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ABSTRACT 2). The role of the consumption of alcoholic beverages and sources of
o ) ) ) dietary fat in breast carcinogenesis has also been considered, although

Oxidative stress, resulting from the imbalance between prooxidantand o6 is controversy in the field regarding these factors (3-6). There
annoxn_iant states, damages DNA.’ proteins, cell membranes’ .and mito- also are relatively consistent data to support an association between

chondria and seems to play a role in human breast carcinogenesis. Dietary fruit and vegetable intake and risk, as well as inverse associations with

sources of antioxidants (chemical) and endogenous antioxidants (enzymat- . . . . . .
ic), including the polymorphic manganese superoxide dismutase (Mn- increased consumption of dietary sources of antioxidants including

SOD), can act to reduce the load of oxidative stress. We hypothesized that ascqrbic E}Cida-tocopherol, .and f:arotenoids (7, 8). The mechanistic
the valine-to-alanine substitution that seems to alter transport of the relationship of these putative risk factors, however, has not been
enzyme into the mitochondrion, changing its efficacy in fighting oxidative elucidated. One hypothesis is that they affect oxidative stress and the
stress, was associated with breast cancer risk and that a diet rich in production of ROS by altering the balance between prooxidant
sources of antioxidants could ameliorate the effects on risk. Data were cellular activity and antioxidant defenses. These ROS are produced by
collected in a case-control study of diet and breast cancer in western New yormg| cellular respiration and as a result of inflammation and cellular
York from 1986 to 1991. Caucasian women with incident, primary, his- stress (9)

tologicall fi t f -match i .
ologically confirmed breast cancer were frequency-matched on age and When ROS are produced as a consequence of normal metabolism

county of residence to community controls. Blood specimens were col- di . . hich th . ffici ioxid
lected and processed from a subset of participants in the study (266 casesC N an environment in which there is sufficient antioxidant power

and 295 controls). Using a RFLP that distinguishes a valine (V) to alanine @nd repair capacity, there are presumably few deleterious effects.
(A) change in the —9 position in the signal sequence of the protein for However, when there is excessive production of ROS because of
MnSOD, we characterizedMnSOD genotypes in relation to breast cancer exposure to toxic agents or to pathological processes, or when there
risk. We also evaluated the effect of the polymorphism on risk among low are insufficientin vivo defense mechanisms, oxidative stress may
and high consumers of fruits and vegetables. Premenopausal women whooccur. This results in damage to DNA including breakage, as well as
were homozygous for theA allele had a 4-fold increase in breast cancer |ipid peroxidation, protein modification, membrane disruption, and
risk in comparison to those Wlth. 1or 2V alleles (odds ratio, 4.3; 95% itochondrial damage (10-14). ROS also may be generated through
confidence interval, 1.7-10.8). Risk was most pronounced among womeny, o etaholism of estradiol and a variety of xenobiotics, in which
below the median consumption of fruits and vegetables and of dietary . . . . ;
superoxide anions are produced via redox cycling of quinones and

ascorbic acid and a-tocopherol, with little increased risk for those with S . .
diets rich in these foods. Relationships were weaker among postmeno—sem'qu'nones' and other intermediates (15). Catechol estrogens and

pausal women, although theMnSOD AA genotype was associated with an Nitric oxide, which produces ROS, synergistically increase DNA
almost 2-fold increase in risk (odds ratio, 1.8; confidence interval, 0.9— damage (16). Finally, ROS may result from peroxidation of polyun-
3.6). No appreciable modification of risk by diet was detected for these Saturated fatty acids (17).
older women. These data support the hypothesis that MNnSOD and oxida- ~ Together, these data indicate that oxidative stress may be related to
tive stress play a significant role in breast cancer risk, particularly in  human breast etiology. Oxidative stress has been shown to result in
premenopausal women. The finding that risk was greatest among women tymor formation in laboratory animal models, and there is other
who consumed lower amounts of dietary antioxidants and was minimal support for a role in human breast tumorigenesis (10, 18—-22). Re-
among high consumers indicates that a diet rich in sources of antioxidants cently, it was found that BRCAL in embryonic mouse stem cells is
may minimize the deleterious effects of theMnSOD polymorphism, 2 S g S
thereby supporting public health recommendations for the consumption reqUIrgd for the transcription-coupled repair of O)fldatlv,e damage (23)'
of diets rich in fruits and vegetables as a preventive measure against OXidative damage has been reported to be higher in women with
cancer. breast cancer compared with controls, although studies to date remain
small (24, 25), and these levels vary with the consumption of meats,
vegetables, and fruits (26).
INTRODUCTION Endogenous defenses against ROS include glutathione peroxidase,

