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ABSTRACT cause genetic alteration and effect tumor initiation. This possibility is
supported by the finding that women with reduced amounts of the

s L o - enzymes responsible for removing reactive estrogen metabolites are at
an initiating mechanism involving its metabolite, catechol estrogen (CE). |, . . . .
To examine this hypothesis, we conducted a multigenic case-control study h'gh_er risk of de"e'Op_'r?g k_’reas‘t Canc_er (9). To c_:ompre_hgnswely
to determine whether polymorphisms of the genes responsible for CE €lucidate the estrogen initiating mechanism of tumorigenesis in breast
formation via estrogen biosynthesisCYP17 and hydroxylation (CYP1A7) ~ cancer and to dissect the contribution of individual estrogen-metabo-
and CE inactivation (COMT) are associated with an elevated risk for lizing genes involved in this mechanism, this molecular epidemiolog-
breast cancer in Taiwanese women, and whether the association betweenical study sought to determine whether polymorphisms in the genes
genotype and risk may be modified by estrogen exposure. One hundred inyolved in estrogen biosynthesisCYP173 and hydroxylation
and fifty breast cancer patients and 150 healthy_ controls were recruited. (CYP1A) and inactivation of the reactive metabolitedQMT) may
PCR-based RFLP assays were used to determine the genotypes of estrope a5gnciated with an elevated risk of breast cancer, and whether the

gen-metabolizing genes. The breast cancer risk associated with individual L . e
- : : association between genotypes and risk may be modified by estrogen
susceptibility genotypes varied among the three genes and was highest foreXposure

COMT, followed by CYP1Aland CYP17 After simultaneous consider- .
ation of all three genes and other well-established risk factors of breast ~CYP17encodes the enzyme cytochrome P450c17, which catalyzes

cancer, the COMT genotype remained the most significant determinant Steroid 174-hydroxylase and 17-20 lyase activities at key points in
for breast cancer development and was associated with a 4-fold increase in estrogen (estradiol) biosynthesis (10). THeuBtranslated region of
risk (95% confidence interval, 1.12-19.08). Furthermore, a trend of in-  CYP17contains a single-base polymorphism (a T-to-C transition) that
creasing risk for developing breast cancer was found in women harboring creates a SP1-type (CCACC box) promoter (11). This change also
higher numbers of high-risk genotypes P = 0.006), including the high  generates aMspAl restriction site; thereforeyispAl digestion iden-
activity CYP17(CYP17 A/A,), high inducibility CYP1AL1(CYP1A1l Msp tifies two alleles,A, (wt) and A, (vt). Because the number of 5

vt/vt), and low activity COMT (COMT L/L) genotypes. The association of t | t lat ith t tivi llel
risk with the number of susceptibility genotypes was stronger in women promoter elements correlates with promoter activity Abellele may

with prolonged estrogen exposure (indicated by a higher number of INcreaseCYP17expression and thus increase estradiol biosynthesis
estrogen exposure years or a higher number of estrogen exposure years(12). This suggestion is supported by evidence fhais associated
between menarche and first full-term pregnancy), women with higher with elevated levels of circulating estradiol in young women (13) and
estrogen levels (implied by early menarche), and women with a higher is related to a markedly increased risk of advanced breast cancer (12).
body mass index &22.5). On the basis of comprehensive profiles of  Hydroxylation of estrogen to hormonally inactive, water-soluble
estrogep m_etabohsm, this study supports the possibility that breast cancer metabolites, HEs, is an important means of eliminating estrogen (6,
can be initiated by estrogen exposure. 14). Oxidation occurs via two major pathways, one of which involves
C-2 (and/or C-4) of estradiol, resulting in the formation of the 2-HE
INTRODUCTION and 4-HE, whereas the other involves C-16, resulting in the formation
) ] ) ] ) of 16a-HE. Whereas 2-HE binds much more weakly to the estrogen
Bolth epldemlologlcal and cell biology studies have documented t'r"k?ceptor, resulting in much weaker hormonal potency, 4-HE and
contribution of estrogen to the development of breast cancer. Wejlg,_HE retain potent hormonal activity (15-17). Furthermore, 4-HE
established risk factors for breast cancer, including age at menarchiey 16,-HE are able to bind to DNA creating adducts and subse-
age at menopause, parity, and age at FRIP3), are operative via a ¢ antly causing gene mutations (5, 6, 18, 19). Thus, increased for-
hormonal mechanism. Hypotheses in which estrogen is involved ifLion of 4-HE and 16-HE has been associated with an elevated risk
tumorigenesis are based on the general concept that cell division pléyﬁreast cancer (6, 14, 20, 2DYP1Alis among the major enzymes
facrucial rolle ir.1 cancer dgvelopment anq thaF reprodugtive factors t @l}ticipating in estrogen hydroxylation (6, 14, 22) and thus may play
increase m'tOt'C, act|V|Fy in the breast eplthellum also increase canceyf important role in determining the relative distribution of the me-
risk (4). On this basis, the role of reproductive hormones durln[g olites. To date, at least four polymorphisms have been described in

