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ABSTRACT 

The stemid hormone, progestaoae, is nece- for fùll differentïation and 

development of breast tissue. In both normal and cancerous breasî tissue, progestemne 

can be metabolized into two separate categories of metaboIites: the Su-pregnanes, 

which stimulate cellular proliferzIfion, and the ~ ~ ~ r e ~ e n e s ~  which inhi%& celiular 

proiiferation, 0th- than their e f f i  on cellular proliferation, the effkts of these 

progesterone metabolites on the structure and physiology of breast cancer cells are 

unknown The objectives ofthis study were ta detamine the ef£écts of sa-pregnam- 

3,20-dione (5- a representitive Sa-pregnane) and 3a-hydroxy4pregnen-20-ooe (3a- 

EP, a representitive ~ ~ - p r e ~ e n e )  on ceiluiar adhesion, actin cytoskefeton and focal 

adhesions, the expression of the structural proteins actin and vinculin, and the 

morphology of MCF-7 breast cancer cells. 

The actin cytoskeleton and focai adhesions were studied in cells stained with 

Phalloidin-Rhodamine or 811ti-vinCULifl-TRITC ushg scanning laser confocal 

microscopy, flourescence microscopy, and digital cornputer image analysis. 

Unstained cells were utilized to study protein expression (Ma western blotting), 

cellular adhesion, and cellular morphology. Treatment with 5aP at concentrations as 

low as 1 0 ~  M aitered the cytoske1etal arrangement ofMCF-7 breast cancer cells by 

decreasing the nimber ofF-acth stress fibres and vinailin adhesion plaques by 

approximately 75%> decreasing expression of vinculin by approximately 750/0, and by 

decreasing the polymerïzation of F-actin by approximately 8W. Cellular adhesion of 

breast cancer celis was also decreased by approximately 500/o, and the cellular 

morphology of the ceils was shifted Born circuiar to a much more hegular shape. 

Treatment ofMCF-7 breast cancer cells with 3a-HP at c o n c e d o n s  as Iow as 

5x1 O-' M was found to s i @ d y  hcrease cellular adhesion by approxïmately 

40%, while displaying a trend towards increasing numbers ofboth adhesion plaques 

and stress fibres whiie cellular morphology, expression of vinculin, and expnssion of 

actin were not sipificantly aitered. 

These observations suggest that the progestemne metabolites 5 a P  and 3a-HP 

may play a role in breast cancer- SaP induces alterations in the structure ofMCF-7 

iii 



cells, with decreased celhilar i r e s ion  and fewer cytoskeIeta1 structures, dteratio~ls 

that resemble changes seen when no& breast cells becorne cancerous. CeUs treaîed 

with 3a-HP induce aiterations in MCF-7 breast cancer ceUs that are different Eom 

5aP treated ceiis, with increases in adhesion and a slight increase in numbers of 

cytoskelaal structures. It is possible that these progesterune metabolites have 

different, and opposing, influences on the development ofbreast cancer. 
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INTRODUCTION 

1.1 Breast Cancer in Women 

Breast cancer is the most wmmon fonn of cancer in womeu, malring up 29?h of al1 

cancer cases and causing 1% of cancer related deaths (Kelsey, 1993; Pasqualini and 

Katzenellenbogen, 1996). The occurrence of breast amcer on a global scde shows that 

women living in Î n d ~ ~ a l i z e d  nations (North Amerka, Europe, and Australia) exhibit an 

increased nsk ofdeveloping the disease (Stevens and London, 19%). For a woman 

living in Noah America the chance of developing breast cancer is 1 in 9, with 

approxhmîeIy 182,000 new cases king diagnosexi in the United States in 1995 alone 

(Stevens and London, 1996). Despite modern therapies one-third to one-half ofwomen 

who develop breast cancer will die fkom the disease (Berardo et aL, 19%). 

Physiologïcal, genomic, and endocrine factors contribute to the dwelopment and 

maintenance of breast cancer and breast cancer metastases m e  et aL, 1993). In total 

over one hundred m i r e n t  prognostic factors for human breast cancer have been reported 

(Bonk, 1998). Physiologicai factors include age (Pike at al., 1993), age at first fiil1 term 

pregnancy (Kelsey et al., 1993), body build (Hmter and 1993). diet (Hunter and 

Willett, 1993), and family history of breast cancer (Kelsey, 1993). Genomic fàctors 

considered to be of importance are oncogenes (Walker et al., 1991), growth fictors 

(Ethier, 1995; Reid et al., 1996), ceii-extracellular matrix structures (Weaver et al., 1997; 

German and Johruining, 1997), and plasminogen activators @uggan et al., 1995). 

Endocrine factors considered to be of importance iaclude steroid hormoaes (Helzlsouer 

and Couzi, 1995; Lipworth et al, 1995) and steroid hormone receptors @onegan, 1992; 

Giangrande et al., 1997). Ofthe steroid hormones the estrogens have attraded the bulk 

of the attention @dïller and Langdon, 1997). wah progesterone and particularly 

progesterone metabolites receiving relativeiy little attention (Pasquahi and 

Katzenellenbogen, 1996; Wiebe et a%, 1999). I f  and what role progesterone maabolites 

play in the maintenance and dwelopment of breast cancer is not hown at this the. 

1.2 Steroid Hormones and Breast Cancer 

Nonnal growth and development of breast tissue requires the steroid hormones 

estrogen (Leclerq and Heuson, 1979). and progesterone merardo et al, 1996). Estrogens 



have a strong sbmuiatory effect on c d  prolifératon in the breast, especay in ductal 

put"rions of the gland (Donegan and Sprag 1995), while progestemne Stimdation induces 

alveolar proliferation and ce11 growth in normal human breast tissue (Farrar, et al, 1995). 

The action of proges~erone on breast tissue is mediated and regulated by estrogens 

(Osborne, 1991) with the number of progesterone receptofs and their affinity for binding 

progesterone being regulated by estrogen levels (Horwitz et al-, 1985). 

The relationship between estrogems and breast cancer in women has been extensively 

studied while the relationship between progesterone and breast cancer is less clear 

@erstein and Ross, 1993). Esîrogens are able to increase the rate of prolifération in both 

in vitro and at vMo breast and breast cancer ceIis by mducing activity ofgrowth fkctors 

(Waker et al., 1997; DePasquale, 1994; Milier and Langdon, 1997). Estmgens have ais0 

been found to increase rates of breast cancer ce11 metastasis, the translocation of a cancer 

cell to a distant location within the body (Sapino et al, 1986; DePasquale et aï-, 1994). 

There are confiicting reports about the role progestemne plays in the development 

and maintenance of breast cancer- Several studies involving progesterone have shown 

that when senun progesterone levels are at their highest, the rate of breast cancer 

proliferation is decreased and a regression ofmammary gland tumors occurs (Osborne 

and Lippman, 1978; Leung et al., 1980; King 1991). Other -dies have shown that 

alveolar proLifixation and cell growth is increased by 1ow levels of progesterone (Farrar et 

al., 1995; Soderqvist, 1998). In vitro studies have shown that progestemne has many 

dinerent effects on the physiology of breast cancer cells including altering tissue 

structure (Gianelli et al., 1999), inducing apotosis pormby and Wiley, 1998), and 

affecting the expression of particular enzymes (Pasqualùii et al., 1998). One possible 

explmation for the varied effects of progesterone is that these effects may not be due to 

progesterone itselfbut to a combination of several different progesterone metabolites, 

each ofwhich may have a different effect on the Werentiation and powth of breast cells 

in v i f r ~ .  

1.3 Metabolism of Progesterone Metabolites in Normal and Cancerous Breast Celis 

Breast ceils are able to metabolize and interconvert stemid hormones through their 

own eozyme systems webe et of-, 1999). Both normal and cancerous breast tissues are 



able to convert pregnenolone to progesterone @a0 et al., 1972), and androgeas such as 

androstenedione and testostaone to estrogens (Miller et al-, 1974). The abiIity to 

interconvert steroids has also ken noted in both non-tumongemc and tumorigenic 

immortalized breast c d  lhes such as the MCF-7, T47-D, MDA-MB-23 2, and ZR-75-1 

ceiis (Pasqualini et al., 1989; Pasqualini et aL, 1992; Evans et &, 1993). 

Breast cells are able to covert progestemne into two Mirent classes of steroid 

metabolites: 1) the ~~-~regnenes  (which possess a Cc5 double bond); and 2) Sa- 

pregnanes (which do not possess the double bond) (Lloyd, 1979; Hy 1994; Wiebe et al.. 

1999). Ptogesîemne is converteci irrwersibIy imo Sa-pregnanes by the enzyme Sa- 

reductase webe et d, 1999), while A4pregnenes are synthesized fiom progesterone 

via 3a-hydroxysteroid dehydrogenase and 20a-hydroxysteroid dehydrogenase enzyme 

activity (Wiebe et a%, 1999). Hormone synthesis differs greatiy between tumorous and 

non-tumorous tissue, wÏth the ratio of ~a-~regnanes(~~-~regnenes progesterone 

metabolites being five fold greater in tumorous tissue webe et al., 1999). Synthesis of 

Sa-pregnane-3,204one (5aP, a Sa-pregnane) and 3a-hydroxy4pregnen-20-0ne 

(3aHP7 a ~~-pre~nene),  two of the primary products of hormone metabolism, also differs 

greatly between nimorous and non-tumorous tissue. Total endogenous S a P ,  as 

determined by mass spectrometq, iis greater in cancerous tissue (1 1.5 ng SaP/rng tissue 

in cancerous breast tissue, 4.5 ng SaP/mg tissue in normal bceast tissue) while 

endogenous 3a-HP is pater in normal breast tissue (1 1.7 ng 3a-HPfmg tissue in 

mcerous breast tissue, 44.5 ng 3a-HWmg tissue in normal breast tissue) (Hu, 1994). 

This difference in synthesis results in an approximate 24 fold increase in the ratio of 

SaP/3a-HP in cancerous breast tissue in cornparison to normal breast tissue (Wiebe et 

al., 1999). The fact that progesterom metaôolite synthesis is merem between normal 

and cancerous tissues indicates that the merences could be due to the differences in 

concentration and metabolism of the progestenme metabolites. 

1.4 Physiological Eff&cts of the Progesterone Metabolites, 5aP and 3a-HP 

Stuclies of the effars of several different Sa-pregnanes and ~~-pregaenes on MCF-7 

and MCF-IOA breast cancer c a s  have shown that Sa-pregnaoes consistently stimulate 



ceiI prolifition while ~ ~ - ~ r e p e n e s  consistently inhibit ceil proliferation in breast 

cancer cells (Wiebe et al., 1999). 5aP has been formd to hcrease proliferation 26%- 

1100/o at concentrations nom 1 0 * ~  to 10% in the ZR-75-1 and MCF-I breast cancer 

cell bes  (Ku, 1994; Wiebe et al.. 1999). Little is known about the other effects S a P  

might have on the physiology of the human body, akhough it has been suggested that 

progesterone competitively binds to progesterone receptors in breast tissue when in 

sufficient concentrations (EZocwitZ et aL. 1986). With 3s increased synthesis in cancaous 

breast tissue and its effect on cellular proliferation, 5aP Eould play an important role in 

the dwelopment and maintenance of breast cancer. 

3a-HP has been fomd to inhibit ceiîular proliferation 200?&3Oa/o at concentrations 

fkom I O ~ M  to 10% in the ZR*-1 and MCF-7 breast cancer cell liaes (Hy 1994; 

Wiebe et al.. 1999). In addition to its effect on breast tissue 3a-HP is known to stimulate 

spermatogenesis (Wiebe et al, 1988; Campbeil and Wiebe, 1989), to selectively suppress 

FSH release fiom the pmiitary (Wood and Wïebe, 1989; Dhavantari and Wiebe, 1994), 

and to act as a potent analgesic and anxiolytic (Wiebe and Kavaliers, 1988; Kavaliers, et 

al-, 1994). With its proliferation inhibithg abilities 3a-HI? could play a differenî role fkom 

Sa-P, possibly inhibithg the development ofbreast cancer. 

The signal pathway through which 5aP and 3a-HP act hes not been completely 

efucidated, though several important features have been determined. Membrane 

receptors exist for both 5aP and 3a-HP7 with no signincant hormone binding occUmng 

with either cytosolic or nuclear steroid hormone receptors (Weler, 1999). These 

receptors are specific to 5aP w . 5  nM) and 3a-HP -37 nm) with other 

progesterone metabolites, progestemne, and estrogen King unable to signïfïcantiy 

displace S a P  or 3a-HP firom their respefüve receptors (weiler7 1999). In addition to 

membrane bound receptors 5aP and 3a-HP could also be acting through other steroid 

hormone receptor mecbanisms such as the pregnane X receptor (PXR), a steroid hormone 

receptor that binds to pregnaws (Kliewer et al., 1998). The pregnane X recepetor is able 

to bind to pregnanes such as progesterone and pregnenolone (Bewer et al, 1998) and 

could play a role in 5aP signaiing in both normal and cancerous breast tissue. 