talase, and SOD (9). There are three known forms of S@n0hé

The preponderance of data from epidemiological studies indica{gj%osolic copper/zinc SODb] the extracellular copper/zinc SOD:

that, aside from a family history of b_reast cancer,_m.ost breast can(%#j €) the mitochondrial MNSOD. MnSOD is synthesized in the
risk factors are related to reproductive characteristics and hormona - . . -
¥toso| and posttranscriptionally modified for transport into the mi-

factors including high body mass index in postmenopausal women ﬁ)éhondrion (27, 28). In the mitochondrion, it catalyzes the dismuta-

_ tion of two superoxide radicals, producing®}, and oxygen. MnSOD
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Using a Chou Fasman analysis, Shimodo-Matsubayashi (28) predicted A B C
that the resulting amino acid change would alter the secondary struc-
ture of the protein from am-helical structure to g8-pleated sheet
conformation. Rosenblurat al. (31) suggest that the alteration may
affect the cellular allocation of the enzyme and mitochondrial trans-
port of MnSOD into the mitochondrion, where it would be biologi-
cally available. They further suggest that inefficient targeting of
MnSOD could leave mitochondria without their full defense against
superoxide radicals, which could lead to protein oxidation as well as
mitochondrial DNA mutations. It is becoming increasingly clear that
the mitochondrion plays a crucial role in controlling cell life and

death. Apoptosis may be driven in the mitochondria by several mech-

. . . . . - Fig. 1. TheMnSOD genetic polymorphism was determined using PCR and RFLP
anisms including dlsruptlon of electron transport, activation Qcxfnalysis by Cac8 1 after introducing a single base mismatch in the forward primer. The

caspase family proteases, and alteration of cellular reduction-oXiat@owing genotypes were observed9 Ala/—9 Ala (Lane A; —9 Ala/—9 Val (Lane B:
tion potential (32). It has been reported that the depletion of mitg2d—9 Vali—9 val (Lane Q.
chondrial DNA can affect the tumorigenic phenotype of cultured
breast tumor cells (33). Perhaps even more importantly, overexpres- i i ) i

. . . . foods 2 years before the interview. Grams of total fruit and vegetable intake
sion of MNSOD: &) decreases the malignant phenotypes of various . ! . .

. . L were calculated and units of ascorbic acidfocopherol, and carotenoids

typ?s of cancer '”C'UQ'UQ breast cancer (34, ,35)' |(1crgases the computed using nutrient composition data from United States Department
resistance for Cytotoxicity from tumor necrosis factorin breast  agricyiture data tapes and published food composition data. At the time of the
cancer (36, 37);d) increases apoptosis (38); ard) (mproves apop- interview, women were asked to provide a blood specimen; approximately
tosis after hydrogen peroxide challenge (38). Induction of MnSOI%% of premenopausal and 63% of postmenopausal women consented to
also increases catalase (39). It is also possible that mitochondpalebotomy.
MnSOD could impact on oxidative damage in nuclear DNA, which Laboratory Analysis. Genomic DNA (50 ng) was extracted from blood
would be one plausible mechanism for increased risk from a genegiets (42) and amplified using 40 pmol of primersSCCAGCAGGCAGCT-
polymorphism inMnSOD although the effects on the mitochondriof®GCGCCGG-3 and 3-GCGTTGATGTGAGGTTCCAG-3 in reaction
alone could be sufficient for its impact on carcinogenesis. Thus, théygfer [L0 mv Tris-HCI buffer (pH 8.3), 50 m KCI, and 1.0 nm MgCl,], and

are a number of ways that affecting the cellular distribution of Mn';-‘,'m'oIItaOI DNA p_oly,me_rase (1.25 units; Perkin-Elmer, Norwalk, CT) with
. . -deoxynucleoside-3triphosphates (1.87 m Pharmacia, Piscataway, NJ) in
SOD might affect breast cancer risk.

