
[CANCER RESEARCH 58. 2107-2110. May 15. IWX]

Genetic Polymorphisms in Catechol-0-Methyltransferase, Menopausal Status, and
Breast Cancer Risk1

Patricia A. Thompson, Peter G. Shields, Jo I.. Freudenheim, Angie Stone, John E. Vena, James R. Marshall,
Saxon Graham, Rosemary Laughlin, Takuma Nemoto, Fred F. Kadlubar, and Christine B. Ambrosone2

Division of Molecular fyiidetniolof>y. National Center for Toxicological Research. Jefferson, Arkansas 72205 {P.A. T., A. S., F. F. K., C.B.AJ; Ltiboratory irf Human
Carcinogenesis, National Cancer Institute. Betliesda. Maryland 20X92 Â¡P.G. S. /; Department of Social & Preventive Medicine. State University of New York at Buffalo. Muffalo,
New York 14214 Â¡J.L F.. J. E. V., S. G., K. L. T. N.J: and Ari-unti Cancer Center. Tucson. Ari-ona 85724 Â¡J.R. MJ

ABSTRACT

Polymorphic catechol-0-methyltransferase (COMT) catalyzes the O-
methylation of estrogen catechols. In a case-control study, we evaluated
the association of the low-activity alÃ­ele(COM7"M") with breast cancer
risk. Compared to women with CO/V/7"VlilAal,COMj*t"/M" was associated

with an increased risk among premenopausal women [odds ratio (OR),
2.1; confidence interval (CI), 1.4-4.3] but was inversely associated with
postmenopausal risk (OR, 0.4; CI, 0.2-0.7). The association of risk with at
least one low-activity COMT*1" alÃ­elewas strongest among the heaviest

premenopausal women (OR, 5.7; CI, 1.1-30.1) and among the leanest
postmenopausal women (OR, 0.3; CI, 0.1-0.7), suggesting that COMT,

mediated by body mass index, may be playing differential roles in human
breast carcinogenesis, dependent upon menopausa! status.

INTRODUCTION

It is widely believed that estrogen exposure is an important etio-

logical agent in breast carcinogenesis. However, studies of excreted
estrogens or estrogen metabolites have demonstrated only weak as
sociations between high levels of plasma or urinary estrogens and
breast cancer risk (1-3). The catechol estrogens (i.e., 2-hydroxy

estrogens) are the major metabolites of estrogens in humans and
animals (4). The 2- and 4-catechol estrogens have been reported to
demonstrate both cancer-promoting and -inhibiting activities through

interactions with the estrogen receptor or with macromolecules (i.e.,
cellular proteins and DNA; Refs. 3-9). Interindividual differences in

steroid metabolism have been noted and attributed to both genetic
polymorphisms in and differential expression of metabolizing en
zymes that hydroxylate and conjugate the steroid hormones (4, 10-
12). COMT3 is one of several phase II enzymes involved in the

conjugation and inactivation of the catechol estrogens (13). COMT is
found in various mammalian tissues, with high levels in liver and
kidney and significant amounts in RBCs. endometrium, and breast
( 14). An amino acid change (valine to methionine) at position 158/108
in the membrane-bound/cytosolic form of the protein has been linked

to decreased methylation activity of the enzyme (15). This amino acid
change is believed to be closely associated with the observed trimodal
distribution of COMT enzyme activity in the human population as
sociated with high COMrVill/Val. intermediate COMTVMMa. and low
COMT COMTMct/M" activity toward certain combination therapeu-
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tics used in Parkinson's disease (16. 17). Because the genetic poly

morphism in COMT correlates with decreased enzyme activity and
because COMT is a major conjugation pathway for the catechol
estrogens, we sought to determine whether polymorphisms in Ihe
COMT gene may be associated with increased risk of breast cancer
and whether the association between genotypes and risk may be
modified by menopausa! status and body mass index.

MATERIALS AND METHODS

Study Population. These research dala were collected from an earlier
case-control study (1986-1991) of 617 premenopausal and 933 postmeno

pausal Caucasian women in Western New York; the detailed methods have

been reported (18. 19). The protocol for the study was reviewed by the
Institutional Review Board of the State University of New York at Buffalo and
of all of the participating hospitals. Informed consent was received from all
participants for interview and medical record review. Women diagnosed with
incident, primary, histologically confirmed breast cancer were frequency-

matched by age and county of residence with controls randomly selected from
the New York State Motor Vehicle lists (<65 years) and the Health Care
Finance Administration rolls (>65 years). Interview data included medical,
reproductive, and lifestyle histories. Approximately 45% of premenopausal
and 63% of postmenopausal women provided blood samples. DNA was
extracted from blood clots, as reported previously, and analy/ed tor COMT
genotype in case and control specimens having adequate DNA.