To determine ifprogestemne metabolites are responsi'ble for breast cancer or if 

differences in metabolite qnthesis are due to some 0th- fkctot the effiects of 5aP and 

3a-HP on MCF-7 breast cancer ceiis in vfeo was tested (Wiebe et aL, 1999). If 

progesterone metabolites are responsible for alterations in cellular tumorigeaicity, then 

alterations in cell stnrcture similar to those in transformed ceils shodd occurOCCUT Factors 

studied included cytoskeletal organization, cellular adhesion, and cellular morphoIogy in 

order to determine if alterations to these characteristics matched those aiterations th 

occur in cancerous cells- 

1.5 CeUuiar Tran&ormatio~~' Effects on Cytoskeletal 0rganii&on, Cell Morphology, and 

Cellular Adhesion 

Transformation of normal ceus to cancerous cellq whether in vilfo or in vhm, often 

results in drametic changes in the organization ofthe cytoskeletoq morphology, and 

adhesive capabilities of the ceii (Ben Ze'ev, 1985; Holth et uL, 1998). These changes c m  

be seen in alterations in the orgpnizaaon ofthe actin cytoskeIeton, distribution of cellular 

adhesion plaquesy amd r d t i a g  changes in ceifular and nucleai morphology (Ben-Ze'ev, 

1985; Holt et al., 1998). Breast cancer d s  both in MtFo and in vivo, display a much 

l e s  organizecl cytoskeletal qstem and reduced cellular adhesion when exposeci to 

estrogens, a steroid hormone which stimulates c d  growth (Sapino et al, 1985; Sapino et 

aL, 1986). Other than the effect on cellular proliferation, Me  is known about the &ect 

ofthe fesser-lmown progesterone metabolites on breast cancer et al., 1999). It is 

the purpose of this research to daennine ifthe progesterone metabolites 5aP and 3a-HP 

have an effect on the organization of the actin cytoskeletoq adhesive capabilities, and 

morphology of breast cancer cells. Rit is found that progesterone metabolites alter these 

structural elements in a way that is sirnilar to the aiterations that happen when a cell 

becomes cancerous it could indicate a Li& between progesterone metabolites and breast 

cancer, 

1.5.1 Cellular Adhesioq the Cytodceleton and Tumorigenicity 

One of the key traits of traosfomed cells is the fhct that many ofthem do not require 

cellular adhesion to grow, or ifthey-e anch~rage~ it is to a much lesser extent than 

normal cells @en-Ze'ev, 1985; Holt et al, 1998). This alteration of adhesion is a 



necessary event for metasfasis to ocan, as the ce11 must be able to d v e  while 

detachg i tdf fiom the substmte and moving throughout the body @ePesquale et al", 

1994). Cellular adhesion is contmiled by the cytoskeleton through dynamic structures 

t e d  adhesïon plaques. Several different hormones such as melatonin (Matsui et al, 

1997), 1 , 2 5 d i h y & o ~  4 (Segaert et aL, 1998), and estmgen (Sapino et al., 

1986) have been shown to decrease cellular adhesion in cells rir vibo by altering the 

nurnber and organkation ofthe adhesion plaques. 

Several types of intercellular adhesions maintain the integrity and organization of 

epithelial cell layers @ePasquaIey 1994), hcluding desmosomes, tight jimctions, a d  

intermediate junctions @ePasqualey 1994). The adherens junctions (intermediate 

junctions) wnsist of two generalized types of contacts: ceU-to-celi and celî-to-matrk 

adherens junctîons (DePasquale, 1994). The cytoplasmic side of both the cell-to-cell and 

cd-to-matrk adhesion plaques bind to a& filaments via several 'linker" proteins 

(DePasquale, 1994). Both types of adhesion plaques contain several similar proteins such 

as vinculin (Geiger et QL, 1985), tenuin (Tsukita et al., 1989), alpha-actinh (Lazarides 

and Burridge, 1975), dong with several others (Depasquaie, 1994). 

Vu& is a membrmeassociated cytoskeletai protein localized at both the cell-to- 

ce11 and cell-to-substrate adhesive plaques (Sadano, 1992). This protan fùnctions as a 

binding protein between the trammembrane proteins and actin fiben, although the 

physiological fûnction and mode of interaction with molecules at the adhesion plaque 

such as integrin, talin, and a-actinin remains to be completdy determined (Burridge, et 

ai.. 1988; Sadano, et al., 1992). Vinculin only occurs in poIymerized fonn at the sites of 

ceiiuiar adhesioa; unpolymerized vinculin is kept in equilibrium with the p01perized 

protein fkom a cytoplasmic pool (Geiger, 1985). By studying the localization of vinadin 

one can analyze the distribution and mangement ofadhesion plaques. ûne of the goals 

of this research is to determine if the cellular adhesion and organization of adhesion 

plaques in breast cancer cells f i  Mtro are affecteci by treatment with the progesterone 

metabolites 5aP and 3a-HP, 



1-52 The A& Cytoskeleton and Tmorigenicity 

In mammalian cells the a d  cytoskeleton k respomible for many different cellular 

fûnctions: cell motility and s u r f i  remodeling (Stossel, 1993). celi shape change during 

mitosis muscle contraction and cytokinesis (Salmon, 1989), ceii-cell and celi-substnite 

interactions with adhesion m o i d e s  (Luna anci Hin, 19921, endocytosis (Gottiieb et d, 

1993), and transmembrane signaling and secretion (sretschers 1993). D e f i s  in any of 

these processes, whetber due to disease or mutation, may be seen as changes in the 

cytoskeleton (Janmey and Chaponnier, 1995). Abnonnal expression of actin and a&- 

bundling prote& ha9 been implicated in celi trausfomdon, alteration of maastatic 

potentiai, and cell motiiity (Mobandas and Evam, 1994; Jaamq, 1998). 

Actin cytoskele!ton assembly is reguiated at multiple levels, fiom monomers to 

polymers, and organization of polymers into a nlamentous network A large numbs of 

actin-bindmg pmteins regplate acth assembly by controliïng filament f o d o n  and 

crosslinkuig of the micronlaments @ubreii, 1991). The actin associated proteins that 

crosslink actin filaments may fimction as regdators of ce11 growth and differentiation 

(Janmey and Chapponier, 1995). 

In some types of cens transformation resuhs in a decrease in the levels of actin 

associated proteins and also a change in ceîiular and nuclear morphology (Tanmey et al., 

1995). The relationship of actin organization ta transfomation and metastasis varies 

between cell types. In T-lymphocytes the motility and F-acth content of non-invasive 

and invasive metastatic variants indicates thnt pseudopodia and filopodia formation 

requires a high levels of actin polymenîation (Vershueren et al., 1994). Pseudopodia and 

filopodia formation is vital if the ce11 is to invade other tissues, since cells unabie to 

polymerke actin would be unable to metastasue- The opposite is true in rat ~8iwma 

cells, where the cells dispiaying mostly short, fine actin filaments are the most motile and 

have the highest metastatic potda1 @okorna et al., 1994). Excised cancerous breast 

tissue possesses a disnipted aad disorgded F-acth cytoskeleton (Lin, 1993), although 

the metastatic capability ofthis tissue is not known. One of the goals of the present study 

is to determine if the actin cytoskeleton ofbreast cancer cells h W o  is affectexi by 

treatment with the progestemne metaboiites 5aP and 3a-HP. 



1.5.3 Celiuirn Transfodon  and Cytoplasmic Motphometry 

The organization ofthe cytoskeleton is the driving force behind the cytoplasmic 

morphology ofa partidar c d ,  any alterations in cytoskeletd o r m o n  and 

arrangement can usuaiiy be seen as a change in ceIl morphology. Lewis (1939) 

attempted to descn'be cancer morphologidy by reporting differences in the structural 

dynamics of dtured cells fiom normal and tumorous tissues. Due to the heterogeneity 

of the cultures he stated that thousands of cultures had to be observed before he couId 

make the distinction between normal and tumor tissue (Giuliano¶ 1996). Early shidies in 

morphometry revealed that t rans fodon  is accompanîed by dramatic morphoIogiical 

changes (Fox et al., 1977, 1996). Characteristics measurad included were cell 

area, cell shape, migration, cell flattening and polarkation, and presence of actin filament 

bundles @oIlnnan and Moscona, 1978; Forsby, et al.. 1985; Giuliano, 1996). Coupling 

morphological changes with the actuai chernical events within the liviug c d  with 

certainty had not been possible until recently (Giuliano, 1996). With the advent of 

cornputers it is now possible to describe criticai cellular fiinctions, both spatially and 

temporaliy, utilking morphometry- A role for the actin-cytoskeleton in regulating 

normal celi fùnctions such as ceil division @eBiasio et aï-, 19%; Giuliano, 19%), 

locomotion (Post et al., 1995; Giuliano, 1996), and signal transduction (Cmugh and 

Taylor, 1993, Giuliano, 1996) was recently determineci utiliIing morphometrical data 

That changes in these nitical ce11 hctions can be visdked through alterations to their 

celluiar and cytoskeletal morphologies suggests that a simila approach rnight be usefbl in 

studying and identifjring the effects of progesterone metabolites on cancer cells in vitro. 

One ofthe goals of this research is to determine via morphometry ifthe cellular 

morphology of breast cancer cdls in vitro is affected by the progesterone metabolites 

5oiP and 3a-HP, 

1 5 4  Cellular Transformation and Nuclear Morphometry 

The organization of the cytoskeleton is also one ofthe reasons that d s  display a 

particular nuclear morphology. Alteraîions in nuclear morphology have long k e n  a 

hallmark of cancer pathology (Pienta et al., 1989), and are directly linked to the 

o r g b t i o n  of the cytoskeleton. Researchers have sought an objective tumor evaluation 



method of mclear grading where certaul -es such as nuclear area and nuclear shape 

and cellular texture were measured (Beckerr et uL, 1992). Problems with subjectMty a d  

lack ofa common sampling and classiEication system among pathologists led to other 

methods of classifying all status. With the advent of Digital Cornputer Imaging Systems 

pathologists are now able to objectively study such factors as nuclear size and shape in 

fine needle aspirates of breast tissue (Wolberg et ai., 1997). Nuclear ske, vanariation in 

nuclear size, and nuclear shape have b n  found to be strong prognostic indiCators in the 

study and classification of breast cancer, even stronger then the previously used axid 

lymph node exam (Wolberg et aL. 1997). kgnosis ofbreast cancer is directly W e d  to 

the ab* ofthe breast cancer ceils to metastasize and form distant tumors wolbag et 

al., 1997). One of the goals of this research is to deîermine via morphornetry if the 

nuclear morphology of breast cancer cells in Mtro is af5ected the progesterone 

metabolites 5aP and 3a-HP. 

1.6 Cell Line Information 

The MCF-7 ce11 iine is a stable epithelioid cell line originally obtaiaed fiom the 

pleural effision of a female patient with metastatic breast cancer whose disease 

responded to hormone therapy (Soule et al., 1973). The celis possess estrogen, 

progesterone, androgen aad gluccocorticoid receptors and are fieqyently used as a mode1 

for estrogen dependent control of tumor ceil hction both in vitro and in vivo (Horwitz 

et al., 1975). In most respects MCF-7 cells respond to steroid hormones in the same 

manner as cancerous breast tissue in vivo, result'mg in the MCF-7 cell line being the cell 

line most commody used in breast cancer research in the last 20 years (DePasquale, et 

al., 1994). For this reason MCF-7 breast cancer cells were used to determine ifthe 

progesterone metabolites SaP and 3a-HP have an effect on the organization of the actin 

cytoskeleton, cellular adhesion, and cellular and nuclear morphologies. 

Hypothesis 

The Sa-pregnane and ~~qregnene progesterone metabolites are synthesized in 

differing amounts in nomiel and cancerous breast tissue, with cancerous tissue 

synthesizing dramatidy more Sa-pregnanes relative to ~~-~regnenes. The Sa- 



pregnanes (5aP) and ~ ~ - ~ r e ~ e ~ t e s  (3a-HP) stimulate and iahibit (respectively) the 

proliferation ofbreast cancer cells kt *of and it is possible thaî they msy play a roie in 

the stimulation or Inhibition of breast cancer- Ifthe 5a-pregnane progesiaone 

metabolites, such as  5aP, are a &or in causing breast cancer then aiterations in the 

structure of breast ceiis treated with Sa-P should be simiIar to those that occur in cells 

that have becorne cancerow. Ifthe ~ ~ - ~ r e ~ n e n e  progestezone metabolites, such as 3a- 

HP, are a fktor in the inhibition of breast cancer then alterations in the structure of breast 

ceUs treated with 3a-HP should be different ffom the structure of ceils that have becorne 

catlcerm. The followiag study was undertaken to test the hypothesis that the 

progesterone metabolites 5aP  and 3a-HP play a role the initiation and maintenance of 

breast cancer. E5a-P and 3a-He do play a role in breast cancer then cells treated wah 

Sc# should and cells treated with 3a-HP should not display changes in cellular structure 

that are similar to changes that occur in cancerous cells. Changes thai typidy occur in 

cancerous celis inciude alterations in celi anchorage and adhesion, alterations in 

distribution and arrangement of the cytoskeleton, and alterations in cytoplasmic and 

nuciear rnorphology- 

The specific objectives ofthis study were: 

1) To determine the effect of progestaone metabolites, Sa-P and Sa-HP, on the cellular 

adhesion of MCF-7 breast cancer cells- 

2) To determine the effect of progesterone metabolites, Sa-P and 3a-HP, on the 

architecture of the actin cytoskeleton and vinculin containhg adhesion plaques in MCF-7 

breast cancer cells- 

3) To determine the efféct of progesterone metabolites, Sa-P and 3a-HP, on the cellular 

expression of actin and vinculirz within MCF-7 breast cancer cells. 

4) To dt2ennine the efféct of progesterone metabolites, Sa-P and 3a-HP, on the 

cytoplasmic and nuclear rnorphology ofMCF-7 breast cancer cells. 



hrIATERIALS AND METHODS 

2.1 Cd Culture 

2-1.1 Chernicals and Materials 

Al1 chemicais, materials and their sources are Ii'sted in Appendùr 1. SaP was pwchased 

fkom Sigma Chemicds (St Louis, MO) while 3a-EIP was syuthesized in this labotatory 

(Wiebe et al-, 1985). 

2.1.2 Ceii Culture Conditions 

MCF-7 human breast adenocarcinorna ceils were obtained fiom the Michigan Cancer 

Foundation (Detroit, Michigan) at passage 134. The cultures were maintaiaed in 75 cm2 

flasks in hitbecco's Minimal Essentiai Medium (DMEM): F12-Ham containing 5% 

bovine calf serum, 025pM CaCh, 0.006% penicillui, 0.0 1% strepomycin, 0.00 1% insulin. 

