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ABSTRACT

Ligands have been implicated in the regulation of human estrogen receptor-cr.

(ERa) levels in human breast tissue via changing the levels and stability of ERa rnRNA

and protein. It is irnportant to determine the regulation of ERc¿ protein within breast

cancer cells, as it is a transcription factor for genes involved in the growth of tumours.

Understanding the effect of ligands on ERc¿ halÊlife can also be an irnportant in the

development of new anti-turnour drugs. An MCF-7 cell line stably expressing GFP-

tagged ERcr was usecl to deterrnine the half-lives of GFP-ERa protein and mRNA. Our

results yielded ahalf-lifè of 6.6 h,4.2h,9.6 h and 1.9 h for unoccupied GFP-ERa, l7-B

estradiol (Er)-, 4-hydroxitarnoxifen- and ICI 182 780-bound GFP-ERcr, respectively.

The half-life of the GFP-ERcr rnRNA was 2-3 hours regardless of whether or not it was

treated with ligand. These data suggest that GFP-ERa half-life is detennined by GFP-

ERa degradation.

DNA attachrnent to the nuclear matrix has been studied for a number of estrogen-

inducible genes. In the absence of E2 the gene is inactive and detached from the nuclear

matrix (NM), whereas exposure to Ez results in an active gene attached to the NM. To

date there have been no studies in breast cancer cells. Since the attachment of genes to

the NM is a prerequisite for gene activation it is irnportant to detennine the subnuclear

partitioning of genes that are over-expressed in breast cancer. Understanding the

transcriptional activation of these genes could result in a rnethod to silence them and

arrest uncontrolled cell proliferation. The estrogen-inducible gene p52 and vimentin were

X1



studied to determine their subnuclear partitioning +l- Ez in MCF-7 cells our results

inclicate that the majority of DNA is found in the unbound fraction, while only a small

amount is associated with the NM, with no effect upon addition of Ez. Both vimentin and

pS2 DNAwere founcl in the unbound nuclear fraction with only a srnall amount of their

DNA found in the NM-associated fraction, with no effect upon addition of Ez. Therefore,

Ez does not appear to recruit pS2 DNA to the NM It is possible that the levels of pS2

DNA associated with the NM do not increase with Ez lreatment because the required

amount of pS2 DNA is already associated with the NM and that the addition of Ez results

in the recruitment of transcription factors, which allow the p52 gene to become active.

xl1



1.0 INTRODUCTION

The hurnan estrogen receptor-a @Rc¿) is found in a variety of tissues including

reproductive tissue, brain, bone, liver and the cardiovascular system (Katzenellenbogen et

al. 2000). A second subtype, estrogen receptor-B (ERP), is found in the same tissues as

ERcr, as well as in the ovary, prostate, kidney, lung and intestinal tract (Gustafsson, 2000;

Kuiper et al. 1997). ERc¿ is expressed at high levels in breast epithelial cells in

approximately 77o/o of all breast cancers and its presence in tumors correlates with

estrogen dependence in breast cancer. Estrogen is a potent rnitogen in hormone-

dependent ER-positive human breast cancer cells. Estrogens stirnulate growth and

antiestrogens inhibit grorvth of hormone-dependent ER-positive breast cancer cells by the

direct binding of ligancl to ERcr. Therapy that prevents hormone binding to the ERc¿ can

decrease cell proliferation, whereas the presence of estrogen/l7-B estradiol (E2) can

increase the proliferation late (Robeftson, 1996). Contrary to the action of ERc¿, it is

hypothesized that ERB can have inhibitory effects on cell proliferation, as demonstrated

in the smooth muscle of blood vessels and during prostate hyperplasia (Makela et al.

I eee)

1.1 Estrogen Receptor Structure and Function

The estrogen receptors are members of the steroid nuclear receptor superfamily.

ERcr was identified in the 1960s (Jensen et ol. L968; Toft et al. 1966) and has been well
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Figure 1. Estrogen receptor-o domains. ERo is composed of 6 modular domains,
which allow it to localize to the nucleus, dimerize, bind to ligand and DNA and regulate
transcription through hormone-independent (AF-l) and hormone-dependent (AF-2)
mechanisms. ERa and ERB share 97o/o amino acid homology in their DNA-binding
domains and 60%o homo lo gy in their li gand-binding domains.



characterized. It is 595 ainino acid residues long and contains six modular domains

(Figure 1). The N-terminal A/B domain contains a hormone-independent transcription

activation function (AF-1) domain. Region C has two zinc fingers, which are involved in

DNA binding (Schwabe eÍ al. 1990), and along with region E, is responsible for receptor

dimerization following ligand binding. Domain E also includes the ligand-binding

domain (LBD) (Tanenbaum et al. 1998; Wurtz eÍ al. 1998) as well as the hormone-

dependent AF-2 region (I(uang et al. 1998; Mangelsdorf et al 1995). ERcr and ERB

share 97Yo amino acid identity in their DNA-binding domains, but only 600/o identity in

their LBD, suggesting that they may interact with the same genes, but may bind

differentially to different ligands (Kuiper et al. 1998; McDonnell et al. 1995).

1.1.1 Estrogen Receptor-a ís a Transcription Factor

ERcr is a transcription factor that can regulate target genes by interacting directly

with consensus sequences on the estrogen responsive gene's promoter. The minirnal

consensus estrogen response element (ERE) sequence has been determined to be the

palindrorne 5'-GGTCAnnnTGACC-3' (Klein-Hitpass et al. 7988). Each member of the

ERø dirner is bound to DNA in the rnajor groove and makes irnportant contacts involved

in sequence recognition and high affinity binding (Koszewski er al. 1991). When an ERcr

homodirner binds to the palindromic ERE, it is able to recruit transcriptional coactivators

to enable transcription of the estrogen-responsive genes (Beato, 1989; Gorski et al.

1993). As well, ERcr is capable of binding to a half palindromic ERE when it is



interacting synergistically with other transcription factors (Beato" 1989; Gorski et al.

1993, Schule et al. 1988). For example, ERa can bind to a half palindrornic ERE in the

promoters of some estrogen responsive genes if the site is situated near an Sp1 binding

site that is currently bound to an Sp I protein (Porter er al. 1997) It has also been reported

that ERa and ERB can form heterodimers that are able to bind steroid receptor

coactivator-1 (SRC-1) rvhen bound to DNA and stimulate transcription of a reporter gene

(Cowley et al. 7997). Flowever the physiological role for ER heterodimers has not been

elucidated. There have been a number of estrogen-responsive genes identifîed to date

(Charpentier et al. 2000) including DNA polyrnerase alpha, bcl-Z, c-fos, heat shock

protein 27, progesterone receptor, transforming growth factor alpha, vitellogenin, c-myc

and pS2.

1.1.2 Estrogen Receptor-aAssociutes with DNA

Various rnethods have been employed to study protein-DNA interactions. These

include in vivo footplinting studies (Schule et al. 1988) and formaldehyde cross-linking

(Solornon et al. 1985) Previous studies performed utilizing these 2 methods have shown

that ERa binds to specific EREs in estrogen responsive genes with increasing cross-

linking occurring during Ez treatment (Shang et al. 2000; Wood et al. 1998, Wrenn et al.

1990). Forrnalehyde lonns cross-links over a distance of only 2 Ã and has a tendency to

form protein-protein ancl protein-RNA cross-links as well. More recently cisplatin, an

antitumour drug, has been used in cross-linking studies. Cisplatin preferentially cross-

links nuclear matrix proteins to DNA over a distance of 4 Å (Samuel et al. 1998; Spencer



er al. 200I). It is able to cross-link the ERc¿, other transcription factors and histone

deacetylases (HDAC) to nuclear DNA in situ in human breast cancer cells (Samuel et al.

1998). We previously investigated whether green fluorescent protein tagged (GFP-) ERa

and endogenous ERcr were associated with nuclear DNA before the addition of Ez and

whether there was a change in the binding of GFP-ERc¿ and ERc¿ following 30 minutes

of exposure to Ez. GFP-ERc¿ and ERcr were cross-linked to DNA in sitt¡ with cisplatin,

however, the extent of cross-linking for both proteins increased after Ez addition. The

results showed that Ez enhances the binding of ERcr and GFP-ERa to nuclear DNA ln

situ (Zhao et a|.2002).

1. 1.3 Hormone-Independent Actívation of tEstrogen Receptor-a

The mammalian rnitogen-activated protein kinase (MAPK) pathway is composed

of several interconnected signalling pathways; the MAPK, SAPK and p38 pathways.

Agonists for these pathways include mitogens, such as growth factors and insulin, CD40

receptor activation, stresses, such as heat shock, ultraviolet irradiation and

chemotherapeutic drugs, and inflammatory cytokines (Woodgett, 2001) Recent studies

have shown that ERcr can be activated by pathways other than through the classical

ligand binding hormone-dependent pathway. Hormone-independent activation of ERcr

via the AF-1 dornain can occur through phosphorylation by the MAPK pathway (Bunone

er al.1996) ERa can be pliosphorylated at serine/threonine residues by protein kinases,

including MAPK, which has been implicated in the phosphorylation of serine I l8 located



in the AF-l region, resulting in transactivation (Kato et al. 1995). The hormone-

independent pathway, which occurs through activation of the MAPK pathway, is a result

of growth factors, which lead to the activation of ERa by phosphorylation of serine 118.

This results in receptor dimerization, binding to EREs and transcription of estrogen

responsive genes (Castano et al. 1998). In breast cancer cells MAPK activity and

expression are elevated, contributing to increased cellular proliferation (Xing et al. 1999).

Recent studies involving MCF-7 cells constitutively expressing mitogen activated kinase

kinase (MEK1), an upstream activator of MAPK, have demonstrated increased ERcr

transcriptional activation, increased association of ERc¿ with its coactivators and

increased tumour size (Atanaskova et al. 2002). These cells also produced increased the

amounts of the estracliol-regulated pS2 and progesterone receptor, suggesting that the

MAPK activation of ERcr enhances the ligand-dependent activation of these genes

(Atanaskova eÍ a|.2002). Considering these studies, it appears that there is cross-talk

between growth factor and ER rnediated signalling.

1.2 Estrogen Rece¡rtor-a Ligands

There are numerous compounds, both naturally occurring and artificially

synthesized, that are able to act through ERc¿. Estrogenic cornpounds include the natural

estrogen 17-B estradiol, naturally occurring plant and mold products (Katzenellenbogen

et ol. I9l9), estrogens fi'otn soy and whole grains, chlorinated pesticides (Hamrnond e/

al 1979) and an irnpurity in phenol red (Berthois et al. i986). Both pure and partial



antiestrogens can also bincl to ERcr. 4-hydroxytamoxifen (OH-TAM), LYl l7018, RU 39

41 l, keoxifene, nafoxidene and raloxifene are partial antiestrogens, in that they have

antiestrogenic activity in some tissues and estrogenic activity in others. ICI 164 384, ICI

I82 780, and RU 58 668 are examples of pure antiestrogens. Partial

antiestrogens/agonists are able to inhibit the action of Af-2, but not AF-1, whereas pure

antiestrogens/antagonists can inhibit both transcription activation function domains.

17-B estradiol (E2) is the naturally occurring steroid agonist for ERc¿ (Figure 2A).

When Ez binds to ERcr there is a release of chaperone proteins and receptor

hornodimerization occurs. The hornodimer can bind to EREs in the promoter regions of

estrogen-responsive genes. As well, coactivators are able to bind to the ERc¿ and recruit

the transcriptional machinery (Diamond et al. 1990). Tamoxifen and raloxifene are

nonsteroidal antiestrogens (Figures 2A &. B). Tamoxifen is the most prescribed drug for

the treatment of breast cancer, however tumors eventually become resistant to tamoxifen

in as little as 10-12 nronths, resulting in tamoxifen-stimulated growth (Osborne eÍ al.