Laboratory Analysis. To determine the polymorphic COMT genotype.
DNA was subjected to PCR as described (20). Briefly. Ihe reaction conditions
included buffer [ 10 mM Tris-HCI (pH 8.3). 50 mM KC1], 2 IHMMgC12. 0.2 mM
2'-deoxynucleoside-3'-lriphosphate (Boehringer Mannheim. Indianapolis In

diana)]. 2.5 units ol Taq DNA polymerase (Promega Corp.. Madison. Wl). and
primers specific for COMT (10 pmol each; 5'-ACTGTGGCTACTCAGCT-

GTG-3' and 5'-CCTTTTTCCAGGTCTGACAA-.V) in a total reaction volume

of 100 fi\ using 100 ng of sample DNA. PCR producÃ­s( 169 bp) were digested
with Hsp92II (Promega) and analyzed by gel electrophoresis (2.5% Metaphor
agarosc; FMC BioProducts. Rockland. ME). Digestion of the COMT product
with Hsp92II gives rise to fragment sizes of 114. 23. and 32 bp for the
high-activity alÃ­eleand 96. 23. 32. and 18 bp for Ihe low-activity alÃ­ele.This

assay was validated hy confirming inheritance patterns in eight family lines
encompassing three generations (National Institute General Medical Scientist
Human Genetic Mutant Cell Repository; Coriell Institute. Camdcn. NJ). All
assays were conducted and interpreted by two reviewers (P. T. and A. S.)
blinded to case-control status.

Statistical Analysis. Student's i tests were performed to assess mean

differences in reproductive and lifestyle factors by COMT genotypes within
case and control groups. ORs and 95% CIs were calculated using unconditional
logistic regression to evaluate associations between COMT genotypes and
breast cancer risk separately for premenopausal and postmenopausal women.
ORs were adjusted for age. education, age at menarche. age at first pregnancy,
reported family history of breast cancer, body mass index, and age at meno
pause for postmenopausal women. Possible modification of risk by body muss
was evaluated by calculating ORs for genotype and breast cancer risk within
fertiles of body mass index, determined by the distribution among controls.

RESULTS

Genotype data for COMT were available for 281 women with
breast cancer and 289 community controls. For the most part, asso-
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COMT AND BREAST CANCER RISK

Table I Case timi control differences in putative risk factors for breast cancer within
the entire studv sei and the subset for which COMT data were available

AlldataCaseControlWilh COMTresultsCaseControlPremenopausalAgeEducationAge

atmenarcheAge
at firstpregnancyBM1Kamily

history of breast cancer45.8

(4)"14(3)12.5(1.6)23.6(5)*25.1

(5.7)13%"46.1

(4)14(3)12.8(1.7)22.4(5)25.8

(5.2)7%46.2(4)14(3)12.5(1.6)*24.0

(5)*24.7

(5.4)ie%*46.8

(4)14(3)13.0(1.8)22.2

(4)25.8(5)5%

Postmenopausal

AgeEducationAge

atmenarchcAge
at firstpregnancyAge
atmenopauseBMIFamily

history of breastcancer"
Mean(SD).*
P < 0.05.62.8

(8)12(3)12.8(1.5)24.2

(5)*47.3(6.1)26.5

(5.4)*16%*63.5

(8)12(3)12.9(1.6)24.2

(5)46.5
(6.4)25.7(5.2)8%62.9

(8)13(3)12.8(1.6)24.4

(5)47.8
(5.8)25.7(5.2)15%*63.3(7)12(3)12.8(1.6)24.1

(5)47.0
(6)25.6(4.8)9%

ciations between putative risk factors for breast cancer (i.e.. those for
which logistic models were adjusted) were similar within the larger
data set and the subset for which COMT data were available. Values
for cases and controls within each group, by menopausa! status, are
shown in Table 1. Results of the study of the association between
COMT genotype and breast cancer risk, evaluated by menopausa!
status, are shown in Table 2. Marked differences in the association of
COMT genotypes with risk were noted between premenopausal and
postmenopausal women. Premenopausal cases were less likely than
controls to be homozygous for the high-activity COAf7"v"' alÃ­ele,20%

