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Breast Cancer is the second leading cause of death among women. Risk factors for breast
cancer include lifetime exposure to estrogen, hereditary genetic mutations and
environmental influences. According to researchers, Bisphenol A (BPA), an
environmental chemical used in polycarbonate plastics, may be linked to the development
of breast cancer. However, it is unclear how this chemical plays a role in breast cancer
development.

Recent microarray studies from Singleton ef al., demonstrated that BRCA1 gene
expression is decreased by BPA in MCF7 cells over expressing estrogen receptor. It is
known that decreased expression of BRCA1 accelerates growth of mammary epithelial
cells and is often decreased in sporadic breast cancer progression. We hypothesize BPA,
like estrogen, could alter BRCAT1 expression. Our data suggest that treating cells with

BPA at levels comparable to human exposures alters BRCA1 expression and the changes



in BRCAI expression by BPA is concentration dependent. This study highlights the
importance of conducting research to understand how BPA alteration of BRCA1 impacts

its normal cellular function.
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Specific Aims

We tested the hypothesis and accomplished the objectives of this application by pursuing
the following three specific aims:
1. To determine whether BPA alters BRCA1 expression in mammary
epithelial cells.
2. To determine whether BPA alteration of BRCA1 is ER alpha dependent.

3. To determine the mechanism of how BPA regulates BRCA1 expression.

14



Introduction

What is Bisphenol A?

In the late 1800’s, scientists discovered a colorless, solid today known as
Bisphenol A. This chemical monomer is used in manufacturing polycarbonate plastics,
the majority of epoxy resins, and certain other products such as flame retardants (1). Its
first known synthesis occurred in 1905 by the German scientist, Thomas Zincke at the
University of Marburg (2). Based on concepts of unpublished research on the Marburg
campus, the combined structure of a phenol and acetone would shape the manufacture
industry for years to come (Figure 1).

In the 1930’s researchers discovered that Bisphenol A could be used as a man-
made estrogen (2, 3). Short lived as an estrogen, BPA’s ability to retain heat, minimize
shatter, and the significant amount of optical clarity opened the door for a different usage.
The chemical was used to produce polycarbonate plastic and epoxy resins, making it a
one of the most widely used chemicals of its time. From dental products to the inner
coating of metal cans, the next 70 years were prosperous for companies producing

products that contained BPA. Even though reports started to surface that Bisphenol A



had the ability to percolate from products, there were no regulations sanctions placed on

the chemical.

Bisphenol A exposure is widespread

Bisphenol A (BPA) is now one of the highest volume chemicals produced
worldwide, with over 6 billion pounds each year and over 100 tons released into the
atmosphere by yearly production(4). Reports indicate that over 800 million kg of the
plasticizer BPA is generated annually in the United States alone (4). Figure 2. illustrates
BPA’s manufactured uses in the United States. Apart from food-related uses, BPA is
used for automotive and other transportation equipment, optical media such as DVDs,
electrical equipment, construction, linings inside drinking water pipes, thermal and
carbonless paper coatings (5). In 1982, The National Toxicology Program established a
lowest adverse effect level (LOAEL) as 50 milligrams of BPA per kilogram of body
weight per day for lab animals (6). This discovery would lead to researchers across the

globe questioning if BPA was really as safe and reliable as first suspected.

Regulation of BPA in the United States

In 2007, there was a huge concern about the chemical BPA and the amount of

production and usage in the United States. Although BPA is regulated by the



Environmental Protection Agency (EPA), many citizens became alarmed when research
panels started to reevaluate the exposure of BPA to humans. Research panels across the
globe started to form in order to determine if BPA’s exposure to humans was becoming
more harmful than helpful although in 2006, it was deemed a safe chemical (7).
Currently, the conversation of the safety of BPA and human exposure is still an open one.
Researchers and government agencies are at odds on whether research has been
exaggerated to make either side look like the winner in this heated battle. Countries other
than the United States have taken action; Canada becomes the first country to deem BPA
unsafe and start regulation in products that use BPA, including baby bottles. This led to
some companies such as Playtex to take a closer look at BPA’s safely and the exposure
characteristics. The National Toxicology Program issued a final report that changed

BPA’s status from little or no concern of exposure to “some concern” (2, 8).