tumorigenesis would be largely related to epigenetic alteration ape humarCYP1Algene (23). Two of thesenl (a C substituted for
tumor promotion. However, recent studies have shown that estrogen '

metabolites can bind to DNA and trigger damage (5-7), suggestin in the 3-noncoding region, giving rise toMspl restriction site) and

. . : (a point mutation in codon 462 of exon 7, leading to a substitution
that estrogen might be a complete carcinogen (8) that can direc . . . . L
of valine for isoleucine), are associated with increased breast cancer

. risk (22, 24-26). Because tme2 vt in cancer risk may be unrelated
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4870

Estrogen has been proposed to trigger breast cancer development via




BREAST CANCER AND ESTROGEN-METABOLIZING GENES

inactivating CE, including 2-HE and 4-HE (6, 14). Reduced COMTreatment and from each control subject. The buffy coats of these specimens
activity might increase the risk of breast cancer, secondary to tWere prepared immediately and stored -a80°C until extraction of the
accumulation of CE, which causes oxidative DNA damage (6, 29, 3g)gnomic DNA. Genomic DNA was obtained by conventional phenol/chloro-
In addition, 2-HE and 4-HE may be oxidized to CE quinones whidgrm extraction followed by ethanol precipitation and stored-&0°C until

react with DNA to form adduct. These adducts, especially CE-3,4€notype analysis.

- - ) . . . PCR-based RFLP assays (9, 12, 26) were used to determinevtRé?7
q_umone derl\{ed from 4 HE’. can cause depur_lnatlon leaving a}punEQPlAl,and COMT genotypes (Fig. 1) of the subjects. To ensure that the
sites (5), which is the major type of genetic damage leading X

. . A ; i . Bserved polymorphisms were specific and were not the results of experimen-
mutation and genomic deletion during tumorigenesis (31). A G-10- yariation, the results were confirmed by repeating the assay.

transition at codon 158 o€EOMT, which leads to a substitution of  statistical Analysis. Univariate and multivariate analyses were used to
methionine for valine (32), was recently linked to low COMT activity determine the risk factors for breast cancer in this series of study subjects, and
designated thé. (low activity) allele (in contrast to the witl high the ORs and corresponding 95% Cls were estimated (26, 41). In the present
activity allele). Three epidemiological studies (9, 33, 34) were theretudy, increased exposure to CE was hypothesized to contribute to elevated
fore carried out to examine a possible correlation between low activitjgast cancer risk. Therefore, women harboring high-risk alleles, including the
genotypes ofOMT (L/L or L/H) and breast cancer risk. Two studiescYP17 A allele, CYP1AL Mspvt, and/or theCOMT low activity (L) allele,

(9, 33) found a positive correlation but gave inconsistent results as'{g'® considered to be at higher risk of cancer. The association between

whether it was premenopausal or postmenopausal women who haﬁ %ﬁ%gpt'b'my genotypes and. bre.aSt cancer risk was ev‘f’“uamd n m.umva”?te
. . . . ogistic regression models with simultaneous consideration of established risk
elevated risk due to possession of the high-risk genotypes.

