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Abstract

Objective: The present study aimed to determine whether the combined effects of environmental estrogens measured
as the total effective xenoestrogen burden (TEXB-alpha) are a risk factor for breast cancer over and above the risk
potentially linked to specific pesticides.
Methods: We measured the levels of 16 organochlorine pesticides as well as TEXB in adipose tissue of 198 women
at the time of breast cancer diagnosis. These were compared with findings in 260 age and hospital matched control
women without breast cancer.
Results: The median levels of p,p¢-DDE (1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene), aldrin, endosulfan ether
and lindane (the pesticides detected in >40% of the study population) were higher in cases than controls, although
the differences did not reach statistical significance. After adjusting for potential confounders, the odds ratio (OR)
for breast cancer in women with detectable levels of aldrin was 1.55 (95% confidence interval (CI) 1.00–2.40).
Among the postmenopausal women, the OR for aldrin and lindane was 1.84 (95% CI 1.06–3.18) and 1.76 (95% CI
1.04–2.98), respectively. Among cases with body mass index (BMI) below the median (28.6 kg/m2), the OR was 3.42
(95% CI 1.22–9.58) for women in the highest quartile of TEXB-alpha versus those in the lowest. The subgroup of
leaner postmenopausal women showed an increased risk (OR: 5.67; 95% CI 1.59–20.21) for those in the highest
tertile versus those in the lowest.
Conclusions: We found an increased risk for breast cancer in the leaner women, especially in the leaner
postmenopausal subgroup, related to the TEXB-alpha. The pesticides aldrin and lindane are also individually
associated with risk.

Introduction

The disturbing possibility that the bioaccumulation of
environmental estrogens (xenoestrogens) may cause
breast cancer was raised by some past epidemiological
studies on environmental and occupational exposure
[1–3]. Certain organochlorine compounds such as

2,2-bis-(p-chlorophenyl)-1,1,1-trichloroethane (DDT)
and related metabolites, dieldrin, hexachlorocyclohex-
ane isomers (HCH), and some polychlorinated biphe-
nyls (PCBs) have been described as candidates for this
effect [4, 5]. Associations have been reported between
breast cancer risk and serum or fat tissue levels of
1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE) or
DDT [4, 6–10], sometimes linked to women with
estrogen positive tumors [8]. Serum levels of dieldrin
have been associated with a significance increase in
breast cancer risk and mortality [11–13]. PCBs have also
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been related to breast cancer risk, either individually
or collectively, mainly in subgroups of study popula-
tions [13–15]. Some authors have also associated
exposure to PCBs with the aggressiveness of the
tumor [16]. Some weakly positive results have been
described for PBB [17], OCDD [18] and hexachloroben-
zene [15]. However, the evidence is contradictory and
many other studies found no association between these
chemicals and breast cancer risk [19–33]. More recent
studies have focused on the relationship between expo-
sure to xenoestrogens and polymorphism in the genes
encoding biotransformation enzymes [34], pointing to
the need for a better definition of susceptible population
groups.
Investigation of this issue faces difficult challenges,

which may explain the lack of consistency in the results.
The association may vary among population or ethnic
groups [23], as well as among subgroups defined by
genetic predisposition, thereby limiting the replication of
the results. Xenobiotics may also interact with other
environmental, dietary, lifestyle and reproductive fac-
tors, which are not systematically measured across
studies [35]. More importantly, a hypothetical associa-
tion between organochlorines and breast cancer risk
cannot be tested on the basis of individual compound
levels, and account must also be taken of possible
synergetic, additive, or antagonistic interactions
between the chemicals.
There has been scant research on interactions between

xenoestrogens and natural estrogens or between chem-
icals with hormonal activity, and only a few compounds
have been studied [36–39]. Different methods have been
proposed to overcome the unpredictability of xenoes-
trogen interactions, which derives from possible addi-
tive, synergistic, or antagonistic effects. According to
Payne et al. [39], mixture effects can be predicted from
the potency of individual agents if the effects of
individual agents and mixtures are analyzed within the
same system in relation to identical endpoints, regard-
less of the complexity of the system. The major
drawback of this approach is that enormous resources
would be required to test all the compounds known to
have anti-estrogenic or estrogenic activity. Moreover, an
unknown number of such compounds have yet to be
identified.
In order to facilitate the rigorous testing of this

