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Abstract
Catechol-O-methyl transferase (COMT) is an important estrogen-metabolizing enzyme, and
common genetic variants in this gene could affect breast cancer risk. We conducted a large
population-based case control study in Massachusetts, New Hampshire, and Wisconsin to examine
six strategically selected COMT haplotype-tagging (ht) single nucleotide polymorphism (SNPs),
including the val158met polymorphism (rs4680), in relation to breast cancer risk. Analyses were
based on 1,655 Caucasian women with invasive breast cancer and 1,470 Caucasian controls. None
of the six individual SNPs were associated with breast cancer risk. The global test for haplotype
associations was nonsignificant (p- value=0.097), although two uncommon haplotypes present in
6% of the study population showed statistically significant inverse associations with risk. These
results suggest that genetic variation in COMT has no significant association with breast cancer
risk among Caucasian women.
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The toxic estrogen metabolites, catechol estrogens, are catalyzed into non-toxic
methoxyestrogens by the enzyme catechol-O-methyl transferase (COMT). This
detoxification occurs mostly in the liver, but COMT is found in variety of tissues including
the breast (1). Single nucleotide polymorphisms (SNPs) may affect COMT enzymatic
activity: a common, functional SNP (Ex4-12 G<A; rs4680), causes a valine to methionine
amino acid substitution and is associated with a 2- to 3-fold decrease in COMT enzymatic
activity (2, 3), which may lead to an accumulation of carcinogenic catechol estrogens. A few
studies have shown an association between the rs4680 SNP and breast cancer risk, but most
have not (4), and it is possible that other SNPs have an effect on COMT enzymatic activity.
In this study, we examined the associations between a panel of COMT haplotype-tagging
(ht) SNPs and invasive breast cancer risk in a large population- based case control study of
Caucasian women.

Patients and Methods
Study population

The study population has previously been described (5). Case women were aged 20-69 years
and newly diagnosed with invasive breast cancer during 1996-2001. Controls were
randomly selected from lists of licensed drivers (if >65 years) and from a roster of Medicare
beneficiaries (if 65-74 years). Controls were frequency-matched to cases by age in five-year
strata. DNA samples were collected using an oral rinse protocol (6). The current analysis
was restricted to Caucasian women who comprised 98% of the study population (1,655
invasive cases and 1,470 controls).

SNP selection and genotyping
A total of six COMT SNPs were genotyped (rs1544325, rs174674, rs7290221, rs2239393,
rs4680 and rs4646316). Isolation and preparation of the DNA samples have been previously
described (5). Genotypes were evaluated using validated Taqman (Applied Biosystems,
Forest City, CA, USA) or MGM Eclipse assays (7). Genotyping concordance for the six
SNPs among 192 duplicate samples ranged from 94% to 100% (median: 99%). Departure
from Hardy-Weinberg equilibrium (HWE) among the controls was examined. Genotypes for
five out of the six SNPs were consistent with HWE (p≥0.05), whereas one SNP (rs4680)
showed a statistically borderline departure from HWE (p=0.01).

Statistical analysis
For individual SNPs, unconditional logistic regression models were used to obtain age- and
state-adjusted odds ratio (OR) estimates and 95% confidence intervals (CIs). Ordinal coding
of the genotypes was used in the logistic regression models to evaluate tests for linear trend
(SAS Institute, Inc., Cary, NC, USA).

Pairwise linkage disequilibrium (LD) measured by D‘ between the htSNPs was estimated
using Haploview (8). Haplotype frequencies and effects were examined with HaploStats (9).
A global score test was used to evaluate the overall significance adjusted for participant age
and state of residence. Effects of individual haplotypes were also examined by comparing
the risk associated with each individual haplotype to the risk associated with the most
common haplotype. Rare haplotypes (>1% in cases and controls combined) were pooled into
a single category.