. . factors for breast cancer or other significant risk factors. Biological plausibility
The dosage of target agents might affect the associations of canggrs the most important criterion for inclusion of variables in the model;
with polymorphisms of metabolic genes among different studyerefore, we included all established risk factors in the models, regardless of

groups. For example, the greatest incremental lung cancer risk §#atistical significance:a) age; b) family history of breast cancerc) age at

fold) for the high-riskCYP1Algenotype was seen in light smokersmenarche; anddj age at FFTP (42). HRT history was also included in the
whereas heavy smokers with this genotype had less than twice the risklel for postmenopausal women because our previous studies (26, 41)
of heavy smokers without the genotype (35). Because Asian worrigmonstrated a significant effect of this factor in determining breast cancer risk

have, on average, 20% lower serum estradiol levels than WestBythis series of study subjects. A backward elimination procedure (43) was

women (36), elucidating the ethnicity-specific effects of genetic pol)z'i‘eercej ;‘;tisn‘:zcetdthp\elsspul";i 'Sv‘z)df;'”:gd multivariate-aORs and their 95% Cls

morphisms of estrogen-metabolizing genes on cancer risk in Taiwan-

iaht vield valuable cl th iati fb Of particular interest was the relationship between estrogen-metabolizing
ese women might yield valuable clues on the association o reﬁghes and the risk of breast cancer within categories of risk factors represent-

tumorigenesis with estrogen. This study reports such an investigatipp, gitterent levels of estrogen exposure. We adopted four indices to estimate
the estrogen exposure leved) total years of estrogen exposure (representing
MATERIALS AND METHODS the number of years of exposure to menstrual cycles), which was calculated
according to the age at menarche and age at interview for premenopausal
Study Population. This case-control study is part of an ongoing coopera¥omen and age at the time of menarche and age at menopause for postmeno-
tive study aimed at understanding the causes of breast cancer in Taiwan pgisal women;t) the number of years between menarche and FFTP. A more
37-41), which is characterized by low incidence (37), early tumor onset (3@dvanced age at FFTP is generally accepted as a major risk factor for breast
and novel genomic alterations (38, 39). One hundred and fifty female breast
cancer patients and 150 healthy female controls who had given their informed
consent were enrolled. All breast cancer patients had pathologically confirmy -,
primary breast carcinoma, and all were diagnosed and treated at the Nati\Lane 1234567809 10111213
Taiwan University Hospital between January 1995 and June 1996. This sarr [b ]
of patients constituted about 50% of all women with breast cancer attendi Y
our breast cancer clinic during the study period; the remaining patients we
excluded because of lack of adequate blood specimens. No significant difi 603
ences were found in breast cancer risk factors between the included :
excluded women. To avoid any differential recall bias of previous disea
history, we purposely randomly selected the controls from the health exar
nation clinic of the same hospital during the same study period. Because 310
examination was not sponsored by the National Insurance Program, the ¢ 27
trols might represent a group of women showing more concern about th 234
health (26). These controls constituted about 10% of all women attending 194
clinic; no significant differences were found in terms of socioeconomic stati
between those included and those not included. The control subjects recei
a 1.5-day comprehensive health examination and showed no evidence of br
cancer, any suspicious precancerous lesions of the breast, or other cance
Questionnaire. An experienced research nurse was assigned to adminis 72
a structured questionnaire to both case and control subjects. The informa

118

: ) Doth ¢ 1aco c M §33 Mg I

collected included age at diagnosis, family history of breast cancer (fir¢ s S § N I I T
degree relatives), history of breast biopsy, history of breast screening, agt s = < < vi\l'

menarche and/or menopause, parity, age at FFTP, number of pregnant CYP1A1 CYP17 COMT

history of breast feeding, use of oral contraceptives, HRT, history of alcohol

: : ; ; ; +Fig. 1. PCR-based RFLP analysis of genetic polymorphisms of the estrogen-metabo-
consumption and cigarette smoking, ethnic background, residence area, farITI1Z||l 3 genesCYP17 CYPIAL and COMT Lanes 1, 5, 9and 13, molecular weight

