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ABSTRACT

We measured levels of cholesterol and its oxidation products, 5,6a-
and /3-epoxides and their common hydrolysis product cholestane triol, in
breast fluids of women without breast disease, compared these levels to
serum cholesterol levels, and explored associations of these breast fluid
measurements with known breast cancer risk factors and other charac
teristics. Subjects were 105 women with no history of breast disease from
whom breast fluid could be obtained by nipple aspiration. The four breast
fluid measurements were significantly correlated with each other ( /' <

0.0001) but none was correlated with serum cholesterol. In subsequent
analyses restricted to breast fluid cholesterol and cholesterol /3-epoxide,
cholesterol levels (but not /3-epoxide levels) increased with age and were
higher in white than nonwhite women. Both measurements were low in
women who were lactating, who were parons, or who had breast-fed. The
lower levels among parous women persisted for at least 2 years postpar-
tum or postlactation. Because breast fluid levels of cholesterol jS-epoxide
are reduced for some time following a birth or cessation of lactation, the
alveolar-ductal systems of parous Â»omenpresumably have less cumula
tive exposure to this potentially carcinogenic substance. This biochemical
mechanism may, in part, explain the observed reduction of breast cancer
risk associated with parity.

INTRODUCTION

Chemical substances secreted and accumulated by the non-
lactating breast may play a role in the pathogenesis of benign
and malignant breast disease (1). In a preliminary study, we
found high concentrations of cholesterol and its oxidation
products (5,6Â«-and 5,6/3-epoxides and their common hydrolysis
product cholestane triol) in nipple aspirates of breast fluid (2).
The cholesterol oxidation products identified in breast secre
tions have known carcinogenic and cytotoxic potential. Choles
terol Â«-epoxide has been reported to induce s.c. and intrates-
ticular sarcomas (3), to transform embryo hamster cell lines in
vitro (4, 5), and to cause chromosome damage and inhibit DNA
repair synthesis in human fibroblast cultures (6). Cholesterol
o- and /3-epoxides have been reported to be direct-acting mu-
tagens toward V79 Chinese hamster fibroblasts, /3-epoxide hav
ing five times greater mutagenic activity than its Â«-isomer(7).
Petrakis et al. (8) reported that /3-epoxide induced sister chro-
matid exchange in lymphocyte cultures. Others have found
cholestane triol to be highly cytotoxic and to cause damage to
artery walls in experimental animals (6, 9, 10). Because the
alveolar-ductal system of the nonlactating breast is exposed to
these substances, prolonged contact may cause cell damage and
lead to dysplastic and malignant changes in breast epithelia.

In this study, we measured levels of cholesterol, its oxidation
products, 5,6-Â«-and /3-epoxides and their common hydrolysis
product cholestane triol in breast fluids of women without
breast disease, compared these levels to serum cholesterol lev
els, and explored associations of these breast fluid measure-
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ments with known breast cancer risk factors and other charac
teristics.

MATERIALS AND METHODS

Subjects, Interviews, and Specimen Collection. Participants were part
of a control group of 851 women aged 20 to 74 from a large ongoing
case-control study of breast disease who attended hospital or outpatient
nonsurgical services at the University of California, San Francisco, and
at Children's Hospital and Adult Medical Center, San Francisco, CA

between January 1, 1981 through January 31, 1985. The women had
no history of breast biopsy or diagnosis of breast cancer. Women whose
index visit was for benign breast disease were excluded, as were women
with endocrine disorders, gynecological or obstetric conditions (other
than routine visits), and women with neurological or psychiatric disor
ders. Each woman answered an extensive sociomedical questionnaire
that included menstrual and reproductive history. After completing the
questionnaire, participants were asked to give blood and breast fluid.
Blood was obtained by venipuncture and breast fluid by a noninvasive
nipple aspiration technique (11, 12). Breast fluid secretor status was
defined by the ability to obtain breast fluid by nipple aspiration. Breast
fluid collection was attempted from 730 of 851 women and obtained
from 264 of the 730 (36%). One hundred twenty-one women declined
nipple aspiration. After allocation of fluid to cytological analyses, 193
women yielded enough breast fluid from one or both breasts for bio
chemical or hormonal studies. Breast fluid samples were randomly
allocated for cholesterol studies (cholesterol, cholesterol o- and ff-
epoxides, and cholestane triol) reported here (n = 105 women) or for
hormone studies reported elsewhere (13, 14). Many women gave fluid
from both breasts; random allocations of fluid for cholesterol or hor
mone studies were made by breast, not by individual woman. Of the
105 women, 55 had cholesterol analyses of specimens from both breasts.
Eighty of the 105 women also gave blood for serum cholesterol analysis.

