Xenoestrogens and Breast Cancer:  Is There a Connection?

Law 802


Breast cancer is currently the most prevalent cancer worldwide.  Scientific assessment of risk factors includes the following, which might theoretically be responsible for approximately 40 percent of all cases:  having children at an older age or not at all, lack of breast feeding, experiencing menstruation earlier than age 12, or menopause later than age 55, being overweight in the post-menopausal years, and a genetic predisposition for breast cancer prior to age 40.  Other influences are less certain, and may include daily alcohol consumption, insufficient exercise, insufficiencies of vitamin D or fiber, cigarette smoking (including passive inhalation) and close proximity to some type of chemical plant (1).


While the media continues to keep the focus primarily upon family history and genetic predisposition, less than one- tenth of cases occurs in women who carry the known, identified breast cancer genes: BRCA1, BRCA2, and ATM.  Breast cancer is believed to be caused by the same type of process that cases other cancers:  a sequence of events occurs, whereby several genes that dictate growth and maturation of cells incur damage.  Damage to a gene may alternately arise when one cell fails to exactly replicate its own DNA during cell division, and then it doesn’t correct the error.  In addition, individual variances in metabolism may affect an individual’s propensity for getting cancer (1).


There are also racial differences in the percentages of occurrences in the United States:  Caucasian women develop this cancer more frequently than do African-American,  Hispanic American, or American Indian women.  It has been increasing at 1% every year during the last decade, and the devastating effects of this disease upon individual and upon the economy cannot be overstated.  It has been asserted that the aggregate economic cost of breast cancer, including lost productivity, approaches $3.8 billion dollars per year (2).


A major focus of the enumerated risk factors is the cumulative lifetime exposure of a woman to estrogen.   Evidence illustrative of this includes the fact that women whose ovaries have been removed have reduced estrogen levels, and concomitantly lower cancer risk, and women who have breast-fed also experience lower estrogen levels, and lower breast cancer risk.  Estrogens are hormones, which can affect an individual’s susceptibility to breast cancer in the following manner:  hormones, particularly ones which are not metabolized and excreted, are viewed as promoting the growth of genetically flawed breast cells, thereby initiating the onset of cancers.  Vulnerability to this is increased significantly during times of rapid cell division, such as occurs in utero, and in adolescence, simply because existing repair systems can’t work fast enough to keep up with the pace of the growth of cells (1).


 The steady increase in the occurrence of breast cancer has occurred during a period of increased industrialization.  This fact, coupled with significant international differentiations in occurrence rates, and notably, the differences in these rates for migrants, do suggest an environmental catalyst (3).  A theory which has been widely studied is the idea that certain substances in the environment actually mimic the effect of estrogens on the body.  These estrogen mimics, or “xenoestrogens” may include some organochlorine compounds, including pesticides used for agriculture, such as DDT, chlordane, lindane, dieldrin, and industrial compounds such as polychlorinated biphenyls, and others.  It is thought that increased breast cancer rates are tied to increased exposure to these xenoestrogens, and several studies have addressed this possibility (4).

Cape Cod Population Study

Estrogens are distinguishable because of the way they increase mitosis  within endometrial tissue: i.e., they increase the usual process of cell reproduction in the mucous membrane lining the uterine wall.  At first, studies attempting to identify estrogenic effects were animal based.  Because of the difficulties involved with animal studies, something called an “E-Screen bioassay” was created, in order to analyze the estrogenic effects of chemicals found in the environment.  Using human breast MCF-7 cells, certain chemicals did appear to have the effect of estrogens. Viewing this list of chemicals as a group of xenoestrogens, one study was conducted in Cape Cod, Massachusetts, of occupational exposure by women in five towns there; the purpose of this study was to assess the possible link between these xenoestrogens and breast cancer.  As in other studies done on the subject, there were many unanswered questions even when the study was completed; this will be discussed below (5).