. . a 50:| reaction volume. A mutation was introduced by a primer mismatch to
To date, the frequency of this polymorphism has not been reportgdate 4 restriction cut site for Cac8 1 in th@Ala codon. The alanine/valine

in Caucasians, but the frequency of @lanineandvaline alleles in  polymorphism occurs at amino acid 16, which is toward the COOH terminus
Japanese is 12 and 88%, respectively (28). This is the only studyotahe 24-residue mitochondrial signal sequence, at nt 47, counting from the
date that has investigated a disease outcome related tMt8OD adenosine of the initial methionine codon (31). The PCR reaction had an initial
polymorphism. In a study of 83 patients with Parkinson’s disease ameglting temperature of 95°C (5 min) followed by 35 cycles of melting (95°C;

140 controls, cases were more likely to have the alanine variant (28)nin), annealing (61°C; 1 min), and extension (72°C; 2 min). An extension

The investigators hypothesized that Parkinson’s disease may bePR@iod of 7 min at 72E C followed the final cycle. PCR product {dpwas
lated to mitochondrial stress digested with Cac8 1 (3 units; 37°C, 16 h; New England Biolabs, Beverly,

) A o
Because ROS, including those generated by xenobiotics, estrog%%' Digested products (87 or 93 bp) were visualized on a 4% metaphor gel

. . A 'C Bioproducts, Rockland, ME) stained with ethidium bromide. Assay
pOIyunsat_urated fatty a‘_:lds’ etha_noL and caloric metabo"sr_n’ may ¢ gults were interpreted by two independent investigators (E. B., P. G. S.) who
involved in breast carcinogenesis, and because MnSOD is a MgjRte piinded to case-control status; 20% of the samples were repeated for
scavenger of ROS, we hypothesized thattieSODA allele could be  quality control to ensure that no coding errors occurred. The assay was
related to breast cancer risk by having an altered capacity to redygfdated by confirming polymorphic Mendelian inheritance patterns in seven
oxidative stress. We previously reported (40, 41) a 2-fold decreasehinman family cell linesr{ = 134), encompassing three generations each (data
risk with higher consumption of fruits and vegetables, as well as wittot shown; National Institute of General Medical Sciences, Human Genetic
specific sources of the antioxidants ascorbic acid, carotenoids, dfi¢fant Cell Repository, Coriell Institute, Camden, NJ). In addition, PCR
a-tocopherol. Thus, we were also interested in evaluating the roleRspduct from a—9Ala and a—9Val sample underwent direct fluorescence

the MnSOD polymorphism in environments both rich and poor irF€duencing. _ , _ _
antioxidant defenses Statistical Analysis. x* analyses were used to determine the differences in

distribution of theMnSODgenotype between cases and controls. ORs and 95%

Cls were calculated using unconditional logistic regression to evaluate asso-
MATERIALS AND METHODS ciations betweerMnSOD genotypes and breast cancer risk separately for

premenopausal and postmenopausal women. Two models were used; one was

Study Population. These analyses are based on a subset from a studyaafjusted for age and education only, and another model also incluajexhd

