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A BSTRACT 

A HMED SAID. Nonylphenol and Pernuoroocianoic Acid Stirnulme Proliferation of MCF-7 

Breast Cancer Cel ls via Activat ion or Est rogen Receptor u (U nder the d irection or Dr. Sarah 

Lundin-Schi ller). 

Endocri ne disrupting compounds (EDC) have been persistent throughout the environm en t 

s ince the industriali za tion of the modem world. Thi s study exa mines two l~sse r known EDCs 

and th e ir cst rogeni c and anti -estrogcnic effects using the estroge n r~ceptor positi ve breast cancer 

ce ll line. MCF-7. MCF-7 cell s pro li!Crnte in response to es1rogen receptor activation an d some 

stud ies support .i ro le for i11crcased intracellular Ca ·· conc~nt rations in the prolil'erntion or these 

cells. In thi s study. perlluorooctanoic ac id (PFOA. 10·11 Mor 10·7 M. dependent on passage). 

nonylphcnol (NP. 10·11 M or I Q·7M. dependent on passage). and es1radio l-17P (E2. 10·10 M) 

s ignilicantl y increased pro lilCrntion orMCF7 cells compared to control as de1ermin..:d by 

bioreduction of resazurin dye. This pro Ii !Cration was inh ibited by IC I I 82. 780 ( I o·7M). a high 

ani nity estrogen receptor antagonist for the estrogen receptor a (ERa). Proliferation was not 

inhib ited by G36 whic h seli::.-ctivcly inhibi ts g-protein coupled est rogen receptor (GPE R) but not 

ERa. Neither NP nor PFOA when added to cells in combi nat ion with E2 in hibited the E2 

prolire rnt ive c rtCct. However. Lh e combination or PFOA and E2 rcsult..:d in gre:Hcr prol iferation 

than e it her a lone. The combinat ion o f NP and E2 did not consistentl y stimu late prolitCration 

g rea ter than E2 a lone. Alone. E2. PFOA. and NP foiled to induc..: a c\etcctabl..: ca·· tlux in MC F-

7 cell s. However. when coupled with ATP. whi ch triggers a transitory C.1 '' llux in MCF-7 cell s. 

these cstrogenic compou nds appear to modulate tht· recovery phase o l' ATP induced ca ·· rel ease. 

We concludl! that NP and PFOA. by act ivating ERa. stimulatc the proli!Crntion or MC F-7 cells 

and arc thus cstrogl!nic EDCs. Thi s action is not dc1>endcnt upon stimulating incn:~ist·s in 
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intracellular Ca ... but the modulation or Ca '· reuptakc may be a secondary mode of action of 

these estrogenic compounds. 

vii 



T able of Contents 

CHAPTER I INTRODUCTION .. ·· ·· ····· ············ ····· 1 

Cl·IAPTER II L ITERATURE REVIEW ...... ..... ......... ................................................................ .................. 4 

2.1 Estrogen ........................................................... ... .... ................................................................ ......... 4 

2.2 Estrogen receptors ............................................................................................................................. 6 

2.3 Physiological effects o f estrogens .. ......... .... .............. ......... ............................................................. 10 

2.4 Xenocst rogens ......................................... ... ..................................................................................... 11 

2.5 E-Scrcen assoy .................................... ...... ..... ..... ........... ............................. .............................. .... .. 15 

2.6 Co lc ium ratio ing ............................. ... ....... .... ..... ......................... ........... .... ............... ..... .... ........ ....... 15 

CHA PTER 111 MATERIALS AND METHODS ....................................................................................... 16 

J. I Chem icals ... . ................................................................................ 16 

J.2 E-Scrccn assay .................................... ...... ....... .. ... .... .... ...................................................... .. ...... . 16 

J.J Calcillln ratioing ............................................................................................................................ 18 

J.4 S1 atis1ica l Analysis for E-Screen Assay.. .. .................... ...................... 20 

3.5 S1atis1ical Ana lysis for Ca lcium Ratioing ...... . ..................................................................... 20 

CJ-IAPTER IV RESULTS ............................................................................................................... ........ 21 

4. l E-sc rccn assay ... 

4 .2 Calcillm ratioing ... 

CHAPTER V DISCUSS ION .. 

LITERATURE CITED .. 

APPENDICES .. . . 

Appendix I ... . 

Appendix II .. 

Passage I .• 

Pa ssage 2 .. 

Passage 3 .. 

Pnssagc 4 .. 

. .................................................................. 21 

......................................................................... 29 

. .............................................................................. 35 

................................................... .... ...... .. ............ 38 

····· ······· ·· ······································· ···· ···· ······ ····· ······· ·50 
.. ... ............................................. ....................... so 

. ................................................................. 51 

. ................................ ............................... s1 
. ........................ ...................................... ..... 57 

········ ················································ ·· ···· ······· 64 

.. ················ ······························· ·· ················· 7 1 

Passage 5 ........................................................................... ............................................ .............. .. .... . 77 

viii 



CHAPTER I INTRODUCTION 

Endocrine disrupting compounds (EDC) are persisten1 throughout the environment si nce 

1he indus1rialization of the modem world with a we ll -known compound being 

dichlorodiphenyltrich loroethane (DDT) which was used widely in the United States in the Mid­

Twen1ie1h Century (Tauber. 1950). Dich lorodiphenyltrich lorocthane use was b,m ncd in the 

United States in 1972 fol lowing the estab lishment of the Environmen tal Protection Agency 

(EPA) (REGULAT ION (EC) No 850/2004, 2004) (Environmental Protection Agency, 2011 ). 

The term "endocrine disruptor" is a relati ve ly new term, gai ning widespread aucnL io n in the 

early 1990's (Colborn & Saal. 1993). It was not until 2001 with the fornwtion of'the Stockholm 

Convention when the international community. with the except ion ofa rew nations, began to ban 

the widespread use of EDCs such as dioxins and po lychlorinatcd bipheny ls (PCBs). An 

accumulating body of evidence indicates exposure to EDCs lends 10 health effects such as 

obesi ty, neurological disorders, and various types of cancer (Soto & Sonnenschein , 2010. Rezg 

& Fazaa. 2014, Di mnanti-Kandarakis, et al, 2009). Exposure to EDC's during fetal deve lopment 

is of particular concern due to the heigh tened sensi tivity of deve lopi ng ti ss ues. Ex posure in 11tero 

is associated with long-tasti ng effects wi th delayed onset such as non-deve lop ing primary and 

secondary sex characteri st ics. increased body we ight with age. and increased risk of certain 

cancers (Newbold, R. R. cl al, 2008, Diamant i-Kandarak is, cl al. 2009). 

Endocrine di srupt ing compounds operate through a variet y of mechani sms to di sturb 

multiple body systems such as: mimicking or blocking endogenous hormones at the receptor, 

altering downst ream components of signal transduction pat hways. changi ng enzyme expression 

or activit y. and changing the epigenome result ing in transgcncrmiona l e rtCcts (Dimnan ti­

Kandarak is. et al, 2009, We1herill et al., 2007). 



MCF-7 cel ls are a human breast adenocarcinoma cell line derived in 1970. A notable 

characteristic of this cell line is its proliferation when exposed to estrogens ma king it a useful 

cel l line for EDC research (1-1. Soule et al, 1973) . Estrogenicity ofa compound can be measured 

indirect ly by quantifying proliferation ofMCF-7 cells in the absence and presence of sa id 

compound. The proliferat ive effects or a particular compound can be quantified by measuring an 

increase in the number of MCF-7 cells over the approximate 29 hour doubl ing time (T. Wiese ct 

al., 1992). Estradiol acts on MCF-7 cells via the c lassical nuclear receptor pathway in which 

activated receptors bind to response e lements of target genes and act as transcription factors: 

these transcriptions factors promote the production of proteins necessary for cell rep lication. 

such as tyrosine kinase. p21/ras and MAP kinases (Migliaccio ct al , 1996). Additionally. 

cstrad io l activates g-protcin coupled estrogen receptors (GPER) (T. lmprota-Brcars ct al. 1999. 

Prossnitz, 20 I I). The GPER activation elicits an increase in free intracellular calcium ion 

concen tration which activates the mitogen-activated protein kinase (MA PK) pathway leading to 

prolileration in MCF-7 cells . It is assumed estrogen mimicking compounds operate through the 

aforement ioned intracellu lar pathways by bind ing to either or both types or receptors (T 

lmprota-Brears et al, 1999, Prossnitz, 2011). 

T hi s study will examine the effects of increasing concentrations of NP and PFOA on 

MCF-7 cel l pro liferation and free, intrace ll ular calcium ion concentrations in lb.: pr.:sence and 

absence o f the nuclear reccplor antagonist ]C l 182, 780 and the GPER antagonist. G36. Th is 

study wilt establish the relationsh ip PFOA and NP have on prolit"cration and rdt!ase or 

intrace llular calcium levels in MCF-7 cells as well as dett!rrni ning which ER subtypi: these 

EDC's bind if any. 



The significance if this research is 1hat it wil l aid in screening for EOCs that present 

themselves in household goods. This type of study has a direct and immediate eff ecl on public 

hea hh. Addi tionally. this study will provide critica l missing inlonm.Hion on the mechanisms by 

which PFOA and NP operate in terms of receptors. Furthennore. this study will de li ver data on 

ca· · release. a missing link in delermining modes of action in these compounds. 

The resu lts of this study will add to the current knowledge o f" EOC's, part icu larly NP and 

PFOA and it s eftCcts on a human cell line. Testing poorly understood EOC's on a human cell 

line cou ld prompt public health agencies to investigate the topic fu rther and possibly issue 

wamings or even ban the use of high concentrations of the compound. The results can aid in the 

..:.xplanation of the molecular mechanisms behind the activity of NP and PFOA. 

Spec ific Aims-

I. Establish a method for using the Biospectrum Muhispectra l Imaging System to measure 

MCF-7 cell proliferation via rcsazurin reduction assay (bioreduction). 

2. Establish method for measuring increased intracellu lar calc ium ion levels in MCF-7 

cel ls using Fura-2AM labe ling and the Nikon Ti Eclipse and NIS Elements software . 

.,_ Measure MCF-7 pro Ii feration in the presence and absence o f" nonylphenol and 

perOuoroctanoic acid plus and minus estrogen receptor antagonist IC I 182. 780 and 

G36. using estradiol 17~ as a posit ive control. 

4. Measure free intracel lular calcium concentration in MCF-7 cel ls before and after 

addition of nonylphenol , perlluoroctanoic ac id and estradio l I 7f}. us ing adenosine 

triphosphate as a posi ti ve control. 



C HAPT ER II LIT ERAT URE REV IEW 

2. 1 Es t rogen 

Estrogen is a broad term for the four isomers of the steroidal fema le sex hormone. 

Estrogens are eighteen carbon long molecu les originating from cholesterol. Of the 4 types. 

estrone, estradiol, estrio l, and estetrol, the most common is 17P estrad iol, otherwise known as 

estradio l. Figure one il lustrates the mo lecular differences between the lirst three types whi le 

Figure two demonstrates estetrol's structure. Estrogens are comprised ora benzene ring, two 

cyclohexanes and cyclopentanc with various combinations ofauached hydroxide groups. 

Because of this structure, estrogens, like other steroids. can diffuse through cell membranes to 

bind to intrace ll ular receptors. Estrndio l is identi tied from the mher estrogens by the ending 5 

carbon ri ng with a single hydroxide group attached rather than double bonded oxygen or two 

hydroxide groups as seen in the other isomers of estrogen (J. Yager & J. Le i hr, 1996). 

Estradiol originates from the 21 carbon steroid, cholestero l. Atler a cleavage enzyme. 

cholesterol is converted to pregnenalone fo ll owed by sevcrnl in termediate compounds to 

testosterone then final ly converted by the enzyme aromatase to estradio l (B. McEwen et al.. 

1977). The steroidogenesis pathway is demonstrated in Figure three. The conversion or 

testosterone to estrad io l is found in several tissues of the body and is crucial in sex ual 

different iat ion during development in both ma le and temale (B. McEwen. et a l 1977, K. Ryan. 

1982, V. Pen tikU inen, et al 2000). 



Figure 1. The structural differences between the 3 most common isomers of estrogen (AMA 
dataset) 

HO 

Figure 2. Molecu lar s1ructure of estetrol. (ChemSpider) 
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Figtffc 3. The stcroidogenesis conversion paihway from cholesterol to estradiol ( 1-1 . LaVoic & S. 
King. 2009) 

2.2 Es trngc n n •cc pt1ll'S 

There are three main types or estrogen receptors (E R): ERa, ERP. and g-prot1..·i n co upled 

estrogen receptor (GPER) (R. Prossnitz & M. Barton. , 2011 ). The ER u and ERP arc most a like in 

struct ure and function while the GPER is dinerent in its owrnll structu re and more importa ntl y. 

funct ion (R. Prossni1z & M. Barton .. 20 11 ). The genetic sequence fo r ERa and ERP arc 96% 

si milar while !he ligand bi nding reg ion is 56% simi lar in structure (Z. Papoutsi et al.. 2009). The 

binding doma ins of these structures an: apparen tly not pnrticula rly selective as several 

co mpounds other than estrogens can bind 10 1hesc rccep10rs wi1h case such as tlavons. 

isonavoncs and Jlavono ids (L. Coward cl al.. 1993, K. Kornch ct nl. 1988) . The G PER is s imilar 

10 o the r g-protc in coupl ed receptors (G PC R) in that they an.: both se ve n pass transmcmbrnnc 

pro te ins 1lw1 promote acti vation oradcnylyl cyclase leading to protei n ki11 asc A (P KA) act iv~ui on 



(E. Filardo, & P. Thomas. 2012. E. Prossnitz & M. Barton. 2009). The G PER mode of action is 

analogous to GPCR acti on (E. Fi lardo. & P. Thomas. 2012). 

