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driven tran ‘iption with the ERa. but not ERP.
estrogen or 1 L.Ra-specific agonist, propylprya
hMIER 1 significantly affect.d ERE-driven trar
diarylpropionitrile (DPN), an ER specific agon
affected EF  -driven transcri.  on with ERf .
Overall these results imply that hM Rl
independent activation of ERa, but have no func
subtype selectivity, along with activation of ER
other liganc  warrant further investigation of th

receptor signalling.

presence of ligand, such as
iol (PPT), neither h!  ERla nor
on with T .« In the presence of

ther hMIER la nor h(MIER1j3

MIER 1B are involved in ligand
effect on the ERp. This ER
ing in the absence of estrogen or

that hA(MIER1 plays in estrogen
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1.1.2 DNA ackaging

The amount of DNA that a cell must acc
organisms that have relativi 7 small genomes. [
be accessible to the cell machinery for replicatic
eukaryotic cells, DNA packaging is quite comp]
packaged with proteins as chromatin fibres disp
proteins wl play an important role in chrome
These prot: 1s have a strong positive charge all
DNA. Histones impose a repeating structural or
chromatin to rescmble ‘beads on a string’. As th
fibres condense and fold to form compact struct

The regulation of chr atin and its struc
such as DNA transcription, r lication, rep -, n
Marmorste )07). Chromatin structure regule
processing and 1s the basis for the differential e
et al., 2007). For example, DNA methylation in
a methyl group to cytosine residues followed by
dinucleotides. Regions of the ~NA with high cy
called CpG 1slands. These usually occur in e &
promoters are embedded int  CpG islands. Th

dinucleotides, are usually un  zthylated ar me

repression.

odate is extremely large, cven in
must be efficiently pac aged but still
1 information signalling. In

1 a non-dividing cell, the DNA is
throughout the nucleus. The

ructure are known as histones.

y them to bind to negatively charged
zation upon DNA that causcs the

| gets ready to divide, ¢ chromatin
<nown as chromosomecs.

controls important nuclcar processcs
s and apoptosis (Hodawadekar and

ie availability of DNA to cellular
sion of genes (reviewed in Gal-Yam
1ammalian genome is the addition of
ine residues, known as CpG
e-guaninc nucleoutide content arc
ulatory region of genes; in fact many

>gions, unl ¢ the CpG

lon often results in long term gene












contains the first of two interfaces important in rec
domain is gand binding or E domain. This do
interface, it n  liates ligand binding, nuclear trans
gene seque  es. This region also contains a secon
which is the | and-dependant transcriptional activ
carboxy terminus of the ER is a variable region, w
unknown (reviewed in Hanstein ez «/., 2004) Link
the D region or hinge region. The D region is poot
conserved between different nuclear horme e rece
assoclatcd molecular chaperone proteins suclt

(reviewed i Pettersson & G tafsson, 2001).

1.2.2 Model of Steroid Nuclear Rec: . or A

Steroid hormone rec  ors are a subset of t
that interact with small hydrophobic ligands capat
and homcostasis in eukaryotic cells (reviewed in F
nuclear hormone receptors are transcription factor

inding. Using the estrogen receptor (ER) as an ex

these receptors can function through several spect:

dependent classical or non-classical pathways, anc

tor dimerization. The last functional
lin contains a receptor dimerization
ation and transactivation ¢ target
ctivation function domain (AF-2)
on domain. The F domain at the

se specific function is currently
the C domain to the E/F domain is
characterized and not well

rs. It has becn shown to be

» heat shock rotein 90 (hisp90)

.on

nuclear hormone recc  or family

of regulatin  growth, differentiation,
istein ef al., 2004). Thisc¢ s of
'hose activity is regulated by hgand
iple, it is possible to examine how

mechanisms; namely the ligand-

e ligand-indcpendent pathway.
















rapid respor s within the cytoplasm that are mais
protein kinase cascades. However, this study is fo
receptor sul  /pes at the genomic level.

Recently, there has been evidence that the
express ERa results in a distinct profile of gene ex
only ERa or ER (Chang et al., 2006; Williams e:
stimulation, ER regulate ger._s that are normally
et al., 2000). In the presence of estrogen, ER[ alsc
subset of g es that are not regulated by ERa alon
ERB are those involved in cell cycle progression a
ressic

studies have shown that ER3 thibits the ¢

capable of opposing ERa-I  duced proliferatior
cvidence that ER3 may have a protective effect frc
the ERa in the presence of es ogen. The relative
abnormal breast tissue is an important issue in det

different ¢ ocrine therapies.

