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Catechol-O-methyltransferase and breast cancer risk

Robert C.Millikan 125 Gary S.Pittman®, Chiu-Kit J.Tse?, (10,11). Women with higher levels of circulating estradiol are
Eric Duell1?, Beth Newmart-?, David Savitz'?, reported to be at higher risk for subsequent breast cancer, but
Patricia G.Moorman®4, Robert J.Boissy and the biological mechanisms are unknown (12). One potential
Douglas A.BelP mechanism for the carcinogenicity of estradiol is C-2
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of North Carolina, Chapel Hill, NC 27599-7408\ational Institute of oxidative DNA damage (14), which may increase risk of breast
Environmental Health Sciences, Research Triangle Park, NC and cancer (15). The principal pathway for inactivation of catechol
HDepartnC1$ntuoszEp|dem|ology and Public Health, Yale University, New estrogens isO-methylation by catechaB-methyltransferase
Saven’ ' (COMT) (16,17). Thus, several authors have predicted that
To whom correspondence should be addressed reduced COMT activity would increase the risk of breast
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Recent studies suggest that a polymorphism in catech@- Lachmanet al. (18) recently identified a polymorphism in
methyltransferase COMT) is associated with increased risk  the cOMT gene, a G- A transition at codon 158, which leads
of breast cancer. Methylation by COMT is the principal o substitution of methionine for valine. The VaMet COMT
pathway for inactivation of catechol estrogens, which are  gjgle; designate€OMT-L, encodes a thermolabile form of
hypothesized to participate in estrogen-induced carcino- he enzyme with reduced activity. Approximately 25% of
genesis. We examined the association GFOMT genotype  caycasians are homozygous for the low activity allSOKT-

and breast cancer risk in a population-based, case-control ||y ang exhibit a 3- to 4-fold reduction in methylation of
study of invasive breast cancer in North Carolina. The  c5techol substrates. Individuals who are homozygous for the
study population consisted of 654 cases and 642 controls, \iq.tyne allele COMT-HH) demonstrate high COMT activity
an a[;prommately eq dual numbers dOf Agrlcan-An]]eégan 4 @nd heterozygote€OMT-HL) show intermediate activity (18).
an d"‘g(;te womer(1: ant wotmen under the ?ge 0 & ar][ Two published epidemiological studies have investigated the
age or over. _ot_n ralroy t\c/)v Prévious reports, we di nfoth relationship betweelOMT genotype and breast cancer risk
Observe an association between one or more copies or the (19,20). Lavigneet al. (19) reported a positive association

low activity COMT allele (COMT-L) and breast cancer risk. ;
e L , with COMT-LL genotype among post-menopausal women and
RR 0,
Multivariate relative risks (RRs) were 0.8 (95% confidence an inverse association among pre-menopausal women. For

interval: 0.6-1.1) for COMT-HL and 0.8 (0.6-1.1) foCOMT- post-menopausal women, multivariate relative risks (RRs) for

LL, compared with the COMT-HH genotype. RRs for W : :
; X . X . omen with one COMT-HL) or two (COMT-LL) copies of
COMT did not differ among African-American and white the low activity COMT allele were 1.70 [95% confidence

women and we did not observe strong modification of RR .

. : . interval (Cl): 0.77-3.75] and 2.18 (95% ClI: 0.93-5.11), respect-
estimates by menopausal status, body mass index, physical ively, co(mp)ared with W]omen With(twoocopies of the \3vild-t$pe
activity or other covariates. Our results suggest thaCOMT aIIeIé (COMT-HH). The RR forCOMT-LLwas stronger among
genotype is not related to breast cancer risk. post-menopausal women with a high body mass index (BMI)
(RR = 3.58, 95% CI: 1.07-11.98). Among pre-menopausal
women, multivariate RR= 0.57 (95% CI: 0.14-2.40) for
. _ 'COMT-HL and 0.24 (95% CI: 0.04-1.51) fo€OMT-LL
Reproductive hormones appear to play an important role imhompsonet al (20) reported positive associations for the
the development of breast cancer (1). Many established breasOMT-HL (RR = 2.7, 95% Cl: 1.5-5.1) andCOMT-LL
cancer risk factors (including early age at menarche and latgRR = 2.1, 95% CI: 1.0—4.4) genotypes among pre-menopausal
age at menopause) are indicators of cumulative exposure {Qomen. For post-menopausal women, the corresponding RRs
estrogen and progesterone (2). Additional risk factors, such agere 0.6 (95% CI: 0.4-1.2) and 0.4 (95% Cl: 0.2-0.7). The
obesity and physical activity, are also hypothesized to conaythors also observed modification of RRs by BMI: risk was
tribute to breast cancer risk by modifying lifetime exposure tohighest among pre-menopausal women with a high BMI (RR
endogenous estrogen (3-6). 5.7, 95% Cl: 1.1-30.1) and lowest among post-menopausal