versus 36%, respectively. Heterozygosity was more frequent in the
cases than in the controls, with an adjusted OR of 2.7 (95% CI,
1.5-5.1). However, there was no gene-dose effect; women who were
COMTMa/M" had no additional increase in risk (OR, 2.1; CI 1.4-
4.3). When COMTMet/Val individuals were combined with the
COMTMeI/M<!Igenotype, those with at least one low-activity alÃ­ele

showed significantly increased risk (OR, 2.4; CI. 1.4-4.3).
In contrast to premenopausal women among whom the COMTMtÃ­

low-activity alÃ­elewas associated with increased risk, postmenopausal

women with breast cancer were more likely than controls to be
COMTv"l/Val (29% versus 19%), and an inverse association was most
pronounced among those who were COA/7Met/Mcl (OR, 0.4; 95% CI,
0.2-0.7). When COA/rMel/Val individuals were combined with indi
viduals who were COMTMet/M<!',having one or two low-activity

alÃ­elessignificantly decreased risk (OR, 0.5; CI, 0.3-0.9). Taken
together, these data suggest that the role of the high- and low-activity

COMT alÃ­eles in breast carcinogenesis may vary by menopausa!
status.

Because there appears to be a consistent effect documented in the
literature (21, 22) of BMI on breast cancer risk by menopausa! status
(with higher BMI associated with increased risk for postmenopausal
women but a slight decreased or no risk for premenopausal women)
and because hormonal levels may be linked to BMI, particularly in
postmenopausal women, we sought to more closely evaluate associ
ations between BMI, COMT, and breast cancer risk. As shown in
Table 3, the low-activity COMTM" alÃ­elewas most strongly associ

ated with risk among the heaviest premenopausal women (OR, 5.7;
CI, 1.1-30.1), whereas in postmenopausal women, an inverse associ

ation with COMT and risk was strongest in the leanest women with at
least one low-activity alÃ­ele(OR, 0.3; CI, 0.1-0.7). It is also possible

that COMT activity could modify the association between HRT and

breast cancer risk. HRT was not a risk factor in these data and was not
added to the multivariate model. Neither was there any modification
of that association by COMT genotypes (data not shown).

Finally, we determined the distribution of COMT genotypes and
their relationship to breast cancer risk among all women independ
ent of menopausa! status. Genotype data for COMT were available
for 281 women with breast cancer and 289 community controls. As
shown in Table 4, there was no association between COMT geno
types and breast cancer risk for women who were heterozygous
(COAf7"Val/Mel) or homozygous for the low-activity alÃ­ele

(COAÃ•7Mel/Mcl) when women were grouped independent of

menopausal status.

DISCUSSION

In this study, we found that the genetic polymorphism in COMT
associated with enzyme activity was differentially associated with
breast cancer risk among premenopausal and postmenopausal women.
Statistically significant increased risk was observed among premeno
pausal women with the low-activity alÃ­ele,whereas there was de

creased risk among postmenopausal women with this genotype. When
stratified by BMI, the low-activity COMT alÃ­elewas associated with

significantly increased risk among the heaviest premenopausal
women, which is the group thought to be at lowest risk, although the
confidence interval was wide. Similarly, although there was an in
verse relationship between COMT and postmenopausal breast cancer
risk, this effect was attenuated in the heaviest postmenopausal
women. We observed no association between COMT genotypes and
breast cancer risk when premenopausal and postmenopausal women
were combined (Table 4). This further supports arguments from a
number of studies suggesting that breast cancer etiology may differ
between premenopausal and postmenopausal women, warranting the
careful classification and separation of women by menopausal status
in studies of breast cancer risk factors. Lastly, it should be noted that
no gene-dose effect was observed in these data. The lack of a gene-
dose effect is common to these types of genotype-based studies that
serve as indicators of "lifetime" phenotype. Several mechanisms may

account for this lack of gene-dose effect, including the pharmacoki-
netic considerations that determine the rate-limiting steps in the met-

Table 2 COMT' genetic polymorphisms and risk of breast cancer by menopausal

status: Western New York Breast Cancer Stud\: 1986-1991

Case n (%) Control n (%) OR (CI) OR (CI)'

