Carcinogens in the Environment: Extrinsic Factors and Breast Cancer Risk

Abstract

Breast cancer is one of the most common heterogeneous diseases in women around the
world. It can be caused by many different intrinsic factors, including genes, race, and age at first
menstruation. Although scientists once believed these factors were the most important in
determining the likelihood of developing said disease, it is now becoming increasingly popular to
discuss the extrinsic factors that can cause the disease. Many of these factors pertain to chemicals
in the environment that can cause cancer, also known as carcinogens. When reviewing other
papers, I was able to conclude that extrinsic factors contribute more to breast cancer risk and

rates when compared to intrinsic factors.

Introduction

Breast cancer is a heterogeneous disease that is made up of an increasing number of
biological subtypes (Carey et al. 2006). It is the most common form of cancer among women in
developed and undeveloped countries and is one of the most common causes of cancer death in
women worldwide (Coyle 2004 and Key et al. 2019). There are many different types of breast
cancer, including Angiosarcoma, Invasive lobular carcinoma, and Inflammatory breast cancer
(Breast Cancer 2019). Symptoms of breast cancer include a lump in the breast, change in size or
appearance of a breast, or pitting of the skin over the breast.

Incidence rates vary from country to country, with America’s incidence rate being 86.3
per 100,000 women. These rates are steadily rising among each country. Carey et al. (2006)
showed that exposure to chemicals that were identified as mammary carcinogens, or potential
mammary carcinogens, is widespread. 73 of the potential mammary carcinogens that were tested
by Brody et al. were found in consumer products and were present in contaminants of food
(2007).

Diagnosing breast cancer has become increasingly easier over the last few decades.
Mammograms are one of the most common ways to diagnose breast cancer, since most women
who reach a certain age are encouraged to receive these tests yearly. Although mammograms are

an effective tool for detecting breast cancer, they still have their faults. These tests sometimes



show false-negative results, which can result from cancers that are not visible or are only visible
in retrospect (Huynh et al. 1998). Scientists are trying to reduce the risk of the error by
optimizing radiographic technique, but they also are working on other ways to diagnose the
disease. Other tests to diagnose breast cancer include, but are not limited to, Raman
spectroscopy, investigating body volume, and the Support Vector Machine (Haka et al 2005,
Weibrecht et al. 2010, and Liu et al. 2003).

In this paper, I will be reviewing breast cancer rates in relation to intrinsic factors and
extrinsic factors. Ultimately, I concluded that extrinsic factors, such as chemical exposure, will
be the most influential in breast cancer risk. Although my conclusion is supported by several
papers, research still needs to be done to determine how many of these chemicals released into
the world each year are carcinogenic, how many women are exposed annually, and how these

chemicals affect breast cancer growth and development.

Intrinsic and Extrinsic Factors
Intrinsic

There are many different risk factors for developing breast cancer that are intrinsic.
Having a child at an older age, genetics, consuming alcohol, and obesity are all factors that can
increase breast cancer risk (Breast Cancer 2019).

Scientists and doctors used to believe that intrinsic factors were more important for breast
cancer susceptibility and diagnoses. Germline mutations in the BRCA1 gene have been identified
in 60-80% of women with a family history of both breast and ovarian cancer, and in 15-20% of
women who only have a family history of only breast cancer (Nathanson et al. 2001). Some
scientists feel as if these numbers are overestimates due to their high numbers (Evans et al.
2008). Genetic testing is now available for women to know if they are carriers of the genes, but it
has become a controversy among scientists and doctors (Evans et al. 2008). Many individuals are
against testing because many women who have the gene will never develop the disease. Now,
scientists and researchers believe that the BRCA1, BRCAZ2, and a few other rare gene variants
account for only 15-20% of breast cancer in families and only less than 5% overall (Nathanson et

al. 2001).



Race is also an intrinsic factor that elevates the occurrence of breast cancer in women.
When comparing Caucasian and African American women, Caucasian women showed an
increased level of breast cancer rates, while African American women showed higher mortality
rates (Kaminska et al. 2015). These rates could be due to a number of factors, including
availability of breast cancer screenings. Hunt et al. (2014) took samples of the fifty largest cities
and ultimately determined that the Black woman: White woman cancer risk ratio is still
increasing, meaning that Black women are becoming increasingly likely to develop breast cancer
when compared to White women (Hunt et al. 2014). It is also worth mentioning that there is a
lower incidence of breast cancer rates among Hispanic women, but they are diagnosed at much
younger ages.

