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ABSTRACT

Environmental exposure to carcinogens may contribute to increasing
breast cancer rates and geographic variation in breast cancer incidence in
the United States. One class of chemicals that has received much attention
are the polyaromatic hydrocarbons that are ubiquitous in the environ

ment and occur in cigarette smoke. The cytochrome P450 1A1 (CYP1A1)
gene codes for an enzyme that contributes to aryl hydrocarbon hydroxy-

lase activity, which is involved in the metabolism of polyaromatic hydro
carbons. Genotypic variants of CYP1A1 have been associated with in

creased aryl hydrocarbon hydroxylase activity, and some epidemiolÃ³gica!
studies suggest that women with the variant genotype(s) are at increased
risk for breast cancer.

We prospectively evaluated the associations between the CYP1A1 poly
morphisms and breast cancer risk, as well as the potential modification of
these associations by cigarette smoking, in a case-control study nested within
the Nurses' Health Study. We analyzed the T â€¢("transition at nucleotide

6235 (Mspl) and the A->G transition at nucleotide 4889 (exon 7) in CYPIAl

by PCR-RFLP assays among 466 incident breast cancer cases and 466

matched controls. Relative risks (RRs) and 95% confidence intervals (CIs)

were used to quantify the risk of breast cancer among subjects who had at
least one variant alÃ­elerelative to subjects who were homozygous for the
wild-type alÃ­ele,using conditional logistic regression.

No overall increase in breast cancer risk with the variant CYPIA1 geno
types was apparent (RRMs;)/,1.05; 95% CI, 0.74-1.50 and RRâ€žâ€žâ€žâ€ž0.88; 95%
CI, 0.58-1AM. However, a suggestive increase in breast cancer risk was

observed among women who had commenced smoking before the age of 18
and had the CYPlAl-Mspl variant genotype compared to nonsmokers who

were homozygous wild type for the polymorphism (RR, 5.65; 95% CI,
1.50-21 A- percentage of all breast cancer cases attributable to this risk

factor, 2.5%). A similar gene-environment association was observed for the
exon 7 polymorphism (RR, 3.61; 95% CI, 1.11-11.7; percentage of all breast

cancer cases attributable to this risk factor, 2.2%). These data are compatible
with the hypothesis that cigarette smoking early in life is a modifiable cause
of breast cancer in a subpopulation of genetically susceptible women. How
ever, the proportion of breast cancer attributable to cigarette smoking at a

young age among Caucasian women with the variant form of the CYP1A1
polymorphisms is low.

INTRODUCTION

Concern has grown that environmental exposure to carcinogens
may contribute to increasing breast cancer rates and geographic var
iation in breast cancer incidence (1). One class of chemicals that has
received attention are the PAHs.' which are ubiquitous in the envi

ronment. In animal models, exposure to PAHs such as benzo(a)pyrene

Received 9/8/97; accepted 12/16/97.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1 Supported by National Institute of Environmental Health Sciences Grants
T32ES07069 and EH00002; American Cancer Society Grants EDT-113 and FRA-455;
and National Cancer Institute Grants CA40356. CA70817, CA49449. and CA67262.

2 To whom requests for reprints should be addressed, at Channing Laboratory, 181

Longwood Avenue, Boston, MA 02115.
3 The abbreviations used are: PAH. polyaromatic hydrocarbon; AHH, aryl hydrocar

bon hydroxylase; NHS. Nurses' Health Study; RR, relative risk; CI. confidence interval;

PAR. percentage of all breast cancer cases attributable to the risk factorts) in question.

and 7,12-dimethylbenz(a)anthracene induce mammary tumors (2-4).

A direct carcinogenic effect has been seen in animal studies, partic
ularly if exposure occurs before first pregnancy (5), and in in vitro,
PAHs cause transformation in breast epithelial cell lines (6). How
ever, the relevance of these observations to human breast cancer
remains unclear (7, 8).