Breast Fluid Biochemical Analysis. Samples were collected in glass
capillary tubes and stored at -30Â°C. Sample volumes allocated for

cholesterol studies ranged from 2 to 50 n\. In women from whom breast
fluids were obtained from both breasts, samples from right and left
breasts were analyzed separately. Breast fluid samples were analyzed
for cholesterol, cholesterol-5a,6Â«-epoxide, cholesterol-5/3,6ii-epoxide,
and cholestane-3/},5Â«,6/3-triol by selected ion monitoring gas chroma-
tography/mass spectrometry of the corresponding trimethylsilyl deriv
atives, using stable isotope analogues as internal standards (15). Detec
tion limits varied with sample size; for a typical 15-^1 sample, detection
limits were 0.5 mg/dl for cholesterol and 30 jig/dl for Â«-and 0-epoxides
and triol. Because epoxide and triol analyses are more difficult and
therefore have a greater failure rate, fewer measurements are reported
for breast fluid Â«-and /3-epoxides and triol than for cholesterol.

Statistical Analyses. Cholesterol values were transformed to natural
logs to normalize the data for statistical analyses. Log values were then
analyzed by parametric techniques, including Pearson correlations and
analyses of variance, for unadjusted comparisons and partial correla
tions and analyses of covariance for adjusted comparisons (16). A
substantial proportion of cholesterol epoxides and triol values were
below levels detectable by gas chromatography/mass spectrometry as
say and were arbitrarily assigned zero values. Because parametric meth
ods are inappropriate for discontinuous data of this sort, nonparametric
methods, including Spearman rank correlations, Wilcoxon rank sum,
and Kruskal-Wallis tests, were used to analyze epoxide and triol values
(16). Computations were made with SAS and BMDP (17, 18).
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RESULTS

Right and left breast fluid values of cholesterol, cholesterol
a- and Â£?-epoxides,and triol were highly significantly correlated
(Table 1); therefore, we used the average value obtained from
both breasts for subsequent analyses.

Serum cholesterol levels were not correlated with breast fluid
cholesterol, cholesterol a- or ÃŸ-epoxides,or triol levels (Table
2). However, the four breast fluid measurements were signifi
cantly correlated with each other. Controlling for breast fluid
cholesterol, partial correlations of breast fluid a- and /3-epoxides
and triol remained strong (Table 2). The median ratio of ÃŸ-to
tt-epoxide was 2.93 and did not vary with the level of epoxides
present. The median ration of 0-epoxide to triol was 4.40.
Because a- and ÃŸ-epoxideand triol were so strongly correlated,
the remainder of the paper focuses on breast fluid cholesterol
and cholesterol /3-epoxide levels.

We excluded lactating women from subsequent analyses; milk
obtained by nipple aspiration from lactating women (n = 11)
had significantly lower levels of cholesterol and cholesterol ÃŸ-
epoxide than breast fluid from nonlactating women (Table 3).

The percent distribution of breast fluid cholesterol levels in

Table I Correlations" of breast fluid levels in right and left breasts for
cholesterol, cholesterol a- and ÃŸ-epoxidesand triol

Cholesterol
<Â»-Epoxide
(j-Epoxide
Trioln55

48
46
48r0.92

0.64
0.76
0.54P0.00010.0001

0.0001
0.0001

" Pearson correlation coefficients of log values for cholesterol and Spearman

correlation coefficients for epoxides and triol.