putative link between exposure to xenoestrogens and
disease, we developed and standardized a method to
assess the total effective xenoestrogen burden (TEXB) in
human adipose tissue and serum [40–43]. High perfor-
mance liquid chromatography (HPLC) is used to
separate environmental estrogens (alpha-fraction) from
sex-steroids (beta-fraction), and the combined estro-

genic effect of the extracts is then determined from its
proliferative effect on MCF-7 human breast cancer cells
[36]. Extensive testing [41–43] demonstrated that the
pesticides DDT and metabolites, dieldrin, aldrin and
lindane, among other organochlorines, as well as other
chlorinated and/or brominated organohalogenated
chemicals, all elute in the HPLC alpha-fraction. The
beta-fraction eluted by HPLC contains endogenous sex-
steroids and more polar xenoestrogens, distinct from
those eluted in the alpha-fraction, such as sex-steroids,
nonylphenol, octylphenol, and bisphenol-A. The estro-
genicity of the alpha-fraction, which contains no endog-
enous sex-hormones, can be considered a marker of the
TEXB of environmental organohalogenated estrogens
[43].
The present study aimed to determine whether the

combined estrogenic effects of environmental estrogens
are a risk factor for breast cancer and to establish the
potential role of specific pesticides. Our measurement
was performed on adipose tissue samples collected in a
hospital-based, case–control study on breast cancer. The
combined effect of chemical residues was assessed in a
biological assay for estrogenicity, and patients were
classified according to their TEXB.

Materials and methods

Participants

A hospital-based case–control study was conducted
from April 1996 through June 1998 in the three largest
public hospitals serving Granada and Almeria provinces
in Southern Spain. Cases were recruited from women
aged between 35 and 70 years undergoing surgery for
newly diagnosed malignant breast carcinoma (77.2%
infiltrating ductal carcinoma, 9.8% lobular carcinoma
and 13% others), either invasive (95.5%) or in situ
(4.5%), and without previous history of cancer. Con-
trols were matched for age (±3 yrs) and hospital.
Because adipose tissue was needed for the study
purpose, controls were recruited from women undergo-
ing non-cancer-related surgery (65% gall bladder sur-
gery; 20% inguinal hernia or abdominal surgery; 5%
varicose vein surgery; and 10% other surgery). Exclu-
sion criteria for controls were the presence of gyneco-
logical or endocrine disease, including diabetes, and
history of cancer. All the women participating in the
study were of Caucasian origin.
We identified 260 cases and 352 controls; 10 (4%)

cases and 12 (3%) controls declined to participate. All
participants signed informed consent. Adequate adipose
tissue samples and interview reports were obtained for
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219 (84%) cases and 307 (87%) controls. Breast or
abdominal adipose tissue from cases and controls,
respectively, were obtained from participants in the
course of surgery and always before the initiation of
chemotherapy or radiotherapy. Structured face-to-face
interviews before surgery were conducted at the hospi-
tals by trained interviewers to gather data on sociode-
mographic characteristics, reproductive history and
fertility, menopausal status, use of exogenous hormones,
diet, tobacco and alcohol consumption, and family
history of breast cancer. The questionnaire, chemical
analysis, and estrogenicity assay were carried out in 198
(76%) cases and 260 (73%) controls.

Laboratory analyses

The laboratory methods have been described in detail
elsewhere [43]. Briefly, 200 mg of adipose tissue was
extracted in hexane, and pooled fractions were separated
by HPLC. Fractions alpha and beta (eluted from 0 to
11, and 13 to 30 min, respectively) underwent parallel
chemical and biological analyses.
The presence of aldrin, dieldrin, endrin, lindane,

methoxychlor, endosulfan I and II, mirex, p-p¢-DDT,
o-p¢-DDT, o,p¢-DDD, p,p¢-DDE, endosulfan 1-1 diol,
sulfate, lactone and ether was analyzed by gas chroma-
tography with electron-capture detection, using p,p¢-
dichlorobenzofenone as internal standard. The identity
of all chemicals was confirmed by gas chromatography
and mass spectrometry (GC/MS), as described else-
where [44, 45]. The reproducibility of the process was
established by running 10 fat samples 10 times. Spiked
fat samples were run in parallel to assess the recovery of
pesticides from adipose tissue. Recoveries of the or-
ganohalogenated compounds ranged from 83.45% for
lindane to 102.12% for dieldrin. Coefficients of variation
ranged from 3.63 (p,p¢DDT) to 10.95 (endosulfan-ether)
[43]. Operational quality control procedures also in-
cluded daily calibrations. We previously reported the
limits of detection (LD), which ranged from 0.1 ng/ml
for endosulfan ether to 3 ng/ml for endrin [43]. Lipid
content was quantified gravimetrically and xenoestrogen
concentrations were expressed in nanograms per gram
of lipid [43].
To assess the biological effect of the tissue extracts, we