In 1991, there was a meeting held called the Wingspread Meeting, a workshop
comprised of scientists, philosophers, lawyers, and environmental activists that discussed
the widespread man-made chemicals that are having negative effects on the environment.
Committee members coined the term “endocrine disruptors” as chemicals that are
released into the environment that may have the potential to disturb endocrine systems of
animals and potential humans (9). BPA was one of the chemicals named in this category
based on its ability to bind to the estrogen receptor alpha and beta (10) and alter normal
cellular functions (11). For example, in Maffini et.al (12) outlines BPA as a chemical
that effects and alters the brain, mammary gland, increase weight, and disturb the

reproduction tract (12)



BPA’s mechanism of action

BPA is commonly known as an environmental estrogen due to its ability to bind
to estrogen receptors and mimic estrogens’ ability to stimulate proliferation of mammary
epithelial cells (13). Thus, BPA exposure can have a strong impact on estrogen
responsive tissues, like the breast. In particular, BPA has the capabilities to alter
responses to estradiol in the mammary gland, increase branching in the gland, and
reorganize terminal end buds (12). Numerous research studies have supported the idea
that BPA exposure has an effect on cellular proliferation both in vivo and in vitro. One
study investigated the cellular proliferation properties in BPA by taking lactating Sprague
Dawley CD rats and placing them on a daily regimen of BPA that included a high dose
at 250mg BPA/kg BW and a lower dose one tenth of the high dose 25 mg BPA/kg BW.
The study concluded that BPA shifted the natural cell cycle and altered cell proliferation.
The low concentration of BPA was found to contribute to chemically induce predisposed
diagnoses of mammary cancer (14). Further, a manuscript from our lab, suggested that
the loss of BRCA1 function may enhance BPA’s proliferative effects in cells via
estrogen-related pathways also at doses that reflect the levels of BPA measured in

circulating blood of humans (15).



BPA is known to increase proliferation as a result of binding to the estrogen
receptor alpha (ERa) and disrupting normal endocrine signaling through regulation of

ER target genes (15, 16, 17)

Gaps in the knowledge of BPA and breast cancer

The mechanistic link between BPA and breast cancer is still unclear. The present
work is a first step towards determining a mechanistic role of BPA in breast cancer. In
this study, we focused on a potential link between BPA and the Breast Cancer 1
(BRCALI) gene. Following a brief introduction of BRCA1 and Breast Cancer, the

rationale for investigating the link between BPA and BRCA1 will be discussed.

Breast Cancer and the Breast Cancer Susceptibility Gene 1 (BRCA 1)

Breast Cancer is a detrimental disease that affects millions of women per year and
has become the second leading cause of death among women (18). According to the
National Cancer Institute, the definition of Breast Cancer is a “Cancer that forms on the
tissues of the breast, usually the ducts (tubes that carry milk to the nipple) and lobules
(glands that make milk) (18). It occurs in both men and women, although male breast
cancer is rare”. In the United States alone for 2011, new cases reported new cases of
breast cancer in over 230,000 women; the death totals include 39,520 in females alone
(18). It is thought that cancer initiates with a mutation in DNA. Risk factors that

increase the chances of DNA damage include heredity, genetic mutations, lifetime



exposure to estrogen, behavioral risk factors that include diet and smoking and
environmental influences that include chemicals and viruses.

Breast cancer diagnosis is divided into two categories: Hereditary and Sporadic.
Hereditary breast cancers account for 5-10% of all reported cases. Within that 5-10% of
reported cases, 40-45% is due to some type of mutations in BRCA1 and/or BRCA2 gene.
Sporadic breast cancer cases make up 90-95% of all reported incident of the disease.
Thirty three percent of those cases are caused by a decrease in BRCAT1 protein expression
(18). It has been reported that breast cancers in patients with inherited mutations in
BRCA1 breast cancer have tumors that grow more rapidly than comparable sporadic
tumors (19).