Table 2 Correlations" of serum cholesterol levels and breast fluid levels of
cholesterol, cholesterol Â«-and ÃŸ-epoxides,and triol, and number of women

Breast
HuidCholesterol

n
(i-Epoxide

n
jj-Epoxide

n
Triol

nSerum

cholesterol-0.04

80
-0.12
75
-0.13
72
-0.17
80Brea:Cholesterol0.64*

99
0.69Â»

96
0.55*

104Â¡t

fluidEpoxidesa

ÃŸ0.90*

97
0.70* 0.66

99 96Partial

correla
tions adjusting
for breast fluid

cholesterolBreast

fluid
epoxidesÂ«

ÃŸ0.81*

96
0.52* 0.40*

98 95
Â°Correlation coefficients between log values of cholesterol levels are Pearson

while coefficients with epoxides and triol are Spearman.
*/>< 0.0001.

Table 3 Means and SDs of breast fluid levels of cholesterol and medians of
cholesterol fi-epoxide in nonlactating and lactating women

GroupNonlactatingLactating/Â»'Cholesterol(mg/dl)473.43Â°6.16+

1.55f94"17.462.86

Â±0.83110.0001/J-Epoxide352Â»870100.002

" Antilog of mean of the log.
* The median rather than the mean is given for fi-epoxide levels because the

values are not normally or symmetrically distributed (see Fig. 2).
' Mean Â±SD in log scale.
Ã¤Number of women.
' ft from ANOVA for cholesterol and Wilcoxon Rank Sum Test for fi-epoxide.

nonlactating women ranged from 5 to 5000 mg/dl (Fig. 1). At
the highest levels, cholesterol accounted for as much as 5% of
the weight of the fluid obtained. Breast fluid from two women
had values well below those of the remaining 92 women.

The consistency of repeated breast fluid cholesterol measure
ments in the same woman suggests that there may be substan
tially less variation within subjects than between subjects. In
samples obtained weekly throughout the menstrual cycles of six
women, the overall logarithmic mean was 6.45 and the SD
between subjects was 1.18 [These figures are similar to the
mean and SDs given for all nonlactating women (Table 3).] In
contrast, in this same group of 6 women, SDs for individuals
ranged from 0.09 to 0.54. In 24 samples from one woman
collected every 2 to 3 months for 5 years, the mean of the log
breast fluid cholesterol levels was 7.22 and the SD was Â±0.34.

The percent distribution of breast fluid cholesterol /3-epoxide
levels in all women were as variable as the cholesterol levels,
but were roughly 0.001 of the cholesterol concentrations (Fig.
2). Thirty % of women had levels of /3-epoxide below the
sensitivity of the test; the remaining levels were roughly sym
metrically distributed in a log scale, with some individual levels
exceeding 22,000 Mg/dl. (Similar ranges were found for levels
of Â«-epoxide and triol.) One woman had an unusually high
value of/3-epoxide (38,051 ng/dl).

Breast fluid cholesterol levels increased with age (r = 0.26; P
= 0.01; n = 94) (Fig. 3) as did serum cholesterol levels (r =
0.39; P = 0.0006; n = 73), but breast fluid cholesterol levels
did not appear to steadily increase with age; no women under
age 25 had the high values seen in women over age 25. Between
ages 25 and 45, both high and low values were observed. With
two exceptions, women over age 45 had higher values. Breast
fluid cholesterol /3-epoxide levels were not correlated with age
(r = 0.02; P = 0.86; n = 87).

We examined the relationships of various factors to age-
adjusted breast fluid cholesterol levels and unadjusted breast
fluid /3-epoxide levels. Associations yielding Ps of 0.20 or less
are presented in Tables 4 and 5 for cholesterol and /3-epoxide,
respectively; other variables examined are listed in the legend
to Table 4.