income, and education level. The BMI and menopausal status were a&lg@kers 1). Lanes 2-4DNA from women homozygous for tHeYP1AL Mspwt allele
recorded. Women younger than 55 years who had undergone hysterectofirgne 2, heterozygous for thet (high inducibility) allele Lane 3, and homozygous for
but not bilateral oophorectomy, were classified as unknown in terms Bevtallele (ane 4. Lanes 6-8CYP17polymorphisms in women homozygous for the
menopausal status wt allele Lane 6, A/A;), heterozygous fovt (high activity) allele Lane 7, A/A_z), anq
’ . . homozygous for thert allele Lane 8, A/A,). Lanes 10—-12COMT polymorphisms in
Laboratory Analyses. A 10-ml sample of peripheral blood collected in\yomen homozygous for thst (high activity) allele Lane 10, H/H, heterozygous for the
acetate-citrate dextrose was obtained from each breast cancer patient befqtev-activity) allele Lane 11, H/l), and homozygous for thet allele Lane 12; L/L).
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cancer. Although the mechanism underlying this association has yet to &@eene-dose effect is common in this type of genotype-based stud
L2 yp g yp y
defined, experimental studies in rats have shown that full-term pregnan@g), we defined susceptibility genotypes on the basis of the findings
results in permanent differentiation of the vulnerable breast stem cells, alterigserved in the present study. Thus, in the following analyses, ho-
subsequent susceptibility to hormones (44); this suggests that the perljﬂgzygous variants o€YP17, CYP1Aland COMT (CYP17 A/A
between menarche and the age at FFTP may be also critmjabge at %YPlAl Mspviivt andCOM,T L/L) were considered high-risk één-

menarche. This was used because women whose menarche occurred early Rave

higher levels of estrogen during the menstrual cycle (45) as well as a |0nggypes; this basis for definition has been used in previous molecular

duration of exposure to estrogen; amj BMI, because endogenous estrogerEPidemiological studies. Overall, an increased risk of breast cancer
is converted and released from adipose tissue. Subsequently, possible moagisociated with individual high-risk genotypes was found consistently
cation of risk by estrogen exposure was evaluated by calculating the risk (QRable 1). Individually, breast cancer risk associated with susceptibil-
of breast cancer in relation to the number of high-risk genotypes Withi{y genotypes varied for the three genes and was much higher for
different levels (categories) of estrogen exposure indices. COMT (P < 0.05) than forCYP17(P > 0.05), with an intermediate
value for CYP1AL1(P < 0.05). A more obvious increase in risk
RESULTS associated with high-risk genotypes was found in postmenopausal

The risk profiles of this series of study subjects were similar fgomen, and among premenopausal women, all of the high-risk gen-

those in other breast cancer studies, and reproductive risk fact§fyPes were positively but insignificantly associated with risk.

including early menarche and late FFTP, were significantly associated © Comprehensively assess the individual contributio€¥P17,

with increased breast cancer risk (26, 41). The frequency distributidng P1A1,and COMT in the association with breast cancer develop-
of the genetic polymorphisms @YP17 CYP1Al,and COMT are Ment, we performed logistic regression analysis considering the ef-
shown in Table 1. The association between the various polymdects of individual genes simultaneously (Table 2). The high-risk
phisms and breast cancer varied in women with heterozygous @YP17and CYP1Algenotypes played a relatively minor role and
genotypes CYP17 A/A,, CYP1A1 Mspwt/vt, and COMT H/L). In  were not significantly associated with cancer risk. However, consist-
contrast, the risk of breast cancer was consistently elevated in wongét with the findings in Table 1, the high-riskOMT genotype was
harboring homozygous variants of the individual ger@¥R17 A/A,,  strongly associated with breast cancer risk, with an adjusted OR of as
CYP1A1 Msp vtivt, and COMT L/L). Because there is very little high as 4.02. An epidemiological concern of this model is the absence
conclusive evidence in the literature regarding the phenotypic mani-a significant association between family history and breast cancer.
festations of heterozygous wt susceptibility genes, and the absencé&luf finding has been confirmed to reflect that a relatively high

Table 1 Distribution of genotype polymorphisms of estrogen-metabolizing genes, CYP17, CYP1A1, and COMT, and estimated OR and aOR in relation teebmésist canc

