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Abstract

Cysteine is the precursor of glutathione, a powerful
intracellular antioxidant and an important detoxifying
agent of carcinogens. However, data relating plasma total
cysteine to breast cancer risk are sparse. We conducted a
prospective nested case-control study among 32,826
women in the Nurses' Health Study who provided blood
specimens during 1989-1990. Through 1996, a total of
712 incident breast cancer cases were identified and
individually matched to 712 controls by year of birth,
time of day that blood was drawn, fasting status, month
of blood sampling, recent use of postmenopausal
hormones at the time of blood collection, and menopausal
status. Conditional logistic regression with adjustment for
other risk factors for breast cancer was used to estimate
the relative risks and 95% confidence intervals of breast
cancer by levels of plasma total cysteine. Higher plasma
total cysteine concentrations wer e significantly associated
with a lower risk of breast cancer. For women in the
highest quintile of plasma total cysteine, compared with
those in the lowest quintile, the multivariate relative risk
was 0.44 (95% confidence interval, 0.26—0.74). This
association was dose dependent (P for trend = 0.002) and
independent of plasma measures of folate, vitamin By,
vitamin B,,, and total homocysteine. The inverse
association between plasma total cysteine concentrations
and risk of breast cancer was not significantly modified
by other risk factors for breast cancer, except that a
stronger association was observed among women who
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were leaner. The findings from this prospective study
suggest that higher plasma concentrations of total
cysteine predict a reduced risk of breast cancer. Cysteine
or its precursors might have the potential to be
chemopreventive against breast cancer.

Introduction

Cysteine is the rate-limiting amino acid in the intracellular
synthesis of glutathione, a tripeptide consisting of cysteine,
glutamate, and glycine (1). Cysteine is derived from methionine
via the transsulfuration pathway through homocysteine (2, 3).
Vitamin By, vitamin B,,, and folate are involved in a number
of reactionsthat regulate cysteine derivation (2, 3). Asthe most
powerful intracellular antioxidant, glutathione protects cells
from oxidative DNA damage through scavenging of reactive
oxygen species (4) and is considered to be the principal defense
within the body against free radicals (1). Glutathione is also an
important detoxifying agent that facilitates the elimination of
heavy metals, drug metabolites, DNA-damaging chemicals, and
carcinogens (4—6). Moreover, cysteine, glutathione, and N-
acetylcysteine, a synthetic precursor of cysteine, can modulate
immune responses (7-9). Cysteine and cysteine derivatives
inhibit both the transcription factor nuclear factor-«B that is
induced under physiological conditions by reactive oxygen
species and the expression of several nuclear factor-«B-
dependent genes including interleukin-2 receptor « chain, tu-
mor necrosis factor «, the MHC, and c-fos (7—9). Cysteine and
cysteine derivatives also stimulate DNA synthesis of severa
cycling T-cell clones and activate cytotoxic T cells and thus
play a regulatory role in T-cell-mediated immune responses
(7-9). In many experimental models, N-acetylcysteine has an-
tigenotoxic and anticarcinogenic properties mediated at differ-
ent stages of the carcinogenesis process (6). Although a pro-
tective effect of cysteine against carcinogenesis is biologically
possible, data relating circulating cysteine concentrations to
breast cancer risk are limited. We therefore conducted a pro-
spective study to evaluate plasmatotal cysteine concentrations
in relation to subsequent breast cancer risk in the Nurses
Headlth Study.

Materials and Methods

Study Population. In 1976, the Nurses Heath Study was
established when 121,700 femal e registered nurses aged 30—-55
years living in 11 United States states completed a mailed
questionnaire about their medical history and lifestyle. Biennial
follow-up questionnaires have been sent to cohort members to
update their health-related information and to ascertain newly
diagnosed diseases. During 1989-1990, 32,826 participants
who were then 43—-69 years provided blood specimens. Details
regarding the blood collection in the Nurses' Health Study have
been published previously (10). Briefly, blood was collected via
overnight courier; 97% of the samples arrived within 26 h of
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being drawn. Approximately 75% of the sampleswere drawn at
least 8 h after the last meal. On arrival at our laboratory, the
samples were processed and aliquoted into plasma, WBC, and
RBC components. Since collection, blood samples have been
stored at —130°C or a colder temperature in continuously
alarmed and monitored liquid nitrogen freezers. As of 1996, the
follow-up rate among women who provided blood specimens
was 99%. The research protocol was approved by the Use of
Human Subjects in Research Committee at the Brigham and
Women's Hospital and the Human Subjects Committee at the
Harvard School of Public Health.