When ERa and ER  » co-expressed in a
separate homodimers at the | E, it has been show
forming heterodimers (denoted ERa/f3 in this text)
binding EREs (Cowely et al., 1997; Pace et al., 1¢
heterodim: is also capable of recruiting ER cofac

transcription. As homodimers, the ER subtypes cl

12

lue to the ar  vation of various

donthed ‘erenteffects of the
encc of ERf in cells that also
ision compared to cells express 3
2007). In the absence of estrogen
ilated by ERa with estrogen (Chang
nulates the expression of a unique
lany of the genes modulated by
poptotic mechanisms. Recent

f ERa-regulated genes and is also
illiams et al., 2007). This provides
he proliferative responsc clicited by

Is of ERa and ER[} in normal and

ning how the cells will respond to

they do not merely function as

at ERa and ERf} are capable of
these heterodimers are capable of
Upon DNA binding, the ERa

and stimulating ERE-driven

r exhibit differential effects in the















ERa and E 3 specitic agonists and antagonists |
it has been discovered that a compound propypr
400-fold h ~affinity for and is approximately
with ER3:  an agonist (Stauffer er al., 200 ). S:
Is an antagonistic pyrazole compound that demo
binding affin 7 for ERa (Sun er /., 2002). ERB
discovered, for example the non-steroidal estrog
specific agonist with approximately 30-fold higl
al..2003).  RP-specific antagonists incluc  comr
(Mecyers et al., 2001) and mifipristone (Escande
development of ER subtype specific ligands and

to discovering the exact function of each ER suk

related diseases.

been developed. In the case of ERa,
e-triol (PPT) (Figure 3) has over
0-fold more potent with ERa than
rly, methyl-pieridinopyrazole (MPP)
tes approxi atcly a2 )-fold

ype specific ligands have also been
arylpropionitrile (DPN) is an ERf3
tinity for R over ERa (Sun ¢f
ids such as  ,R-terahydrohrysene

, 2006). Further understanding and

“pharmacology is an important tool

and the role they play in estrogen-
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Figure 3: Structure of estrogen receptor selecti
Estradiol is a natural estrogen that has similar bin
Propypryazole-triol (PPT) is a synthesized ERa sj
higher affi ty for ERa over ERP. Diarylpropionit

specific agonist that has a 30 fold higher a nity {

[Reproduced from Harrington et al., 2003; Marinc

18

DPN

ligands stradiol, PPT and 'PN.
g affinity with both ERa and ER.
ific ligand, which has over 400 fold
: (DPN) is a synthesized ERf3

the ERf sul pe.

al., 2005]
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transcriptional regulators to the ligand binding d¢
1997). Mutation of the hydrophobic residues arc
binding domain disrupts ligand-dependent intcra
;. Mutation of thes

and its corres nding cofact

independe  (AF-2) function. The ability of nucl

bind in the resence of liy  d is dependent upon

VI. Nuclear Localization Signal

Studies with xMIER1 identified a functio
terminal domain (Post e /., 2001). Analysis of t
that the hMIER  C terminus displays ah™ ° deg
Paterno et ul.,2002). Transfection assays with NI
targeted e: 1vely to the nucleus while hMIER
that alternative splicing of hMIER la and hMIER
roles within the cell. The lack of an NLS in hMII

transport into the nucleus through binding to othe

receptors.

[.5 Purpose of this Study

The ucture of hM Rl Hlies atith
factor. Its acidic activation domain, ELM2, SAN
demonstr 1at hMIERT1 is capable of protein-p

hMILER Ta indicates that this protein can also inte

n in nuclear receptors (Heery er al.,
specific helices in the ligand

i of the LXXLL motif with the ER
sidues also abolishes ligand-
eceptor cofactors, such as SRC-1, to

itact LXX1  motif.

wclear localization signal in the C-
uman isoforms of MIER1 revealed
of similarity to that of the xMIERI
I3 cells revealed that AMIERI[3 was
>mained cytoplasmic. This implies
nay provide functionally distinct

1 does not rule out the possibility of

oteins, such to nuclcar hormone

potential role as a transcription
d proline rich region also
in interaction. An LXXLL motifin

with nuclear receptors such as the









2. Materials and

2.1 Mate s

2.1.1 Plasmids and Constructs
[. pCS3+MT; CS3+MT-bmierla/fs

pCS3+M is a mammalian expression ve
the amino acid residues MEQKLISEEDLNE of tl
Turner, University of Michigan). The expression
or hmierlf (accession numbers AY 124187 and A

engineered in our laboratory v Z. Ding.