Genotype of estrogen-

metabolizing gene No. of cases (%) No. of controls (%) OR (95% CI) aOR (95% CI)
Total women
CYP17
AJA; 25 (20.3) 28 (22.2) 1.00 (Ré%) ] 1.00 (Ref)
AJA, 54 (43.9) 63 (50.0) 0.96 (0.48-1.94)
A lA, 44 (35.8) 35 (27.8) 1.41 (0.66-3.01) 1.28(0.73-2.27)
CYP1Al Mspl
wi/wt 48 (35.3) 45 (33.8) 1.00 (Ref) ] 1.00 (Ref)
wi/vt 56 (41.2) 71 (53.4) 0.74 (0.42-1.31)
vtivt 32(23.5) 17 (12.8) 1.76 (0.81-3.85) 2.11 (1.08-4.20)
COMT
H/H 68 (57.6) 66 (52.8) 1.00 (Ref) ] 1.00 (Ref)
H/L 37 (31.4) 55 (44.0) 0.65 (0.37-1.16)
L/L 13 (11.0) 4(3.2) 3.15(0.89-12.15) 3.55 (1.15-13.37)
Premenopausal women
CYP17
AJA, 10 (19.2) 12 (24.0) 1.00 (Ref) 1 1.00 (Ref)
AJA; 25 (48.1) 24 (48.0) 1.25(0.41-3.87)
AlA, 17 (32.7) 14 (28.0) 1.46 (0.42-5.06) 1.18 (0.50-2.83)
CYP1Al Mspl
wi/wt 24 (42.9) 18 (32.7) 1.00 (Ref) ] 1.00 (Ref)
WVt 21(37.5) 29 (52.7) 0.54 (0.22-1.35)
vtivt 11 (19.6) 8 (12.6) 1.03 (0.30-3.55) 1.79 (0.64-5.24)
COMT
H/H 29 (60.4) 31 (59.6) 1.00 (Ref) 1 1.00 (Ref)
H/L 14 (29.2) 18 (34.6) 0.83(0.32-2.15)
L/L 5(10.4) 3(5.8) 1.78 (0.33-10.51) 2.00 (0.46-10.36)
Postmenopausal women
CYP17
AJA; 14 (20.6) 15 (20.0) 1.00 (Ref) ] 1.00 (Ref)
AJA, 27 (39.7) 39 (52.0) 0.74 (0.28-1.95)
ALlA, 27 (39.7) 21 (28.0) 1.38(0.49-3.85) 1.31 (0.59-2.90)
CYP1A1
wt/wt 21 (28.0) 27 (35.1) 1.00 (Ref) 1 1.00 (Ref)
wt/vt 33 (44.0) 41 (53.2) 1.03 (0.47-2.30)
vt/vt 21 (28.0) 9(11.7) 3.00 (1.03-8.89) 2.15(0.84-5.72)
COMT
H/H 37 (56.9) 34 (47.2) 1.00 (Ref) 1.00 (Ref)
H/L 21(32.3) 37 (51.4) 0.52(0.24-1.13)
L/L 7(10.8) 1(1.4) 6.43 (0.72-146) 9.34 (1.27-193)

20ORs and 95% Cls were calculated by logistic regression models containing breast cancer risk factors. Risk factors were adjusted for age rjaofibyrédstocancer, age at
menarche, age at FFTP, and history of HRT in the groups of total women and postmenopausal women. For premenopausal women, the history of HRTideakindh@oiodel.

b Ref, reference group.
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Table 2 Unconditional logistic regression analysis of genotype polymorphisms of exposure in conjunction with the three susceptibility genotypes. Our
estrogen-metabolizing genes and multiple risk factors for breast cancer developmeghggestion is supported by the findings shown in Table 4, which

) Multivariate- showed that estrogen might modify the association between the num-
Risk factor a0R 95% cl ber of high-risk genotypes and elevated cancer risk. A consistently
Esgggel’}'?]c}z:i’l's'f'zgﬂf’l‘?’:/Az) 123 067208  Significant association of an increased cancer risk predisposed by
CYP1AL (viivt vs. wifwt, wifvt) 1.79 0.86-3.78 high-risk genotypes was seen in women with longer years of total
COMT (L/L vs. HH, HIL) 4.02 1.12-19.08  estrogen exposurex30 years), greater duration from age at menarche
égr?nigrfi?story of breast cancer (y®s.no) J(.):?; 832:5132? to FFTP &10 years), or younger age at menarchel§ years; all
Age at menarche<{13 yrsvs. >13 yrs) 1.93 1.05-3.58 P < 0.05). In contrast, among women with a shorter duration of
Age at FFTP £30 yrs or nulliparityvs. <30 yrs) 2.39 113-524  estrogen exposure, a shorter duration from menarche to FFTP, or an
History of HRT (yesvs. no) 4.47 1.58-14.76

older age at menarche, there was no significant association (all
P > 0.05). Furthermore, the increased cancer risk conferred by

proportion of control subjects had a family history of breast cancBigh-risk genotypes was significant in women with a higher BMI
(26), which might be expected because they were selected froné22-5), but not in those with a lower BMI (Table 4).