used a slightly modified version [46] of the MCF7 cell-
estrogenicity test [36]. Each sample was assayed in
triplicate with a negative (vehicle) and positive (estra-
diol) control in each plate. The proliferative effect of the
fractions was referred to the maximal effect obtained
with estradiol and expressed as TEXB (TEXB-alpha and
TEXB-beta) in estradiol equivalent units (Eeq) per gram
of lipid [43].

Statistical analysis

The organochlorine content and TEXB-alpha and -beta
values were converted to natural logarithms. A concen-
tration equal to half the LD was assumed for samples
with organochlorine levels below the LD. Descriptive
statistics are reported as geometric mean and standard
deviation. The Student’s t test was used to compare log-
transformed adipose concentrations of target chemicals
between cases and controls. Associations among con-
tinuous variables were assessed with Spearman correla-
tion coefficient. A two-sided p less than 0.05 was
considered statistically significant. All statistical analy-
ses were performed using SPSS statistical software [47].
Odds ratios (ORs) for breast cancer and 95% confi-

dence interval (CI) were computed by unconditional
logistic regression. The OR was only calculated for
DDE, aldrin, lindane, and endosulfan-ether, i.e., the
chemicals detected above the assay LD in at least 40%
of the samples. For aldrin, lindane and endosulfan-
ether, the analysis compared the proportion of women
above and below the LD. For DDE, TEXB-alpha and
TEXB-beta, quartiles based on the frequency distribu-
tion of the controls were used in the statistical analysis.
Adjustment was made for potential confounders and

the matching variables, age and hospital. Potential
confounders included marital status, education level,
social class, occupation, number of full-term pregnan-
cies, age at first full-term pregnancy, months of lacta-
tion, natural logarithm of the body mass index (BMI),
first-degree family history of breast cancer, use of oral
contraceptives, use of hormone replacement therapy,
menopausal status, age at menarche, age at menopause,
and tobacco and alcohol consumption. We investigated
the modifying effect of these variables and the associ-
ation with organochlorine levels and TEXB values. We
also conducted stratified analyses for menopausal status,
BMI (above/below median value) and parity (nullipa-
rous/parous).

Results

Mean age of the cases was slightly lower than controls
(54.8 versus. 56.8; p¼ 0.06), despite the matching on age.
BMI was also lower in cases (27.3 kg/m2 versus. 29.6 kg/
m2; p < 0.01). Differences in other risk factors for
breast cancer between case and control subjects were
statistically significant for marital status, education
level, occupation, number of full-term pregnancies, age
at first full-term pregnancy, months of lactation, BMI,
family history of breast cancer, menopausal status, and
smoking and alcohol consumption (Table 1).
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Table 1. Characteristics of the study population

Cases (n = 198) Controls (n = 260) ORa (95% CI) p for trend

Marital status

Single 17 7 1

Married 152 205 0.31 (0.11–0.81)

Separated 29 48 0.25 (0.08–0.74)

Education level

Illiterate 30 68 1

Write and read 80 107 1.69 (0.98–2.94)

Secondary 68 78 1.98 (1.11–3.51)

University 20 7 6.48 (2.28–19.07) <0.01

Occupationb

Homemaker 50 91 1

NCO groups 4–9 120 153 1.43 (0.92–2.22)

NCO groups 1–3 28 16 3.19 (1.49–6.85)

No. of full-term pregnancies

0–1 35 24 1

2–3 110 130 0.58 (0.31–1.07)

4–5 40 68 0.40 (0.20–0.81)

‡6 13 38 0.23 (0.10–0.57) <0.01

Age at 1st full-term pregnancy

£19 17 32 1

20–25 80 138 1.09 (0.54–2.20)

‡26 76 73 1.96 (0.95–4.05) <0.01

Lactation (months)

0 53 59 1

1–10 59 55 1.19 (0.69–2.08)

11–33 54 63 0.95 (0.55–1.66)

‡34 32 83 0.43 (0.24–0.77) <0.01

BMI (kg/m2)

£25.2 70 44 1

25.3–28.5 49 63 0.49 (0.28–0.86)

28.6–32.0 42 75 0.35 (0.20–0.62)