BRCA 1 has been linked to a diverse array of biological processes. Because
BRCAT1 has a wide range of functions that include cell cycle checkpoint control,
oxidative stress regulator, and DNA repair functions and may play a role in the breast
cancer incidents. Research suggests that BRCA1 may normally serve as a negative
regulator of mammary epithelial cell growth and that this function is compromised in
breast cancer either by direct mutation or by alternations in gene expression (19). In
conjunction with these results, other researchers concluded that wild type BRCA1 protein
may function, in part, to suppress estrogen-dependent mammary epithelial proliferation
by inhibiting estrogen receptor alpha mediated transcriptional pathways related cell
proliferation, and the loss of this ability may contribute to tumorigenesis (20).
Researchers have study the effects of BRCA1 down regulation in breast epithelial cells

and discovered that BRCA1 is expressed at higher levels in normal mammary cells than



in breast cancer cells and that diminished expression of BRCA1 increases the

proliferation rate of both benign and malignant breast epithelial cells (20).

Experimental Rational- Estrogen Regulates BRCA1

There has been research that suggests that estrogen has the ability to regulate
BRCAI1 expression. One study in particular found that estrogen has the ability to alter
BRCAI1 protein expression in MCF-7 cells. Afshari et.al. investigated the possible
relationships between estrogen stimulated cell growth and the expression of BRCA1 in
breast cancer cells. They used MCF-7 cells, which express the ERa and performed a
western blot analysis using standard techniques (21). Cell proliferation and regulation of
BRCA1 was measured based on its effects of being exposed to estrogen. Results
indicated that estrogen played a major role on both cell proliferation and regulation of
BRCAT1 protein expression in MCF-7 cells (22).

Therefore, considering BPA has the ability to act like estrogen and bind to the
estrogen receptor, it is very important to determine whether it can also alter BRCA1
expression. Studies have shown that BRCAT1 expression levels are directly reduced in
sporadic tumors (23). More importantly, emerging evidence has indicated a broader role
for BRCAL in that somatic inactivation perhaps by promoter hypermethylation, may also

lead to sporadic breast tumors (22).



The present work is the first step towards determining a mechanistic role of BPA
in breast cancer, namely, whether BPA can alter BRCA1 expression. We hypothesized
that BPA accelerates mammary epithelial cell proliferation, in part, through the reduction
of BRCAI. Studies outlined in this thesis demonstrates (1) BPA induced changes in
BRCA1 expression in estrogen receptor dependent and/or estrogen receptor independent
cell line; and (2) propose a possible mechanism of BPA regulatory influence on BRCAL1
expression. We anticipate that these studies will advance our understanding of the
underlying mechanisms behind BPA action as an important determinant of breast cancer

risk.



Materials and Methods

The following experimental cell culture models were used to identify variations in
gene expression in response to BPA treatment: MCF-7 (a breast cancer cell line
expressing estrogen receptor alpha (ERa), MCF10a (non-tumorigentic cells that do not
express ERa), and ERIN (non tumorigenic MCF10a cells transfected with ERa.).

The MCF-7 cell line was obtained from ATCC (American Type Culture
Collection, Manassas, VA) and maintained in Dulbecco’s Modified Eagles Medium
(DMEM) containing 5% fetal bovine serum (FBS), 100 units/ml of penicillin and
100pg/ml of streptomycin.

MCF-10A (Non- estrogen receptor alpha expressing) and ERIN (Estrogen
receptor alpha expressing) were graciously given to us from Ben Ho Park from the
Department of Oncology at The Johns Hopkins University.

MCF10a and ERIN cell lines were cultured in DMEM/F-12 Media (Invitogen #
11039047) no phenol red in 2% charcoal stripped dextran treated fetal bovine serum
(SH30068.03), Penicillin /Strep (Sigma E -9644 (100ug/ml), acetic acid,
Hydrocortisone, 95% Ethanol (Sigma H-0888), EGF (100ug/ml) Cholera Toxin (1mg/ml

Sigma C-8052), Insulin (10mg/ml) (Sigma I 9278).



Procedure for passaging MCF-7, ERIN, and MCF10a Cells

Cell growth was checked under microscope to confirm that the cells are 90%-
100% confluent. Flasks were washed in 1X PBS and trypsin was added to T-75 flasks
and placed in the incubator at 37°C for 3-5 minutes to detach cells. Cells were

resuspended, placed in 15 ml centrifuge tube and centrifuged for 5 min at 2000 rpm at

4°C.

