingly, the study
found the ml but not the race-specific m3 allele to be associated with
increased breast cancer risk in African-American women (18).
To date, the m4 polymorphism has not been studied in African
Americans or in conjunction with breast cancer. Our study examines
a larger population of African-American women to determine whether
racial differences in breast cancer could be attributed to genetic
differences in carcinogen metabolism.

The glutathione S-transferase family belongs to the class of phase
Il-conjugating enzymes that function to detoxify carcinogens as well
as many of the reactive intermediates produced by CYPIAJ (19). A
deletion of both copies of the GSTMJ gene is present in 30â€”60%of
the general population, resulting in the complete loss of the associated
enzyme (20). Another recent study reported the homozygous deletion
of another member of the glutathione S-transferase family called
GS77'I. This deletion occurs in about 30% of individuals and is linked
to increased DNA damage from experimental carcinogens (21).

Because these enzymes interact in the metabolism of PAHs and
other carcinogens, it is possible that GSTMJ and GSTTJ deletions
combined or in conjunction with CYPIAI polymorphisms may inter
act to produce a higher breast cancer risk by exposure to common
substrates. PAHs have been shown to cause mammary tumors in
rodents and have a high affinity to form adducts in human breast cells
(22). Separate studies revealed that CYPIA 1, GSTM 1, and GS'Vf 1
proteins, respectively, are expressed in normal breast tissue as well as
breast tumors (23â€”25).A recent study has suggested that the GSTMJ
null genotype and the CYPJAJ valine polymorphism may each be
associated with an elevated breast cancer risk in postmenopausal
Caucasian women (26), whereas another study argues that neither m2
nor ml is associated with breast cancer in Caucasian women (27). The
m4 polymorphism has been investigated in one Caucasian population
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of German descent and was found not to be associated with lung
cancer (10) but has not been studied in relationship to breast cancer.
Therefore, this investigation represents an independent study to define
the role of these polymorphisms in breast cancer for Caucasians and
African Americans.

Because GSTMJ, GSTTJ, and CYPIAJ are involved in the metab
olism of substances that may be breast carcinogens (28), we also
investigated whether combinations of the CYPIAJ polymorphisms and
deletions of both GST enzymes have an effect on breast cancer risk
and whether the association may be modified by cigarette smoking.
Ambrosone et a!. (26) report that smoking did modify the association
between the CYPIAI m2 genotype and risk of breast cancer. We also
examined the possible association among these genotypes and specific
clinicopathological parameters or disease outcome.

Our study indicates that genotypic variants of CYPJAJ, GSTMJ,
and GS77'l, singly or in combination, do not appear to increase breast
cancer risk in Caucasian or African-American women. In addition, the
genotypes do not associate with factors such as smoking history, age,
or stage of disease in breast cancer of either race.

MATERIALS AND METHODS

Subjects. The study is based on 164 Caucasian women and 59 African
American women with primary invasive breast cancer who were treated at

Vanderbilt University Medical Center (Nashville, TN) between 1982 and

1996. All patients had tumors of sufficient size ( I .0 cm) to allow multipoint

hormone-binding analyses of estrogen and progesterone receptors and extrac
Lion of DNA in addition to routine histopathological studies. Information

regarding tobacco, alcohol, use of oral contraceptives or hormone replacement
therapy, and other clinical parameters were obtained from patients' medical

records with follow-up information provided by the Vanderbilt Tumor Regis

try. Venous blood samples were also obtained from Caucasian and African
American women who were patients hospitalized at Vanderbilt University
Hospital for various medical reasons other than breast cancer or other forms of

malignancy. Each breast cancer patient was matched by age and race to a
control patient. Two Caucasian controls were removed from the study after the
MspI-AA analysis suggested a discrepancy in race. DNA was isolated from all

samples using the DNA Extraction kit (Stratagene, La Jolla, CA).

Smoking. Smoking information obtained included past and/or present
smoking status, amount smoked, and length of time of smoking. Pack-years
were computed as the number of cigarettes smoked per day times the duration
of smoking in years. Subjects smoking at the time of diagnosis were considered

current smokers; those who had ever smoked but had stopped prior to diag
nosis were considered former smokers. In our study group, 39 of the Caucasian

patients were current smokers and 21 former smokers. The Caucasian con
trols population included 39 current and 20 former smokers. In the African
American study population, 12 patients were current and 6 former smokers,
whereas controls included 23 current and 7 former smokers. For the purpose of
analysis, current and former smokers were combined as â€œeverâ€•and were then

compared to those individuals who had â€œneverâ€•smoked. Five % of the total
study population (n 446) did not have smoking history reported in the

medical records.
PCR Analysis.A triplexPCRwas designedto amplifyand assaythe

GSTMJ, GS77'l, and CYPJAJ m2 alleles in genomic DNA simultaneously (Fig.