I - -lili.lili.
12 33 SS 90 148 245 403 665 1100 1808 2900 4900

BREAST FLUID CHOLESTEROL (mg/dl )

Fig. 1. Percent distribution of breast fluid cholesterol levels in nonlactating
women (n = 94). (Cut points on the abscissa are equivalent to 1.5 to 8.5 on a log
scale).

B
u

33 SS 90 148 245 403 665 UOO 180B 2900 4900 8103 13300 2000

BREAST FLUID
CHOLESTEROL BETA EPOXIDE ( mcg / di )

Fig. 2. Percent distribution of breast fluid cholesterol /3-epoxide levels in
nonlactating women (n = 87). mcg, microgram.
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Fig. 3. Breast fluid cholesterol versus age (n = 94).

Table 4 Age-adjusted relationship of breast fluid cholesterol values to selected
variables in nonlactating women

Tabled variables are those that yielded a P of 0.20 or less. Other variables
examined were menopausa! status (pre-, peri-, and post-), birth control pill use,
age at Tirsi pregnancy, age at Tirsi full-term birth, smoking history' (never, past,
current), frequency of alcohol use, use of vitamin E. bowel movement frequency,
and cerumen type (only one dry-type cerumen woman).

CharacteristicFull-term

birthNoYesMonths

since lastfull-term
birthMonths

since last breast
feedingWeight/height'Tobacco

usePack
yrAge

at menarche(yr)<1011121314>I5First

degree family his
tory of breastcancerNoYesEthnicityWhiteBlackLatinoOtherAlcohol

(yr xamountand
fequency)Vitamin

CuseNeverSometimesRegularlyMenopausal

estrogenusecNeverPastCurrentn4846463294947162734549137099694482422643Age-adjusted

mean" choles

terol(mg/dl)765.09284.29561.16620.17383.75550.04578.2570.11450.341998.20645.48129.02196.37301.87399.41407.48796.321339.43142.592298.47Partial

cor
relation

coefficientPb0.0030.35

0.020.34

0.06-0.31

0.0030.27

0.0080.160.100.0040.22

0.030.170.06

" Means are antilogs of the mean of the logs.
b Ps obtained from analysis of covariance or partial correlations, adjusting for

individual year of age.
' Postmenopausal women excluding women less than 50 years old who had

surgical menopause with one or both ovaries remaining.

Parous women had lower breast fluid cholesterol and ÃŸ-
epoxide levels than nulliparous women. Among parous women
or women who had breast-fed, breast fluid cholesterol and ÃŸ-
epoxide levels were positively correlated with number of months
since last full-term birth or number of months since last breast
feeding (Fig. 4). Breast fluid cholesterol levels appear to be

Table 5 Relationship of breast fluid cholesterol ÃŸ-epoxidelevels to selected
variables in nonlactaling women

Tabled variables are those which yielded a P of 0.20 or less. All the variables
examined in Table 4 were also examined here.

CharacteristicFull-term

birthNoYesMo

since last full-termbirthMonths
since last breast

feedingWeight/height2Tobacco,

packyrAge
atmenarcheMenopausa!

estrogenuse*NeverPastCurrentMedian

(Â¡-cho
lesterolepoxiden

(â€žt.III44434332875086642681.2599.00729.500828.75Spearman
correlation
coefficient0.240.28-0.190.24-0.17P'0.040.130.120.080.100.110.04

" Ps were obtained from Kruskal-Wallis tests (Wilcoxon for comparing two

groups) or Spearman rank correlation.'' Postmenopausa! women excluding those less than 50 years old who had

surgical menopause with one or both ovaries remaining.

-J
O
u

o ~

O IO 20 30 40 50 bO 70 80 90 100

MONTHS
Fig. 4. Breast fluid cholesterol levels versus months since last full-term birth

or cessation of lactation.

lower following a full-term birth or lactation and then increase
over a period of 1 to 2 years. The associations for these
reproductive variables became nonsignificant when women who
had lactated or had a full-term birth within 2 years were
excluded (results not shown), except that parous women still
had marginally statistically significant lower breast fluid cho
lesterol levels than nulliparous women (P = 0.07). Neither
breast fluid cholesterol nor /3-epoxide levels were associated
with age at first pregnancy or age at first birth.