diet and breast cancer in western New York that has been described in degitimenarche;k) age at first pregnancyg) reported family history of breast
elsewhere (40-42). From 1986 to 1991, women with primary, incidergancer; ) body mass index;gj total caloric intake; andff age at menopause
histologically confirmed breast cancer were identified from all of the majdor postmenopausal women. For these analyses, consumption of total fruit and
hospitals in Erie and Niagara counties. They were frequency-matched by aggetables and dietary antioxidants, not including supplements, was divided at
and county of residence to community controls who were identified from listeke median to categorize women into high and low consumption of each factor.
from the Department of Motor Vehicless(age 65) and the Health Care Separate analyses were performed to evaluate effects dfris®©Dgenotype
Finance Administration age 65). The protocol for the study was reviewedn risk within users and nonusers of supplemental antioxidants (vitamins C and
by the institutional review boards of the State University of New York aE). MnSODgenotypes were collapsed into a dichotomous variable to prevent
Buffalo and of all of the participating hospitals. Informed consent was receivedtremely small cells in stratified analyses. There was little effect on risk with
from all participants for interview and medical record review. The personaheA allele; thus, women who were homozygous for¥hallele were grouped
interview included a detailed, validated food frequency questionnaire, wittith heterozygotes as the referent category. The effect oMh8ODAYA2
information gathered on portion size and frequency of consumption for P@lymorphism was then evaluated within groups of women with high and low
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Table 1 Case and control differences in putative risk factors for breast cancer within the entire study set and the subset fMn8@éhdata were available

All data With MnSODresults
Case Control Case Control
Premenopausal
Age 45.8 (3.9} 46.1 (3.5) 46.7 (4.3) 47.0(3.8)
Education 13.8(2.8) 14.1 (2.7) 13.7 (2.8) 13.6 (2.6)
Age at menarche 12.5(1.6) 12.8 (1.7) 12.6 1.6) 13.0(1.8)
Age first pregnant 23.6 (4.9) 22.4 (4.0) 23.7 (4.8) 22.1(4.2)
Body mass index 25.1(5.7) 25.8 (5.2) 24.3 (4.6) 25.6 (4.7)
Family history of breast cancer 13% 7% 1796 6%
Postmenopausal
Age 62.8 (7.6} 63.5(7.7) 63.0 (7.7) 62.4 (7.1)
Education 12.4(2.8) 12.2(2.6) 12.5(2.9) 12.3(2.5)
Age at menarche 12.8 (1.5) 12.9 (1.6) 12.9 (1.7) 12.9 (1.6)
Age first pregnant 24.5(4.8) 24.2 (4.8) 24.6 (4.7 23.5(4.6)
Age at menopause 47.3 (6.1) 46.5 (6.4) 47.8 (5.8) 46.7 (5.9)
Body mass index 26.5(52) 25.7 (5.2) 26.3(5.9) 25.2 (5.0)
Family history of breast cancer 16% 8% 1696 6%
&P < 0.05 for case-control differences.
b Mean (SD).

consumption of dietary sources of specific antioxidants and vitamin suppleigher consumers of fruits and vegetables and sources of dietary

ments as well as total fruits and vegetables. antioxidants, we observed that the deleterious effect oMh8ODA
polymorphism was most pronounced among premenopausal women
RESULTS who consumed lower amounts of total fruits and vegetables (OR, 6.0;

) ] Cl, 2.0-18.2; Table 4). The effect was weaker, although still elevated,

Fig. 1 shows results for selected genotyping assays. Genotype dgiyng premenopausal women who had diets rich in fruits and veg-
for MnSODwere available for 266 women with breast cancer and 294pjes (OR, 3.2; Cl, 1.2-8.2). Similar trends were noted for sources
c_ommunity controls. For the r_nost part, associa_tions b_et\_/veen putatijfesscorbic acid ande-tocopherol, with theMnSOD polymorphism
risk factors for breast cancer.d, those for which logistic models ¢onferring increased risk primarily among women with diets poorer in
were initially adjusted) were similar within the larger data set and thgese antioxidants. However, for the carotenoids, NESOD poly-
subset for whichMnSODdata were available. Values for cases anghorphism increased risk regardless of dietary intake. Among postm-
controls within each group, by menopausal status are, shown in Tagig,nausal women, few clear differences were observed between low
1. MnSODallele frequencies among cases and controls are showngfq high consumers of diets rich in antioxidants, except that, among
Table 2. Among controls, thé allele was present in 50% of the \yomen with diets poor in sources ai-tocopherol, theMnSOD
chromosomes evaluated, but the frequency ofAfadlele was higher _Ipolymorphism conferred a more than 2-fold risk of breast cancer with
in both pre- and postmenopausal women with breast cancer. Thgassociation observed among those with higher intake of sources of
relationship between th®InSOD polymorphism and breast cancer,.-tocopherol.
risk among premenopausal and postmenopausal women is shown igjmilar associations were noted among users of vitamin supple-
Table 3. Among premenopausal women, those with at leasthtongnents. Risk associated with thénSOD AAgenotype was observed
allele had little increased risk of breast cancer in comparison &Aly among premenopausal women who did not take supplements of
women homozygous for th¥ alleles. Premenopausal women WhQitamin C (OR, 4.8; 95% Cl, 2.1-11.0) angtocopherol (OR, 3.8;