To begin with, the researchers collected data for 1983 through 1986, indicating all 334 cases of breast cancer in five Cape Cod towns, through the Massachusetts Cancer Registry.  The researchers then spoke with 79% (265) of these cases, either directly or though next-of kin.  Next, they went through a very careful search for an appropriate control group:  they were able to find women of parallel age/race, who also resided in the area.  Controls were ultimately selected, then , by dividing them so that all of the controls were a match with an actual breast cancer case:  the cases were distinguished by age, sex, vital status, and if no longer alive, date of death.  Ultimately, the study used 753 controls (5).


The study was to ascertain the connection between occupational exposure to potential xenoestrogens and breast cancer.  Researchers first obtained all facts regarding the subjects’ occupational histories, traced backward to age 18.  The next step was to obtain information about exposure to specific chemicals in the various identified workplaces.  This was done by using the National Institute of Occupational Safety and Health National Exposure Survey (NOES) database, which investigated a cross-section of all nonagricultural workplaces covered under OSHA, with eight or more employees.  Site-based investigations of in excess of four thousand sites revealed possible employee exposures to chemicals in question, with trade names and ingredients (5).  


The above database is set up as a workplace exposure source, that enables and individual to input a particular substance, and then get all relevant information regarding all industries and occupations where it has been found.  In the reverse, entering of an occupation or industry will generate the names of possible chemical exposures.  Using this database, the researchers entered into a two phase process:  in the first phase, the industrial hygienist used the database to single out 18 of the 33 xenoestrogens.  The list of occupations of the women  in the study was then compared with the list of jobs containing these chemicals derived from the database.  This process then produced a list of all jobs in which the study’s subjects had had potential  estrogenic exposures (5).  


The “Phase 2” of the study entailed researching the dates of usage and manufacture of all of the 18 xenoestrogens; this was then used to reference exact dates of employment, and specific job requirements of particular individuals.  Additionally, since the database only contained non-agricultural information, the industrial hygienist also researched pesticides that were identified by the E-Screen Assay as potential xenoestrogens, and added some more of the womens’ jobs onto the list (5).


Exposure of subject individuals was designated as having either been “probable” or “possible,” and odds ratios (OR’s) were developed, in order to assess the risk of breast cancer with reference to xenoestrogen exposure.  Also examined were exposures to only one, versus several xenoestrogens.  There was a separate category for PCB exposure.  Roughly 39.5% of breast cancer cases, and 38.2% of controls had worked at a job where they had either possibly or probably been exposed to xenoestrogens.  Less than 33 subjects had been exposed to DDT, DDE, methoxychlor, chlordecone, dieldrin, endosulfan, toxaphene, 1.1 chloro-biphenyl, aroclo 1254, 4-sec-butylphenol, 4-hydroxybiphenyl, and 4-octylphenol.  Five other chemicals, however:4-tert-butyl-phenol, nonlyphenol, butyl benzyl phthalate, BHA, and bisphenol A, were identified as having been present in 15-29% of the workplaces of either cases or controls (5).

The exposures were usually associated with particular jobs.  Women who had been nurses, for example, comprised 47% of the “probable”exposure to nonylphenol, 13% of the jobs with “probable” exposure to bisphenol A, and significant percentages of other particular chemical exposures.  Similarly, food handlers (including chefs, bakers, kitchen staff, and waiters), comprised 41% of jobs with “probable”exposure to BHA; and women employed in the electronics field represented 14% of  “probable” occupational exposure to bisphenol A (5).


Half of the “probable” exposure cases were exposed to only one xenoestrogen, (often, nonphenol), while the rest had probably had multiple exposures.  The “crude and adjusted” OR’s didn’t show any particular pattern resulting from exposure to more than one xenoestrogen (adjusted OR’s:  1.1, 0.6, 0.9, and 0.9, for probable occupational contact with one, two, three, or four, in that order.