Weight/height2 was negatively correlated, and pack years

smoked were positively correlated with breast fluid cholesterol
and with /3-epoxide levels. Age at menarche was negatively
correlated with /3-epoxide levels; that is, women with earlier
ages at menarche had higher /3-epoxide levels. Moreover,
women whose age at menarche was 15 or later had the lowest
breast fluid cholesterol levels.

Among postmenopausal women, past menopausa! estrogen
users had lower breast fluid cholesterol and /3-epoxide levels
than current menopausal estrogens users or women who had
never used menopausal estrogens (n = 4) (Tables 4 and 5).
Three of these four women had undetectable levels of choles
terol /3-epoxide (compared with approximately 30% of the other
postmenopausal women). No differences in breast fluid choles
terol or /3-epoxide levels were found among women who were
current, past, or nonusers of birth control pills.
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Several other variables were associated with breast fluid cho
lesterol levels but not with /3-epoxide levels. The three women
with a mother, sister, or daughter with breast cancer had a
higher age-adjusted mean breast fluid cholesterol level than
women without a first-degree family history of breast cancer.
Cholesterol levels significantly varied with ethnicity; white
women had higher levels than Latino, black, and other women.
Years of drinking alcohol times frequency and quantity con
sumed were positively correlated with breast fluid cholesterol
levels.

We reexamined the correlations of serum and breast fluid
cholesterol, breast fluid cholesterol, and 0-epoxide, and of

breast fluid measures and age, removing past menopausa! estro
gen users, outliers (two nonlactating women with very low
breast fluid cholesterol values and one woman with a very high
/i-epoxide value), and women who had given birth or breast-fed

within the past 2 years. The results were essentially unchanged;
that is, serum and breast fluid cholesterol measures remained
uncorrelated; the correlation of breast fluid cholesterol and ÃŸ-
epoxide was strengthened, as was the correlation of breast fluid
cholesterol and age; /3-epoxide levels remained uncorrelated
with age. Similarly, we reexamined the variables reported in
Tables 4 and 5, excluding past menopausa! estrogen users,
outliers, and women who had given birth or breast-fed within 2
years. Although many associations were unchanged, there were
exceptions. The associations of breast fluid cholesterol and ÃŸ-
epoxide with weight/height2 and pack years of tobacco use, and

of breast fluid cholesterol with years of drinking alcohol times
frequency and quantity consumed were diminished and ex
ceeded the P = 0.20 criterion.

DISCUSSION

These results confirm our preliminary findings (2) of high
concentrations of cholesterol and cholesterol oxidation prod
ucts (5,6Â«-and ÃŸ-epoxidesand their common hydrolysis prod
uct cholestane triol) in breast fluids. The origins of breast fluid
cholesterol are not clear. Possible sources are (a) active trans
port from serum, (b) synthesis by breast epithelia, and (c)
breakdown of cell membranes from desquamated epithelial and
other cells. Cholesterol 5,6-Â«-and ÃŸ-epoxidescan arise from
cholesterol by a variety of oxidation processes, and the ratio of
a- and ÃÃ-isomersproduced is generally characteristic of the
exact mechanism of formation (19). The 3:1 /3:Â«-epoxideratio
generally observed here is consistent with the lipid peroxidase
mechanism reported in in vitro studies (20) and in in vivo studies
of the plasma and livers of rabbits on high cholesterol diets
(21). Both the 5,6-Â«-and ÃŸ-epoxidesare hydrolyzed chemically
or enzymatically to the same triol as the sole product.

