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Abstract
Estrogens are known for their proliferative
effects on estrogen-sensitive tissues resulting
in tumorigenesis. Results of experiments in
multiple laboratories over the last 20 years have
shown that a large part of the cancer-inducing
effect of estrogen involves the formation of
agonistic metabolites of estrogen, especially
16α-hydroxyestrone. Other metabolites, such
as 2-hydroxyestrone and 2-hydroxyestradiol,
offer protection against the estrogen-agonist
effects of 16α-hydroxyestrone. An ELISA
method for measuring 2- and 16α-hydroxylated
estrogen (OHE) metabolites in urine is available
and the ratio of urinary 2-OHE/16α-OHE (2/16α
ratio) is a useful biomarker for estrogen-related
cancer risk. The CYP1A1 enzyme that catalyzes
2-hydroxyestrone (2-OHE1) formation is
inducible by dietary modification and
supplementation with the active components
of cruciferous vegetables, indole-3-carbinol (I-
3-C), or diindolylmethane (DIM). Other dietary
components, especially omega-3
polyunsaturated fatty acids and lignans in
foods like flaxseed, also exert favorable effects
on estrogen metabolism. Thus, there appear
to be effective dietary means for reducing
cancer risk by improving estrogen metabolism.
This review presents the accumulated
evidence to help clinicians evaluate the merit
of using tests that measure estrogen
metabolites and using interventions to modify
estrogen metabolism.
(Altern Med Rev 2002;7(2):112-129)
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Introduction
Clinical management of women’s health

issues is continually changing. First there was hor-
mone replacement therapy with estradiol from
pregnant mares’ urine. Then there was balancing
estradiol with progestins and, in some users, with
estriol. Next the soy influence led the
phytoestrogen wave. Now it has been found that
other estrogen metabolites influence cancer and
ways to manage these metabolic issues are becom-
ing evident.

This review focuses on the clinical im-
pact of knowledge regarding the metabolic fates
of estrogens. With this knowledge, one can move
from the notion that postmenopausal women
should try to maintain high plasma estrogen lev-
els to treatment that can maximize the positive tis-
sue maintenance effects while minimizing the risk
of cancer. The impact of the most potent carcino-
genic metabolites may be controlled in most pa-
tients with cruciferous vegetables and their active
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components. Improving omega-3 fatty acid intake
can provide additional metabolic protection for
estrogen metabolism. With the knowledge of the
effects of diet on estrogen metabolites, women
may reduce their risk of estrogen-associated
cancer.

Cancer Associations
The causes of cancer are complex, even

when the issue is isolated to cancers in estrogen-
sensitive tissues. The causes may be categorized
as either factors that result in genotoxic DNA dam-
age or factors that stimulate cell proliferation, de-
velopment, and growth. Estrogen production is

Table 1.    Estrogen-Cancer Associations

Finding
Ovary removal gives remission of breast cancer.

Estrogen use linked to endometrial cancer.

Effect of estriol on mammary carcinomas debated.

Estrogen is cause of endometrial cancer and likely is a factor in 
breast cancer.

Estrogens promote mammary cancer in rodents and exert cell 
proliferative effects in humans.

Family history, sex hormones, diet, lifestyle, and environmental 
exposure are factors associated with breast cancer incidence.

Differences in exposure to xenoestrogens like insecticides, weed 
killers, synthetic estrogens, and aromatic hydrocarbons may explain 
the five-fold higher rate of cancer in Canadian women compared to 
women in Asia.

Multiple prospective studies strongly suggest that breast cancer risk 
in postmenopausal women is associated with relatively high 
concentrations of endogenous estradiol.

Women with family history of breast cancer who used early oral 
contraceptive formulations have particularly high risk for the disease.

Hormone replacement therapy is conclusively linked with breast 
cancer.

Year
1896

1979

1980

1985

1995

1995

1996

1997

2000

2001

Ref.
1

8

9,10

11

12

2

6

13

14

15
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clearly associated with cancer in estrogen-sensi-
tive tissues. An early experiment that revealed the
association of estrogen production and cancer was
the remission of breast cancer in premenopausal
women by surgical removal of the ovaries.1 The
close relationship between the risk of breast can-
cer and exposure to estrogen has been reviewed.2,3

In the uterus, estrogen triggers the prolif-
eration of endometrial cells during each month of
the menstrual cycle, followed by death of these
cells during menstruation. Similarly, during each
menstrual cycle, estrogen normally triggers the
proliferation of cells that form the inner lining of
the ducts in the breast. Over a span of 40 years,
from puberty to menopause, hundreds of cycles
of cell division and cell death will occur.

These repeated cycles of estrogen-induced
cell division tend to increase the risk of develop-
ing cancer in two ways: estrogen can stimulate
the division of uterine or breast cells that already
have DNA mutations (oncogene or virus4,5 initi-
ated), and it also increases the chances of devel-
oping new, spontaneous mutations (from carcino-
gens6 or radiation). Whether the mutations are in-
herited or spontaneous, estrogen-driven prolifera-
tion increases the number of altered cells that can
ultimately lead to the development of uterine or
breast cancer.7 A historical perspective on the de-
velopment of the estrogen-cancer association from
early observations to recent conclusive reports is
presented in Table 1.

Limiting exposure to environmental es-
trogens can reduce cancer risk. For example, es-
trogen activity has been found for nonylphenol and
bisphenol. Nonylphenol is an antioxidant used in
the manufacture of plastic, detergents, toiletries,
lubricants, and spermicides. Bisphenol is leached
from polycarbonate plastics when they are
heated.16 Other xenoestrogens include DDT, meth-
oxychlor, aromatic hydrocarbons, and the com-
mon weed killer Atrazine that is widely used on
corn crops.

It is too early to calculate cancer risk fac-
tor associations with specific or total xenoestrogen
exposures, but the laboratory evidence of estro-
gen-like effects of many xenobiotics is clear. The
evidence points to the xenobiotic contribution to
excessive cell proliferation due to the total load

of estrogen-receptor stimulators. In addition, some
compounds like DDT can exert direct effects on
procarcinogenic estrogen metabolites discussed
below.17 Adjustment of lifestyle to reduce
xenoestrogen exposure is one step a woman can
take to control total estrogen exposure.

Metabolic Fate of Estrogens
Normal premenopausal women produce

several hundred micrograms of estradiol (E2)
daily. A portion of the roughly 1017 newly synthe-
sized molecules find their way to binding sites in
the nucleus and other organelles of many tissues.
Once bound to estrogen receptors, the estrogen
hormones elicit an increased rate of DNA synthe-
sis, resulting in gene transcription and cell divi-
sion. Meanwhile, a similar number of estrone/es-
tradiol molecules are removed from the body pool,
maintaining a relatively constant stimulation of
cell division in estrogen-sensitive tissues. Much
of the estradiol is converted into estrone (E1) and
estriol (E3), but these are only two of the best-
known metabolites.

The half-life of E2 is about three hours.18

Its removal is accomplished by irreversible con-
version into metabolites that may be passed into
urine or bile. There are multiple pathways that
convert E2 to products that have widely different
biological activities. Some products are powerful
carcinogens while others act as estrogen antago-
nists. The relative amounts of these metabolites
control the overall cancer risk from estrogen ex-
posure.