The study found that PCB’s and 4-octylphenol were the only two xenoestrogens actually indicated in increased odds of breast cancer.  After PCB  exposure, women had a 3.2-fold greater risk, and a 2.9 percent risk increase when exposed to 4-oxtrylmethyl.  The study acknowledges that these figures were based upon a small number of participants, and may not ultimately be reliable.  PCB exposures likely took place in occupations such as chemical pathology, clinical lab technologist, and several other jobs in electrical manufacturing, or assembly.  Workplace exposures to 4-octylphenol were gas station employees, workers in assembly plants, and machine operators (5).


Women with longer term exposures to bisphenol A had higher OR’s with shorter term exposures.  The “crude OR” for 1-5 year exposures was 0.2, but 6-10 year exposures were up to 2.0.   The study’s conclusion, in a nutshell, was that only two of the identified xenoestrogens, PCBs and octylphenol, were connected to increased incidences of breast cancer.  The authors’ discussion went on to cite the inherent problems in evaluating such a study, which were numerous.  To begin with, the E-Screen Assay is really only one source of potential xenoestrogens; it probably misses the estrogenic properties of other compounds in live human beings (5).


Other variables included the fact that the interviewers were fallible, and may have provided inexact data, thereby skewing conclusions.  In addition, the database was obviously limited to the period between 1981-1983, and necessarily excluded chemicals not present during these years.  Agricultural areas where pesticides were prevalent were not incorporated, though the industrial hygienist did make some effort to identify these.  Also, there was a real lack of ability to evaluate the actual amount of the particular exposures.  


Perhaps the most significant deficiency in this study, however, was the inability of researchers to investigate all of the sources of xenoestrogens that individuals had encountered during all facets of their lives.  Xenoestrogens are thought to be found in everyday substances, including pesticides, detergents, and plastics, to name a few(5).


The study did defend its findings, even in light of the above, noting, for example, that neither recall bias nor selection bias were a problem, since participation rates were high, and exposure determinations were based on objective data.  It further notes that there is in fact scarce data on workplace xenoestrogen exposure as linked to breast cancer, and concludes by suggesting a need for additional studies to evaluate this important link (5).

Danish Study


Another such breast cancer-estrogen mimic connection  was conducted in Denmark, in 1998.  This study looked specifically at organochlorines, which include DDT, chlordane, lindane, dieldrin, and industrial chemicals such as polychlorinated biphenyls.  In excess of 15,000 organic chlorinated compounds have been used in the human environment, and do accumulate in human fatty tissue.  Since women can have exposures to more than one of these, there can also be a synergistic effect (4).

The researchers began by noting that in Denmark, approximately 14% of the female population develops breast cancer, and this percentage is double what it was 30 years ago.  They then focussed in on women who had high serum amounts of alleged xenoestrogens, to see if this in fact increased breast cancer risk.  The study began in 1976, when 7712 women were interviewed, and all relevant data was collected regarding their lifestyles, as well as the particulars of their physical condition.  Then, blood samples were taken and submitted to various processes
, which then produced a serum that was kept frozen for later analysis.  The researchers then identified 268 women that during the 17 year period of the study, did suffer form breast cancer.  For each woman who had developed this cancer, they then used two women enrolled in the study who were cancer free, but matched the other women in terms of relevant data points such as age.  The scientists then collected further data regarding education, socioeconomics, age at onset of menopause, pregnancies, body type, cigarettes and alcohol, exercise habits, and even cholesterol levels (4).  

The researchers then sent the serum samples to the Centers for Disease Control and Prevention laboratory in the United States (Atlanta), and analyzed the samples, looking for 18 organochlorines, and 28 PCB congeners.  The findings were as follows:  breast cancer risk lessened in direct proportion to the number of full-term pregnancies, and increased with larger height and obesity.  Being unmarried increased the risk by 89%, but the other examined factors such as smoking, alcohol, and exercise, were found to be less significant (4).