Procedure for lysis of adherent cells (6 well plate) using RIPA buffer

Growth medium was removed and cells were washed with cold PBS. Ice cold
PBS was added and the plate was scraped to remove the cells. Cell lysates were then
transferred to a tube on ice. Tubes were spun at 500 rpm in the cold room for 5 minutes.
The supernatant was discarded. Cells were resuspended in 100ul of RIPA buffer (Radio
Immuno Precipitation Assay) and placed ice for 10 minutes to lyse cells. The tube was
centrifuged at 14,000x g for 15 minutes. The supernatant was placed in a newly labeled

tube and the pellet was discarded. Protein product was stored at -70° C until further use.

BPA Treatment

For BPA treatment, MCF7, MCF10a and ERIN cell lines were treated with
DMEM without phenol-red supplemented were purchased from BioWhittaker, Inc.
(Walkersville, MD). The BPA was purchased from Sigma-Aldrich Corp. (St. Louis, MO)
and dissolved in ethanol at stock concentration of 10mM.
Cells were treated (for 48 hours) with the following concentrations of BPA dissolved in

ETOH 107 uM, 10™uM, 107°uM, 1072 uM, 107*uM, 107, Estradiol was used as a

10



positive control and ETOH was used as a negative control. After 48 hour treatment, cells
were harvested, proteins were isolated using standard procedures as described above and

quantitated for Western Blot analysis. All experiments were performed in triplicate.

Western Blot analysis

The proteins were separated on SDS-PAGE and transferred to PVDF membranes
(Millipore, Billerica, MA). The membranes were blocked with 1X blocking buffer
(Sigma, St.Louis, MO), incubated with primary antibodies, and washed with 1x PBS
containing Tween-20.

The membrane was incubated in blocking buffer (1X TBS, 0.1% Tween-20 with
5% w/v nonfat dairy dry milk) at room temperature for 1 hour. The membrane was then
washed three times for 5 minutes in TBS/T. The membrane and the anti-BRCA 1 (Santa
Cruz) antibody (1:1000) were incubated overnight at 4° C under gentle agitation. The
membrane was then washed 3 times for 5 minutes each. Next, the membrane was
incubated in a secondary antibody (1:2000) in order to identify biotinylated protein
markers for 1 hour at room temperature. After washing the membrane in TBS/T 3 times
for 5 minutes each the proteins were detected with LumiGLO and exposed to x-ray film.

GAPDH was used as a loading control.

11



Results

1. To determine whether BPA alters BRCA1 expression in mammary epithelial

cells.

Since we wanted to establish a direct relationship between BPA exposure and
BRCAT1 expression, we performed a concentration study using environmental relevant
concentrations of BPA and the breast cancer cell line MCF-7 cells. Lystates from MCF-
7 cells were transfected with BPA (10'5 M, 107M, 10°M and 10" M) for 48 hours.
Western blot analysis indicates that dose plays a role in the BRCA1 expression and a

non-monotonic dose response curve was observed during this experiment.

Preliminary Data

D

\ ETOH
10° E2
10SBPA
107 BPA
10°BPA
101" BPA

BRCAT e S e . —-

Actin IRR—

Figure 1: Preliminary Data of MCF-7 cells using a concentration study in the
presence of Bisphenol A. Lysates from MCF7 cells were transfected treated with BPA
for 48 hours, separated by gel electrophoresis and stained with an antibody against
BRCAI1. A monoclonal antibody against actin serves as a loading control.
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2. To determine whether BPA alteration of BRCA1 is ER alpha dependent.

Since we were interested in determining if BPA-induced changes in BRCA1 protein
expression and the Estrogen receptor dependency , we decided to select two cell models,
MCF10a (ER alpha non-expressing cells) and ERIN (MCF10a cells with ER alpha
construct). Western blot analysis was conducted using the lystates of both cell lines and
exposed to BPA for 48 hours. Initially, we confirmed the presence of ERa in MCF 10a
and ERIN cell lines (Figure 2). Findings indicate that ERIN cells are ER alpha positive

and MCF10a cells are ER alpha negative.

RIN
MCF10A

[T

Tl

r - g
“%  ERe

ot REEY GAPDH control

Fig. 2. MCF10A breast epithelial cells transfected with ERa IRES ¢cDNA construct
express high levels of ERa protein.