1995). The ICI compounds have a backbone based on the structure of E2 (Figures2C &.

D). In particular, ICI 182 780 (known as Faslodex in clinical trials) is a 7cr-alkylsulflrnyl

analogue of Ez (Wakeling et al. 1988). Unlike tamoxifen, both ICI compounds have no

intrinsic estrogenic activity (Wakeling et al. 7991). Both compounds have the ability to

inhibit the growth of MCF-7 tumors that have acquired tamoxifen resistance (Gottardis el

al. 1989; Osborne et al. 1994).



Estradiol

Tamoxifen Raloxifene

ICI 182 780

Figure 2. Chemical structures of common ERcr ligands. A. Naturally occurring 17-B
estradiol. B & C. Partial antiestrogens tamoxifen and raloxifene. D & E. Pure
antiestrogens ICI 164384 andICI 182780.



Partial agonist bound

Figure 3. Ligand binding domain conformations of ERcr. The 12 helices ofERa take on

different conformations depending on the type of ligandbound to it. When ERo is unbound,
H12 ispositionedbelowtherestoftheLBD (A). H12, andH3-H5 formahydrophobic cleft
when bound to estradiol, which allows coactivators to bind @). Partial antiestrogens cause
}Jl2to occupy part of the hydrophobic cleft, hampering interactions with coactivators (C).

S I & 52 represent B-strands and (L) is ligand. Modified from Parker, 1998 and Tanenbaum
etal1998.



1.2.1 Lígand Binding Alters Estrogen Receptor-ø Conformation

The ligand-binding dor¡ain of ERcr consists of 12 cr-helices (HI through H12),

which can take on differing conformations depending on the type of ligand bound to it. In

its unbound state, H12 is positioned below the rest of the LBD (Figure 3A). When Ez

binds to the LBD, ERcr undergoes a conforrnational change in Hl2, producing a

hydrophobic cleft along with H3, H4, H5 and the loop between H3 and H4 (Moras et al.

1998; Pike et a|.2000, Tanenbaum el al. 1998). This resulting hydrophobic cleft is the

proposed AF-2 region (Shiau et al. 1998) (Figure 3B), which is a binding site for

transcriptional coactivators, such as the p160 class of proteins that are known to

potentiate transcription (Mak et al. 1999). The recruitment of complexes to EREs that

contain pi60 proteins and have histone acetyltransferase (HAT) activity enables Ez-

bound ERa to facilitate the transcription of estrogen responsive genes via chromatin

remodeling and interaction with the transcription initiation complex (Beato et al. 1996;

Collingwood et al. 1999; Diamond el ø1. 1990: McKenna et al. 1999, Ruh et al. 1996.

Torchia et al. 1998) If a partial antiestrogen (OH-TAM, raloxifene) is bound to the LBD,

the resulting conformational change causes }{IZ lo occupy part of the hydrophobic cleft,

thus harnpering interactions with coactivators (Collingwood et al. 1999; McKenna et al.

1999; Tanenbaum eî al. 1998; Torchia et al. 7998) (Figure 3C). In this conformation,

cornplexes containing corepressors such as N-CoR and SMRT (Shang et al. 2000) and

HDACs are allowecl access to nucleosomes containing estrogen responsive genes and

transcriptional repression can occur (Shiau et al. 1998). In contrast to partial agonists, it

has been hypothesizecl that the mode of action for pure antiestrogens, like ICI 182 780,
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involves destabilization of the

side chains (Wijayaratne et al.

ERcr-coactivator complex

Leee).

due to their long hydrocarbon

1.2.2 Reguløtion of Estrogen Receptor-a und Coactivators

In addition to legulating estrogen responsive genes via the ERcr, estrogens and

antiestrogens regulate the arnount of ERa present in the cells. Unoccupied ERc¿ has a

halÊlife of approximalely 4 hours in MCF-7 cells. With the addition of Ez the half-life

decreases to 3 hours (Eclcert et al. 7984). This E2-induced down-regulation of ERcr has

been attributed to decreased levels of mRNA and protein degradation. Decreased levels

of rnRNA may result fì-orn inhibition of ERa transcription (Martin et al. 7993; Saceda et

al 1988) and/or post-transcriptional destabilization of the mRNA (Saceda et al. 1988,

Saceda er al. I99l). Partial antiestrogens increase and stabilize ERcr protein levels (Seo el

al. 1998), but have no effect on ERcr mRNA levels (Martin et al. 1993). In contrast, pure

antiestrogens act by rapidly decreasing ERcr protein levels (Dauvois et al 7992; Howell

et al. 1996). Wijayaratne and colleagues have shown that the Ez-bound ERc¿ rnust be

transcriptionally active in order for ERcr degradation to occur, while transcriptional

activity has no effect on the stability of other ligand-bound receptors tested (Wijayaratne

et al.200I). As well, binding to DNA was required for degradation of Ez-bound ERcr and

for the stability of OH-TAM-bound ERa (Wijayaratne er al.200I).
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1.2.3 Estrogen Receptor-a ís Degraded vía the 265 Proteasome

ERcr, the progesterone receptor and ERc¿ coactivators are degraded by the 265

proteasome (Alarid el al. 1999;El Khissiin et al. 1999; Lonard et aL.2000',Nawazet al.

1999). As demonstrated by Lange and colleagues (Lange et a|.2000), down regulation of

the progesterone receptor is a result of ligand binding, which activates receptor

phosphorylation by MA-PI(s at serine 294. Thls phosphorylation event initiates targeting

of the receptor for degradation by the proteasome. Ubiquitination appears to be involved

in targeting of ERcr fol clegradation via the 265 proteasome. It has been determined that

ERc¿ is ubiquitinated whether or not it is bound to ligand, however OH-TAM-bound ERu

is hypo-ubiquitinated, reflecting its increased stability, while ICI 182 780-bound ERc¿ is

hyper-ubiquitinated, corresponding with its increased degradation (Wijayaratne et al.

2001). It has been suggested that ERcr turnover contributes to the transcriptional activity

of ERc¿ (Lonard el a|.2000). When proteasome inhibitors are added to cells (Alarid et al.

1999; Nawazel al. 1999) orthe region of ERcr responsible for receptor downregulation is

mutated (Lonard el ctl. 2000), ERcr accumulates in the cell and ERcr-rnediated

transcription is impaired. Proteasome inhibitors also abrogate the downregulation seen

during treatment with ICI 182 780 (Stenoien et al. 2001a). These data suggest that the

proteasome is required fbr Ez-induced ERc¿ mediated transcription to occur, as well as for

depletion of ERcr when bound to ICI 182 780. As well, treatment with proteasome

inhibitors prevents degradation of coactivators, such as SRC-1 and CBP, however their

accumulation in the cell increases their ability to stimulate transcription of a reporter gene
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1.3

(Lonard et al.2000). FRAP has also revealed that proteasome inhibitors irnmobilize ERcr

within the nucleus, leading to the hypothesis that ERcr interacts directly with proteasomes

to maintain receptor levels and if this process is blocked large complexes that are

irnmobilized on the nuclear matrix may form, preventing transcription, whereas ICI 182

780 causes rapid imrnobilization and bypasses transcription in favor of proteolysis

(Stenoien et al. 2001a).

The Nuclear Matrix

The nuclear structure subsequently tenned the nuclear matrix (Berezney et al.

1974) was first extracted by Zbarskii and Debov in 1948 (Zbarskti et al. 1948).

According to the biochemical definition it is the structure rernaining after nuclei are

treated with nucleases to digest DNA followed by high salt extraction to remove

chrornatin and loosely associated proteins (Mattern et al. 1996). The nuclear matrix (NIM)

is essentially composecl of two parts, the nuclear lamina and the internal nuclear matrix.

The nuclear lamina, q,hich consists of larnin proteins, is the residue of the nuclear

envelope, while the internal matrix is an extensive fibrogranular matrix (Berezney, 1991).

The NM forms a three-clirnensional RNA-protein network within the cell nucleus that

provides a structural fi'amework for transcription, replication and processing of RNA. As

well, it plays a role in nuclear organization and rnorphology. The NM connects with the

network of intermediate filaments at the surface of the nuclear lamina and may be a part

of an extensive network linking the nucleus to the cytoskeleton and ultirnately to adjacent

cells (Nickerson ¿l al. 1995).
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1.3.1 Transcription on tlte Nuclenr Mutríx

The nuclear matrix is involved in the organizafion of chromatin within the

nucleus. Chrornatin forms loop dornains that are altached to the NM at matrix attachment

regions/scaffold attachrnent regions (MARs/SARs). It is believed that each loop is a

separate unit of transcription and replication (Kalos et al. 7995). Inactive chrornatin is

highly condensed ancl is found on the looping DNA structures. Potentially active

chromatin is decondensed and associated with the nuclear matrix, while actively

transcribed gene requires the addition of appropriate transcription factors (Cook, 1989).

Along with transcribecl genes, transcription factors and other components of transcription

complexes are also found on the NM (Jackson et al. 1981). The current model of

transcription begins with a gene in a DNA loop that is not associated with the NM and

therefore not in the vicinity of RNA polymerase II, which is located on the NM (Cook,

1989). Once activated, the gene can attach to the NM and is assembled into a

transcription complex that includes polyrnerase and topoisomerases. Since the

polyrnerase is attached to the NM, the DNA moves past the polyrnerization site and RNA

is synthesized. Therefore, the DNA template moves through the stationary transcriptional

rnachinery.

1.3.2 Estrogen Receptor-a and Coregulator Subnucleor Trafficking

The presence of ligands also affects the subnuclear trafftcking of the ERa. ERcr

contains a nuclear localization signal that targets it to the nucleus where it exists in two
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distinct forms, either loosely- or tightly-bound to the three-dimensional RNA-protein

network of the nuclear rnatrix. ERcr-positive breast cancer cells that have been

transfected with GFP-tagged ERc¿ and grown in the absence of ligand have GFP-ERø

loosely bound to the nuclear matrix, which produces a diffuse pattern in the nucleus when

viewed using fluorescence microscopy (Htun et al. 1999; Stenoien et ql. 2000). When

ligand (E2, OH-TAM, ICI 182 780) is present, GFP-ERa exhibits a speckled pattern in

MCF-7 (Htun et al. 7999; Stenoien et a|.2000), HepG2 and HeLa cells (Stenoien eÍ al.

2000) Tirne-lapse rnicroscopy on live HeLa cells has shown that in response to ligand

the ERc¿ rapidly redistributes within the nucleus in 10-20 minutes (Stenoien er al. 2000).

Subnuclear fractionation of MCF-7 cells has demonstrated that the ERc¿ redistribution

correlates with nuclear matrix association. Addition of ligand results in nuclear matrix

association of the ERcr rvithin 10-20 minutes (Stenoien el al. 2000). In addition, it has

been demonstrated that both ERcr and steroid receptor coactivator-1 (SRC-1) colocalize

to the same nuclear matrix foci in response to Ez, but not the antagonists, OH-TAM or

ICI 182 780 (Stenoien ct a|.2000), suggesting that ERcr recruits SRC-1 to the NM only

when bound to agonist.

1.3.3 Estrogen Receptor-a Mobílíty and the Nucleør Matrix

Using the technique of fluorescence recovery after photobleaching (FRAP),

Stenoien and colleagues demonstrated that in the absence of ligand fluorescently-tagged

ERcr was rnobile in the nucleus (recovery tt/z < 1 second) (Stenoien er al. 200Ia). Despite
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being tightly bound to the nuclear matrix when ligand is present (Ez, OH-TAM), ERa is

still highly mobile and able to quickly recover frorn photobleaching (t'/, - 5-6 seconds),

while exposure to ICI 182 780 immobilizes ERc¿ (Stenoien et al. 200Ia). In addition,

interactions between ERcr and coactivators were investigated in live cells using

fluorescently tagged flrsion proteins (Stenoien eÍ al. 2001b). In the absence of ligand,

SRC-I, but not CREB binding protein (CBP), is associated with ERcr in a transient

manner, while the adclition of Ez produced a rapid recruitment of both coactivators

(Stenoien et al. 2001b). Treatment with OH-TAM or \CI I82 780 showed very little

association of SRC-1 or CBP with ERcr, suggesting that only agonist is able to recruit

coactivators (Stenoien el a|.2007b). FRAP analysis indicates that in the presence of Ez

the association of these complexes is still highly dynamic, allowing for exchange of

subunits in a matter of seconds (Stenoien et ctl. 2001b). These data suggest an ability of

ERcr and its coregulators to cycle on and off the nuclear matrix.