Although epidemiological studies of cigarette smoking and breast
cancer risk have consistently shown no overall association (8-11), bi-

omarker studies in humans have reported findings similar to those in
animals. Tobacco-related mutagens have been isolated from breast fluid

of smokers (12, 13), and in a recent study, DNA adducts characteristic of
tobacco smoke exposure were found in four of seven breast tumors from
smoking women, but not in tumors from eight nonsmokers ( 14). A larger
study also has reported the detection of benzo(ij)pyrene-like adducts in

the breast tissue of 41 % of breast cancer patients, whereas in controls,
these adducts were absent (15). These observations provide compelling
evidence that constituents of cigarette smoke reach breast tissue and
suggest the potential for PAHs to be involved in human breast carcino-

genesis.
Most chemicals to which individuals are exposed undergo biotrans

formation in vivo. Levels of biotransformation enzymes vary substan
tially between individuals due to both genetic and environmental influ
ences. These differing rates of metabolism may be important in
modifying the risk of developing environmentally based diseases, and
failure to account for such genetic factors may limit our ability to
investigate the role of exogenous chemicals in human cancer.

An enzyme that has been studied extensively and is known to be
polymorphic is the cytochrome P450 Â¡Al(CYPIAl) gene product. This
enzyme contributes to AHH activity (16) and metabolizes PAHs found in
cigarette smoke, particularly in extrahepatic tissues (17). Although the
functional significance of the CYPIAl genotypes remains uncertain (18-

25), an increase in AHH enzymatic activity among the variant exon 7
genotypes has been reported (18). This increase in enzymatic activity
does not appear to be limited to those who are homozygous for the variant
alÃ­ele(18). Furthermore, a gene-dose effect for the CYPlAl-Mspl poly

morphism has been observed; p53 mutation frequencies were highest
among individuals who were homozygous variant for the M.v/Â»Ipolymor
phism and intermediate in subjects who were heterozygous for the poly
morphism when compared with homozygous wild-type individuals (26).

Individuals who are heterozygous for the CYPIAl polymorphisms are at
increased risk of developing lung cancer (27, 28). Moreover, AHH
activity has been observed in both normal and neoplastic human breast
epithelium (29-31), and phenolic products and epoxides created by the

monooxygenation of PAHs via AHH activity also have been found in
breast cancer tissue (32).

To date, three investigations have examined associations between
CYPIAl polymorphisms and breast cancer risk (33-35), but the results

have been conflicting. Some of these inconsistencies may be attributable
to variations in study population or to differences in which of the
polymorphisms were genotyped. Rebbeck et al. (33) observed no asso
ciation of breast cancer risk with the exon 7 polymorphism among 96
incident breast cancer cases and 146 controls, whereas Ambrosone and
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CYPIAI AND BREAST CANCER

colleagues reported a significant increase in risk among postmenopausal
women with the variant exon 7 alÃ­ele(based on 216 cases and 282
controls; Ref. 34). In addition, an interaction was observed in the latter
study with smoking, suggesting that this polymorphism may be important
in increasing breast cancer risk among light smokers (defined as <30
pack-years). More recently, Taioli el al. (35) observed an increase in
breast cancer risk among African-American women (20 cases and 81

controls), but not among Caucasian women (29 cases and 175 controls),
who have the Msp\ variant genotype.

In this study, we evaluate both the associations between CYPIAI
polymorphisms and breast cancer risk and the potential modification of
these associations by smoking behavior in a case-control study nested
within the prospective Nurses' Health Study (NHS).

MATERIALS AND METHODS

Study Population. In 1976, more than 121,000 female United States regis

tered nurses between the ages of 30 and 55. residing in 11 larger states, completed
a self-administered questionnaire, forming the basis of the NHS. The baseline

questionnaire collected information on potential risk factors for breast cancer, as
well as information on smoking habits early in life. Information on potential risk
factors and identification of new cases of disease have been ascertained biennially
through mailed questionnaires.

In 1989 and 1990, blood samples from 32,826 NHS cohort members were
collected. Participants were sent a blood collection kit containing all necessary
supplies for drawing blood. Each woman arranged to have a blood sample drawn
and returned on ice via overnight courier. Approximately 9T7c of the samples were
received within 24 h of blood collection. Upon arrival, the samples were centri-

fuged and aliquoted into plasma, buffy coat, and RBC components. The samples
have been archived in continuously monitored liquid nitrogen freezers since
collection.