‡32.1 37 78 0.30 (0.17–0.53) <0.01

Family history of breast cancer

Yes 21 6 5.02 (1.99–12.70)

No 177 254 1

Contraceptives

Yes 60 64 1.33 (0.88–2.02)

No 138 196 1

Menopausal status

Premenopausal 80 77 1

Postmenopausal 118 183 0.62 (0.41–0.93)

Age at menopause

£44 20 30 1

45–49 37 62 0.90 (0.42–1.91)

‡50 61 91 1.01 (0.50–2.03) 0.87

Age at menarche

£11 32 62 1

12–13 103 106 1.88 (1.10–3.22)

‡14 63 92 1.33 (0.75–2.34) 0.54

Tobacco

Never 150 223 1

Former 15 15 1.49 (0.67–3.32)

Current 33 22 2.23 (1.21–4.14) <0.01

Alcohol

Never 144 217 1

Former 13 12 1.63 (0.68–3.95)

Current 41 31 1.99 (1.16–3.43) <0.01

a Unadjusted. An OR of 1 denotes the reference category.
b The occupations of the women were codified according to the Spanish adaptation of the International Standard Classification of Occupations

(NCO), International Labour Office: groups 1–3, directors, managers, technicians and professionals; groups 4–9, administrative and general

workers.
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All the women, both cases and controls, had measur-
able concentrations of at least one of the 16 pesticides.
There were no statistically significant differences be-
tween cases and controls in the mean level of any of the
pesticides, although the levels of chemicals were higher
in cases than in controls for p,p‘-DDE, aldrin, lindane
and endosulfan-ether (Table 2). There was no associa-
tion or only a very weak association among the different
pesticide residues ()0.07 ‡ rs ‡ 0.26). Interestingly, age
(rs¼ 0.16, p < 0.01) and BMI (rs¼ 0.14, p < 0.01)
showed a positive correlation with p,p¢-DDE but not
with any other pesticide, with both older and heavier
women having higher levels. The TEXB-alpha or -beta
fractions showed no association with any of the 16
pesticides quantified, except for endosulfan-ether, which
was negatively correlated with TEXB-beta (rs¼)0.10,
p¼ 0.04). TEXB-alpha and TEXB-beta were positively
correlated (rs¼ 0.60, p < 0.01).
In the whole study population, the ORs of the

pesticides DDE, aldrin, lindane and endosulfan-ether
were greater than unity but were only statistically
significant for aldrin (Table 3). Interestingly, among
women with a BMI below median, TEXB-alpha showed
an OR of 2.44 for the highest quartile with a statistically
significant linear trend (p¼ 0.03). After including
TEXB-beta in the logistic regression model of the latter
subgroup of women, the ORs for the second, third, and
fourth quartiles of TEXB-alpha were 1.25 (95% CI
0.54–2.90), 2.00 (95% CI 0.81–4.95), and 3.42 (95% CI
1.22–9.58), with a statistically significant trend
(p¼ 0.01). The premenopausal women showed no sig-
nificant association with the pesticides or with TEXB-
alpha or -beta (Table 3). In the postmenopausal group,
however, the ORs were statistically significant for aldrin
(1.84; 95% CI 1.06–3.18), lindane (1.76; 95% CI 1.04–
2.98), and the third quartile of TEXB-alpha (2.18; 95%
CI 1.09–4.36), although the trend across all quartiles of

TEXB-alpha was not statistically significant (Table 3).
Finally, when the postmenopausal women were strati-
fied by BMI, the leaner group showed a statistically
significant association with TEXB-alpha; the ORs for
the second and third tertile were 2.78 (95% CI 1.00–
7.72) and 5.67 (95% CI 1.59–20.21), with a significant
trend (p < 0.01) (data not shown).
TEXB was found to be dependent on age. TEXB-

alpha and -beta decreased with age and, therefore, with
the shift from premenopausal to postmenopausal status
(data not shown). Although this decrease was statisti-
cally significant for both TEXB-alpha and -beta, the
reduction in TEXB-beta was greater than that in TEXB-
alpha. Interestingly, the BMI did not show statistically
significant association with the estrogenicity of the alpha
or beta fractions.