ERa and ERP acti vation ca n have very diflerent effects on target cel ls ( K. Dahlman­

Wright et al., 2006). ERa functions mainly as a transcription foctor for up-regulat ion of genes 

needed for cell growth (S. Hayash i et al, 2003). Conversely, ERP agonists ha ve been shown to 

slow or even stop cell growth (N. He!dring et al , 2007). However. they can work with one 

another by form ing a heterodimer to activate genes or aid in the prollferntion or breast cancers 

(E . Fox et al. , 2008. E. Powell & W. Xu, 2008). Both ERa and ERf}, when bound to their ligand, 

can bind to control elements on the target genes and initiate transcript ion (N. Hcldring et al, 

2007). Activation of transcription is prompted when coregulators bind Lo the E R to form a 

protein complex that modifies the structure of the DNA and assists in the enli stment or RNA 

polymerase II to the transcription site (N. Heldring et al, 2007). Target genes incl ude nuc lea r 

receptor interacting protein I (NRIP 1 ), growth regu lation by estrogen in breast cancer I protein 

(GREBI) and ATP binding cassette AJ protein (ABCA3) (C. Lin et al., 2004). 

ERa is mostly found in the nucleus of the cell but is also found, albeit in significnnt ly 

lower numbers, on the cel l membrane (M. Razand i ct al., 1999, S. Kocnnova et al., 2010). 

Classica ll y, it operates by binding to estradiol which causes a conformational change 

(d imerization and re lease ofrcpressors) in the protein's structure and leads to binding to control 

elements on its target genes, up-regulating their expression (S. Kocnnova ct al., 2010) . ER a 

regu lates the expression of target genes through its site-specific interaction w ith DNA nnd with 

other co-regulatory proteins. The estradiol activated ER dimer binds to estrogen response 

clements (ER E), which are DNA specific sequences within the promoter (R. Kurnar ct al., 2011). 

The ERE regu lates transcr iption through the recruitment of gcncrnl transcript ion machinery (R. 



Kumar ct al. , 201 1 ). Overa ll, ERa. binding causes an increase in cell proliferation and is one of 

the most upstream elements in the nuclear activation pathway in estrogen respons ive tumor cells 

(S . Catalano c t a l. , 2004). ERo also down-regulates its own receptors when bound 10 cs1rogcn in 

a negat ive feedback loop in estrogen responsive tumor cel ls (S. Catalano ct al., 2004). 

As ment ioned, ERa is also fo und on the cel l membrane and ca n act as a rapi d cell 

s igna ling receptor (M. Razand i et al., 1999, M. Barton .. 20 12. S. Ca talano et al., 2004. R. Song ct 

al., 2002 ). Membrane bo und ERa has been shown to e li cit rapid changes in the intracell ular 

medi ator concentra tions such as cAM P an d calcium ions. These rap id eflCcts have been ca lled 

nongcno mic to di stinguish them from classica l ERa act ion as a transcription lnctor (R. Song et 

al., 2002) . Estrogen stimulation o f membrane associated ERo in MC F-7 cells is a prec ursor lo 

activation of the mitogen-act ivated protein kinase (MAPKJ pathway. Act ivation of the MA PK 

pathway leads to a pleth ora of bio log ical and morphologica l changes such as fo rmation of 

mem brane ru nles, pseudopodia. increases in nitric ox ide (NO) synthes is, and incn:ased 

in trace llular cal ci um ion levels (Z. Zhang ct al.. 2002). The MAPK pathway can a lso lead to 

chan ges in gene ex pression. 

As men tioned ERP is found mainl y in the nucleus of the cell but like ERa is also found at 

the cell membrane: however. its roh:s are very different from ERa (M. Razrmd i et al.. 1999). As 

slated before. estrogen bound to ERP dri ves cells into an npoptotic state through the geno mic 

MAPK pathway (F. Acconcia ct al.. 2005). ERP can also allCct ERa activity as it has been 

shown to reduce ERa transc ripti on in bones in mice as shown by mR NA quanti lication vcrilicd 

by Western Biol analys is. (A . 1301jesson ct al. , 2010). Similar to ERa. ERP may also have rap id 

cell s igna ling act ivity (M. Barton., 2012) . Overa ll, the ERu and ERP n:lat ionship can be 



summarized as ·•ying-yang'' where one counteracts the activities ol'the other (M. Lindberg et al., 

2003). However, the MCF-7 cells show on ly low levels of ERP (E. Vladusic et al. , 2000) 

A third type of ER. g-protein coupled estrogen receptor (GPER). formerl y called GPR30. 

is a tr:rnsmembrane receptor that induces rapid cellular signaling (R. Prossnitz & M. Barton. , 

20 11 . M. Barton .. 20 12). GPERs are not only found on the cell membrane but are also active on 

the endoplasmic reticulum (C. Revankar et al., 2005). These membrane bound receptors are 

known to act ivate the MAPK, PKA, adenylyl cyclase and phosp lmtidylinositidc 3-kinase (PbK) 

pathways when bou nd to 17~ estradiol, allowing a variety of actions Lo occ ur inc ludi ng an 

increase of in tracellu lar calcium and rising levels of nitric oxide (NO) (R. Prossnitz & M. 

Barton .. 201 I, M. Barton .. 2012). The results of these events are otherwise cons idered non­

gcnornic. rapid cellular signaling Functions of the receptor (M. Razandi et a l.. 1999, T. lmprota­

Brcars et al.. 1999). Activation ofGPER can change the metabol ism in the short term and 

ultimately change gene expression in the long term (M. Maggiolini. A. Vivacqua. G. Fasanella. 

2004. R. Lappano ctal., 2012) 

The pure ant i-estrogen ICI 182, 780 and anti-cancer drug tamoxi fe n, act as mnagonists of 

the classical ERs but agonists on the GPER, quite poss ibly reducing the overall el'lecliveness of 

these th erapies, by activating '·non-genomic ce llul ar signal ing effects" (C. Revankar cl al., 2005, 

E. Prossnitz & M. Barton, 2009). Additionally, EDC 's ha ve been shown to bind to the GPE R as 

agonists as wel l (N. Cheva lier, A. Bouskine. & P. Fenichel., 2012). GPER express ion is apparent 

in several cancer cell lines including MCF-7 cells and its overexpression is close ly assoc iated 

wi 1h more aggressive and invasive cancers (SKBR3 and I-IL-60). (R. Prossn itz & M. Barton., 

20 11, C. Blesson & L. Sahl in, 2012). GPER also play roles in the nervous, immune, 

reproductive. and card iovascular systems (R. Prossni tz & M. Barton .. 201 I). 



2.3 rh ysiologicn l e lTec ls or estrogens 

Present in both male and female alike. estrogens play an important role in reproduction. 

sexua l development, libido and sexual difTerentiation (R. Hess et al. . 1997. J. Warnock et a l. . 

2005, V. Rochira & C. Carani .• 2009). Estrogen during rernale development is essent ial to 

development of the reproductive tract. and secondary sex characteristics. In mature fema les 

estrogens regulate the reproductive cyc le and play a role in increasing bone density. In terms of 

sexua l development. cstradio l is responsible for feminization of the brain. degeneration of1he 

Wolffian duct system and progression of the Mullerian duct system (J . Bakker ct al., 2003, M. 

Mccarthy., 2008). It has been shown that estradiol is essential during development and in 

adulthood for normal sexual behaviors in female mice (J. Bakker et al.. 2002). Female mice that 

did not produce or were injcc1cd with estradiol. did not pick up on receptivi ty cues during 

reproductive phases with male mice (J . Bakker ct al.. 2002). During female development. 1he 

brain expresses high levels of receptors for estradiol. Furthermore. during brain development, 1he 

efTects ofestradiol are genera ll y permanent. (M. Mccarthy. 2008). 

Estrogens a lso play a vita l role in mental health, particularly in females (S. Douma et al.. 

2005, G. Lasiuk. & K. l-l egadoren., 2007). Estradiol's e0Ccts on mental health are compkx and 

change longitudinal ly across ages groups (Rasgon et al., 2003 ). The relmionship or estrad io l ornl 

con traceptives to major depressive di sorders appears to be dose dependent as early generation 

oral con traceptives showed a greater ri sk to di sorders 1hm1 the newer lower estrogen mix1urcs (S. 

Robinson ct al., 2004). However. some studies report positive results with cstradiol treatmcnt tor 

women wi th postpa11um depression. perimenopausa l or post-menopausal depression (Rudolph et 

al.. 2004). Add itiona ll y. estradio l has been shown to have protecti ve d1i:cts on the brnin 

particularly during hypoxia/ischemia (M. McCarthy .• 2008). 
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ln males. es1rogen is produced by the brain and teslis ihrough the enzyme aromatasc (C. 

Roselli . S. Abdelgad ir & J. Resko .. 1997). During sexual development. studies suggest that 

estrogen plays a role in Les1os1erone prod uction rrom Serto lli ce lls and possibly cell adhesion in 

developing testis as there a significant concentration of ERP located in the male reproductive 

tract (B. Akingbemi et al.. 2003, L. O'Donnel el al .. 2001. C. MacCalman et al.. 1997. R. \-less .. 

2003). It has been suggested that es1radiol plays a role in seminiferous tubule volume, in the 

absence of androgens (F. Ebling et al.. 2000). ERa also is imp011ant in reproductio n as mice with 

ERa genes knocked out were rendered infe1ti le due to a lack ofreabsorpt ion of nuid in the 

epididymal ductal lumen resul1ing in increased testicular weight (R. Hess et al.. 1997, R. Hess., 

2003). This appears to be the main func1ion of estrogen in the male reproducti ve trac t (R. Hess., 

2003). 

2.4 Xcnocstrogcns 

Xenoeslrogen is a broad term used to classify compounds, both natural and synthetic , that 

imitate molecular es1rogen. Phytoestrogens are the name used for natural ly occurring estrogen­

like compounds found in plants such as navons. isonavones and navonoids (J. Turner ct al., 

2007. Z. Dang & C. Lowik, 2005). Synthetic xenoestrogens are those that are/were ind us1rially 

produced such as polych lorinated biphenyls (PCB), plasticizers, phtlrn lales, alkyl phenols, and 

nuorosurfaclan ts (Diamanti-Kandarakis, et al, 2009). 

Natura lly fo und phytocstrogens such as llavons, isonavones and navonoids arc generally 

found in soy. lava beans and coffee (L. Coward ct al., 1993. r. Kau!inan et al., 1997. R. Alves et 

al., 20 10). These estrogen mi mi cki ng compounds share a st ructural similarily to endogenous 

cs\rad iol and can bind to estrogen rcccplors acling as agonis1s or an tagonists (S . Mue ll er., 2004). 

11 



Although the relative binding affinities (RBA ) of these compounds may be low re lative to 

endogenous estradiol. they nrc found widespread in foods ingested by humans on a daily basis 

rendering them just as potent as xenoestrogens found in the environment (G. Kuiper et al.. 1998). 

Xenoestrogens also general ly have a low RBA yet their persistence in the env ironment 

makes them a constant threat to the living organisms (N. Kudo, & Y. Kawashima. 2003). 

Industrial ly and commercially used synthetic xcnoesLrogens i.e .. BPA. nonylphenol, DDT and 

others are a lso widespread throughout the environment. Some .-.:enoestrogens such as PFOA are 

so widespread that nearly 99% of the Americans sampled between 2003 and 2004 had a 

detectable level of 4 parts per billion (ppb) (A. Ca lafot et al. 2007). 

A well-studied estrogen mimicking substance is nonylphenol. It is an organic 

xenoestrogcnic alkylphcnol found accumulating in sewer sludge and river sediment (A. Soares et 

a l. 2008). Nonylphenol is a metabolite ofnonylphenol cthoxylate and is usi.:d as an industrial 

surfactant (A. Soares et al , 2008). Nonylpheno l is amphipathic and is llSt:d extensively as a 

solubi lizing agent. For example. in the United States 380 million pOlinds wen: prod uced in 20 10 

alone (Environmental Protection Agency. 20 10). Nonylphenol makes its way into household 

goods via pai nt s, lau nd ry detergents and oil additives. A Europl!an Union direct ive has rcstrich:.'(I 

·'the sale and use o f products conta ini ng more thm1 0.1% NPE [nonylphi..·1101 et ho.-.:ylate] or NP" 

since 2003 (Europea n Union. 2007). 13ccausc ofi1s long 60-ycar biodegrndation period. 

bioaccumul ation is evident. particularly in aq umic organisms (A. Soares ct al. 2008). 

feminization o f males and decreases in male ferti lit y arc among some of the eftCCts found in 

aquat ic environments where NP levels nre dctcct:1blc (A. Sonrcs et nl, 2008). Nonylphcno l 

mim ics endogenous eslrndiol by binding Lo estrogen receptors i11 vitro (M. Maras et al. 2006) (S. 