That Â«-and Â¿f-epoxidesremain highly correlated after ad
justment for cholesterol levels supports the previously consid
ered assumption that both epoxides are formed by a common
mechanism. Despite the positive correlation of breast fluid
cholesterol levels and levels of cholesterol Â«-and /8-epoxides, a
wide range of epoxide levels were found, even among samples
having the same cholesterol levels. Thus, to understand the
variation in levels of cholesterol oxidation products requires
knowledge not only of factors that influence cholesterol levels
but also of factors that independently influence the formation
and retention of the oxidation products. The consistency of
levels of cholesterol and its oxidation products from the right
and left breasts of the same woman and the consistency of
repeated measures over time in individual women suggest that
the observed variability is more likely due to differences between

women than within individual subjects. We have identified some
factors associated with variation between women.

Levels of breast fluid cholesterol and cholesterol 0-epoxide
were influenced by parity, lactation, and time since last birth or
cessation of lactation. Cholesterol levels were markedly low in
the milk of nursing mothers, as reported by others (22-24).
Additional studies are needed to determine if similarly low
levels occurred in breast fluids of postpartum women who did
not nurse their infants. Breast fluid cholesterol and cholesterol
ÃŸ-epoxidelevels were lower in parous than nulliparous women,
and the levels remained low for 1 to 2 years following a birth
or cessation of lactation. We recently reported similar findings
for breast fluid estradici and estrone levels (13,14). The lowered
concentrations of mutagenic substances (cholesterol epoxides)
and promoting agents (estrogens) in the breast ductal system
provide a possible biochemical explanation for the observed
reduction in breast cancer risk associated with full-term preg
nancy. It is reasonable to suggest that the breast epithelia of
parous women have less cumulative exposure to these putative
carcinogenic substances than do the epithelia of nulliparous
women.

We found no association between breast fluid cholesterol or
cholesterol ÃŸ-epoxidelevels and serum cholesterol levels, even
when women with characteristics that seemingly have a pro
nounced effect on breast fluid cholesterol and 0-epoxide levels
were excluded. The absence of a direct relationship of serum
cholesterol levels with breast fluid cholesterol levels may help
to explain why previous studies have failed to show a relation
ship of serum cholesterol levels with breast cancer (25).

Despite many similarities in our findings for breast fluid
cholesterol and 0-epoxide, there were also noteworthy differ
ences. Breast fluid cholesterol levels (but not /3-epoxide levels)
were associated with age and ethnicity. Since these are impor
tant risk factors for breast cancer (26), it will be necessary in
future studies to more thoroughly investigate the relationship
of these factors to breast fluid cholesterol and cholesterol epox
ides.

There are several caveats to consider when interpreting this
study. To begin with, sufficient breast fluid for cholesterol
measurements was obtained from a relatively small proportion
of women, and it is uncertain if similar cholesterol and ÃŸ-
epoxide levels are present in breast fluids of women who do not
yield breast fluid. HistolÃ³gica! studies of the breast indicate that
some secretion is always present in the ducts of premenopausal
women (27, 28), although it is not always obtainable by nipple
aspiration. In previous epidemiological studies (29-31), several
breast cancer risk factors were found to be associated with
secretor status. Similar to our previous findings (29), in the
control women studied here, there was a higher proportion of
whites among secretors than among nonsecretors (78 versus
70%), a slightly higher proportion of parous women among
secretors (48 versus 46%), and among parous women, a higher
proportion who had breast-fed (71 versus 56%). Secretor status
was found to be highly associated with age (29-31). In our
study, the proportion of secretors increased with age, reaching
a maximum of 57% among women aged 35-44, and then
decreased. Further studies of the physiology of breast fluid
secretion and of the relationship of epidemiological character
istics to secretor status are necessary to identify potential biases
in breast fluid biochemical findings among secretors.

In addition, although inferences about ÃŸ-epoxideshould ap
ply reasonably well to a-epoxide (r = 0.88 for Â«-and /3-epoxide),
inferences about 0-epoxide may not apply as well to cholestane
trio! (r = 0.66 for triol and /3-epoxide). Since this was an
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exploratory study in which many risk factors were examined,
some reported associations may be statistically significant by
chance alone. The decision to use Ps of 0.20 rather than the
more conservative 0.05 increased the likelihood of reporting
chance associations. However, because this study is among the
first of epidemiological investigations of breast fluid cholesterol
and cholesterol epoxides, it was considered important to mini
mize the chances of overlooking potentially interesting associ
ations. Our results require confirmation and amplification in a
larger series of women.