Discussion

A novel method was used to measure the exposure of
women to xenoestrogens by estimating the TEXB from
tissue extracts. Estrogenicity from organohalogenated
chemicals (alpha-fraction) could be distinguished from
that due to endogenous estrogens and the most polar
xenoestrogens (beta-fraction). We were unable to detect
a statistically significant relationship between cancer risk
and TEXB-alpha in the study population as a whole.
However, when different groups of women were con-
sidered according to epidemiologically relevant factors,
relationships of considerable interest emerged. Indeed,
separate analysis of the results for the leaner women
(BMI < median) allows us to report the first demon-
stration of a significant relationship between breast
cancer risk and the estrogenicity of the alpha-fraction,
i.e. the estrogenicity due to bioaccumulated organo-
halogenated xenoestrogens. Among this leaner group,
the women with highest levels of estradiol equivalent in
the alpha-fraction (>197.51 pM Eeq/g lipid; fourth
quartile) had a 2.4-fold significantly greater risk of
breast cancer than those with the lowest levels
(£0.25 pM Eeq/g lipid; first quartile). When the estrog-
enicity of the beta-fraction was included in the model,
the leaner women with highest levels in the alpha-frac-
tion showed an even greater risk (OR: 3.42; 95% CI
1.22–9.59). Among the leaner postmenopausal women,
the risk for those in the highest tertile of TEXB-alpha
increased to 5.67 (95% CI 1.59–20.21). No association
with breast cancer risk was found for TEXB-beta or for
TEXB-alpha and -beta combined, in either the whole
study population or any subgroup.
Both the cases and controls came from the same

geographical area, in which the Regional Health Service

Table 2. Concentration of xenoestrogens and TEXB in adipose tissue

samples from cases and controls

Cases (n = 198) Controls (n = 260)

GM GSDa GM GSD Pb

DDEc 326.86 2.78 307.34 3.62 0.57

Aldrinc 2.84 4.12 2.37 4.21 0.33

Endosulfan-etherc 0.79 1.95 0.75 1.81 0.66

Lindanec 6.12 2.84 5.82 3.02 0.67

TEXB-alphad 44.60 14.73 31.79 14.30 0.20

TEXB-betad 76.48 13.74 72.70 14.44 0.86

a GM, geometric mean; GSD, geometric standard deviation.
b Student’s t test.
c ng/g of lipid.
d Picomolar of Estradiol equivalent (Eeq)/g of lipid.
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provides universal medical cover. There are no private
hospitals with Oncology Departments in the area under
study. One possible shortcoming of the present work is
that most of the controls underwent surgery for diseases
of the gall bladder and hernia, which are associated with
obesity as a risk factor. The high mean BMI of the
controls in our study is consistent with a recent report
by the European Prospective Investigation into Cancer
and Nutrition (EPIC), which stated that 92% of
Granada women in the same age range were overweight
(BMI > 25) [48]. Wolff and Anderson [49] proposed a
pharmacokinetic model by which heavier women show a
lower concentration of organochlorine compounds dur-
ing the uptake period and subsequently for around
15 years, after which time they show higher concentra-
tions of these compounds in comparison with leaner
women. According to their model, our study might
underestimate the risk, because the greater weight of our
controls would imply higher xenoestrogen levels than if
they had been leaner. To control for this variable, the
whole study population was stratified by BMI. It is not
clear why the significant effect of TEXB-alpha in the
leaner women was not found in the more obese group.
One possible explanation may be a greater relative
impact of exogenous estrogens in leaner women, in
whom there is no counterbalance due to endogenous
hormones accumulated in fat.
A further potential limitation is that breast fat was

obtained for cases and abdominal fat for controls.
However, several studies have shown a good correlation
between measurements at these two sites [50]. Studies
that used fat from sites other than the breast as controls,
such as those by Van’t Veer et al. [25] and Stellman
et al. [26] did not report that the different origin of the
tissue modified the results. In fact, Stellman et al. [26]
found that levels of DDE and other organochlorines did
not differ between adipose breast tissue samples from
controls with benign breast disease and samples derived
from surgery for gall bladder disease or abdominal
hernia, very similar to the present study.
When the results were studied according to meno-

pausal status, a further significant relationship was
disclosed between breast cancer risk and the estrogenic-
ity of the alpha-fraction. The third quartile of the
postmenopausal women had a 2.18-fold increased risk in
comparison to those with lowest estrogenic levels in the
alpha-fraction. Moreover, when postmenopausal status
was stratified by BMI, the leaner postmenopausal
women in the highest tertile of TEXB-alpha showed a
5-fold increased risk for breast cancer. Interestingly, this
relationship was not found among the premenopausal
women, and may be related to the decline in ovarian
estrogen production with menopause, and to the