Results
None of the genotypes of the individual COMT SNPs were associated with risk of invasive
breast cancer (Table I). Menopausal status did not modify these associations (results not
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shown). Six COMT haplotypes with frequency greater than 1% were identified (Table II).
There was no overall haplotype effect when comparing cases to controls (pglobal=0.097).
However, when compared to the reference haplotype (AGGAGC, 28.9%), two haplotypes
were associated with a decreased risk of breast cancer (AGCGAC: OR=0.61, 95%
CI=0.42-0.88; GAGAGC: OR=0.73, 95% CI=0.53-1.00). Data were too sparse to consider
haplotype associations according to menopausal status.

Discussion
In this large population-based case control study, we found no significant overall association
between breast cancer risk and COMT haplotypes, although two individual haplotypes, with
frequencies of 3.7% and 2.4% in the controls, were significantly associated with decreased
breast cancer risk. No individual SNP was significantly associated with decreased risk, and
if the finding is not due to chance, other linked variation(s) may be responsible for these
associations. Of note, we found no association of the val158met SNP with breast cancer risk,
consistent with results from a recent meta-analysis (4).

Two previous studies found that haplotypes encompassing the 3‘ UTR of COMT were
associated with increased breast cancer risk (10, 11). A case control study of Polish women
used a comprehensive two-step approach developed by the Breast and Prostate Cohort
Consortium to assess common genetic variation in European Americans and identified a set
of 11 htSNPs (10). Two linkage disequilibrium (LD) blocks were defined: one LD block
containing seven htSNPs (three of which were included in our analysis: rs7290221,
rs2239393, rs4680) was not associated with breast cancer risk. The other LD block including
the 3‘ UTR region of COMT and armadillo repeat deleted in velocardiofacial syndrome
(ARVCF), a human catenin gene adjacent to COMT whose border is difficult to separate
from COMT (10), contained a haplotype that was significantly associated with breast cancer
risk. A second study conducted among women in Long Island, New York found a
significant association with breast cancer risk for a specific haplotype encompassing four
COMT-ARVCF SNPs that had previously been associated with schizophrenia (11). None of
the haplotypes in our study spanned the 3‘UTR region of COMT. One genome-wide
association study based on the Cancer Genetic Markers of Susceptibility (CGEMS) Project
failed to identify breast cancer associations with markers at chromosome 22q11 where
COMT resides (12).

In summary, we found no significant overall association of COMT haplotypes with invasive
breast cancer risk. A denser panel of htSNPs and coverage of the ARVCF region may be
needed to identify associations not evident in the current analysis.
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Table II

Haplotypes of COMT polymorphisms and risk of invasive breast cancer.

COMT haplotype* Invasive breast cancer

Frequency OR (95% CI)†

Cases n=1.655 Controls n=1.470

AGGAGC 30.2 28.9 1.00 (ref)

GGCGAC 14.2 14.9 0.93 (0.79-1.10)

GACAGC 11.1 12.0 0.88 (0.73-1.07)

GGCGAT 10.2 9.8 1.01 (0.83-1.23)

AGGGAT 5.1 5.2 0.94 (0.71-1.24)

GACAAC 4.1 3.2 1.29 (0.95-1.76)

GACGAT 3.9 4.0 0.94 (0.69-1.28)

GAGAGC 3.2 4.2 0.73 (0.53-1.00)

GAGAAC 3.1 3.2 0.95 (0.69-1.30)

GGCAGC 2.5 2.2 1.09 (0.74-1.62)

AGGAGT 2.2 2.3 0.91 (0.61-1.37)

AGCGAC 1.9 3.0 0.61 (0.42-0.88)

GGGAGC 1.3 1.2 1.07 (0.62-1.85)

GACGAC 0.9 1.3 0.71 (0.38-1.33)

AGGAAC 1.4 0.9 1.51 (0.84-2.70)

Rare haplotypes‡ 4.7 3.7 1.18 (0.83-1.68)

Global p=0.097

OR, odds ratio; CI, confidence interval.

*
Polymorphic bases include rs1544325, rs174674, rs7290221, rs2239393, rs4680, and rs4646316.

†
ORs based on an additive effect model with adjustment for reference age (categorical) and state of residence.

‡
Haplotypes with <1% frequency.
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