Dietary information was collected using semiquantitative
food frequency questionnaires in 1980, 1984, 1986, and 1990.
The average intakes of nutrients over this 10-year period were
calculated to best represent long-term intakes of these nutrients.
The food frequency questionnaires assessed the average con-
sumption during the past year of a specific amount of each food
and allowed nine responses, ranging from “never” to “six or
more times per day.” Nutrient intake was computed by multi-
plying the frequency response by the nutrient content of the
specified portion sizes. Information on acohol consumption
and multivitamin use was obtained from the 1990 dietary ques-
tionnaire because blood specimens were collected during
1989-1990. The validity and reliability of the food frequency
questionnaires used in the Nurses' Health Study have been
described in detail elsewhere (11-15). The correlation coeffi-
cients between the average intakes calculated from the 1980,
1984, 1986, and 1990 food frequency questionnaires and
plasma concentrations were 0.49 for folate from foods and
supplements, 0.33 for folate from foods only, 0.52 for vitamin
B¢ from foods and supplements, 0.25 for vitamin B4 from foods
only, 0.25 for vitamin B,, from foods and supplements, and
0.08 for vitamin B, from foods only among control subjects
(16). The comparable correlation coefficients between nutrient
intakes calculated from the 1990 food frequency questionnaire
and plasma concentrations were 0.55 for folate from foods and
supplements, 0.35 for folate from foods only, 0.58 for vitamin
B¢ from foods and supplements, 0.18 for vitamin B4 from foods
only, 0.23 for vitamin B,, from foods and supplements, and
0.02 for vitamin B,, from foods only.

I dentification of Casesand Controls. Incident cases of breast
cancer were initialy identified by self-report on biennia ques-
tionnaires and then confirmed by reviewing medical records.
Through May 31, 1996, we documented 735 incident cases
(carcinoma in situ and invasive) among women who provided
blood specimens and were free of cancer before blood collec-
tion. Time from blood collection to diagnosis of breast cancer
ranged from less than 1 month to 82 months (mean, 40 months).
Each breast cancer case was individually matched to one con-
trol participant with no history of cancer by year of birth (=1
year), time of day that blood was drawn (2-h intervals), fasting
status (=10 h versus <10 h), month of blood sampling, use of
postmenopausal hormones within 3 months before blood col-
lection, and menopausal status. Most control matches were
exact; however, when needed, the criteria of matching factors
were slightly relaxed.

Laboratory Analyses. Plasma total cysteine concentrations
were measured using high-performance liquid chromatography
with fluorescence detection at the Jean Mayer United States
Department of Agriculture Human Nutrition Research Center
on Aging at Tufts University (17). As described elsewhere,
plasma concentrations of total homocysteine, folate, vitamin
Be, and vitamin B, were also measured among all cases and
control subjects at the same laboratory (16). All matched case-

control pairs were handled identically and together, shipped in
the same batch, and assayed in the same analytical run. The
blood specimens were labeled by number only. The order of
specimens within each case-control pair was randomly deter-
mined. All assays were conducted without knowledge of the
case and control status by the investigators and laboratory
personnel. Seventy-five pairs of pooled plasma quality control
samples, which were indistinguishable from the real samples,
were interspersed to assess laboratory precision; the mean co-
efficient of variation was 6.8% for plasma total cysteine.

Statistical Analysis. We excluded 23 case-control pairs with
missing information on plasma measures in one member of a
case-control pair, thus 712 case-control pairs were included in
this analysis. Plasma concentrations of total cysteine, folate,
vitamin Bg, vitamin B,,, and total homocysteine were catego-
rized into quintiles based on the distribution of control partic-
ipants. Mixed effect regression models were used to test the
differencesin means of plasmatotal cysteine between casesand
controls while adjusting for the correlation between cases and
controls within the matched set (18). Plasma tota cysteine
concentrations were log,-transformed to improve normality.