PremenopausalE=and

COUTâ„¢"â„¢*128

(20)
84(60)
29(20)28

(20)
113(80)48

(36)
57 (42)
29(22)48

(36)
86(64)1.0

2.5(1.4-4.6)
1.7(0.8-3.4)1.0

2.2(1.3-3.7)1.0

2.7(1.5-5.1)
2.1(1.0-4.4)1.0

2.4(1.4-4.3)

Postmenopausal

rav/7-v.i/va,COA/7Val/Me,cowrMcl/Me'coAfrvÂ»1A""COMTVMMaand

COMTMCIJM"41

(29)75
(54)24(17)41

(29)99(71)30(19)82

(53)43
(28)30(19)125(81)1.00.7(0.4-1.2)0.4(0.2-0.8)1.00.6(0.3-1.0)1.00.6(0.4-1.2)0.4(0.2-0.7)1.00.5

(0.3-0.9)

* COMrVal/VaI is associated with the high-activity phenotype, COA/7Val/Mct with the
intermediate-activity phenotype, and COMT e' et with the low-activity phenotype.

' ORs and 95% CIs calculated by unconditional logistic regression, adjusted for age

and education.
' ORs and 95% CIs calculated by unconditional logistic regression, adjusted for age.

education, age at menarche. age at pregnancy, age at menopause, BMI, and family history
of breast cancer.
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Table 3 Effect of COMT genotype on risk, within tertiles of BM1: Western New York Breast Cancer Study, 1986-1991

BMI COMT genotypeCa/Co"*23OR (CD*Ca/Co23-27OR (CI)Ca/Co>27OR (CI)2PremenopausalCOMTVal/M"

and COMTMa/Ma19/18 55/341.0 1.8(0.8^1.1)8/1629/221.0 3.3(1.1-9.8)2/28 14/301.05.7(1.1-30.1)PostmenopausalCOMTVal/Val

CCWrVal/Mel and COA/rMel/Me'19/11 31/501.0 0.3(0.1-0.7)8/7 42/431.0 0.5(0.1-1.6)14/12 26/321.0 0.8 (0.2-2.2)

" Number of cases/number of controls.
h ORs and 95% CIs calculated by unconditional logistic regression, adjusted for age, education, age al menarche. age at first pregnancy, family history of breast cancer, and age

at menopause (postmenopausal women only).

abolie pathway. For COMT, this may be cofactor availability (i.e.,
S-adenosyl-methionine) and/or differential regulation of gene expres

sion accounting for overlapping enzyme activity among the three
genotypes (14).

These data compared with that recently reported by Lavigne et al.
(23) are in direct contrast. In that study of COMT and breast cancer
risk, they found increased risk with the low-activity alÃ­eleamong
postmenopausal women and an inverse association with premeno-

pausal breast cancer risk. It is the nature of epidemiological studies
that there will be inconsistencies in results from one study to another,
and conclusions should not be drawn until similar findings are ob
served in a number of studies. Conflicting studies may be due to a
number of factors, including the population evaluated, the choice of a
control group, various biases resulting in random or systematic error,
and small sample sizes. Although the Lavigne analyses were from a
cohort study, our data were derived from a case-control study, which

may be subject to biases common to such studies. However, the
original study was extremely well designed, and controls were from
the community, frequency-matched to cases on age and county of

residence. The group with COMT data did not vary substantially from
this larger group, as shown in Table 1. There is little reason to believe
that case-control or cohort design would impact on results of studies

of genetics and risk, because genotype is fixed and thus not affected
by recall bias. Furthermore, our data are derived from 281 cases and
289 controls, almost three times that of the study of Lavigne, con
taining 111 cases and 111 controls. Larger sample size may more
clearly elucidate relationships, and results may be less subject to type
I or type II errors. It is also possible that the composition of the study
population could affect results. Prevalence of COMT genotypes varies
markedly with ethnicity, and it is possible that participants from
western New York were from different ethnic backgrounds than those
in Maryland (24). In our data, larger proportions of postmenopausal
women were first- or second-generation Italians or Germans, which

could, in combination with small numbers, influence the distribution
of the COMT polymorphism in the Caucasian population, skewing

Table 4 COMT genetic polymorphisms and risk of breast cancer among
premenopausal and postmenopausal women combined: Western New York Breast

Cancer Study: Â¡986-1991

coA/rVal/MclCOMTMamlaCOMT^"'â„¢"1COA/7.Val/MÂ«

and COMTtCase

n(%)69

(25)
159 (56)
53(19)70

(25)vict/MÂ«
211(75)Control

n(%)78

(27)
139(48)
72(25)78

(27)211(73)OR

(CI)Â°1.0

1.3(0.9-1.9)
0.8(0.5-1.4)1.01.1

(0.8-1.6)

" ORs and 95% CIs calculated by unconditional logistic regression, adjusted for age,

education, age at menarche, age at first pregnancy, BMI. and family history of breast
cancer.

genotype distribution in these and other similar data sets (15, 20,
25-27).