Il. pGEX-4T-1; GST-hmierla. GST-hmierlf
pGEX-4T-1 1s a Glutathione S-transferas

detection and purification of GST fusion proteins

hmierla/ff constructs were engineered in our

isoform was cloned into the pGEX-4T-1 vector.

{1 pCMX, pCMX-mER a/fs

The 1 Huse ERa was a gift from Dr. Chri:
accession imber NP_031982) and the mouse E-
(accession . 1ber U81451). Partial sequences w

received pla: ids.

32

‘hods

with 6 N-terminal repeats encc  ng
myc protemn (gift from David
ors containing full length Amierla

5447, respectively) were

ne fuston vector for the expression,
vacteria (Pharmacia, Biotech). GST-

ratory by Z.Ding. 7 ¢ appropriatc

Pratt (University of Ottawa;
vas a gift from Dr. John White

obtained to verify the identity of the




/. 3XERE-TATAluc

The 3XERE-TATAIluc plasmid contains t
response clement (ERE) sequence (ggtcacagtgar
mammalian expression vect pGI2-TATA. This
Inc.

V.pRSV | 1l

The pRSV Bgal plasmid is a mammalian ¢
valactosidase gene (Bgal) downstream of a rous s
(Promega). This construct is commonly used for 1
mammalian cells.

2.1.2 Plasmid preparation and purification

Prior to preparation of the plasmids XL B
(Stratagene Inc.) were transformed by adc g apy
cells. The :action was gently mixed with a pipet
minutes. The reaction was t..2n heat shocked at 4
ice for 1-2 minutes. To the reaction was added 2
peptone, 2.5 g yeast extract, 5 g NaCl, 500 ml db
culture was 1aken at 37 °C for 60 minutes. Aft
plated on a LB ampicillin (5 g peptone 2.5 g yea
autoclaved; 50 pg/ml ampicillin) and incubated :
d allc

one colony from each plate was selected

with 50 | /ml ampicillin ¢ ture, shaking at 37 €

33

e copies of the vitellogenin estrogen
preceding the luciferase gene in a

ismid was | rchased from Addgene,

ression vector containing the f3-
»ma virus (RSV) promoter

nitoring the ansfection efficiency in

chemically competent ce

<imately 1 pug of DNA to 100 pul of
ip and incubated on ice for 30

> for 40 seconds and placed back on
1] of Luria broth (LB} wedium (5 g
); autoclave  was added and the
ncubation 100 ul of the c1  ure was
5 ¢ NaCl, 7.5 g Agar, 500 ml dHO;
7°C overnight. The following day,
:d to grow in a 150 ml LB medium

svernight. 1€ following moming the
















2.6 Reporter Assays

~ 0.1 Luciferase Reporter Assay

HEK 293 cells were seeded in 6 wi plate
hours prior to transfections. For the ERa or ERB |
transiently transfected with 0.5 pg of 3XERE-TA"
reporter plast  d, 0.4 pg of either ERa, ERP or Cf
pCS3+MT vierlu or pCS3+MThmierIf. Appro:
transfection, cells were treated for an additional 2
estradiol (Estrogen) (Sigma-Aldrich), 10°M PPT
oran equi' ent volume of vehicle as appropriate
were harvested 48 hours after transfections as foll
aspiration, cach well was washed with 1 ml 1xPB
of 1x Cell Lysis Buffer (Promega) was added to e
and cells v incubated with lysis buffer for 20 r
transferred into clean labeled 1.7 ml centrifuge tul
scconds at room temperature. The supernatant wa
lysate was either assayed immediately or stored af
assay subs 1ite was removed from -80°C and allo
minutes b ore use. Luciferase assays werce perfor
50 pl of luciferase assay substrate for 10:  onds.
Monolight 2010 luminometer (Analytical Lumine

luciferase uts were recorded for each sample an

38

1 PRF DMEM approximatcly 18
iodimer experiments, cells were

uc reporter plasmid, 0.2 pg of Bgal
MT, and 0.8 ng of either CS3+MT,
ately 24 hours following

surs with either 10 M 17 f-
gma-Aldrich), 10¥M PN (Tocris)
2ach experiment. HEK 293 cells

s; the PFR DMEM was removed by
‘hich was also aspirat , then 400 pl
well. Each well was scraped gently
utes on ice. The lysate was then

and spun at 12000xg for 15-20
llected into new 1.7ml tubes. The
2°C until fi  er use. Luciferase

1 to thaw for a minimum of 30

d by nuxing 10 ul of ccll lysate with
e sample was then qu  tified using a

nce Laboratory). The relative

ter normalized according to










tandem. The TnT samples w  : treated with either
equivalent volume of vehicle for 30 minutes prior

For ntibody supershift assays, the EMSA
above, however after the 20 minute incubation, the
for an addi 11 30 minutes  room temperature \
Cruz Biotechnology Inc.) or  ti-ERB (Y 19, Santa
antiserum. 1€ samples were then resolved by non
polyacrylami : gels made in TBE buffer. Each gel
and 30 minutes in a 0.5x TBE buffer. The bands w
methanol : | 6% acetic acid, and dried by vacuun

by autoradiography on Kodak biomax MS film.