Women who returned a blood sample and who had not been diagnosed with
cancer (except for non-melanoma skin cancer) at the time of blood draw comprised
the subcohort for this nested case-control study of breast cancer. Eligible cases

were women who had a confirmed diagnosis of breast cancer anytime after blood
collection up to May 31. 1994. During this period. 466 eligible cases of incident
breast cancer were identified. Four hundred sixty-six controls were randomly

selected from all women who had provided a blood sample and matched to cases
on year of birth, menopausal status, postmenopausal hormone use, month of blood
return, time of day of blood collection, and fasting status at blood drawing.

Laboratory Analysis. All analyses were conducted with laboratorypersonnel
blinded to case status. DNA was obtained from buffy coat either by use of Chelex
solution as described by Walsh et al. (36) or by use of a DNA extraction kit
(Qiagen. Inc.. Chatsworth CA). For analysis of the CYPlAl-Mspl RFLP, a

modified version of the original method, which was described previously, was
used (37). For the exon 7 polymorphism, a modified version of the PCR/restriction
digestion assay was used as described previously (38). The modification of the
assay involved changes in buffer conditions and in the restriction enzyme used for
RFLP analysis. The buffer concentrations used were as follows: 100 mM KG, 100
mM (NH4)2SO4,200 mM Tris (pH 8.8), 70 mM MgSO4, and 1% Triton X-100. The
PCR product was digested overnight at 37Â°Cwith Atol (New England Biolabs.

Inc., Beverly MA).
Statistical Analysis. RRs and 95% Cls were used to quantify the risk of

breast cancer among subjects who had at least one variant alÃ­elerelative to subjects
who were homozygous for the wild-type alÃ­ele.RRs adjusted for matching

variables and other potential confounders were estimated using conditional regres
sion models. Separate analyses were conducted for each of the polymorphisms.
Age at menarche (<12, 12-13, or >13 years), family history of breast cancer
among mother or sisters, parity, age at first birth, body mass index (<22, 22-25,
25-29, >29 kg/nr). and history of benign breast disease were considered as

potential confounders. Current smoking status was defined based on the question
naire immediately prior to diagnosis in the cases. Smoking status was similarly
defined in controls using the questionnaire prior to the date of diagnosis of each
control's matched case. Smoking status 10 years prior to diagnosis was defined as

that reported in the questionnaire returned 10 years before the date of diagnosis of
the case in each case-control pair.

Unconditional logistic regression models, including terms for the matching

variables and other potential confounders, were used to assess the association of
each of the CYPIAI polymorphisms with breast cancer characterized by histolÃ³g
ica! type, stage of disease, and estrogen receptor status. Unconditional models
allowed for the use of information from all control subjects when cases were
limited to a specific histolÃ³gica! type and receptor status.

To assess the presence of interactions between each of the CYPIAI polymor
phisms and exposure to other substances, we compared the risk of breast cancer for
subjects in each category of joint exposure to that of subjects who were homozy
gous wild type for the CYPIAI polymorphism and who had the lowest exposure
level. Estimates for the individual and joint associations were calculated from
logistic regression models using indicator variables created for each category,
omitting the hypothesized low-low risk category. For categorical variables with

more than two categories, the interaction was evaluated using the likelihood ratio
test, comparing the model with indicator variables for the cross-classified variables

with a reduced model containing indicator variables for the main effects only.
Interactions with smoking status at diagnosis, smoking status 10 years prior to
diagnosis, pack-years, smoking before first pregnancy, and age started smoking

were assessed.
PARs were calculated using the following formula (39):

PAR =
Pj(KRj - D

RR,

where pÂ¡is the proportion of all cases that are in stratum; (i.e.. ps = AT/AT,where

ATjis the number of cases in stratum j and .t is the total number of cases) and
RKt is the RR in stratum j for the risk factor in question.

RESULTS

Characteristics of Study Subjects. Among 466 case-control pairs,
greater than 97% of the women self-reported to be Caucasian. Approx

imately 75% of cases and controls were postmenopausal with mean age
of 60.7 years (Â±5.5).Differences in established breast cancer risk factors
were mostly in the expected direction (Table 1).