Because our results were so similar to those of Lavigne et al. (23),
except that associations were flipped by menopausa! status, we also
considered the possibility that there were errors in classification or
coding. A thorough review of the original gels, the coding of geno
types within the database, and other variables that could affect results
was performed, and this possibility was ruled out. Clearly, there is a
need for this hypothesis to be evaluated in other study populations, so
that a preponderance of data can further direct research as well as
identify subgroups who may be at higher risk and thus, need to be
targeted for preventive strategies.

Although the mechanisms are not elucidated, these data suggest that
the COMT genotypes associated with high, intermediate, and low
enzyme activity may contribute to breast cancer etiology. Further
more, these data indicate that there may be an interaction between
BMI, COMT, and menopausa! status in breast cancer risk. The mech
anism of this interaction may be an opposing role of catechol estrogen
metabolism in breast cancer etiology, depending on the hormonal
environment. We suggest that the differing biological effects of the
catechol estrogens reported in the literature (i.e., DNA damaging
versus growth inhibiting) may be dependent on the levels of circulat
ing estrogens. Therefore, in a high estrogen environment such as in
the premenopausal and to some extent in the heaviest postmenopausal
women, the presence of higher circulating levels of the catechol
compounds (2-OH and 4-OH) of estradici generated in a low COMT

environment may result in higher circulating levels of potentially
mutagenic compounds (5, 7, 9). Conversely, low COMT activity may
be associated with lower circulating levels of the putative anti-carcin
ogen, 2-methoxyestradiol (28, 29). In a low-estrogen environment, as

in leaner postmenopausal women, higher circulating levels of the
unmethylated catechols in a low COMT background may elevate the
levels of the putative anticarcinogenic 2-hydroxy estrone (3). It is of

interest to note that in leaner postmenopausal women, colorectal
cancer risk is reduced by HRT (30) and that HRT appears to maintain
the age-related decline in DNA repair capacity (31 ). The fact that the

leanest women appear to benefit more from higher circulating levels
of estrogen and estrogen catechols might suggest that some exposure
to estrogen postmenopausally is beneficial, but that too little or too
much estrogen exposure, as in the premenopausal women, places an
individual at increased risk for cancer of the breast and perhaps the
colon, the mechanisms of which remain unclear.

In addition to its role in conjugation of estrogenic compounds,
COMT acts on a number of other compounds thought to modify
cancer risk, including ascorbic acid and certain flavonoids (14, 15,
32). The impact of COMT on breast cancer risk in premenopausal and
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postmenopausal women may be reflective of differing etiological
events that encompass both endogenous and exogenous exposures.

As discussed above, results from these analyses may be affected by
sources of bias that are common to case-control studies. Low partic

ipation rates may produce results that are not generalizable to all
women. Although it is possible that body mass could differ between
those who participated and those who did not, it is unlikely that
selection bias would affect overall associations between genetic poly
morphisms and breast cancer risk. Of more concern, however, are the
relatively small sample numbers in this study, particularly when
women were stratified by BM1. Resulting estimates of risk may be
unstable, as evidenced by wide CI, due to chance alone. Nonetheless,
these data are consistent with biologically plausible interactions and
merit further investigation of the associations between hormonal/
menopausal status, variability in metabolism of estrogens, and breast
cancer risk.

REFERENCES

I Adlercreutz. H.. Gorbach, S. L., Goldin. B. R.. Woods. M. N.. Dwyer. J. T.. and
Marnatameli. E. Estrogen metabolism and excretion in Oriental and Caucasian
women. J. Nail. Cancer Inst.. Xfi: 1076-1082. 1994.

2. Lemon. II. M. Hcidel. J. W.. and Rodrique/-Sierra. J. F. Increased catechol estrogen
rnetaholism as a risk factor for nonfamilial brcasl cancer. Cancer l'Ini.i 69:
457-465, 1992.