Ia). The PCR primers used for GSTMJ, GST7'I. and m2 of CYPIAJ, respec
tively, were: Ml, 5'-CTGCCCTAC'VFGATFGATGGQ-3'; M2, 5'-CTGQAT

TGTAGCAGATCATGC-3'; Tl , 5'-TFCCTTACTGGTCCTCACATCTC-3';
T2, 5'-TCACCGGATCATGGCCAGCA-3'; Cl, 5'-GAAAGGCTGGGTC

CACCCTCT-3'; and C2, 5'-CCAGGAAGAGAAAGACCTCCCAGCGG
GCCA-3' (Table I). Primer C2 contains a NcoI restriction site used to reveal
the CYPIAI m2 valine (16). PCR was carried out in a total volume of 100 @l

containing 0.5â€”1.0@tggenomic DNA, 120 ng of each of the six primers, and
PCR buffer [50 mMKCI, 10 ma@Tris-HCI (pH 9.0), 1.5 mMMgCl2,and 0.1%
Triton X-lOO].After samples were heated at 80Â°Cfor 5 mm, 200 p.Mof each
dATP, dCTP, dGTP, and d'fl'P (Pharmacia, Piscataway, NJ) and 2.5 units of
Amplitaq DNA polymerase (Perkin-Elmer, Foster City, CA) were added.
Amplification conditions consisted of an initial denaturing step followed by 30
cycles of 95Â°Cfor 30 s, 64Â°Cfor I mm, and 72Â°Cfor 6 mm. Each PCR
contained an internal control for each of the three genes, and random samples
were repeated to assure reproducibility. A portion (10 p3) of the PCR product

A
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232.'

170''

Fig. I. PCR analysis of CYPIAI m2. GSTMI,
and GS7TI genotypes. Genomic DNA was ampli
fled, and PCR fragments were subjected to restric
tion enzyme digestion followed by gel electro
phoresis. All combinations of genotypes seen in the
study population are represented in the following
figures. A, CYPIAI m2, GS17'I. and GSTMI in
triplex analysis after NcoI and Hinfl digestion.
GS17'I and GSTMJ are represented by 480- and
170-bp products, respectively. The CYP1AJalleles
are represented by two bands, the isoleucine allele
at 232 bp and the valine substitution at 263 bp. wt,
wild type; 0, null genotype; I. isoleucine allele; V,
valine allele. B, analysis ofm/ and m3 genotypes of
CYP/Al after digestion with MspI and SphI and
electrophoresis on a low-melt agarose gel. The ml
wild-type and polymorphic alleles are present at
408 and 362 bp. respectively, whereas the m3 wild
type and polymorphic alleles migrate at 331 and
266 bp, respectively. Lane I, DNA molecular
weight marker; Lanes 2â€”4.ml genotypes; Lanes
5â€”7.m3 genotypes. T, thymidine; C, cytosine. C.
CYPIA1 m2 and m4 genotypes following digestion
by BsrDl and BsaI, respectively. The m2 isoleucine
allele is represented by bands at 1395 and 243 bp,
whereas the valine-substituted allele is represented
by bands at 1638 and 1395 bp. The m4 threonine
allele is represented by bands at 905, 494, and 294
bp, whereas the a.sparagine allele is represented by
bands at I 199 and 494 bp. Lane I. DNA molecular
weight marker; Lanes 2 and 3, m2 genotypes; Lanes
4â€”6,m4 genotypes. 1, isoleucine; V. valine; T,
threonine; N, asparagine.
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Table 1 Enzymeanalysis by restriction enzymedigestEnzymePolymorphismPrimersRestriction

enzymeFragment length(bp)GSTM1Null

deletionresultingin lossof enzymeMl, M2NcollHinfl170 (wild-type); no fragment(null)GSTT1Null
deletion resulting in loss of enzymeTl, T2NcoI/Hinfl480 (wild-type); no fragment(null)CYPIA1ml:
T6235C creates a new MspI siteC3, C4MsplJSphI408,362m2:
A4889G results in 11e462Val and may increase enzymatic activity

m3: T5639C creates a new MspI siteCl,

C2
or

Cl,C4
C3, C4NcoI/Hinfl

or
BsrDI

MspIlSphI232

(wild-type); 263 (m2)