All of the samples contained one of the DDT’s, almost the entire group had measurable PCB’s, and roughly 78% showed dieldrin.  Significantly, the breast cancer risk was doubled in women who had the most serum concentrations of dieldrin.  There was a small increase where concentrations of B-HCH were greatest.  No connection occurred, however, where DDT, PCB’s, or chlordane metabolites were found.  The researchers also looked at serum samples where pairs of compounds were found, such as total DDT and PCB, or total PCB and dieldrin, but could not identify any synergistic effect (4).


The study, in its discussion of the findings, noted that the conclusion that dieldrin does increase breast cancer risk is underscored by the E-Screen Assay, which attributes estrogenic properties to dieldrin.  While other organochlorines also have been found to be similarly estrogenic in nature, these did not appear to increase the risk of breast cancer in women (4).

Equivocal Results, and Contrary Studies


When one looks at these studies, one gains an accurate picture of where research in the field apparently sits:  there is strong suspicion, but the test results are at best equivocal, often seeming to point to one or two specific chemicals as culprits, but not indicting the alleged synthetic estrogens as a whole.  There have, in fact, been studies which refute the idea.   In one such study, researchers evaluated plasma levels of  DDE
 and PCB’s in 240 women’s blood samples, obtained in 1989-1990, who then developed breast cancer before the middle of 1992.  These measured amounts were then compared to a control group who had not been found to have breast cancer during that period.  This comparison was undertaken as a part of the Nurse’s Health Study, which had tracked the health of approximately 120,000 women from 1976 on.  This study found that DDE and PCB amounts were actually less in the women who had developed the breast cancer.
 (3)


Another such study of DDE exposure was done in Mexico.  It was undertaken within a hospital setting, again comparing actual breast cancer cases with appropriate controls.  During the study interval, which was 1994 through 1996, DDT was in widespread use in Mexico.  DDE amounts were assessed in 141 women with the cancer, and then compared to the controls.  The mean serum DDE level equaled approximately 562.48 parts per billion for cancer victims, as opposed to 505.46 parts per billion

In the control individuals.  The scientists assessed this as an insignificant difference (3).

One might look at studies such as the above, and wonder if in fact the researchers had all relevant information regarding other lifetime exposures to estrogens, which may have created a synergistic effect with these chemicals.  There is also scientific thought that certain other substances, among them certain other types of xenoestrogens found in plants, including soy, may actually protect against breast cancer (9).


One of the leading names in the group of scientists leading the charge against environmental estrogens is Devra Lee Davis, who has written and spoken prolifically on the subject.    Ms. Davis directs the Health, Environment, and Development Program at the World Resources Institute.  She has suggested that both naturally occurring estrogens and xenoestrogens can bind to estrogen receptors, and change the quantity and specific estrogens that an individual’s system then generates (6).  The principal type of estrogen is estradiol, which is metabolized in the body into various forms which then can have varying effects on the body.  There are considered to be “good” and “bad” types of such estrogen metabolites.  The “good” estrogen seems to encourage repair of cells, and provide cancer resistance by stimulation of occurrences in the “cell cycle” that protect against cancer.  The “bad” estrogen, however, seems to encourage harms to protective genes that might then encourage cancers, and significantly, to cause greater quantities of unbound hormones; both of these can trigger increased rate of breast cell growth, thereby strengthening the odds of genetic damage.  She cites both animal and human studies which underscore the hypothesis that increased amounts of “bad”estrogen do signal a greater chance of developing breast cancer (1).