Lysates from MCF10A breast epithelial cells transfected with ERa. cDNA construct
(ERIN cells) were separated by gel electrophoresis and stained with an antibody against
ERa. A monoclonal antibody against GAPDH serves as a loading control.
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After confirming that the ERIN cell line was ERa positive we conducted the
dose-concentration study with BPA. The concentration studies were conducted on
weekly bases and performed in triplets. Concentrations include 10°¢ M, 10 M, 10'10M,
102 M, 10" M, 10™'® M. Estradiol (10 M) was used as a positive control. Results
indicated a non-monotonic dose-response (inverted-U-shaped dose-response curve)
relationship between BPA exposure and BRCA1 protein expression in ER alpha

expressing cell lines (Figure 3).

v

g e = R F o
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1
- -_—- . - — BRCA1

L o S— O 7PDH

Fig. 3. BPA alters BRCA1 protein expression in MCF10A breast epithelial cells
transfected with ER alpha cDNA construct.

Lysates from MCF10A breast epithelial cells transfected with ERa. cDNA construct
(ERIN) treated with BPA for 48 hours were separated by gel electrophoresis and stained
with an antibody against BRCA1. A monoclonal antibody against GAPDH serves as a
loading control.
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MCF10a cells were also treated with BPA under the same conditions as described for the
MCF-7 and ERIN cells. In contrast to the ERa- expressing cells, there was no change
detected in BRCAT expression in the estrogen receptor alpha negative MCF10a cell line

(Figure 4).

MCF10a Concentration Study

MCF-10A

BPA(10)

BRCA1
(220 kDa)

— — GAPDH
— N — — (37 kDa)

Fig. 4. Modulation of BRCA1 by BPA is dependent on ERa

Lysates from Parental MCF-10A treated with BPA for 48 hours were separated by gel
electrophoresis and stained with an antibody against BRCA1. A monoclonal antibody
against GAPDH serves as a loading control. BPA does not alter BRCA1 protein
expression in parental MCF10A breast epithelial cells (untransfected).

3. To determine the mechanism of how BPA regulates BRCA1 expression
This aim sought to determine the mechanism of how BPA regulates BRCA1
expression. These studies focus on explaining the underlying mechanism of how BPA

might decrease BRCAT1 protein at the low, environmentally relevant doses in our in vitro

15



assays. Based on available data at the time of these studies, the Jones lab decided to take
an indirect approach towards addressing this question. Among the genes that have been
linked to the regulation of BRCA1, Peroxisome proliferators-activated receptor gamma
(PPAR gamma), was the only one that was also found to be altered by BPA exposure.
PPAR gamma, a nuclear hormone receptor, not only plays a role in the coordination of
adipocyte gene expression and differentiation, but can also regulate BRCA1 expression
(23). In particular, M.Pignatlli et.al treated MCF-7 cells with two PPAR gamma
agonists, Ligands, 15dPG-J2 and rosiglitazone, for sixteen hours at different
concentrations and recorded BRCAT1 gene expression. These studies concluded that the
two PPAR gamma agonists could induce the expression of BRCA1 (23). Researchers
have also discovered that certain synthetic compounds, in particular an isomer of BPA
had the ability to bind to PPARY specifically, Spiegelman et.al discovered that bisphenol
A diglycidyl ether (BADGE), a synthetic isomer of BPA, can bind to the PPAR gamma

receptor and act as a pure antagonist for PPAR gamma (24).

16



BPA Regulation of BRCA1

BPA

Spiegelman group at
Harvard University

S .
a I
<~ M. Pignatlli et.al
@ BRCA1

Figure 5. Synopsis of the proposed regulation of BRCAL1 in the presences of

Bisphenol A.

Taken together, the two previous studies that show that PPAR gamma agonist can
increase BRCA1 expression and that BADGE can antagonize PPAR gamma, we
hypothesized that BPA may be decreasing BRCAT1 protein expression by antagonizing
PPAR gamma protein(see figure above). We conducted a dose response experiment that
measured PPAR gamma protein expression after 48 hours of BPA treatment at

concentrations of 10'6M, IO'SM, 10'10M, 10'12M, 10*M and 107" M.
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PPAR gamma Concentration Study

|

BPA (109)
m
2
Z

BPA (100)
BPA (102)
BPA (104)

Control
E,(109)
BPA (10)
BPA (10°%)

PPARgamma

GAPDH

K

Fig. 6. Bisphenol A effect on PPAR gamma expression
Lysates from ERIN treated with BPA for 48 hours were separated by gel electrophoresis

and stained with an antibody against PPARgamma. A monoclonal antibody against
GAPDH serves as a loading control.