1638,1345
33 1,266m4:

C4887A results in Thr46lAsn with unknown functional effectCl, C4BsaI1199,494

Cauc

Cases
(n 164)asian

Controls
(n = 162)African

Cases
(n = 59)American

Controls
(n =59)GSTM1Wild-type/Heterozygousâ€•73

(445)b62 (38.3)39 (66. 1)35(59.3)Null
deletion91 (55.5)100 (61.7)20 (33.9)24(40.7)GSU1Wild-type/Heterozygousâ€•1

17 (71.3)1 18 (72.8)47 (79.7)42(71.2)Null
deletion47 (28.7)44 (27.2)12 (20.3)17(28.8)CYPIA1ml

(MspI)Wild-type130
(79.3)136 (84.0)42 (71.1)33(55.9)Heterozygous30
(18.3)21 (13.0)15 (25.4)23(39.0)Homozygous

mutant4 (2.4)5 (3.0)2 (3.4)3(5.1)m2
(codon462)He/lie149

(90.9)150 (92.6)58 (98.3)59(100.0)Ile/Val15(9.1)12(7.4)1
(1.7)0Val/Val0000m3

(MspIAA)Wild-type164
(100.0)162 (100.0)47 (79.7)45(76.3)Heterozygous0011(18.6)14(23.7)Homozygous

mutant001(1.7)0m4
(codon461)â€˜l'hr/Thr153

(93.3)149 (92.0)58(98.3)59(100.0)Thr/Asp10(6.1)12(7.4)1(1.7)0Asp/Asp1

(0.6)1 (0.6)00

GENETIC ENZYME VARIANTS AND BREAST CANCER

44. 1% in the African-American cases and controls. In regards to the
m2 allele, 9. 1 and 7.4% of Caucasian cases and controls carried one
or both alleles with the isoleucineâ€”+valinesubstitution, whereas only
1.7% of African-American cases and no controls appeared to have this
genotype. For CYPIAJ m3, 20.3 and 23.7% of the African-American
cases and controls presented with this MspI-AA RFLP. Six to 7% of
the Caucasian cases and controls contained one or two copies of the

threonineâ€”asparagine m4 allele. Only 1.7% of the African-American
cases and no controls presented with the m4 genotype.

As Table 3 shows, there was no significant association between any
of these individual enzyme genotypes and breast cancer. Results from
the African-American population suggest a trend for a protective
effect of the ml polymorphism and breast cancer risk. The combined
effects of enzyme genotypes on breast cancer risk are also given in
Table 3. We did not find a significant correlation to breast cancer risk
for Caucasian or African-American women who have both null gen
otypes for GSTMJ and GS17'l or for women with the null genotype
for GSTMJ or GSTTJ and a polymorphism affecting the function of
CYPJAI.

The enzyme genotypes were also evaluated with regard to patient
age, tumor size, stage, type, grade, nodal status, estrogen, and pro
gesterone receptor status, survival rate, and smoking status. Table 4
shows the distribution of genotypes according to smoking status
expressed as â€œneverâ€•versus â€œeverâ€•smokers. No significant relation
ship was found for any of the genotypes with smoking history in
Caucasian or African-American breast cancer cases and controls. In

Table 2 Distribution of GSTMJ, GS77'l, and CYPJAJgenotypes in breast cancer cases
and controls

was subjected to restriction digest with Hinfl and NcoI (New England Biolabs,
Beverly, MA) at 37Â°Cfor 1 h. The digestion products were electrophoresed in
a 4% low-melting agarose gel (Amresco, Solon, OH) and visualized by
ethidium bromide staining. For analysis of the CYPIAI ml and m3 alleles, a
739-bp DNA fragment was amplified by PCR as above with primers: C3,
5'-GGCTGAGCAATCTGACCCTA-3'; and C4, 5'-GGCCCCAACTACF
CAGAGGCT- 3' (Fig. lb). Digestion of the PCR product with enzymes Msp!