Laws et al , 2000) (R. Blair et al. 2000). As an estrogen mimicki.:r, NP has bet.·n shown to im:reasi.: 
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proliferat ion in MCF-7 cells by binding to the estrogen receptors (1-1. Shen ct al, 2003) (M . Soto 

et al , 1991)(L. Ren et al. 1997). Li et al, 2006 has further demonstrated that NP stimulates MCF-

7 proli ferat ion by act ivation of the MAPK pathway. 

Perfluorooctanoic acid (P FOA) is a less well-known endocrine disruptor and has been 

shown to have detrimental developmental effects on mice (White et al., 20 11; (Wei, c t al 2007; 

(M. Ylinen et al, 1985) and more recently has been shown to interfere with estrogen and thyroid 

honnone signaling in a variety of bioassays (Du et al, 2013). An e ight cn rbon long synthetic 

compound, PFOA is used widely in hundreds of industria l and manufacturing rtpplications and is 

a major component of Gore-Tex® and Teflon®. Uses range from nonst ick cookware to waxed 

paper to carpet clean ing sol utions because of its excel lent water and oil repe l ling propert ies due 

to a hydrophobic and lipophobic fluorocarbon tai l (M. Ylincn et al. 1985). Nonetheless. the 

strong polarity between the carbon and fluorine atoms creates a very stable compound that 

becomes persistent in nmure (R. Renner. 2008) (N. Kudo, & Y. Kawashima. 2003). Bi:cause it 

resists various natural degradation processes, PFOA stays in the environmen t at relatively high 

concentrations (N. Kudo, & Y. Kawashima, 2003). The persistence of PFOA in the environment 

is renected in the fact that most people in industrialized nations carry a burden of PFOA that is 

measurabl e in blood scrum. 13etween 2003 and 2004, nea rl y 99% ol'the A mericans sampled had 

a detectable leve l of 4 parts per billion (ppb) (A. Ca lafat et al, 2007). Most common exposure to 

PFOA for humans is through food and water (R. Renner, 2007). These resul ts are supported by 

the EPA which states it is persistent in the env ironment. found in the blood of the genera l U.S. 

popu lation , and causes developmental and other adverse effects in laboratory animals (EPA). 

Perfluorooctanoic acid (PFOAJ interacts with organisms mainly th rough the activation of 

the peroxisome proliferator-activated receptor alpha (PPARa) which affects gene expression in 
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ce ll s; one of its endogcnol1S ligands is oteoylethanolarnide (OEA). a fauy-acid ethanolarn ide (G. 

Kennedy ct a l, 2004) (J. Fu ct al. 2005). The PPARa plays a key role in inflarnrnation. immun ity. 

nutri en t metabolism and energy homeostasis as we ll as the management of energy stores during 

fast ing or a high fat diet, particularly in the liver (S. Kersten et al, 1999) (M. Rakhshandehroo et 

a l. 20 I 0). A ligand-acti vated tra nscription factor, PPARa shows the highest expression in 

hepatocytcs, card iornyocytes. entcrocytes, and the proximal tubu le ce lls of kidney (0. Braissant 

el al, 1996). 

Since the MCF-7 cell line expresses the PPARa receptor as we ll as estrad iol receptors. it 

may seem unclear which receptor PrOA is binding to; however. it is understood that the PPARa 

acti vation is responsible for the up-regulat ion ofestradiol receptors in certa in instances such as 

lhe ant i-in llammatory act ivity o f estradiol as was demonstrated when mi ce that were 

ova riecto rnized showed their an ti- inllammatory act ivi ty is weakened than the wild type. (K. 

Suchanek et al, 2002. C. Crisafulli ct al. 2009). 

As a PP A Ra agonist, PFOA increases the expression of regulatory activi ties including 

lipid metabol ism and cel lular di!Terenti ation. Pernuorooctanoic acid mim ics the lau y acid li ga nd 

fo r th e PP A Ra. Liver. Leyd ig, and aci nar ce ll cancers are a resul t ot' PrOA e.xposurc thro ugh the 

PP A Ra acti vatio n mechani sm, studies suggest (G. Kennedy ct a l. 2004). However. sinct: these 

studi es were conducted on rodents, the same physiological impl ications on humans ,m: not 

necessa ril y the same (G. Kennedy et al. 2004). Nonetheless. lllrthcr research is needed to 

con Ii rm wheth er the same effect is .ippl icd to humans. Other mechanisms in whid 1 PFOA 

operates in humans arc not wel l known (W hite et a l., 20 11. E. Hood. 2008). 
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2.S E-Scrcrn assay 

The E-Screen assay was deve loped to determ ine the estrogenicity o f poss ible EDC's with 

estrogen like properties by utilizing the proliferative effect ofestradiol on estrogen responsive 

ce lls as a quantitative measurement (A. Soto et al., I 995). It is a high throughput technique 

which concurrently tests a compound's agonism and antagonism to es trogen receptors . 

Additionall y, the E-screen assay could determine effecti ve inhibitors. It al so replaced the rodent 

bioassays as they were not feasible for screening large numbers or chemicals (A. Soto et al., 

1995). The E-screen assay was much more practical , simpler, and cost effec ti ve (A. Soto et al. , 

1995 ). This assay compares the number of cells treated with no estradio l to those treated with 

various concentrations of E2 10 a range of concentrations of chemicals with poss ible estrogenic 

propert ies (A. Soto et al. , 1995). 

2.6 Calcium ratioing 

Calc ium ratioing is a technique where intracel lular calcium cm, be calculated from the 

fluorescence ratio at certain wavelengths (0. Barreto-Chang & R. Dol metsch , 2009). One of the 

most common florescent dyes is Fura-2; its excitation peak is 340nm when calcium is unbound 

and 380nm when calcium is bound (0. Barreto-Chang & R. Dolmctsch, 2009). A release of 

intracellular calcium would result in a higher 340/380 ratio than when bound. (0. Barreto-Chang 

& R. Dolrnetsch, 2009). Th is technique is invaluable ror determining which mode o f action NP 

and PFOA operate through. 

IS 



C HAPTE R III MATE RIALS AND METHODS 

3.1 Chcmic:1ls 

Dulbecco's Modifi ed Eagle Medium (OMEM: 11058-02 1} with L-Glulaminc and 

HEPES, heal inacti vated rcta l bov ine scrum (FBS), phosphate bu!Tercd sa line (PBS: 10010-023 ). 

Anti biotic/antim ycotic I 00X (A bAm) was purchased from Li fe Technologies. Carl sbad, CA . 17(3 

Estradio l (E2; 044 K 1027). Rcsazurin sodium sail (Resazurin/Alamar blue; R70 17- IG). 

Perfhioroc tanic acid ( PFOA; 17 1468-SG), tryps in-EDT A (trypsin; T4 174). Trypan blue (TS 154) 

and 4-nonylphcno l (NP; 46405) were purchased from Sigma-Aldrich, St. Louis. MO. Charcoal 

stripped heat inact ivated fe ta l bov ine serum (CS FBS) Atlanta Biologica ls. Lawrencev ille. GA. 

The inh ibitor G36 (AZ000 l 303) was purchased from Azano Biotech. Albuquerque. NM. The 

inhi bitor IC ! 182-780 ( IC (; 1047) was pu rchased from Tocri s Bioscience. Minneapo li s. MN. 

Eagles Minimum Essentia l Media (EM EM : 30-2003) with pheno l red. HEPES. and L­

Gluta rn ine obta ined from American Type Culture Collection (ATCC). Manassas. VA. 

3.2 E-Scrcc 11 assay 

Cultu re or MC F-7 ce ll s 

Ce ll s used fo r this ex periment were estrogen responsive adcnocarcinoma breast cancer 

MC F-7 ( HTB-22) and were purchased from ATCC, Manassas. VA. Cell s were main tained in 25 

cm 2 ti ssue culture fl asks ( Becton-Dick inson; 353 109) at 5% CO2 and 37°C in EM EM with 2% 

antibiotic/antim ycoli c and 10% fe ta l bovine serum. Cells were spl it Monday and li::d Wednesday 

and Friday. Near 80% conllucncc, fl asks arc sp lit by loosening cd ls using trypsin (0.25% w/v)­

EDTA (0.03% w/ v) so lu tion and resuspended in complete DM EM. Aller 7 days ce lls are split 

in to a --wi thd rawn" flask. devo id o f a ll estrogens by usi ng DM EM (phenol-) media with 5% CS 
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FBS and 2% antibiotic/antimycotic. Cel ls are seeded in the withdrawn ll ask at 1.0 x 105 cells/m l 

and allowed to incubate fo r another 7 days. Cells are fed again on Wednesday and Friday. Cell s 

numbers were detennined using a hemocytometer (American Optical, Buffalo, NY) with trypan 

blue staining usi ng the Sigma•A ldrich protocol for trypan blue. 

Plating and treatment 

After seven days in withdrawn flask , cel ls were trypsi ni zed and collected fro m the flask 

and plated onto a Oat bottom 96.well plate (Costar; 3596). Ce ll s are plated at a dens ity of 1.8 x 

105 cells/ml by placing I 00µL or cell suspension is micropipctted into each well and a ll owed to 

incubate for 24 hours. Culture mediam was then removed and cells were treated with their 

respective treatments in DMEM . See Appendix I. Seventy•two hours later o ld media/treatment 

were removed and retreated with fresh media/treatment. Cells are a llowed to incubate for an 

additiona l 72 hours. 

Experimentation 

On the day of experimentation (Monday), l0µL of 5% resazurin was added to each well 

on the plate and allowed to incubate for an add itiona l 2 hours. Atler the 2•hour incubation tim e, 

the plate was then transferred onto the UVP Biospectrum 810 plate reader (UVP, Up land, CA). 

The UV light was turned on and the emiss ion lilter was set to 570•640mn. 

A region of interest (ROI) was selected for each well. The blank well s were used as a 

"blank" to set up a background basel ine nuorescent level. Each ROI was ana lyzed and 

quantilied for its mean density measured by fluorescence as shown by Fig. 4. 
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Figure 4. Mean densit y or MCF-7 cell s as measured by nuorescence on the BioSpectrum 8 10 

plate reader. Dilutions or I: 10 were made in seri.il di llllions six times to demonstrate the 

increasing lluorescence correlating with the increasing cell concentrat ion. 

J .J C:dciu m ratioing 

Ce ll culturing 

Cells were maintained in T-25 seed llasks at 5% CO2 and 3 7°C in Ervl EM with 2% 

antibiotic/antimycotic v/v and !0% fern I bovine serum v/v. Cells were spl it Monday and fed 

Wednesday and Friday. Cells were allowed to grow for 7 days before splitting into ,mother seed 

flask. A ller 7 days cells are split into a '•withdrawn" flask, devoid of al l estrogens by usi ng 

DMEM media with 5% CS FBS and 2% ant ibiotic/antimycotic. Cells were seeded in the 

withdrawn llask at 1.0 x t05 cclls/mL and allowed to incubate for anot her 7 days. Cells were !Cd 

again on Wednesday and Friday. Cel ls were counted with a hemocytometer us ing the Sigma-

Aldrich protocol ror Trypan blue. 
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r.!fil.ing 

After 7 days in wi thdrawn nask, cells were trypsini zed and collected rrom the nask. 

Approxi mately I ml of cell suspension was pi petted and plated onto a 35mm glass bottom dish. 

Cells were suspended in DMEM and allowed to incubate. Plates were red Wednesday, Friday 

and the fo llowing Monday. Glass bottom 35mm dishes were obtained from MalTek Corporation 

(Ash land, MA). 

Experimentation 

On the day of experimentation (Tuesday), cells were washed wit h 3 ti mes wi th Han ks 

Balanced Sa lt Solution (HBSS) pre-warmed to 37°C. Pl ate was then removed o f all I-IBSS and 

replaced with HBSS .05¾ bovine serum al bumin (BSA). Afterwards, 24µL of 1.2% 

pluron ic/400µM Fura-2 AM solution was added to the plate and swirled to distribu te the solution 

evenly. Plate was then placed in an incubator away from light at 5% CO2 and 37°C for 45 

mi nutes. After incubation, plate was removed from incubator and washed 3 times w ith H BSS. 

The plate was then replaced with 1.SmM CaCI~ in HBSS + .05% BSA and allowed to incubate 

again for 15 minutes. After incubation, plate was then placed on the Nikon Ti Eclipse 

microscope (Nikon lnstrumenls. Melvi lle, NY) for visua li zation us ing exc itatio n at 340nm and 

380nm with emission of 510 nm captured by Andor camera and ana lyzed by N IS Element 

software (Nikon). Once all parameters were set up on the software , the experimentat ion was 

started for 20 minutes. At the I: 15 minute mark , 200pl of the respecti ve treat ment added to the 

plate. Afierthe foll 20 minutes of experimentation and detection, region of interest (RO l's) were 

selected on individua l cells on the video and anal yzed for changes in ca lc ium ratio (340/380). In 

developing the method to measure Ca' • release in the MCF-7 cells, two ionophores. lonom ycin 
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(Life Technologies; 1•24222) and Calcimycin (A·23187) (ln vit rogen; A• 1493) were tesled before 

fina ll y using AT P as the pos iti ve contro l in subsequent experiments. ATP was selected because il 

is a known physiologica l agent that causes calcium re lease (A. Rossi el al., 2002). 