Oxidation to form hydroxy derivatives is a
principal route of endogenous steroid metabolism
(Figure 1). Isoenzymes of the cytochrome p450
(CYP) class can insert hydroxyl groups at the 2-, 4-,
or 16- positions of E1 (Figure 2). The iso-enzyme
that catalyzes 2-hydroxylation of E2 (CYP1A1) is
an inducible enzyme. It is formed in greater amounts
in hepatic microsomes in response to dietary ingre-
dients and cigarette smoke. A separate enzyme,
CYP1B1, catalyzes 16α-hydroxylation. This enzyme
is not inducible by diet, but xenobiotic carcinogens
and pesticides may stimulate its activity.7 As a re-
sult, a preferential increase in 2-hydroxylation can
occur through dietary manipulation.
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After estrone hydroxylation, the various
poly-hydroxy derivatives are conjugated with
glucuronate or sulfate, or methylation occurs prior
to excretion in urine. The catechol-O-methyl trans-
ferase (COMT) enzymes that catalyze the methy-
lation reactions require S-adenosyl methionine. A
portion of conjugated and unconjugated steroids
also passes into bile, some of which may be reab-
sorbed via enterohepatic circulation. Lower intes-
tinal reuptake rates can explain why total estro-
gen loads are decreased by high fiber diets and
especially by the lignans contained in flax seed.

The principal hydroxylation products are
2-hydroxyestrone (2-OHE1), 2-hydroxyestradiol
(2-OHE2), 4-hydroxyestrone (4-OHE1), 4-
hydroxyestradiol (4-OHE2), and 16α-
hydroxyestrone (16α-OHE1). The 2-hydroxy de-
rivatives and 16α-OHE1 have opposite biological
properties. Cell proliferative activity of the 2-hy-
droxy metabolites is nil, while 16α-OHE1 is a
powerful estrogen agonist. The 4-hydroxy deriva-
tives are also estrogen agonists, but their relative
concentrations are smaller, so they may have less
impact on cancer risk compared to the more abun-
dant 2- and 16α-derivatives. The carcinogenic

affects of 4-OHE1 may be due to the ef-
fects of toxic quinone metabolites rather
than to estrogen agonist effects.19 Note
that the 16α-derivative of estrone is the
precursor to relatively inactive estriol.
Apparently, it is the unique orientation
of the 16α-OH group with the keto group
of estrone that leads to the potent effects
of this metabolite.20 Sixteen-α-OHE1
can bind covalently to sites in the endo-
plasmic reticulum while becoming si-
multaneously bound to nuclear estrogen
receptor sites.21 This binding stimulates
heightened activity for days instead of
hours. The 16α-OHE1 effects persist
until the binding proteins are degraded.
Such increased cell proliferative and
genotoxic effects appear to be a mecha-
nism of cancer induction by tumor vi-
ruses, carcinogens, and oncogenes asso-
ciated with breast cancer.22

Early evidence suggested that 2-
OHE1, at most, behaved as a weak es-

trogen and probably more as an anti-estrogen in
several models.23,24 Cell culture studies in subse-
quent years also identified 2-OHE1 as a weak pro-
motional estrogen that was less potent than 16α-
OHE1 at initiating cell proliferation.25 Compari-
son of the relative potencies of 2-OHE1 and 16α-
OHE1 at transforming cells showed 16α-OHE1
exhibited increased unscheduled DNA synthesis,
proliferation, and anchorage-independent growth
relative to 2-OHE1, which showed less activity
than estradiol in each of these parameters.26,27 In
long-term proliferation studies, persistent prolif-
eration was observed after treatment of human ER-
positive cancer cells with 16α-OHE1 but not with
2-OHE1.28

A prospective study examined estrogen
metabolite ratios in 5,104 women age 35 and older
where the median follow-up time to diagnosis was
9.5 years.29 The researchers used the calculated
ratio of 2-OHE1 to 16α-OHE1 (2/16α ratio) as a
biomarker. Subjects with metabolite ratios in the
highest tertile appeared to show a trend toward
lower risk of breast cancer relative to those in the
lowest tertile, although the participant size was not
large enough to reach statistical significance.

Figure 1.   Catabolism of Estradiol
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Separate cytochrome P450 enzymes carry out 2- and 16α-hydroxylation. 
A portion of the 2- and 4-hydroxy derivatives is converted to methoxy-
forms (-MeOE), depending on individual methyl donor and cofactor status.
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Postmenopausal women at baseline who went on
to develop breast cancer showed a statistically sig-
nificant 15-percent lower ratio than matched con-
trol subjects. A more recent prospective study of
10,876 Italian women age 35-69 years, who were
followed for an average of 5.5 years, examined
144 breast cancer cases and four matched controls
for each case. Among the group of premenopausal
women, a higher 2/16α ratio at baseline was cor-
related with a reduced risk of breast cancer. When
the results of this cohort were divided into
quintiles, women in the highest ratio quintile had
the lowest risk.30

Variations of the 2/16α ratio between ac-
tual breast cancer cases and controls have been
examined.31 Postmenopausal women with breast
cancer have lower ratios than their matched con-
trols. These results led the investigators to sug-
gest a strong inverse association of the 2/16α ra-
tio and a strong positive association of 16α-OHE1

with breast cancer in this subset of women. At
about the time these studies were demonstrating a
strong statistical association between the 2/16α
ratio and breast cancer, other groups were clarify-
ing the potential causal relationship between in-
creased 16α-OHE1 and low 2-OHE1. A bifunc-
tional pathway involving both estrogen receptor
activation of protein transcription and direct
genotoxic DNA alterations was proposed.20 Pre-
viously, direct genotoxic effects had been mea-
sured by observing increases in proliferative ac-
tivity and DNA repair in mammary epithelial cell
lines.26 In 1982 a 50-percent increase in 16α-hy-
droxylation among patients with breast cancer
compared to controls was demonstrated.32 This
increase in 16α-hydroxylation has important dis-
ease promotion effects that may be seen at both
the genotoxic and hormonal levels of cancer gen-
eration. Although the 1982 report showed no as-
sociation between stage of breast cancer disease

Figure 2.   Hydroxy Derivatives of Estrone
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Both the standard structure drawings (right) and the 3D projection of estrone (left) are shown. The 
position of hydroxyl insertion to form the catechol estrogen metabolite is shown and the reason for 
the α- and β- prefixes can be seen as "down" or "up" orientations at carbon 16.
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Table 2a.   Estrogen Metabolite-Cancer Connections

Finding
16α-hydroxylated estrogens are associated with breast cancer and suggested 
to have an etiological role.

Women with breast or endometrial cancer have increased estrogen-16α-
hydroxylase activity.

Daily excretion of urinary estrogen metabolites is quantified and total 
metabolite excretion is lowered by dietary fiber.

16α-OHE1 has a unique capacity to bind covalently and irreversibly with the 
endoplasmic reticulum.

Evidence that both genotoxic damage and aberrant proliferation caused by 
16α-hydroxyestrone is found in mouse mammary cells.

Agents that increase 2-OHE1 inhibit carcinogenesis.

The ratio of 16-αOHE1 to 2-OHE1 is elevated in women and animals with 
high rates of mammary tumors

Organochlorine pesticides activate CYP enzymes responsible for 16α-
hydroxestrone formation

CYP1A1 polymorphism causes lower 2-OHE1/16α-OHE1 ratios in African-
American women compared to Caucasian women

Exposure of mammary epithelial cells to 16α-OHE1 results in genotoxic DNA 
damage and increased cell proliferation similar to that induced by the 
carcinogen 7,12-dimethyl-(α)benzanthracene (DMBA).

A bifunctional pathway of genotoxic and estrogen receptor modulation is 
proposed for carcinogenesis of 16α-OHE1.

Data from women with breast cancer and age-matched controls shows a 
strong inverse association of the 2/16α ratios with cancer.

Favorable clinical outcomes are predicted for women with high 2/16α ratios in 
9.5 year follow up prospective study of 5104 women (Guernsey III study).