were homozygous for tha allele, however, had a 4-fold increase inggoy, Cl, 1.8—-8.2). For those taking these supplementsMh8OD
risk (adjusted OR, 4.3; 95% Cl, 1.7-10.8) in comparison with thosea genotype did not confer increased risk.

with V alleles.

The association betweeVinSODgenotype and breast cancer riSlﬁDISCUSSION
was weaker among postmenopausal women (Table 3). There was little
to no increase in risk with ona allele, but those who were homozy- In these data, we observed an association betweerMtiOD
gous for theA allele had an almost 2-fold increase in risk, although thgenetic polymorphism and breast cancer risk. The effect was strongest
Cl included unity (OR, 1.8; 95% ClI, 0.9-3.6). When genotypes weemong premenopausal women, particularly those who were homozy-
dichotomized InSOD Val/Val and MnSOD Val/Ala combined as gous for theA allele. Furthermore, it appeared that risk associated
referent), both pre- and postmenopausal women who were homowth this MnSODpolymorphism was greatest among premenopausal
gous for thealanine allele were at significantly increased risk ofwomen who consumed low amounts of fruits and vegetables and other
breast cancer, although, again, risk was greatest for premenopaseatces of dietary antioxidants. Although the mechanisms are not
women. clearly elucidated, these data indicate that ROS may be important in

When women were dichotomized at the median into lower argleast carcinogenesis, and that MNnSOD activity or distribution may
play a key role in the prevention of human breast cancer.

There is support in the literature for an association between oxida-
tive stress and breast cancer risk. DNA damage and strand breaks are
clearly linked to oxidative stress (18), and recent work by Weingj.

Table 2 Allele frequencigsfor MNSOD among pre- and postmenopausal women:
Western New York Breast Cancer Study, 1986-1991

Premenopausal Postmenopausal (21) identified DNA-malondialdehyde adducts, markers of oxidative
MnSODallele Case Control Case Control stress due to lipid peroxidation, in human breast tissue. Higher levels
Alanine (A) .63 49 57 51 of malondialdehyde have also been noted in the urine of women with
Valine (V) 37 51 43 49 mammographic breast dysplasia (20). Supported by indications that
a ) Number of alleles most breast cancer risk factors may be related to oxidative damage
Allele frequencies . L . .
Number of chromosomes and that risk is reduced by the consumption of fruits and vegetables,
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Table 3 Risk of breast cancer associated with genetic polymorphisnn80OD

Casen (%) Control,n (%) OR (CIf OR (CIP
Premenopausal
MnSOIIya:;Xf" 16 (14) 25 (23) 1.0 1.0
MnSQD’a/Al 53 (46) 62 (56) 1.3 (0.6-2.8) 1.3 (0.6-2.9)
MnSODA'anC'aI . 45 (40) 23 (21) 3.0 (1.4-6.8) 4.3(1.7-10.8)
Mnsoﬁ’laal Af‘ and MnSOD/a"Ala 69 (61) 87 (79) 1.0 1.0
Mnso al 45 (39) 23(21) 2.5 (1.4-4.5) 3.5 (1.8-6.8)
Postmenopausal
MnSOIIya:;Xf" 23 (15) 38 (20) 1.0 1.0
MnSQD’a/Al 84 (55) 107 (58) 1.3(0.7-2.3) 1.1(0.6-2.1)
MnSODA'anC'aI . 45 (30) 40 (22) 1.8 (0.9-3.6) 1.8 (0.9-3.6)
MnSOD/aVal gnd Mnsop/a/Ala 107 (70) 145 (79) 1.0 1.0
Mnsorfi&AR 45 (30) 40 (21) 1.5 (0.9-2.5) 1.7 (1.0-2.7)