0 .6 ~-------------------

0 .1 

Time(seconds) 

Figu re 5. The effect o r lonomyc in ionophone on MCF•7 cells. 

3.4 Statis tical Ana lysis for E·Snccn Assay 

- Cellltl 

- Celllt2 

- Cel11t3 

- Celllt4 

- CellltS 

- Background 

Each treatment concentration had four rep licates on each 96 we ll plate; a total o r fou r 96 

we ll plales were tested. Data were ana lyzed using a one.way analysis or variance (A NOVA) 

with mean density as a product of treatment. All data were analyzed using JMP 11 Pro so lh vare 

(SAS Institute, Inc., Cary, NC) . A p :5 0.05 specified statistically significant resu lt s. Data were 

compared using Tukey Kramer HSD connecting letters report. 

3.S S ta tisticlll Ana lys is for C alci um Ralioi ng 

All RO l' s were eva luated for maximum change in the 340/380 rat io. A minimum of S 

ROl's were se lected for each treatment plate. The RO l' s were then averaged for each tn:attm:n t 
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plate. Data were analyzed using a one-way ANOVA. A p :S 0.05 spec ifi ed sta tist ica ll y significam 

results. Data were compared using Tukey Kramer HSD connecting letters report. 

CHAPTER IV RESULTS 

4.1 [-screen assay 

Replica1es 

Each 96 well plate had four replicates of each trea tment. See appendix I fo r ex periment 

layout. A total of four 96 well plates were run during the length of the entire ex periment. The 

results below are displayed as mean density measured by nuorescence. Each we ll was de fined as 

a speci fic ROI and measured according 10 its area. Representat ive experiments are shown in 

Figures 6-1 2. Results from all passages may be seen in Appendix II. 

In this study pernuorooctanoic acid (PFOA, 10·8M or \0·7M, dependent on passage), 

nonylphenol (NP. 10-s or 10·1M, dependent on passage), and estrad iol -1 ?P (E2 , I 0·10M) 

significantl y increased proliferation ofMCF7 cells com pared to the contro l detcnnined by 

bioreduction of resazurin dye. This proliferation was effecti vely inhib ited by IC I 182, 780 (Io· 

7M), a high aflinity estrogen receptor antagonist for estrogen receptor a. Pro Ii feration was not 

inhibited by G36 which selectively inhibits GPER but not ERa. Nei th er NP nor PFOA when 

added to cell s in combination with E2 inhibited the E2 pro Ii fern.live effect. However, the 

combination of PFOA and E2 resuhed in greater proliferation than either a lone. The combination 

of NP and E2 did not consistently stimulate proliferation greater than E2 a lone. 
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Control E2 10-10 M E2 10-1 M E210"1 M E210-1 M 

Figure 6. The effect or E2 on pro Ii rern tion of MC F-7 cells shown as mean density and standard 

dev iations of fou r repl ica te well s. Treatments not connected by the same letter are stat istica ll y 

signi ficant ly di fferent The E2 10-10 Mand E2 10·9 M treatmen ts were statistica ll y different than 

the contro l, contrary to the E2 I 0"8 M and E2 I 0-7 M treatments which were not. Th is suggests 

that at least two concentrations of E2 had a prol ifera tive effect on the cel ls. 
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Figure 7. The effect of NP on prolirera1 ion of MCF-7 cells shown as mean density and standard 

deviat ions of four replicate wells. Treatments not connected by lhe same leucr arc statistically 

significantly different. All concentrations of NP were significantly differen t than the control 

except NP I 0·5 M. This suggests that at least three concentra tions of NP induced a prol ife rati ve 

enect on the cells. 
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Treatment 

Figure 8. The effect of PFOA on proliferation of" MCF-7 cel ls shown as mean densi ty and 

standard dev iat ions or four replicate wells. Treatments not connected by the same lc1tcr arc 

slatisti ca ll y s ignifica nt ly difleren t. PFOA 10-& M was not significantl y different than the con tro l 

but all other concen trat ions of PFOA were different. Th is suggests thm at least three 

concentrati ons of PFOA induced a proli ferat ive effect on the ce ll s. 
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Control ICI 10-1 M E2 10-10 M ICI 10-1 M PFOA 10-s M ICI 10-1 M E2 10-10 M 
E2 10·10 M PFOA 10-s M PFOA 10-s M 

Figure 9. The effect of PFOA and ICI on proliferation of MCF-7 cel ls shown as mean density 

and standard deviations of four replicate well s. Treatments not connected by the same leucr are 

statistically significantly different. The E2 I 0-10 M treatment was not significantl y di rterent than 

the control, PFOA or any combination of the inhibitors. However, the E2 I 0·10 M + PFOA 10·5 

M treatment was significantly different than the E2. control , PFOA and a ll combinations or 

inhibitors. The PFOA 10·5 M treatment was significant ly different than all inhibitor 

combinat ions. This suggests that the ICI inhibited the proliferative effect o f PFOA. Addit ional ly, 

the data suggests the combination ofE2 and PFOA caused a significant proliferati ve effect 

greater than E2 alone. 
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Figure 10 . The effect or PFOA and G36 on proliferation ofMCF-7 cells shown as rncan density 

an d standnrd deviations or four replicate wells . Treatments not connected by the same letter are 

slat islically s ignificantly d irtCrent. PFOA 10·5 M was not signilicantly different than 1he G36 JO· 

7+ PFOA io-5 M, E2 10-10 + PFOA 10·5M, or E2 treatments. However, G36 10·1M was hig her. 

albe it not signific,mtly higher. PFOA 10·5M was signilicantly dilTcrcnt than the control. This 

sugges1s that G36 did not cr!Cctively inhibi1 the proliferati ve efkct of the PFOA. Additionally. 

the data s uggests the combination or E2 and PFOA caused a signi licam prol i!Crative effect. 
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Figure 11. The effect of NP and IC I proliferation of MCF-7 cell s shown as mean densit y and 

standard deviations of four replicate wells. Treatments not connected by the same letter are 

statistically significant ly different. Treatments of NP at the 10·7 M and 10·8 M concentrations 

were statistically different than the corresponding treatment with ICI suggesting !C l blocked the 

effects of NP at those concentrations. However, the control, NP 10·6 M + IC I 10·7 Mand NP 10·6 

M were not statistically different. This suggests that ICI 10·7 M did not effecti ve ly block the 

effects of NP on the ce lls at that concentration. 
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Figure 12 . The e ffect of NP and G36 on proliferat ion of MC F-7 cell s shown as mean density and 

standard dev iat io ns o f fou r rep licate wells. Treatments not connected by the same letter are 

stati stica ll y s ignificantl y difTerenl. None of the concentrations of NP+ G36 were statisticall y 

different than its corresponding concentration of NP. However. all treatments were stati st ically 

di fTe rent than the control . Thi s indicates that G36 had little or no effect on blocking the effects of 

NP. 
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-1.2 Calc iu m rat ioing 

Alone. E2 , PFOA, and NP failed to induce a detectable CaH nux in MCF-7 cells. 

However, when coupled with ATP, which triggers a transitory Ca ..... tlux in MCF-7 cells, these 

estrogenic compounds appear to modulate the recovery phase of AT P induced Ca h release. A 

frame of cells were recorded for 20 minutes on each treatment/plate and the results are displayed 

below in terms of mean change in 340/380 ratio over a period of time (20 minutes). 

0.3 

0.25 
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i 
;0.15 

ii 
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0.05 

Control ATP " E2 +ATP 

Figure 13. The mean maximum change in 3401380nm ).. in at least 5 o r more RO J's . Treatments 

not connected by the same letter are statistica ll y signilicantly different. ATP and E2 + ATP were 

significantly different than the control and E2 alone but not from each other suggest ing that the 

two highest responding treaunents did cause a Ca' · nux. E2 was not s ignificantl y different than 

the control suggesting that E2 did not cause a signiricant nux of Ca h . 
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Figure 14. The mean max imum change in 3401380nm ).. in at least 5 or more RO rs. T reatments 

not connected by the same letter are stati stica lly significantly di fferent ATP and NP + ATP were 

s ignili cant ly d ifferen t than the control and NP alone but not from each 01her suggesting tha t the 

two highest respondi ng treatments did cause a CaH nux. NP was not significant ly different than 

the contro l suggesting that N P did not cause a s ignifi cant nux of Ca ' ~. 
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Figure 15. The mean maximum change in 3401380nm ). in at least 5 or mon: RO l's. Treaunents 

not connected by the same letter are statistically significantly dillCrenl . ATP .ind PFOA + ATP 

were significantly different than the comrol and PFOA alone but not from i:ach other suggesting 

that the two highest responding treatments did cause a Ca _. llux. PFOA was not significantly 

different than the control suggesting that E2 did not cause a significan t flux of Ca ' r . 

Figure 16. The release and eventual recovery of basal Ca t ♦ levels in MC F~7 ce ll s when treated 
wi th ATP IOµ M. 
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Fig ure 16. MC F-7 ce ll Ca " rati oing atier treatment with E2. 

Figure 17. MC F-7 ce ll Ca '· rntioing alter treatment with NP. 
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Figure 18. MCF-7 cell Ca .. - ratioing after treatment with PFOA. 

·- - - - - - - - - .. - - - - - - - - - .. - - .. - - - - - - - - - - - - - - - - .:---
Figure 19. The steady release of Ca•· in MCF-7 cells when treated wi th PFOA coupled with 
ATP IOµM. 
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Figure 20. The steady re lease of Ca++ in MCF-7 cells when treated wi1h NP coupled with ATP 

IOpM. 

Fig ure 2 1. The steady re lease of Ca .. ~ in MCF-7 cells when treated wit h E2 coupled with ATP 
IOft M. 
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CHAPTER V DISCUSSION 

The objective of this research project was to screen PFOA and NP, found in everyday 

household goods, fo r estrogenic propert ies and determine to which estrogen receptor they bind. 

Nonylphenol and perlluorooctanioc acid were screened with the epi thelial adenocarcino111a 

breast cancer MCF-7 cells. Compounds with estrogcnic properties were th en evaluated for 

calc ium releasing properties through calcium ratioing. The results of this project demonstrate 

that both NP and PFOA possess estrogenic properties in at least one concen trnli on in the E­

Screen assay and E2. NP and PFOA, when co upl ed wi th ATP cause calcium llux. 

The MCF-7 cell assay can be used as a tier one screening assay for cstrogcn ic and anti­

cstrogenic compounds through the quantification of resazurin lluorcscence. The MCF-7 cells arc 

highl y responsive to E2 (T. Wiese et al. , 1992). Estrogen receptors arc ligand 1:1cti vatcd 

transcriptions factors. When E2 binds to 1hc ER, ii causes a structura l change in the protein 

which then allows it to bind to the control elemems on the target genes (N. Hcldring el al. 2007). 

Compounds that imitate endogenous estradiol will act as agonists on the receptors and cause an 

increase in proliferation (K. Korach et al , 1988). 

Estradiol did show a proliferative effect in MCF-7 ce ll s. mosl often Lil e E2 I 0· 10 M and 

E2 10·9 M concentrations. while higher concentrat ions did not appear to have as strong or an 

effect resul ting in a non-statistically significant difference from the control. The results are 

supponcd by A. Soto & C. Sonnenschein ( 1985 ). The cstrndiol binds 10 the ER.a which activates 

transcription factors which. in tum, increase cell division (S. Hayashi ct al. 2003). 

Pcrnuorooctanoic acid did show strong estrogcnic propert ies in MCF-7 cells in nearly 

every passage. PFOA is a known endocrine di sruptor and operates through the ER (G. Du., et al 
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2013 ). These results indicate that PFOA binds to ERu and imitates endogenous estrad iol. The 

results are supported by E. Hood (2008) and Wei et al (2007). PFOA was effectivel y inhibited by 

the ER inhibitor IC I but not by the GPER inhibilor G36. Based on these results. in contrast to 

what was previously hypothesized. PFOA operates, at least in part. through the ERu and induces 

increased proliferation. Additionally. PFOA did not show anti-cstrogenic propcnies; on the 

contrary. PFOA di sp la yed a synergist ic ef!Cct with estradiol to increase proliferation at an even 

foster rate on more than one occasion. This possibly could be due to PFOA activating 

transcription foctors on the PPARa in addition to the activating the ERa causing the increased 

prolileration (G. Kenned y ct al. 2004. C. Lau et al.. 2007). Another plausib le hypothes is. as 

stn tcd before. PP A Ra activation is responsib le for the up-regulation ofest radiol receptors in 

certain instances (K. Suchanek ct al. 2002. C. Crisaful li ct al. 2009). As a result the ce ll s 

exposed lo PFOA in addition to E2 saw an up-regulation of ERs due to the PFOA act ivat ing the 

PP A Ra and E2 binding to the ER thus causing the synergistic-l ike reaction as seen in nearly all 

passages. 