Estradiol and 16α-hydroxyestrone increase abnormal proliferation and 
malignant conversion of keratinocytes. The effect is blocked by I3C.

Increase in ratio of urinary 2-OHE/16α-OHE1 correlates with improvement in 
recurrent respiratory papillomatosis.

Year
1982

1984

1986

1988

1992

1994

1995

1995

1996

1997

1997

1997

1997

1998

1998

Ref.
32

33

34

21

26

35

7

17

36

37

20

31

29

5

38
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and the 2/16α ratio, later results demonstrated
lower ratios in those patients with stages III and
IV disease (compared with stages I and II), sug-
gesting women with lower ratios may have a
poorer prognosis.31 Table 2a and 2b outlines the
relationships between estrogen metabolites and
cancer risk.

In another case-control study,11 a differ-
ential in estrone metabolites between women with
breast cancer and control subjects was confirmed.
This study revealed that in the cancer cases there
was a significant decrease in production of 2-
OHE1, while levels of 16α-OHE1 remained un-
changed. This evidence emphasizes the value of
increasing 2-hydroxylation, even if 16-hydroxy-
lation cannot be reduced. When the 2/16α ratio
was analyzed between the subsets of women, ra-
tios for the control group were discovered to be
equally distributed above and below 2.0, while the
ratios for the case group were distributed such that
72 percent fell below 2.0, further suggesting a 2/
16α ratio under 2.0 may be associated with breast
cancer.

Dietary Modification of Estrogen
Metabolism

Insight regarding the mechanism of estro-
gen induction of cancer may be gained from an

understanding of estrogen metabolism. Simple
dietary modification can induce significant im-
provement in estrogen metabolism, decreasing
morbidity and mortality from cancer. With regard
to dietary supplementation with the active food
components of cruciferous vegetables, it must be
emphasized that any powerful inducer of hepatic
enzymes should be used with caution. Although
no problems with human populations have been
shown, there is some evidence of adverse effects
of the compounds discussed below under some
conditions.41-43 The use of estrogen-metabolite test-
ing to identify candidates and monitor progress
should enhance the safe and effective use of these
interventions.

Cruciferous Vegetables
The Cruciferae are any of a family of

plants including cabbage, broccoli, turnip, and
mustard. This food category is also referred to as
Brassica, which is a large genus of Old World tem-
perate zone herbs of the mustard family with
beaked cylindrical pods. Other examples of the
class are kale, rutabaga, Brussels sprouts, cauli-
flower, kohlrabi, and collard. They are rich dietary
sources of indolylmethyl glucosinolate
glucobrassicin that, on enzymatic hydrolysis, re-
leases indole-3-carbinol (I-3-C).44

Table 2b.   Estrogen Metabolite-Cancer Connections

Finding
The ratio of 2OHE1 to 16α-OHE1 does not differ between women who had 
been treated for breast cancer up to 7 years prior to measuring the levels 
compared to controls who had never used chemotherapeutic agents.

A prospective study of 10,876 Italian women shows that women in the highest 
quintile of the 2/16α ratio have risks approximately half that of the lowest 
quintile.

Metabolism of estrogen to 16α-OHE1 is required for enhancement of 
papillomavirus-induced apoptosis

2/16α- ratio is proposed as a biological marker for risk of head and neck 
cancer

Year
1999

2000

2001

2001

Ref.
39

30

4

40
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Table 3a.   Indole-3-Carbinol Modification of Estrogen Metabolites

Finding
I3C is shown to reduce the frequency of carcinogen-induced mammary 
tumors in rats by 75%.

Dietary indoles inhibit aromatic hydrocarbon-induced neoplasia in mice 
stomach.

I3C inhibits free radical-initiated hepatic oxidative damage in rat liver 
homogenates.

I3C is a potent inducer of hepatic CYP450 and this mechanism is proposed 
for modification of xenobiotic metabolism.

I3C strongly influences estradiol metabolism in humans by increasing 2-
hydroxylation.

1991 Mammary tumor incidence and latency in mice is reduced, hepatic CYP 
increased, and E2 2-hydroxylation increased 5-fold by dietary I3C 
supplements.

I3C prevents human papillomavirus-induced tumors of the larynx or genital 
tract. Papilloma cyst formation in a mouse model falls from 100% to 25% in 
I3C-fed animals.

In trout, anticarcinogenic effects are due to acid condensation products, not 
the parent compound, I3C.

I3C has specific antigrowth effects on human breast cancer cells with little 
effect on estrogen non-responsive cells.

I3C increases 2-hydroxylation in human cancer cell culture.

Human subjects taking I3C at 400 mg/d for 3 months show sustained 
elevation of 2-OHE/16α-OHE1 ratio with no detectable side effects.

The naturally occurring phytochemical indole-3-carbinol prevents carcinogenic 
transformation in laboratory models of carcinogenesis.

DIM suppresses human cancer cell growth by inducing apoptosis.

Using the 2-OHE/16α-OHE1 ELISA assay as the surrogate endpoint 
biomarker, an I3C minimum effective dose schedule of 300 mg/d is proposed 
for long-term breast cancer chemoprevention.

Metabolism of cigarette smoke carcinogen is increased by dietary 
supplementation with I3C in mice.

Year
1978

1978

1986

1987

1990

1991

1993

1994

1994

1994

1994

1995

1996

1997

1997

Ref.
47

48

49

46

50

66

55

56

35

51

67

17

59

52

57
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Table 3b.   Indole-3-Carbinol Modification of Estrogen Metabolites

Finding
I3C effects in obese women are found to be similar to non-obese women, offering 
promise for reversal of the cancer-promoting effects of obesity.

Studies of I3C effects on gene expression lead to new proposal of an antiproliferative 
pathway in human breast cancer cells.

I3C blocks in vitro abnormal proliferation of premalignant keratinocyte induced by 
estradiol or 16α-OHE1.

Evidence for I3C to be safe and effective for treatment of recurrent respiratory 
papillomatosis in humans is found.

Tamoxifen and I3C cooperate to arrest cell cycling in human breast cancer cells.

Studies in mice indicate that I3C is a useful preventive for cervical-vaginal cancer and, 
possibly, other cancers with a papillomavirus component.

Human mammary carcinoma-derived cells treated with I3C show 200% increase in 
quiescent/proliferative ratios, up to 18-fold increase in 2OHE1/16αOHE1, a 2-fold 
increase in apoptosis, and a 60% inhibition in growth.

Evidence of another I3C acidic conversion product, LTr-1, that inhibits both estrogen-
dependent and -independent cancer cells as an antagonist of estrogen receptor function 
is found.

I3C actions of inducing CYP1A1, increasing 2-hydroxylation, and inhibiting 4-
hydroxylation of estrogens as well as direct effects of increasing apoptosis and blockage 
of cell cycling are reviewed.

In a human cervical cancer cell line, I3C has anti-estrogenic activities that favor cancer 
prevention.

Fifty percent of patients with cervical intraepithelial neoplasia had complete regression 
after oral I3C at 200 mg/d in a placebo-controlled trial where none of the controls have 
similar regression.

Antitumor activities of I3C are associated with negative modulation of estrogen receptor 
transcription.

Human breast cancer invasion and migration is suppressed by I3C via estrogen-
dependent and -independent pathways.

A nationwide population-based, case-control study in Sweden reveals an almost 2-fold 
reduction in relative risk for breast cancer when the highest decile is compared with the 
lowest in consumption of brassica.

