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Abstract

Cysteinylglycine, a prooxidant generated during the catabo-
lism of glutathione, has been suggested to induce oxidative
stress and lipid peroxidation, leading to the development of
human cancers. Observational data relating cysteinylglycine
status to breast cancer risk are lacking. We prospectively
evaluated plasma cysteinylglycine levels and invasive breast
cancer risk among 812 case-control pairs nested in the
Women’s Health Study, a completed randomized trial evalu-
ating low-dose aspirin and vitamin E in middle-aged and older
women. We additionally evaluated the effect modification by
risk factors for oxidative stress, such as vitamin E assignment,
alcohol consumption, obesity, and postmenopausal hormone
use. Logistic regression controlling for matching factors,
as well as other risk factors for breast cancer, was used to
estimate relative risks (RR) and 95% confidence intervals
(95% CI). All statistical tests were two sided. We observed no
overall association between plasma cysteinylglycine and
invasive breast cancer risk. However, higher cysteinylglycine
levels were marginally associated with an increased risk of
breast cancer in the high oxidative stress groups. Women in the
highest quintile group of cysteinylglycine relative to the lowest
group had multivariate RRs (95% CIs) of 1.64 (1.01–2.66;
P trend = 0.04) in the vitamin E placebo group, 2.51 (1.01–6.24;
P trend = 0.07) in the high alcohol intake group (z9 g/day),
and 1.66 (0.97–2.84; P trend = 0.03) in the overweight and obese
group. Our findings suggest that women who are susceptible
to experiencing oxidative stress may be at a greater risk for
developing breast cancer. [Cancer Res 2007;67(23):11123–7]

Introduction

Oxidative stress, known to play a role in the promotion and
progression of human cancers, including breast cancer (1–3), is a
disturbance in the balance between reactive oxygen species
production and antioxidant defenses, favoring the overproduction
of reactive oxygen species (4). Cysteinylglycine, a sulfhydryldipep-
tide, is generated from the extracellular glutathione, a nonprotein
thiol, through the catalytic activity of g-glutamyltransferase (5).
Cysteinylglycine is a highly reactive metabolite which has been
suggested to cause the reduction of ferric iron Fe3+ to ferrous iron
Fe2+, resulting in an iron redox cycling process liable to the
production of reactive oxygen species and stimulation of oxidative
reactions (6). The prooxidant, cysteinylglycine, has been shown to
cause lipid peroxidation in human plasma LDL lipoproteins (7), as
well as oxidative damage on DNA bases (8).

A small case-control study reported a significantly positive
association between serum cysteinylglycine levels and risk for ische-
mic heart disease (9). However, there are no data evaluating cys-
teinylglycine status in relation to risk for developing breast cancer.
We prospectively evaluated the association between plasma levels of
cysteinylglycine and invasive breast cancer risk in a case-control
study nested in a large female cohort.

Materials and Methods

Participants in this study were drawn from the Women’s Health Study,

a completed randomized trial evaluating low-dose aspirin and vitamin E

for the primary prevention of cancer and cardiovascular disease among
39,876 women who were 45 years or older and free of cancer and

cardiovascular disease at the time of enrollment beginning in 1992 (10, 11).

Upon enrollment into the study, participants completed a baseline

questionnaire about their medical history and life-style factors. Participants
also filled out a 131-item food frequency questionnaire, which has been

validated in a large female cohort (12). After an average of 10 years of

treatment, the Women’s Health Study trial observed no overall benefit of

600 IU of vitamin E or aspirin at a dose of 100 mg given every other day in
the prevention of breast cancer development; the observed relative risks

(RR) were 1.00 [95% confidence intervals (95% CI), 0.90–1.12] for randomized

vitamin E treatment and 0.98 (95% CI, 0.89–1.08) for randomized aspirin
treatment (10, 11).

Blood samples were collected from 28,345 women (71% among the total)

at baseline. Baseline characteristics of women who gave blood samples were

largely similar to those who did not (13). Briefly, both groups were not
different in mean age in years (54.7 and 54.4), proportions of women with

body mass index (BMI) of z25kg/m2 (48.4% versus 51.1%), alcohol intake
(1.1 versus 0.9 g/day), physical activity (median expenditure per week,

599 versus526 kcal/week), and current use of multivitamin supplements
(29.4% versus 28.6%).