Nonylphcno l a lso showed strong estrogenic properties in the MCF-7 cells in nearly every 

passage. The last passage NP was used in various concentrations when combined with the 

inhibitors IC I and G36 s ince the concentrat ion used in the previous passages were not 

statistically di lforcnt than the control. G36 foiled to inhibit NP prol ilCrat ion whi le IC I etll!ct ivdy 

inhibited proliferation. Alier ana lysis of these results. it was determined that NP binds to the ERu 

and not the GPER and increases pro liferation through that route and not th1.:.• GPER path way. 

Additionally, NP did not consistently show an ti-estrogenic properties. 

The MCF-7 cel ls did not show a signilicant ca ·· llux when treated with 1.:.·stradiol. NP and 

PFOA alone. However. when coupled with ATP. these compounds induced a statist icall y 
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significant ca·· nux. Interestingly enough, only cells treated with E2 combined with ATP 

recovered from the calcium flux back to basal or near basal levels by the end of the 20-minute 

experiment as shown in Figure 22. 

Cells treated with NP and PFOA coupled with ATP saw a sta tistically s ignilicant calcium 

nux. Conversely. unl ike E2, the cells did nol see a recovery of ca·H levels but a steady Ca ' · flux 

shown in Figures 20 and 2 1. This leads us to believe NP and PFOA operate through a different 

mechanism than ATP to lock open the Cah channels. possibly acting as a li gand activated Ca i. 

channel (D. Clapham, 2007). An alternative hypothesis is that NP and PFOA desens itize the 

negati ve feedback system embedded in the purinergic receptor signaling pathway through 

blocking the arrest in molecule or preventing the phosphorylation via the G RK . Upon further 

investigation of this not ion, B. Rou foga lis et al ( 1999) determined that NP inh ibit s plasma 

membrane bound ca ·.,. ATPase. The inhibition of thi s protein would not al low a feedback to the 

endoplasmic reticu lum and thus would cause a con tinua l release of calc iu m . However. there is no 

literature shedding light on the operat ional mechanisms on PFOA. Conseq uently. it can be 

deemed as a plausible explanation for the cont inual re lease of calcium in the presence of ATP. 

however. further research is needed 10 con firm this. 

37 



LITERAT URE C ITED 

(EPA) http://www.epa.gov/oppt/pfoa/ 

Acconcia. F .. Totta. P., Ogawa, S .. Cardillo, I. , Inoue. S .• Leone. S & Marino. M. (2005). 

Survival versus apoptotic 17P·estradiol effect: Role of ERu ,md ERP activated non• 

genom ic signaling. Ju11rnal of ce/111/ar physiologv. 203( 1 ). 193-201. 

Akingbem i BT, Ge R, Rosenfeld CS. Newton LG, Hardy DO, Catterall JF. Lubahn DB. Kornch 

KS and Hardy MP; Estrogen receptor-a lpha gene defic iency enhances androgen 

biosynthcs is in the mouse Leydig cel l Endocrinology 2003. 144:84-93. 

Alves. R. C .. Almeida. I. M .. Casal, S .• & Oliveira. M. B. P. (2010). Iso0avones in col1Ce: 

influence of species, roast degree. and brewing method. Journal <?fagric11/r11ra/ mu/food 

che111isflJ1. 58(5). 3002-3007. 

Bakker. J., Honda. S. I. . Harada. N., & Balthazart, J. (2002). The aromatase knock-out mouse 

provides new evidence that estradiol is required during development in the female for the 

expression ofsociosexual behaviors in adulthood. TlwJ011mal of11e11msch•11ce. 21(20). 

9104-9112. 

Bakker. J. , Honda, S .• Harada. N., & Balthazart. J. (2003). The aromatasc knockout (ArKO) 

mouse provides new evidence that estrogens arc required fo r the deve lopment o f the 

ICmalc brain . Annals oft!te New fork Academy o/Sciem:es. /007( I). 251-262. 

Barreto-Chang, 0. L .. & Oolmctsc h. R. E. (2009). Calcium imaging or cortical nclirons using 

Fura-2 AM. Joumal of visualized experi111e111s: Jo VE. (23). 

Barton. M.(20 12). Pos ition paper: the membrane estrogen receptor GPER- Clucs and questions. 

Steroids, 77( 10). 935-942. 

38 



Blesson, C. S., & Sahlin. L. (2012). Expression pattern and signalling path ways in neu troph il 

like HL-60 cells after treatment with estrogen receptor selective ligands. Molecular and 

ce/111/ar e11docri110/ogy, 361( I), 179- 190. 

86rjesson, A. E., Lagerquist. M. K., Liu, C., Shao, R., Windahl, S. H. , Karlsson. C., ... & 

Ohlsson, C. (2010). The role of estrogen receptor a in growth plate cartilage fOr 

longitudinal bone growth. Journal of Bone and Mineral Research, 25( 12), 2690-2700. 

Calafat, A. M., Wong, L. Y .. Kuklenyik, Z., Reidy, J. A., & Needham, L. L. (2007). 

Poly0uoroa lkyl chem icals in the US populmion: data from the National Health and 

Nutrition Examination Survey (N HANES) 2003-2004 and comparisons with NI-IANES 

1999-2000. £11viro11111ental health perspectives, 1596- 1602. 

Catalano, S., Mauro, L., Marsico, S. , Giordano, C., Rizza. P., Rago, V., ... & And6, S. (2004). 

Leptin ind uces, via ERK 1/ERK2 signal, functional activation of estrogen receptor o in 

MCF-7 cells. Journal of Biological Cl1emis11:,,, 279( 19), 19908-1 99 I 5. 

Cheval ier. N., Bouskine, A., & Fenichel, P. (2012). Bisphenol A promotes testi cular seminoma 

cell proliferation through GPER/GPR30. /11terna1ional Jo11mal o/Ca11cer, I 30( 1 ), 241 -

242. 

Clapham, D. E. (2007). Calcium signaling. Cell, 131(6), 1047-1058. 

Clemons, M., & Goss, P. (2001). Estrogen and the risk of breast cancer. N engl J med, 344(4), 

276-285. 

Colborn, T., vom Saal, F. S., & Soto, A. M. (1993). Developmen1al efTccts of endocrine­

disrupting chemicals in wi ldli fe and humans. £11viro11 111e111al heallh perspectives, 101(5). 

378. 

39 



Coward , L., Barnes . N. C.. Setche ll , K. 0. , & Barnes, S. ( 1993). Genistein, daidzein . and their. 

bela.-g lycos ide conjuga tes: antiturnor isonavones in soybean foods from American and 

As ian die ts. Journal of Agricultural and Food C!temisll)', 4/ ( 11 ), 196 1- 1967. 

Cri sa fulli. C., Brusco li , S., Espos ito, E., Mazzon, E. , Di Paola, R .. Genovese& Cuzzocrca. S. 

(2009). PPA R-u contributes to the anli -innammatory activity o r 17J3-estradiol. Jo11mal of 

Phar111acolog11 a11d Experime111al Therapeutics, 33 / (3), 796-807. 

Dah lman-Wright , K., Cavaill es, V., Fuqua, S. A., Jordan, V. C. . Katzcnellenbogen, J. A. , 

Korach, K. S., ... & Gustarsson. J. A. (2006). International union or pharmacology. 

LX IV. Estrogen receptors. Plwrmaco/ogical reviews. 58(4), 773-78 1. 

Dang, Z. C., & Lowik , C. (2005 ). Dose-dependC'nt effects or phy1ocs1rogens on bone. Trends i11 

£11docri11olo&,•-v & Metabolism, 16(5), 207-213. 

Diamanti- Kandaraki s, E .. Bourgui gnon. J . P .• Gi udice, L. C.. Hauser. R., Prins. G. S .. Soto. A. 

M. , .. . & Gore, A. C. (2009). Endocrine-disrupti ng chemicals: an Endocrine Society 

sc ient ifi c sta tement Endocrine reviews, 30(4), 293-342. 

Douma, S . L .. Husband, C., O'Donnell . M. E., Barwin , B. N .• & Woodend. A. K. (2005). 

Estrogen-related mood disorders: reproductive life cyc le !actors. Adl'(111ces i11 Nursing 

Science. 28(4) , 364-375. 

Du. G ., 1-h iang, H., Hu. J., Qin, Y., Wu. D .. Song, L.,& Wang. X. (2013). Endocrine-related 

e ffects of pernuorooctanoic acid (PFOA) in zebralish. l-l 295 R s1croidogencsis and 

receptor reporter gene assays. Chemosphere, 9/(8). 1099- 1106. 

Eb ling FJ. Brooks AN. Cronin AS. Ford H and Kerr JB: Estrogenic induction o f sperma1ogencs is 

in lhc hypogonadal mouse Endocrino logy 2000, 14 1 :2861 -2869 

40 



Feigelson, 1-1 . S., & Henderson. 8. E. (1996). Estrogens and breast cancer. Carci11oge11esis, 

/ 7( I I), 2279-2284. 

Filardo. E. J., & Thomas, P. (20 12). Mini review: G protein-coupled estrogen receptor- I, GPER-

1: its mechanism of action and role in female reproductive cancer, renal and vascular 

physiology. £11docri11ology, 153(7), 2953-2962. 

Fox. E. M .. Davis, R. J., & Shupnik, M.A. (2008). ER~ in breast cancer-onlooker, passive 

player, or active protector?. S1eroids, 7 3( 11 ), I 039- 1051. 

Hayashi. S. I.. Eguchi, H., Tanimoto, K., Yoshida, T., Omoto, Y. , Inoue, A., ... & Yamaguchi, Y. 

(2003 ). The expression and function of estrogen receptor alpha and beta in human breast 

cancer and its clin ical application. E11docri11e-Rela1ed Ca11cer, /0(2). 193-202. 

Heldring. N .• Pike. A., Andersson, S., Matthews, J., Cheng, G., Hartman, J., ... & Gustafsson, J. 

A. (2007). Es1rogen recep1ors: how do they signal and what are 1heir targets. 

Physiological reviews, 87(3). 905-93 1. 

Hess, R. A. (2003). Es1rogen in the adult male reproductive tract: a review. Reprod Biol 

Endocrinol, /(I), 52. 

Hess, R. A.. Bunick, 0 ., Lee, K. H. , Bahr, J., Taylor, J. A .• Korach, K. S., & Lubahn, 0. 8. 

( 1997). A ro le for oestrogens in the male reproductive system. Na111re, 390(6659), 509-

512. 

Hood, E. (2008). Alternative Mechanism for PFOA'?: Trout Stud ies Shed Light on Liver Effects. 

£11viro11111e111a/ liea/Jli perspectives, //6(8), A35 l . 

lmprota-Brears, T. , Whorton, A. R .. Codazzi, F., York, J. D., Meyer, T., & McDonnell, D. P. 

( 1999). Estrogen-i nduced acti vation of mitogen-activated protein kinase requires 

41 

1 



mobi lizat ion of intracell ul ar calc iu m. Proceedings of the National Academy of Sciences. 

96(8), 4686-4691. 

Kauf'man, P. B., Duke, J. A., Brie lman n, 1-1 ., Boik, J., & Hoyt, J.E. ( 1997). A comparat ive 

survey of leguminous plants as sources of the isonavoncs, genistein and daidze in: 

imp li cat ions for hu man nut ri1ion and healt h. The Journal of Alternarive and 

Co111pleme111wJ' Medicine, 3(1), 7-12. 

Kim. M .. Neinast, M. D., Frank, A. P .• Sun, K., Park, J., Zehr, J. A. , .. & Clegg. 0 . J. (20 14). 

ERa upregul ates< i> Phd3 </i> to ameliorate HIF- 1 induced fibrosis and in nammation in 

adipose tissue. lvlolec11lar metabolism, 3(6). 642-65 1. 

Kocanova, S., Mazaheri. M., Caze-Subra, S., & Bystricky, K. (2010). Ligands specify estrogen 

receptor alpha nuclear loca lization and degradation. Biv!C cell biology, I I( I). 98. 

Korach. K. S., Sarver, P. A. M. E. L.A. , Chae, K., Mclach lan, J. A .. & McKinney, J. D. ( 1988). 

Estrogen receptor-binding act ivity of polychlorinated hydroxybi phenyls: 

con formationally restricted structural probes. Molecular pharmacology. 33( I ). 120-1 26. 

Kudo, N., & Kawashi ma, Y. (2003). Toxicity and tox icok ine1ics o f pertl uorooctanoic acid in 

humans and animals . The Journal ofroxicological sciences, 28(2), 49-57. 

Kui per, G. G ., Lem men, J. G., Ca rl sson, B. 0 .. Corton. J. C., Safe. S. H., van der Saag, P. T .... 

& Gusta/'sson, J. A . ( 1998). l111eraction of estrogenic chemicals and phytoestrogcns with 

est rogen receptor j3. £11docri11ology, 139( I 0). 4252-4263. 

Kumar, R., Zakharov, M. N., Kha n, S. 1-1 •• Mik i, R., Jang. 1-1 ., Tora ldo & Jasuja. R. (20 I I) . Tht: 

dynam ic structu re of the estrogen receptor. Joumal ofa111i110 acids. 201 I. 

42 



Lappano. R .. Rosano. C.. F Santolla , M., Pupo, M .• M De Francesco, E., De Marco. P., ... & 

Maggiol ini. M. (20 12). Two novel GPER agonists induce gene express ion changes and 

growth effects in cancer cells. Current cancer drug largels, 12(5), 531-542. 