Conditional logistic regression was used to calculate the
RRs® and 95% Cls for the analysis of plasma total cysteine
concentrations in relation to breast cancer risk to account for
matching factors. In multivariate analysis, we further controlled
for age at menarche (<12, 12, 13, or =14 years), parity (nul-
liparous, 1 or 2, 3 or 4, or =5), age at first birth (nulliparous,
<25, =25 to <30, or =30 years), history of breast cancer in
mother or a sister (yes or no), history of benign breast disease
(yes or no), acohol intake (0, >0 to <5, =5 to <15, =15 to
<30, or =30 g/day), body mass index at age 18 (<21, =21 to
<23, =23 to <25, or =25 kg/m?), body mass index at blood
collection (<23, =23 to <25, =25 to <27, =27 to <30, or
=30 kg/m?), and duration of postmenopausa hormone use
(continuous). We also conducted an analysis to further adjust
for plasmafolate, vitamin Bg, vitamin B, ,, and total homocys-
teine concentrations. Tests for trend were conducted by using
the median values for quintiles of plasma total cysteine as a
continuous variable. Log likelihood ratio tests were used to
compare models with or without interaction terms between
plasma total cysteine for a 125 nmol/ml increment (approxi-
mately 2 SDs) and other risk factorsin relation to breast cancer
risk. All Ps were two-tailed.

A generalized linear model was used to calculate the
Pearson correlation coefficients between plasma concentrations
of total cysteine and plasma measures and intakes of nutrients
that have been related to risk of breast cancer after controlling
for matching factors and body mass index at blood collection.
Only control participants were included in this analysis. Vari-
ablesin continuous form were log.-transformed in this analysis
to improve normality.

Results

The mean concentration of plasmatotal cysteine was 301 = 58
nmol/ml among breast cancer cases, which was nonsignficantly
lower than the mean of 305 = 59 nmol/ml among control
subjects (P = 0.10). The associations between plasma total
cysteine concentrations and baseline characteristics of study
participants are listed in Table 1, and the correlations between
plasmatotal cysteine concentrations and plasma measures and
intakes of nutrients are presented in Table 2. Women who had

6 The abbreviations used are: RR, relative risk; Cl, confidence interval.
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Tablel Age-standardized characteristics by plasma total cysteine
concentrations in 712 controls in the Nurses' Health Study?

Quintile

Characteristics

1(lowest) 2 3 4 5 (highest)
Age (yrs) 54 56 58 59 60
Plasma folate (ng/ml) 8 9 9 9 9
Plasma vitamin Bg (pmol/ml) 76 73 76 71 78
Plasma vitamin B, (pg/ml) 448 438 485 473 446
Plasma total homocysteine (nmol/ml) 9 10 11 11 13
Alcohol intake =15 g/day (%) 9 8 12 11 9
Postmenopausal (%) 65 68 69 71 69
Age at menarche (yrs) 13 12 12 13 12
Age at first birth (yrs) 24 25 25 24 25
Parity (births) 3 3 3 3 3
Body mass index at age 18 years 21 21 21 21 21
(kg/m?)
Body mass index at blood collection 24 25 25 26 26
(kg/m?)
Mother or sister with breast cancer (%) 13 13 13 18 14
History of benign breast disease (%) 48 55 45 50 53
Multivitamin supplement use (%) 39 38 40 38 40
Folate from foods and supplements 412 407 399 410 397
(ng/day)®
Vitamin Bg from foods and 8 9 8 8 7
supplements (mg/day)®
Vitamin B, from foods and 10 10 11 10 10
supplements (ug/day)®

2All factors except age are directly standardized. Values presented here are
means unless indicated otherwise.

b Average intakes cal culated from the 1980, 1984, 1986, and 1990 food frequency
questionnaires. Nutrients are adjusted for total energy intake.

higher concentrations of plasma total cysteine tended to be
older, postmenopausal, and weighed more. However, the cor-
relations between plasmatotal cysteine and age (r = 0.15, P <
0.001) and body mass index at blood collection (r = 0.10, P =
0.007) were weak. Women who had higher concentrations of
plasma total cysteine were also more likely to have higher
concentrations of plasma total homocysteine (r = 0.50, P <
0.001). Plasma total cysteine concentrations were not signifi-
cantly correlated with plasma measures and intakes of folate,
vitamin Bg, vitamin B, and intakes of major types of fat and
dietary fiber, except for aweak positive correlation with intake
of vitamin B, from foods only (r = 0.12, P = 0.04).