and SphI revealed polymorphisms for ml and m3 with bands of 408, 362, or
331 and 266 bp, respectively. m4 was analyzed by amplifying a 1693-bp
fragment with primers Cl and C4. The PCR product was digested with BsaI at
50Â°Cfor 1 h andheatinactivatedat65Â°Cfor20 mmwithbandsof 1199and
494 bp for the polymorphism (Fig. lc). The m2 polymorphism could also be
verified by BsrDI digestion of this Cl-C4 PCR product (60Â°C,1 h) with
polymorphic bands of 1638 and 1345 bp (Ref. 10; Fig. lc). The null deletions
of GSTMJandGS77'l werealso checkedin individualPCRreactionsto verify
results shown in the â€œtriplexâ€•PCR reaction.

Statistical Methods. Hypotheses generated prior to the start of the study
were that deficient GSTMJ, GS77'l, and CYPIAI genotypes are breast cancer
risk factors. It was also believed that their impact may differ depending on
factors such as smoking history of the patients. For all enzymes, the frequen
cies or proportions of traits assumed to be endangering are given (a priori
assumptions based on biochemical or published epidemiological data). Ac
cording to the major functional difference, the homozygous and heterozygous
carriers of active GSTMJ and GS17'l were characterized as â€œactiveâ€•for further
analysis. However, carriers of one or two mutant alleles of CYPIAJ are
considered at risk.

Confidence intervals for ORs were derived using Woolf's method (29) by
the â€œfreqâ€•procedure ofthe SAS statistical analysis package. Ps in Tables 3 and
4 were calculated with respect to the null hypotheses that the corresponding
ORs equal 1; they were derived using 2 X 2 contingency table@ statistics with
Yate's continuity correction (29).

RESULTS

Combining six primers in one PCR enabled us to analyze the
polymorphisms of three enzymes in one agarose gel (Fig. la). To
identify the valine polymorphism of CYPIAJ, the PCR product was
digested with NcoI restriction enzyme yielding a 232-bp product for
the wild-type allele and 263 bp for the allele containing the polymor
phism. Because of the similarly sized PCR products of the GSTMJ
wild-type and the polymorphic CYPIAJ allele, a second enzyme,
Hinfl, was added to the digest-producing 170- and 83-bp bands for
GSTMJ. Each sample was also analyzed for m2 by BsrDI digestion to
assure that the m2 polymorphism was not overrepresented in the study
as suggested previously (10).

Frequency of Genotypes in Controls and Breast Cancer. The
distribution of GSTMJ, GS17'I, and CYPIAJ genotypes in the study
populations is shown in Table 2. As seen in previous studies, approx
imately 50â€”60%of Caucasian cases and controls had the null GSTMI
genotype with a lower frequency of 30â€”40% seen in African
Americans. For GS77'l, 17.7% of Caucasian cases and 13.0% of
controls and 8.5% of African-American cases and 18.6% of controls
had the null genotype. For the CYPJAJ ml polymorphism, 20.7 and
16.0%of Caucasiancasesandcontrolscontainedeitheroneor both
alleles with the MspI RFLP and an even higher frequency of 28.8 and

aWild-typeandheterozygousindividualscannotbedistinguishedfortheGSTMIand
GSTTJ enzymes by this analysis.

b Number of individuals followed by percentage in parentheses.
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Table 3 Relative risk estimates based on distribution of single and combinedgenotypesof
GSTMI null, GSTTI null. and CYPIAI polymorphisms in Caucasian and African

American breast cancer cases andcontrolsORs

Genotype Caucasian African-American 95% CIâ€•PGSTMI

null 0.77 0.5â€”1.20.300.75
0.35â€”1.580.57GSTJ'I

null 1.08 0.66â€”1.750.860.63
0.27â€”1.470.39CYP1AIml

1.37 0.78â€”2.410.340.51
0.24â€”1.100.08m2

1.38 0.62â€”3.110.56I
.02 0.98â€”1.051.00b

m30.82
0.34â€”1.960.82m4

0.82 0.36â€”1.900.811.02
0.98â€”1.051.00GSTMI

null/GS77'l null 0.69 0.40â€”1.200.240.45
0.15â€”1.420.27m2

or m4 1.08 0.59â€”1.980.921
.04 0.99â€”1.090.47GS17I

null/,n2 or m4 2.48 0.85â€”7.200.14GSTMI

null/m2 or m4 I. 14 0.54â€”2.430.88b

Table 4 Distribution of genotypes in Caucasian and African-American women according to smokingstatusCaucasiansâ€•African-Americansâ€•Cases