1.3.4 Estrogen Receptor-a Mediøted Transcríption Complex Assembly is Cyclíc

Chromatin immunoprecipitation (ChIP) assays performed by Shang and

colleagues using MCF-7 cells revealed a cyclic rnodel of ERa transcription complex

assernbly on the promoters of estrogen responsive genes (Shang et al. 2000). Treatment

with Ez causes recruitrnent of ERa to the promoter within 15 minutes, with maximal

occupancy at 30 rninutes and a return to baseline after 75 minutes. These results point to

a cycling of ERcr on and off the promoter in response to E2 (Shang eÍ a|.2000). As well,
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three proteins, amplified in breast cancer-1 (AIBl), peroxisome proliferator-activated

receptor binding protein (PBP), and p300, associate with the p¡omoter in a transient

manner 15-30 minutes post-E2 treatment and histones associated with the promoter aÍe

acetylated. RNA polymerase II is then recruited to the complex, followed by CBP and

p3OO/CBP-associated factor (pCAF), which become transiently associated with the

promoter 45 minutes after E2 stimulation, a time at which the levels of the first

coactivators are dropping. Dissociation of the ERcr transcription complex then occurs

concurrently with phos¡lhorylation of RNA polymerase II, allowing for a second cycle of

promoter occupancy -100 minutes afterE2 exposure, which has an identical sequence of

assembly as the first cycle, with the omission of p300 (Shang er al. 2000). Instead of

recruiting coactivators, OH-TAM-bound ERc¿ recruited the corepressors N-CoR and

SMRT to the promoter region, suggesting an active role in gene repression (Shang et al.

2000)

1.3.5 Association oJ'DNA with the Nucleør Matrix

There are several different methods that have been used to study the interactions

between the NM and DNA sequences in relation to transcription. Thorburn and

colleagues employed a rnethod modifred from the protocol described by Jackson and

Cook (Jackson eÍ al. 1985; Jackson et a|.1988). The Jackson and Cook protocol begins

with encapsulating the cells in agarose, treating the cells with Triton to lyse the cells,

followed by digestion of the DNA with restriction enzymes. In the rnodified method the

cells are treated with lysolecithin to permeabilize them, then suspended in isotonic buffer.
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The nuclei are encapsulated in agarose and treated with restriction enzymes. Both

methods then require electrophoresis of the agarose beads to remove the fragments of

DNA that are not attached to the NM The DNA fragrnents that are attached to the NM

can then be eluted after treatment with 0.2% SDS (Thorburn et al. 1988). An alternate

rnethod of NM isolation for studying DNA attachment involves treating the cells with

Triton X-100 to lyse the cells and release the nuclei, followed by DNA digestion with

micrococcal nuclease. To extract the DNA, the samples are treated with proteinase K and

then purifred using phenol/chloroform/isoamyl alcohol (Stratling ef al. 1986). Studies

ernploying these methods have indicated that DNA can associate with the NM.

Stratling and colleagues demonstrated that when chromatin is fractionated,

transcribed sequences of the chicken lysozyme gene are found in the pelleted fraction,

which corresponds to the NM (Stratling et al. 1986). This association of active genes with

the NM only occurs when the gene is being transcribed (Stratling et al. 7986; Thorburn er

al. 1993) and its immobilization is attributed to its attachment to the NM. In contrast,

neither competent nor inactive genes are found to be enriched in the fraction

corresponding to the nucleoskeleton (Delcuve et al. 7989). DNA attachment to the NM

has also been studied using the estrogen-inducible expression of the B2 vitellogenin gene

in Xenopu,s liver (Thorburn et al. 1993). This study utilized the inherent gender

differences in the expression of this gene, whereby male animals do not express

vitellogenin in the liver while females express it at a high level. Analysis showed that

females had a larger amount of vitellogenin associated with the nucleoskeleton compared

with males, indicating that it is more abundantly bound to the nucleoskeleton in females,
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where it is active, compared to males, where it is inactive. The albumin gene is equally

active in both male and female liver and there was not a gender difference in its

association with the nucleoskeleton. These results indicated that the vitellogenin gene in

liver is detached frorn the nucleoskeleton when it is inactive and is attached to the

nucleoskeleton when it is active (Thorburn et al. 1993).

1.3.6 pS2 and Vimentin

The pS2 gene was flrst described as an ER-regulated gene in MCF-7 cells as there

was an induction of its transcription evident i5 rninutes post-treatment with E2(BrowneÍ

al. 1984: Masiakowski et al. 1982). pS2 protein is also known as trefoil factor I (TFF1),

HP1.A, PNR-2 and breast cancer estrogen-inducible protein (BCEI) (SWISS-PROT,

2002a). The precursor molecule of pS2 is 84 amino acids in length, while the processed

polypeptide is probably 58 amino acids long Q..lunez et al. l98l) It is found in stomach

and is also expressed in rnalignant breast cells, but not in normal tissue. It is regulated by

estrogen in MCF-7 cells and is expressed in a number of other carcinomas including

pancreas, stomach, and colon (SWISS-PROT,2002a) pS2 is a cysteine-rich protein that

is secreted in ER-positive breast cancer cells. Recent studies have implicated p52 in the

rnigration of breast tumour cells (Prest et al. 2002). The vimentins are class-IlI

intermediate filaments found in various non-epithelial cells, especially mesenchymal

cells. They are expressed in rnany hormone-independent mammary carcinoma cell lines

and are not induced by estrogen (SWISS-PROT,2002b).
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r.4 The GFP-ERc{, Stâble Transfection System

Fluorescently tagged proteins are informative biological tools for studying the

sub-cellular trafficking of hormone receptors (Hager et al. 2000) Previously we

analysed the sub-cellular location of transiently expressed green fluorescent protein

(GFP)-tagged ERcr in breast cancer cell lines. The GFP-ERcr was functional in that the

fusion protein activated an ERE-containing reporter gene in the presence of Ez, whereas

ICI 182,780 inhibited this activity. GFP-ERa showed the same ligand dependent sub-

cellular localization patterns in the nucleus as wild type ERa (Htun et al. 1999) To

complement these data, we have constructed an ER-positive cell line that expresses stably

transfected GFP-ERcr r-rpon addition of doxycycline. An ER-positive breast cancer cell

line was selected due to the inherent problems associated with transfecting ERcr into ER-

negative cell lines. Transfection into ER-negative cells results in restoration of hormone

responsiveness, howeverE2 becomes an inhibitor of cell proliferation (Garcia et al. 1992;

Jiang et al. 1992, Jeng eÍ al. 1994;Lazennec et al. 7999a, Lundholt et al. 7996;Pilat et

al. 1996) by producing a cell cycle shift that results in an increased nurnber of cells in

Go/Gr (Wang et al. 1997',Lazennec et el. 1999b). This cell shift has been attributed to the

induction of the cyclin-dependent kinase inhibitor p2I, as well as the modulation of other

factors required for cell c)/cle progression (Wang et al 1997)
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1.4.1 Green Fluorescent Protein

GFP has become a common tool to monitor gene expression, determine protein-

protein interactions and visualizetrafftcking and localization in the cell. GFP was cloned

from the jellyfish, Aer¡ucn'ea victoria, and can be used to label proteins on either the

amino or carboxy tennini. However, some studies suggest a link between expression of

GFP and induction of apoptosis (Liu et al 1999).

1.4.2 TIrc Tetracycline-on Expression Systent

The tetracycline-on expression system is a powerful tool for controlling gene

expression in mammalian cells. There are two different approaches available for

controlling gene expression. The frrst system developed consisted of the structural gene

for the tetracycline repressor (TetR) fused to the activating domain of VP16, which

generates the tetracycline-controlled transactivator protein (rTA) When bound to a

tetracycline analogue, rTA undergoes a conformational change, preventing it from

binding to tetracycline lesponse elements on the target gene and thus preventing

transcription. When the tetracycline analogue is removed, transcription can occur

(Freundlieb et al. 1997) The second system involves the fusing of the structural gene for

the reverse tetracycline repressor (rTetR) to the activating domain of VP16, which

generates the reverse tetracycline-controlled transactivator protein (rtTA) The rtTA

differs from tTA by 4 arnino acids, however its DNA-binding behaviour is reversed.
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When bound to a tetracycline analogue, rtTA is able to bind to tetracycline response

elements (TRE) on the target gene and activatetranscription (Freundli eb et al. lggT).

1.4.3 GFP-ERa controlled by the Tetracycline-on Expression systent

Previous studies in our lab were undertaken to create a stable cell line expressing

GFP-ERc¿ The amino-terminally tagged ERc¿ was inserted into the pLrFIDl0-3 plasmid

(Figure 4), resulting in a gene that codes for a protein that is under the control of a

tetracycline inducible promoter and contains 3 tags, Hiso, which allows it to be isolated

using metal afflrnity resin, the hemagglutinin epitope (HA), which can be used for

immunochemical techniques and GFP. The ptIHD 772-7neo plasmid that includes the

sequence for rTetR fused to the activating domain of VPl6 protein and a neomycin

resistance gene was stably transfected into the MCF-7 human breast cancer epithelial cell

line, yielding clone 89 (gift f¡om Dr. R.P.C. Shiu). Clone 11, a srable cell line expressing

GFP-ERc¿, was createcl through transfection of the second plasmid, ptIFIDl0-3, into

clone 89 (Gossen et ctl. 1995) (Figure 5). In the absence of doxycycrine (DoX), a

tetracycline analogue, rtTA does not activate the expression of GFp-ERc¿, but when DOX

is added' the reverse rtTA can bind to tetracycline responsive elements upstream of the

GFP-ERcr, resulting in the expression of GFp-ERa (Figure 6).
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Figure 4. pUHD 10-3 plasmid containing the GFP-ERc¿ gene. Amino-tagged ERcr was
inserted into the plasmid resulting in a gene that codes for a fusion protein that contains His6,
hemagglutinin, green fluorescent protein and ER.
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puHD 10-3

pUHD 172-l neo
MCF-7 Clone 89

MCF-7 Clone 11

Figure 5. Plasmids of Clone 11. Plasmid pUHD 10-3 was stably transfected into clone 89
cells that already contain plasmid pUHD L72-I neo, which codes for the rTetR-VPl6
fusion protein. The resulting cells produce GFP-ERc¿ fusion protein under the conhol of
tetracycline (Doxycycline).
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Figure 6. GFP-ERo expression system. In the absence of Doxycycline @OX), a

tetracycline analogue, rtTA does not activate the expression of GFP-ERc¿. When DOX is
added, the reverse rtTA can bind to tetracycline responsive elements (TRE) upstream of the
GFP-ERa coding region, resulting in GFP-ERø expression.
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1.4.4 Chørscterization of GFP-ERa

Following construction of MCF-7 cells expressing GFP-ERc¿, the cells were

tested to determine if they respond in a manner similar to cells expressing only

endogenous ERcr. Previous studies in our lab characterized the GFP-ERcr compared to

wild type ERa witli respect to cell proliferation, cell cycle distribution, effect on

endogenous ERc¿" expression of endogenous genes, the ability to bind to specif,rc estrogen

responsive elements, cellular and subcellular distribution and the effects of ligands on

ERcr. Minimal promoters, such as CMV, can have rtTA-independent activity and are

referred to as "leaky" (Freundlieb et al. 1997). However, studies in our lab have

demonstrated that our DOX-regulated GFP-ERc¿ expression system is not leaky since

there is no detection of GFP-ERa either visually or by fluorescence activated cell sorting

(FACS) in the absence of DOX As well, FACS analysis has reveled that the GFP-ERcr

expressing cells do not lrndergo apoptosis, demonstrating that GFP is not toxic to these

cells (Liu et al.1999',Zhao et a|.2002).