Overall Association between CYPIAI Polymorphisms and
Breast Cancer Risk. Neither of the polymorphisms was independently
associated with overall breast cancer risk. The adjusted RRs (and 95%
Cls) for the two polymorphisms were: RRMsp,, 1.05 (95% CI, 0.74-
1.50), and RRexon 7,0.88 (95% CI, 0.58-1.33). Analyses by histolÃ³gica!

subtype were similar (Table 2). Analyses by menopausal status and stage
of disease also did not alter the lack of association (data not shown).

668

Table 1 Descriptive characteristics afeases of breast cancer (n = 466) and controls
(n =466)VariableBody

mass index (mean)
Age al menopause (mean)
Age at first birth* (mean)

Age at menarche (mean)
Parity
Nulliparous>2Mother's

history ofbreastcancerNoYesSister's

history of breast cancer

NoYesHistory

of benign breast
diseaseNoYesSmoking

status at diagnosis
NeverPastCurrent"

Signed rank test for continuous

Restricted to parous women.Cases25.4

48.5 years
25.2 years
12.4years6%36%58%90%10%93%7%43%57%42%46%12%variables;

McNemarControls25.4

47.9 years
24.9 years
12.5years9%31%60%94%6%96%4%61%39%47%42%11%P"0.87

0.180.48

0.220.160.040.050.0010.28s

lest for categorical variables.
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CYPIAI AND BREAST CANCER

Table 2 Association between breast cancer risk and CYPlAI-MspI and exon 7
polymorphisms by histological type and estrogen receptor status

MsplControlsAll

tumorsInvasiveDuctal'Lobular*"In

situ'ER
+'â€¢*ER"

'â€¢*Exon

7ControlsAll

tumors''Invasive'1^DuctarLobular'In

silu'ER+
'â€¢'ER"

'â€¢*N466466392333427326466466466392333427326466%

variant"(17.2%)(18.7%)(19.2%)(19.9%)(19.1%)(15.1%)(18.6%)(13.6%)(14.0%)(13.1%)(13.8%)(13.9%)(11.9%)(9.6%)(13.3%)(6.1%)Adjusted*RR (95%CI).00

(reference).10(0.79-1.54).15(0.81-1.64).20(0.84-1.73).14(0.50-2.57)0.82(0.41-1.65)1.12(0.75-1.67)0.70(0.33-1.49)1.00

(reference)0.93(0.63-1.36)0.99(0.67-1.47)0.99(0.66-1.49)0.86

(0.32-2.30)0.58(0.25-1.35)0.96(0.61-1.49)0.38(0.13-1.09)Adjusted'

RR (95%CI)1.00

(reference)1.05(0.74-1.50)1.13(0.79-1.62)1.18(0.81-1.71)1.10(0.48-2.56)0.87(0.42-1.81)1.11

(0.74-1.66)0.72(0.33-1.57)1.00

(reference)0.88
(0.58-0.94
(0.63-0.93
(0.61-0.77
(0.28-0.51
(0.21-0.90(0.57-0.38(0.13-.33).41).42)..11).22).42).12)

" Variants include subjects who are either heterozygous or homozygous for the variant

alÃ­ele.
Logistic regression adjusted for the matching variables age. menopausa! status, postm-

enopausal hormone use, date of blood draw, time of blood draw, and fasting status.
' Logistic regression model adjusted for the matching variables, body mass index, benign

breast disease, age at menarche, parity, age at first birth, and family history of breast cancer.
''Conditional logistic regression model.
' Unconditional logistic regression model.
^Numbers add to more than 375, because there is a separate category for tumors classified

as having both lobular and ductal involvement.
* ER, estrogen receptor, cases missing information on estrogen receptor status were deleted

from analysis.