group of women who were probably more concerned about their

_health (.e.,thos_e at?ending a self-spo_nsored healtl_n examine}tion C"B1SCUSSION

ic). Although this might affect evaluations of genetic factors in breast

cancer development, this limitation should apply only to genes with A complete understanding of the etiological role of estrogen in
high penetrance, such &RCAland BRCA2 For low penetrance breast tumorigenesis will require studies that evaluate both the genes
genes, such a8YP17, CYP1AlandCOMT, the effect, if any, might participating in estrogen metabolism and the extent to which estrogen
be relatively minor. Furthermore, any such overrepresentation @fposure modifies the associations of these genes with breast cancer
genetic predisposition in our control subjects might underestimate ttiek. This understanding is likely to emerge slowly as research is
ORs, and therefore the ORs contributed by genetic polymorphismtended from single-gene studies to multigenic or to etiological
determined in our findings would be conservative. pathway-wide studies. Thus, the discrepancies regarding the degree

CYP17 CYP1Al,and COMT are major susceptibility genes se-and nature of cancer risk related to various genetic polymorphisms
quentially participating in a pathway of estrogen synthesis and inamong current studies are not surprising. In fact, several previous
tivation. To determine whether the profiles of these estrogen-metaludies have shown no evidence of a relationship between breast
olizing genes may be associated with breast cancer, we examineddéiecer and the high-risk genotypesG¥P17 CYP1A1andCOMTor
breast cancer risk associated with combinations of these high-ri&kve shown inconsistent resules.d., Refs. 34, 46, and 47). To the
genotypes using women with all three putative low-risk genotypes lsst of our knowledge, ours is among the first studies to address the
the reference groups (Table 3). The reference group represerigsdlie of estrogen metabolism in relation to breast cancer risk in a
women at least risk of exposure to active CE because of lowewltigenic model. This should allow a more precise evaluation of the
estrogen synthesis and greater CE inactivation. The presence ofisits associated with individual susceptibility genes and a more com-
least one putative high-risk genotype was associated with an increagezhensive insight into tumorigenesis initiated by estrogen exposure.
risk of breast cancer. The risk of breast cancer increased significantlfexposure of the breast epithelium to CE, which is suggested to
as the number of putative high-risk genotypes increaBed 0.006, trigger DNA damage and genetic mutations directly (5-7), underlies
based on the Mantel extension test for a linear trend). Notably, nothe tumorigenic mechanism evaluated in the present study. In an
of the controls harbored all three high-risk genotypes. Similarly, noaétempt to address this issue, we defined the role of susceptibility
of the controls had the high-risk genotypes of bd&@lVP17 and genotypes as contributing to increased formation of CE via increased
CYP1A1 although these two genes were considered to predisposéiasynthesis of estrogenCYP17 A/A,), estrogen hydroxylation
a relatively minor risk compared with that f&OMT. (CYP1A1 Mspvt/ivt), or decreased inactivation of CE v@methyl-

If these susceptibility genes were associated with breast canagon (COMT L/L). Our epidemiological observations fit this model
development via the hypothesized mechanism involving estrogemmarkably well. The significant association between the number of
metabolism, the relationship between cancer risk and susceptibilifigh-risk genotypes and breast cancer risk supports the hypothesis that
genotypes would be expected to be more significant in the subsetbofast cancer can be caused by an initiating effect that is due to CE.
women with a longer period of estrogen exposure or higher estrogéime modification of this association by the estrogen exposure profile
levels. We therefore investigated the potential importance of estrogée., more years of estrogen exposure or early menarche, which

Table 3 Estimated OR of breast cancer development associated with number of high-risk genotypes of estrogen-metabolfzing genes

No. of high-risk genotypes

CYP17 CYP1A1 COMT No. of cases (%) No. of controls (%) OR (95% ClI)
No putative high-risk genotype 1.00 (Reff
AdA;, AJA, wt/wt, wt/vt H/H, HIL 47 (44.3) 69 (58.0)
One putative high-risk genotype 1.47 (0.81-2.66)
A 1A, wt/wt, wt/vt H/H, H/L 27 (25.5) 30 (25.2)
AdA;, AJA, Vtivt H/H, HIL 4(3.8) 3(2.5)
AJAL, AJA, wt/iwt, wiivt L/L 14 (13.2) 12 (10.1)
Two putative high-risk genotypes 3.52(1.06-12.4)
AsIA, Vtivt H/H, HIL 2(1.9) 0(0)
AslA, wt/wt, wt/vt L/L 7 (6.6) 5(4.2)
AlA; AA; vi/vt L/L 3(2.8) 0(0)
All three putative high-risk genotypes
ASIA, vt/vt L/iL 2(1.9) 0(0) —