ControlsCasesControlsNever

Ever Never EverNever Ever NeverEverGenotype
n101 n=60 n=98 n=59ORâ€•Pn=3l n=l8 n=29n=30ORâ€•PGSTMJ

null 56 (55.4) 33 (55.0) 61 (62.2) 33 (55.9)1.14 (0.62, 2.09)0.786 (19.4) 8 (44.4) 10 (34.5) 14 (46.7)0.95 (0.25,3.62)1.00GS77'l
null 33 (32.7) 13 (21.7) 28 (28.6) 13 (22.0)0.85 (0.34, 2.13)0.918 (25.8) 1 (5.6) 11 (37.9) 6 (20.0)0.23 (0.23,2.30)0.39CYPIAIml

23 (22.8) 11 (18.3) 15 (15.3) 11 (18.6)0.65 (0.23, 1.88)0.608 (25.8) 6 (33.3) 13 (44.8) 13 (43.3)0.75 (0.20,2.78)0.92m2
9 (8.9) 6(10.0) 6 (6.1) 5 (8.5)0.80(0.17, 3.86)1.000 1 (5.6) 00â€˜m3
0 0 0 1 ( 1.7)4 (12.9) 7 (38.8) 5 (17.2) 9 (30.0)0.97 (0.19,5.03)1.00m4
7 (6.9) 4 (6.7) 8 (8.2) 5 (8.5)0.91 (0.17, 4.81)1.000 1 (5.6) 00Ca

Numberof individualsfollowedbypercentageinparentheses.
b Relative risk followed by 95% confidence interval inparentheses.(

Indicatesnoortoofewcasestocomputerelativerisk.

GENETIC ENZYME VARIANTS AND BREAST CANCER

with lung, brain, and stomach cancer (20, 30â€”32).With regard to
breast cancer, Ambrosone et a!. (26) reported that the GSTMJ null
genotype does not confer an increased risk overall but suggested an
elevated risk for the youngest postmenopausal women in the study.
The present study finds no association of the GSTMJ null genotype
with breast cancer in pre- or postmenopausal women for either Cau
casian or African-Americans.

The GS7.7'l null genotype has been shown to be associated with
increased DNA damage from experimental carcinogens (21) and is
also linked to increased risk for astrocytoma and meningioma (33) but
not basal cell carcinoma (34). Another study revealed that although
the GSTMJ null genotype did not confer risk in colon cancer, GS77'l
null homozygotes were significantly more common among patients
diagnosed at an earlier age, suggesting that the GS77'l genotype may
influence age of onset of colorectal cancer (35). To date, no GS17'l
studies have reported results related to breast cancer susceptibility. In
the present investigation, we do not find an increased risk of breast
cancer associated with the GS17'l null genotype in Caucasians or
African-American women.

In 1990, a Japanese group identified the first polymorphic site in the
3'-noncoding region of the CYPIAJ gene (7). A point mutation at
which a thymine is substituted for a cytosine gives rise to a MspI
cleavage site in the ml allele. This MspI ml allele also appears to
cosegregate with the high inducibility phenotype for CYPIAJ (13),
and African-Americans are three times as likely as Caucasians to have

the CYPIAI MspI allele (16). In the Japanese population, a 7-fold
higher relative risk of cigarette smoke-induced cancer was associated
with the homozygous ml genotype (3). In contrast to the Japanese
findings, a Norwegian study failed to show any association between
the MspI ml RFLP and lung cancer incidence. Taioli et a!. (18)
reported that the ml allele is not associated with breast cancer in
Caucasian women but observed a high relative risk (OR = 9.7) for
breast cancer in African-American women with the ml polymor
phism. In the present study of 164 Caucasian cases and controls, we
also confirm that the ml allele does not associate with breast cancer.
Although the study of Taioli et a!. (18) suggests a role of the ml allele
in breast cancer for African-American women, the data were based on
a small study population of only 21 cases and 86 controls. The present
study in 59 African-American cases and controls does not confirm
these results and even suggests, although not at a significant level, a
protective effect of the ml allele in African-American women
(OR = 0.51, P = 0.08).