2 0ORs and 95% Cls calculated by unconditional logistic regression, adjusted for age and education.
P ORs and 95% Cls calculated by unconditional logistic regression, adjusted for age, education, age at menarche, age at first pregnancy, bodyanashisiery of breast
cancer, total caloric intake, and age at menopause for postmenopausal women.

it is plausible that SOD, the major enzyme involved in preventingreast carcinogenesis among these younger women, and that risk
oxidative stress in the mitochondrion, would also be associated wftittors among postmenopausal women are less impacted by antioxi-
breast cancer risk. The fact that risk associated with MmSOD dative processes. It is interesting to note tBRCALis required for
polymorphism was greatest among premenopausal women who cwanscription-coupled repair of oxidative DNA damage (23). This
sumed low amounts of fruits and vegetables and specific sourcesf@in of breast cancer is most often seen in younger women, and the
dietary antioxidants is consistent with their functions and that of SOfact that the effects of thainSOD polymorphism were greatest
(43). One could assume that disruption of the cellular distribution @afmong premenopausal women may be driven, to some degree, by less
MnSOD would have the most deleterious effects in an environmesfficient DNA repair. Although we do not have information on the
that was also low in other antioxidants. frequency ofBRCA1lmutations among participants in this study, we

It is unclear why effects should be strongest among premenopaugial evaluate relationships with family history of breast cancer. Among
women. It may be possible that oxidative stress plays a larger rolegbstmenopausal women, associations between breast candénand
SOD did not differ by family history. However, among premeno-
pausal women, all women with a family history of breast cancer who
were also homozygous for thdnSOD Aalleles had breast cancer
(n = 7). There were no controls with both mutations. Although

Table 4 Risk associated with theiInSOD polymorphisms among premenopausal and
postmenopausal women consuming low and high diets rich in antioxidants