Year
1997

1997

1998

1998

1999

1999

1997

1999

1999

1999

2000

2000

2000

2001

Ref.
63

60

5

68

61

58

53

44

54

62

64

69

70

65
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I-3-C undergoes dimerization in strong
acid, like that normally present in gastric fluid.
Several products may be formed, but the majority
of ingested I-3-C is absorbed in the small intes-
tine as the dimer, diindolylmethane (DIM) (Fig-
ure 3). Both I-3-C and DIM inhibit tumorigen-
esis. Multiple effects have been reported for the
more extensively studied compound, I-3-C
(Table 3a and 3b).

The use of I-3-C as a novel approach to
breast cancer prevention was reviewed in 1995.45

Hepatic CYP450 levels in the rat exhibit dose-re-
sponse relationship to I-3-C.45 The enzyme activi-
ties showed linear increases from 10 to 150 pmol/
mg protein.min  with oral doses ranging from 1 to
500 mmol/animal. When compared with other di-
etary indoles, I-3-C is the most potent inducer of
2-hydroxylation enzymes.

Associations of I-3-C with reduced inci-
dence of tumors induced by dimethyl-
benzanthracene, aromatic hydrocarbons, or other
free radical generators were the first signs of posi-
tive effects against cancer.47-49 Numerous lines of
evidence support the conclusion that I-3-C induces
hepatic CYP4501A1 with the resultant increase
in 2-hydroxyestrogens.46,50-54 Several groups have

explored the question of I-3-C’s impact on cell
proliferative and neoplastic events. Data from
animal models,55-58 human cell cultures,5,34,50,52,58-

61 and human population cancer incidence52,63-65

have been examined (Table 3a and 3b).
Evidence for actions of I-3-C separate

from that of DIM comes from studies of cell pro-
liferation in vitro.5 A type of cell that represents
premalignant keratinocytes showed abnormal pro-
liferation when exposed to E2 or 16α-OHE1. The
proliferation was blocked by I-3-C. I-3-C induces
cell cycle arrest in breast cancer cells through in-
hibition of cyclin-dependent gene expression.60

So, although DIM appears to be the active I-3-C
metabolite required for increased 2-hydroxylation,
there may be other specific cell-regulating effects
of I-3-C or its other metabolites not exhibited by
DIM.

Evidence linking cigarette smoking with
increased 2-OHE formation63 adds support for use
of I-3-C and DIM to reduce risk of hormone-de-
pendent tumors by a similar mechanism. Female
smokers have increased hepatic estrogen 2-hy-
droxylation, a finding that may account for the
anti-estrogenic effects of cigarette smoking.71 The
same metabolic effect is seen in men.72 Some of
the components of cigarette smoke induce
CYP1A1.

Responses to I-3-C vary among individu-
als due to genetic polymorphic variation in the
inducibility of CYP1A1. The effect is easily seen
in comparisons between Caucasian and African-
American women. Baseline differences in the 2/
16α ratio were almost two-fold higher for Cauca-
sian women (means of 2.25 vs. 1.42).36 However,
there were significant increases in 2/16 ratios in
all subjects after ingestion of I-3-C, and African-
American women had higher percentage increases
than Caucasian women.73 Women of both groups
who carry Msp1 polymorphism in its heterozy-
gous form respond much less to I-3-C. This ob-
servation means that women should be monitored
to see if the ratio is increasing before continuing
I-3-C supplementation. One specific dietary regi-
men that has been reported to be effective is a high
fiber diet including the consumption of 50 g of
cabbage or 100 g of broccoli twice weekly.10

Figure 3. Structures of Indole-3-Carbinol and
Diindolylmethane
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The glucosinolate form of I-3-C that occurs in food is hydrolyzed in 
the stomach to I-3-C, which then undergoes dimerization to form DIM.
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Essential Fatty Acids
The omega-3 class of polyunsaturated

fatty acids has emerged as another nutrient cat-
egory with promise for adjunctive cancer preven-
tion. Possible mechanisms for fatty acid
chemoprotective effects include favoring series-3
eicosanoid synthesis and modulation of estrogen
metabolism and estrogen-receptor binding. In-
creased 2-hydroxylation of estradiol occurs in
human breast cancer cells grown with omega-3
fatty acids.74 Additionally, docosahexaenoic acid
(DHA) causes decreased binding of estradiol to
the estrogen receptor.75

With regard to cancer in estrogen-sensi-
tive tissues, omega-6 fatty acids may have effects
opposite those of the omega-3 series. High intake
of omega-6 fatty acids linoleic acid and arachi-
donic acid inhibit the detoxification of estrogens
by 2-hydroxylation76 and increase 16α-hydroxy-
lation.77

Omega-3 fatty acids have the potential for
suppressing growth of estrogen-sensitive tumors.
Studies cited above have shown that cells infected
with papilloma viruses will respond favorably to
increased 2-hydroxylation of estrone and estradiol
with the converse effects seen in metabolism fa-
voring 16α-hydroxylation. DHA specifically in-
hibits the growth of cervical cells infected with
human papillomavirus (HPV), while sparing
growth inhibition in normal cells. Linoleic and
eicosapentaenoic acids did not produce such ef-
fects.78

Flax
Flaxseed is a rich source of plant lignans,

a main class within the category of phytoestrogens.
Flax lignans are metabolized via intestinal bacte-
ria into enterolactone and enterodiol. Interestingly,
these lignan derivatives have considerable struc-
tural similarity to estradiol, a mimicry which may
explain the beneficial effect of flaxseed demon-
strated on estrogen metabolism in several labora-
tories.

 Flaxseed and its isolated lignans have
been shown to display numerous chemoprotective
effects in vitro and in vivo. Dietary intake of flax-
seed has been found to reduce early markers of

risk for breast and colon cancer, and to inhibit
breast tumor growth. The lignans within flaxseed
are known to stimulate sex hormone binding
globulin (SHBG) synthesis, inhibit aromatase ac-
tivity, reduce breast tumor initiation, and inhibit
growth of human breast tumor cells.79 These
lignans exert an indirect chemoprotective effect
by helping remove endogenous estrogens via in-
creased retention within the gut for elimination in
the feces.79,80 Decreased enterohepatic circulation
results in less presentation and/or availability of
estrogens to target tissues, thus limiting the pro-
motional effects of estrogens.

Regarding specific estrogen metabolism,
flaxseed intake has been shown to positively in-
fluence estrogen metabolism by inducing 2-hy-
droxylation of estrone as well as to improve the
ratio of 2/16α-hydroxyestrone in postmenopausal
women.79 Dietary intake of 10 grams (1 Tbsp) of
ground flaxseed per day for seven weeks produced
the most dramatic effects in estrogen metabolism,
while more moderate effects were observed at an
intake of five grams daily. No change in levels of
16α-OHE1 was observed in this study.

