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Confirmation that humans are exposed to chemicals that interfere with the hormonal systel
(endocrine disrupters) has prompted many epidemiological studies, but an association betwe
chemical residues and disease remains elusive. Exposure to these chemicals occurs mainly thro
diet, water, environment, indoor air, dust, soil, and also in an occupational setting. For exampl
organochlorine pesticides and polychlorinated biphenyls (PCB) enter the human organism via food a
water but they also may reach humans by inhalation and contact, especially among those profession.
exposed in industrial and agricultural settings. Many of these organochalogenated derivative
accumulate in adipose tissues because of their solubility in lipids and their inefficient metabolism.

Since 1970, the use of some organochlorines has been banned, leading to a reduction in th
accumulation in the environment and a decrease, albeit slower, in the human body burden. Otf
organohalogenated chemicals are still used and frequently found in the environment, human tissu
and fluids. Over the past 16 years, many studies have reported a wide range of pesticide content in
adipose tissue of breast cancer patients, not only dichlorodiphenyltrichloroethane (DDT) and i
metabolites, but also hexachloronbenzene, mirex, chlordane, and b-hexachlorocyclohexar
Experimental data confirmed the estrogenicity of many of these fat-soluble chemicals, which are nc
classified as xenoestrogens (Sonnenschein and Soto, 1998). However, there has been no demonstr
to date of a clear connection between exposure to these chemicals and hormone-dependent disease
of the role of these xenobiotics in the modulation of cancer growth.

It was stated (Woodrufét al. 1994) that the design of retrospective cancer studies based on the
analysis of human samples should consider the hypothesis to be tested, the chemicals to be meast
and the biological activity to be analysed. However, these considerations are frequently disregarde
For example: i) many studies have included chemicals that are not hormonally active, taking r
account of the role of estrogens in the pathogenesis of the disease, ii) other studies have only measi
a single residue because of the time, resources and the large sample sizes required to determine 1
chemicals, and iii) most of the studies have disregarded cumulative effects and interactions betwe
chemicals.

There is a need to develop markers of hormonal exposure that go further than the quantification
isolated environmental hormones. For instance, it has been proposedt(&801997) that rather than
measuring the levels of identified xenoestrogens, it might be more meaningful to assess the risk
endocrine disruption by measuring the biological activity resulting from the xenobiotics.

In order to facilitate the rigorous testing of a putative link between exposure and disease, w
adopted this approach and developed and standardized a method to assess the total effec
xenoestrogen burden (TEXB) in human adipose tissue and serum (Sonnenschein et al., 1995; Riva
al., 1997; Pazos et al., 1998; Rivas et al., 2001). High performance liquid chromatography (HPLC)
used to extract and separate organohalogenated xenoestrogens from sex-steroids, and the comk
estrogenic biological effect of the extracts is then determined in the E-Screen biosassay from th
proliferative effect on MCF-7 cells (Soto et al., 1995). Two fractions of interest are eluted by the HPLC(
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process, denominated the alpha and beta fractions. The alpha-fraction contains organohalogen
compounds, whereas the beta-fraction contains endogenous sex-steroids and more polar xenoestro
distinct from those eluted in the alpha-fraction. Extensive testing (Rivas et al., 1997; Pazos, et «
1998;; Rivas et al, 2001) demonstrated that the pesticides DDT and metabolites, dieldrin, aldrin &
lindane, among other organochlorines, as well as other chlorinated and/or brominate
organohalogenated chemicals all elute in the alpha-fraction. Thus, the estrogenicity of the alp
fraction, which contains no endogenous sex-hormones, can be considered a good marker of the 1
effective xenoestrogen burden from organohalogenated chemicals (Rivas et al., 2001).

Endogenous sex-hormones such as estradiol, estrone and their sulfates, and androstenedione
androstenediol elute in the beta-fraction, as well as certain synthetic estrogens like bisphenc
alkylphenols and polyphenols (Rivas et al., 2001). In this context, the presence of endogenous <
steroids in adipose tissue has been documented, and nonylphenol, octylphenol and bisphenol-A v
stored in adipose tissue of treated animals and humans.

Our method was applied to adipose tissue samples collected in a hospital-based, case-control s
on breast cancer. The combined effect of chemical residues was assessed in a biological assa
estrogenicity (E-Screen) , and patients were classified according to their total effective xenoestrog
burden (TEXB) and adipose tissue content of sixteen environmental estrogens.

Our results suggested that the combined effect of xenoestrogens in adipose tissue may increast
risk of breast cancer. When different groups (body weight and menopausal status) of the women w
considered, relationships of interest emerged: Estrogenicity due to organohalogenated chemicals (a
fraction) could be distinguished from that due to endogenous estrogens and the most po
xenoestrogens (beta fraction), and the estrogenicity due to organohalogenated chemicals is a risk f
for breast cancer.

In addition, we found that the organochlorines pesticides aldrin and lindane may increase the risk
breast cancer. In the whole series, breast cancer risk was significantly associated only with alc
levels, when comparing the highest percentile with the lowest. Aldrin can degrade to dieldrin, so tt
the measurement of either chemical indicates a similar exposure, and a significant relationship betw
blood levels of dieldrin and the risk of breast cancer has previously been described. Interestingly, wi
our postmenopausal women were considered separately, breast cancer risk was associated with
aldrin and lindane. Both aldrin and lindane may act as estrogen disrupters, suggesting the mechar
by which breast cancer risk is increased by these pesticides, and supporting a biological relations
between exposure and effect in hormone-dependent cancer.

We found no differences in adipose tissue DDE levels between the breast cancer patients and t
paired controls. DDE levels were lower in our series compared with other case-control studies, whi
may be because the pesticide has not been used since 1980. It has been recommended (Snedeker,
that the association between DDE and breast cancer be explored in populations with much more re
exposure, and studies in Colombia and Mexico City, where the pesticide was in use until recent
found a moderately high risk of breast cancer in women with higher blood levels of DDE. Howeve
negative results were observed in previous studies carried out in Mexico, Brazil and North Vietnam.

In summary, concerns about the role of environmental and dietary estrogens as contributors to
increasing incidence of hormone-related diseases have prompted epidemiologists and clinician:
design patient-based studies in which to test their hypotheses (Fernandez et al., 1998). However,
study of etiologic factors in diseases is not a simple task when the period of exposure is far remoy
from the clinical presentation of the disease. This can be observed in studies that have attempted to
breast cancer risk to organochlorines content in adipose tissue. It is possible that a relationship betw
long-latency diseases and organochlorine exposure cannot be demonstrated from the levels of a si
xenoestrogen or of only a few of them. Most studies have estimated the circulating levels or adipose
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content of one or a small number of chemicals, and have ignored the impact of other chemicals and &
the combined effects of chemical mixtures in the environment, which cannot be assessed by the test
of isolated chemicals. The approach we proposed may help to establish a relationship between
content of environmental estrogens and the risk of hormonal diseases.
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