Low consumptioft High consumption - . ..
P 9 P numbers are small, these data indicate that inefficient response to
calcd OR (CIf calco OR (CI) oxidative damage, coupled with inefficient DNA repair, could act
Premenopausal synergistically in breast cancer etiology. Examination of MeSOD
Total fruit and vegetables ; : ; .
MnSOD@Val ang 32140 1.0 37147 1.0 polymorphism among women W|t_h a_nd withoBRCA1 mutatl_ons
MnsQD/aVAla would be of great interest for elucidation of these relationships.
la/Al . .
MnsOD*/4 246 6.0(20-182) 2117  3.2(1.2-82) MnSOD may play a dual role in relation to exposure to ROS.
Carotenoids f v h d d | |
MnsoD'aVal ang 3843 1.0 3144 1.0 Human cancer requent_y as decreased MnSOD levels. Howeyer,
Mnsola?/:z”*'a although it is clearly an important scavenger of ROS, the production
As’\c"gf)icéD;i g 2712z 41(1.6-104) 1811 36(1.3-105) of H_O, by MNSOD in specific circumstances may lead to potentially
MnSO[)’a'é\/’a:/Aalnd 27/38 1.0 42149 1.0 carcinogenic effects, especially if some individuals have a decreased
MnSOD ™ capacity to remove by glutathione peroxidase or catalase. Al-
Mnsofi¥AlR 26/7 7.7(25-23.9) 19/16  2.2(0.9-5.6) pacity £0, v 9 ep L
a-tocopherol ternatively, better scavenging capacity may decrease the ability to
MnSOIj’a:/j\/’a:lglnd 32/37 1.0 37/50 1.0 undergo normal cellular protective mechanisms such as apoptosis;
MnsopD’a"Ala L I i
MnSODIa/AR 25/9 50(L7-144) 2014 23(0.9-58) therefore, OX|dat|_ve stresses V\_IOL_JId have a great_er likelihood of nu
Postmenopausal clear DNA mutation (9, 44). It is important to realize, however, that
Total fruit and vegetables the prediction of an altered cellular distribution of the MnSOD protein
MnsoD/@Va and 57/74 1.0 50/71 1.0 - v based limited istical model. and furth fi :
MnSOD/a/Ala is only based on a limited statistical model, and further confirmation
Mnsop@/AlR 18/17 1.7(0.8-3.8)  27/22 1.8(0.9-3.6) Iis required. Also, whether an overproduction of® affects cellular
Carotenoids i i H
MnsoRYaNal ang 6378 10 w67 10 function (e.g., increases pNA damage or adversely affects signal
MnsODYa/Ala transduction or transcription of early cancer genes) has not yet been
MnsODf/A 22117 22(1.0-47) 2323 16(0.8-33) shown. These are questions that merit focused research.
Ascorbic acid ;
MnSOD@Val and 60/72 1.0 4773 1.0 Results from these analyses may be affecteo! by sources of .blas that
MnsQp/aVAla are common to case-control studies, and the limitations of this case-
la/Al . . . .
t’\"”SCaDA | ° 17/20  15(0.7-38)  28/20  2.0(1.0-41) control study population have been discussed in depth previously
-lOCOpNEro: .. .
“ Mnspodlallval and 56/74 1.0 5171 1.0 (40-42, 45,. 46). Low participation rates may produpe .results that are
MnsOD/2/Ala not generalizable to all women. However, there is little reason to
Mnsofi¥AlR 13/16 2.6 (1.2-5.8) 22124 1.1(0.5-2.3)

believe that nonparticipation would be related to genotype. Of concern

2Low and high consumption per day based on median values for sample pre- a(i@ i ; f i i
postmenopausal, respectively: total fruit and vegetables, 764 and 797 gm; carotenoids, 294 the limited sample numbers in this study. Resulting estimates of

and 290 g; ascorbic acid, 155 and 161 mgfpcopherol 7.5 and 7.5 mg. risk may be unstable, as evidenced by wide confidence intervals, and

® Number of cases (ca) and controls (co). o ) ) due to chance alone. Nonetheless, these data are consistent with
©ORs and 95% Cls calculated by unconditional logistic regression, adjusted for ag

education, age at menarche, age at first pregnancy, body mass index, family histor)B%?mglca”y plau5|ble '_mer"_’lcnons_and merit further |nv_est|gat|0n of
breast cancer, total caloric intake, and age at menopause for postmenopausal womdthie MNSOD polymorphism in relation to breast cancer risk.
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To our knowledge, this is the first study to evaluate the prevalengg Vaca, C. E., Fang, J. L., Mutanen, M., and Valst§%-postlabelling determination

; B R ; ; of DNA adducts of malonaldehyde in humans: total white blood cells and breast
of theMnSODpolymorphism in a Caucasian population or to examine tissue, Carcinogenesis (Lond1p: 18471851, 1995,

the associatio_n between th_e polymorphism and ris_k of _C_ancer- The Gowen, L. C., Avrutskaya, A. V., Latour, A. M., Koller, B. H., and Leadon, S. A.
MnSOD genetic polymorphism was only recently identified, and, BRCAL required for transcription-coupled repair of oxidative DNA damage. Science

clearly, there is a need for biochemical studies to evaluate the effects(Washington DC)281: 10091012, 1998. ) o
f the polvmorphism on the activity and distribution of SOD in thez4. Musarrat, J., Arezina-Wilson, J., and Wani, A. A. Prognostic and aetiological rele-
0 poly p Yy vance of 8-hydroxyguanosine in human breast carcinogenesis. Eur. J. C3&cer,

mitochondrion, possible effects on the cell, and sensitivity to damage 1209-1214, 1996.
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