Interactions between Smoking Exposure Up to the Time of
Diagnosis, Polymorphisms in CYPIAI, and Breast Cancer Risk.
Interaction between the polymorphisms and smoking status at diagnosis
and breast cancer risk was evaluated (Table 3). An increase in breast
cancer risk among women who were variant for the CYPIAI-Mspl

genotype and who were current smokers at the time of diagnosis was
observed (RR, 7.36; 95% CI, 1.39-39.0). When this interaction was

assessed taking cumulative cigarette smoking dose up until the time of
diagnosis (as estimated by lifetime pack-years smoked) into account, a

moderate, nonsignificant increase in breast cancer risk among women
who were variant for the CYPIAI-Mspl genotype and had smoked

greater than 30 pack-years was apparent (RR, 2.01; 95% CI, 0.91-4.42;

Table 4).
Interactions between Smoking Exposure in Early Life, Poly

morphisms in CYPIAI, and Breast Cancer Risk. Recently, smok
ing at any early age was reported to be associated with an increased risk
of breast cancer (40). We, therefore, investigated the potential importance
of smoking early in life in conjunction with the CYPIAI gene. There was
a suggestion of an increase in cancer risk among women who had
commenced smoking at less than 18 years of age, particularly among
individuals who were variant for the polymorphisms compared with
women who had never smoked and were wild type for the polymorphism.
The adjusted RRs for the Mspl and exon 7 sites among these women who
had started to smoke as adolescents were 5.65 (95% CI, 1.50-21.3; PAR,
2.5%) and 3.61 (95% CI, 1.11-11.7; PAR, 2.2%). Risk of breast cancer

was not elevated for women with the variant genotypes who had started
to smoke at a later age (Table 5). The tests for interaction between
genotype and age at onset of smoking were marginally statistically
significant (P = 0.04 for the Mspl site and P = 0.08 for the exon 7 site).

DISCUSSION

Despite considerable research, the association of cigarette smoking
with breast cancer risk remains controversial. A priori hypotheses
suggest that cigarette smoking could either increase (by its direct
carcinogenic effect) or decrease (by its antiestrogenic effect) breast
cancer risk. In general, there is little epidemiological evidence of an
overall association between cigarette smoking and breast cancer risk
(7-10). Yet, the importance of timing of exposure to tobacco smoke

in mammary carcinogenesis is still under debate (40). Due to the role
of CYPIAI in PAH metabolism, epidemiological studies investigating
the role of CYPIAÃŒand breast cancer risk have been conducted
(33-35). However, the results have been inconsistent, and only one

study assessed potential interactions with smoking (34). In this pro
spective study of 466 cases and an equal number of controls in
predominantly Caucasian women, an overall increase in breast cancer
risk with the variant CYPIAI genotypes was not observed. There was,
however, a suggestion of a role of the variant alÃ­elesin breast cancer
development in combination with both current and early onset of
smoking.

Table 3 RRs and 95% Cls between CYPIAI and breast cancer risk by smttking status at diagnosis

CYPIAIgenotypeMsplWT/WTWT/WTWT/WTVariants''VariantsVariantsLRTExon

7WTAVTWT/WTWTAVTVariantsVariantsVariantsLRTSmoking

status atdiagnosisNonsmokerPastCurrentNonsmokerPastCurrentNonsmokerPastCurrentNonsmokerPastCurrentNonsmokerPastCurrentCases19821355160173463840917818245203110Controls"2181974917416447443321891711029269Adjusted*RR (95%CI).0

(reference).18(0.90-1.56).24(0.80-1.91).0

(reference).14(0.84-1.56).08(0.68-1.71)0.95(0.59-1.52)1.30(0.78-2.17)4.75(1.01-22.3)X2

(df. 2) =4.22P

=0.12.0

(reference).12(0.83-1.52).18(0.73-1.92)0.75(0.42-1.36).26

(0.72-2.20).14(0.45-2.86)r

(df. 2) =0.90P
= 0.64Adjusted

OR (95%CI)'1.0

(reference)1.25(0.93-1.67)1.44(0.90-2.32)1.0

(reference)1.21
(0.87-1.69)1.24(0.75-2.03)0.89(0.54-1.46)1.28(0.75-2.20)7.36(1.39-39.0)r

(df. 2) =5.61P
=0.06.0

(reference).19(0.86-1.59).32

(0.78-2.22)0.66(0.35-1.26).17(0.64-2.11).51

(0.55^4.13)X2
(df. 2)=1.09P

= 0.58

" There are five cases and three controls for whom "age started smoking" information is missing.