Soy
Epidemiological studies have linked soy

consumption to a reduced risk for breast cancer.81

The connection between soy and breast cancer,
however, has remained equivocal. Isoflavones are
a class of phytoestrogens found in beans, legumes,
soy, lentils, and other plant-based foods. Soy
isoflavones, sometimes referred to as natural se-
lective estrogen receptor modulators (SERMs),
exhibit tissue specific responses due to interac-
tions with estrogen receptors,82 inhibition of ste-
roidogenic enzymes,83 and interference with the
binding of estrogen to SHBG.84

Soy consumption has been shown to con-
sistently reduce circulating levels of 17β-estradiol
in women.85 Because an alteration in estrogen
metabolism is a potential mechanism for this ef-
fect, excretion of the major estrogen metabolites
has been examined in isoflavone-based studies.
The results indicate soy isoflavones operate some-
what differently than via simple induction of
CYP1A1. When women were maintained on an
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isoflavone-rich diet for one complete menstrual
cycle, their urinary excretion of 2-OHE1 increased
by 47 percent and the 2/16α ratio increased by 27
percent.86

In other studies, decreased 16α-OHE1, 4-
OHE1, and 4-OHE2 were shown at soy isoflavone
intakes of 130 mg/day, compared to low isoflavone
diets (7-10 mg/day). An increase was seen in the
2/16α ratio for both moderate and high isoflavone-
containing diets, yet the moderate soy diet caused
higher excretion levels of 2-OHE1 and a greater
increase in the 2/16α ratio than the high soy
diet.87,88

Soy isoflavones may have dual effects on
breast cancer prevention: decreased effective cir-
culating estrogen levels and increased ratios of
anticarcinogenic/genotoxic metabolites in pre-
menopausal women.86 These effects have not been
demonstrated for postmenopausal women. Also,
there is still controversy over the total impact of

increased intake of soy products be-
cause of phytate effects on trace ele-
ment status and changes induced by
processing of soy protein. A defini-
tive statement that soy reduces can-
cer risk cannot be made at this time,
but there is considerable evidence of
a protective effect on estrogen me-
tabolism.89

Measuring Estrogen
Metabolites

The first attempts to estimate
estrogen metabolites were by calcu-
lation based on excretion of non-cat-
echol estrogens.90 This calculation
held true for patients with thyroid
disorders, but not for the general pa-
tient population. Early radioisotope
studies found that in normal subjects
30-40 percent of estradiol was con-
verted to 2-hydroxy derivatives while
16α-hydroxylation accounted for
about 10-12 percent.91

Direct Measurements of
Metabolites

An ELISA method is available for direct
measurement of the sum of 2-OHE1 and 2-OHE2
metabolites and of 16α-OHE1.92 This method has
been validated against the gas chromatographic-
mass spectrometric procedure93 in which the me-
tabolites are independently quantified.94 With the
improved ELISA method currently in use, a ran-
dom specimen urinary metabolite ratio has been
shown to represent an individual’s 2-OHE1/16α-
OHE1 metabolite status. Urine was the specimen
used in the studies of estrogen metabolite mea-
surements cited in the tables and discussion above.
Efforts to measure metabolites in serum with EIA
methods have displayed large variations and lack
of inter-laboratory agreement in reported concen-
trations.95 The between-run coefficients of varia-
tion in a recent report was 30 percent and when
these authors compared their data to a separate
group using an RIA procedure, serum 2-OHE1

Table 4.   Association of Relative Risk Factors for
Breast Cancer with 2/16α Ratios

2/16α Ratio

< 1.80

1.80-2.30

2.31-2.72

2.73-3.29

> 3.29

> 1.91

1.38-1.90

< 1.38

Report

1 [30]

2 [31]

Relative Risk

1.00

0.76

0.60

0.62

0.55

Odds Ratio

1.00

1.50

1.95
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levels approximately four times greater were
found.

For urine specimens a reference limit of
> 2.0 is generally used for the 2-OHE1/16α-OHE1
ratio measured by the ELISA method. The labo-
ratory report may show the individual concentra-
tions of measured metabolites, but the critical pa-
rameter is the ratio that shows the protective rela-
tionship of the 2-hydroxylation pathway. People
with 2/16α ratio values below 2.0 should be ad-
vised of measures that can stimulate 2-hydroxy-
lation. In the authors’ laboratory, 52 percent of a
general patient population was found to have ra-
tio values below 2.0. Ratio values above 10 are
sometimes found. Although there are no published
data on effects of high ratios, 8.0 seems to be a
reasonable limit for how high the value might be
allowed to rise before advising moderation of in-
ducement efforts, especially I-3-C or DIM supple-
mentation. Bone formation is stimulated by 16α-
OHE1 in a manner similar to E2, so there is a po-
tential for increased risk of osteoporosis for pa-
tients with very high 2/16 ratios, especially if the
high ratio is caused by very low 16α-OHE1.96

Cancer risk reductions maximize at ratio values
slightly above 2.0.

Specimen Timing
There are three important questions re-

garding the timing of specimen collection for uri-
nary estrogen metabolite testing: (1) For premeno-
pausal women, is there an ideal time during the
menstrual cycle? (2) Does menstrual status affect
the results of the assay? and (3) Does the timing
of the urine collection throughout the day affect
the result?

The effects of the menstrual cycle on
urinary estrogen metabolites were studied in six
healthy premenopausal women.97 Early follicular,
mid-follicular, peri-ovulatory, and mid-luteal 24-
hour urine specimens were analyzed. While the
concentrations of E1, E2, and the metabolites
varied approximately five-fold from early
follicular to peri-ovulatory specimens, the 2/16α
ratio varied by only 18 percent. Variations of the
ratio with time of day for specimen gathering, and
time of month for menstruating women seem to

be insignificant.98 A further report found no
significant differences in the mean 2/16α ratio with
the menstrual phase. It was also concluded there
are no significant differences when the ratio is
measured on 24-hour and first-morning urine or
when multiple specimens are taken over a 24-hour
period.99 For best accuracy in measurement levels,
most authorities agree the more concentrated first
morning urine is best. The value of the 2/16α ratio
in a single urine sample reflects reasonably well
an individual’s level of the biomarker over a two-
month period.100 In a study of long-term variation,
two spot morning urine samples were collected at
an interval of one year from 87 postmenopausal
women being monitored in the NHSII prospective
cohort study. Eighty-three percent of the subjects
maintained quartile status from one year to the
next, leading to the conclusion that a single
specimen can classify women into the appropriate
quartile of risk relatively well.101

The observation that individual women
maintain consistent patterns of monthly fluctua-
tions in metabolites99 means patients should be
instructed to collect urine specimens at a consis-
tent point of their menstrual cycle for initial and
follow-up testing. An age-related decline has been
reported in the urinary concentrations of metabo-
lites; although no difference was observed between
menstrual status and the 2/16α ratio.

Calculations of Relative Risk
There is sufficient data from measure-

ments of the 2/16α ratios to derive values of rela-
tive risk of breast cancer in women. Two groups
have reported relative risk categories based on
case-control studies of women with a diagnosis
of invasive breast cancer (Table 4). By either
source, the risk is shown to nearly double when
individuals with highest ratios are compared to
those with lowest.

Conclusion
Approximately one-third of all cancer

cases are related to dietary influences, and several
lines of evidence indicate a female’s diet during
adolescence can affect her health during her mid-
thirties. Whether a given woman has other risk
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factors such as viral exposures or enzyme induc-
tion resistance, awareness of estrogen metabolism
tendencies can be an important part of overall
evaluation of cancer risk. The incidence of cancer
of the breast and other estrogen-sensitive tissue is
increased by exposure to estrogen and especially
by increased 16α-OHE1 in the presence of low
conversion to 2-OHE1. The 2/16α ratio is the most
modifiable and possibly the single greatest factor
impacting estrogen-sensitive cancer risk. The ef-
fects of 16α-OHE1 elevations begin as soon as a
female begins to secrete high levels of estrogens,
so the earlier dietary interventions are begun, the
greater the risk reduction.

Numerous studies have shown pre- and
postmenopausal women with urinary 2/16α ratios
above 2.0 have reduced risk for estrogen-sensi-
tive cancers. Particular candidates for testing in-
clude women identified to be at high risk due to
family history or genetic testing, those with in-
creased estrogen exposure over their lifetime, and
women with a history of breast cancer eager to
prevent recurrence. Since the development of can-
cer from a few malignant cells to a diagnosable
tumor can have a long incubation period, perhaps
years or decades, it is extremely valuable to offer
women an objective method to assess risk for es-
trogen sensitive cancers as early as possible. The
simple, non-invasive urine 2/16α ratio test offers
the promise of earlier determination of cancer risk,
and simple, cost-effective, and non-toxic risk
modification in the form of dietary and nutritional
interventions.