In the present study, we included 812 cases who had a confirmed

diagnosis of invasive breast cancer incidence during an average of 10 years
of follow-up between 1992 and 2004. Each breast cancer case was

individually matched to one control with no diagnosis of cancer on age

(up to 5 years of difference), ethnicity, menopausal status (premenopausal,

postmenopausal, or uncertain/unknown), fasting status (z8 h or fewer),
month and year of blood return (4-month interval), postmenopausal

hormone use (never, past, or current), and trial randomization date

(12-month difference). Plasma cysteinylglycine levels were determined using

high-performance liquid chromatography with fluorescence detection (14).
Blood samples were handled identically and together in the same batch.

The mean coefficient of variation for quality control samples (78 repeated

samples) was 14.7%.

We first loge-transformed plasma cysteinylglycine and then categorized
plasma cysteinylglycine into quintiles on the basis of the distribution in the

controls. Differences between case-control pairs in mean levels of plasma

nutrients and other continuous covariates were tested using a paired t test.
The McNemar test was used to compare the difference between case-

control pairs in proportions of covariates as categorical variables. We used

conditional logistic regression to estimate RRs and 95% CIs for invasive

breast cancer with adjustment for age and randomized treatment
assignment, matching factors, and, additionally, potential risk factors for

breast cancer assessed at baseline.
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Several risk factors, including lower antioxidant intakes, smoking, high
alcohol consumption, overweight/obesity, and elevated estrogen levels have

been suggested to contribute to lipid peroxidation and oxidative damage to

DNA, leading to breast cancer development (2, 15, 16). Accordingly, we also

evaluated the effect modification by randomized vitamin E treatment
assignment (treatment, placebo group), alcohol consumption (<9, z9 g/day,
75th percentile among drinkers), smoking (current, past, never), obesity

(normal, overweight/obese), menopause (premenopause, postmenopause),

and postmenopausal hormone therapy use (never, current) with uncondi-
tional logistic regression controlling for matching factors, as well as risk

factors for breast cancer. Tests for trend were performed by fitting the

median value of each category as a continuous variable in the models. Tests

for multiplicative interaction between cysteinylglycine levels (continuous
variable with the median value of each category) and other modifiers in

relation to risk of breast cancer were performed by entering the product

term of cysteinylglycine levels and a modifier into the multivariate model
with a Wald statistic. All P values were two sided.

Results

As shown in Table 1, plasma cysteinylglycine was assayed with
a wide range of concentrations. Breast cancer patients were
more likely, than control subjects, to have previous history of benign
breast disease and to report being current smokers, having fewer
childbirths, being older at first child birth, and at onset of meno-
pause. Baseline dietary intakes of antioxidants, such as h-carotene,

selenium, vitamin A, and vitamin C, and number of participants
receiving 600 IU of randomized vitamin E treatment on alternate
days, were not different between cancer patients and control
subjects. However, plasma cysteinylglycine levels in cancer patients
were moderately higher than those in control subjects.
Plasma cysteinylglycine levels were nonsignificantly positively

associated with overall risk of invasive breast cancer in the analysis
controlling for matching factors and age and random treatment
assignment or additionally controlling for risk factors for breast
cancer (Table 2). Further adjustment for dietary intakes of
h-carotene, selenium, vitamin A, and vitamin C did not materially
change the results (data not shown). Similarly, the results were not
substantially changed when we additionally adjusted for plasma
levels of folate, vitamin B6, and vitamin B12. However, we observed
a marginally positive association among women assigned to vitamin
E placebo; women in the highest quintile group of cysteinylglycine
relative to those in the lowest group had a multivariate RR of
1.64 (95% CI, 1.01–2.66; P trend = 0.04). No association was observed
among women assigned to vitamin E treatment group (P interaction =
0.34). The effect modification by aspirin treatment on the asso-
ciation between cysteinylglycine levels and breast cancer was not
significant (P interaction = 0.90).
Higher plasma cysteinylglycine levels were marginally associated

with an increased risk for invasive breast cancer among women

Table 1. Baseline characteristics (mean F SD or %) among invasive breast cancer cases and their matched controls in the
Women’s Health Study

Characteristics Cases (n = 812) Controls (n = 812) P

Age, y 56.1 (7.2) 56.0 (7.0) Matched

Race Matched
Caucasian (%) 97 97

African-American (%) 1 1

Hispanic (%) 1 1

Others (%) 1 1
Body mass index, kg/m2 25.4 (4.4) 25.6 (4.8) 0.47

History of benign breast disease (%) 42.8 37.8 0.03

Family history of breast cancer (%) 7.8 7.5 >0.9
Mammogram screening test (%)* 63.3 66.3 0.21