O. 1 1% Fungizone, 14.3 rnM sodium bicarbonate, pH 7.2. Cultures were maintainecl at 

37°C with 100% humidity in a humidinai incubator within a 5% C a  atmosphere. 

CeUs were harvested at approxhmtely 80% confluence usîng 0.1% Trypsin and 0.05% 

EDTA in phosphate buffered salùie (PBS; pH 7.2). Only cells between passage 136 and 

146 were used for morphology, protein expression, and cellular adhesion experiments. 

2.1.3 Experimental Conditions 

Seventy-two hours before s t d g  any experiment cells were transfmed to media 

containhg BCS stripped of endogenous hormones (experhnental media). BCS was 

stripped by stirring at 4OC for twelve hours with 1% activateci charcoai and 0.1% 

Dextran T-70. BCS was then centriftged at 10,000 x g for 15 minutes, decanted, and 

fihered tbrough a sterile 02j.m syringe filter. 

2.2 The E f f i  of S a P  and 3a-HP on Cellular Adhesion 

2.2-1 Detachment 

M e r  72 hours in experimental media ceus wexe transfaed to 3Smm plastic petri 

dishes (Falcon), with approximately 10,ûûû ceiisldish. Cells were grown in experimeatal 

media with the appropriate concentration of SaP,  3-, or  without added hormones 



(ccmtrol). Ceils were then cultund for 72 ho- with the media being repiaced every 24 

hours in order to replace metaboiïzed hormones- 

Mer 72 hours dtures were removed fiom the humidifieci incubator and rhed twke 

with 3 7 O C  PBS. Cultures were then incubated with 1.ûm.I of O. l%Trysin with 0.5% EDTA 

for 6 minutes at room temperature, d e r  which 1.0 ml of exgmhentd media was added to 

neutralize the TrypshEDTA Dishes were then placed on a rotating shaker at 60 rpm for 

1 minute, nom wbich the mediflrypsin solution was removed using a Pasteur pipette and 

p l a d  in a test tube. Cells collectecl in this sample were considerd to have detached fiom 

the substrate due to the Trypsin/EDTA treatment, Another L.Oml of Trypsin/EDTA was 

added to the dish and the dture was incubated for 4 minuttes at rt, d e r  which LOml of 

media was added to the culture to neutralize the TrypsidEDTA Using a Pasteur pipette to 

gently wash the remauùng celIs off the plastic dish the media/Trypsin solution was 

collecteci and placed in a test tube. CelIs cdected in this sample were considered to have 

not detached nom the substrate due to TrypsidEDTA treatment Sarnples were then 

centrifiiged at 50 x g for 10 minutes to colfect the ceUs in the bottom ofthe tube, and the 

TiypshEDTA solution was decaated. The a i l s  were then resuspended in 500 pl of 

medkstripped BCS and counted using a Neubmer haemocytometer. Data was expressecl 

as percentage of total cells that had detached from the plastic substrate. 

2.4.2 Attachent 

Mer 72 hours of growth in experimentai media cdls wae  subculhued to 7 5 d  plastic 

culture flasks (Falcon), with approxhately 3 X 106 cellslflask Celis were culturesi for 72 

hours in media containing either no additional hormones (control), 5aP,  or 3aHP with the 

media being changed every three days to replace metabobixi hormones. 

Mer 72 hours the culture flasks were removed fiom the humidified incubator and the 

tells subcultured into 35 mm plastic petri dishes in mediaxtripped BCS with no additional 

hormones (approximateiy 10,000 cellddish). The dishes were then incubaîed at room 

temperature to alIow the ceus to attach to the plastic substrate- AAer 2.5 hours the cultures 

were placed on a rotahg shaker at 60 rpms for I mimite, after which the media was 

coliected with a Pasteur pipette and placeci in a test tube. Celis in this sample were 

considered not to have attached to the substrste. CeIIs remaining in the culture dishes were 



then coiiected using Trypsin/EDTA and a Pasteur pipette and placed in a test tube (see 

2.8.1)- Ceiis in this sample were considered to have attacbed to the substrate. Sarnples 

were then centrifirged at 50 x g for 10 minutes to wiiect ceils at the bottom of the tube and 

the solution was decanted- The ceiis were resuspended in 5ûûN of mediaxtripped senim 

and counted with a Neubauer haemocytometer. Daîa was expressed as percentage of total 

ceils in dish that had attacheci fkom the substriite- 

23 Histochemical Staining for Adhesion Plaques and Actin Stress Fibm 

2.3.1 Experimental Conditions 

After 72 hours ofculture in experhental media cells were subcultured into 35 mm 

plastic petri dishes containhg 22 mm X 22 mm glas wverslips (approximately L0,oOO 

ceils/dish). Ceiis were cuitund for 72 hours in experimental media containing 5aP, 3 d P ,  

or no additional hormones (contrai). Culture media were changed every 24 hours to 

replace metabolized hormones. 

2.3.2 Staining for Actin Stress Fibers 

The protocol for staining for filamentous a& was taken Eom Clubb (1993). In short, 

72 hour old CUItures were rinsed for ten minutes in two changes of 37°C PBS before being 

fked in a 37OC 2% fonna1dehyde:PBS for £ifteen minutes. Cells were then riosed in two 

10 minute washes in PBS at rmm tempaahire and then treated for 5 minutes with O. 1% 

Triton X-100 (Sigma). Cultures were then rinsed in t h e  5-minute washes of rt PBS. 

Phdoidin-TRITC was diluted 120 in PBS, resulting in a working concentration of 

0.05 mglmL Coverslips were taken fiom the dishes, blotted dry, and placed celi side down 

over a 50 pi &op of the Phalloidin-TRITC solution in a sterile dish and incubaîed for 25 

minutes at 4°C in a humidity chamber. The stained cells were then ruised in three 5-minute 

washes of rt PBS and mounted onto glas slides using glycero1:PBS (9: 1, pH 9). 

2.3.3 Staining for Vmculin Adhesion Plaques 

Seventy-two hour old cultures were rinsed twice in PBS (37OC) before king fked in 

formaldehyde (2% in PBS; 37OC) for seven minutes. Ceiis wae  then rinsed for two 5- 

minute washes with rt PBS before king treated with 0.1% Triton X-100 for 7 minutes. 



Cultures were then riased for three 5-minute washes with PBS and blocked for 15 minutes 

with 1% Bovine S e m  Albumin @SA) in PBS @locking buffa). 

A mouse monoclonel anti-vinculin anti'body was diluted 150 in blocking buffer and 

was used as the prhary a n t i i y  ~ 0 1 ~ 0 1 1 ,  Coversiips were taken fiorn the dishes, blotted 

dry, and placed ceIl side down over a 50 jd drop of the primary anh'body in a sterile dish 

Cultures were then incubateci for 1 hour in a rwm ~~~~e hm-dity chamber, after 

which they were rinsed with thme 5-minute washes of rwm tempaature blocking buffier. 

Coverstips were tben placed ceU side d o m  over a 50 pi &op of the secondsry goat anti- 

mouse IgG-antiMy conjugaed to Phalloiciin-TRZTC diluted 1:25 with PBS. The cultures 

were then incubated for 1 hour in a room temperature humidity chamber, rinsed with three 

5-minute washes of m m  temperature PBS before king mounted on glas slides wïth 

giycer01:PBS (9: 1). 

2.3.4 Sarnpling and Photomicroscopy of Stress Fibers and Adhesion Plaques 

Obsemations were made of individual ceiis, subcoduent cultures, and confluent 

cultures of MCF-7 cells. These three separate categories were seiected to show the 

differences that ce11 crowding cause in the cytoskeletal organization ofMCF-7 d i s .  

Characteristics of actin filaments that were obsened included: filament presence and 

number, filament organization, and c a p l e m  ofthe filament nemork Anti-vinculin 

stained cells were characterized accordhg to the presence, location, and nimber ofvincuiin 

containing adhesion plaques. Cells were examined with a Biorad MRC-600 Laser 

Scanning Confocal Microscope. Obmtions  were made using both a 60x objective and 

40x objective lens, while photomicrographs were taken using the 40x objective leas. 

2.4 Quantification of Numbers of Stress Fibers and Adhesion Plaques Via Flourescent 

Microscopy 

2.4.1 Counting of F-actin Stress Fibers 

Selected cens were magnifieci until they £Wed the field ofview. Stress fibers were then 

counted in each dl, with attempts king made to find both ends of the filament. Filaments 

were wunted ifthey were a) linear, b) well defined within the ce& and c) ifboth ends of 

the filament were visible- 



2-4.2 Countuig of Adhesion Plaques 

Seiected cells were magnifieci until they filled the field of view and any adhesion 

plaques within the c d  or at the perimeter of the di were wunted. 

2.4-3 Sampling of Stress Fibres and Adhesion Plaques 

At a 4OX -cation 3 fields of view were chosen raudomly nom the slide. Wthin 

each field five ceils were chosen, the one closest to the middle ofthe field, the others 

closest to the points corresponding to the wmpass poiatsNE, W, SE, SW- 

2.5 Quantification of Actin Stress Fibres and Vmcuiin Adhesion Plaqyes V a  Quantitative 

Fluorescence Image Aoalysis 

2.5.1 Quantitation ofFluorescence via Image Anaiysis 

Fluorescence brightness of stress fibers and adhesion plaques in Rhodamine stained 

celIs was caldated using the DCIS Northem Exposute. The DCIS program was calibrated 

to the 40x objective lem to detenaine both the total numba ofpixeldceU and the optical 

grey sale of each ind~dua i  pixel. The average optical grey scde /pixel was calculateci for 

each celi scanne4 tbis grey scaldpixel value represents the average brightness of 

fluorescence in each ceil. Greater fluorescence indicates greater amoulfs of polymerùed 

a& or -vinculin within the ceil- 

2.5.2 Conhol for Background 

In order to eliminate backgrourid staining h m  the fluorescence value, one coverslip 

per treatment group was used as a background oantrol. One coverslip of each treatment 

group that was to be studied for stress fibers was treated wÏth 1 0 ~  M Cytochaiasin D for 

10 minutes before stalliing with Phdoidin-Rhodaminee Treatment with Cytochalsh D 

depolymerized any stress fibres so that only background staining occurred within the oeii. 

One coversiip of each treatment group that was to be studied for vinculin adehsion plaques 

was treated with only goat anti-mouse IgG secondary antibodyY Not treating the ceils with 

primary mi-vinculin antibody resuited in only background staining d g  withia the 

cell. An average fluorescence value was deteRIuned for the background coversiip for each 



treatment group and was subtracted fiom the average treatment group fluorescence to 

detennine fluorescence due to specific actin and vinculin staining- 

2-53 Sampling for Quantitative Fluorescence Image Analysis 

Using a 40X objective lem, 10 fields of view were chosen in a 2 X 5 grid on the 

microscope siide. Within each field fke cells were chosen, the one closest to the middle of 

the field, the others closest to the points correspondhg to the compass points NE, NW, SE, 

sw- 

2.6 The Effect of 5aP and 3a-H on Protein Expression of Actin and V i d i n  in MCF-7 

Cells 

2.6-1 EXpenmental Conditions 

After 72 hours of culture in experhental media, approximately 3 X 104 cells were 

transferred to a T-75 plastic culture flaslc Cells were cultured for 72 hours, to 

approxhately 80% confluence, in experimentai media containhg no additional hormones 

(control), 5aP, or 3aHP. Culture media were changed every 24 hours to replace 

2.6.2 Protein Determination 

Protein concentration of samples was determined in order to load each gel lane with 

equal amounts of cellular protein Briefly, ceils were collecteci nom an 800/0 wnfiuent T- 

75 culture flask that had been grown in parallel with the treatment flasks. Ceiis were 

collecteci from this flask via scraping with a rubber policeman, boiled for 10 minutes in an 

Eppendorftube and passed through the end of a 22 gauge needle. Protein concentration 

was then determined via the method of BradFord (Butler & Dawson, 1992)). 

2-63 Sample Prepmtion for Actin and ViiCUlitl Expression 

Culture media were removed and 500pl of Lysis BufSer was added to a single T-75 

culture flask of8Wh confluent MCF-7 cells. Lysis Buffer consisteci of 50 mM Tris-HCl, 

100 mM DithiotbnetoL2% Sodium Dodecyl Suiphete (SDS), 10% giycerol , 1 mM PMSF 

and 0.1% bromophenol blue. Ceil lysate was coilected and boiled for 10 minutes in a 



plastic 1.5 ml micmaadùge tube, afta which it was repeatedly passed tbrough a 21 

gauge needle on ice to shear any gelatinous DNA Care was taken not to introduce air 

bubbles to the lysate. The lysate was then centrifbged at 10,000 x g for 10 minutes a f k  

which the supernatant was decanted, and then loaded into the SDS-polyacrylamide gel. 

2.6.4 Isolation of Insoluble Actin 

Approximately IS million cells were lysed with 3.0 ml of stock Triton solution (2% 

Triton X-100,160 mM KCZ 40 mM imidazoIeHCL, 20 m M  EGTA 8 mM sodium azide, 

pH 7.0) and collected Uito 1.5 ml eppendodtubes- Tubes were placed on ice for 10 

minutes and then camiibged for 10 minutes at 10,00Og, d e r  which the supernatant was 

decanted and saved for isolation of soluble actin (section 2.7.2.3). The pellets were then 

dissolved in 25Ojd aliwots of loading buffer (2% SDS, lOOmM dithiothneto~50 mM 

Tris-HCL, 100/o giycerol 1 mM PMSF, 0.1% bromophenol blue, pH 6.8), incubated in a 

boiling water bath for 10 minutes7 and vortexed vigorously for 1 minute. The resulting 

solution contained the insoluble actin (F-actin) fiom within the MCF-7 celis. 

2.6.5 Isolation of Soluble Actin 

One ml aliquots of supernatant fkom isolation of insoluble actin were added to 300 pl 

aliquots of nmning buffer and boiled for 5 minutes. The resulting solution contained the 

soluble actin (G-actin) fiom within the MCF-7 cells. 