Conclusive data has yet to be published
showing cancer incidence falls when individuals
with a low 2/16α ratio are treated solely with in-
terventions that raise the ratio by inducing
CYP1A1. Therefore, those who consider using
such treatments should proceed on the weight of
the evidence presented to date. Further investiga-
tion is warranted, specifically long-term prospec-
tive studies that can yield definitive data regard-
ing the magnitude of risk reduction. Progress may
then be expected in national public education about
dietary and lifestyle practices that can help assure
favorable estrogen metabolism in all women.

References
1. Beatson G. On the treatment of inoperable

cases of carcinoma of the mamma: suggestions
for a new method of treatment, with illustrative
cases. Lancet 1896;2:104-107.

2. Hulka BS, Stark AT. Breast cancer: cause and
prevention. Lancet 1995;346:883-887.

3. Clemons M, Goss P. Estrogen and the risk of
breast cancer. N Engl J Med 2001;344:276-
285.

4. Webster K, Taylor A, Gaston K. Oestrogen and
progesterone increase the levels of apoptosis
induced by the human papillomavirus type 16
E2 and E7 proteins. J Gen Virol 2001;82:201-
213.

5. Newfield L, Bradlow HL, Sepkovic DW,
Auborn K. Estrogen metabolism and the
malignant potential of human papillomavirus
immortalized keratinocytes. Proc Soc Exp Biol
Med 1998;217:322-326.

6. Robson B. Conferences point to growing
concern about possible links between breast
cancer, environment. CMAJ 1996;154:1253-
1255.

7. Fishman J, Osborne MP, Telang NT. The role
of estrogen in mammary carcinogenesis. Ann
N Y Acad Sci 1995;768:91-100.

8. Cramer DW, Knapp RC. Review of epidemio-
logic studies of endometrial cancer and
exogenous estrogen. Obstet Gynecol
1979;54:521-526.

9. Lemon HM. Pathophysiologic considerations
in the treatment of menopausal patients with
oestrogens; the role of oestriol in the preven-
tion of mammary carcinoma. Acta Endocrinol
Suppl 1980;233:17-27.

10. Bradlow HL, Telang NT, Sepkovic DW,
Osborne MP. 2-hydroxyestrone: the ‘good’
estrogen. J Endocrinol 1996;150:S259-S265.

11. Persson I. The risk of endometrial and breast
cancer after estrogen treatment. A review of
epidemiological studies. Acta Obstet Gynecol
Scand Suppl 1985;130:59-66.

12. Lupulescu A. Estrogen use and cancer inci-
dence: a review. Cancer Invest 1995;13:287-
295.

13. Thomas HV, Reeves GK, Key TJ. Endogenous
estrogen and postmenopausal breast cancer: a
quantitative review. Cancer Causes Control
1997;8:922-928.



Page 126                                                           Alternative Medicine Review  �  Volume 7, Number 2 � 2002

Estrogen Metabolism/Cancer                       Review

14. Grabrick DM, Hartmann LC, Cerhan JR, et al.
Risk of breast cancer with oral contraceptive
use in women with a family history of breast
cancer. JAMA 2000;284:1791-1798.

15. Rodriguez C, Patel AV, Calle EE, et al.
Estrogen replacement therapy and ovarian
cancer mortality in a large prospective study of
US women. JAMA 2001;285:1460-1465.

16. Cotton P. Environmental estrogenic agents
area of concern. JAMA 1994;27:414-416.

17. Bradlow HL, Davis DL, Lin G, et al. Effects of
pesticides on the ratio of 16 alpha/2-
hydroxyestrone: a biologic marker of breast
cancer risk. Environ Health Perspect
1995;103:147-150.

18. Ginsburg ES, Gao X, Shea BF, Barbieri RL.
Half-life of estradiol in postmenopausal
women. Gynecol Obstet Invest 1998;45:45-48.

19. Cavalieri E, Frenkel K, Liehr JG, et al.
Estrogens as endogenous genotoxic agents –
DNA adducts and mutations. J Natl Cancer
Inst Monogr 2000;27:75-93.

20. Davis DL, Telang NT, Osborne MP, Bradlow
HL. Medical hypothesis: bifunctional genetic-
hormonal pathways to breast cancer. Environ
Health Perspect 1997;105:571-576.

21. Swaneck GE, Fishman J. Covalent binding of
the endogenous estrogen 16 alpha-
hydroxyestrone to estradiol receptor in human
breast cancer cells: characterization and
intranuclear localization. Proc Natl Acad Sci U
S A 1988;85:7831-7835.

22. Bradlow HL. Nutrient modulation of female
hormone metabolism: Modifying breast cancer
risk. In: Functional Medicine Approaches to
Endocrine Disturbances of Aging. Vancouver,
British Columbia: Institute of Functional
Medicine Proceedings; 2001.

23. Gordon J, Cantrall W, Alberts H, et al. Steroids
and lipid metabolism: The hypocholesteremic
effect of estrogen metabolites. Steroids
1964;4:267-291.

24. Michnovicz JJ, Hershcopf RJ, Naganuma H, et
al. Increased 2-hydroxylation of estradiol as a
possible mechanism for the anti-estrogenic
effect of cigarette smoking. N Engl J Med
1986;315:1305-1309.

25. Schneider J, Huh MM, Bradlow HL, Fishman
J. Antiestrogen action of 2-hydroxyestrone on
MCF-7 human breast cancer cells. J Biol
Chem 1984;259:4840-4845.

26. Telang NT, Suto A, Wong GY, et al. Induction
by estrogen metabolite 16 alpha-
hydroxyestrone of genotoxic damage and
aberrant proliferation in mouse mammary
epithelial cells. J Natl Cancer Inst
1992;84:634-638.

27. Suto A, Bradlow HL, Wong GY, et al. Experi-
mental down-regulation of intermediate
biomarkers of carcinogenesis in mouse
mammary epithelial cells. Breast Cancer Res
Treat 1993;27:193-202.

28. Lustig R, Kendrick-Parker C, Jordan V. Effects
of 16α-hydroxyestrone on MCF-7 cell
proliferation and estrogen receptor regulation
in vitro. Endocr Soc Proc 1994;75:317.

29. Meilahn EN, De Stavola B, Allen DS, et al. Do
urinary oestrogen metabolites predict breast
cancer? Guernsey III cohort follow-up. Br J
Cancer 1998;78:1250-1255.

30. Muti P, Bradlow HL, Micheli A, et al. Estrogen
metabolism and risk of breast cancer: a
prospective study of the 2:16alpha-
hydroxyestrone ratio in premenopausal and
postmenopausal women. Epidemiology
2000;11:635-640.

31. Kabat GC, Chang CJ, Sparano JA, et al.
Urinary estrogen metabolites and breast
cancer: a case-control study. Cancer Epidemiol
Biomarkers Prev 1997;6:505-509.

32. Schneider J, Kinne D, Fracchia A, et al.
Abnormal oxidative metabolism of estradiol in
women with breast cancer. Proc Natl Acad Sci
U S A 1982;79:3047-3051.

33. Fishman J, Schneider J, Hershcope RJ,
Bradlow HL. Increased estrogen-16 alpha-
hydroxylase activity in women with breast and
endometrial cancer. J Steroid Biochem
1984;20:1077-1081.

34. Adlercreutz H, Fotsis T, Bannwart C, et al.
Urinary estrogen profile determination in
young Finnish vegetarian and omnivorous
women. J Steroid Biochem 1986;24:289-296.