Approximately 15% of individuals have a CYPJAJ polymorphism
consisting of an amino acid substitution in exon 7 (codon 462:
isoleucineâ€”avaline) that is associated with increased activity of the
enzyme in lung cancer (36). Zhang et al. (1 1) reported that the
isoleucineâ€”*valine substitution alone does not increase the enzymatic

aCI,confidenceinterval.
b No or too few individuals to compute relative risk.

fact, no correlation was seen regarding patient age or any of the other
parameters with enzyme genotypes, singly or combined.

Allelic Frequency. To determine whether results were similar to
those of previous studies, we calculated the allelic frequencies for
each CYPIA 1 polymorphism. Because an increased risk effect was not
seen for any genotype, we combined the populations by race to

determine allelic frequencies. Thus, Table 5 shows the population
frequency of each allele in the combined 328 Caucasian and 118
African-American women. The ml allele occurred in 8.2% of the
Caucasians and, as described previously, approximately three times
more or 20.3% in the African-Americans. m2 was found in 4.0% of
the Caucasians and 0.4% of African-American alleles tested. The
African-American mutation m3 was present in 11.4% of African
American alleles. The m4 polymorphism occurred in 4.0% of the
Caucasian alleles similar to previous results in a German study (10).
In the African-American population, only 0.4% of alleles tested
carried m4, suggesting that the m4 allele is more common in the
Caucasian population than in African-Americans.

DISCUSSION

A number of studies indicate that genetic polymorphisms in car
cinogen-metabolizing enzymes are a factor in individual susceptibility
to cancer. For example, the null genotype for GSTMI has been linked
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Table 5 Allelefrequency offour CYPIAI polymorphisms in 328 Caucasian and 118
African-American women

Caucasian allele frequency African-American allele frequency

Polymorphismn%95%
confidence
limitsn%95% confidencelimitsWild

type54783.480.3, 86.115967.460.9,73.2ml548.26.3,
10.74820.315.5,26.2m2264.02.7,
5.810.40.0,2.7m3000.0,
0.79271 1.47.8,16.4m4264.02.7,
5.810.40.0, 2.7

GENETIC ENZYME VARIANTS AND BREAST CANCER

ing that the frequency of this polymorphism varies as a function of
race, as seen in many alleles of carcinogen-metabolizing enzymes.

Because phase I and H enzymes are coordinated in the metabolism
of many carcinogens, one could hypothesize a greater cancer risk for
individuals coinheriting two variants, such as the CYPIAI polymor
phism with the GSTMI or GS77'I null genotype. Coinheritance can
indeed be associated with increased cancer risk, as shown recently by
Hayashi et aL (41), who reported a relative risk of 5.8 for lung cancer
and 9. 1 for squamous cell carcinoma in individuals with combined
CYPIA1 polymorphism and GSTMJ null genotype. However, a sep
arate study failed to show an elevated risk of breast cancer for
coinheritance of the m2 CYPJAJ allele and the GSTMI null genotype
(26). We also did not find a significant correlation with breast cancer
and the combined CYPJA1/GSTMJ, CYP!AI/GSTT1, or GSTMI/
GS17'l genotypes.

The effect of cigarette smoking on the risk of breast cancer has
remained controversial, despite considerable research. Some recent
reports have suggested an increased breast cancer mortality among
smokers (42) or an increased risk of breast cancer incidence among
heavy smokers who commence the habit at an early age (43). On the
other hand, other studies suggest that cigarette smoking might be
inversely related to this malignancy (44), and cigarette exposure
seems to protect rats from mammary tumors (45). Still other studies
indicate that smoking does not influence the risk of breast cancer,
despite the amount of smoking or the age of onset of smoking (46).
The present study investigates enzymes involved in the metabolism of
many carcinogens found in cigarette smoke. Polymorphisms in these
enzymes may result in decreased ability to detoxify carcinogenic
compounds in cigarette smoke, thus increasing susceptibility to breast
cancer. In fact, it was shown in the Ambrosone et a!. (26) study that
the risk (OR, 5.22) associated with the m2 valine CYPIAJ allele and
breast cancer was highest for those women who were considered
â€œlightâ€•smokers (up to 29 pack-years). We did not find an increased
risk of breast cancer with any genotype and smoking status in our
present study.

To summarize, our study indicates that genotypic variants of
CYPIAJ, GSTMI, and GS77'l enzymes, individually or combined, do
not appear to increase breast cancer risk in Caucasian or African
American women.
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