To uncover new risk factors for breast cancer, recenfyomen with a low BMI (RR= 0.3, 95% ClI: 0.1-0.7).
epidemiological studies have focused on environmental (7) Recently, it has been shown that exercise increases the
and genetic factors (8,9) that modify metabolism of estrogengroportion of catechol estrogens that unde@anethylation
The natural estrogen, Bestradiol (E2), in conjunction with by cOMT (21). Cigarette smoking may alter circulating levels
other hormones, stimulates epithelial proliferation in the breasgs endogenous estrogens (22). Therefore, we hypothesized that
Abbreviations: BMI, body mass index; CBCS, Carolina Breast Cancer level of smoking and physical activity might modify the effects
Study; COMT; catec’hoﬂ}methyltransferaée; Cl, cénfidence interval;, E317 of COMT genotype on breast cancer risk. We mvestlgated the

estradiol; HRT, hormone replacement therapy: LRT, likelihood ratio test; ocfole of COMT genotype in a population-based, case—control
oral contraceptive; RR, relative risk. study of breast cancer among African-American and white
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women. We examined modification of RRs f@OMT and  Statistical analysis
breast cancer by menopausal status, BMI, use of exogenowsjusted odds ratios and 95% Cls were calculated from unconditional logistic
hormones, level of physical activity and smoking history. regression models and used to estimate RRs (27). PROC GENMOD of
the software package SAS (v.6.11; SAS Institute, Cary, NC) allowed for

. incorporation of offset terms derived from the sampling probabilities used to
Materials and methods identify eligible participants (25) and for adjustment for race &2 level
Study population categorical variable) and age (as an 11 level ordinal variable that reflected 5
The Carolina Breast Cancer Study (CBCS) is a population-based, case—conti#ar age categories).
study of breast cancer in North Carolina (23). Women with a first diagnosis A reference date of the date of diagnosis (for cases) or selection (for
of histologically confirmed, invasive breast cancer were identified through aontrols) was used to define exposure status for all study participants. Race
rapid ascertainment system with the help of the North Carolina Central Cancekas classified according to self-report. For the present analysis, we classified
Registry (24). Controls were selected from lists provided by the NC Divisionwomen as African-American and white. Among women classified as white,
of Motor Vehicles (women aged 20-64 years) and the US Health Carave included nine American Indians, eight Asian Americans, four Hispanic
Financing Administration (women aged 6574 years). Randomized recruitmerAmericans and two women who listed their race as ‘multi-racial’. Menopausal
(25) was used to select approximately equal numbers of African-Americarstatus was defined as follows: for women under the age of 50 years, post-
and white women, as well as equal numbers of women younger than age 30enopausal status was assigned to women who had undergone natural
and aged 50 or older, among cases and controls. Controls were frequendyenopause, bilateral oophorectomy or irradiation of the ovaries; for women
matched to cases by race and 5 year age group. During phase 1 of the CB@8ed 50 years or older, menopausal status was assigned on the basis of
(May 1993-December 1996), 889 cases and 841 controls were enrollegessation of menstruation, except for women taking hormone replacement
Contact rates (number of women contacted/number of women identified atherapy (HRT), who were classified as post-menopausal regardless of whether
eligible to participate) were 97% for cases and 81% for controls. Cooperatioftheir menstrual periods had stopped.
rates (number of completed interviews/number of women contacted and Current BMI, a measure of obesity, was calculated as weight divided by
eligible to participate) were 77% for cases and 68% for controls. Overalthe square of height (kgAn using measurements taken at the time of
response rates [number of completed interviews/(number of women enrolleghterview. To investigate interaction betwe@OMT genotype and BMI, the
in study — ineligible and deceased women)] were 74% for cases and 53% fatudy population was dichotomized based upon the median value of BMI
controls. In-person interviews were conducted in participants’ homes byamong controls (27.8 kg BMI was included as a continuous variable for
trained nurse interviewers and information collected on reproductive historyadjustment in multivariate models. Recent physical activity was based upon
diet and lifestyle factors, a detailed family history of cancer and occupationah dichotomous (yes/no) response to the question, ‘In the last three months
history. Approximately 98% of participants who were interviewed agreed to(prior to reference date), did you do anything on a weekly basis to help keep
give a 30 ml blood sample at the time of interview. Informed consent toyou physically fit?" We inquired about frequency and type of recent physical
obtain DNA was sought using a form approved by the Institutional Reviewactivity, but too few women engaged in vigorous physical activity to permit
Board of the UNC School of Medicine. For the present analysiCOMT analyses using multiple levels of this variable. Participants were also asked
genotype, we included the first 682 cases and 663 controls enrolled in thabout their level of physical activity at age 12: women who reported they
CBCS who agreed to provide blood samples. were less physically active than their peers were compared with women who
Laboratory methods were as active or more active at this age. Women were also asked whether
ey participated in vigorous sports or serious athletic training at age 12