Bivariant FACS and immunoblot analyses demonstrated that increasing the DOX

concentration increasecl the number of MCF-7 clone I I cells expressing GFP-ERa. This

suggests that raising the DOX concentration increased the probability that the ftTA

proteins will bind to heptornerized tetracycline response elements and activate the CMV

promoter (Baron et al. 2000; Fiering et al. 2000; Gossen et al. 1992). To determine

whether GFP-ERa expression and/or DOX had an effect on cell growth and cycling, the
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doubling time was calctrlated for clone 89 and 11, and the percentage of cells in S+Crn¿

phases was determineci by FACS. Expression of GFP-ERa did not alter the doubling time

of the cells. In the absence of estradiol, the cell cycle distribution of clone 89 cells was

not affected by increased concentrations of DOX. Treatment of the cells with E2 resulted

in an increase of cells in S+GzlM phases and DOX addition had no effect. Clone 11 cells

displayed sirnilar results, demonstrating that increased GFP-ERa expression in the

presence or absence of estrodiol did not affect cell cycling. Therefore DOX and GFP-

ERa expression do not affect cell growh, cell cycling or the cell cycle distribution of

breast cancer cells (Zhao et al 2002).

With respect to the cellular distribution of GFP-ERcr, in the absence of ligand

both GFP-ERc¿ and enclogenous ERcr were found to partition to the loosely bound

nuclear fraction. Following the addition of ligand, there was a shift in the partitioning of

GFP-ERcr and ERcr fi'om the loosely bound nuclear form to the tightly bound nuclear

form. The results show that GFP-ERc¿ and ERcr ligand dependent subcellular trafficking

is sirnilar (Zhao eÍ ct|.2002). As well, cisplatin cross-linking studies have confinned that

GFP-ERcr is able to bind nuclear DNA. GFP-ERcr and ERcr are both cross-linked to

DNA with cisplatin, with the extent of cross-linking increasing after Ez addition,

suggesting thatB2enhanced the binding of ERc¿ and GFP-ERcr to ER DNA binding sites

(EREs) (Zhao et al.2002)
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Immunoblot analysis of DOX induction of GFP-ERcr in clone 11 revealed that

endogenous levels of ERcr decreased as GFP-ERcr levels increase, whereas control

studies in clone 89 sliowed that DOX at 0.1, 0.5 and 1.0 ¡rglml did not alter the

endogenous ERc¿ levels (Zhao et al. 2002). Northern blot analysis has shown that GFP-

ERc¿ mRNA levels increase in response to elevated DOX concentrations. This DOX-

dependent increase in GFP-ERø mRNA levels is not affected by the addition of Ez to

clone 11 cells, whereas the steady state levels of endogenous ERcr rnRNA decline

following the addition of Ez. In the absence or presence of Ez, increased GFP-ERo

expression decreased ERcr rnRNA levels. These results suggest that GFP-ERa is

negatively regulating the expression of the endogenous ERc¿ gene (Zhao et a|.2002).

To determine the effect of GFP-ERcr expression on the induction of estrogen

responsive genes (c-nrytc and pS2), Northern blot analysis was perforrned with rnRNA

isolated from clone 11 cells cultured in 0 or I 0 pglml DOX in the absence of Ez or

incubated for various tirnes with Ez. c-myc mRNA levels increased, reaching a maximum

at I hour of E2 exposure, and then declined. Increased GFP-ERc¿ expression and the

corresponding decrease in endogenous ERcr expression did not interfere with this

process. pS2 rnRNA levels increased during the entire time course for cells with and

without GFP-ERc¿ expression. These results show that GFP-ERc¿ does not interfere with

the induction of estrogen-responsive genes (Zhao et al. 2002).
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The data generated to date from the characterization of MCF-7 cells stably

expressing GFP-ERcr suggest that they are behaving in a manner similar to that of cells

expressing endogenous ERcr and, as a result, are a suitable tool for studying the ER.
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2.0 RESEARCH AIMS AND HYPOTIIESES

Previous studies have characterized the degradation of ERcr protein and mRNAb

however to date there has not been a comprehensive study that includes the actual

calculation of ERc¿ protein and mRNA half-life with respecttoE2, OH-TAM and ICI 182

780. It is importantto elucidate the regulation of ERcr protein within breast cancer cells,

as it is a transcription factor for many genes, including those involved in the growth of

malignancies. Understanding the mode of action of ligands on the receptor half-life can

also be an important tool in the development of new antiestrogen pharmaceuticals. Using

the GFP-ERcr fusion protein underthe control of the tetracycline-on system the half-life

of both GFP-ERa protein and mRNA will be determined for unbound receptor" and in the

presence of the naturally occurring estrogen, l7-B estradiol, the partial antiestrogen,4-

hydroxytamoxifen and the pure antiestrogen, ICI 182 780. It is hypothesized that GFP-

ERcr protein has a half-life close to 4 hours for the unoccupied receptor. We predict that

Ez and ICI 182 780 will decrease the receptor halÊlife, whereas binding to OH-TAM will

increases it. In addition, it is hypothesized that GFP-ERc¿ mRNA has a half-life of

approximately 4 hours when untreated, whereas E2 treatment will decrease the half-life

and OH-TAM and ICI 182 780 will have no effect on the mRNA half-life

DNA attachment to the nuclear matrix has been studied for a number of genes

including the estrogen-inducible expression of the B2 vitellogenin gene in Xenopus liver

(Thorburn et al. 1993). Although there has been extensive study of DNA attachment to
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the NM, to date no one has studied the attachment of an estrogen-reponsive gene in a

human breast cancer cell iine. Since the attachment of genes to the NM is a prerequisite

for gene activation it is irnportant to determine the subnuclear partitioning of genes that

are over-expressed in breast cancer cells. Better understanding of the transcriptional

activation of these genes could potentially result in a method to silence them and in the

process arrest uncontrolled cell proliferation. p52 is an estrogen-inducible gene that is

transcribed in response to Ez, while vimentin is not regulated by Er. These two genes will

be studied to determine their subnuclear partitioning in estrogen-deplete and replete

conditions. It is hypothesized that p52, the estrogen-inducible gene, will be found in the

NM-associated fraction in small amounts when Ez is not present, whereas it will be

enriched in the NM fraction when Ez is added. Since vimentin is not induced by Ez it will

not be enriched in the NM fraction regardless of whether Ez is present.
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MATERIALS AND METHODS

All chemicals are of analytical grade and were obtained from the following

sources: Amersham Phannacia Biotech (Baie d'Urté, Québec) Bio-Rad (Mississauga,

Ontario), Roche (Laval, Québec), Fisher Biotech (Edmonton, Alberta), Invitrogen

(Burlington, Ontario), ICN Biomedicals Inc. (Costa Mesa, California), Qiagen

(Mississauga, Ontario), Research Biochemicals International Q.{atick, Massachusetts),

Sigma-Aldrich (Oakville, Ontario), TOCzuS (Ballwin, Missouri) WVR Canlab

(Mississauga, Ontario). All solutions were made with distilled deionized water (ddH2O),

with a conductance of I4-18 ¡r! (Milli Q Plus water purification system).

3.1 Cell Culture

Cells (MCF-7 and MCF-7 clone 11) were maintained in T185 angle-necked flasks

(Nunc, Burlington, Ontario) containing Dulbecco's Modified Eagle's Medium

supplemented with 0.37yo (dv) NaHCOt 7Yo (v/v) Fetal Bovine Serum (FBS), 2.2 mM

L-glutarnine,0.33%o (w/v) glucose, Penicillin/Streptomycin (100 units/ml/100 ¡rglml) and

0.1 mM non-essential amino acids. 0.2 mglml Hygromycine B and 0 2 mglml Geneticin

were added to clone 11 cells only (all reagents from Gibco-BRL). Environmental

conditions were maintained at370C with a humidified atmosphere of 5Yo COzlgSYo air.
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3.2 Cell Treatment for Turnover Studies

MCF-7 clone 11 cells were reseeded on 150 x 20 mm tissue culture dishes Q.{unc)

in phenol red free Dulbecco's Modified Eagle's Medium (PRF-DMEM - Sigma-Aldrich)

and supplemented with 0.37o/o (w/v) NaHCOt, T%o (vlv) 2x charcoal stripped FBS, 2.2

mM L-glutamine, 0 33yo (w/v) glucose, penicillin/streptomycin (1OOunits/ml /1OOpg/ml),

0.1 mM non-essential arnino acids and 1.0 pglml of DOX (Sigma-Aldrich). The cells

were allowed to grow for 4 to 6 days prior to treatment, with replacement of medium

every 2 days. Ten nM Ez (Sigma-Aldrich), OH-TAM (Research Biochemicals

International), ICI I82 780 (TOCRIS,), or ethanol vehicle was added to the plates for

each time point. After 6, 18, 20 or 22hours, the DOX was removed from the media and

the cells were allowed to grow until they had been exposed to ligand for a total of 24

hours. In addition, 2 sets of plates that were exposed to ligands for 24 hours without

removal of DOX were prepared. This produced samples thathad grown in DoX-deplete

media for 0,2, 4, 6 and 18 hours.

3.3 Cell Treatment for Determining Subnuclear Partitioning of Genes

Cells were seedecl on 150 x 20 mm tissue culture dishes (Nunc) in PRF-DMEM to

which was added 0 37o/o (w/v) NaHCOz, TYo (vlv) 2x charcoal stripped FBS,2.2 mM L-

glutamine, 0 33% (w/v) glucose, l0lo (v/v) PenicillirVStreptomycin and IYo (viv) non-

essential amino acids. The cells were grown for 4 to 6 days with replacement of medium
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every 2 days. Half the plates were then treated with 10 nM Ez for I hour, resulting in

samples that were either deprived of or treated with Ez.

3.4 Harvesting Cells

3.4.1 Protein Turnover Studues

The number of ceils that were present on 150 x 20 mm tissue culture plates was

determined for each ligand. The duplicate plates for the timepoint without DOX removal

were harvested by scraping using PBS buffer and counted using a 22 Coulter Counter.

Using these counts, cells were harvested by scraping using enough 4x SDS-PAGE

sample buffer without clye (100 mM Tris-Cl pH 6.8, 20% (vlv) glycerol, 8% (w/v) SDS

and 1 mM PMSF) to produce a concentration of 5000 cells/pl. The lysates were stored at

-200C until needed for SDS polyacrylamide gel electrophoresis.

3.4.2 mRNA Turnot,er Sturlíes

Cells used for RNA analysis were harvested in RLT buffer (RNeasy kit from

Qiagen). The RNA was isolated according to the Animal Cell Protocol from the RNeasy

kit and stored at-700C until required for formaldehyde agarose gel electrophoresis.
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3.5

3.4.3 Subnuclenr Pnrtitioning of Genes Studies

All plates were harvested by scraping with PBS. Each sample was spun in a

centrifuge at 1550 rprn for 5 minutes (Precision Clinical Centricone 67377 Centrifuge,

Precision Scientific Co.) and then washed twice by resuspension in PBS, followed by a 5

minute spin after each wash. The PBS was then removed and the pellets were stored at -

70'C until needed for micrococcal nuclease digestion.

Protein Turnover Analyses

3. 5. 1 SDS Polyacrylo.nr.íde Gel Electropltoresís

Proteins from total cell lysates were resolved by molecular weight as described by

Laernmli (Laernmli 1970). Eighteen cm x 72 cm x 1 mm gels were prepared with a

stacking gel of an additional3.5 crn. The samples were sonicated2 x 10 seconds setting

30%, #3 (Sonifier Cell Disruptor 350) to fragment DNA producing a less viscous lysate.