2.6.6 Polyacrylamide Gel Electrophoresis 

The cellular proteins were electrophoresed through a 12% polyacrylamide mini-gel 

system (Biorad) according to the protocol of Thomas and Kiemey (1975). 

2.6.7 Western Blotting for Actin and Vin& 

Cytoskeletal proteins wen transfmed to a nitrocellulose membrane (Biorad) 

overnight at 4OC according to the protoc01 of Thomas and Kiemey (1975). After tramfer 

the nitroceliulose membranes were blocked for 1 hour in blocking buffer (1% bovine 

semm albumin @SA) in PBS- N ~ l l u l o s e  blots were then incubated with either 

primary anti-actin anfibody at a 1: 100 dilution or primary mti-vinculin antibody at a 1:40 



dilution in blocking buffer fbr 2 hours at 4OC with gentle agitaîïon After incubation, the 

nitrocellulose blots were wasbed with three ten minute rimes of blocking buffer and 

transfmed to a solution of secoaAsry goat anti-mouse IgG conjugated to alLaline 

phosphatase at a dilution of 1:2000 in blocking beer .  

2.6.8 Western Blotting for Omithine Decarboxylase 

Western Bloning for oniitbinedecarboxylase proceeded as with actin and vinculin, 

with the following exceptions. Niocellulose membranes were incubated wah ami- 

ornithine decarboxylase anfi'body at a Ir80 dilution in blocking buffer- The control 

Western blot for ornahine decarboxylase expression was transfied fiom a different SDS- 

PAGE gel loaded with the ssme amount of sample that the actin expression and 

organiimtion Western Blot was loaded with. The sain and ornithine decarboxylase bands, 

if developed on the same blot, would be too close together to separate- The ornithine 

decarboxylase Western Blot control for vinailin expression was taken fiom the same 

SDSPAGE as the v i n a h  expression western blot. 

2.6.9 Western Blottuig Aikaline Phosphatase Detection System 

Al1 Western blots were developed with the goat anti-mouse Alkaiïne Phosphatase 

(AP) Western blot v i d  detection kit. 

2.6.10 Quantitation of Western Blot Banding via Image Anaiysis 

Al1 western blots were scanned into the image analysis and manipulation software 

package Photoshop. Grey d e  opt id  densities ofthe center ofeach band (vinculig actin, 

or ornithine decarboqdase) were then calculated. 

2.7 Effects of 5aP and 3a-HP on Cell Morphology 

2.7.1 Experimed Conditions 

Mer 72 hom of culture cens were seeded onto acid washed (1W HCL in Wh 

EthanoI) 22 X 22 mm glas covmlips in 35 mm plastic petri dishes (approximately 

10,000 cells/dish). Cells were cultureci for 72 hours in e-enta1 media containhg 

the appropriate concentration of Sa-pregnane-3,2&dione (~cYP), 3u-hydroxy4 



pregnen-2Oi)ne (3aHP), or no additional hormones (contro1). Culture media were 

changed every 24 hours to replace metaboüzed hormones 

2.7.2 Cytoplasmic Staùiiag 

For the study ofceil and mclear morphology, MCF-7 cells were stained with Ehrlich's 

Haemotoxyh and Eosh 

2.7.3 Samplhg and Mïcroscopy 

Observations were made of individual, subcoduent, and confluent d îmes  ofMCF-7 

ceus. Ceils in three different degrees ofcell crowding were studied in order to detezmitle if 

ceU crowding aEected ceil morphology. Morphologid characteristics observed were (1) 

overail shap of cells, (2) presendabsence ofperipheral ce11 structures such nlopodia and 

lameleipodia, and (3) interaction of cells with neighbouring ceils . Cells were studied using 

a Leitz DMRBE Light Microscope @ e h ) .  

2.8 The Effécts of 5aP and fa-HP on Cytoplasmic and Nuclear Morphology 

2.8.1 Cytoplasmic Staining 

Both cell and nuclear area and shape, King the most commonly used 

morphometric features, were studied in breast cancer cells treated with 5aP and 3a- 

HP. For the study of ceîi area and cell shape using the Digital Cornputer Imaging 

System (DCIS) Northern Exposure (copyright 1995, Imagexperts), MCF-7 cells were 

fixed in 2% forddehyde-9BS (PH 7.2) for 5 minutes and then stained with Giemsa 

stain (2% stock Giemsa and 4% stock buffer7 pH 6.5). For study of nuclear area and 

nuclear shape MCF-7 ceils were stained with Ehrlich's Haemoto~yiin. 

2.8.2 Cell Area 

Cell area was caiculated using the DCIS Northen Exposure. The DCIS program 

was cali'brated to the 40x objective lem and the ardscreen pixel was dcufated. The 

DCIS then determined the total numba of meen pixels contained within the image 

of each MCF-7 ceil selected and the total ceIl area was calculateci. 



2.83 CeU Shape 

Index of cellular shape was caldated usiag the DCIS Northern Exposuie- The 

DCIS program was caiibrated to the 4ûx objective lem and the arealscieen pixel was 

ddated. The DCIS then determined both the total number of screen pixels within 

the scannecl MCF-7 ceii and the total number of pixels malong up the pairneter of 

each MCF-7 image. Total cdl area, ceU perimeter and ceii shape (Equation 1) were 

then calculateci- 

Equation 1 : Celi shape = ~eximetedZ 

4 x Pi x Area 

Note: This equation gives a relative value of the shape of a celi based on the ratio 

of ceil perimeter to ceil area Celi shape for a perfèct circle is 1.000 (minimum 

perimeter/m;urimurn ara) while the index of cellular shape for a straight line would 

approach infinity @erimeter increasing as the area decreased). As shapes becorne 

more cornplex (iicreas perimeter relative to rnea) the cell shape wiii increase. 

2.8.4 Nuclear Area 

Nuclear area was determineci in the same manner using the DCIS Northem 

Exposure as was peformed for determinhg cell area (see section 2.8.2). 

2.85 Nuciear Shape 

Nuclear shape was determineci in the same manner using the DCIS Northera 

Exposure as was performed for determinhg cell shape (section 2.8.3). 

2.8.6 Sarnpiing and Microscopy 

Observations were made of single MCF-7 cells which did not corne into contact with 

ne ighbo~g  celis. This was done to eosure that the area and morphological features ofthe 

cell were due to the cytoskeletal architecture of the ceii itseîfand not due to mwding by 

other cells. All observations were made using the 40x objective lens of an Orthoplan 



2.9 CeU Mortality 

After 72 hours ofgrowth in experimental media cells were subcultund to 75cm2 plastic 

culture flasks @aicon), with approxîmately 3 X 106 cellslflask. Ceils were cuitund for 72 

hours in media wntaining either no additional hormones (control), SaP, or 3 a W  with the 

media being changed every three days to replace metaboliad hormones. 

CeUs were then removed f b m  the growth flask (using TrypisnlEDTA) and 

comteci on a Neubaua EIaernocytomeferto determine d mortaîity due to steroid 

hormone treatment via the Tqpan Blue exclusion protoc01 for living cells (Buda and 

Dawson, 1992). 



R E m s  

3.1 Wect of 5 a P  and 3a-HP on Cellular Adhesion 

Both 5ciP and 3a-HP dramatically &êcted the ability ofMCF-7 breast cancer 

cells to adhere to the substrate* Both ofthese hormones were able to alter cellular 

adhesîon in a dose dependent manner, with 5aP decreasing and 3a-HP increasing 

cellular adhesion, 

3.1.1 Detachment 

Treatment of MCF-7 ceiis with S a P  at a sufficieut concentration si@cantly 

altered the abiiity of celis to detach nom the plastic growth substrate. Concentrations 

of 5aP between 10%I and ~ O ~ M  had no effect on the ab* of the cells to detach 

Eom the substrate (Fig. 1). Concentrations betweetl ~ O ~ M  and IO-~M redted in a 

dose dependant increase in the rate of detachment of the cells fiom the substrate (Fig 

1 .). Approximately 65% of cells detached fiom the substrate aîter treatment with 5 a P  

in concentrations between 2 X 1 0 - ' ~  and 10% an increase of 200h relative to 

wntrol cefls (Fig. 1). Concentrations of SaP fiom 1odkf to 1 0 " ~  also resulted in a 

20% increase in rate of detachment Corn the substrate (results not shown). 

Concentrations of3a- between IO-'% and ~ o - ~ M  had no &kt on cell 

detachment while treatment with concentrations of 3a-HP between IO*M end 5~10-' 

M resulted in a dose dependent decrease in the detachment of the ceiis fkom the 

substrate Pig 1 -). Approximately 33% ofceils detached fiom the substrate after 

treatment with 3a-HP in concentrations between 5 X 1 0 - ' ~  and 10% a decrease of 

approximately 15% relative to oontrol cells (Fig. 1). Concentrations of 3aHP greater 

than 10% results in an increase in rate of cellular detachent of approximately 15%, 

though concentrations higher than IO-' M show an increase in rate of cellular 

detachment (results not shown) that coincides with iacreased levels of cellular 

mortality (Appendix 2). 

3.1.2 Attachment 

Treatment of MCF-7 cells with 5aP et high enough concentrations si@cantly 

altered the ability of cells to ettach ta the plastic growth substrate. Treatment of cells 



with concentrations of 5& between 10-''?M and 8 ~ 1 0 - ' ~  did not affect the ability of 

the cells to aîtach to the subseate (Fig. 2). Treatment of breast caucer celis with 5aP 

between ~ x ~ o - ~ M  and 8 x 1 0 ~ ~  resuited in a dose dependent decrease on the rate of 

attachent of the cells to the substraîe (Fig 2.). Approximately 35% ofcells attached 

to the substrate d e r  treatment with 5aP in concentrations between 8 ~ 1 0 %  and 10- 

%t, a decrease of 2% relative to coritroI ceils Pig. 2). Concentdons of 5aP from 

IO#M to I O ~ M  a h  resuited in a 2W? decrease in rate of attachent to the substrate 

(results not shown). 

Concentrations of 3a-HP between 10-'% and 6 ~ 1 0 - ' ~  had no effect on the 

ability of the c d s  to attach to the substrate. Treatment of breast cancer cells with 3a-  

HP at concentrations between ~ x ~ o - ~ M  and 5 ~ 1 0 ~ ~  resuIted in a dose dependent 

increase in the attachment of the ceils to the substrate (Fig 2.). Approxhately 7P?  

of cells attached to the substrate after treatment with 3a-HP in concenîdons 

between 5 X lW7M and 10% an increase of approximately 10% relative to wntrol 

ceUs (Fig. 2). Concentrations of3aHP greater than 10% resulted in an increase in 

rate of cellular detachment of approximately 10%, though concentrations higher than 

10-~ M show a decrease in rate of celfular attachent (results not shown) that 

coincides with increased levels of cellular mortaiîty (Appendix 2). 

3.2 The Effect of SaP and 3a-HP on Adhesion Plaques 

Both numbers of adhesion plaqyes (quantitated through counts and digital 

wmputer image analysis) and adhesion plaque arrangement were significantly aitered 

in a dose dependeut mariner- Treatment ofMCF-7 celis with sufncient 

concentrations of sa-P dramatically reduced the number and size of adhesion 

plaques. Cells treated with 3a-HP did not show a significant alteration in numbers 

or arrangement of adhesion plqyes, though there was a slight trend towards 

increasiag numbers of adhesion plaques at highex concentrati~m~ 

3.2.1 Adhesion Plaque Arrangement 

Untreated MCF-7 cell focal adhesions ocau in a regUlm patte- the arrangement 

of which depends on the degree of cellular crowding. Several different degrees of 



cell rowding wae snidiecl, including lone cellq subconfluemt cultures, and confluent 
f 

cultures to determine if there were differerms in adhesion plaque arrangement. 
- 

Alterations in adhesion pleque distribution did ocair with ceii crowding, Lone, 

control MCF-7 cells arranging adhesion plaques as smaii dash or dot shaped plaques, 

primaniy a t  the perîphay ofthe cd, with little basai layer aâhesion (Fig 3A and 3B). 

No differences were seen in adhesion plaque arrangement between subconfluent and 

confiuent cultures. Subconfluent and confluent MCF-7 cells arranged adhesion 

plaques as small plaques both peripherally and basally (Fig 4A and 4B), with plaques 

possessing a more dash shspd morphology with féw dot shaped d e s i o n  plaques. 

Treatment of Ione and subconfluent cells with 106 M Sa-P r d t e d  in an almost 

complete loss of adhesion plaques relative to control ceils (Fig. 3D and 4D), whiie 

treatment of simüar cultures with 10-"~ Sa-P showed no di&rence fiom contml 

ceiis (Fig. 3 C and 4C). Increasing concemrations of Sa-P (1 0% to 10%) resulted 

in a dose dependant trend towards daxeased arrangement ofadhesion plaques, with 

fewer adhesion plaques present within the ceil (results not shown). 

Treatment oflone and s u b d u e n t  celis with 104 M 3a-HP resulted in no 

observable changes in arrangement of adhesion plaques relative to control cells vig+ 

3F and 4F), while treatment of similar cultures with 10*'O M 3a-HP also showed no 

difference h m  control cells (Fig. 3E and 4E). Concentrs~tions of 3a-HP between 

IO-'' M and 1 0 * ' ~  also did not display any differentx in adhesion plaque arrangement 

between treated and contml cells (results not shown). 

3=2=2 Numbers of Adhesion Plaques 

Analysis of ce11 adhesion plaque numbers revealed that MCF-7 celis treated with 

1 0 ~  M 5a-P had significarstiy fewer (approrrimate1y 75%) adhesion plaques than 

either control cells, alIs treated with M Sa-P, or alls treated with 3a-HP 

@(0.01, Fig. 5). Further analysis has shown that concentrations of Sa-P n o m  ~ O ~ M  

to 10% cause a s iwcant  dose dependent decrease in numbers of adhesion plaques 

(Fig. 6). Concentrations of 5aP fiom 10% to 10% caused a constant 75% decrease 

in numbers of adhesion plaques (Fig 6). 