Natural hormonal changes that take place in the time of maturation can directly influence
the risk of breast cancer in adult life (Kaminska et al. 2015). A few studies have shown that there
is an increase in breast cancer risk for an individual who started menstruating at a younger age
(Hsieh et al. 1990). These rates could potentially be due to the individual’s lengthened exposure
to estrogen activity. It was shown that even delaying menstruation by two years can reduce the

individual’s likelihood of developing breast cancer by as much as 10% (Hsieh et al. 1990).

Extrinsic

Extrinsic factors that can cause breast cancer are now well-discussed among the scientific
community. Living Downstream goes into vivid detail about the harmful chemicals surrounding
individuals (Sandra Steingraber). These chemicals are not regulated enough by the FDA, causing
humans to not understand how much they are actually being impacted by said chemicals
(Steingraber). Many of these chemicals are more prevalent in developed countries where there is
more use of these chemicals. This increases the likelihood of developing many types of cancer

(Steingraber).

Environmental Chemicals

Cadmium



Cadmium is a carcinogenic pollutant that has been shown to be associated with breast
cancer risk (Gallagher et al. 2010). Found in many manures and pesticides, it has the ability to
accumulate in the body as a person gets older. McElroy et al. (2006) found in a population-based
study that women in Wisconsin in the highest quartile of urinary cadmium were twice as
vulnerable to developing breast cancer when compared to those who were in the lowest quartile.
Cadmium is looked at as a potential breast cancer risk factor due to its ability to transform
estrogen receptor negative breast cancer cells into basal-like breast cancer phenotype
(Benbrahim-Tallaa et al. 2009). Gallagher et al. 2010 found that there was an increase in breast

cancer risk with an increase of cadmium in the body.

Tobacco Smoke

Tobacco smoke and its role in breast cancer development is not as clear as with other
cancers. When researching the over 60 known chemicals that are in tobacco smoke, scientists
found that many of those chemicals were known to cause mammary tumors in many laboratory
animals (Hecht 2002). Many of the chemicals in cigarette smoke are not known as strong
carcinogens, but it is possible that their diol epoxide metabolites could have an impact on human
breast cancer. Scientists are finding more information that tobacco smoke from active smokers or
even from secondhand smoking can cause breast cancer, because the levels of breast cancer rates
are increasing as well as the number of women who smoke or are around individuals who smoke

(Johnson et al. 2010).

Organochlorine

Organochlorines are synthetic chemicals that were released into the environment through
their use as industrial products and pesticides (Calle et al. 2002). These chemicals act as estrogen
agonists or antagonists which allowed scientists to hypothesize that they could play a role in
breast cancer risk. Wolff et al. (1993) looked at organochlorines and their effect on breast cancer
(Wollff et al. 1993). Their hypothesis that organochlorines are contributors to breast cancer
stemmed from the fact that these chemicals were known animal carcinogens and labeled as

possible human carcinogens. They found that individuals who were diagnosed with breast cancer



had higher levels of DDT, a pesticide that contains organochlorines, when compared to their
control (Wolff et al. 1993). In a 2002 study, scientists were able to prove that there was
substantial evidence that there was a possible association between organochlorines and risk of

breast cancer (Calle et al. 2002).

Conclusion

Although intrinsic factors are important in determining breast cancer risk, extrinsic
factors ultimately contribute more (Wu et al. 2016). Wu et al. 2016 was able to conclude that
cancer risk was heavily influenced by extrinsic factors. Intrinsic factors were only found to
contribute to less than 10-30% of lifetime cancer risk and cancer development (Wu et al. 2016).
Figure 1 shows the cancers that are impacted by intrinsic and extrinsic factors, but it shows that
the extrinsic factors play a more important role in risk. I was able to conclude that extrinsic
factors are more significant when determining how likely an individual is going to develop breast
cancer. Further research needs to be done to understand whether or not certain cancers were
developed intrinsically or extrinsically, and to determine what can be done to prevent such

chemicals from reaching individuals.
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Figure 1. Estimations on total tissue stem-cell divisions. The red dots show cancers and were
used to make the “intrinsic” risk linear regression line. The blue dots show cancers that have
known extrinsic risks and the numbers in parentheses show the estimated percentages of cancer

risks that are due to factors that are not intrinsic. (Figure from Wu et al. 2016)
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