Higher plasma total cysteine concentrations were signifi-
cantly associated with alower risk of breast cancer in analyses
controlling for matching factors; the RR comparing the highest
with the lowest quintile was 0.54 (95% ClI, 0.34—-0.87; Table
3). When we controlled for additional established risk factors
for breast cancer, the association was dlightly strengthened (RR,
0.44; 95% CI, 0.26—0.74, top versus bottom quintile). The
inverse association between plasma total cysteine and risk of
breast cancer was dose dependent (P for trend = 0.002). This
association did not change appreciably after further adjustments
for plasma concentrations of folate, vitamin Bg, vitamin B,,
and total homocysteine (RR, 0.51; 95% CI, 0.27-0.94, top
versus bottom quintile). To addressthe potential biasthat breast
cancer itself, before it was diagnosed, might have affected
blood nutrient concentrations, we excluded cases that were
diagnosed within the first 2 years after blood collection and
their matched controls (198 case-control pairs); the inverse
association remained (RR, 0.50; 95% ClI, 0.27—0.93, top versus
bottom quintile). When we examined only invasive cases and
their matched controls (600 case-control pairs), the associations
became dlightly stronger (RR, 0.38; 95% CI, 0.21-0.68, top

versus bottom quintile; Table 3). When we excluded 203 case-
control pairs whose blood specimens had visible hemolysis in
any one member of a case-control pair, the associations were
aso strengthened (RR, 0.37; 95% CI, 0.20-0.72, top versus
bottom quintile).

The inverse association between plasma total cysteine
concentrations and risk of breast cancer was slightly stronger
among premenopausal women; the multivariate RRs comparing
women in the highest quintile with those in the lowest quintile
were 0.23 (95% Cl, 0.07-0.84) for premenopausal women and
0.52 (95% CI, 0.28—0.96) for postmenopausal women. How-
ever, test for the interaction between plasma total cysteine and
menopausal status and breast cancer risk was not statistically
significant (P for interaction = 0.22). The inverse association
between plasmatotal cysteine concentrations and risk of breast
cancer did not differ according to other risk factors for breast
cancer, except that there was a significant interaction between
plasmatotal cysteine, body mass index at blood collection, and
risk of breast cancer (P for interaction = 0.04; Table 4). The
inverse association between plasma total cysteine and risk of
breast cancer appeared to be stronger among women who were
leaner.

Discussion

The results from this large prospective nested case-control
study indicated that higher plasmatotal cysteine concentrations
were associated with lower risk of breast cancer. Women in the
highest quintile of plasmatotal cysteine had an approximately
50% lower risk of breast cancer. Except for a stronger associ-
ation among lean women, thisinverse association did not differ

Table2 Multivariate Pearson correlation coefficients* between plasma total
cysteine concentrations and other characteristics among control subjects

Plasma total
Variable cysteine (nmol/ml)
Correlation
coefficient
Age (yrs)® 015  <0.001
Body mass index at age 18 years (kg/m?)© 0.06 0.15
Body mass index at blood collection (kg/m?)© 0.10 0.007
Plasma
Folate (ng/ml) 0.06 0.11
Vitamin Bg (pmol/ml) 0.04 0.35
Vitamin By, (pg/ml) 0.02 0.66
Total homocysteine (nmol/ml) 0.50 <0.001
Intake?
Folate from foods and supplements (ug/day) <0.001 0.99
Folate from foods only (ug/day)® 0.09 0.14
Vitamin Bg from foods and supplements (mg/day) —0.005 0.90
Vitamin Bg from foods only (mg/day)® 0.06 0.24
Vitamin B, from foods and supplements (n.g/day) 0.03 0.51
Vitamin B, from foods only (u.g/day)® 0.12 0.04
Methionine (g/day) 0.05 0.18
Saturated fat (g/day) 0.03 0.44
Monounsaturated fat (g/day) 0.03 0.50
Polyunsaturated fat (g/day) -0.04 0.25
Trans unsaturated fat (g/day) —0.04 0.32
Dietary fiber (g/day) —0.03 0.37