3. Bradlow. H. 1... Telang. N. T.. Sepkovic. D. W.. and Osbome, M. P. 2-Hydroxy
estrone: the "good" estrogen. J. Endocrino!.. ISO: S259-S265, 1996.

4. Martucci, C. P.. and Fishman. J. P 450 en/ymes of estrogen metabolism. Pharmacol.
Ther.. 57: 237-257, 1993.

5. MacLusky. J. J.. Barnea. E. R.. Clark. C. R.. and Naftolin. F. Catechol estrogens and
estrogen receptors. In: C. R. Merriam and M. B. Lipselt (eds.). Catechol Estrogens.
pp. 151-165. New York: Raven Press. 1983.

6. Yager. J. D.. and Liehr. J. G. Molecular mechanisms of estrogen carcinogenesis.
Annu. Rev. Pharmacol. Toxicol.. 36: 203-232. 1996.

7. Cavalieri. E. L.. Stack. D. E.. Devanesan, P. D.. Todorovic. R., Dwivedy, !..
Higginbotham. S.. Johansson. S. L.. Patii. K. D.. Gross. M. L.. Gooden, J. K..
Ramanalhan. R.. Cemy. R. L., and Rogan. E. G. Molecular origin of cancer-catechol
cstrogen-3.4-quinones as endogenous tumor initiators. Proc. Nail. Acad. Sci. USA,
94: 10937-10942. 1997.

8. Fishman. J. Biological action of catechol estrogens. J. Endocrino!.. 85: 59P-65P.

1981.
9. Liehr. J. G. Genotoxic effects of estrogens. Mulat. Res.. 238: 269-276. 1990.

10. Conney. A. H., Levin. W., Jacobson, M.. and Kunt/man. R. Effects of drugs and
environmental chemicals on steroid metabolism. Clin. Pharmacol. Ther.. 14: 727-

741. 1973.
11. Guengerich. F. P. Human cytochrome P450 en/.ymes. In: Orti/, de P. R. Montellano

(ed.), Cytochrome P450: Structure. Mechanism, and Bit>chemistry. Ed. 2. pp. 473-
535. New York: Plenum Publishing Corp., 1995.

12. Feigelson, H. S.. Ross, R. K.. Yu. M. C.. Coetzee. G. A.. Reichardt. J. K.. and
Henderson. B. E. Genetic susceptibility lo cancer from exogenous and endogenous
exposures. J. Cell. Biochem., S25: 15-22, 1996.

13. Guldberg. H. C.. and Marsden. C".A. Calechol-O-rnethyltransferase. Pharmacological

aspects and physiological role. Pharmacol. Rev.. 27: 135-206. 1975.
14. Mannisto. P. T.. Ulmanen, I., Lundstrom, K.. Taskinen. J.. Tenhunen. J., Tilgmann.

C., and Kaakkola. S. Characteristics of calechol O-methyllransferase (COMT) and
properties of selective COMT inhibitors. Prog. Drug Res.. 39: 291-350. 1992.

15. Lachman. H. M.. PapÃ³los. D. F.. Saito. T.. Yu. Y. M.. Szumlanski. C. L.. and
Weinshilboum. R. M. Human catechol-O-mcthyltransferase pharmacogenetics: de

scription of a functional polymorphism and its potential application to neuropsychi
atrie disorders. Pharmacogenetics. 6: 243-250. 1996.

16. Goldstein. M., and Leiberman. A. The role of the regulatory enzymes of eale-
cholamine synthesis in Parkinson's disease. Neurology, 12: 822-825. 1992.

17. Price-Evans. D. A. Genetic factors in drug therapy: clinical and molecular pharma
cogenetics. Cambridge: Cambridge Universily Press. 1993.

18. Graham. S.. Hellman, R.. Marshall. J., Freudenheim, J.. Vena. J.. Swanson. M.,
Zielc/.ny. M.. Nemoto. T.. Stuhbe. N.. and Raimondo. T. Nutritional epidemiology of
postmenopausal breast cancer in Western New York. Am. J. Epidemiol., 134:
552-566, 1991.

19. Ambrosone, C. B., Freudenheim. J. L.. Graham. S.. Marshall. J. R.. Vena. J. E.,
Brasure. J. R.. Michalek. A. M.. Laughlin. R.. Nemoto. T.. Gillenwater. K..
Harrington. A. M.. and Shields. P. G. Cigarette Smoking. /V-acelyl transfcrase genetic
polymorphisms, and breast cancer risk. J. Am. Med. Assoc.. 276: 1494-1501. I9Â°6.