Many important questions remain concerning the physiology
and biochemistry underlying our observations of breast fluid
cholesterol and epoxide levels and their relationship to breast
disease. These include the origins of cholesterol and epoxides
in breast fluid, mechanisms of their removal, and possible
relationships to hormone levels, to past and current dietary
factors, and to breast cytopathology. High levels of cholesterol
epoxides may be indicative of elevated in vivo levels of peroxides
and lipid peroxidation that may be of pathophysiological im
portance in breast disease. Investigations of these issues will
further our knowledge of the etiology of breast neoplasms.

ACKNOWLEDGMENTS

We thank Rose Lee and Mary Edith Dupuy for laboratory assistance
and Erika Hublitz and Maureen Morris for manuscript preparation.

REFERENCES

1. Petrakis, N. L. Physiologic, biochemical, and cytologie aspects of nipple
aspirate fluid. Breast Cancer Res. Treat., 8: 7-19, 1986.

2. Petrakis, N. L., Gruenke, L. D., and Craig. J. C. Cholesterol and cholesterol
epoxides in nipple aspirates of human breast fluid. Cancer Res., 41: 2563-
2565. 1981.

3. Bischoff, F. Carcinogenic effects of steroids. Adv. Lipid Res., 7: 165, 1969.
4. Kelsey, M. I., and Pienta, R. J. Transformation of hamster embryo cells by

cholesterol alpha-epoxide and lithocholic acid. Cancer Lett.. 6: 143-149,
1979.

5. Kelsey. M. I., and Pienta, R. J. Transformation of hamster embryo cells by
neutral sterols and bile acids. Toxicol. Lett., 9: 177-182, 1981.

6. Parsons, P. G.. and Goss, P. Chromosome damage and DNA repair induced
in human fibroblasts by IV and cholesterol oxide. Aust. J. Exp. Biol. Med.
Sci., 56: 287-296, 1978.

7. Sevanian, A., and Peterson, A. R. Cholesterol epoxide is a direct acting
mutagen. Proc. Nati. Acad. Sci. USA, 81:4198-4202, 1984.

8. Petrakis, N. L., Dupuy, M. E., Lee, R. E., Lyon, M., Maack, C. A., Gruenke,
L. D., and Craig, J. C. Mutagens in nipple aspirates of breast fluid. Banbury
Rep., / 7: 67-82, 1982.

9. Higley, N. A., and Taylor, S. L. The steatotic and cytotoxic effects of

cholesterol oxides in cultured L cells. Food Chem. Toxicol., 22: 983-992,
1984.

10. Peng, S. K., and Taylor, C. B. Cholesterol autoxidation, health and arterio
sclerosis. A review on situations in developed countries. World Rev. Nutr.
Diet., 44: 117-154, 1984.

11. Sartorius. O. Breast fluid cells help in early cancer detection. JAMA, 224:
823-827, 1973.

12. Petrakis, N. L., Mason, L., Lee, R., Sugimoto, B., Pawson, S., and Catchpool,
F. Association of race, age, menopausa! status, and cerumen type with breast
fluid secretion in nonlactating women, as determined by nipple aspiration. J.
Nati. Cancer Inst., 54: 829-834, 1975.

13. Ernster, V. L., Wrensch, M. R., Petrakis, N. L., King, E. B., Miike, R.,
Murai, J., and Suini, P. K. Benign and malignant breast disease: initial study
results of serum and breast fluid analyses of endogenous estrogens. J. Nati.
Cancer Inst., in press, 1987.

14. Petrakis, N. L., Wrensch, M. R., Ernster. V. L., Miike, R., Murai, J.,
Simberg, N.. and Siiteri, P. K. Influence of pregnancy and lactation on serum
and breast fluid estrogen levels: implications for breast cancer risk. Int. J.
Cancer, in press, 1987.