2 Adjustments for matching factors and body mass index at blood collection
(<23, =23 to <25, =25 to <27, =27 to <30, or =30 kg/m?).

b Age was excluded.

°Body mass index at blood collection was excluded.

d Average intakes cal cul ated from the 1980, 1984, 1986, and 1990 food frequency
questionnaires.

€ Supplement users were excluded.
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Table3 RR and 95% CI of breast cancer according to quintiles of plasma total cysteine concentrations in the Nurses' Health Study

Quintile
P for trend
1 (lowest) 2 3 4 5 (highest)
Total cysteine (nmol/ml) <259 259-283 284-311 312-351 >351
Invasive cancer and in situ
Cases/controls 152/142 160/143 147/142 136/143 117/142
Simple RR® (95% Cl) 1.0 1.01 (0.72-1.42) 0.88 (0.63-1.25) 0.74 (0.50-1.09) 0.54 (0.34-0.87) 0.008
Multivariate RR® (95% ClI) 1.0 0.96 (0.66-1.39) 0.88 (0.60-1.28) 0.68 (0.44-1.05) 0.44 (0.26-0.74) 0.002
Multivariate RR® (95% Cl) 1.0 1.03 (0.70-1.51) 0.99 (0.66-1.49) 0.80 (0.49-1.31) 0.51 (0.27-0.94) 0.04
Invasive cancer only
Cases/controls 126/116 131/119 126/117 119/125 98/123
Simple RR* (95% CI) 1.0 0.98 (0.67-1.42) 0.90 (0.62-1.30) 0.73 (0.48-1.10) 0.50 (0.30-0.84) 0.006
Multivariate RR® (95% ClI) 1.0 0.97 (0.64-1.47) 0.90 (0.59-1.37) 0.71 (0.45-1.13) 0.38 (0.21-0.68) 0.001
Multivariate RR® (95% ClI) 1.0 1.02 (0.66-1.57) 1.00 (0.64-1.56) 0.80 (0.47-1.36) 0.38 (0.19-0.76) 0.01

2 Adjustments for matching factors only.

b Adjustments for matching factors, age at menarche, parity, age at first birth, history of breast cancer in mother or a sister, history of benign breast disease, alcohol intake,
body mass index at age 18, body mass index at blood collection, and duration of postmenopausal hormone use.
¢ Additional adjustments for plasma concentrations of folate, vitamin Bg, vitamin B,, and total homocysteine.

significantly according to other risk factors for breast cancer.
The prospective design and high follow-up rates in this study
minimize the possibility that our findings are due to method-
ological biases. Because controlling for established risk factors
for breast cancer had minimal effect on the RRs, our results are
unlikely to be explained by residual confounding by these
factors. The inverse association between plasma total cysteine
concentrations and risk of breast cancer among women is also
unlikely to be explained by plasma concentrations of folate,
vitamin B, vitamin B,,, and total homocysteine because the
RRs did not change appreciably after additionally adjusting for
these plasma estimates in the model. Our results are also un-
likely to be explained by the potential bias that breast cancer
itself, before it was diagnosed, might have affected plasmatotal
cysteine concentrations because the RRs after excluding cases
and their matched controls within the first 2 years after blood
collection were similar to those using al cases and controls.

Cysteine is derived from methionine via the transsulfura-
tion pathway through homocysteine (2). Methionine and hom-
ocysteine are readily interconvertible. When methionine is in
excess, homocysteine is catalyzed into cysteine via cystathi-
onine, which is facilitated by two pyridoxal 5'-phosphate-
dependent enzymes, cystathionine 8-synthase and y-cystathio-
nase (2, 3). When methionine is needed, homocysteine is
remethylated to methionine using a methyl group provided by
methyltetrahydrofolate; this reaction is facilitated by methio-
nine synthase, a vitamin B,,-dependent enzyme, or betaine-
dependent methylation (2, 3). These interrelationships explain
the positive association between plasma concentrations of total
cysteine and total homocysteine we observed.