methods (26). A PCR-based restriction fragment length polymorphism assa iChOtO.mOUS)' ‘Lifeﬁ,me use of HRT or oral contrace[?tives ,(OCS) were
was used to detect the presence of the &transition at position 1947 in ategorized as ‘ever’ (3 months or more of use) versus ‘never’ for stratified

COMT (accession no. Z26491) (18). PCR was used to amplify a 185 bp@nalyses and as continuous variables (months) for adjustment in multivariate
fragment of genomic DNA containing the polymorphism. The primer sequence§"°dels' .
were B-GGA GCT GGG GGC CTA CTG TG/3(CMT.1814.U) and 5GGC We compared observedOMT genotype frequencies to expected genotype

CCT TTT TCC AGG TCT GAC A-3 (CMT.1978.L). Samples of 50 ng frequencies calculated on the basis of observed allelic frequencies, assuming
genomic DNA were added to a 15 ml PCR reaction mixture containing® Hardy—Weinberg equilibrium. Departure from a Hardy—Weinberg equilibrium

deionized water, X PCR buffer, 2 mM MgCJ, 0.2 mM each dNTP, 0.8mol was tested among African-American and white case and control_ groups using
CMT.1814.U primer, 0.14imol CMT.1978.L primer and 0.28 U Tag DNA & gqodness-of-ﬁ;(2 test (28). In order to compare our results with those of
polymerase, combined with an equal volume of TagStart antibody (Clontect@vigneet al (19) and Thompsoet al. (20), we calculated RRs f&€OMT
Laboratories Inc., Palo Alto, CA). Amplification was performed on a GeneAmp@nd breast cancer by comparing women W@OMT-HL and COMT-LL

9600 thermocycler (Perkin-Elmer, Foster City, CA) under the following 9€notypes wittCOMT-HHas the reference group. We calculated overall RRs,
conditions: initial denaturation, 4 min at 94°C; amplification, 30 s at 94°C, &S Well as separate estimates for pre-menopausal and post-menopausal women
30 s at 61°C, 30 s at 72°C (30 cycles); final extension, 4 min at 72°C. pCrand African-American and white women. Multivariate logistic models were
amplification was conducted using a 96-well plate which included 90 samplesySed to adjust for potential confounding factors (27). Covariates included age
two non-template controls and two positive amplification/genotype controlsat menarche (continuous), parity (three categories), breast feeding (ever/

DNA was extracted from peripheral blood leukocytes according to standar(i;

within each batch. never), family history of breast cancer (yes/no for first-degree relative), benign
The resulting PCR products were subjected to restriction digestion for 3 fpreast biopsy (yes/no), duration of HRT use (continuous), duration of OC use
at 37°C using 5 WNlalll. After restriction digestion, 51l loading dye (50l (continuous), BMI (continuous), recent physical activity (yes/no), duration of