OR, odds ratio; conditional logistic regression.
' Conditional logistic regression adjusted for the matching variables and body mass index, benign breast disease, age at menarche, parity, age at first birth, and family history of breast cancer.
**"Variants" are all women who are either heterozygous or homozygous for the variant alÃ­ele.
' LRT, likelihood ratio test for the interaction between genotype and smoking status at diagnosis.
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CYPIAI AND BREAST CANCER

Table 4 RRs and 95% CIs between CYPIAI and breast cancer risk by smoking in pack-years

CYPIAIgenotypeMsplWTAVTWTAVTWTAVTVariants''VariantsVariantsLRrEton

7WTAVTWTAVTWTAVTVariantsVariantsVariantsLRrLifetime

pack-years ofsmokingNever

smoker<30230Never<30230Never<30230Never<30Â£30UMJPtever<30230Cases2001641021621368138282117914185212317Controls"220149951751268445

12311;1901288130

12114JAdjusted*

RR (95%CI).0

(reference).23(0.91-1.66).20(0.85-1.69).0

(reference).16(0.84-1.61).05(0.71-1.54)).89

(0.56-1.43).34
(0.73-2.47).96(0.93^1.13)(2

(df, 2) =2.64P

=0.27.0

(reference).20(0.87-1.66).12(0.76-1.64)).77

(0.43-1.38).16(0.62-2.19).29

(0.61-2.74)f(df,
2) =0.71P

= 0.70Adjusted'

RR (95%CD1

.0(reference)1.38(1.00-1.91)1.25(0.86-1.81)1.0

(reference)1.30(0.92-1.85)1.08(0.72-1.62)0.81

(0.49-1.35)1.43(0.74-2.77)2.01

(0.91^Â».42)X2
(df, 2) =2.95P

=0.231.0

(reference)1.32(0.93-1.87)1.16(0.77-1.75)0.67(0.36-1.26)1.35

(0.68-2.69)1.18(0.52-2.66)X2

(df, 2) =0.%P

= 0.62
" There are two controls for whom there is no pack-year information.
* Conditional logistic regression.
' Conditionallogisticregressionadjustedfor the matchingvariablesand body massindex,benignbreastdisease,age at menarche.parity,age at firstbirth,and familyhistoryof breastcancer.
' "Variants" are all women who are either heterozygous or homozygous for the variant alÃ­ele.
' LRT. likelihoodratio test for the interactionbetween genotypeand pack-yearssmoked.

Recently, smoking at an early age was reported to be associated with
an increased risk of breast cancer (40). In a previous analysis of data from
the overall NHS cohort, no increase in breast cancer risk was observed;
however, the CIs did not exclude a modest association with smoking at
an early age (10). We observed an association between breast cancer and
an early age at onset of smoking in combination with the variant CYPIAI
genotypes. The data suggest that any adverse effect of smoking exposure
may occur during the period of early maturation of the breast tissue.

The data reported here are broadly consistent with the data of Am-
brosone et al. (34), but different in specific aspects. In their case-control

study of 216 cases and 282 controls, an increase in breast cancer risk was
limited to "light" smokers (defined as <29 pack-years) who were variant

for the CYPIAi-exon 7 polymorphism. Although we also observed an

increase in breast cancer risk among smokers, the risk was limited to

those who were variant for the CYPIAI-Mspl polymorphism and who
had smoked greater then 29 pack-years. The fact that we examined

multiple potential interactions between these genotypes and smoking
characteristics (age at onset, duration, pack-years, and so on) suggests

that these results should be interpreted with caution. Clearly, additional
data will be required (a) to determine which of these polymorphisms in
the CYPIAI gene, if any, is a better predictor of breast cancer risk; (b) to
determine possible interaction with other metabolizing enzymes, such as
NAT2 and GSTMI; and (c) to characterize the interrelationships between
breast cancer, age at onset of smoking, and subsequent intensity and
duration of smoking.