No significant change in PPAR gamma protein expression was observed in the BPA-

treated ERIN cell line (Figure 6).

18



Discussion

There are many factors that have been associated with breast cancer risk. For
example, studies have shown that women with mutations in BRCA1 have an increased
risk of developing breast cancer (25). It is also known that BPA exposure-can induce
proliferation in human mammary epithelial cells and in mouse models suggesting that
BPA may contribute to breast tumorigenesis. Instead of focusing on one risk factor, our
lab sought to determine how combinations of risk factors may work together to contribute
to breast tumorigensis.

This study examined the mechanism behind BPA exposure and in particular, its
effects on breast cancer susceptibility gene (BRCA1). Our data indicate in non-
tumorigenic ERIN cells over expressing estrogen receptor (ER) - alpha that an
environmentally relevant dose of BPA can decrease BRCAL protein levels. This
decrease in BRCA1 was not observed in non- estrogen receptor expressing, MCF10A
cells. Therefore these data suggest that the effects BPA exposures on the BRCAlgene
expression are estrogen receptor dependent.

These findings are supported by data reported in articles published by Khan et.al (26)
which indicated that xenoestrogens can mimic estrogen in cell lines. This group sought
to find out if BPA and estradiol (E;) regulate similar genes involved in growth and
development. They hypothesized that the model systems, C4-12 ER- alpha HA breast
cancer cell lines and Yeast strain RS188N, BPA would regulate genes in a manner
similar to E,. Using a microarray approach, results indicated that five genes link BPA and
E2 regulation in the ER alpha HA cell line. Results also indicated some cells were

regulated by E2 or BPA and that in the yeast; BPA had no effect on ER alpha’s

19



transcriptional activity. There was, however a 100-fold change in mammalian cell
expression. Khan et. al (26) concluded by saying that, data suggest that there are genes
that are some sensitive to low doses of BPA or other endocrine disruptors. Most notably,
their microarray results indicated that BPA- treatment of MCF 7 cells that over expressed
estrogen receptor alpha can decrease BRCA1, which is consistent with our results.

Although the work by Khan et. al, supports some of my findings, there are
key elements that differ between the studies. Cells were only treated for 3 hours in
Khan et. al., however, in comparison, our current study examined cell lines exposed to
BPA for 48 hours. Also, in Khan et.al the only concentrations of Bisphenol A tested was
10° M, which may be viewed as environmentally irrelevant as opposed to the nanomolar
concentrations used in our study.

Khan’s study concluded that treating MCF-7 cells can transcriptionally down
regulate BRCAT1 expression; however, the study had some limitations, including the fact
that these results are based on microarray studies. Many can argue that microarray
analysis can give false positives leading to less than accurate results. Therefore validating
microarray with QPCR and/or protein studies is important to confirm actual down
regulation of the gene. By conducting protein studies, our work could in fact be a
confirmation of Khan’s paper. Considering both studies determined that BPA has the
ability to down regulate BRCA1 gene expression provides evidence is provided to
indicate that BPA may increase breast cancer development in women through a pathway

that involves changes in the BRCA1 gene expression.
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Non- monotonic dose curves describes the action of some chemicals in which
their targeted effects demonstrate graphs that may resemble an inverted U-shaped curve,
where the highest levels of the toxicant-induced effects can appear in the middle of the
graphed data and the lowest levels are at the beginning and the end of the graph. While
it’s often understood why a low concentration would generate a minimal effect, it’s not
clear why the intermediate concentrations would show either the lowest or highest
response. Our findings are consistent with other studies that reported a non-monotonic
dose-response curve for the effect of Bisphenol A on endpoints such mammary gland
morphological parameters (i.e. terminal end buds, ductal extension) in perinatal exposed
mice (27).

In our study here we found that a low dose of BPA, unexpectedly, had the greatest
ability to decrease BRCA1 protein expression. Our data indicate that in non-
tumorigenic cell lines, ERIN cells (over expressing ER) - low dose BPA decreases
BRCALI, but this does not occur in MCF10A cells (non-ER expressing). These data
suggest that the effects of BPA exposure on the BRCA1 estrogen receptor dependent.
Other research articles have found that BRCA1 down regulation can occur in both ER-
positive and ER- negative cell lines (27). These results suggest that BPA may alter cell
gene expression through multiple pathways (e.g. through ER alpha mediated effects at
low BPA, but through other receptors at higher BPA exposure concentrations).