35. Tiwari RK, Guo L, Bradlow HL, et al. Selec-
tive responsiveness of human breast cancer
cells to indole-3- carbinol, a chemopreventive
agent. J Natl Cancer Inst 1994;86:126-131.

36. Taioli E, Garte SJ, Trachman J, et al. Ethnic
differences in estrogen metabolism in healthy
women. J Natl Cancer Inst 1996;88:617.



Alternative Medicine Review  �  Volume 7, Number 2 � 2002                                                               Page 127

 Review                     Estrogen Metabolism/Cancer

37. Nagel SC, vom Saal FS, Thayer KA, et al.
Relative binding affinity-serum modified
access (RBA-SMA) assay predicts the relative
in vivo bioactivity of the xenoestrogens
bisphenol A and octylphenol. Environ Health
Perspect 1997;105:70-76.

38. Auborn K, Abramson A, Bradlow HL, et al.
Estrogen metabolism and laryngeal papilloma-
tosis: a pilot study on dietary prevention.
Anticancer Res 1998;18:4569-4573.

39. Ursin G, London S, Stanczyk FZ, et al.
Urinary 2-hydroxyestrone/16alpha-
hydroxyestrone ratio and risk of breast cancer
in postmenopausal women. J Natl Cancer Inst
1999;91:1067-1072.

40. Yoo HJ, Sepkovic DW, Bradlow HL, et al.
Estrogen metabolism as a risk factor for head
and neck cancer. Otolaryngol Head Neck Surg
2001;124:241-247.

41. Hayes CL, Spink DC, Spink BC, et al. 17 beta-
estradiol hydroxylation catalyzed by human
cytochrome p450 1B1. Proc Natl Acad Sci
1996;93:9776-9781.

42. Bjeldanes LF, Kim JY, Grose KR, et al.
Aromatic hydrocarbon responsiveness-receptor
agonists generated from indole-3-carbinol in
vitro and in vivo: comparisons with 2,3,7,8-
tetrachlorodibenzo-p-dioxin. Proc Natl Acad
Sci 1991;88:9543-9547.

43. Pence BC, Buddingh F, Yang SP. Multiple
dietary factors in the enhancement of dimeth-
ylhydrazine carcinogenesis: main effect of
indole-3-carbinol. J Natl Cancer Inst
1986;77:269-276.

44. Chang YC, Riby J, Chang GH, et al. Cytostatic
and antiestrogenic effects of 2-(indol-3-
ylmethyl)-3,3'- diindolylmethane, a major in
vivo product of dietary indole-3-carbinol.
Biochem Pharmacol 1999;58:825-834.

45. Bradlow HL, Sepkovic DW, Telang NT,
Osborne MP. Indole-3-carbinol. A novel
approach to breast cancer prevention. Ann N Y
Acad Sci 1995;768:180-200.

46. Bradfield CA, Bjeldanes LF. Structure-activity
relationships of dietary indoles: a proposed
mechanism of action as modifiers of
xenobiotic metabolism. J Toxicol Environ
Health 1987;21:311-323.

47. Mori M, Tominaga T, Tamaoki BI. Steroid
metabolism in normal mammary gland and in
the dimethylbenzanthracene-induced mam-
mary tumor of rats. Endocrinology
1978;102:1387-1397.

48. Wattenberg LW, Loub WD. Inhibition of
polycyclic aromatic hydrocarbon-induced
neoplasia by naturally occurring indoles.
Cancer Res 1978;38:1410-1413.

49. Shertzer HG, Niemi MP, Tabor MW. Indole-3-
carbinol inhibits lipid peroxidation in cell-free
systems. Adv Exp Med Biol 1986;197:347-356.

50. Michnovicz JJ, Bradlow HL. Induction of
estradiol metabolism by dietary indole-3-
carbinol in humans. J Natl Cancer Inst
1990;82:947-949.

51. Niwa T, Swaneck G, Bradlow HL. Alterations
in estradiol metabolism in MCF-7 cells
induced by treatment with indole-3-carbinol
and related compounds. Steroids 1994;59:523-
527.

52. Wong GY, Bradlow L, Sepkovic D, et al.
Dose-ranging study of indole-3-carbinol for
breast cancer prevention. J Cell Biochem Suppl
1997;29:111-116.

53. Telang NT, Katdare M, Bradlow HL, et al.
Inhibition of proliferation and modulation of
estradiol metabolism: novel mechanisms for
breast cancer prevention by the phytochemical
indole-3-carbinol. Proc Soc Exp Biol Med
1997;216:246-252.

54. Bradlow HL, Sepkovic DW, Telang NT,
Osborne MP. Multifunctional aspects of the
action of indole-3-carbinol as an antitumor
agent. Ann N Y Acad Sci 1999;889:204-213.

55. Newfield L, Goldsmith A, Bradlow HL,
Auborn K. Estrogen metabolism and human
papillomavirus-induced tumors of the larynx:
chemo-prophylaxis with indole-3-carbinol.
Anticancer Res 1993;13:337-341.

56. Dashwood RH, Fong AT, Arbogast DN, et al.
Anticarcinogenic activity of indole-3-carbinol
acid products: ultrasensitive bioassay by trout
embryo microinjection. Cancer Res
1994;54:3617-3619.

57. Taioli E, Garbers S, Bradlow HL, et al. Effects
of indole-3-carbinol on the metabolism of 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone
in smokers. Cancer Epidemiol Biomarkers
Prev1997;6:517-522.

58. Jin L, Qi M, Chen DZ, et al. Indole-3-carbinol
prevents cervical cancer in human papilloma
virus type 16 (HPV16) transgenic mice.
Cancer Res 1999;59:3991-3997.

59. Ge X, Yannai S, Rennert G, et al. 3,3'-
Diindolylmethane induces apoptosis in human
cancer cells. Biochem Biophys Res Commun
1996;228:153-158.



Page 128                                                           Alternative Medicine Review  �  Volume 7, Number 2 � 2002

Estrogen Metabolism/Cancer                       Review

60. Cover CM, Hsieh SJ, Tran SH, et al. Indole-3-
carbinol inhibits the expression of cyclin-
dependent kinase-6 and induces a G1 cell
cycle arrest of human breast cancer cells
independent of estrogen receptor signaling. J
Biol Chem 1998;273:3838-3847.

61. Cover CM, Hsieh SJ, Cram EJ, et al. Indole-3-
carbinol and tamoxifen cooperate to arrest the
cell cycle of MCF-7 human breast cancer cells.
Cancer Res 1999;59:1244-1251.

62. Yuan F, Chen DZ, Liu K, et al. Anti-estrogenic
activities of indole-3-carbinol in cervical cells:
implication for prevention of cervical cancer.
Anticancer Res 1999;19:1673-1680.

63. Michnovicz JJ. Increased estrogen 2-hydroxy-
lation in obese women using oral indole-3-
carbinol. Int J Obes Relat Metab Disord
1998;22:227-229.

64. Bell MC, Crowley-Nowick P, Bradlow HL, et
al. Placebo-controlled trial of indole-3-carbinol
in the treatment of CIN. Gynecol Oncol
2000;78:123-129.

65. Terry P, Wolk A, Persson I, Magnusson C.
Brassica vegetables and breast cancer risk.
JAMA 2001;285:2975-2977.

66. Bradlow HL, Michnovicz J, Telang NT,
Osborne MP. Effects of dietary indole-3-
carbinol on estradiol metabolism and sponta-
neous mammary tumors in mice. Carcinogen-
esis 1991;12:1571-1574.

67. Bradlow HL, Michnovicz JJ, Halper M, et al.
Long-term responses of women to indole-3-
carbinol or a high fiber diet. Cancer Epidemiol
Biomarkers Prev 1994;3:591-595.