1% xylene cyanol in 1 ml 30% Ficoll/4D) were added to each sample. The Smoking (4 levels) and alcohol consumption. In this population, relatively
digested products were resolved at 90 V for 30-45 min on a 3% MetaphofeW women consumed large amounts of alcohol, thus analyses of this variable
agarose gel (FMC BioProducts, Rockland, ME) containing.@n ethidium are based upon a dichotomous (ever/never) categorization only. Participants
bromide. A 100 bp marker was used as a size standard for each gel lane. THéth missing values for any of the variables in a regression model were not
gel was visualized under UV light using an Eagle Eye Il still video Systemincluded in such analyses. We also adjusted for smoking as a 3 level variable
(Stratagene, La Jolla, CA) and the resulting photographs were digitall{never/current/past), but results were unchanged.
enhanced to provide better fragment resolution. We investigated modification of RRs f&OMT and breast cancer by BMI,
The COMT-LL genotype was represented by 114, 35 and 36 bp fragmentsse of HRT, OC use, physical activity and smoking. To assess interaction on
COMT-HH by 96, 35, 36 and 18 bp fragmen®OMT-HL by 114, 96, 35, 36  a multiplicative scale, we compared RRs fGOMT across strata of each
and 18 bp fragments. The presence of the constant 35 and 36 bp fragmergtential modifying variable (using the coding described above) and conducted
served as an internal control for restriction digestion. The 18 bp fragment wastatistical tests for heterogeneity (27). Next, we fitted separate logistic models
difficult to visualize because of both its small size and co-migration with thewith interaction terms betweeBOMT and each potential modifying variable.
similarly sized primer residue; however, detection of this fragment was nofor each variable, we conducted a likelihood ratio test (LRT) comparing the
critical in determining genotypes. Genotypes were determined based upomodel with interaction terms to a reduced model containing only the main
independent scoring of the results by two reviewers who were unaware offfects (27). To assess interaction on an additive scale, indicator variables
case/control status. Samples that failed to produce decisive results after theere created for each category of joint exposureCOMT genotype KiH,
first assay run were repeated. In addition to the internal controls includediL andLL) and the potential modifying factor, using the hypothesized low
within each batch, genotyping was repeated on 5% of samples in a randonisk category as a common reference group. The low risk category was omitted
fashion. Repeat assays were 100% concordant with initial resultsCOMT when the indicator variables were incorporated into multivariate models
assay was unreadable for 28 cases and 21 controls due to poor PGCRIjusting for the remaining covariates (29,30). Use of a common referent
amplification, thus results are presented for 654 cases and 642 controls. group and evaluation of departure from additive effects has been described
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Table I. COMT allele and genotype frequencies and RRs and 95% Cls for breast cancer among African-American and white participants in the CBCS

African-Americans Whites
Cases Controls Cases Controls
(n = 265) = 263) = 389) © = 379)
Allele frequencies € no. of alleles/no. of chromosomes)
COMT-H 0.69 0.65 0.50 0.47
COMT-L 0.31 0.35 0.50 0.53

Genotype frequencies=(no. of participants with genotype/total no. of participants)

COMT-HH 0.49 0.42 0.27 0.22
COMT-HL 0.40 0.45 0.47 0.50
COMT-LL 0.11 0.13 0.26 0.28

RRs and 95% Gl

COMT-HH 129 110 1.0 (ref) 103 86 1.0 (ref)
COMT-HL 106 119 0.8 (0.5-1.2) 184 188 0.8 (0.6-1.2)
COMT-LL 30 34 0.8 (0.4-1.5) 102 105 0.7 (0.5-1.1)

8Adjusted for age, menopausal status, age at menarche, parity, breast feeding, breast cancer in first-degree relative, breast biopsy, alcohol consumption, HR
use, OC use, BMI, smoking and recent physical activity. Models included offset terms to control for sampling probabilities, as described in Materials and
methods.

as the most appropriate approach to addressing synergy or interaction efidered physical activity at age 12, current use of HRT, OC

potential component causes (31), the underlying hypothesis for gene—envirom—Se or Smoking (data not shown)
ment interaction (30). )