Las iuk. G. C .. & Hegadoren. K. M. (2007). The effects or estradio l on central scrotonergic 

systems and its relationsh ip to mood in women. Biological research/or nursing, 9(2), 

147- 160. 

Lau. C., Ani tole, K., Hodes. C., Lai, D., Pfahles-Hutchens, A., & Seed, J. (2007). Pcrtluoroalkyl 

acids: a review of monitoring and toxicological findings. Toxicological sciences, 99(2), 

366-394. 

LaVoie. H. A., & King, S. R. (2009). Transcriptional regulation ofsteroidogcnic genes: 

ST ARD I. CYP 11 A I and HSD38. £xperi111e1110I biology and medicine. 234(8 ). 880-907. 

Li , X., Huang, J., Yi. P., Bambara, R. A .• Hilf, R., & Muyan, M. (2004). Single-chain est rogen 

receptors (ERs) reveal that the ERa/P heterod imer emulates functions or the ERa dimer 

in genomic estrogen signaling pathways. Molecular and cellular biology. 24( 17), 7681 -

7694. 

Lin. C. Y., Strom. A., Vega, V. B. , Kong. S. L. , Yeo. A. L., Thomsen, J . S .. ... & Liu. E.T. 

(2004). Discovery of estrogen receptor a target genes and response elements in breast 

tumor cells. Genome biologv, 5(9), R66. 

Lindberg. M. K .. MovCrare, S., Skrt ic , S., Gao, 1-1 •• Dahlman-Wright, K .. Gusta fsson. J . A .. & 

Ohlsson, C. (2003). Estrogen receptor (ER)-~ reduces ERa-regulated gene transcription, 

supporting a ''Ying Yang" relationsh ip between ERa and ER~ in mice. Molecular 

endocri110/ogy, / 7(2). 203-208. 

43 



MacCalman CD, Getsios S. Farookhi R and Blaschuk OW: Estrogens potentiate the stimulatory 

effects o f follicle-stimulating hormone on N-cadhcrin messenger ribonucleic ac id leve ls 

in cultured mouse Sertol i cells Endocrinology 1997, 138: 41-48 

Maggiolin i M., Vivacqua A .. Fasanella G. (2004). The G protein-coupled receptor G PR30 

media tes c-fos up-regu lation by 17beta-estradiol and phytocstrogcns in breast cancer 

cells. J Biol Chem. 279 pp. 27008-27016 

McCarthy, M. M. (2008). Estradio l and the developi ng brain. Pli;wiologicaf revie,vs. 88( I ). 9 1-

134. 

McEwen. B. S .. Licberburg, I .. Chaptal. C .. & Krey. L. C. (1977). Aromatization: important for 

sexual differen tiation of the neonatal rat brain. Hormones and behavior. 9(3 ). 249-263. 

Mig liaccio. A .. Di Domenico, M .. Castoria. G .. De Falco. A .• Bomempo, P .. Nola. E., & 

Auricchio, F. ( 1996). Tyrosine kinase/p2 lras/MA P-kinase pathway activat ion by 

estrad iol-receptor comple.x in MCF-7 ce lls. The EMBOJoumal, /j(6). 1292. 

Mue ll er, S. 0. (2004). Xenoest rogens: mechanisms of action and detection methods. Aiw~l'licaf 

and biowwlylical chemist1y, 378(3), 582-587. 

O'Donnell L, Robertson KM. Jones ME and Simpson ER: Estrogen and spcrmntogenesis Enclocr 

Rev 200 1, 22: 289-3 18 

Papouts i, Z .• Zhao. C.. Putn ik. M., Gusta lSson, J. A .. & Dahlman-Wright, K. (2009). Binding or 

estrogen receptor a/(3 heterodimers to chromatin in MCF-7 cells. Journal of1110/ec11/ar 

e11docri110/ogy. 43(2). 65-72. 

Pcntikfl inen, V .• Erkki la. K .. Suomala inen, L. Parvinen. M .. & Dunkel. L. (2000). Est radiol acts 

as a germ cel l survival focto r in the human testis in vitro I. TJ,eJ011ma/ ofC/i11ic:al 

E11docri110/ogy & Me1aboli:m1. 85(5). 2057-2067. 

44 



Pettersson. K .. & Gustafsson, J. A. (2001). Role of estrogen receptor beta in estrogen action. 

A111111ol review ofpl~1,siology. 63( I). 165-1 92. 

Powell . E .. & Xu, W. (2008). Intermolecular in1erac1ions iden ti fy ligand-se lecti ve act ivity of 

estrogen receptor a!P dimers. Proceedings of the National Academy o/Sciences, 105(48), 

1901 2-1 9017. 

Prossnitz. E. R., & Barton, M. (2009). Signali ng, physiologica l fonctions and clin ical relevance 

of the G protein-coupled estrogen receptor GPER. Prostaglc111di11s & other lipid 

mediators, 89(3), 89-97. 

Prossnitz, E. R. , & Barton, M. (201 I). The G-pro1ein-coupled estrogen receptor GPER in health 

and disease. Nature Reviews Endocrinology, 7( 12). 715-726. 

Rasgon, N. L., Rao, R. C., Hwang, S., Alt shuler. L. L. ,Elman, S .. Zuckerbrow-Miller. J . e1 al. 

(2003). Depression in women with polycystic ovary syndrome: Clinical and biochemical 

correlates. Journal of Affective Disorders, 74 (3), 299-304. 

Razandi, M., Pedram, A., Greene, G. L., & Levin. E. R. ( 1999). Cel l membrane and nuc lear 

estrogen receptors (ERs) originate from a single transcript: studies of ERa and ERP 

expressed in Chi nese hamster ovary cells. Molec11lar Endocri110/ogy. / 3(2). 307-3 19. 

Re vankar, C. M., Cimino. D. F., Sklar, L. A. , Arterburn, J.B., & Prossnit z, E. R. (2005). A 

transmembrane intracellular estrogen receptor mediates rapid ce ll signaling. Science, 

307(57 15), I 625-1 630. 

Rezg, R. , EI-Fazaa, S., Gharbi, N., & Momagui, B. (2014). Bisphenol A and human chronic 

diseases: current evidences, possible mechanisms, and future perspectives. £nviro11111e11f 

inrer11atio11al, 64, 83-90. 

45 



Robinson, S. A., Dowell, M., Pedull a, D., & McCau ley, L. (2004). Do the emotiona l side-effects 

of hormonal contraceptives come from pharmacologic or psychological mec hanisms? 

Medical hypotheses. 63(2), 268-273. 

Rochira, V ., & Carani, C. (2009). Aromatase deficiency in men: a clinical perspective. Nawre 

Reviews £ndocri110/ogy, 5( 10), 559-568. 

Rosell i, C. E., Abdelgadir. S. E., & Resko. J . A. ( 1997). Regulation of aromatasc gene 

express ion in the adu lt rat brain. Brain research bulle1i11, 44(4), 351 -357. 

Rossi, A. M .. Picollo, G., de Boland, A. R., & Boland, R. L. (2002). Evidence on the operati on 

of AT P-i nduced capacita tive ca lcium entry in breast cancer cells and its blockad~ by I 7P­

cstradio l. Joumaf ofce/111/nr bioche111isl1J', 87(3). 324-333. 

Roufoga lis. B. D., Li , Q., Tran, V. H., Kablc. E. P., & Duke. C. C. ( 1999). In vestigation o f planl ­

derivcd phenolic compouncls as plasma membrane Ca2+·ATPase inhibitors with potentia l 

card iovascular activi ty. Drug deve/0µ111e111 research. 46(3•4). 239-249. 

Rudolph. I. , Palombo-Ki nn e, E .• Kirsch. 8., Me llinger, U.,Bre itbarth. H .. & Graser. T. (2004). 

In fluence ofa contin uous combined I--I RT (2 rng cstradio l va lerate and 2 mg dii:nogcst) on 

postmenopausal depression. Climacteric.7(3), 301-3 11 . 

Ryan, K. J. ( 1982). Biochemistry of aromatase : signilicance to temale reproductive physiology. 

Cm,cer research, 42(8 Supplement), 3342s-3344s. 

Shim izu, K., Hi rarni, Y .• Saisho. S .. Yukawa, T., Maeda. A .• Yasuda. K .. & Nakata. M. (20 12). 

Membrane-bound estrogen receptor-a e.xpression and ep idermal growth factor receptor 

nuuation arc assoc iated wit h a poor prognosis in lung adcnocarcinorna pat ients. IVurlcl 

journal of.rnrgica/ u11cology. JO( 1 ), 1-7. 

46 



Song. R. X. D .. McPherson, R. A.. Adam, L.. Bao, Y., Shupnik, M., Ku mar. R .. & Santen, R. J. 

(2002). Linkage of rapid estrogen action to MAPK activation by ERa-Shc association 

and She pathway acti vation. Molecular £11docri11ologv. 16( I), 116-127. 

Soto. A. M .. & Sonnenschein. C. (1985). The role of estrogens on the pro li feration of human 

breast tumor cel ls (MC F-7). Journal ofsreroid bioche111is11:1•, 23( I), 87-94. 

Soto. A. M. , & Sonnenschein, C. (2010). Environmental causes of cancer: endocrine disruptors 

as carcinogens. Nature Rel'iews Endocri11ology, 6(7), 363-370. 

Soto. A. M ., Sonnenschein, C. . Chung, K. L .. Fernandez, M. r-., Olea, N., & Serrano, r-. 0. 

( 1995). The E-SCREEN assay as a tool to identify estrogens: an llpda te on cstrogenic 

environmental pollutants. Environmenral health perspec1ives, /0J(Suppl 7). 113. 

Soule, H. D., Vazquez, J. , Long, A., Albert, S .• & Brennan, M. ( 1973). A human cell line from a 

pleural efTusion deri ved from a breast carcinoma. Journal ojlhe Na1io11al Cancer 

/11still1te, 5 /(5), 1409-14 16. 

Suchanek. K. M., May, F. J., Robinson, J. A., Lee. W. J., Holman. N. A. , Monteith. G. R., & 

Roberts-Thomson, S. J. (2002). Peroxisome prolifcrator-act ivatcd receptor a in the 

human breast cancer cell lines MCF-7 and MDA-MB-231 . Molecular carci11oge11esis, 

34(4), 165- 171. 

Thomas, P .• Pang. Y .. Filardo, E. J. , & Dong, J. (2005). Identi ty of an estrogen membrane 

receptor coupled to a G protein in human breast cancer cel ls. £11docrinology, 146(2), 624-

632. 

Turner, J. V .. Agatonovic-Kustrin, S. , & Glass, B. D. (2007). Molecular aspects o fph ytoestrogcn 

sclec1ive binding al estrogen recep1ors. Jmmwl ofplwrmaceutic(,/ sciences, 96(8). 1879-

1885. 

47 



Vladus ic, E. A., Hornby, A. E .. Guerra• Vladusic. F. K .. Lak ins. J .. & Lupu, R. (2000). 

Ex pression and regu lati on of estrogen receptor beta in human breast tumors and cell 

lines. Oncology reports. 7( I), 157·224. 

Warnock. J. K .. Swanson. S. G .. Borel, R. \V., Zipfel. L. M .. Brennan. J. J., & ESTR ATEST 

Clinica l Study Group. (2005). Combined estcrified estrogens and methyltcslosteronc 

versus esterifi cd estrogens alone in the treatment of loss of sexual interest in surgical ly 

menopausa l women. kle11opa11.~e. /1(4), 374.334_ 

Wei, Y., Dai, J., Liu , M .. Wang, J.. Xu. M .. Zha. J., & \Van g. z. (2007). Est rogen- li ke propert ies 

ofperfluorooc tanoic ac id as revealed by expressing hepatic est rogen-respons ive genes in 

rare minnows (Gobiocypris rarus). £1111iro11memaf Toxicofog,, a11d Cl1emiJ11:1·. 26( 11 ). 

24-10-24-17. 

Wetheri ll , Y. 0 .. Aki ngbemi. B. T.. Kan no. J., Mclachlan, J. A .. Nadal, A .. Sonnenschein. C. ... 

& Belcher. S. M. (2007). In vitro mo lecular mechan isms ofbisphenol A act ion. 

Reproductfre Toxicolog)I, 14(2). 178-198. 

Wiese, T. E., Kral. L. G .. Denni s. K. E .. But ler, \V. B. & Brooks. S. C. (1992). Optimi zation or 

estrogen growth response in MC F-7 ce ll s. /11 Vi1ro Cel/11lm· & De1·elop111e11tal Biology• 

A11i111a/, 18(9• I 0), 595•602. 

Yager. J . D .. & Lei hr. J. G. ( 1996). Molecular mechani sms or est rogen carc inogen~s is. A111111al 

review ofp/1ar111acology a11d loxicologl'. 36( 1 ), 203·232. 

Zhang, Z .• Ma ier, B .. San ten. R. J .• & Song, R. X. D. (2002). Membrane assoc iation of estrogen 

receptor a mediates estrogen effect on MAPK activation. 8iocl1emical a11d biopl~1·sical 

research co1111111111ica1iu11s. 294(5). 926· 933. 