An inhibitory effect of cysteine on breast tumor initiation
could bein part related to its role as the rate-limiting amino acid
in the intracellular synthesis of glutathione (1). Glutathione is
the most powerful intracellular antioxidant as well an important
detoxifying agent (4—6). However, glutathione measures in
plasma are strongly influenced by sampling method, process-
ing, and storage, which limits their use in epidemiological
studies. Even minor hemolysis (0.1-1%) can cause incorrectly
high plasma values of glutathione because RBCs contain ap-
proximately 500 times higher glutathione than plasma (19). In
addition, blood specimens must be collected with the use of
preservation solution designed to inhibit autooxidation and
enzymatic degradation (19, 20). Plasma glutathione is dimin-
ished by oxidation that occurs with a half-time of about 5 min

at room temperature (21, 22). To the best of our knowledge,
there are no prospective data relating prediagnostic blood glu-
tathione levels to breast cancer risk. In three case-control stud-
ies involving approximately 20 cases each, breast cancer cases
had levels of blood glutathione either similar to (23) or higher
than that of controls (24, 25), which may reflect the influence
of tumors on circulating glutathione levels.

Cysteine is commercially available as a dietary supple-
ment. Based on data from the 1988 to 1994 Third National
Health and Nutrition Examination Survey, cysteine intakes
from food and supplements in the United States were 1.0 g/day
at the 50th percentile and 2.0 g/day at the 99th percentile (26).
Because of neural toxicity observed in rodents with high doses,
there is some concern that cysteine itself may not be ideal for
therapeutic use (27). Single oral administration of 5 or 10 g of
cysteine has been shown to cause nausea and light-headedness
or dissociation in normal humans (28). No reports were found
on long-term cysteine supplementation in humans (26). The
data on adverse effect of cysteine and/or cystine (the oxidized
form of cysteine) intake from supplements were not considered
sufficient for a dose-response assessment and derivation of an
upper intake level by the Institute of Medicine (26). However,
a whey-based cysteine donor, an oral supplement with a large
amount of glutamylcystine, appeared to be well tolerated in 20
healthy young adults supplemented with 20 g/day (10 g/dose,
twice daily) for 3 months, except that some subjects com-
plained of bloating and occasional queasiness (29). Supplemen-
tation with this whey-based cysteine donor also resulted in a
significant increase in lymphocyte glutathione levels (29). N-
Acetylcysteine, a synthetic precursor of cysteine and glutathi-
one, is commonly used as a mucolytic agent and as an antidote
against acetaminophen-induced hepatotoxicity (30). N-Acetyl-
cysteine appears safe, even at high doses (31). Inalargeclinical
trial, the most frequently reported side effect of N-acetylcys-
teine (600 mg daily) was dyspepsia (32). N-Acetylcysteine has
effectively blocked DNA binding by a variety of carcinogens
including benzo(a)pyrene, acetylaminoflurorence, and cigarette
smoke (33). N-Acetylcysteine also inhibits cell proliferation
and tumor metastasis, increases DNA repair by protecting re-
lated enzymes, and modulates immune responses as well as
gene expressions of a variety of tumor suppressor genes and
oncogenes (6). Thus, N-acetylcysteine has been considered to
be one of the most promising drugs for cancer chemoprevention
(34, 35).
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Table4 Multivariate RR and 95% CI® of breast cancer for 125 nmol/ml
increment in plasma total cysteine by levels of other breast cancer risk factors

P for

Risk factor interaction

Cases/controls RR (95% CI)

Menopausal status

Premenopausal 149/155  0.33(0.13-0.83)

Postmenopatisal 487/484 072 (0.47-1.12) 0.22
Plasma folate

<Median (7.5 ng/ml) 394/356  0.64 (0.41-1.02)