Treatment with 3a-HP at concentrations of lûLO M and lo4 did not cause a 

signiscant altedon in adhesion plaque munbers relative to control ceils (Fig.5). 

Treatment of celis with concentrations of 3a-HP between W7bl and 10fM show a 

slight trend towaràs au increase in numbexs ofadhesion plaques (Fig. 6), though the 

trend is not seen in at lowet conceritrations between IO-'% and 10%L 

3.2-3 Quantitiation of Adhesion Pleque Fluorescence via Image Analysis 

Quantitation of fi uorescence in Rhodamine stained cells is a method to quautifjr 

the relative amounts of vinculin containhg adhesion plaques between different 

treatment groups. Digital cornputer image analysis of ceil adhiesion plaque 

fluorescence revealed that MCF-7 celis treated with 1 0 & ~  Sa-P had signincantly 

lower (approxhateiy 50%) adhesion plaque fluorescence than either wntrol cells, 

c d s  treated with 10-Io M Sa-P, or ceils treated with 3a-HP @<0.01, Fig. 7). Firrther 

aoalysis has shown that concentrations of 5a-P fkom 10%f to 1 0 - ' ~  cause a 

signifiant dose dependant decrease in fluorescence of adhesion plaques (Fig. 8). 

Concentrations of5aP from 10% to 10%l caused a consistent 60036 decrease in 

adhesion plaques fluorescence (Fig. 8). 

Treritment with 3a-HP at concentrations of IO-'' M and loddid not cause a 

sigoificant aiteration in adhesion plaque fluorescence relative to controI cells (Fig.7). 

Treatment of ceils with concentrations of 3a-HP between 10-'% and 10% show a 

slight trend towards an increase in fluorescence of adhesion pïaques, though the trend 

is not seen at 10-%f (Fig- 8). 

3.3 Effects of S a P  and 3a-HP on Stress Fibres 

Both nurnbers of stress fibres and stress fibre arrangement were significaotly 

altered in a dose dependant mannec Treatment of MCF-7 ceiis with sufncient 

concentrations of sa-P dramatically reduced the number stress fibres. CeUs treated 

with 3a-HP did not show a signincant alteration in cumbers of stress fibres or 

arrangement of stress fibres, though there was a slight trend towards increasing 

nurnbers of stress fibres some ofthe higher concentrati~ns~ 



3.3-1 Stress Fibre Arrangement 

Stress fibre arrangement within MCF-7 cells is strongiy dependent upon degree of 

ceilular crowding- Several Mirent degrees of celi crowduig were studied, hcluding 

lone ceIls, subcoduent dtures, and coduent cultures t~ detennine ifthere were 

differences in stress fibre arrangement. The most cornmon fonn of cytoskeletal 

organization in untreated, lone ails was a peripheral ring ofactin stress fibers 

occUmng tangentially to each other (Fig 9A and 9B), with few fibres crosshg the 

body ofthe ceIl. Stress fibres in a p e r i p h d  ring arrangement were almost 

exclusively bound to locations at the paiphery ofthe ceIl, with very few fibres 

binding to the basal layer. Occuning less fiequeafly was the trans-cellular fiber 

system, which consists of parailel fibers crossing the body of the cell @ictures not 

shown) and binding to both the ceii periphery and the basal cell membrane- 

Subcohent cultures of MCF-7 ceus organized actin stress fibas in both peripherd 

~g and trans-cellular patterns, with the majonty ofperipheral ring structures 

ocanring within cells at the edge ofcellular clusters (Fig. 10A and 10B). The 

majority of cells in confluent cultures ofMCF-7 cells orgauized stress fibers in a 

tram-celiuiar pattern (Fig 11A and 1 1B). 

Lone, subwduent, and coduent cells treated with lod M Sa-P showed an 

almost cornpiete loss of observable stress fiers (Fig. 9D, 10D, 1 ID) while treatment 

with 10-Io M Sa-P showed no apparent diffaence fiom control cells in regards to 

stress fiber arrangement (Fig. 9C, lûC, and 11C). Increasing concentrations of Sa-P 

resulted in a dose dependent trend towards alteration of arrangement of the actin 

cytoskeleton with fewer actin stress fibers occurring in cells treated with higher 

c o n c e d o n s  of 5a.P (results not shown). 

Treaîment of cells with 3a-HP (IO-'' M to 10%) resulted in no apparent effect 

in organization of the F-actin stress fibre cytoskeleton (Fig. 9E and 9F respectively). 

Treatment of subcoduent and confiuent cultures of MCF-7 cells with either ~ O ~ M  

or 10-'O M 3a-HP also resulted in no apparent differences in stress fiber organization 

fiom control celIs (piciures not shown). 



3.3.2 The Effect of SaP and 3a-HP on Stress Fibre Nunibers 

Analysis of stress fibre numbers revealed that MCF-7 ceils treated with lodM 

Sa-P had significantly fewer (approximately 800h) stress fibres than either control 

cells, ceils treated with IO-'' M 5a-P, or celIs treafed with 3a-HP w0.0 1, Fig  12). 

F d e r  adysis has show that condons of Sa-P h m  10% to 10% cause a 

signifiant dose dependent decrease in numbers ofstress fibres $ig-13). 

Concentrations of 5aP fiont 10% to 10?M au& a consistent (8@?6) decrease in 

mimbers of adhesion plaques (Fig 13). 

Treatment with 3a-HP at concentrations of IO-" M and lod did not cause a 

signincant alteration in stress fibre -bers numbas relative to control cells (Fig. 12)- 

Treatment of celis with concentrations of 3a-HP baween IO-% to ~o-'M showed a 

slight trend towards an increase in numbers of stress fibres, though the trend is not 

seen in at the lower concentration of IO-'% and the higher concentrations 10% to 

10%l (Fig 13). 

3.3.3 Quantification of Stress Fibre Fluorescence via Image Andysis 

Digital cornputer image analysis of stress fibre fluorescence of Phalloidin- 

Rhodamine stained celis revealed that MCF-7 cells treated with I O ~ M  Sa-P had 

significantly lower (approximately 45% of wntrol) stress fibre fluorescence than 

either controI cells, celIs treated wÏth IO-" M 5a-P, or cens treated with 3a-HP 

(p<O.OI, Fig. 14). F-er analysis Etas shown that concentrations of Su-P nom ~ O ~ M  

to 1 0 - ' ~  cause a signïfïcant dose dependant decrease in fluorescence of adhesion 

plaques (Fïg. 15). Concentrations of5aP fiom 10% to 10%I causad a steady 

(approximately 60%) decrease in numbers of adhesion plaques (Fig. 15). 

Treatment with 3a-HP at concentrations of 10"' M and loddid not cause a 

signi£ïcant dteration or a trend in stress fibre fluorescence relative to control cells 

(Fig. 14 and 15). 



3.4 Actin Protein Expression 

34.1 Companmpanson of ceIZuUrr c01~:enfrafrons of atit~ 

Treatment ofMCF-7 ceifs with Sa-P or 3 a - W  at c o n c e ~ o n s  between 10-'%l 

and 10-%l did not resuIt in a signifiranf change in the ceMar  concentration of actin 

(results not shown). 

The celiular concentrations of monomerk G-actin and ofpolymexïc F-actb were 

studied &er separation ofthe two forms ofactui using T h  X-LOO (White et al.. 

1983). Treatment 0fMCF-T ceUs with Sa-P at concentdons greater than 1 0 ~  M 

increased the ceiiular concentration ofthe mommric G-actin aad decreased the 

concentration of the polperic F-acth M o n  @ig. 16). Treaîment ofMCF-7 cells 

wîth 3a-HP at c o n ~ o n s  between 10-'O M to IO-' M âid not r d  in au 
- - 

obsemable change in monomaic G-actin or polymeric F-actin (Fig. 16). Quamitative 

analysis ofthe efféct of Sa-P on the degne of polymerization of the actin 

cytoskeleton of MCF-7 celis shows an increase in the ratio of G-actin vs F-actin at 

concentrations as low as IO-? M (Fig. 17). No differences were seen in the ratio of G- 

ach-F-actin in cells treated with 3a-HP at any concentrations investigates (Fig. 17). 

3.5 Vicuiin Protein Expression 

3.5.1 Compmrmpmrs0n of celhîu c o n c e n f t ~ * ~ ~ ~ ~  of vr'nculim 

Treaîment of MCF-7 c a s  with Sa-P in concentraa*ons greater than 10-~ M 

decreased the ceilular concentration of vinculin whiie treatment of MCF-7 ceus with 

wncentraîions of 3a-HP between 10-'% and 10% did not result in any change in 

the cellular concentration of vinculin (Fig. 18). Quantitative analysis of the e f f i  of 

Sa-P at concemrations between 10'% to 10% on MCF-7 ceils showed that S a P  

caused a dose dependent decrease of in the amount of vinculin expresseci (Fig. 19). 

Treatment of MCF-7 celis with concentrations of 5aP fkom 10% to 10-SM showed 

an approximate 75% deaease in levels ofvinculin expressed (Fig. 19). No 

significant change was seen in ceils treated with 3a-HP relative to controi, though a 

slight trend towards an increase in vinailui expression was observed at higher 

concentrations (Fig. 19). 



3.6 The Effects of SaP and 3a-EIP on Cell Morphology 

Treatment of MCF-7 cells with Sa-P had a pronounced &kt on ail morphology, 

M e  treatment with 3a-HP did not seem to alter cell morphology. Low 

rnsipniflcation pictures ofcontrol cells (Fig. 20A and 20B) show a flac circular 

morphology with few extendhg cellular processes (such as filopodia and 

lamelipodïa) and wnthuous contact with adjacent cells. Cells treated with 1 0 # ~  

5a-P @ig. 2ûC and 20D) showed noticeable retraction of the cellular cytoplasm, 

leaving behind lameiipodia-iïke and nlopodia-Ore processesOceSSeS Cd-ta-cell contacts 

were discoatinuous in 5a-P treatéd cells, and were usually seen as point contacts via 

cellular microspikes or s m d  flopodia-like stnictures. Treatment of MCF-7 cells 

with lower (IO-' M to 10%9 concentdom of 5- resulted in a dose dependant 

decrease of retraction ofthe cytoplasm, with c ~ n ~ o n s  lower thaa 1 0 * ~  

showing no alterations in cellular morphology. Cells treated with 3a-HP did not 

show a visible change in morphology f?om corn1 celis (Fig. 20E and 20F), 

possessing a flac circular morphology with few cellular protrusions and continuous 

cell-to-cell contacts. 

3.7 M o r p h o d c  Analy sis 

Cellular and nuclear sue and shape, of the dozens ofmorphometric parameters 

that have been investigated, are the most wmmoniy studied m o r s  in morphometry. 

Cells treated with a sutnicient concentration of 5a-P displayed a dose dependent 

decrease in celi aroa and a dose dependent increase in the irregularity of cell shape. 

Cells treated with a dEcient concentration of Sa-P aIso showed an increase in 

variability of nuclear area, though mean values of nuclear area and shape were not 

affected. Cells treated with 3a-HP did not display any altedon to cytoplasmic or 

nuclear area and shape. 

3.7.1 Cellular Area and Shaw 

Morphometric analysis of ceIl ana reveated tbat MCF-7 c d s  treated with 1 o4 M 

Sa-P had a signincantly smaller area (approxïmately 30%) than either contml celis¶ 



c a s  treated with IO-'* M Sa-P, or cdls treated wÏth I O ~ M  or 10-'O M 3a-HP 

@<O.Ol, Fig. 21). Increasing concentrations of Sa-P ( I Q ~ M  or 106) r d t e c i  in a 

dose dependant decrease in ceiidar area ( d t s  not shown). Celis treated wÏth 3a- 

HP did not arhibit a cellular area signincantly different h m  control cells (Fig 21). 

Morphometnc analysis of ceii shape revealed that MCF-7 cells treated with lod 

M Sa-P had a si@cantly more cornplex shape (approxhately 25% more wmplex) 

than either contr01 ceilq cells treatdwah IO-'* M 5a-P, or ceiIs tnated with 3a-HP 

(p4l.01, Fig. 22). fncreasing concentrations of Sa-P resulted in a dose dependant 

increase in cellular shape vahe (results not shown). Celis treated with 3a-HP did not 

exhibit a cellular shape signif icdy different fiom control cells (Fig. 22). 

3.7.2 Nuclear Area and Nuclear Shape 

Morphometric analysis ofnuclear area rweals that M a - 7  cells treated with Sa-P 

or 3a-HP did not have a signiticantly ciifTiirent mean nuclear area than control cells 

Pig. 23). Ceils treated wïth I O ~ M  Sa-P did have a significantiy more variable 

nucIear area than either controI ceiis, ceUs treated with IO-'' M 5a-P, or ceUs treated 

with 3a-HP @<0.01, Fig. 23). Increasing concentrations of Sa-P resuited in a dose 

dependant increase in variability of nuclear area (results not shown). Cells treated 

with 3a-HP did not exhibit variability in nuclear area significantly Werent fiom 

control cells (Fig. 21). 

Morphometric analysis of nuclear shape (nuclear perimeter relative to nuclear 

area) reveals that MCF-7 ceUs treated with 5a-P or 3a-HP did not have a 

significantfy different meaa 2 D  miclear area than control c d s  (results not shown). 