48 



Images Reference 

http://resources.ama.uk.com/glowm www/graphics/figures/vS/0380/07 .gi f 

http ://www.chemspider.com/Chemical-5tructure.25 24S.html 

http:/Jebm.sagepub.com/content/234/8/880/Fl.large.jpg 

49 



... 

APPENDICES 

Appen dix I 

Comrol E210"10 E2 10~ ICI 10·1 ICI 10·1 PFOA Pl'OA NI' 10·1 NP 10.,, lCI 10·7 G36 10· E2 IO· '" 

M M M M + E2 IO"' M IO"' M M M M + ' M+ M + 
10·10 M PFOA PFOA PFOA 

! Q·1M I0·' M I0·1M 

Cont rol E2t0·'0 1:210· ICI I0·1 ICI 10·1 PFOA PFOA NP10·1 NI' 10 ... lCI 10·1 G36 IO· E2 10·10 

M M M M + E2 I0·1M IO"' M M M M + 7 M + M + 
[Q·10 M Pr-QA Pl7OA PFOA 

10-s M 10-• M 10"1 M 
Control E2 IQ·'0 E2t0·' ICI 10·1 ICI 10-1 PFOA PFOA NP 10·1 NP 10.,, ICI 10·1 036 10· £210·'0 

M M M M + E2 10·1 M IO"' M M M M + ' M + M + 
[0·10 M PPOA PFOA PFOA 

10"1 M 10-' M t0·1 M 

Con1rol 1:210·10 E2l0"1 ICI JO·' ICI 10-1 PFOA PFOA NP 10·1 NP 10-~ ICI 10-7 G3610 E2 10-w 
M M M M + E2 10·1 M IO "" M M M M, l M + M + 

10·10 M PFOA l'FOA PFOA 
J0·1 M 10-1M JO •I M 

Blank E2 JO-~M £2 10" ' G36 IO· G36 I0" PFOA PFOA NP10"1 NP 10 ·1 ICI 10·1 GJ6 10 £210·10 

M 'M ' M+ !O·' M 10"1 M M M M + NP ' M ~ M + NP 
£210·10 I0·1M NP 10·1 JO•l M 
M M 

Blank E2 IO"M E2 to·' G36 IO G36 !O PFOA rroA NP 10·1 NP 10-~ IC I 10·1 G36 10· E2 10·'0 

M ' M 'M + JO·' M 10·1 M M M M + NI' i M + M +- NP 
E2 IQ•IO 10"1 M NI' I0· ' IO"' M 
M ivl 

Blank E2 JO·~M E2 t0·1 G36 IO· G36 JO· PFOA PFOA Nr10·1 NP 10-1 ICI 10·1 036 10· E2 10·'" 
M , ~-I lM + J0·1 M IO·' M M M M + NP , M ~ M + NP 

E2 10·10 I0·1M NI' 10·• Io·' M 
M M 

Blank E2 JO-~M E2 10·1 GJ6 J0· 03610" PFOA rroA NP JO·' NP 10., 1cr 10·1 G36 JO· E2 10·10 

M ' M l M + JQ·1M 10·1 M M M M+NP , M ~ M + NI' 
E210-hl t0·' M NP 10·~ 10·1M 
M M 
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Figure 22 . T he eft'ect o f E2 on pro liferation of MCF-7 cel ls. Th is graph shows the mean dens ity 
and standard deviat ions of four rcpl icn tc we lls on li rst passage of the experiment. Treatmcms not 
con nected by the same lcllcr are statist ical ly significantly dif!Cren t. The E2· 10 Mand E2"9 M 
treatments were statistica ll y d ifferent than the control, contrary to the E2·8 Mand E2·7 M 
treatments which were not. This suggests that at least 2 concentrations of E2 had a proliferative 
effect on the cells. 
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Figure 23. The effect of PFOA on proliferation of MCF-7 cel ls. This graph shows the mean 
density and standard deviations of four repl icate wells on first passage of the experi ment. 
Treatments not connected by the same letter are statistically signifi cantl y different. None of 1hc 
concen trations of PFOA were significantly different than the control. However. PFOA I o·6 M 
was sign ifi can tl y differen t than the other concentrations of PFOA. This suggests that in this 
passage of PFOA did not stimulate proliferation of the cell s. 

7000 ~-----------------------

6000 +----+---------------------
j 5000 +----+--------------------­
.$ l 4000 

~ 3000 
C 

~ 2000 

1000 

Control NP 10-•M NPI0"7 M NP 10· 1 M NP 10-s M 

S2 



Figure 24. The cfl'ect or NP on proliferation orMCF•7 cells. This graph shows the mean density 
and standa rd dev iations of four replicate we lls on first passage of the ex periment. Tremrncnls not 
connected by the same letter are sta tistica lly significant ly different. None of the concentrations or 
NP were signifi cantly cl if!Crcnt than the control. This suggests that in this passage or NP 
treatment did not s timulate prol ifora tion or the cells. 
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Figure 25. The e flCct or PFOA and ICI on proli li::rati on of MCF-7 cells. This graph shows thl' 
mean density and standa rd deviations of four replicme wells on first passage of the e.xp1:rim1:nt. 
Treatments not connected by the same letter arc statistically signi ficant ly di 0('rcnt. E2·10 ri.•t 
resulted in a significant diflCrcnce than the control, PFOA, and all combinations of inhibi tors. 
E2· 10 M was a lso signilicc1 ntl y different than 1he E2 ·10 M + PFOA 10·5 M trt'atmcnt. The E2·10 M 
+ PFOA I 0-5 M treatment wc1s signilicmul y different from all other treatments. This suggests that 
the IC I eflCctively inhibited th~ pro li ferative etfrct of PFOA, however the particular 
concentration o f" PFOA did not induce a pro liferative efft•ct. so that assumption cannot bl.' made. 
Additionally, the data suggests the combination ofE2 and PFOA ca used a significant 
prnliforativc c rl"cct. 
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Figu re 26. The eftt':ct of NP and !CI on proliferation ofMCF-7 cells. This graph shows the mean 
density and standard deviations of fo ur replicate wells on first passage of the ex pe rim ent. 
Treatments not connected by the same leuer are stat istically signi!icantly diffe rent. E2·10 M 
resulted in a signilicant difTerence than the control, NP and all combinations ol° inhibitors. The 
E2· 10 M + NP 10·5 M treatment was significantly different from all other treatment s e.-.; cepl E2·10 

M. This suggests that the !Cl effectively inh ibited the prolitermive effect of N P, however the NP 
did not induce a proli ferat ive effect, so that assumption cannot be made. Addi tionall y, the data 
suggests the combi nation ofE2 and NP caused a significant prolilt':rative e ffect. 
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Figure 27. The elTec1 of PFOA and G36 on prolil'eration orMCF-7 cells. This graph shows the 
mean density and standard deviations of four replica\e wells on first passage of the experiment. 
Treatments not connected by Lhe same leLter are statistically significantly different. E2· 10 M 
resulted in a significan1 dirt'erence than the control. PFOA and all combinations ofinhibi1ors. E2· 
10 M + PFOA I 0-5 M showed a signi!icanl difference !han !he E2·10 M, con1rol and a ll 
combinations of inhibitors. This sugges1s that the G36 etTcctively inhibited 1he prolil'erative 
eftCct of' PFOA, however the particular concentration of PFOA did 1101 induce a proliferative 
ef!Cct, so that assumption cannot be made. Additionally, the data suggests the combination or E:2 
and PFOA caused a significant prolifermive efl"ect greater than E2 alone. 
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Figure 28. The effect of NP and G36 on proliferation of MCF-7 cells. This graph shows the 
mean density and standard deviations of four replicate we ll s on first passage of the ex periment. 
Treatments not connected by the same letter are statistica ll y sign ifican tl y di ffc rent. E2· 10 M 
resulted in a signilicant difference than the control, NP and all combinations or inh ibitors . E2· 10 

M + NP 10-5 M showed a significant difference than the control and all combinations of 
inhibitors but not the E2· 10 M treatment. This suggests that the G36 did not inhibi t the 
proliferative activity of NP but because that particular concentration of NP did not induce a 
proliferative effect, that assumption cannot be made. Additionally, the data suggests the 
combination ofE2 and PFOA caused a significant proliferative effect. 
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Figure 29. The effect of E2 on pro liferat ion of MC F-7 ce lls. This graph shows the mean density 
and standard dev iations o r four replicate wells on second passage of the experiment. Treatments 
not connected by the same letter are statistically signi ficantly different. The E2"8 M treatment 
showed a signi ficant di fference tha n the control while al l the other E2 treatments did not. This 
suggests that nt least one concentrat ion o f E2 induced a prol iferative effect on the cells. 
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Figure 30. The effect of PFOA on proliferation of MCF-7 cells. Th is graph shows the mean 
density and standard deviations of four replicate wells on second passage of the experiment. 
Treatments not connected by the same letter are statistically signilicantly different. PFOA 10·7 M 
treatment was significantly different than the control and PFOA 10·8 M treatment but not the 
other. This suggests that at least one concentration of PFOA induced a proliferative effect on the 
cell s. 
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Figu re 3 1. T he effecl of NP on proliferation of MCF-7 ce lls. Th is graph shows lhe mean densi ty 

and standard dev iations of four replicate wel ls. Treatments not connected by the same letter are 

stat ist ically significan tly d ifferent. NP 10·7 M treatment showed a signi ficant di fterence between 

the con tro l and all ot her concentrat ions of NP. Th is suggests that at least one concen1rat ion of NP 

induced a pro liferat ive effect on the ce lls. 
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Figure 32. The effect orPFOA and IC I on proliforation or MCF-7 cells. This graph shows the 
mean densi ty and standard deviations or four replicate wells on second passage or the 
experiment. Treatments not connected by the same let1er are statistica ll y significan1ly different. 
The E2 10-10 M treatment was not sign ificantly different than the control, PFOA or any 
combination of the inhibitors. However, the E2 10· 10 M + PFOA 10-5 M treatment was 
signilicantly different than the E2, control, PFOA and all combinations of inhibitors . The PFOA 
10-5 M treatment was signilicantly different than all inhibitor combinations. This suggests that 
the ICI inhib ited the proliferat ive effect of PFOA. Additionally, the data suggests the 
combination orE2 and PFOA caused a significant proliforat ive effect greater than E2 a lone . 
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Figure 33 . The cflCct or NP and ICI on proliferat ion of MCF-7 ce lls. Th is graph shows the mean 
dens it y and standa rd dev iations or four repl icate wel ls on second passage of the experiment. 
Treatments not connected by the same let1er are statistical ly signi ficantly different. The E2 I 0· 10 

M treatment was signi ficantly different than the control and al l inhibitor combinations. The E2 
10· 10 M treatment was not s ignilicant ly different than the NP treatment but different than the E2 
10·10 M + NP ]0·5 M. The NP 10-5 M tremmcnt however. was not sign ificantly different than the 
comrol. ICI 10-7 M. and E2 10·1 + !C l 10·1. All inhibiiorcombinations were not significantly 
different than the control. This suggests that the IC! effect ively inhibited the proliferative cffccl 
of NP, however the NP did not induce a prol iferative e0"ec1. so that assumption cannot be made. 
Additionall y, the data suggests the combination ofE2 and NP caused a significant prolitt:rativc 
effect greater than E2 alone. 
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Figure 34. The effect of PFOA and G36 on proliferation of MCF-7 cells. This grnph shows the 
mean density and standard deviations of four replicate wells on second passage of1he 
experiment. Treatments not connected by 1he same lcller are siati sLical ly signi ticantl y di ll"crent. 
The E2 10·10 M treatment was not signilicantly different than the control. PFOA , G36 I 0·7 Mand 
G36 10·7 M + PFOA 10·5 M. The E2 10·10 M + PFOA 10·5 M treatment was significant ly 
different th an the control, G36 10-7 M + PFOA 10-5 M, PFOA 10-s M, and all combinations of 
inhibitors. PFOA 10·5 M treatment was significantly different than the control yet not 
significantly different than the G36 10·7 M + PFOA 10·5 Mor G36 10-7 M + E2 10- 10 M 
treatment. This suggests that the G36 did not effectively inhibit 1he prolifCrative e flCct of PFOA. 
Additionally, the data suggests the combination of E2 and PFOA caused a signi licanl 
pro lifermive effect greater than E2 alone and the combination of G36 and E2 had a signi Ii cant 
pro liferative effect greater than E2 alone. 
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Figure 35. The effect of NP and G36 on proliferation of MC F-7 cells. This graph shows the 
mean density and standard deviations or four rep licate wel ls on second passage of the 
experiment. Treatments not connected by the same letter are statistically significantly different. 
The E2 10· 10 M treatment was signil'icantly different than the control but not NP 10·5 M. NP 10·5 