Ms. Davis also cites research performed with colleagues at the Strang-Cornell Cancer Research Laboratory in New York City, which found “bad” estrogen amounts to be quadrupled in breast cancer cells, as compared with normal breast cells.   With  the addition of organochlorines to the breast cancer cells, there was a much greater percentage of “bad” versus “good” estrogen.  She theorizes that the organochlorines, as they build up in fatty tissue, might in fact affect the estrogen metabolites that are produced.  She does acknowledge that some human studies have not reinforced this conclusion.  She also points out, however, that there are many potential variables which may obfuscate the results of such studies:  for example, women may have had prior exposure to certain “bad” estrogens from sources that don’t stay in fatty tissues, such as drugs, plastics, or fuels.  This is supported by a study which determined that women who were post menopausal, and had never breast-fed, had appreciably higher rates of breast cancer than women who had breast-fed.  Breast feeding may cause the transfer of xenoestrogens such as organochlorines form the mother’s breast to the baby, thereby potentially affecting that child’s lifetime exposure to these chemicals (8).  

She does note that critics, such as Stephen Safe of Texas A&M University assert that exposures to tiny amounts of environmental estrogens can’t compare with the much larger amounts of estrogens the body produces itself, or even those consumed when eating certain plants.  Also, these plant estrogens, again such as soy, do provide some cancer protection which could balance out exposures to bad estrogens.  Ms. Davis counters these assertions by pointing out that the chemical estrogens do persist in fatty tissue for very long periods of time, and aren’t usually excreted.  Plant estrogens are easily broken down, and don’t persist in a way which could effectively counteract the synthetic xenoestrogens (1).


In light of  the potential connections between synthetic estrogens caused by the release of harmful chemicals into the environment, one disturbing piece of information is that the main sponsor of Breast Cancer Awareness Month is a British corporation named AstraZeneca, which is an international manufacturer of the breast cancer drug tamoxifen, but also manufactures fungicides and herbicides, including acetochlor, an known carcinogen.  It owns a chemical facility in Ohio which is alleged to be the third biggest producer of potential carcinogens in the entire United States.   Some 53, 000 pounds of these likely carcinogens were spewed into the air in 1996.  When Zeneca originated Breast Cancer Awareness Month in 1985, its parent company was Imperial Chemical Industries, a multi-billion dollar manufacturer of plastics, pesticides, and paper.   Government agencies actually sued ICI in 1990, alleging the it released both DDT and PCBs, which were both prohibited in the United States after the 1970’s, into two California waterways (10).   


Another seeming conflict of interest lies in the fact that The American Cancer Society has, on its board of directors,  the vice-president of a major herbicide company.   Also, top level officers in the National Cancer Institute often end up with well compensated positions in the cancer drug business.   GE is responsible for a significant amount of  PCB pollution in the Hudson River, and yet that company also produces mammography equipment.  There is growing thought that these types of connections contribute to the fact that the “cancer establishment”: the medical institutions, companies, and organizations that orchestrate cancer treatments, research, and information appear to keep the focus off of prevention, instead focussing on detection and cure (10).

Conclusion


There is not yet definitive evidence that chemicals in our environment are responsible for the great increases in breast cancer which have occurred in direct proportion to the industrialization of our society.  However, looking at the clear effects of prolonged estrogen exposures on breast cancer development, and the studies such as the E-Screen Assay which clearly show the estrogenic effect of certain chemicals, there is, as Devra Davis points out, a logical inference that nevertheless has not been borne out in studies to date.  It may be that some individuals are simply more biologically susceptible to xenoestrogens than others (7). Certainly one can point to the inherent weaknesses in the studies, but in the end, the subject must be much more carefully researched.  Before we have what is considered definitive proof, however, it is logical to work toward lessening the amounts of these chemicals in our environment.
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� “We took blood samples from non-fasting participants from cubital veins into test-tubes containing edetic acid, and placed them immediately in ice water.  Within 2 hours, the samples were centrifuged.  Enzymatic serum lipid analysis was done, and the remaining serum was stored in the freezer.”


� DDE is the major metabolite of DDT: 1,1-dichloro-2, 2-bis (p-chlorophenyl)ethylene.


� DDE, 4.72 vs. 5.35ppb; PCB’s, 4.41 vs. 4.68 ppb.  Ppb, or parts per billion, is equivalent to the proverbial one eyedropper in a swimming pool.
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