68. Rosen CA, Woodson GE, Thompson JW, et al.
Preliminary results of the use of indole-3-
carbinol for recurrent respiratory papillomato-
sis. Otolaryngol Head Neck Surg
1998;118:810-815.

69. Meng Q, Yuan F, Goldberg ID, et al. Indole-3-
carbinol is a negative regulator of estrogen
receptor-alpha signaling in human tumor cells.
J Nutr 2000;130:2927-2931.

70. Meng Q, Qi M, Chen DZ, et al. Suppression of
breast cancer invasion and migration by
indole-3- carbinol: associated with up-
regulation of BRCA1 and E-cadherin/catenin
complexes. J Mol Med 2000;78:155-165.

71. Michnovicz JJ, Naganuma H, Hershcopf RJ, et
al. Increased urinary catechol estrogen
excretion in female smokers. Steroids
1988;52:69-83.

72. Michnovicz JJ, Hershcopf RJ, Haley NJ, et al.
Cigarette smoking alters hepatic estrogen
metabolism in men: implications for athero-
sclerosis. Metabolism 1989;38:537-541.

73. Taioli E, Bradlow HL, Garbers SV, et al. Role
of estradiol metabolism and CYP1A1 poly-
morphisms in breast cancer risk. Cancer
Detect 1999;23:232-237.

74. Telang NT, Bradlow HL, Osborne MP.
Molecular and endocrine biomarkers in non-
involved breast: relevance to cancer
chemoprevention. J Cell Biochem Suppl
1992;16G:161-169.

75. Borras M, Leclercq G. Modulatory effect of
nonesterified fatty acids on structure and
binding characteristics of estrogen receptor
from MCF-7 human breast cancer cells. J
Recept Res 1992;12:463-484.

76. Davis DL, Bradlow HL, Wolff M, et al.
Medical hypothesis: xenoestrogens as prevent-
able causes of breast cancer. Environ Health
Perspect 1993;101:372-377.

77. Bartsch H, Nair J, Owen RW. Dietary polyun-
saturated fatty acids and cancers of the breast
and colorectum: emerging evidence for their
role as risk modifiers. Carcinogenesis
1999;20:2209-2218.

78. Chen D, Auborn K. Fish oil constituent
docosahexa-enoic acid selectively inhibits
growth of human papillomavirus immortalized
keratinocytes. Carcinogenesis 1999;20:249-
254.

79. Haggans CJ, Hutchins AM, Olson BA, et al.
Effect of flaxseed consumption on urinary
estrogen metabolites in postmenopausal
women. Nutr Canc 1999;33:188-195.

80. Haggans CJ, Travelli EJ, Thomas W, et al. The
effect of flaxseed and wheat bran consumption
on urinary estrogen metabolites in premeno-
pausal women. Cancer Epidemiol Biomarkers
Prev 2000;9:719-725.

81. Adlercreutz H. Phytoestrogens: epidemiology
and a possible role in cancer protection.
Environ Health Perspect 1995;103:103-112.

82. Vincent A, Fitzpatrick LA. Soy isoflavones:
are they useful in menopause? Mayo Clin Proc
2000;75:1174-1184.

83. Frairia R, Fortunati N, Fazzari A, et al. Sex
steroid binding protein is a negative modulator
of estrogen-induced breast cancer cell growth.
Ann N Y Acad Sci 1996;784:362-369.



Alternative Medicine Review  �  Volume 7, Number 2 � 2002                                                               Page 129

 Review                     Estrogen Metabolism/Cancer

84. Martin ME, Haourigui M, Pelissero C, et al.
Interactions between phytoestrogens and
human sex steroid binding protein. Life Sci
1996;58:429-436.

85. Lu LJ, Anderson KE, Grady JJ, Nagamani M.
Effects of soya consumption for one month on
steroid hormones in premenopausal women:
implications for breast cancer risk reduction.
Cancer Epidemiol Biomarkers Prev 1996;5:63-
70.

86. Lu LJ, Cree M, Josyula S, et al. Increased
urinary excretion of 2-hydroxyestrone but not
16alpha-hydroxyestrone in premenopausal
women during a soya diet containing
isoflavones. Cancer Res 2000;60:1299-1305.

87. Xu X, Duncan AM, Merz BE, Kurzer MS.
Effects of soy isoflavones on estrogen and
phytoestrogen metabolism in premenopausal
women. Cancer Epidemiol Biomarkers Prev
1998;7:1101-1108.

88. Xu X, Duncan AM, Wangen KE, Kurzer MS.
Soy consumption alters endogenous estrogen
metabolism in postmenopausal women.
Cancer Epidemiol Biomarkers Prev
2000;9:781-786.

89. Messina MJ, Persky V, Setchell KD, Barnes S.
Soy intake and cancer risk: a review of the in
vitro and in vivo data. Nutr Cancer
1994;21:113-131.

90. Lemon HM, Heidel JW, Rodriguez-Sierra JF.
A method for estimating catechol estrogen
metabolism from excretion of noncatechol
estrogens. Cancer 1991;68:444-450.

91. Fishman J, Bradlow HL, Schneider J, et al.
Radiometric analysis of biological oxidations
in man: sex differences in estradiol metabo-
lism. Proc Natl Acad Sci 1980;77:4957-4960.

92. Klug I, Dressendorfer R, Strasburger C, et al.
Cortisol and 17-hydroxyprogesterone levels in
saliva of healthy neonates. normative data and
relation to body mass index, arterial cord
blood pH and time of sampling after birth. Biol
Neonate 2000;78:22-26.

93. Ziegler RG, Rossi SC, Fears TR, et al.
Quantifying estrogen metabolism: an evalua-
tion of the reproducibility and validity of
enzyme immunoassays for 2-hydroxyestrone
and 16alpha-hydroxyestrone in urine. Environ
Health Perspect 1997;105:607-614.

94. Adlercreutz H, Gorbach SL, Goldin BR, et al.
Estrogen metabolism and excretion in Oriental
and Caucasian women. J Natl Cancer Inst
1994;86:1076-1082.

95. Spierto FW, Gardner F, Smith SJ. Evaluation
of an EIA method for measuring serum levels
of the estrogen metabolite 2-hydroxyestrone in
adults. Steroids 2001;66:59-62.

96. Lotinun S, Westerlind KC, Turner RT, et al.
Tissue-selective effects of continuous release
of 2-hydroxyestrone and 16alpha-
hydroxyestrone on bone, uterus and mammary
gland in ovariectomized growing rats. J
Endocrinol 2001;170:165-174.

97. Xu X, Duncan AM, Merz-Demlow BE, et al.
Menstrual cycle effects on urinary estrogen
metabolites. J Clin Endocrin Metab
1999;84:3914-3918.

98. Bradlow HL, Sepkovic DW, Klug T, Osborne
MP. Application of an improved ELISA assay
to the analysis of urinary estrogen metabolites.
Steroids 1998;63:406-413.

99. Westerlind KC, Gibson KJ, Wolfe P. The effect
of diurnal and menstrual cyclicity and meno-
pausal status on estrogen metabolites: implica-
tions for disease-risk assessment. Steroids
1999;64:233-243.

100. Chen Z, Zheng W, Dunning LM, et al. Within-
person variability of the ratios of urinary 2-
hydroxyestrone to 16alpha-hydroxyestrone in
Caucasian women. Steroids 1999;64:856-859.

101. Michaud DS, Manson JE, Spiegelman D, et al.
Reproducibility of plasma and urinary sex
hormone levels in premenopausal women over
a one-year period. Cancer Epidemiol
Biomarkers Prev 1999;8:1059-1064.