M was sign ificantly different than the G36 10·7 1\II + NP 10·5 M treatment however, not the 
control or G36 10·7 M. This suggcs1s that the G36 effectively inhibited the NP but not the E2. 
However, a comb ination or E2 and G36 resul ted in a higher proliferative effect than with E2 
a lone. Add it ionally, the data sugges1s the combination of E2 and NP caused a signiticam 
proliferative eff'ect greater than E2 alone 
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Figure 36. The effect of E2 on proliferation or MCF-7 cells. Thi s graph shows the mean densit y 
and standard deviations of four replicate wells on third passage of the experiment. Treatments 
not connected by the same letter are statistically significantly diflCrent. E2 I o-8 M ,md E2 I 0·'1 M 
treatments were significantly different 1han the control but not the other E2 concenLrnlions. This 
suggests that at least two concentrations ofE2 induced a proliferative effec t on the ce ll s . 
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Figu re 37. The effect o r PFOA on proli!Cration or MCF-7 cells. Th is graph shows the mean 
dens ity and standard deviations or four replicate wel ls on third passage of the experi ment. 
Treatmen ts nol connected by the same letter are statisticall y signi!icant ly different. PFOA 10·8 M 
was not sign iricantly dill c rcn t than the con1rol but al l other concentralions of PFOA were 
different. T hi s suggests tha t at least three concentrations of PFOA induced a proli ferative enect 
on the cells. 
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Figure 38. The effect of NP on proliferation ofMCF-7 ce lls. This graph sho ws th e mean density 
and standard deviations of four replicate wells. Treatments not connected by the same le tter are 
statistically significant ly different. All concentrations of NP were significantl y diffe rent than the 
control except NP 10·5 M. This suggests that at least three concentrations of N P ind uced a 
prol iferative effect on the cells. 
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Figure 39. The effect of PFOA and IC I on proliferation of MCF-7 cells. This graph shows the 
mean density and standard deviat ions of four replicate wells on third passage of the experiment. 
Treatments not connected by the same leuer are statistically significantly different. E2 10-10 M 
treatment was not significantly different than the control or any combination of the inhibitors. 
The PFOA 10-5 M treatment was significantly different than the control and all combinations of 
inhibitors but not different than the E2 10-10 M. The E2 10-10 M + PFOA 10·5 M was not 
significant ly different from each other. This suggests that ICI effectively inhibited the 
pro Ii ferative effect of PFOA. Additi ona lly, the data suggests the combination of E2 and PFOA 
caused a significant proliferative effect. 
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Figure 40. The effect of NP and !Cl on proliferation of MC F-7 cells. This graph shows the mean 
density and standard deviations of four replicate wells on third passage of the experiment. 
Treatments not connected by the same letter are statistically significantly different. E2 10· 10 M _ 
treatment was significantly different than the control and all combinations o f inhi bitors. The NP·' 
M treatment was not different than the E2 10·10 M or any of the inhibitor combination. The E2 
10·10 M + NP 10·5 M treatment was not significantly different than the control, any com binrition 
of inhib itor, E2 10·10 M, or the NP 10·5 M treatment. This suggests that the lC I effectively 
inhibited the proliferative effect of NP, however the NP at that concentration did not induce a 
proliferative effect, so that assumption cannot be made. Additiona ll y, the data suggests the 
combination ofE2 and PFOA caused a sign ificant proliferative effect. 
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Figure 4 1. The effect or PFOA and IC I on proliferation ofMCF-7 cells. Thi s graph shows the 
mean density and standard deviations or fou r rep licate wel ls on third passage of the ex peri ment. 
Treatments not connec ted by the same leller are statistica lly sign ilicantly different. The E2 I 0-10 

M treatment was significant ly different than the control. The PFOA 10·5 M treaunent was 
significantly di ITerent tlrnn the contro l but not the E2 I 0-10 M, any of the inhibitor combinations 
or E2 10· 10 M + PFOA 10·5 M treatments. The E2 10·10 M + PFOA 10·5 M treatment was 
d ifferent than the control bu t none of the other treatments. This suggests that the G36 did not 
effect ively inh ibi t the prolif<;:rative effect of PFOA . Additionally, the data suggests the 
combination o f E2 a nd PFOA caused a signi ficant proli !Crative effect. 
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Figure 42. The effect or NP and ICI on proliferation of MCF-7 cells. This graph shows the mean 
densily and standard deviations of four rep licate wells on third passage of the experimen t. 
Treatments not connected by the same letter are statistica lly sign ificantly dif"ferent. E2 10·10 M 
was significantly different than the control but not any combination of inhibitor or NP 10·5 M. 
NP io-5 M treatment was significantly di!Terent than the G36 10·1 M + E2 10-10 M treatment but 
NP 10·5 M yielded a lower mean density. NP 10-s M was not significantly different than the 
control. E2 10·10 Mor the other inhibitor combinations, with the exception or G36 l 0·7 M + E2 
10·10 M. The E2 10·10 M + NP 10·5 M treatment was not significant ly different than any other 
treatment. This suggests that the GJ6 effectively inhibited the pro Ii ferntive effect or NP, however 
the NP at that concenlration did not induce a proliferative effect, so that assumption ca111101 be 
made. However, the data suggests that G36 did not inhibit the proliferative effect of E2. 
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Figure 43. The cffccl o r E2 on prol iferation ofMC F-7 cells. This graph shows the mean densily 
and standard dev iations of four rep licate well s on fourth passage of the ex periment. Treatments 
not conncclcd by the same letter are sla ti sti cally signilicantly different. All concentrations of E2 
were signili cantl y di ffere nt than the control but not from each other. This suggests that all 4 
concentration o f E2 induced a proliferative e!Tecl on the cell s. 
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Figure 44. The effect of PFOA on proliferation ofMCF-7 cells. This graph shows the mean 
density and standard deviations or four replicate wells on fourth passage of the experim ent. 
Treatments not connected by the same letter are stat istically significa ntly d i ffercnt. PFOA at the 
IO I o·5 and IO I 0-6M were significantly different than the control but only the 10 I o·5M 
concent ration was significantl y different than the two lowest concentrations of PFOA. This 
suggest that at least 2 concentrations of PFOA induced a proliferative effect on the cells . 
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Figure 45. The effect of NP on proliferation of MCF-7 cell s. Thi s graph shows lhe mean density 
and standard deviations of fo ur replicate wells on fourth passage of the experim en t T reatments 
not connected by the same leuer are statist ically significantly different. A ll concentrations of NP 
were significant ly dilTcrcnt than the control except the I o·~M. This suggests that at least 3 
concentrations of NP induced a proliferative enect on the ce lls. 
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Figure 46. The e ffect or PFOA and IC I on pro li fera tion ofMCF-7 cells. This graph shows the 
mean density and standard deviations of fou r rep licate wel ls on fourth passage of the experiment. 
Treatments not connected by the same letter are statist ically significant ly dilTerent. PFOA 10.;M 
showed a significant difference than the control. IC!, ICI + PFOA and ICI + E2. However. the 
PFOA 10-5M was not significant ly different than the E2 and E2 + PFOA trcatmenL This suggests 
that the IC I effective ly inhib ited the PFOA proliferative effect. Additionally. the data suggests 
the combinat ion or E2 and PFOA caused a significant proliferative effect. 
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Figure 47. The effect of NP and IC I on proliferation ofMCF-7 cel ls. This graph shows the mean 
density and standard deviations of four replicate wells on fo urth passage o f the cxpcrimenl. 
Treatments not connected by the same letter arc statistica ll y significant ly difforcnt. The NP 10·5 

M treatment was not signifi cantl y different than any of the treatmen ts except E2 10·10 M. Thi s 
suggests that the IC I e ffective ly inhibited the proliferative e l'ICct of NP, however the NP at that 
concentration did not induce a proliferati ve effect so that assumpt ion cannot be made. 
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Figure 48. The effect or PFOA and G36 on proliferation ofMCF-7 ce lls. This graph shows the 
mean density and standard dcvimions or four replicate wel ls on fourth passage of the e:,;perimcnt. 
Treatments not connected by the same le1ter are stat istically significant ly diftCrcnt. PFOA 10·5 M 
was not significant ly diffCrcnt than the G36 10·7+ PFOA 10·5 M, E2 10·10 + PFOA t0·5M. or E2 
treat rnems. J-l owcvr.:r, G36 t0·7M was higher. albei t not significantly higher. PFOA 10"5M was 
significantly differen t than the control. This suggests that G36 did not effectively inh ibit the 
pro lilera tivc clTcct of the PFOA. Additional ly. the data suggests the combination of E2 and 
PFOA ca used a signi ficant proliferative ctlCct. 

75 



14000 ~----------------------

12000 +-------- ---------------

I 10000 

l:- 8000 t--------i---t------------

1 6000+---------aec--~ 
~ 4000 +----

2000 +-~-----I a---.-,------,-­
I 

Control G36 10-1 M E2 10·10 M G36 10·7 M NP 10-s M G36 10-7 M E2 10-10 M 
E2 10· 10 M NP 10-s M NP 10-s M 

Figure 49. The effect of NP and G36 on prol iferation of MCF-7 ce lls. Th is graph shows the 
mean density and standard deviations of four replicme wells on fourth passage of the experiment. 
Treatments not connected by the same letter are siatistical ly sign ifi cant ly d ilk rent. The 10·5M 
concentration of NP was not sign ificantly different than the G36 + NP.N P + E2 or the control. 
The G36, E2 , and G36 + E2 were not significantly different from each other but different than 
the rest of the treatments. This suggests that the G36 effectively inh ibited 1he prol i rerative effect 
of NP. however the NP at that concentration did not induce a proliferntive effect. so that 
assumption cannot be made. However, G36 alone and G36 combined with E2 induced a 
significant proliferative effect. Additionall y, the combination of E2 and NP appeared lo inhibit 
the proliferative effect or E2. 
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Figure 50. The effect or E2 on proliferation ofMCF-7 cells. This graph shows the mean density 
and standa rd de viations or four rep licate wells on fif1h passage of the e;,;pcrimcnt. Treatments not 
connected by 1he same lcller arc statistica lly significantly differcn1. All concentrations of E2 
were significantl y d ifferen t than the control bu t not from each other suggesting E2 has a 
prolifer.llivc e ffect on 1hc cel ls. Th is suggesls that all concentrations of E2 caused a proliferative 
eOCct in the ce ll s. 
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Figure SI. The effect of NP on proliferation of MCF-7 cells. This graph shows the mean density 
and standard deviations of four replicate wells on fiflh passage of the experiment. Treatments not 
connected by the same le1ter are statisticall y significantl y diffCrent. A 11 concen trations of NP 
were significantly different than control except the NP 10"5 M suggesting that NP has a 
prol ife rative eOect on the ce ll s. This suggests that at least 3 concentrations of NP caused a 
prol iferative effect in the ce lls. 
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Figure 52. The e ffect of NP and G36 on proliferation ofMCF-7 cells. This graph shows 1hc 
mean den sit y and standard deviations of four replicate we lls on fifth passage of the experiment. 
Treatments not connected by 1hc same letter are statistically significantly different. None of the 
concentrations of NP + G36 were sta ti stica lly different than its correspond ing conceniration of 
NP. 1-fowevcr, all treatments were siati stically different than the control. This indicates that G36 
had litt le or no effect on blocking the effects of NP. 
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Figure 53. The effect of NP and IC I on proliferation ofMCF-7 ce ll s. This graph shows the mean 
density and standard deviations of four replicate wells on fifth passage of the experiment. 
Treatments not connected by the same letter are stat is1ically s ignifi cantly diffe rent. Treatments of 
NP at the 10·7 Mand 10·8 M concentrations were stat isticall y different than the corresponding 
treatment with ICI suggesting IC! blocked the effects of NP at those concentratio ns. However, 
the control, NP 10·6 M + ICI 10·1 Mand NP 10·6 M were not statist ically di ffe rent. This suggests 
that IC I 10·1 M did not effectively block the effects of NP on the ce lls at that concentration. 
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Figure 54. The e rtCcl o r E2 and N P on pro lireral ion o r MCF-7 cel ls. Th is graph shows lhe mean 
densily and slandard devialions o r Four rep li cate wells on fift h passage of the experiment. 
Treatments not connec1ed by the same letter are slati stically signifi cantl y diffe rent. NP 10·6 M + 
E2 10·'° M was sta tistica ll y different lhan the E2 I 0-10 M treatment suggest ing the NP I 0"6 M 
treatmenl acted, at least in part, as an in hibitor to E2 . 
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Figure 55. The e ffect or E2, IC ! and N P on pro li fera tion o f MCF-7 ce ll s. This graph shows the 
mean dens ity and standard deviations of four rep licate we ll s on lillh passage of the experiment. 
Treatments not connected by the same letter arc stati st ically s ignilicantly different. IC I 10-7 M + 
E2 10·10 M was stati s ti ca ll y different than the E2 10-10 M treatmen t. NP I o-6 M stati stically 
different than the N P 10-6 M + !C l 10"7 M treatmen t. This suggests that IC I works th rough the 
same mechanism to block E2 as it docs for NP. 
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Figure 56. The effect of E2. G36 and NP on proliferation ofMCF-7 cells. This graph shows the 
mean densi ty and standard deviations of fo ur replicate wells on fifth passage of the experiment. 

Treatments not connected by the same letter are statist ically significant ly difterent. E2 1 o-io M 
and E2 10· 10 M + GJ6 10·7 M were not statistically dilTerent from each o ther. NP 10·6 Mand NP 

I o·6 M + G36 10·7 M were not statisticall y dilTerent from each other. This suggests that G36 does 

not block the operation of NP or E2 and that E2 and NP operate through the same mechanisms. 

82 


	a
	b
	i
	ii
	iii
	iv
	v
	vi
	vii
	viii
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082