A small amount of SDS sample buffer (with dye) was then added to colour the lysates

and the samples were boiled fo¡ five minutes. 10,000 cells for each sample was loaded

per well and the proteins were analysed under reducing conditions by electrophoresis on

a l0o/o SDS-PAGE gel with a 4o/o stacking gel. The gels were nln at 42 mA/gel

(Electrophoresis Unit ancl Model 500/1000 Power Supply, Bio-Rad) for 4 hours in lx

SDS running buffer (25 rnM Tris base, 0 2 M glycine, 0.5% SDS) while cooled to 4"C by

circulating water through the cooling core.
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3.5.2 Western Trønsjèr and Immunodetection Using ECL

The resolved llroteins were electrophoretically transferred to a nitrocellulose

membrane (Bio-Rad) according to Towbin (Towbin et al. 1979). The proteins \ilere

transferred (Transblot apparatus, Bio-Rad) in Western transfer buffer (25 mM CAPS pH

10 and 20% (vlv) rnethanol) at 4"C overnight at 50V (Models PS500X and PS500XT

Power Supply, Hoeffer). The membrane was blocked in TTBS [TzuS buffered saline (50

mM Tris base, 150 mM NaCl, pH to 7.5)10.2% (v/v) Tween 201+ 5% (wlv) milk for 90

minutes at room temperature. ERcr antibodies (NCL-6F11, Novacastra, Newcastle upon

Tyne, IJK) were diluted 1:800 in TTBS + zyo (w/v) milk. After incubation for t hour, the

membranes were washed three times for 10 minutes each in TTBS. Then the membranes

were incubated with a horseradish peroxidase-linked anti-mouse IgG antibody @io-Rad)

diluted 1:3000 in TTBS + 2o/o (wlv) milk for 45 minutes at room temperature. After three

10 rninute washes with TTBS, detection was accomplished using the ECL detection

system according to the manufacturer's instructions (Amersham Pharmacia Biotech).

3.5.3 Immunoblot Analysis

The mernbranes were scanned into the Image Station 440CF (Kodak Digital

SciencerM) according to the manufacturer's instructions for chemiluminescence. From

the scans the net intensity of the GFP-ERa bands were deterrnined using lD Image

Analysis Software (Kodak Digital SciencerM). To standardize the net intensity values of

the blots, we employed a standard curve of known values and net intensities. From the
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standard curve we determined the volume equivalents for the number of cells loaded for

each of our samples. The loading volume equivalents were then used to create a graph

and the linear regressions for each curve were determined. The regression lines yielded

data points that were used to calculate the half-life of GFP-ERI (tl/z: 0.693k, where k :

lnlnl/n2llltz-trl)

3.6 mRNA Turnover Analyses

3.6.1 Formaldehycle Agnrose Gels

Equivalence of loading was checked prior to running the final gels. A standard

curve was nrn on a test gel along with the RNA samples (Lehrach et al. 1977). Using the

standard curve of the 18S (1.9 kb) and 28S (5.0 kb) rRNA the concentrations of each

sample were re-evaluatecl and used to adjust the volume required to load 10 pg of RNA

using the fluorescence mode of the Kodak Image Station. lx RNA loading buffer [6%

(v/v) deionized formarnicle, 4% (vlv) glycerol, 0.5o/o (vlv) formaldehyde, 40 ¡tglml

ethidium bromide, 0.32 ¡tl saturated bromophenol blue, 1x FIEPES-EDTA Northern

buffer (20 mM FIEPES and I rM EDTA disodiurn salt, pH to 7.8), 6% (v/v)

formaldehydel was addecl to 10 pg of each RNA sample and heated at 65oC for five

minutes. The RNA was resolved on a 1.25%o formaldehyde agarose gel [1 .25%o agarose,

lx FIEPES-EDTA Nofthern buffer at 100V for 2.5 hours (Model EPS 24200 Power

Supply, Hoeffer).
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3.6.2 Northern Trøns.fer

The RNA was then transferred overnight by diffusion blotting with 10x sodium

chloride/sodium citrate buffer (SSC - 1.5 M NaCl, 0.15 M sodium citrate, pH to 7 0) to

nylon membranes (Magna Graph 0.45 micron #NJ4HYB0010, Amersham Pharmacia

Biotech) (Alwine er al. I97l) and subsequently UV crosslinked to the membrane (UV

Stratalinker 2400, Stratagene).

3.6.3 Prepøring cDNA Probe

Plasrnids containing the coding region of the ERcr were transformed into

competent bacteria and arnplified. The presence of the coding region was verified using a

mini-preparation and restriction digestion followed by resolving the DNA on an agarose

gel, prior to perforrning a rnaxi lmega preparation of DNA. The coding region was then

excised from plasmids by restriction enzymes, gel purified, and radiolabeled with

¡ø3tl1dctP (ICN Biornedicals Inc.) by random primer translation (Rad Prime DNA

Labeling System, Invitlogen).

(ù Transforntation of XLl Blue Supercompetent E. coli Cells Wth Probe cDNA

Competent cells were rapidly warmed and added to sterile round bottom culture

tubes. Plasmid DNA containing endogenous ERa insert of -21kb was added to the

tubes, with the exception of positive and negative controls. After incubation on ice for 25
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minutes, the cells were heat shocked at 42"C for 1 minute then returned to ice for 5

minutes. Luria broth (LB) was added to each tube and placed in a37"C (250 rpm) for one

hour. The transformed cultures and controls were then plated on LB plates with or

without selective antibiotic and incubated overnight at 37"C. Single colonies of E. coli

cells from an LB r selective antibiotic plate were then inoculated into LB medium +

selective antibiotic (arnpicillin : 50 pglml, tetracycline : 12 5 ¡tglml) and grown to

saturation at37oC with shaking (250 rprn).

(iÐ Alkalíne Lysis Plasmid Míní Preps

Bacterial cells were pelleted (MicroMax Microcentrifuge, IEC), resuspended in

GTE solution (48 mM glucose, 25 mM Tris-Cl pH 8.0) and incubated for 5 minutes at

room temperature. A final concentration of 0.13 N NaOFV0.67% (wlv) SDS was added

and the cells were incubated for 5 minutes at room temperature. Potassium acetate pH 4.8

was then added to a final concentration of I.67 M and incubated for 5 minutes on ice.

The reaction mixture was then spun down to remove cell debris and chromosomal DNA.

The plasmidlRNA cornponents were then purified from the supernatant using ethanol

precipitation. The pellet was subsequently resuspended in TE solution (1 mM Tris-Cl pH

8.0, 0.1 mM EDTA pH 8.0) containing RNase A and stored at -20 "C.
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(íiÐ Pløsmid Maxí/Mega Preps

Plasmid Maxi and Mega preparations were performed according to the

manufacturer's directions for their respective kits (Qiagen).

(ít) Restriction Digestion of Pløsmíd Preps

Five ¡rg DNA, 1x matching buffer, ddH2O and 5 Ul¡t"g DNA of restriction enzyme

(EcoR I, BamH I or both) were used in the reaction tube for each sample to excise the

ERa probe DNA frorn the plasrnid. ¡" DNA along with Hind III was used for the

standard. The samples and standard were incubated in a waterbath at the required

temperaturefor 2 to 4 hours. All digested samples were stored at-20 "C.

ø Agarose Gel Electropltoresis

DNA loading buffer (2% (wlv) Ficoll 400, 10 mM EDTA, 0.lyo (w/v) SDS, few

grains of bromophenol blue) was added to the samples, standard and uncut plasmid DNA.

The DNA was run on a L2%o agarose gel [1 .2% (wlv) agarose, 0.5 pglml ethidium

bromide in TAE buffer (40 mM Tris base, 0.1% (vlv) glacial acetic acid, 2 mM

Na2EDTA.2HzO) for 1 to 2 hours at l00V (Model EPS 24200 Power Supply, Hoeffer) in

lx TAE buffer. The irnage was then captured on fihn (Poloroid) or scanned into the

computer using the fluorescence mode of the Kodak Image Station.
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(rr) Extrøctíon of DNA From Agorose

The band containirrg the ERc¿ insert of 2.1 kb was cut out of the agarose gel and

soaked in TE buffer at4"C overnight. The agarose and TE were placed in a spin column

and spun at 1000 rpm for 30 minutes (MicroMax Microcentrifuge, IE,C) The tube was

then rotated 180'within its spot in the rotor and spun again. The volume of TE

containing the insert in the collection tube was approximated and an equal volume of TE

saturated phenol/chloroforn':r/isoamyl alcohol (24.25.1 v/v) was added. After a 3 minute

spin at 12,000 rpm (MicroMax Microcentrifuge, IEC) most of the upper phase was

removed. The volume of the upper phase was approximated and I0%o of this volume of 3

M sodium acetate pH 5.5 was added. The new volume was then estimated and 3 times

this amount of 100% absolute ethanol was added. The samples were placed in a -80"C

freezer for at least 30 lninutes then spun at 4"C, 14,000 rpm for 30 minutes (Micro-MB

Microcentrifuge, IEC). The pellets were washed in ice cold 70Yo ethanol and spun again

af 4"C. The pellets wel'e then spun for 3 minutes to remove any remaining ethanol and

dried at room temperature for 5 minutes. The pellets were resuspended in TE buffer and

stored at 10"C.

(r'ii) t'P LabuÜing o.f cDNA Probe

The Rad Prime DNA Labeling System (Invitrogen) was used to radiolabel the

ERcr probe using random primer translation. One-1.5 pg of ERa probe DNA was
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denatured in autoclavecl ddHzO by boiling for 5 minutes, then cooled on ice and spun

briefly in a microcentrifuge (MicroMax Microcentrifuge, IEC) at maximum speed. A

final concentration of 1x Random Primers Solution Buffer and 20 pM each of dATP,

dGTP and dTTP was added to the DNA (final volume of 25 ¡:J). Five pl ¡cr-32t1dctt

(ICN Biomendicals Inc.) and I ¡rl of Klenow was added on ice. The mix was incubated in

a37"C water block heater for 10-15 minutes while the Sephadex G-50 Spin columns for

radiolabelled DNA purifrcation (Roche) were drained by gravity then spun at 1500 rpm

(Model RC-5 Superspeed Refrigerated Centrifuge, Sorvall) or 2000 rpm (Centra CL3R

Centrifuge, EC) for 10 minutes. After the probe had incubated, 5 ¡rl of Stop Buffer was

added. The rnix was then pipetted onto the middle of its sephadex column (using a new

collection tube) and spun at 2500 rprn (Model RC-5 Superspeed Refrigerated Centrifuge,

Sorvall) or 4000 rpm (Centra CL3R Centrifuge, EC) for 5 minutes. The collected

labelled probe was stored in a lead vial at-20"C.

3.6.4 Hybridizatíon o.f Northern Blots

Hybridization of the membranes was modified from Southern (Southern 1975).

The rnernbranes were incubated at 42"C for 4 hours in prehybridization solution [50%

(v/v) deionized formamide, 5x SSC, 50 mM potassium acetate pH 8.0, 50x Denhardt

solution, (2% (wlv) Ficoll 400, 2%o (w/v) polyvinyl pyrrolidone, 2o/o bovine serum

albumin), 0.1%o (wlv) SDS, 100 ¡rglml denatured herring sperm DNAI. The blots were

then hybridized with 2 x 106 cpm probe per ml of hybridization solution (50% (v/v)
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deionized formamide, 5x SSC, 20 mM potassium acetate pH 8.0, 10x Denhardt solution,

0.1Yo (w/v) SDS, 100 ¡rglml denatured herring sperm DNA) overnight at 42"C. Afr.er

hybridization the membranes were washed twice in 2x SSC/0.1% (wlv) SDS for 12

minutes at room temperature in 0.lx SSC/0.1% (wlv) SDS for 10 minutes at 65'C until

the background radiation is less than 100 cpm.