3.8 Cytotoiocity of Sa-P and 3a-P 

Treaîment of MW-7 ceiis wïth Sa-P or 3a-HP in concentraiions greater than 1 0 ~  

M resulted in a signifiant increase in ceiiuiar rnortalrty. Cells treated with 10" M 

Sa-P or 3a-HP did mt show a significant diffaence nom control, though a trend of 

greater rnortaiity was observed (Appenduc 2). Cells treated with concentrations of 



3a-HP or Sa-P of 10% or Iess did not show any change in mortaIity when compared 

to wm0L 



Figure 1: The effects of 5a-P and 3a-IP on the detachment of subcoduent MCF-7 

ceiis from the substrate. Cellular attachent was rnes~sued as desctt'bed inh4iaferids 

m d M e t h d .  Values are presented as mean f SEM percentage MCF-7 ceiis 

detached. A significant increase in detachment occurs in ceils treated with 

concentrations of Sa-P pater than 8 X IO-' and a si@cant decrease in celidar 

detachment occurs in MCF7 cells treated with concentrations of 3a-HP greater than 

4 X 1 0 - ' ~  



Concentration (nM) 



Figure 2: The a i s  of Sa-P and 3a-HP on the attachent of subconfluent MCF-7 

cells to the substrate- CeUdar attachent was rneasured as descri'bed InMafd's 

rmdMethadc Values are presented as mean t SEM percentage MCF-7 cells 

attached. A signincant decrease in attachment ocarrs in cells treated with 

concentrations of sa-P greater than 7 X IO-' and a signincmt increase in celiular 

attachent occurs in MCF-7 ceiis treated with concentrations of 3a-HP greater than 

8 x ~ o - ~ M  





Figure 3: Representative photomicrographs of the effects of Sa-P and 3a-HP on the 

arrangement of vinculin containhg adhesion plaques in sùigle MCF-7 cells in culture. 

CeUs were grown for 3 days with no supplementary hormones (A and B), IO-'' M 

Sa-P (C),  IO^ M Sa-P (D), IO-'' M 3a-HP (E), and IO& M 3a-HP (F). Control ceils 

(A and B), celis treated with IO-" M Sa-P (C), and ceifs treated with 3a-AP (E and 

F) had numerous adhesion plaques (white arrows). Treatment with ~ O ~ M  5a-P @) 

induces a large decrease in the amount of vinculin containing adhesion plaques within 

the cell. 3 2 k  





Figure 4: Representative photomicrographs of the effects of Sa-P and 3a-EIP on the 

arrangement ofvinculin containhg adhesion plaques in confluent MCF-7 ceiis in 

culture. Cells were grown for 3 days with no supplernentary homones (A and B), 

10-'* M Sa-P (C), 106 M Sa-P (D), IO-'' M 3a-AP 0, and 106 M 3a-HP (F). 

Examination o f  the photomicrographs reveals that treatments 4 B, C, E, and F reved 

numerous adhesion plaqyes, occurriog both paipherally and b d y  (white armws). 

Treatment wÏth ~ O ~ M  Sa-P @) induces a large decrease in the amount ofbasai and 

peripheral vinculin cootaining adhesion plaques. 41k 





Figure 5: The &ects ofsa-P and 3a-HP on the number ofvinculin containing 

adhesion plaques withui individual MCF-7 ceiis in culture. Values are presented as 

mean f SEM (t-test, n=l0 experiments, 45 celldexperiment) number of vinailin 

containùrg adhesion plaques per individual MCF-7 ceii. 

Within each treatment group, bars labeled with different letters are significantly 

different at p<O-0 1. 

* significantiy ciiffiirent at p<0.01 compared to control and 3a-HP treamient. 





Figure 6: The dose dependent effects of Sa-P and 3a-EIP on the nurnber of vinculin 

containhg adhesion plaques within MCF-7 cells in culture. Values are presented as 

mean * SEM (t-test, n=10 expaiments, 45 cellslexpriment) rumba of vinculin 

containhg adhesion plaques per individual MCF-7 ali. 

Note: 3a-HP data points are offset to avoid overlapping spbols. 
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Figure 7: The effects of Sa-P and 3a-HP on ihe fluorescence of subco~uent  MCF-7 

ceUs stained with mAb to human vinculin ûpticd brightne~s was quantifieci by 

computer image anaiysis, as d d b e d  in M~eriaIs CadMetkuk Values are 

presented as mean f SEM (t-test, n=lO experiments, 1 50 celldexperiment) 

fluorescencdcell of individual MCF-7 ceils, 

W i h .  each tmmaem gmp,  bars labeled with different letters are significantly 

different at p<0.01. 

* signincantly Merent at p<O.Ol compared to wntrol and 3a-HP 

treatment, 
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Figure 8: The dose dependent effects of sa-P and 3a-W on the fluoresance of 

subcunfiuent MCF-7 ceiis stained with mAb to human vinculin. Fluorescence was 

quantified by cornputer îmage analysis, as described in MaferiaIs andMethck 

Values are presented as mean t SEM (t-test, n=lO experiments, 150 celideqmknent) 

fluorescenctdcell of individual MCF-7 cells, 

Note: 3a-HP data points are süghtiy offset to avoid overlapping symbols- 
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Figure 9: RepreSetrtative photomicrographs of the effects of Sa-P and 3a-HP on the 

F-actin stress fiber cytoskeleton in singie MCF-7 ceUs in culture- Ceils were grown 

for 3 days with no supplementmy hormones (A and B), 10-'O M Sa-P (C), lo4 M Sa- 

P @), lo-'' M 3a-HP (EX and IO& M 3a-HP (FJ Examination of the 

photomicrographs reveals that treatrnents 4 B, C, E, and F reveal a complex 

interconnecfing n-ork of stress fibers (white arrows). Treatment wÏth 10% Sa-P 

@) induces a large decrease in the amount and compIexity ofthe actin stress fiber 

cytoskeleton within the di. 360x 





Figure 10: Represmtative photomicrographs ofthe effects of5a-P and 3a-HP on the 

F-a& stress fiber cytoskeleton in subconfluent MCF-7 ceUs in culture- Cens were 

grown for 3 days with w supplementary hormones (A and B), 10-" M Sa-P (C), and 

106 M 5a-P @). ExamiLlation of the photomiaographs reveals that trerdments 4 B, 

and C, reveai a cornplex intercoll~~ecfing network of stress fibers (white arrows), and 

continuous ceil-tcxell contacts. Treatment with I O ~ M  5a-P (D) induces a large 

decrease in the amount and complexity of the actin stress fibers cytoskeleton within 

the ceil and discoatinwus ceIl-t-il contacts between ceils. Treatment with 10% 

and IO-'' M 3a-HP did mt show any difference eoom wntrol celis @ictures not 

shown). 46ûx. 





Figure 1 1: Representative photomicrographs of the e E i s  of5a-P and 3a-HP on the 

F-actin stress fiber cytoskeleton in confluent MCF-7 ceus in culture- Ceiis were 

grown for 3 days with no supplementary hormones (A and B), 1 O-'' M Sa-P (C), 106 

M 5a-P @). Note: Exmination ofthe photomicrographs reveals that treatments A, 

B, and C reveai a complex intercomecting network ofstress fibers (white arrows), 

and wntinuous ceU-to-ceii contacts. Treatment with I O ~ M  Sa-P (Il) induces a luge 

decrease Ui the amount and complexity of the actin stress fibers cytoskeleton within 

the ceil and discontinuous cd-tcwxU contacts between ceiis. Treatment with 104 M 

and 10''~ M 3a-HP did not show any difference f b m  control ceiis bittures not 

shown). 4 2 k  





Figure 12: The effects of Su-P and 3a-HP on the number ofactin stress fibers within 

individual MCF-7 cells in cuitun. Vahies are presented as mean I SEM (t-test, n=10 

experiments, 45 ceilslexperiment) number of acth stress fibers per individual MCF-7 

ceH- 

Withh each treatment group, bars labeled with different laers are significantly 

Merent at p<0.01. 

* significantly différent at p<0.01 wmpared to control and 3a-HP traitment. 
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Figure 13: The dose dependent e f f i s  of Sa-P and 3a-rn on the number ofactin 

stress fibers within individual MCF-7 ceils in culturee Values are presented as mean 

I SEM (t-test, n=10 experiments, 45 ceWexperiment) number of actin stress fiben 

per individual MCF-7 cell. 

* sigaifïctly diierent at p<OB5 compared to controL 

** significantly different at p<O.01 wmpared to control. 

Note: 3a-HP data points are slightly offset to avoid overlapping symbols. 
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Figure 14: The &ects of Sa-P and 3cc-HP on the fluorescence of subconfiuent MCF- 

7 celis stained with RhodaminePhaUoidin Fluorescence was quantifiecl by cornputer 

image analysis, as d e s c n i  in Mierials undMethah. Values are preseated as 

mean + SEM @-test, n=lO experîments, 150 celldexperiment) fluorescence/cell of 

individual MCF-7 cefis and are 

Within each treatment group, bars Iabeled with different letters are significantly 

different at p<O.O 1. 

* sipificantly diffient at p<O.Ol compareci to control and 3a-HP treatment. 
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Figure 15: The dose dependent effects of Sa-P and 3a-HP on the fluorescence of 

MCF-7 cells stained with Rhodamine-Phaltoidin Fluorescence was quantifieci by 

cornputer image anaiysis, as describecl inMaleraZs dMethodshods Values are 

presented as mean f SEM (t-test, n=10 experiments, 1 SO celldexperiment ) 

fluorescence/cell of individual MCF-7 cds. 

* signincantly different at p<O.01 compaced to confrui. 

** s i c a n t l y  different et pc0.01 compared to contrai. 

Note: 3a-HP symbols data points are slightly offset to avoid overlapping symbols. 
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Figure 16: The effects of Sa-P end 3a-HP on the relative amounts of soluble and 

insoIubIe actin witbin subconfiuent MCF-7 cells in culture- Soluble and insoluble 

actin fiactions were cdlected, sorted via SDS-PAGE, and tramfierd via Western 

Blotting as describeci in MdeBds d M e t h d .  Proteins detected were actin 

(treatment) or ornithine decarboxylase (wntrol). Fractions consist of Soluble/Control 

(Lane i), InsoIuble/Control (Lane 2), So1ublefia-P (Lane 3), InsolubldSa-P (Lane 

4), Soluble/3a-Hl? (Lane 9, and Iosoluble/3a-HP (Lane 6). Note: There is no 

difference between soluble and insoluble actin fiactions ofcontrol and 3a-HP treated 

MCF-7 cells at any hormone concentration There is a visible increase in the amount 

of soluble actin and a decrease in the amount of  insoluble acth in Sa-P treated cells 

in honnone concentrations &om IO-* M to IO-' M relative to the controL 
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Figure 17: The &&ct of5a-P and 3a-HP treamient on the opticai density ratio of 

western blot bands of soluble (G-acîin):insoluble @-a&) within MCF-7 cells in 

culture- Soluble and insoluble actin W o n s  were collecteci, sorted Ma SDS-PAGE, 

transferred via Western Blotting, and theîr optical densities determined es described 

in Mieriah mdMerhods. Data presented as mean optical density ( ~ 5 ) .  Note: There 

is a decrease in the ratio of soluble actkinsoluble actin in Sa-P treated ceiis in 

hormone concentrations nom 1 0 ~  M to IO-' M relative to the control. 

Note: 3a-HP daîa points are siightly offset to avoid overlapping symbols. 
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Figure 18: The &ects of Sa-P and 3a-HP on the expression of vinculin within 

subconfluent MCF-7 cells in culture- Ceiidar proteins were soried via SDS-PAGE, 

and transfmed via Western Blotting as describeci in Materials d M e f h o d s -  Proteins 

detected were actin (treatment) or oraithuie decarboxylase (control). Ceiis were 

grown in hormone concentrations of IO-' M (block A), I O ~ M  (block B), IO"M 

@lock C), I O ~ M  (b1ock D), I O ~ M  (block E), and 10-'O M (block F). Fractions 

consist of Control (Lane 1), 5a-P (Lane 2), and 3a-HP (&ane 3). There is no 

signifiant difference in vinaillli expression between contd  and 3a-HP treated 

MCF-7 cells at any hormone concentratioa There ïs a decrease in the amount of 

vinculin in 5a-P treated cells in hormone concentrations nom 1 0 ~  M to 1 $ ~  

relative to the coatn,I, 
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Figure 19: The &ect of sa-P and 3a-HP treatment on the optical density of western 

blot bands of vincuiin within subcoduent MCF-7 ceiis in culture- Vmculin 

containing fiactions were coiiected, sorteci via SDS-PAGE, and irausfemed via 

Western Blotting, a d  their optical densities detemined as descnbed in Maenah and 

Meth&- Note: There is a significant decrease in the amount of Viaculin in Sa-P 

treated celfs in hormone concentrations fiom 10" M to  IO-^ M relative to the control. 

Data presented es mean + SEM (t+est, IFS) western blot band optical deasity. 

Note: 3a-HP data points are slightly offset to avoid overlapping symbols. 
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Figure 20: The effects of 5a-P and 3a-HP on the ceiiuiar morphology of 

subcoduent MCF-7 d s  in culturee Ceiis were grown for 3 days wah no 

supplementary hormones (A and B), lo6 M Sa-P (C and D), or lo4 M 3a-HP @ and 

F). Examination of the photomicrographs reveals tbat I O ~ M  Sa-P (C and D) 

produces noticeable withdrawal of the cellular cytoplasm, leaving behind l d i p o d i a  

and filopodia üke proceses and discontinuous œii-to-ceii contact. In many Sa-P 

treated ceils the celIular cross-sectional area is decreased. Treatment with 3a-HP 

shows no effect on morphology or cellular cross-sectional area A, C, E 110x B, D, 

F 2 6 0 ~ -  





Figure 21: The e f f i  of sa-P and 3a-EU? on the cellular cross sectional area of 

subconfiuent MCF-7 celis in culturee Cellular cross sectional area was quantifieci by 

2-D cornputer image analysis, as described in Maen'aIs CndMethaa's- Values are 

presented as cros~sectional area of individual MCF-7 cells and are mean f SEM (t- 

test, n=lO experiments, 150 oelliexperhent). 