Results Discussion

Characteristics of the CBCS population have been describedle did not observe a positive relationship betwge@MT
previously (32). African-American controls showed a some-genotype and breast cancer risk, overall or among subgroups
what lower frequency of th€OMT-L allele (0.35) than white of women defined by race or menopausal status. Our results
controls (0.53) (Table ). Among African-American and white differ from two recent epidemiological studies, which reported
cases and controls, genotype frequencies did not differ signcreased breast cancer risk among women with one or two
nificantly from expected values under the assumption of aopies of the low activityCOMT allele (COMT-L). Lavigne
Hardy—Weinberg equilibriumR > 0.9 for each group). et al. (19) reported increased breast cancer risk foIGRMT-
COMT genotype was unrelated to breast cancer risk. ThéL genotype among post-menopausal women with BMI greater
overall adjusted RRs were 0.8 (95% CI: 0.6-1.1) @PMT-  than the median. Thompscet al. (20) observed a positive
HL and 0.8 (95% CI: 0.6-1.1) faCOMT-LL, compared with  association for th€ OMT-HLandCOMT-LLgenotypes among
COMT-HH Adjusted RRs did not differ substantially among pre-menopausal women with high BMI. Our results provided
African-Americans and whites (Table 1) or among pre- andno evidence for a positive association betw&®MT-HL or
post-menopausal women (Table 1l). RRs fGOMT were  COMT-LLgenotype and breast cancer risk among pre- or post-
unchanged when we adjusted for age and race only, for theenopausal women nor among pre- or post-menopausal women
covariates utilized by Lavignet al. (19) or Thompsoret al. ~ with BMI greater than the median. Thompsenal. (20) also
(20) or when we stratified cases based upon stage at diagnoseported an inverse association for B®MT-HL and COMT-
(data not shown). LL genotypes among post-menopausal women with low BMI,
RRs for the joint effects ofCOMT genotype and current whereas we did not observe such an association. We also did
BMI are presented for pre- and post-menopausal women inot observe a positive association f&®OMT genotype among
Table II. Using participants wittCOMT-HH genotype and women who were physically inactive (recently or at age 12),
BMI less than or equal to the median as a common referenc&ho reported use of HRT or OC or who smoked cigarettes.
group, we did not observe positive associations for any The distribution of COMT genotypes among white controls
combination oCOMTgenotype and BMI. Furthermor€eOMT  in our dataset (Table I) was similar to the distributions among
genotype was unrelated to breast cancer risk among posteontrols reported by Lavignet al. (19) (24% forCOMT-HH,
menopausal women with a BMI greater than the median49% for COMT-HL and 27% forCOMT-LL) and Thompson
Results were unchanged when we employed a variety of cuget al. (20) (27% forCOMT-HH, 48% for COMT-HL and 25%
off points for BMI, including those specified by Laviget al. for COMT-LL). We observed a slightly higher frequency of
(19) and Thompsoat al. (20) (data not shown). Similar results the COMT-HH genotype and a lower frequency GOMT-LL
were obtained for the joint effects @OMT genotype and among white and African-American cases compared with
recent physical activity (Table Il). We also did not observecontrols (Table I). Lavigneet al. (19) reported a higher
evidence of modification of RRs on a multiplicative scale (forfrequency oCOMT-LL(31%) andCOMT-HL (50%) genotypes
LRT P = 0.76 for interaction betwee@OMT and BMI and and a lower frequency oCOMT-HH (19%) among cases
P = 0.59 for interaction betwee@OMT and recent physical compared with controls, while Thompset al. (20) reported
activity). We did not observe modification of RRs f6OMT  a lower frequency oCOMT-LL (19%), a higher frequency of
genotype on additive or multiplicative scales when we con-COMT-HL (56%) and a lower frequency &OMT-HH (25%).
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Table Il. RRs and 95% Cls for breast cancer accordin@€@MT genotype COMT genotype and current BMI andOMT genotype and recent physical
activity, stratified by menopausal status