20. Daniels. J. K.. Williams. N. M.. Williams. J.. Jones. L. A.. Cardno. A. G.. Murphy.
K C.. Scott. L.. Spurlock, G.. Riley. B.. Scambler. P.. Asherson. P.. McGuffin. P.. and
Owen. M. J. No evidence for allelic association between schi/ophrenia and a poly
morphism determining high or low catechol-O-mcthyltransferase activity. Am. J.
Psychiatry. 153: 268-270. 1996.

21. Trentham-Dietz. A.. Newcomb. P. A.. Storer. B. E.. Longnecker. M. P.. Baron. J..

Grecnberg. E. R.. and Willet. W. C. Body si/.e and risk of breast cancer. Am. J.
Epidemiol.. 145: 1011-1019. 1997.

22. Ursin. G.. Longnecker. M. P.. Hailc. R. W.. and Greenland. S. A meta-analysis of
body mass index and risk of premenopausal breast cancer. Epidemiology. 6: 137-141.

1995.
23. Lavigne. J. A., Hel/lsouer. J.. Huang. H-Y.. Strickland, P. T., Bell, D. A., Selmin, O.,

Watson, M. A.. Hoffman. S.. Comstock. G. W.. and Yager. J. D. An association
between the alÃ­elecoding for a low activity variant of catechol-0-methyltransferase
and the risk for breast cancer. Cancer Res.. 57: 5493-5497, 1997.

24. Rivera-Calimlim. I... and Reilly. D. K. Difference in erythrocyte catechol-Omelh-
yltransferase activity between Orientals and Caucasians: difference in levodopa
tolerance. Clin. Pharmacol. Ther., 35: 804-809. 1984.

25. Syvanen. A-D.. Tilgmann. C.. Rinne. J.. and Ulmanen. 1. Genetic polymorphism of
catechol-O-methyltransferase (COMT): correlation of genotype with individual var
iation of S-COMT activity and comparison of the alÃ­elefrequencies in the normal
population and and Parkinsonian patients in Finland. Pharmacogenetics, 7: 65-71.

1997.
26. Gutierrez. B.. Bertranpetit. J.. Guillamal. R.. Valles. V.. Arranz. M. J.. Kerwin. R..

and Fananas. L. Association analysis of the catechol-O-methyltransferasc gene and
bipolar affective disorder. Am. J. Psychiatry, 154: 113-115. 1997.

27. Karayiorgou. M.. Altemus. M.. Galke. B. L.. Goldman. D.. Murphy. D. L.. Ott. J.. and
Gogos, J. A. Genotype determining low catcchol-Ometnyllransferase activity as a
risk factor for obsessive-compulsive disorder. Proc. Nail. Acad. Sci. USA. 94:
4572-4575. 1997.

28. Yue. T. L.. Wang. X.. Louden. C. S.. Gupta. S.. Pillarisetti, K., Gu, J. L., Hart. T. K..
Lysko. P. G.. and Feuerstein. G. Z. 2-Methoxyestradiol, an endogenous estrogen

metabolite, induces apoptosis in endothclial cells and inhibits angiogenesis: possible
role tor stress-activated protein kinase signaling pathway and Fas expression. Mol.
Pharmacol.. 5/: 951-962. 1997.

29. Zhu. B. T.. and Conney. A. H. Functional role of estrogen metabolism in target cells:
review and perspectives. Carcinogenesis (Lond.), 19: 1-27. 1998.

30. Kampman. E.. Poller. J. D.. Slattery. M. L-. Caan. B. J.. and Edwards, S. Hormone
replacement therapy, reproductive history, and colon cancer: a multicenter. case-
control study in the United States. Cancer Causes Control, K: 146-158, 1997.

31. Wei. Q-. Malanoski. G. M.. Farmer. E. R.. Hedayati. A., and Grossman. L. DNA
repair relaled lo multiple skin cancers and drug use. Cancer Res.. 54: 437-440. 1994.

32. Zhu. T. Z.. Ezell. E. L.. and Liehr. J. G. Catechol-O-mcthyltransferase-cataly/ed rapid
O-methylation of mutagenic flavonoids. J. Biol. Chem.. 2t>9: 292-299. 1994.

2110

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/10/2107/2466404/cr0580102107.pdf by guest on 24 August 2022