&P for trend = 0.006.
b Ref, reference group.
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Table 4 aOR of breast cancer development associated with having additional one more powerful studies of women with different menopausal and BMI
high-risk genotype of estrogen-metabolizing genes, stratified by risk factors of esm’gﬁfbfiles are needed to address this issue

exposure or BMI . )
If the proposed model of estrogen metabolism correctly describes

Risk factor ; Case (%) Control (%) adR95% Cl)  peact cancer pathogenesis, it would be interesting to examine whether
Total years of estrogen expostre f e f At f f i
=30 yrs 85(612) 83(62.4) 174 (1.05-2.95) it can explain in pa_lrt t_he ethr_uc ve_lrlatlon in breast cancer |nC|dence_.
<30 yrs 54(38.8) 50(37.6) 1.65(0.82-3.51) The breast cancer incidence in Taiwan (20 of 100,000 women/year) is
Years of estrogen exposure before FﬁTF’gs (©8.4) 61459 170(LOLL03) only about 20-25% that of American whites. However, Taiwanese
=10 yrs . . . .01-1. . . . . .
<10yrs 44(31.6) 72(541) 163(0.81-3.39) Women have several genetic factors, including hlgher. frequengles of
Age at menarche the CYP17 A and CYP1A1l Msp vt alleles, that contribute to in-
=13 yrs 57(41.0) 38(28.6) 1.83(1.00-3.66) cregsed formation of CE, which would seem to increase the risk of
>13 yrs 82(59.0) 95(71.1) 1.58(0.89-2.87) o . . o
BMI (kg/m2) tumors and is inconsistent with the low incidence of breast cancer.
=225 66 (47.5) 89 (66.9) 1.91(1.07-3.51) Our finding that harboring a high-riskOMT genotype is a stronger
<225 73(52.5) 44(33.1) 1.42(0.78-2.68)

predictor of breast cancer risk than harboring a high-G317or

2 aOR of breast cancer development associated with the number of high-risk genoty i i [ indi
- hun 1 e Sad articularly intriguing and may indi-
(of CYP17, CYP1Al, and COMTas calculated in a multivariate logistic regression PlAlgenotype is therefore p y guing Yy

model containing the number of high-risk genotypes (tivesustwo versusoneversus ~ Cate that inactivation is more important than formation of CE in breast

zero), age, and family history of breast cancer. cancer development in Taiwanese women. It is biologically plausible
For premenopausal women, total years of estrogen exposulge — age at . s . _ri

menarche; for postmenopausal women, total years of estrogen exposige at meno- that the breast Cance_r prec_ilsposmon Confer_red by h_lgh risk genotypes

pause— age at menarche. of CYP170or CYP1Alin Taiwanese women is minimized because of

¢ For postmenopausal nulliparous women, this indexage at menopause age at g relatively low level of estrogen, which could be related to late

menarche; for other women, this indexage at FFTP- age at menarche. menarche, early menopause, low fat or cholesterol intake from East-
ern diets, or a combination of these factors. On the other hand, the
high frequency of high activity alleles/genotypes @OMT in our

implies a higher estrogen level during the menstrual cycle) len@gpulation .g.,>95% of controls hadH/H or H/L genotypes in this
additional support to this hypothesis. These results will shed addtudyversus72—87% in previous reports (9, 33, 34)] should indicate
tional light on our understanding of breast tumorigenesis, becauseénarkedly lower exposure of breast epithelium to CE, which might
although a link between common carcinogens, including cigaretigso explain the reduced risk of breast cancer seen in Taiwanese
smoke and environmental polyaromatic hydrocarbons, and bregagimen.
cancer has been suggested, current views on the DNA-damaginghe present study used a case-control design, which, in theory,
agents responsible for breast cancer initiation have been largely rifight be subject to a variety of biases derived mainly from inappro-
conclusive. Our findings certainly do not exclude the well-establishedliate selection of the control group or differential recall bias. How-
mechanism by which estrogen triggers cell proliferation and tumewer, considerable efforts, including the application of a standardized
promotion. Rather, because only cells undergoing cell division haigerview to ensure the validity of information collected by question-
the potential to fix genetic damage and to accumulate the genomigire, were made to avoid such biases. Our finding that the risk
instability essential for driving cancer development, the dual role pfofiles defined in this series of patients (26, 37, 41) were similar to
estrogen as both an initiatare., CE) and a promotei.g., estradiol) those reported in other breast cancer studies and consistent with the
provides a more direct explanation for breast cancer developmentcurrent understanding of breast tumorigenesis provides solid justifi-

