THE ONE STOP SHOP: CHEMICAL CAUSES AND CURES FOR CANCER

Relative importance of breast and prostate cancer

Cancer is the second most common cause of death in the US and ranks above heart disease as the leading cause of disease death in people aged 15-24. Breast cancer [1] and prostate cancer [2] are the second most common cancers and second most common causes of cancer death in women and men, respectively. Further, there are racial/ethnic disparities in cancer incidences and death rates: African American women have a lower incidence, but higher death rate from breast cancer [3], and African American men have both a higher incidence and higher death rate from prostate cancer [4].

Hormone dependence of breast and prostate cancer

Both prostate cancer and breast cancer are hormone-dependent cancers [5]. In the case of breast cancer, most (depending on age) are estrogen-receptor positive/ estrogen-dependent [6]. As a result, the most common treatment for breast cancer has been the use of estrogen receptor blockers, but recently, aromatase blockers, which decrease estrogen-production have become popular treatments 
 ADDIN EN.CITE 
[7-13]
. Aromatase blockers are important because increasing evidence shows that local aromatase expression and estrogen production are important in both breast 
 ADDIN EN.CITE 
[14-17]
 and prostate cancer 
 ADDIN EN.CITE 
[18-22]
. In fact, the majority of breast cancers occur after age 50 and incidence rates increase dramatically after age 50 [23], when ovarian estrogen production is in decline (the average age of menopause is 51 [24]). 

Role of environment in breast and prostate cancer/ endocrine disruptors

The role of environmental factors in cancers (especially reproductive cancers) is receiving increasing attention. In particular, the role of environmental contaminants that act as endocrine disruptors may be very important 
 ADDIN EN.CITE 
[25-30]
. For example, DDT (and/or its metabolites), can bind estrogen receptors and may increase the risk of estrogen-dependent reproductive cancers. Recently, epidemiological studies suggested that early DDT exposure in childhood may increase breast cancer risk later in life [31]. 

Atrazine as an endocrine disruptor


Atrazine is an herbicide used primarily in corn production. Atrazine has no affinity for the estrogen receptor [32], however, this common environmental contaminant has emerged as an important endocrine disruptor because it alters endogenous estrogen production. Atrazine has been shown to induce aromatase (the enzyme responsible for the conversion of androgens to estrogens) synthesis and or activity in fish [33, 34] reptiles (alligators [35] and turtles [36]) and in human cells 
 ADDIN EN.CITE 
[34, 37-42]
. 


Studies using human cell lines have elucidated mechanisms of atrazine’s induction of aromatase. In humans, aromatase is regulated differently in different tissues, using tissue specific promoters. In gonadal tissues, aromatase is regulated via promoter 2 [43]. Promoter 2 is regulated by cAMP and the transcription factor, SF1. Initially, atrazine was shown to increase aromatase expression and estrogen production by inhibiting the cytoplasmic enzyme phosphodiesterase, which leads to an elevation of cAMP and increased aromatase gene expression and subsequent increased enzyme activity and cellular production of estrogen 
 ADDIN EN.CITE 
[38-40]
. Further, Fan et al [42] suggested that atrazine also served as a ligand for the nuclear transcription factor SF1, but a subsequent study suggested that the increased activity of SF1 was a result of increased phosphorylation (associated with the increased cAMP-dependent phosphorylation of SF1) [34]. Most importantly, the aromatase that is expressed in breast and prostate cancer is dependent on Promoter 2 
 ADDIN EN.CITE 
[44-48]
, which is affected by atrazine.

Supporting its induction/increased aromatase activity, atrazine has also been shown to increase circulating estrogen production in fish [33], amphibians (Hayes et al., unpublished), and rodents [49]. Further, atrazine exposure induces mammary tumors in rodents 
 ADDIN EN.CITE 
[50-52]
 and the atrazine-induced mammary tumors tend to be estrogen responsive [53]. What’s more, atrazine induces aromatase expression in mammary cancer cell lines [34] and was associated with mammary cancer in women whose well water was contaminated with atrazine [54]. 


Further, atrazine is also associated with prostate disease and prostate cancer. In rodents, atrazine induces prostate cancer in exposed rats [55], and even induced prostate disease in the male pups of rats whose mother’s were exposed to atrazine [56]. Furthermore, atrazine was associated with a 8.4 fold increase in prostate cancer in an atrazine-production facility [57, 58]. Though typically associated with androgen stimulation, the role of aromatase and local estrogen production in prostate cancer has received significant attention 
 ADDIN EN.CITE 
[19, 46, 59]
.  

Atrazine as an environmental contaminant


Atrazine is biologically active in wildlife at levels as low as 0.1 ppb in amphibians 
 ADDIN EN.CITE 
[60-63]
 and in the low ppb range in fish [64] and in human cell lines [34, 42]. The drinking water standard for atrazine is 3 ppb, and atrazine levels in the urine of farm workers can exceed the biologically effective concentration more than 20,000 fold [65]. In addition to the potency of atrazine as an endocrine disruptor, the persistence and ubiquity of atrazine contamination raises the concern over atrazine. At present, approximately 80,000,000 pounds of atrazine are applied per year. As a result, atrazine is the most common contaminant of ground and surface water 
 ADDIN EN.CITE 
[66-84]
, can persist for over ten years, and is transported over 600 miles 
 ADDIN EN.CITE 
[85-88]
. 

Corporate history and responsibility

Perhaps the most significant evidence for the importance of atrazine, an aromatase-inducer, in breast and potentially prostate cancer, is the increasing evidence for the role of peripheral and especially intratumoral aromatase expression and estrogen production in breast cancer (for review [89, 90]). In particular, the majority of breast cancers occur after menopause when ovarian estrogen production is minimal. Further, currently, the preferred treatment for breast cancer is becoming administration of aromatase inhibitors 
 ADDIN EN.CITE 
[8, 11, 14, 44, 91-98]
. These same aromatase inhibitors have been proposed as treatments for prostate cancer 


[99, 100] ADDIN EN.CITE .

The two most effective and popular aromatase inhibitors are letrozole and anastrozole, produced by Novartis and Astrazeneca, respectively. Novartis was the result of a merger between Astrazeneca and Ciba-Geigy [101]. Thus, following the Novartis de-merger, resulting in two pharmaceutical companies (Novartis and Astrazeneca) and the agrochemical company (Syngenta), Syngenta continued to produce atrazine (an aromatase inducer), whereas the two pharmaceutical entities manufacture the aromatase inhibitors. Further, this pattern is a historical repeat. For example, the estrogen mimic (DDT) was originally discovered by Geigy in 1939 [101]. Twenty-three years later ICI (now Astrazeneca), introduced the popular estrogen blocker (tamoxifen) for use in breast cancer. Thus, the same industries produce both the environmental chemical contaminants that likely contribute to reproductive cancers and the chemical treatments for these same cancers.
A focus on eliminating causes rather than developing cures


With cancer as the second most common cause of death and breast and prostate cancer as the second most common cancers in women and men, respectively, these diseases are a real concern. The majority of cancer research right now focuses on cures rather than addressing the causes. Though not lucrative for the chemical industry, perhaps reduction in chemical contaminant exposures that potentially increase cancer risks is a more viable option for cancer reduction. 
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