3.6.5 Northern Blot An.alysis

The signals from the membranes \ryere captured on Kodak Storage Phosphor

Screens (Bio-Rad), which were then scanned into a Personal Molecular ImagerR FX (Bio-

Rad). From the scans the net intensity of the GFP-ERc¿ bands were determined using

Quantity One software (Bio-Rad). The net intensity of the GFP-ERcr mRNA bands was

used to create a graph using SigmaPlot software and linear regression representing the

best-fit line for each curve was determined. The regression lines yielded data points that

were used to calculate the halÊlife of GFP-ERcr mRNA (tYt : 0.693k, where k :

lnlulnzVltz-tt)).

3.7 Subnuclear Partitioning of Genes Analyses

The nuclei were isolated from MCF-7 cells and digested using micrococcal

nuclease (MNase). The partitioning of total nuclear DNA was determined via

diphenylamine assay. Sarnples not destined for use in the diphenylamine assay were

proteinase K digested. The DNA was extracted and the concentration determined using
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fluorometry The DNA was either Southern blotted or slot blotted then hybridized using

genomic DNA probes to determine the partitioning of pS2 and vimentin genes.

3.7.1 Nuclei Isolation nrul Micrococcøl Nuclease Digestion

The cells were resuspended in TNM Buffer [100 mM NaCl, 300 mM sucrose, 10

mM Tris pH 8.0, 2 mM MgCl2, l% (vlv) thiodiglycoll with 0.25yo (v/v) Triton X-100, I

mM PMSF and 1x EDTA-free protease inhibitor cocktail tablets (Roche) and passed cells

through a syringe with a 22 gauge needle fivetimes. The homogenate was spun at 1800

rpm (Centra CL3R Centrifuge, IEC) and the nuclear pellet was resuspended in a small

amount of TNM Buffer with 1 mM PMSF and lx protease inhibitor cocktail. The

absorbance at Ãzeo in 5 M Ureal2 M NaCl was measured for each sample (Ultrospec

3000 UV/visible spectrollhotometer, Pharrnacia Biotech) and the amount of TNM Buffer

(with 1 mM PMSF and lx protease inhibitor coclctail) was calculated to suspend the

nuclei to 20 Ãzeolml. Tlie chromatin in the isolated nuclei was then digested with MNase

(Hewish et al. 1973; I(ornberg et al. 1989). Calcium chloride 0.1 mM and 15 U/ml

MNase were added to the nuclei, which were immediately incubated in a 37"C waterbath

for 15 minutes. Twenty rnM EGTA pH 8.0 was added to the nuclei to stop the reaction,

followed by 0.25 M G\[-I4)2SOa. Aliqots of the nuclei fractions were reserved for

proteinase K digestion and for the diphenylamine assay. The remaining fractions were

spun at 10,000 rpm at 4oC for 10 minutes (Centra CL3R Centrifuge, EC). The

supernatants (unbound nuclear DNA) were saved and the pellets (nuclear matrix

asscociated DNA) were resuspended in TNM equal to the volume of the supernatants.



Aliquots of the supernatants and pellets (NM associated DNA) were reserved for the

diphenylamine assay. The remaining amounts were proteinase K digested.

3.7.2 Diphenylamine Assøy

The partitioning of total nuclear DNA was calculated using the diphenylamine

assay for determining DNA concentration (Gendimenico et al. 7988; Pederson, 1969).

The DNA was added to a final volume of 500 pl of ddHzO. Perchloric acid (HCIO+)

4.2o/o (vlv), 49% (vlv) 4% diphenylamine in glacial acetic acid and 0 04% (v/v)

acetaldehyde were addecl to each sample and incubated overnight in a 3OoC waterbath.

The absorbance at A5s5 and Azoo were determined and used to calculate the DNA

concentration of each sample, where concentration (pglml) : (10 pglmlxArsr-Aroo)i0.15.

3.7.3 Proteínase K Digestion

One hundred mM NaCl, 10 rnM EDTA pH 8.0, 40 rnM Tris-Cl pH 6.5 and 40

pglml proteinase K were added to each tube of MNase digested DNA. The samples were

incubated overnight in a 37"C waterbath.

3.7.4 Extraction of DNA

The volume after proteinase K digestion was estimated and an equal volume of

TE saturated phenol/chloroform/isoarnyl alcohol (24.25.1 v/v) was added. After spinning
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for 3 minutes at 12,000 rprn (MicroMax Microcentrifuge, IEC), most of the upper phase

was removed. The volurne of the upper phase was estimated and 10% of this volume of 3

M sodium acetate pH 5.5 was added. The new volume was then estimated and three times

this amount of 100% absolute ethanol was added. The samples were placed in a -80'C

freezer for at least 30 minutes then spun at 4"C, 14,000 rpm for 30 minutes (Micro-MB

Microcentrifuge, IEC). The pellets were then washed in ice cold 70Yo ethanol and spun

againat 4"C. The pellets were spun for 3 minutes to remove any remaining ethanol and

dried at room temperature for 5 minutes. The pellets were resuspended in TE buffer and

stored at -20"C.

3.7.5 Fluorometry

Up to 5 pl of DNA sample was added per well of a 96 well plate for fluorometry.

2 wells were loaded for a blank (ddH2O) and 2 wells were loaded for each concentration

of standard curve DNA. Sarnple DNA was added in triplicate. Two hundred ¡rl of freshly

prepared DAPI assay solution [0 01 pgl ml DAPI, 25 mM sodium phosphate buffer pH

7.0 (9.75 mM monobasic sodium phosphate, 15.25 mM dibasic sodium phosphate)] was

added to each well. The DNA concentration was determined using the Spectra MAX

Gemini XS 96 well plate reader (Molecular Devices, Sunnyvale, CA) with Soft Max Pro

software for Fluorometry.
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3.7.6 Agarose Gel Electrophoresis

DNA loading buffer (2% (wlv) Ficoll 400, 10 mM EDTA' 0.1%o (wlv) SDS,

spoontip of bromophenol blue) was added to the samples and 100 bp DNA ladder. Ten

pg of DNA was loaded per lane for samples destined for Southern analysis. The DNA

was run on a 1%o agarose gel l1% (w/v) agarose, 0.5 Vdml ethidium bromide in TAE

buffer for 30 minutes to two hours at 60 to100V in lx TAE buffer (Model EPS 24200

Power Supply, Hoeffer). The image was then captured on film (Polaroid) to verify equal

loading of samples and DNA laddering.

3.7.7 Southern Trønsfer

The lo/o agarose gels were transferred overnight by diffusion blotting onto a

charged nylon membrane (Hybond N*, Amersham Pharmacia Biotech) as originally

described by Southern (Southern, 1975) and modified by Reed and Mann (Reed et al.

1985). The gel was soaked in 0.25 M HCI for 30 minutes at room temperature with

rocking, then rinsed with ddHzO. This was followed by soaking in 0.4 N NaOH for 20

minutes at room temperature with rocking to denature the DNA. The DNA was then

transferred overnight using 0.4 N NaOH. After transfer the membrane was rinsed in 2x

SSC and allowed to air dry before hybridizing with labelled probe.
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3.7.8 Slot Blots

DNA was applied to a nylon membrane as described in the slot blot protocol

developed by Kafatos and colleagues (Kafatos et al. 1979). A piece of Hybond-N+

charged nylon membrane was cut to cover the slots required for blotting and soaked in

ddH2O for l0 minutes. The unused slots were blocked with parafrlm. The Minifold II

(Schleicher & Schuell) was assembled with two pieces of Whatman paper and the

membrane covering the slots to be blotted and the vacuum line attached. Each slot was

prewashed with ddH2O at a rate of 5 minutes per 500 pl. A standard curve of DNA was

slot blotted and hybridized to determine the amount of DNA to load per well. Each I ¡rg

sample was diluted to 100 pl in ddH2O, 0.4 N NaOH and 10 mM EDTA pH 8.2 were

added and the samples were boiled for 10 minutes. The samples were added to the slots

and allowed to pass through. Each slot with rinsed with 500 pl of 0.4 N NaOH and

allowed to pass through. The membrane was then removed from the apparatus, rinsed in

2x SSC and allowed to air dry before hybridizing with labelled probe.

3.7.9 Preparing Genonúc DNA Probe

Primers for the promoter region, exon 2 and exon 3 of pS2, along with those for

the vimentin were used to PCR amplify DNA for probe. The virnentin primers generate a

transcript in the promoter region that is I77 base pairs (bp) in length. As well, primers

were designed to produce a 363 bp transcript in the promoter region of pS2, a 228 bp

transcript in exon 2 and a212 bp transcript covering exon 3, Multiple regions of the pS2
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gene were chosen to create probe DNA in an attempt to verify that results are the same

for all regions of the gene. The DNA was resolved on an agarose gel to determine

amplifìcation of the correct region. The DNA was then excised from the gel, purified, and

radiolabeled with ¡u32P1clctP (ICN Biomedicals Inc.) by random primer translation (Rad

Prirne DNA Labeling System, Gibco-BRL).

(r) PCR Amplificatíon of Genomíc DNA

Samples for PCR arnplification were prepared on ice (Embury et al. 1987; Saiki el

al 1985; Saiki ¿l al. 1986). To each thin wall 250 ¡tl eppendorf tube 5 ¡rl 10x PCR

Buffer,0 4 ¡-rl dNTPs, 1.5 pl MgCl2, 200 ngprobe template DNA 10 ng forward primer,

10 ng reverse primer, 1 unit Zaq DNA polymerase and autoclaved ddHzO to 50 pl were

added. The tubes were placed in the thennocycler and the program was set for 30 cycles,

with a denaturation phase of 30 seconds at 95oC, an annealing phase of 30 seconds at

62"C and an extension phase of 30 seconds at72"C (Gene Ãmp 2400, Perkin Elmer). The

product \¡/as run on an agarose gel to determine if the expected band was present. The

band was extracted from agarose, phenol/chloroform extracted and ethanol precipitated.

(iù Agarose G el Electrophoresis

Probe DNA for pS2 and vimentin was run on a 1o/o agarose gel as described in

section 3.7 .6.
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(äÐ Extrsction of DNA From Agarose

Extraction of DNA probe from agarose was performed as described in section

3.6.3 (vi).

(ir) ttP L,tb"Uing o.f Genomíc DNA Probes

Twenty-five ng of DNA for each probe was labelled with ¡cr-32e1dctP according

to the protocol in section 3 6 3 (vii)

3.7.10 Hybridizøtion of Southern/Slot Blots

The blots were washed briefly in 6x SSC. The membranes were incubated at 68"C

for 15 minutes in prehyblidization/hybridizationsolution (5x SSC, 5x Denhardt solution,

I% (w/v) SDS, i00 pg/ml denatured salmon sperm DNA) The blots were then

hybridized withZ x 106 cprn probe per ml of fresh prehybridizaion/hybridization solution

overnight at 68'C. Vimentin promoter, pS2 promoter, pS2 exon 2 and exon 3 probes

were used for slot blot analysis. Southern blots were only hybridized with vimentin or

pS2 exon 3 probes. After hybridization the membranes were washed in the following

solutions until the background radiation was less than 100 cpm. Two washes were

performed in 2x SSC/O.I% (wlv) SDS for 5 minutes at room temperature followed by 2

washed in 0.2x SSC/O.I% (wlv) SDS for 5 minutes at room temperature. Additional



washes, if required, included 2 washes inO.2x SSC/O 1% (w/v) SDS for 15 minutes at

42"c and 2 washes in 0.1x ssc/O. 1% (wlv) sDS for 15 minutes at 68oc.