Current smoking (%) 13.6 9.5 0.01

Age at menarche, y 12.3 (1.0) 12.4 (1.1) 0.07

Age at first birth, y 25.1 (3.6) 24.4 (3.4) 0.0005
Parity 2.8 (1.7) 3.1 (1.7) 0.0003

Nulliparous (%) 14.9 11.7 0.06

Postmenopause (%) 62.9 62.9 Matched

Age at menopause, y 48.1 (5.4) 47.1 (5.6) 0.0002
Current postmenopausal hormone use (%) 62.5 62.5 Matched

Current use of multivitamins (%) 30.3 27.3 0.17

No. participants with vitamin E treatment (%) 51.6 49.4 0.37

Physical activity (kcal/wk) 936 (1,135) 981 (1,314) 0.37
Alcohol intake (g/d) 5.2 (9.0) 4.5 (8.1) 0.08

Total h-carotene intake (mcg/d)c 4,756 (3,002) 4,899 (3,051) 0.37

Total selenium intake (mcg/d)
c

2.6 (8.9) 2.8 (9.8) 0.70
Total vitamin A intake (IU/d)

c
12,729 (7,561) 12,799 (7,853) >0.9

Total vitamin C intake (mg/d)
c

249 (283) 254 (309) 0.84

Plasma cysteinylglycine levels (nmol/mL)
b

552 (302–928) 532 (312–826) 0.05

*Information was obtained at the 12-mo follow-up questionnaire.
cNutrient intakes were energy-adjusted.
bMedian value (5th–95th range).
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Table 2. RRs and 95% CIs of invasive breast cancer according to quintiles of plasma levels of cysteinylglycine in the Women’s
Health Study

Quintile P trend

1 (lowest) 2 3 4 5 (highest)

Cysteinlyglycine (nmol/mL) V408.9 >408.9 to 476.4 >476.4 to 535.4 >535.4.4 to 628.5 >628.5

All women

No. cases/controls 165/163 150/162 147/163 157/162 193/162

Simple RR* 1.00 0.94 (0.66–1.33) 0.91 (0.64–1.31) 0.99 (0.67–1.45) 1.23 (0.85–1.79) 0.16

Multivariate RR
c

1.00 0.88 (0.60–1.28) 0.94 (0.64–1.39) 0.96 (0.63–1.46) 1.25 (0.84–1.87) 0.14

Vitamin E treatment group
b

No. cases/controls 95/80 76/90 84/69 69/77 91/75

Simple RR* 1.00 0.69 (0.44–1.08) 1.01 (0.63–1.61) 0.74 (0.46–1.19) 1.00 (0.63–1.58) 0.83

Multivariate RR
c

1.00 0.66 (0.41–1.07) 1.01 (0.62–1.64) 0.78 (0.48–1.27) 1.04 (0.64–1.68) 0.67

Vitamin E placebo group

No. cases/controls 68/80 73/70 60/91 85/82 100/83

Simple RR* 1.00 1.28 (0.79–2.06) 0.76 (0.47–1.24) 1.29 (0.80–2.07) 1.44 (0.91–2.28) 0.12

Multivariate RR
c

1.00 1.44 (0.87–2.39) 0.89 (0.54–1.47) 1.57 (0.95–2.61) 1.64 (1.01–2.66) 0.04

Alcohol intake <9 gm/d
b

No. cases/controls 132/127 123/135 113/134 126/138 147/134

Simple RR* 1.00 0.88 (0.62–1.26) 0.81 (0.56–1.17) 0.90 (0.63–1.30) 1.07 (0.75–1.53) 0.61

Multivariate RR
c

1.00 0.90 (0.62–1.31) 0.86 (0.59–1.26) 0.99 (0.68–1.44) 1.14 (0.79–1.64) 0.37

Alcohol intake z9 gm/db

No. cases/controls 31/33 26/25 31/26 28/21 44/24

Simple RR* 1.00 1.30 (0.58–2.92) 1.30 (0.59–2.90) 1.23 (0.52–2.89) 2.12 (0.95–4.73) 0.08

Multivariate RR
c

1.00 1.91 (0.75–4.89) 1.48 (0.59–3.73) 1.75 (0.65–4.74) 2.51 (1.01–6.24) 0.07

BMI < 25 kg/m2

No. cases/controls 114/101 89/90 83/90 77/84 89/75

Simple RR* 1.00 0.87 (0.57–1.32) 0.79 (0.51–1.21) 0.77 (0.50–1.18) 1.03 (0.67–1.58) 0.90

Multivariate RR
c

1.00 0.97 (0.63–1.50) 0.81 (0.52–1.26) 0.84 (0.53–1.31) 1.09 (0.70–1.69) 0.93
BMI z 25 kg/m2