The most inconsistent findings regarding the association betwegdtion of the validity of our study results. The major epidemiological
breast cancer risk andOMT polymorphisms are those on the extentonsideration, if any, of the present study was the relatively small
of risk modification by BMI during different menopausal statessample size. However, as compared with other molecular epidemio-
Breast cancer risk has been associated withG¥T genotype in logical studies addressing similar issues, we do not consider our
three particular subsets of womem) postmenopausal women with sample size to have been inadequate to assess the associations of
the highest BMI; ) postmenopausal women with the lowest BMljnterest. In addition, it should be noted that the 150 case subjects
and €) premenopausal women with the highest BMI (9, 33). Variousicluded in this study constituted about 8—10% of the total breast
biological effects of CE causing either direct DNA damage, leading tancer patients annually diagnosed in Taiwan. Finally, the proportion
mutation, or, conversely, growth inhibition due to its metaboliteaf women with the high-risiCYP1Alor CYP17alleles was higher in
2-methoxyestradiol (7), under either high or low estrogen enviropur Taiwanese population than those reported in the Western popu-
ments have been speculated to partially explain these seeminiglyon. Thus, it should have been easier to obtain adequate statistical
opposing findings (33, 48). However, these studies considered fi@ver to evaluate the contribution of these two genes. In contrast,
effect of COMT in isolation, and the failure to consider the effects obnly 3—4% of Taiwanese women were found to have the high-risk
other key factors€.g.,the CYP1Aland/orCYP17genotypes) may COMTgenotype, which is in sharp contrast to th&0% rate reported
have resulted in an imprecise estimation of the tumorigenic effectiof previous studies conducted in white populations. However, in the
CE, which may also explain, in part, the inconsistent findings. Ogresent studyCOMT was found to be the most significant suscepti-
findings, which are based on a more comprehensive picture of thiéity gene associated with elevated breast cancer risk in Taiwan.
entire estrogen-metabolizing pathway, confirmed only that beast cdius, the problem of sample size should have had only a minor impact
cer risk is associated with the low activiBOMT genotype in women on our findings.
with a high BMI. Aromatase enzyme releases estrogen from adiposén summary, estrogen and other steroid hormones are undoubtedly
tissue into the circulation (48). Therefore, obese women would haiverolved in the pathogenesis and progression of breast cancer. How-
higher levels of circulating estrogen, creating an environment @ver, the tumorigenic mechanisms underlying their effects are more
which the genes participating in the CE production and inactivatia@mmplex and go beyond the general concept that they stimulate cell
pathway are most likely to manifest their tumorigenic effects. Due fwoliferation, which in turn leads to neoplasia. In the present study, we
the relatively small number of women in this study, further stratifilemonstrated that breast cancer may be attributable to susceptibility
cation of the study subjects based on their BMI and menopausal stajesotypes of estrogen-metabolizing genes, which lead to increased
would result in an imprecise estimation of risk. Additional, largedgvels of CE. The elevated cancer risk associated with increased
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exposure to CE mediated by susceptibility genotypes observed in #deAmbrosone, C. B., Freudenheim, J. L., Graham, S., Marshall, J. R., Vena, J. E,,

present study may reflect not only a higher level of potentially

carcinogenic CE but also a decrease in anticarcinogenic 2-me-

thoxyestradiol concentration, which is converted from CE by COMT
(7). Other genes certainly participate in this estrogen-metaboliziﬁ@
pathway. Candidate genes a@YP1B1(involved in estrogen hy-

droxylation), 16«-hydroxylase(involved in 1Gx-HE formation), or

detoxification enzymes in the glutathioBdransferase family (6, 14). 26.
A multigenic study on genetic susceptibility with a larger sample size
is the best solution to resolve the current inconsistent study resultz’.
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