3.7.11 Southern and Slot Blot Analyses

The signals from the membranes were captured on Kodak Storage Phosphor

Screens (Bio-Rad), which were then scanned into the Personal Molecular ImagerR FX

(Bio-Rad). The Southern blots were visually analysed to determine nuclear partitioning of

vimentin and pS2. From the scans of the slot blots the net intensity of each band was

determined using Quantity One software (Bio-Rad) and used to determine nuclear

partitioning of vimentin and pS2.
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4.0 RESULTS

4.1 GFP-ERcr Protein Turnover Analyses

The half-lives of GFP-ERø protein were determined in the absence of ligand,

with the addition of 10 nÀ4 of 82, OH-TAM or ICI lB2 7BO.

4.1.1 Employment of ,Jtøndarcl Cunes

Protein turnover samples were run on an SDS-PAGE gel along with a standard

curve of GFP-ERc¿ cell lysates and subsequently immunoblotted with anti-ERc¿

antibodies (flCL-6F11, Novacastra). The process was repeated 3 times and the halÊlife

of GFP-ERcr protein was calculated using the standard curve that was run on the same

gel, as well as the other 2 curves. The half-life for GFP-ERc¿ was the same regardless of

which standard curve was employed, eliminating the need to run a standard curve on each

gel. One standard curve was used for the calculation of GFP-ERc¿ halÊlife from the data

generated from all subsequent gels.

4.1.2 Generøting Regressíon Línesfor Determining protein Hatf-Lift

To determine the GFP-ERc¿ protein half-life, the immunoblots of the lysates were

scanned into the image station and the net intensities recorded (Figure 7A). The equation

for the standard curve generated from the plot of known volumes versus net intensity

and
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Figure 7. Generation of a standard curve for determining equivalent loading volumes.
Immunoblots using a-ER antibodies were scanned into the image station and their net
intensities determined (A). 4 standard curve of increasing volumeJwas previously plotted
and the best fit line for the curve was generated. The equation for the linê was emplôyed to
determine the equivalent loading volume of the lysates from their net intensities. (B). 

-

53



Table L. Determination of GFP-ER equivalent loading volumes.

Control Ez OH-TAM ICI 182 780
-Dox (h)

)

4

6

l8

Net intensity
Loading volume (¡rl)

Net intensity
Loading volume (pl)

Net intensity
Loading volume (pl)

Net intensity
Loading volume (pl)

Net intensity
Loading volume (pl)

2ß64.06
4.07

15824.1

3.02

t4722.91
2.8t

9199.39
t.75

2164.05
0.41

t2922
2.46

1t138.92
2.12

9091.47
1.73

2814.83
0.54

1226.08

0.23

20058.58
3.83

12704.38

2.42

1596t.7t
3.04

8472.71

1.62

s163.89
0.98

s386.93
1.03

8064.2
1.54

2688.43
0.51

1939.31

0.37

1147.3

0.22

Increasing volumes of known cellular concentration (5000 cells/pl) were rwl on an SDS-
PAGE gel, transferred electrophoretically, immunoblotted and scanned using
densitomefric software. From the net intensities a standard curve was created ar¡d used to
generate the equivalent loading volumes of experimental immunoblots using their net
intensities and the equation of the best fit line for the standard curye.
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(Figure 7B) was used to calculate the equivalent loading volume of the lysates from their

net intensities (Table 1). The equivalent loading volumes were then plotted against the

time spent in DOX depleted media and the regression lines were generated (omitting

outliers) for each ligand timecourse (Figure 8).

4.1.3 Cølculatíon of Protein Half-Life

Using the grid on the graph of the regression lines, various points were selected

where each regression line crossed the intersection of the lines on the grid and the

timepoint was recorded. To calculate the GFP-ERa protein half-life pairs of points were

inserted into the equation tVz : 0.693k, where k = ln[n1/nz]lltz-ttl and n:equivalent

loading volume and t:time without DOX. The results from 6 different blots were

averaged to produce the final data. Unoccupied GFP-ERcr yielded a half-life of 6.6 +l-

0.64 hours. When bound to Ez the half-life decreased to 4.2 +l- 0.44 hours. OH-TAM

bound to GFP-ERcr stabilized the receptor resulting in a longer half-life of 9.6 +i- 0.58

hours. The pure antiestrogen, ICI 182 780 had the shortest half-life of only I 9 +l- 0 2I

hours. The statistical t-test was applied to the protein halÊlives with a level of

signiflrcance set at c¿ : 0.05. The results indicated that addition of ligand significantly

changed the half-life of GFP-ERcr with P values of P<0.009, P<0.009 and P<0.00003 for

Ez, OH-TAM and ICI 182 780, respectively. In addition, ICI 182 780 decreases the

steady state levels of GFP-ERa. Comparing the T: 0 timepoints on the immunoblot
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Figure 8. Determination of GFP-ERcr protein half-life. The equivalent loading volumes
of the lysates were determined from their net inteinsities and plotted against time without
DOX. Regression lines based on the best fit line (minus outliers) were generated for each
plot andwere used to determine GFP-ERcr protein half-life.
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4.2

(Figure 7^) it is evident that there is less signal in the ICI 182 780 lane compared to the

other treatments.

GFP-ERcr mRNA Turnover Analyses

The half-lives of GFP-ERc¿ mRNA were determined in the absence of ligand, and

with the addition of 10 nM of F,2, OH-TAM or ICI 182 780.

4.2.1 Generøtíng Regression Linesfor Determining mRNA Half-Lift

The ERc¿ mRNA levels from the Northern blots were captured on Kodak Storage

Phosphor Screens, which were then scanned into the Personal Molecular Imager (Bio-

Rad) (Figure 9A). From the scans the net intensities of the GFP-ERa mRNA bands were

determined. The net intensity of the GFP-ERcr mRNA bands was plotted against the time

in DOX depleted media to create a graph and the linear regression for each curve was

determined. Since the mRNA curves begin with a plateau representing the steady state

levels and end with another plateau indicating a new steady state level, the regression

lines were generated fi'orn the middle of the curves where the change between steady

states occurs (Figure 98).
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Figure 9. Determination of GFP-ERc¿ mRNA half-life. Net intensities of ERcr mRNA
from Northern blots were determined (A). The net intensities were plotted against the time
without DOX (B). Regression lines for the linear portion of each plot were used to
determine GFP-ERo mRNA halÊlife.
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4.2.2 Calculatíon of nRNA Hølf-Lífe

Data points on the regression lines were determined as for GFP-ERcr protein

analysis and used to calculate the half-life of the GFP-ERa mRNA (tYr:0 693h where k

: ln[n1ln2] llt2-tl, n:net intensity in CNT*mm2, t:time without DOX). The results of 3

separate experiments were averaged for control, E2 treated and OH-TAM treated cells,

while 2 experiments were averaged to yield the results for ICI 182780 treated cells. The

untreated GFP-ERc¿ mRNA had a half-life of 2.6 +l- 0.24 hours, whereas Ez treatment

has a half-life of L9 +l- 0.14 hours. Treatment with OH-TAM and ICI 182 780 yielded

half-lives of 2.4 +l- 0 43 hours and 3 .2 +l- 0.23 hours respectively. The statistical t-test

was applied to the mRNA half-lives with a level of significance set at c¿ : 0.05. The

results indicated that acldition of ligand did not significantly change the halÊlife of GFP-

ERcr mRNAwithP values of P>0.08, P>0.8 andP>0.1 forEz, OH-TAM and ICI 182

780, respectively.

Turnover Sumrnary

The turnover of GFP-ERa protein is affected by the binding of ligand (Figure i0).

Turnover is more rapid in E2 treated cells than for unoccupied receptor. The partial

antiestrigen, OH-TAM stabilizes the receptor and turnover occurs more slowly. The pure

antiestrogen, ICI 182 780 produces the fastest turnover rate for GFP-ERc¿ of all the

ligands studied. In contrast, GFP-ERcr mRNA appears to have a turnover ratethat is not
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Figure 10. Hatf-life of GFP-ERa protein and mRNA. Clone 11 cells were incubated for
4-6 days in PRF-DMEM containing 7Vo 2x charcoal shipped FBS and i.0 g/ml DOX.
Medium was then removed and replaced by fresh mediüti in the absence (iontrol) or
presence of specific ligands (10nM). After 6, 18, 20 or 22 h post-addition oiligand,'the
medium was changed to PRF-DMEM with ligand lacking lbX. Incubation continued
until24 h post-addition of ligand. Cells weie used for immunoblot and Northern blot
analysis and scanned. Densitometric analysis was used to determine half-life (t%:0.693k,
where k:lnlnlln2)l1t2-t1l). The mean value of n experiments was plotted" uiong with thé
standarderror.

60



dependent on ligand treatment. The halÊlife of GFP-ERc¿ mRNA is similar regardless of

whether or not it has been treated with ligand.

4.4 Analysis of Subnuclear Partitioning of DNA in Response to Estradiol

The subnuclear localization of total DNA with respect to the unbound nuclear and

nuclear matrix-associated fraction was analysed. The subnuclear partitioning of vimentin

and the estrogen-inducible gene pS2 into the unbound nuclear or nuclear matrix-

associated fraction was also determined.

4.4.1 Anølysis of Total Nucleør DNA Partitioning Using the Díphenylamine Assay

The protocol fol MNase digestion of nuclei yields 3 fractions that were analysed

for DNA content. The DNA concentrations for the total nuclear fraction, the NM fraction

and the unbound nuclear fì'action were determined and the total amount of DNA in each

fraction was calculated. The total nuclear fraction represents the total nuclear DNA. The

NM fraction contains NM-associated DNA, while the unbound fraction is composed of

unbound nuclear DNA. From the results of 3 separate experiments the amount of DNA

found in each subnuclear fraction was calculated as a percent of total nuclear DNA

(Figure 11). The majority of DNA is found in the unbound fraction (70%), while only a

small amount appears to ire associated with the NM (8%) The addition of l0 nM E2 does

not appear to affect the global distribution of DNA. Using this assay appears to result in a

loss of DNA' which may be the result of an incomplete reaction with the diphenylamine.
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Figure 11' Nuclear DNA partitioning. Nuclei were isolated from MCF-7 cells and digestedusing micrococcal nucleaie..The amo-unt of DNA in the nucte.rs, along with the unboundnuclear DNA and nuclear matrix associated DNt rtu"rion, was delermined using thediphenylamine assay. After incubation wirh diphenvlu-ln" Íre absorban;;-;;;,,, and A,oowere determined and used to calcurate the óNA co"..nrruìlon;;; r",1'0r., whereconcentration (g/ml) : (10 g/ml)(Ar,- AToo)/0.15. Th; rn.un and standard ènor of 3experiments is shown.
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4'4'2 Nuclear Partitioníng of Vimentín øndpS2 Genes (Jsing Southern Blots

Following Southern blotting and hybridization with either the vimentin promoter

or pS2 exon 3 the signals were captured on Kodak Storage phosphor Screens, which were

then scanned into the Personal Molecular Imager (Bio-Rad) (Figure l2). The resulting

scan shows that although vimentin is not actively transcribed, it is still found in the NM

fraction although the majority of the gene is found in the unbound nuclear fraction. The

addition of 10 nM E2 does not appear to change this fractioning pattern, as would be

expected from a gene that is not induced by Er. pS2 is also found in both subnuclear

fractions' pS2 does not appear to be significantly enriched in the NM fraction following

addition of Ez as wourd be expected for an estrogen-responsive gene.

4.4.3 Nuclear Partitioníng of vimentin ønd ps2 Genes (Jsing slot Blots

After hybridization with the 4 probes, the signals from the slot blots were

captured on Kodak Storage Phosphor Screens, which were then scanned into the personal

Molecular Imager (Bio-Rad). From the scans the net intensities of the bands were

determined' originally the calculation of percent of total nuclear DNA contained in each

subnuclear fraction was based on the net intensity of the total nuclear DNA fraction.

unfortunately a significant amount of DNA was lost during the experimental protocol to

subfraction the DNA, therefore the amount of DNA in both nuclear subfractions was

added together and used to represent the amount of total nuclear DNA. The results from 2
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4.5

experiments show that both vimentin and pS2 are found in both subnuclear fractions and

thatE2treatment does not affect the partitioning of either gene (Figure 13).