15. Gruenke, L. D., Craig, J. C., Petrakis, N. L., and Lyon, M. B. Analysis of
cholesterol, cholesterol 5,6-epoxides and cholestane 3beta,5alpha.6beta-triol
in nipple aspirates of human breast fluid by gas chromatography/mass
spectrometry. Biomed. Environ. Mass Spectrom.. in press, 1987.

16. Sokal, R. B., and Rohlf, F. J. Biometry, Ed. 2. New York: W. H. Freeman
and Co., 1980.

17. SAS Users Guide. Basics and Statistics. Cary, NC: SAS Institute, 1982.
18. Dixon, W. J. (ed.). BMDP Statistical Software, 1983. Berkeley, CA: Univer

sity of California Press, 1983.
19. Gumulka. J., St. Pyrek, J., and Smith, L. L. Interception of discrete oxygen

species in aqueous media by cholesterol: formation of cholesterol epoxides
and secosterols. Lipids, 17: 197-203, 1982.

20. Aringer, L., and Eneroth, P. Formation and metabolism in vitro of 5,6-
epoxides of cholesterol and fi-sitosterol. J. Lipid Res., 15: 389-398, 1974.

21. Watabe, T., Isobe, M., and Kanai. M. Cholesterol diet increases plasma and
liver concentrations of cholesterol epoxides and cholestane triol. J. Phar-
macobio-Dyn., 3: 553-556. 1980.

22. Mellies, M. J.. Larsen, B. R., Fixier, D., and Glueck, C. J. Cholesterol,
phytosterols, and polyunsaturated/saturated fatty acid ratios during the first
12 months of lactation. Am. J. Clin. Nutr., 31: 1347-1353, 1978.

23. Lammi-Keefe, C. J., and Jensen. R. G. Lipids in human milk: a review. 2.
Composition and fat soluble vitamins. J. Pediatr. Gastroenterol. Nutr., (.
172-198, 1984.

24. Hitman. J., Wood, L., Hamosh, M., Hamosh, P., and Mehta, M. R. Com
parison of the lipid composition of breast milk from mothers of term and
preterm infants. Am. J. Clin. Nutr., 38: 300-312, 1983.

25. Hiatt. R. A., Friedman, G. D., Bawol, R. D., and Ury, H. K. Breast cancer
and serum cholesterol. J. Nati. Cancer Inst.. 68: 885-889. 1982.

26. Petrakis, N. L., Ernster, V. L., and King, M.-C. Breast. In: D. Schottenfeld,
and J. F. Fraumeni, Jr. (eds.). Cancer Epidemiology and Prevention, Chap.
49, pp. 855-870. Philadelphia: W. B. Saunders Co., 1982.

27. Keynes, G. Chronic mastitis. Br. J. Surg., //: 89-121, 1923.
28. Bonser, G. M., Dossett, S. A., and .lull. S. W. Human and experimental

breast cancer. Springfield, IL: Charles C Thomas, 1961.
29. Petrakis, N. L., Ernster, V. L., Sacks, S. T., King, E. B., Schweitzer, R. J.,

Hunt. T. K., and King, M.-C. Epidemiology of breast fluid secretion: asso
ciation with breast cancer risk factors and cerumen type. J. Nati. Cancer
Inst., 67: 277-284. 1981.

30. Sartorius, O. W., Smith, H. S., Morris, P.. Benedict, D., and Friesen, L.
Cytologie evaluation of breast fluid in the detection of breast disease. J. Nati.
Cancer Inst., 59: 1073-1080, 1977.

31. Wynder, E. L., Lahte, H.. Laakso, K., Cheng, S.-L., DeBevoise, S., and Rose,
D. P. Nipple aspirates of breast fluid and the epidemiology of disease. Cancer
(Phila.), 56: 1473-1478, 1985.

5487

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/20/5483/2428988/cr0470205483.pdf by guest on 19 M

ay 2023