Within each treatment group, bars labeled with different Ietters are significantly 

different at ~0.01- 

* sigificantly dinerem at p<0.01 compared to both control and 3a-HP treatment. 
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Figure 22: The effixts of sa-P and 3a-HP on the index ofceliuiar shape of 

subconfiuent MCF-7 c d s  in CUIture. Index of cellular shape was quamifieci by 2-D 

cornputer image analysis, as descn'bed in Miz&.rials CadMethds. Vdues are 

presented as index ofce1Idar shape of individual MCF-7 ceils and are mean + SEM 
(t-test, n=10 experiments, 150 cddexperiment). 

Wïthin each treatment group, bars labeled with Mirent Ietters are significantly 

Merent at pCO.0 1. 

* signincantly different at p<0.01 compareci to wntrol and 3a-HP treatment. 





Figure 23: The &ects of sa-P ami 3a-HP on the nuclear cross-donal ana of 

subcoduent MCF-7 cells in culture- Nuclear cross-sectiond area was cluaatified by 

cornputer image analysiq as descn'bed in Maeriaclls andMeth& Values are 

presented as index of cellular shape of individual MCF-7 cells and are mean f SEM 

(t-test, II= 10 experiments, 150 celldexpecUnent). 

Within each treatment group, bars labeled with different letters are signincantly 

different at pC0.0 1 - 

** signincantly dïïerent variance at p<0-01 both w i t h  and between 

treatment groups, 
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The Effect of SaP and 3a-HP on Ctaril.r Adhesion 

Cellular adhesion is a criticai aspect ofcancer biology, as invasion and metastasis 

of tumor cells are the primary causes for the fàîai d t  of malignant cancer 

&faemura and Dickson, 1994). Celi metastasis requires that a cdl be able to detach 

Grom a substrates travel through tissue and the bloodstream, and attcsch to different 

tissue at a another location (Liotta, 1986). This iateraction of the celi with its 

environment is cntical fm mctastasiq es only ceUs that are able to perform these steps 

are able to metastasize @hemura and Dicksoq 1994). One ofthe first steps of this 

process requires that a change in the adhesion of a cell occur, because ifcell adhesion 

is altered then it is possible for a ell to move and travel throughouî the body. 

The adhesion of MCF-7 cells to the abstrate was sigmficantly decreased by 

treatment of MCF-7 cells with SaP. Cells treated with 5aP showed a signifïcant, 

dose dependant increase in the levels of cellular detachment and a correspondhg 

decrease in the levels of cellular attachent- This agrees with observations that show 

that cellular adhesion is decreased in cells that have an increase in rate of cellular 

proMeration and tumongenicty such as breast (Lewalle et al., 1997), bone (Usson et 

al., 1997), and Iung cells (Takenga et al., 1998). Cells treated with compounds that 

stimulate growth such as estrogen (Fujimoto et al., 1996), progesterone (Shi et al., 

1994; Pearson and Sheldoq 1995), and gluccocorticoids (Gronowicz aml McCarthy, 

1995) have been shown to display a decrease in adhesion to the substrate and other 

ceus* 

Cells treated with 3a-HP showed a signifiant increase in the levels of cellular 

detachment and a corresponding inaease in the levels of cellular attachent. This 

agrees with studies that show that the adhesion ofcells may be increased in cells that 

have a decreased rate of proMeration (Ben-Ze'ev, 1985). Osteosarcorna ceils treated 

with 1,25-hydroxyvitamin &, a compound that is known to inhiibit ce11 prolieration, 

display an increase in cellular adhesion (Franceshi et al., 1987). Steroid hormones 

have also been found to insrease the adhesion of platelets to artificial substrates; 

estrone, progesterone, and 17f3-estradio1 have been found to increase the adhesion of 



these ceUs by increasing the munber ofnbrinogen receptors on the c d  sud?- 

(Chandy and Shanna, 1991). 1t has been established h a e  that the adhesion ofMCF-7 

breast cancer ceiis ïiz vitro is decread by treatmeut with 5aP and increased by 

treatment with 3a-HP, wnnrming the fidings of otha -dies that link rate ceiidar 

prolifmtïon with cellular adhesion @enZe7ev, 1985; Holth et al., 1998). 

The Effect of SaP and 3a-HP on the Distribution of F o d  Adhesions and 

Expression of Vincalin 

The effkct of transformation on the distnion and expression of the f d  

adhesion plaque protein vinculin has been studied extensively (Schevzov et al-, 

1995). V i  transformaton of chicken embryonic fibroblasts decreases vinailin 

expression and orpanilrition, and also decreases adhesion ofthe celi to the substrate 

(Lee and Otto, 1996). Metastatic cells were found to decrease expression of vinculin 

and talui relative to normal ceiiq which also corresponds to a decrease in the size of 

the ce11 (Schevzov et al., 1995). Vinculin expression has been shown to be 

inauenced by the state of actui polymerization, with incrasexi polyrnerization of actin 

resultuig in an hcrease in vinculin expression (Bershadsky et al.. 1995). 

Decreases in vinculin expression and organilfttion, auci corresponding decreases 

in number and sue of adhesion plaques, were seen in MCF-7 cells treated with 5a-P. 

The total nurnbers offocai adhesions the size offocai adhesions, and the expression 

of vinculin were reduced in ceiIs treated with 5aP at concentrations between 10% 

and IO*M- Treatrnent ofMCF-7 ceus with 5aP dtered the organization of the focal 

adhesions of MCF-7 ceils, with an almost complete l o s  of focal adhesions within 

treated cells. These fmdings agree with previous studies that indicate an increase in 

cellular proliferaton a d o r  metlistatic ability coincides with a degease in cellular 

adhesion and organization of adhesion plaques (Sapino et al, 1986; Shi et al., 1994; 

Suzuki et al., 1998; Wang et al, 1998). 

The distribution of focal adhesions and the expression of vin& was not 

significantly altered when MCF-7 cells were treated with 3a-HP, although a slight 

trend towards increasing numbers and sùe of adhesion plwues was seen in ceiis 

treated with 10% to 10% 3a-HP. This trend agrees with the findings that show 



tbat 3a-HP treated ceils are more adhered to the substrate than untreated celis- An 

increase in adhesion should be seen in an increase in numbers andior size ofadhesion 

plaques, something that did not ocair signincantly in 3a-HP treated cells. Possible 

reasons for this are a) the methoâ of meaniring differences in adhesion pique 

distriiution is not sensitive enough to detect a sligbt difference between wntrol and 

treated ceils or b) the adhesion plaques of MCF-7 cells may not aii use vinculin as a 

binding protein @mn, 1997). Aithough these plaqyes share maay ofthe same 

structurel proteins, there are Merences between focal adhesions in composition of 

structural proteins and class of adhesion receptors in the membrane (Haaui et al., 

1997)- 

Cells adhere to the substrate and to other cens via ceil-cell and ceIl-substrate 

adhesion plaques. Cell-alI focal adhesion plaques contain cadherins (Humphries and 

Newham, 1998) whiie celi-substnne adhesion plaques contain integrins (Humphries 

and Newham, 1998). In MCF-7 ceils vÏncuIin is present at the integrin mediated ceil- 

substrate adhesion sites while at the cadherin mediated cell-ceii adhesion sites it is a- 

catenin that binds the end of the aaia filament to the cadherin complex (Haan et al., 

1997). a-catenin competitively binds to CStdherin complexes, outmmpeting vinculin 

for cadherin binding (EWan et al., 1997). In the absence ofa-catenin, vinculin will 

bind to the cadherin compleq theocetically assuming the same role. Since M W  

cells express both vinculin and a-catenin, it is possible that 3a-AP treatment of MCF- 

7 ceUs resuited in an alteration in the number of ceU-cell adhesion sites- An increase 

in the nwnber of cell-cd adhesion sites would increase the adhesion ofthe ceil, while 

not affecting the wmbers or size of vinculin wntaining adhesion plaques. 

The Effect of 5aP and 3a-HP on Distribution of  the Actin Cgtoskeleton 

The distribution ofthe actin cytoskeleton is critical to a large number of cellular 

hctions includimg ceil growth, motility, and signal transduction. Growth regdation 

through anchorage dependance (Burridge, 1986), cellular deasity dependence @dey, 

19751, and cell-shape mediated growth (Famer and Dike, 1989) are al1 intrinsidly 

linked to the organization of the actin cytoskeletoe Actin polymerization has k e n  

shown to be a key mechanism in signal transduction (Luna and Hi& 1992), with 



extraceilular signais such as growth fàctors and hiraceliular signais from the ras fàmiIy 

of onmgenes being mediated by the actin cytoskeleton (EU, 1994; Ridley and Hdl, 

1994). 

Due to the mauy critical cellular fùnctions the actin cytoskeleton perfiom~~, aiterations 

in the distnïution of the actin cytoskeIeton can have dramatic effects on the physiology 

and behavior of the celL It is lmown that cancerous ceiis possess a cytoskeleton 

orgaaized diffkrently fiom normal celis (Runger-Brandle and Gabbianï, 1982; Suaiki et 

al., 1998), and that highly metastatic cells possess a different cytoskeletal organùaton 

when wmpared to low maaaatic ceUs (Sadano et aL, 1992; Suaila et af, 1998). 

Changes that ocav in the organizaton and distnbution ofthe cytoskelaon when a cell 

becomes tradormed, or when the abïlity of the ceU to metastasize increases, are highly 

dependent on the type ofcell being studied. The majorïty of ceils such as endometrial 

(Koukouritaki et al., 1997), granulosa @en-Ze'ev and Amsterdam, 1989), breast (Mktsui 

and Machado-Santelli, 1997), epithelial (Iwig et al., 1995), and salivary (Suzuki et al., 

1998) all have decreased levels of cytoskeletal polymerization when the rate of cellular 

proiifêration and metastasis is increased. Some cell tlpes have been shown to express 

localized increases in actin polymerization within the region of cellular structures such as 

fitopodia (Gabbianï, 1979; Chapponier and Gabbianî, 1989), structures that are necessary 

for ceil motility and metastasis (Sheetz et aL, 1998). The present study establishes that 

the density ofthe actin cytoskeleton and the amount of actin polymerization is 

significantly decreased in MCF-7 ceiis treated with concentrations of Sa-P between 10- 
8 M and 106 U This agrees with previous studies that indicate that the majonty of cells 

that have increased rates of proliferation or increased himorigenicity have demeases in 

the degree of polymerization of the actin cytoskeleton (Ben-Ze'ev, 1985; Holrne, 1990; 

Benr et al., 1998; Holth et uL, 1998). 

MCF-7 cells treated with concentrations of 3a-HP between 10% and 104M, though 

not siificantly différent from control ceils, show a slight trend towards an increase in 

numbers of actin stress fibres and the amount of actin polymerization. This slight 

hcrease wuld indicate that cells treated with 3a-HP have decreased tumorigenicity, as 

cells that have decreased rates ofproliferation and metastasis genemally show an increase 

in cytoske1eta.L organization and polymerizaîion @en-Ze'ev 1985; Holth et al., 1998). 



This agrees with previous studies that have show that 3a-HP is fouad in higher 

concentrations in non-tumocous tissue than nimorous tissue (Wiebe et al., L999), and that 

3a-HP decreases rate of cellular proiifieration in breast cancer ceils (Wiebe et al., 1999). 

It is possible that treatment of MCF-7 ceils with 5a-P increases tumorigenicity, thus 

causing a decrease in actin polymerizaîion, while treatment with 3a-HP decreases 

tumorigenicity, increasing levels of a& polymerizatio~ 

Aiterations in o r w o n  ofthe actin cytodceleton are contn,lled primarily at the 

level of polymerization of the actin microfilament and stress fibre, not at the level of actin 

qmthesis &ow et a[, 1981; Holme, 1990). This agrees with the present study that 

indicates actin expression was not altered by m e n t  with Sa-P, but that actin 

orgaoùation was dramatidy altered. Actin exists in oquiiibrium b e e m  the 

cytoplasmic pool of monomaic (G-acM) and the microfihment structures ofpolymeric 

(F-ad.)  (Schmidt and Hall, 1998). In 5aP treaîed cells there was a si@cant increase 

in amoum of G-actin and a comespouding decrease in the amount ofF-actin, results that 

agree with a decrease in stress fibre numbers and orgmizatiom 

The actin cytosLeieton is made up of actin monomers, microf?laments9 stress fibers, 

and actin bundling proteins (Wiisor and Schiebeï, 1997). Each mowmer is able to bind 

a molecule of ATP, which is hydrolyad to AIX? &ter incorporation of the actin molecule 

into a polymer (Schmidt and E U ,  1998). Polymers assemble spontaneously via non- 

covalent interactions between the rnonomeric subunits and are highly dynamic structures 

with subunit tunover at both ends (Schmidt and Hall, 1998). Microfilaments of actin are 

able to bind together, with the help ofactin-buodling proteins, to form larger structures 

termed stress fibers (Jamney, 1998). The expression and behavior of actin bundling 

proteins such as gelsolin (Asch et al., 1996), tropomyosin (Takenga et al., 1988), and 

actin Linking proteins such as a-- (HaZan, 1997) and actinin-4 monda et al, 1998) 

play a crucial role in the ability of the ceU to organize the adin cytoskeleton Cells 

treated with Sa-P are not able to form stress fibres possibly because expression or abil* 

of the actin bundling proteins has been decreased, something that is often seen in 

transformeci cells (Takenga et al., 1988; Vandekerhove, 11990; Asch et ai-, 19%). 



The Effeet of 5aP and %-HP on QtoplumK and Nuciear Morphoiogy of 

MCF-7 Ceils 

Numerou fictors in the cellular emrironment affect the ~mrphology ofcells in 

virro (Foikman and Moscona, 1978). Among these are ce11 density (Folkman and 

Moscona, 1978), growth fiictocs (Zheng et al.. 1998), calcium concentration 

(Constantin et aL. 1998), presendabsence of serum in culture media (Medrano et al., 

1990), hormonai stimulation (Brown et aL, 1998) and growth substmte (Clubb, 1993; 

Kapur and Rudolpb, 1998). Cornputer assisted morphometry has been used to 

determine if there are partidar dowastream cellular events (such as morphology) 

that c m  be tied to particular molecular dysfuctions (Giuliano, 1996). 1t is hoped that 

morphometry may be usefùl in d i s d g  the molecular events ocwring within 

cancer cells (Giuliano, 1996). 