No. cases/controls 49/59 60/70 61/70 77/75 102/83

Simple RR* 1.00 1.07 (0.63–1.82) 1.06 (0.61–1.83) 1.27 (0.73–2.19) 1.53 (0.92–2.56) 0.05

Multivariate RR
c

1.00 1.08 (0.61–1.89) 1.19 (0.67–2.12) 1.38 (0.77–2.47) 1.66 (0.97–2.84) 0.03
Premenopausal women

No. cases/controls 43/41 40/46 39/30 28/29 37/38

Simple RR* 1.00 0.83 (0.44–1.55) 1.37 (0.70–2.68) 0.88 (0.44–1.78) 1.00 (0.52–1.93) >0.9

Multivariate RR
c

1.00 0.78 (0.40–1.50) 1.54 (0.76–3.13) 0.96 (0.46–2.01) 0.97 (0.48–1.93) 0.90
Postmenopausal women

No. cases/controls 96/96 82/93 88/102 108/110 128/101

Simple RR* 1.00 0.86 (0.56–1.33) 0.84 (0.55–1.29) 0.95 (0.62–1.44) 1.25 (0.83–1.89) 0.18
Multivariate RR

c
1.00 0.92 (0.59–1.44) 0.89 (0.57–1.40) 1.04 (0.67–1.62) 1.38 (0.90–2.12) 0.09

Never users of hormone therapyx

No. cases/controls 21/25 18/18 16/24 28/38 51/30

Simple RR* 1.00 1.30 (0.51–3.32) 0.81 (0.32–2.03) 0.89 (0.38–2.08) 2.40 (1.05–5.45) 0.03
Multivariate RR

c
1.00 1.61 (0.57–4.54) 0.84 (0.30–2.36) 0.98 (0.38–2.53) 2.98 (1.22–7.27) 0.01

Current users of hormone therapyx

No. cases/controls 72/65 51/64 57/64 68/61 65/58

Simple RR* 1.00 0.72 (0.43–1.22) 0.78 (0.46–1.33) 0.99 (0.58–1.68) 0.98 (0.58–1.65) 0.74
Multivariate RR

c
1.00 0.71 (0.41–1.25) 0.79 (0.45–1.38) 1.04 (0.59–1.83) 1.05 (0.60–1.84) 0.53

*Simple models were adjusted for matching variables and age (y), and randomized treatment assignment to aspirin and vitamin E (aspirin versus

placebo, vitamin E versus placebo).
cMultivariate models were adjusted for matching variables denoted in * and additionally for BMI [weight (kg)/height (m)2]: <25, 25-<30, z30
kg/m2), physical activity (energy expenditure in kcal/wk, in quartiles), family history of breast cancer in a first-degree relative (yes, no), history of

benign breast disease (yes, no), age at menarche (V11, 12, 13, z14 y), parity (0, 1–2, 3–4, z5 children), age at first birth (V19, 20–24, 25–29, z30 y),
smoking status (never, past, current), alcohol consumption (never, 0.1 to <5, 5 to <15, z15 g/d), and age at menopause (<45, 45 to <50, 50 to <52,
z52 y).
bParticipants received 600 IU of vitamin E on alternate days. The cut point of 9 g/d of alcohol intake was the 75th percentile among all drinkers in the

cohort.
xAmong postmenopausal women.

Plasma Cysteinylglycine Levels and Breast Cancer Risk

www.aacrjournals.org 11125 Cancer Res 2007; 67: (23). December 1, 2007

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/67/23/11123/2575966/11123.pdf by guest on 19 M

ay 2023



who consumed alcohol of 9 g or more daily; women in the highest
quintile group relative to the lowest group had RR of 2.51 (95% CI,
1.01–6.24; P trend = 0.07). In addition, cysteinylglycine levels were
positively associated with an increased risk for breast cancer
among overweight or obese women (BMI, z25 kg/m2); the
multivariate RR (95% CI) in the highest quintile group relative to
the lowest group was 1.66 (0.97–2.84; P trend = 0.03). In contrast,
no association was observed among women with alcohol con-
sumption of 9 g or less daily and among normal-weight women
(P interaction, 0.11 for BMI and 0.12 for alcohol consumption). Higher
plasma cysteinylglycine levels were also marginally associated with
an increased risk for developing postmenopausal breast cancer
(Table 2). The positive association was mostly attributable to
women who had never received hormone therapy, whereas no
association was observed among current users of hormone therapy
(Table 2; P interaction, 0.36 for menopause status and 0.32 for
hormone therapy use). Finally, the association was not significant
in the stratified analysis according to smoking status and
mammogram screening test (yes, no; data not shown).
To evaluate what factors best predict cysteinylglycine concen-