In order to determine the mechanism by which Bisphenol A down regulates
BRCA1 expression, we wanted to find a connection between the two. We considered
that finding a protein that is both activated by BPA and alters both BRCA 1expression

would provide clues. Not much is known about a direct connection between these two
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factors, so an indirect connection had to be established. The indirect approach to
understanding the mechanism started with identifying a protein that had the ability to
regulate BRCAL, and also could be altered by BPA exposure the peroxisome proliferator-

activated receptor, (PPAR gamma) meets all these criteria.

To justify the use of PPAR gamma as an indirect approach to determining this
mechanism, we took a look at two studies before conducting our own study. One study,
M. Pignatlli et.al, tested the hypothesis that PPAR gamma plays an important role in the
BRCAI1 regulatory pathway involved in the pathogenesis of sporadic breast and ovarian
cancer (23). In order to prove such theory, researchers conducted western blot analysis of
the BRCA1 protein in MCF-7 after 16 hours of incubation with various concentrations of
15dPG-J2, which Trans-activate PPAR gamma and Rosiglitazone (an anti diabetic drug
in the family of PPAR gamma activators). Research concluded that the endogenous
nuclear levels BRCA1 protein increased significantly 16 hours after treatment of MCF7

cells, compared to the untreated control (23).

A second research paper focusing on PPAR gamma examined a purified
compound that exhibited PPAR gamma binding activity. Using high pressure liquid and
gas chromatograph/mass spectrometry, the compound was found to be Bisphenol A
diglycidyl ether (BADGE), a synthetic substance used in polycarbonate and industrial
plastic production (23). Because of its inability to bind to Rosiglitazone, BADGE is a
perfect antagonist for PPAR gamma. Researchers used 3T3-Lli and 3T3 F442A cells to
conduct a ligand binding assay. Results indicated that BADGE is a pure antagonist for
PPAR gamma. Based on the two papers, we hypothesized that BPA may be altering

BRCA1 protein expression by changing the activity PPAR gamma protein.
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In our study, we also examined protein expression western blotting using ERIN
cells exposed to BPA. Our results indicated that BPA regulation of BRCA1 is not
mediated through reduction of PPAR gamma protein. This may have occurred because
we made the assumption that like BADGE, BPA may also have some antagonist activity

towards PPRA gamma.

One key next step in the research would include understanding and determining if
BPA alters BRCA1 on a transcriptional level. Although microarray studies were
conducted in the initial stages of this research, they were not used in the results of this
project. Confirming experiments using mRNA could have solidified these experiment

results (29).

Further experiments can also be conducted to determine if reduced BRCA1
caused by BPA affects any of BRCA1’s normal cellular functions such as DNA repair,
cell cycle regulation, and protein degradation. Many of these pathways are co-regulated
and their regulation can differ based on the level of stress within the cell. The dose
response curve leaves unresolved questions in this research. In most toxicology studies,
as the dose increases so does the response but in this case different concentrations cause
responses a lower than excepted doses. Because of this, the known environmentally
relevant doses regulated by the EPA should be revaluated. Experiments like this one

shed the light on standards set to protect the human population.

In summary, this study helped to determine that treating cells with BPA at levels
comparable to human exposures, alters BRCA1 expression, and changes in BRCA1

expression by BPA is concentration- and ER alpha dependent. In mammary gland
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epithelial cells (30) BRCA1 expression is normally induced in periodic waves that
correspond to defined developmental periods in which intense proliferation,
morphogenesis and/or apoptosis take place. Given our observations, it is not
unreasonable to expect that unintended exposure to BPA may alter the normal periodic
waves of induced changes in BRCA1 expression during mammary development (31).
Therefore based on our results, the timing and level of human BPA exposure is indeed
important particularly during critical windows of mammary gland development where

levels of BRCA1 normally expected to be high.
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Appendix

A. Bisphenol A

CHs
HO OH
CHs

B: Bisphenol A distribution
http://www.bisphenol-a-europe.org/index.php?page=polycarbonates
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approx. 3.4 million tons
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C: Breast Cancer 1 (BRCA 1) involvement in cellular processes.
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