An alteration in cellular tumorigenicity is kwwn to dnimatically affect cellular 

morphology (Sapho et al., 1985; Smolle et al., 1992), with well described differences 

between normal and transformed cells ( S d  et al., 1998). MCF-7 cells are well 

described morphologkaliy (Sapino et al., 1985; Osborne et d,  1987), as are theû 

reactions to several different kinds of growth inhibitors and stimulators (Sapino et aL, 

1 986; GU et aL. 1987; Valette, A ef al!, 1987). When treated with 1 0 ~  M to 10% 

5aP MCF-7 cells were signincmtly reduced in area and their cellular shape became 

much more irregular, something that ocws when steroid h o m e s  increase the rate of 

cellular proliferation (Sapino, 1986; Darbre and Kin& 1987). Cellular structures such 

as filopodia, lameleipodia, and cellular microspikes became increasingly more 

common, with cell-cell contacts becoming discoatinuous. Changes in morphology can 

indicate, as they have in this study, a possible aiteration in cellular adhesion (Raz and 

Geiber, 1982) and cytoskeletd orgaaization (Goldstein and Leavitt et aï., 1985). 

Although cellular morphometry can be usefiil in determinhg structural events w i t h  a 

cefi as it has in this study, the predictive value ofmorphometry and cancer will not be 

definitive until more research is done to confirm the lïuk between cell shape and ce11 

fiinction, 

The predîctive value of nuclear grade of breast cancer has long k e n  known, with 

alterations in nuclear size and shape commonly King linked to malignant cells (Black 



et al., 1997). Before cornputer assisteci analysis, only the largest differences muid be 

seen between normal and cancerous ceUs (Wolberg ot d,  1997). Recent amputer 

c e U  image analyses have show that larger nucIear sue @a& et aL, 1982; Wittekind 

and Schulte, 1987) and variation in nucleat size (Steakvist et al., 1979; Beak et al-, 

1985) are correlatecf to poor cancer prognosis- Poor cancer prognosis generally 

means development of distant metastases, primarily within borie, lung, and axial 

lymph nodes (Fischer et aL, 1968; Baak et a.. 1985; Umbricht et al., 1989). Nuclear 

morphology of ccnormal" MCF-7 ceils is not well descrilied, with snidies primarily 

focusing on the description ofdifferent ceiî clones and on the composition of 

chromatin withh the alls (Komitowski ef al, 1994). The nuclear morphology of 

MCF-7 c d s  treated with SaP in concentrations b e e n  ~ O ~ M  to lod M was 

altered, with an increase in the VariabZty of the nuclear area with increasing 

concentration of S a P  treatment CeUs treated with 3a-HP did not display a 

signincant alteration in nuclear morphology when compareci to control ceils. This 

hding indicates that the turnorigenicity of the MCF-1 cells could be increased due to 

treatment with S a P ,  while 3a-HD does not affect the tumorigenicity ofMCF-7 cells. 

MCF-7 cells, when stimulated by SaP, displayed an inaease in variation in 

niclear area with no change in average nuclear size. These results do not completely 

agree with previous -dies that show thar increased metastatic capabiiity is 

associated with aiterations in nuclear size and shape (Ba& et al., 1982; WitteIcind and 

Schulte, 1987). A possible explanation for this is that previous studies dïzhg  

morphometry in breast cancer deal exclusively with the cornparison of normal cells to 

cancerous ones (Clark, 1996). This study compares an already immortaiized celi line 

to an immortafized ce11 line that has been treated with steroid hormones, so many of 

the large d e  morphologicai alterations may have already occurred. That we see 

variation in nuckar size being aitered by treamient with 5aP without an alteration in 

average nuclear area shows that although a miclear morphological aiteration is 

occwhg, it is not the same as the différence between normal and transformeci alls. 



Possible M e c h ~ m s  of Action oC5c~P and %-HP 

MCF-7 breast cancer cells treated with 5aP show a generafized disassembly of 

the actin cytoskeleton within the cell, los  of cellular adhesion, and altentions in 

cellular morphology MW-? ceiis possess membrane steroid hormone receptors 

(Weiler, 1999) to which S a P  and 3a-HP are capable of binding, and 5 is known that 

301-HP is able to use this membrane bound receptor to stimulate signai transduction 

phaventari and Wiebe, 1994; Wrebe, 1997). 1t is also possible that pmgestemne 

metabolites may be able to stimulate the p r e m e  X receptor, motfier possible 

pathway through which SaP may act Wewer et d, 1988). It is known that steroid 

hormones are able to signal and modulate G-proteins within severai m e n n t  types of 

cells including Leydig ceils (Weiss-Messer et al., 1996), breast cells (Livkgston et 

al., 1998), and brain celis (Caldwell et al., 1997). It is possible îhat these steroid 

hormone receptors are able to m e n c e  membrane bomd G-proteins in order to 

transduce the signal to the cytoskeleton G-proth are knom to &éct both 

phosphoinositide levels and the rho superfbily of GTP buiding proteins (via tyrosine 

kinases) activity levels in vitro. 

The level of phospatidyhosito14,5-bisphosphate (i?IP2) is regulated by 

membrane bound G-proteins, and it is possible that PIP2 or its metabolites are the 

controlling mechanism behind actin cytoskeleton organization (Jamney and Stossel, 

1989). Activation of G-protein activates phospholipase C which cleaves PIP2 into 

two different second messengers: diacylglycerol @AG) and inositol triphosphate 

(IP3) (Thomas et (11.. 1990). The presence of PIP2 is known to be capable of 

dissociating the actin bundling proteins profilin and gelsolin fiom actin (Jaomey and 

Stossel, 1989). Increases in the levels of PIP, either through increases in its 

synthesis or a reduction of rate of metabolism PP2 into DAG and rPt, couid result in 

depolymenzation ofthe actin cytoskeleton (Jatll~ley and Stossel 1989). It is also 

known that lP3  stimulates the release of ~a+' fkom intraceliuh stores and that many 

actin bmdling proteins are ca"' sensitive (Vandekerhove, 1990). Increases in caCZ 

could alter the bindig capabilities ofactin bwidling proteins, also causing stress 

fibers to depolymerize (Vandekerhove, 1990). This agrees with studies that show that 

the control of calcium levels within ~ 1 1 s  can be controiled by progesterone 



metabolites. The pgesterone metabolite 3a-HP is able to alter the c o n m * o n  of 

calcium within pituïtary celis, an e f f i  that muid alter the oqpnhïon ofthe 

cytoskeleton and cellular adhesion (Dhavanîari and W~ebe, 1994; Beck et d, 1997)- 

Research has not been performed and it is not Lnown, at this pohî, whether this 

regdatory system is responsibie for the ciramatic changes seen in MCF-1 a U s  treated 

with 5 a P  

It is weU known thaî G-proteins are able to stimulate tyrosine kinases withlli d s  

(HdJ, 1994). Tyrosine kinases occur prïmarily at the terminal acth points where 

actin fibers &exact with points of ceil-cell and cefi-subseate h i o n  (O'Brien et d, 

1997). It also weli known thaî tyrosine kinases are able to regdate the assembly of 

actin and focal adhesions within celis (Komberg et al, 1992; Burridge et al, 1993). 

Tyrosine kinases are able to do thip by stimuiating members ofthe rho GTP-bhdllig 

protein supedhily (Egan &Wei.&- 1993). Rho GTPases are key regulators in 

signaling pathways that link extracellular growth signais or hacellular stimuli to the 

assembly and orgaoization to he actin cytoskeleton (Van Aelst and D'Souza-Schorey, 

1997; Schmidt and Hall, 1998). Members ofthe Rho family of proteins are activated 

by specinc extracellular signals to direct the organkation of the actin cytoskeleton to 

produce morphological aiterations within the ceil (Schmidt and Hall, 1998). Rac (a 

Rho family member) is able to stimulate formation of lameleipodia Ma stimulation of 

actin polymerization and alterations in structure of focal adhesions (Nobes & Hall, 

1995). Activation of another Rho M y  member, Cdc42, results in formation of 

cellular microspiles, filopodia, and an alteration in the organhtion of cellular 

adhesion plaques (Kozma et al., 1995; Nobes and Hall, 1995). Rho itself (RhoA) 

controls the creation of stress fibers and f i  adhesions in fibroblasts in response to 

growth factors aad other extracellular signals (Ridley & Hail, 1992). Stress fiber and 

focal adhesion f o d o n  can be blocked by inhibitkg the Rho phosphorylation 

pathway (Paterson et al, 1990). It is possible that the steroid hormones Sa-P and 3a- 

HP affbct alterations in the actin cytoskeleton, f d  adhesion plaques, cellular 

adhesion and cellulaz morphology by stimulating or inhibithg members of the Rho 

superfamily of organizational proteins. 



Though tbese aspects of the coutroI of the a*in cytoskeleton orgaaitation are 

known, no research has been done as yet that prove a link between the steroid 

hormones 5aP and 3a-HP and these systems- This study has shown that the stemid 

hormones S a P  and, to a lesser extent 3a-HP, are able to alter several stmctural 

features of MCF-7 breast cancer cds, CeUuIar adhesion, distfi'bution ofthe actin 

cytoskeleton and focal adhesion plaques, expression of the cytoskeletal protein 

vinculin, and both cytopiasmic and nuclear morphometry are di altered by treatment 

with S a P  and 3a-HP. At this time the wchanism of action ofthe progesterune 

metabolites 5aP and 3a-HP, either diredy or indlrectiy, on such an important system 

as the cellular anchorage and cytoskeleton is not known 

1. The cellular adhesion of MCF-7 cells is decreased upon treatment of ceus with SaP 

in vitro, wMe cellular adhesion of MCF-7 cells is increased upon treatment of cells 

with 3aHP. 

2. The distribution of vinnilin containing adhesion plaques is altered in MCF4 ceîls 

treated with Sa-P. Treatment with 5aP resuits in a significant Ioss of vinculin 

containhg focal adhesion plaques, while treatment of MCF-7 cells with 3 a H P  did not 

result in any signincant changes in the distniution of vinculin wntaining adhesion 

plaques. 

nie organkation of the acth cytoskeleton is altered in MCF-7 cells treated with 

Sa-P. Treatment with Sa-P r d t s  in an aimost complete depoIymerization of actin 

stress fibers throu@out the ceU. Treatment ofMCF-7 cells with 3a-HP did not result 

in any significant changes in the organkation of the actin cytoskeleton 

3. The expression ofactin witbin MCF-7 cells is not significantly altered by 

treatment with either 5aP or 3a-HP- Trestment of MCF-7 cells with 5aP does 

increase the concentration of unpolymerized actin and decrease the concentration of 



polymenZed actin in a dose dependent mamer- Treatment wah 3a-HP did not 

significantly affect the c o n ~ o n s  of polymerized or mpolymerized actui within 

the ceU, 

Treatment of MCF-7 c d s  with SaJ? in concentrations decreased the interceiiuiar 

expression of vinculin in a dose dependent manner while treatment of MCF-7 ceiis 

with 3aXP P d  not significantly a f E i  the interceiluiar expression of vinculin 

synthesis wÏthin the ceiL 

4. The cellular are* cellular morphology, and miclear ares ofMCF-7 cds were 

affected by treatment with 5aP. Cellular area was decreased, cell shape complexity 

was increased, and an increase in variation in nuciear area occurreed due to treatment 

with S e .  Treatment ofMCF-7 cells with 3a-HP did not s ignifïdy afféct cellular 

area, cellular morphology, or nuclear area ofMCF-7 ceiis. 
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Table 1 Chernicals and thtir Sources 
1 Sources Chernicals and Mattriais 1 

Falcon (OakviIIe, ONT) .?5 cm2 dture flasks 
25 mm plastic petne dishes 

Sigma (Oakville, ONT) Dulbecco's Minimal Essentiai Medium:FI2-Ham 
peniciilin 
streptomycin 
insuiin 
Trypsin 
EDTA 
charcoal 
dextran T-70 
phalloidin-TRLTC 
triton X-100 
bovine S m  Albumin 
mouse monoclonal anti-vincuiin amibody 
mouse monoclonal anti-actin antibody 
mouse anti-ornithine decarboxylase antibody 
goat anti-mouse IgG - AP antibody 
tris-HCL 
dithiothrietol 
PMSF 
sodium dodecyl suiphate 
imidazole-HCL 
sodium azide 
gly cero 1 
Sa-pregnane-3,ZOdione 

Gibco (Missisauga, ONT) bovine calf semm 
fungisone 

VWR (Missisauga, ONT) 0 . 2 ~  syringe filter 

Biorad (Toronto, ONT) nitrocellulose membranes 
Goat anti-mouse Alkaline Phosphatase Visual 
Detection Kit 



Appendk 2: The efFect of 5a-P and 3a-HP on the mortality of MCF-7 ceUs in 

culture. Cellular mortality was determined as described inMaterials adMeth&- 

Values are presented as mean S E M  (n=3) percentage of MCF-7 cells dead/cuihire 

flask A significant increase in cell mortality occurs when ceiIs are treated with 

concentrations of Sa-P or 3a-HP are greater tban or equal to 104 M Cells treated 

with either hormone at ~ n c e n ~ o n s  equal to IO-' M show a siight increase in 

mortality that is not statisticaüy significaiit Ceils treated with concentrations of 

hormones equal to or Iess 1 0 ~  M show no change in cellular moaalityaality 

* both 3a-HP and Sa-P treated d i s  signincantly different nom wntrol 

at p<O.OS. 
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Hormone Concentration 