The strengths of this study include the prospective collection of data in
a cohort with a high follow-up rate and the largest sample size to date

among studies assessing the potential role of CYPIAI in breast cancer

Table 5 RAÃ•and 95% CIs between CYPIAI and breast cancer risk by age started smoking

CYPIAIgenotypeMsplWTAVTWTAVTWTAVT

Variants''VariantsVariants

LRrEton

7WTAVTWTAVTWTAVTVariantsVariantsVariantsLRrAge

started smoking(yr)Nonsmoker<18fcUNonsmoker<182)8Nonsmoker<18218Nonsmoker<18218Nonsmoker<18Â£18Cases"2005121016237175

381435ISO37185201425Controls2203820517635173443321913317529530Adjusted*

RR (95%CI).0

(reference).53
(0.94-2.46).13(0.85-1.47).0

(reference).20(0.71-2.03).08(0.80-1.46)

0.93(0.60-1.49)5.01
(1.42-17.7)1.22(0.73-2.04)

X2(df, 2) =5.43P
=0.071.0

(reference)1.22(0.71-2.10)1.11

(0.83-1.49)0.77(0.42-1.40)3.19(1.03-9.88)0.87(0.49-1.54)

r (df, 2) =3.92P
= 0.14Adjusted'

RR (95%Cl)1

.0(reference)1.52
(0.90-2.58)1.24(0.93-1.67)1.0

(reference)1.11
(0.62-1.98)1.19(0.86-1.64)

0.87(0.53-1.43)5.65(1.50-21.3)1.26(0.73-2.19)

X2(df. 2) =6.63P
=0.041

.0(reference)1.13(0.62-2.05)1.21(0.88-1.66)0.70(0.37-1.33)3.61

(1.11-11.7)0.90(0.48-1.68)

X2(df.2) =5.\3P
= 0.08

" There are five cases and three controls for whom "age started smoking" information is missing.

Conditional logistic regression.
' Conditional logistic regressionadjusted for the matchingvariablesand BMI. benign breast disease, age at menarche,parity, age at first birth, and family history of breast cancer.
'' "Variants"are all women who are either heterozygousor homozygous for the variantalÃ­ele.
r LRT, likelihood ratiolest for the interactionbetween genotype and age startedsmoking.
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risk. However, it should be noted that even with more than 900 subjects,
the CI estimates for the odds ratios are wide when assessing interactions,
because the variant alÃ­elefrequency is quite low among Caucasians.

These observations are compatible with the overall null association
between cigarette smoking and breast cancer risk that has repeatedly been
reported. Because these polymorphisms in CYPÃŒAIare relatively uncom
mon among Caucasians, any increased risk of smoking limited to
CYPIAI hÃ©tÃ©rozygoteswould not translate into a detectable increase in
risk associated with smoking in the overall population without taking
genotype into account (41).

In our data, only 2.5% of the breast cancer cases that occurred in
the NHS during this time period may be attributable to the com
bination of CYPIAI genotype and early smoking exposure. How
ever, this gene-environment interaction could potentially be more

important in populations in which the variant alÃ­elefrequency is
high. For example, the variant alÃ­elefrequency for the CYPIAI-

Mspl polymorphism is approximately 0.33 in Asians compared
with 0.11 in Caucasians (37, 42). Breast cancer incidence rates
among women are highest for non-Hispanic whites (119 per
100,000), moderate in African-Americans (99 per 100,000), and

lower in Hispanics (69 per 100,000) and Asians (60 per 100,000;
Ref. 43). With the increase in cigarette smoking observed in recent
decades among Asian women and other behavioral changes asso
ciated with a more Western lifestyle, smoking could have a sub
stantial future impact on breast cancer incidence.

In summary, the CYPIAI gene was not independently associated with
overall breast cancer risk in a predominantly Caucasian population in the
Nurses' Health Study. However, the findings suggest that women who

have the variant CYPIAI alÃ­elemay constitute a subpopulation who are
at increased risk for breast cancer in the presence of cigarette smoking
exposure, particularly early in life. Further study is clearly warranted
(particularly in populations with higher variant alÃ­elefrequencies) to
confirm and extend these observations.
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