Genotype Pre-menopausal Post-menopausal
Cases Controls RR (95% CI) Cases Controls RR (95% ClI)
(n = 331) = 297) = 323) h = 344)
All subject$
COMT-HH 116 88 1.0 (ref) 116 108 1.0 (ref)
COMT-HL 148 142 0.8 (0.5-1.2) 142 164 0.9 (0.6-1.3)
COMT-LL 67 67 0.7 (0.4-1.2) 65 72 0.8 (0.5-1.4)
BMI < 27.8
COMT-HH 60 39 1.0 (ref) 49 38 1.0 (ref)
COMT-HL 86 70 0.9 (0.5-1.5) 80 87 0.7 (0.4-1.2)
COMT-LL 47 39 0.8 (0.4-1.4) 40 45 0.7 (0.4-1.3)
BMI > 27.8
COMT-HH 54 46 0.8 (0.4-1.4) 65 69 0.6 (0.3-1.1)
COMT-HL 58 71 0.6 (0.3-1.0) 59 76 0.6 (0.3-1.1)
COMT-LL 20 27 0.5 (0.3-1.1) 23 27 0.6 (0.3-1.2)
Physically activé
COMT-HH 50 37 1.0 (ref) 66 53 1.0 (ref)
COMT-HL 73 73 0.7 (0.4-1.2) 78 87 0.7 (0.4-1.1)
COMT-LL 41 32 0.9 (0.5-1.8) 35 32 0.9 (0.5-1.7)
Physically inactivé
COMT-HH 66 51 0.9 (0.5-1.6) 50 55 0.6 (0.3-1.0)
COMT-HL 75 69 0.8 (0.4-1.4) 64 77 0.7 (0.4-1.2)
COMT-LL 26 35 0.5 (0.2-0.9) 30 40 0.5 (0.3-0.9)

Models included offset terms to control for sampling probabilities as described in Materials and methods.

aAdjusted for age, race, age at menarche, parity, breast feeding, breast cancer in first-degree relative, breast biopsy, alcohol consumption, HRT use, OC use
BMI, smoking and recent physical activity.

bAdjusted for age, race, age at menarche, parity, breast feeding, breast cancer in first-degree relative, breast biopsy, alcohol consumption, HRT use, OC use
smoking and recent physical activity.

CAdjusted for age, race, age at menarche, parity, breast feeding, breast cancer in first-degree relative, breast biopsy, alcohol consumption, HRT use, OC use
BMI and smoking.

Our study was considerably larger than Lavigeteal. (19) the primary analyses cEOMT, since participation is unlikely
(113 cases and 114 controls) and Thompsobml (20) (281 to be related to genotype.
cases and 289 controls). In addition, we examined associations In order to interpret association studies of estrogen metabol-
among African-American women and had sufficient statisticaism genes and breast cancer, greater knowledge is needed of
power to explore modification of RRs by a variety of covari- the role of estrogen-induced carcinogenesis in the breast
ates (33). (10,11,34,35). With respect OOMT, there may be no overall
The observed relationship betweeBOMT genotype, assoc!ation of genotype with b_reast cancer, but a strong
physical activity and breast cancer risk in our data was th@ssociation could be observed in the presence of relevant
opposite of that expected: women with tB®MT-LLgenotype enwronm_ental exposures (36). We exammed .severall of the
who were physically inactive showed a slightly strongermost obvious candidates for gene—environment interaction, but
inverse association with breast cancer risk (Table Il). Catechdtannot exclude additional exposures which might be of interest.
estrogens are hypothesized to mediate estrogen-induceinCe recent epidemiological studies of physical activity and
carcinogenesis in breast tissue (17). Based upon the results gf¢ast cancer yield inconsistent results (6,37), future studies
Creeet al. (21), showing that exercise increased the proportiofight benefit from incorporating information c®@OMT and
of catechol estrogens which undei@amethylation by COMT, other genes involved in estrogen metabolism. The possibility
we hypothesized that women with low physical activity andOf gene—gene interaction should also be addressed. Lavigne

s t al. (19) reported interaction betwe&@OMT and glutathione
low COMT activity would accumulate more catechol estrogen transferase M1GSTM) and P1 GSTP) genotypes in risk

and therefore be at increased risk of breast cancer. Our da? ; ! h .
- o - L . breast cancer. We did not examine gene—gene interaction
on adult physical activity was limited to the period immediately because information o&STM1and GSTPglwas %navailable.

preceding Qiagno§is in cases or enrqllment in controls. T.hu% conclusion, our results suggest t&DMT genotype is not
our analysis of joint effects must be interpreted with cautionqjated to breast cancer risk. however, further studies are

To fully examin'e the rglationship of physical activity a'nd eeded to more fully investigate this relationship.
breast cancer, information on recreational and occupatlona“

activity is required over a longer period of time (5). An Acknowledgements
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