increased relative importance of the xenoestrogens
bioaccumulated in their adipose tissue. Indeed, the
TEXB of both alpha and beta fractions varied according
to menopausal status, with a 2.6-fold decline in the total
burden of the beta-fraction and a lower fall (1.6-fold) in
that of the alpha-fraction after menopause. The age had
a similar effect on TEXB values, with a 3.5- and 5-fold
decline in the estrogenicity of the alpha and beta
fractions, respectively, between the first and last quar-
tiles.
Endogenous estrogens, responsible for the hormonal

activity of the beta-fraction, may arise from the local
production and depot of circulating precursors. Adipose
tissue is known to be the primary source of endogenous
estrogens after menopause. These estrogens are pro-
duced in the fat of both pre- and postmenopausal
women through the conversion of precursors by aro-
matase cytochrome P450, product of the CYP19 gene.
Interestingly, a similar mechanism has been suggested
for the transcriptional regulation and expression of the
CYP19 gene in adipose tissue, regardless of its localiza-
tion (breast or abdomen) [51]. This expression is
strongly dependent on the age of the subject, with an
increasing expression of aromatase activity in adipose
tissue and, consequently, a higher estrone production.
This appears to be inconsistent with the observed decline
in the estrogenicity of the beta-fraction with the onset of
menopause. However, adipose tissue also plays an
important role in the storage and regulation of estrogen
in premenopausal women. For example, concentrations
of estradiol esters were reported to be 3-fold higher in
the adipose tissue of premenopausal versus postmeno-
pausal women [52], in agreement with the decrease in
estrogenicity observed in our patients with the onset of
menopause.
Older women could be expected to have longer

exposure to xenoestrogens, especially to bioaccumula-
tive, fat-soluble xenobiotics, and to show higher levels of
xenoestrogen-derived estrogenicity (alpha-fraction).
However, the TEXB of the alpha-fraction significantly
decreased with the age of the patients and at the onset of
menopause, as occurred with the estrogenicity of the
beta-fraction. The fall in estrogenic activity with age was
not accompanied by a decline in organohalogenated
chemical levels, which would account for this finding. In
fact, DDE levels increased with age, confirming previous
observations of the age-dependent bioaccumulation of
lipophilic compounds in adipose tissue [53]. The other
organochlorine residues showed no variation with age.
All women had measurable concentrations of at least

one of the sixteen organochlorines quantified, clearly
reflecting the ubiquity of exposure to pesticides in the
population, which hampers the demonstration of an
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etiologic role. No single chemical could be positively
and statistically significantly associated with the biolog-
ical effect measured by TEXB-alpha. There may be
several reasons for this lack of concordance: (i) the
estrogenic effects depicted in the E-Screen bioassay are a
consequence of the combined effect of several organo-
halogens; and (ii) the proliferative effect is due to other
chemicals not measured, either other organochlorine
pesticides or other lipophilic compounds. However, we
found that aldrin and lindane may increase the risk of
breast cancer. This relationship is biologically supported
by the estrogenic properties of both pesticides [54, 55].
Our finding for aldrin may corroborate previous results
for dieldrin [11], because aldrin can readily degrade to
dieldrin, as reported in soils and multiple species. Both
aldrin and dieldrin tend to accumulate in adipose tissue.
The use of lindane has been prohibited or restricted in
many countries; in Spain and several other European
countries, it is allowed for certain specific agricultural
purposes and as a medication for head and body lice.
We found no differences in DDE levels between cases

and their matched controls. DDE levels were lower in
our series compared with other studies, which may be
because this pesticide has not been in use since 1980. It
has been recommended [33] to explore the association
between DDE and breast cancer in populations with
more recent exposure, such as Colombia or Mexico
City, where epidemiological studies have found a
moderately high risk of breast cancer in women with
higher levels of DDE [8, 9]. However, negative results
were also observed in these areas [20, 22, 56].
The estrogenicity of adipose tissue extracts due to

bioaccumulated xenoestrogens, measured as the
TEXB-alpha, was associated with a higher risk of breast
cancer in the leaner women, especially in the postmeno-
pausal leaner group. Complex interactions between
chemicals, endogenous or exogenous hormones and
their natural ligands and receptors may alter the internal
homeostasis of the estrogenic environment of mammary
tissue, leading to malignant transformation and cancer.
Thus, future studies of the association between environ-
mental estrogens and breast cancer or other adverse
human health effects should analyze the combined effect
of these compounds and the interactions with endoge-
nous hormones and other substances that affect endo-
crine function.
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