Nuclear Partitioning Summary

Vimentin is a gene that is not induced by the addition of Fz. It is found in the

unbound nuclear DNA fiaction and, to a lesser extent, it is found associated with the NM.

Addition of Ez to the cells does not cause a change in gene partitioning. The estrogen-

responsive gene, pS2, exhibits the same patterning as vimentin and, surprisingly, does not

alter its partitioning following E2 treatment. Thus, the pS2 sequence was not enriched in

the NM fraction when prepared by MNase digestion.
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Figure 12. Southern blot analysis of vimentin and pS2 gene subnuclear partitioning.
MCF-7 cells were treated +l- E, for t hour. Nuclei from the cells were digested with
micrococcal nuclease and separated into unbound nuclear and nuclear matrix bound
fractions. Southerns of the MNase digested DNA were probed with radiolabelled vimentin
promoter and pS2 exon 3. B Lanes 1&4: Unbound Nuclear DNA. Lanes 2&5: Nuclear
Matrix associated DNA. Lanes 3&6: Total Nuclear DNA.
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Figure 13. SIot blot analysis of vimentin and pS2 gene subnuclear partitioning. MCF-7
cells were treated +l- E2 for I hour. Nuclei from the cells were digested with micrococcal
nuclease and separated into unbound nuclear and nuclear matrix bound fractions.Slot blots
of the MNase digested DNA were probed with radiolabelled vimentin promoter, pS2
protmoter, pS2 exon2 and pS2 exon 3. Themeans of2 experiments are shown.
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5.0 DISCUSSION

ERø protein in MCF-7 cells has a half-life of approximately 4 hours for unoccupied

receptor and 3 hours for Ez-bound receptor (Eckert et al. 1984). Taking these numbers

into account, it was expected that GFP-ERcr protein would have similar half-lives for

unoccupied and Ez-bound receptor. According to the results, GFP-ERc¿ has a half-life of

6.6 hours and 4.2 hours for unoccupied and E2-bound receptor respectively Although

these numbers are slightly higher than for endogenous ERcr, they do show a similar trend.

This slight elevation of GFP-ERa protein half-life compared to endogenous ERu may be

due to the N-terminal labeling of the receptor. The N-terminal tag may hinder

degradation of the GFP-ERø by the 265 proteasome to some degree. The literature does

not have any published data regarding the calculated halÊlife of ERo¿ when bound to OH-

TAM or ICI 182180, although there are published accounts that suggest that OH-TAM

produces as long half-life for ERcr (Borras et al. 1996; Seo el al. 1998) and that ICI164

384 reduces levels of estrogen receptor (Dauvois et al. 1,992). Therefore, it was

anticipated that OH-TAM would increase the half-life of GFP-ERc¿ and that ICI I82 780

would decrease receptor half-life even more than when GFP-ERa is bound to Ez. The

results indicate that this is indeed the case. OH-TAM-bound GFP-ERcr has a relatively

long half-life of 9.6 hours, while the half-life of receptorboundto ICI I82780 is a mere

1 .9 hours. In addition, ICI 1 82 780 decreases the steady state levels of GFP-ERcr.
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According to the literature, ERcr mRNA has a half-life of 4 hours, which drops to 40

minutes when treated with Ez (Saceda et al. 7988; Saceda et al. 1998), while OH-TAM

and ICI I82 780 have no effect on halÊlife (Martin et al. 1,993; Saceda et aL 7989). The

turnover results indicate that GFP-ERc¿ mRNA does not behave in a similar manner. The

half-life of GFP-ERcr mRNA appears to be similar regardless of whether or not it has

been treated with ligand with all ligands displaying a half-life between 1.9 and 3.2 hours.

In particular the change in halÊlife from2.6 hours to 1.9 hours with the addition of Ez is

small compared to the 80% decrease seen in endogenous ERc¿ mRNA.

Rapid degradation of mRNA in eukaryotic cells may occur because they contain

sequences that facilitate their degradation. This could be a long AU-rich sequence in the

3' untranslated region which appears to increase mRNA degradation by stimulating the

removal of the poly-A tail (Alberts et al. 1994). Other mRNA molecules contain sites in

their 3' untranslated regions that are recognized by specific endonucleases that are able to

cleave the mRNA (Alberts et al. 1994). Recently, the rapid turnover of endogenous ERcr

has been attributed to AU-rich elements in its 3' untranslated region (Kenealy et al.

2000). The observed increased stability of GFP-ERa mRNA may be due to differences in

the 3'untranslated region. If the GFP-ERa transcript has a different sequence resulting in

a decrease of the AU-rich sequences, GFP-ERa mRNA degradation may be impaired.

This could produce the longer half-life observed for GFP-ERcr mRNA.
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Another possible explanation for the increased half-lfe of GFP-ERcr mRNA is the

persistence of DOX in the cells after its removal from the media. DOX induction of K-

Ras in mouse lung adenocarcinomas was observed up to 3 days following removal of

DOX from the system (Fisher et al.200l). If DOX levels are still high enough within the

MCF-7 cells, the ongoing transcription of GFP-ERcr mRNA could abrogate the turnover

effect. Therefore mRNA turnover may be increased by the addition of ligands, but the

continued transcription of GFP-ERcr mRNA facilitated by the remaining DOX in the

cells may mask this effect.

The half-life of ERc¿ protein and mRNA were not analysed in conjunction with this

study. The primary objective of this study was to use the GFP-ERcr model to determine

the half-lives of ERcr in response to different ligands. ERa protein and mRNA cannot be

studied concurrently wìth the fusion protein as its expression decreases the steady state

amounts of endogenous protein and mRNA to barely detectible levels. Using clone 11

cells that are not expressing GFP-ER would solve this problem, however there are

problems that can arise when other methods employed to determine protein and mRNA

turnover. Protein turnover can be analysed using the protein synthesis inhibitors

cyclohexamide, puromycin and pactamycin. These compounds are not protein-specific

and therefore block the synthesis of all proteins in the cell. This makes it difficult to

determine the turnover of a protein as other enzymes involved in its degradation may also

be affected. The transcription inhibitor actinomycin D has been used to determine ERc¿

halÊlife (Saceda et al. 1998). However, it too, is a general inhibitor, which includes
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inhibition of other genes that may affect ERø protein and mRNA levels. To avoid these

problems ERcr protein turnover can be analysed using covalently labelled ERc (Monsma

et ø1. 1984) or density shift techniques @ckert et al. 7984). Both these methods have

generated similar results for ERc¿ half-life in the presence or absence of Ez. To more

accurately measure ERc¿ half-life RNase protection assays have been employed (Saceda

et ql. 1988). These methods could be used in the future, along with the DOX-inducible

system, to compare the half-life of both GFP-ERo¿ and ERcr protein and mRNA.

The Ez-induced down-regulation of endogenous ERcr protein has been attributed

to protein degradation via the 265 proteasome and decreased levels of mRNA, which

may result from inhibition of ERcr transcription (Martin et al. 1993; Saceda et al. 1988)

and/or post-transcriptional destabilization of the mRNA (Saceda et al. 1988; Saceda et al.

1991). Since GFP-ERcr mRNA half-life is not altered with ligand treatment, changes

observed in GFP-ERa protein half-life may be due solely to protein turnover. Therefore

the model of transcriptional control of estrogen responsive genes via ERc¿ and its

respective ligands is linked to the regulation of the ERcr itself. When E2 is bound to ERa

coactivators and HATs are recruited (Figure 14), resulting in histone acetylation and

chromatin decondensation, enabling transcription of estrogen-responsive genes. The

increased turnover of ERcr by E, may be a mechanism to prevent overexpression of

estrogen responsive genes. Partial antiestrogens bound to ERc¿ recruit corepressors and

HDACs causing histone deacetylation, chromatin condensation and repression of

estrogen-responsive genes. By increasing ERø stability and halÊlife partial antiestrogens
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Figure 14. Model of estrogen receptor-mediated transcription. Estradiol-bound ERc¿
recruits coactivators and HATs resulting in histone acetylation and chromatin
decondensation, enabling transcription of estrogen responsive genes. Partial antiestrogens,
such as OH-TAM, when bound to ER recruit corepressors and HDACs causing histone
deacetylation, chromatin condensation and repression of estrogen responsive genes.
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ensure that there is lnore ERa available in its "repressive" conformation and more

estrogen responsive genes are likely to be repressed. The very short ERc¿ half-life

produced by pure antiestrogens ensures that there are very few ERa available in the cells.

Decreased levels of ERc¿ mean decreased recruitment of coactivators and HATs resulting

in an overall drop in estrogen-responsive gene expression.

DNA attachment to the nuclear matrix has been studied for a number of genes

including the estrogen-inducible expression of the B2 vitellogenin gene in Xenopus liver.

The vitellogenin gene is found detached from the nucleoskeleton when it is inactive and

is active when it is attached to the nucleoskeleton. It was expected that vimentin, a gene

not induced by estrogen, would not be enriched in the NM fraction regardless of whether

Ez was present. In fact, vimentin was found mostly in the unbound nuclear fraction with

only a small amount of its DNA found in the NM-associated fraction. The addition of Ez

did not result in its enrichment in the NM fraction, as was expected. It was predicted that

the estrogen-inducible gene, pS2, that is transcribed in response to Ez would be found in

the NM-associated fraction in small amounts when E2 wâs not present, while it would be

enriched in the NM fraction when E2 wâs added. The results indicated that, surprisingly,

pS2 exhibits the same nuclear partitioning pattern as vimentin and is not enriched in the

NM fraction when treated with Ez. Therefore, not all of the pS2 is associated with the

NM and Ez did not procluce and enrichment of pS2 in the NM fraction.

This inability of E2 to cause the pS2 to become enriched in the NM fraction could

be due to a problem with theB2, itself The E2ma\ not have been functioning in the cells.
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To determine whether cells are responding to Ez treatment, the mRNA of an estrogen

responsive gene, such as pS2 or c-myc can be measured using Northern analysis or real

time PCR. If the mRNA is induced according to its known dynamics, then the cells are

responding toFz.

However, the exlrerimental results are not incongruous with current models of

DNA attachment and transcription. Inactive genes found condensed on chromatin loops

(Figure 154). Sequences can only be transcribed if they attach to the NM and become

active. Figure 158 represents a gene that has attached to the NM and has become

potentially active (competent) but is not expressed. Figure 15C shows an expressing gene

that has become active following the addition of transcription factors. Therefore both

non-transcribing genes (such as vimentin) and transcribing genes (such as pS2) can both

be associated with the nuclear matrix. This also leads to a plausible explanation for the

lack of enrichrnent of pS2 DNA in the NM fraction following Ez treatment. It is possible

that the levels of pS2 DNA associated with the NM do not increase with Ez treatment

because the required amount of pS2 DNA is already associated with the NM and that the

addition of E2 results irr the recruitment of transcription factors, which allow the p52 gene

to become active. These studies need to be repeated along with tests for Ez

responsiveness of the cells. Additional studies may include other Ez-inducible genes,

such as ERa and c-nD)c. As well, alternate methods of preparing the DNA may be

employed, such as the Thorburn method (Thorburn et ol. 1988), which involves

permeabilizing the cells with lysolecithin (lysolecithin does not affect transcription as

Triton X-100 does) before encapsulating the cells in agarose and digesting the DNA.
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Figure 15. Model of DNA attachment and transcription. Inactive genes are found
condensed on chromatin loops (A). Genes that attach to the NM become potentially active
(competent), but are not expressed (B). Following the addition of transcription factors the
gene can become active andundergo transcription. Modified from Cook, 1989.
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