trations in the study population, we first conducted partial
correlation analysis among controls with adjustment for matching
factors between cysteinylglycine levels and several oxidative
variables, including BMI, alcohol consumption, current cigarette
smoking, current or never use of hormone therapy, vitamin E
treatment, and aspirin treatment. BMI (partial r = 0.10, P value =
0.03) was shown significantly associated with circulating cysteinyl-
glycine levels. We also performed a stepwise regression among
controls with adjustment for age and BMI on all energy-adjusted
nutrients derived from the baseline food frequency questionnaire,
using the criteria of P value of <0.10 for variable entry into the
model and P value of <0.05 for staying in the model. Four nutrients
selected as best predictors for cysteinylglycine levels were vitamin
E from diet (partial r = -0.09, P = 0.01), vitamin D from diet (partial
r = 0.09, P = 0.01), vitamin B2 from diet (partial r = �0.09, P = 0.01),
and total sodium (partial r = �0.07, P = 0.04).

Discussion

In this first prospective cohort study of plasma cysteinylglycine
and breast cancer risk, we observed no overall statistically
significant association. However, a marginally positive association
between plasma cysteinylglycine levels and breast cancer risk was
seen among women who did not receive vitamin E treatment, had
higher alcohol consumption, or among those who were overweight
or obese. It is possible that women in these groups are more
susceptible to the attack of lipid peroxidation and oxidative stress,
giving rise to oxidative damage of the mammary membrane.
Alcohol has been shown to alter the absorption and metabolism of
protective antioxidant nutrients and increase oxidative stress in
cell membranes (17). Similarly, excess adiposity due to obesity or
lower intakes of antioxidants, such as vitamin E, may increase the
formation of reactive oxygen species in cells (18).
We, however, observed a marginally positive association between

cysteinylglycine levels and breast cancer risk among postmeno-

pausal women, especially among those who had never used
hormone therapy. It remains unclear whether estrogens inhibit or
increase lipid peroxidation in mammary tumorigenesis. In contrast
to the findings that estrogens may increase risk for oxidative stress
in mammary tissue (16), estrogens have also been shown to inhibit
lipid peroxidation, resulting in the overexpression of Bcl-2 and
antiapoptotic effects on the mammary cells (19). More studies are
necessary to clarify the relationship between estrogens and
oxidative stress to the development of mammary tumorigenesis.
Given the significant associations with oxidative factors, plasma

cysteinylglycine may potentially serve as a marker of enhanced
oxidative stress. Because we only had cysteinylglycine concentra-
tions in the study, we were unable to determine whether cyste-
inylglycine may be a better measure than other oxidative measures
in relation to breast cancer risk. A recent case-control study of
endogenous levels of F2-isoprostanes and 8-hydroxydeoxyguanosine
and breast cancer risk observed a modest positive association
between F2-isoprostanes, but not 8-hydroxydeoxyguanosine, levels
and breast cancer risk (3). Notably, the study also observed the effect
modification by current cigarette smoking in relation to breast
cancer risk. In our study, however, the significant modifiers of the
association between cysteinylglycine levels and breast cancer risk
did not include cigarette smoking. It is possible that cysteinylglycine,
F2-isoprostanes, and 8-hydroxydeoxyguanosine may be linked to
different oxidative pathways in the development of breast cancer.
For instance, the cysteinylglycine-associated oxidation of the cells
may be more sensitive than F2-isoprostanes and 8-hydroxydeox-
yguanosine to metabolic syndrome (20).
Several limitations present in the studymerit further consideration.

First, we had only a single baseline measurement for cysteinylglycine
levels, which may not reflect the true cysteinylglycine status over
time. It remains unclear whether circulating cysteinylglycine levels
sufficiently represent oxidative stress exposure in the development
of mammary tumorigenesis and whether cysteinylglycine may be
a better measure than other oxidative biomarkers, such as F2-
isoprostanes or 8-hydroxydeoxyguanosine. We also cannot exclude
the possibility of residual confounding by uncontrolled variables.
In conclusion, our findings suggest that higher cysteinylglycine

levels, a prooxidant produced by the catabolism of glutathione,
may predict an increased risk for developing breast cancer among
women exposed to peroxidation-prone environments, such as high
alcohol consumption, low antioxidant intakes, or excess weight.
Additional studies are warranted to confirm our present findings.
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