=Median 318/356 0.69(0.44-1.08) 0.78

Plasma vitamin Bg
<Median (48.5 pmol/ml)
=Median

Plasma vitamin B,,
<Median (423 pg/ml)
=Median

Plasma total homocysteine
<Median (10.2 nmol/ml)

405/356  0.78 (0.50-1.24)
307/356 0.57(0.36-0.90) 0.21

355/356  0.67 (0.42-1.04)
357/356  0.64(0.41-1.00) 0.88

361/356  0.79 (0.46-1.35)

=Median 351/356 0.55(0.35-0.88) 0.23
Alcohol intake

<15 g/day 641/641 0.67 (0.46-1.00)

=15 g/day 71071 055(0.22-1.35) 0.65
Body mass index at age 18 years

<23 kg/m? 589/560 0.65 (0.44-0.97)

=23 kg/m? 123/152  0.66 (0.36-1.21) 0.97
Body mass index at blood collection

<25 kg/m? 387/401 0.52(0.33-0.81)

=25 kg/m? 325/311 0.88(0.56-1.40) 0.04
Age at menarche

<12 yrs 172/162  0.51 (0.28-0.95)

=12 yrs 540/550 0.70 (0.47-1.05) 0.29
Parity

<3 births 285/282  0.68 (0.43-1.09)

=3 hirths 427/430 0.64 (0.41-0.98) 0.78
Mother or sister with breast cancer

No 593/637  0.67 (0.45-1.00)

Yes 119/75 0.53(0.24-1.14) 0.53
History of benign breast disease

No 299/406 0.61 (0.39-0.97)

Yes 413/306 0.69 (0.44-1.09) 0.64

2 Adjustments for matching factors, age at menarche, parity, age at first birth,
history of breast cancer in mother or a sister, history of benign breast disease,
acohol intake, body mass index at age 18 years, body mass index at blood
collection, and duration of postmenopausal hormone use.

In the dimethylbenzanthracene-induced rat mammary car-
cinogenesis model, the chemopreventive efficacy of N-acetyl-
cysteine on breast cancer has yielded paradoxical results; alow
dose of N-acetylcysteine modestly decreased the occurrence of
mammary cancers, whereas a high dose of N-acetylcysteine
significantly increased the occurrence (36). In a randomized
trial among 2592 patients with head and neck or lung cancer
(most of them were former or current smokers), 2 years of
supplementation with N-acetylcysteine (600 mg daily) had no
effect on survival, event-free survival, or secondary primary
tumors (32). There are many possible explanations for these
findings, including short duration and the heavily smoking
population (32). The negative findings from this secondary
prevention trial of neck and head cancer do not preclude the
potential of N-acetylcysteine as a chemopreventive agent for
other cancers.

Only one previous investigation that used a prospective
nested case-control design has evaluated the association be-
tween plasma total cysteine and breast cancer risk (37). In that
study including 112 cases and 113 controls, plasma total cys-
teine concentrations were significantly inversely associated
with breast cancer risk among women with two high-activity

catechol-O-methyltransferase aleles but not among women
with low-activity catechol-O-methyltransferase alleles (37). In
the present study including 712 case-control pairs, we found a
strong inverse association between plasma total cysteine con-
centrations and risk of breast cancer. This inverse association
was strong among women who were leaner, which has no
obvious explanation but could be related to less masking effect
by endogenous estrogens in this group of women. These results
suggest a potential method for reducing risk of breast cancer
independent of standard risk factors. Limited case-control data
suggest that cysteine also might be related to cervical neoplasia.
Plasma total cysteine levels were found to be inversely asso-
ciated with risk of cervica dysplasia in a large case-control
study (38). Lower blood levels of glutathione were also ob-
served among patients with cervical dysplasia (39) or invasive
cancer (39—42) as compared with control subjects.

In summary, the findings from this study suggest that
higher circulating concentrations of total cysteine may contrib-
ute to reduction in breast cancer risk. Cysteine or its precursors
might have the potential to be chemopreventive against breast
cancer. The association between plasmatotal cysteine and risk
of breast cancer needs to be evaluated in other well-designed
large prospective studies.
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