41

™ M estrogen, PPT, DMSO or an
being added to the reaction.

ction was performed as described
ipershift reactions were incubated

h 2 ug of anti ERa (HC-20, Santa
‘uz Biotechnology Inc.) polyclonal
naturing electrophoresis on 5%

as allowed to run at 60V for | hour
: fixed in a solution containing 20%

or 1 hour. The results were analyzed



3.1 The effect of hMIER1 on the bindir

Prc ous work has shown that b

ut the functional effects of this interac
clectrophoret  mobility shift assays (E
interaction with the ER subtypes causes
ERE. Also, bi  ause hMIER1a contains
investigated whether hMIER o and hM

ER at its consensus ERE in the presenc

3.0 In Vitro synthesized ERa and ER/.

Preliminary EMSAs were perfo
protcins to verify the formation of the a
based on the relative size of t  bands a
Cowely et al, 1997). The ERa protein i
than the ERf} 55 kDa. Therefore, the
migratc more slowly in the gel than the
are indicated by arrows in F 1re 3.1A.

The ER homodimers were incut
buffer for 20 minutes at room :mperat
identified by competition with a 40 folc

and 5). To ¢ firm that each specific be

ses to a consensus ERE.

Rp interact with hMIER in vitro,
~unknown. In this study,

:rformed to determine 1if h(MIER|
1 of ER binding to its consensus
stif not found in hMIERI, it was
hiffer in their interaction with the

>f different ligands.

nd a consensus ERE

in vitro synthesized ERa and ERf
wodimers. T e dimers are identified
cribed in (Vanacker et al., 1999,

y 00 kDa, which is slightly larger
er-ERE complex is expected to

er-ERE ¢ 1plex; the R subtypes

'-labelled ERE in the reaction
¢ ERE-ER complexes were
elled EF™ (F° + 3.1A, lanes 3

he expectc  ER subtype, parall:





































3.2.1 The ¢ et of A(MIER]T on ERE-driven transcr
absence of ligand.

When compared to the control vector. both
hMIERIB (myc-PB) significantly enhance E__t-acti
absence of

rand (Figure 3.6). hAMIER1B ¢ ears-

transcriptic n hMIER1a at the ERE. With the

significantly affect transcription. The relative level
well established fact that ERJ typically is a weake:
n, 20

most cell syst 1s (Pettersson and Gustafus

conserved in most regions, th ¢ results imply that
transcription through a region of the ER specific tc
transcription.
3.22Theej -t of AMIERI on ERE-driven transcr
ligand.

To investigate the effects of hMIER1 1n the
were performed as described in section 3.1 with th
cstrogen or PPT. The ctfects of hMIER 1o and hM
to the Myc-tagged empty vector control. A graph ¢
three independent experiments is shown in Figure

It was found that hMI]

la and hMIERI

driven trans  ption at the ERE in the presence of ¢

54

m with ERo and ERf in the

1ER1a (denoted mye-u) and

d transcription at the ERE in the
e a more potent activator of ERa
), neither hMIER lu nor hMIER 18
“activation with ERf reflect the
nscriptional activator 1an ERa in
While the ER subtypes arc highly
IERIa an hMIERIf enhance

wa, as it has no effectonl f3

wm with ERa in the presence of

ssence of a  1and, luciferase assays
. -8

Rainthep :nceof 10°M

1B were examined in comparison

e averages with standard error of

2 no significant effect on ERa

ygen.







To investigate the effect of hMI
of an ERa specific ligand. luciterase as
PPT. In the presence ot PPT. hMIER I¢
driven transcription. These results indic

[ERa driven anscription in the presenc

3.2.3 The effect of h(MIERI on ERE-dri
ligand.

Luc ‘rase assays were perform
presence of )™M estrogen or DPN. Th
examined in comparison to the Myc-tag
with standa  error of three independen

In the presence of estrogen, hM
driven transcr .ion at the ERE.

In the presence of DP hMIER
transcription. These results indicate tha

driven transcription in the presence of |

riven transcription in the presence
. -8

serformed in the presence 10°M

have no significant effecton] «

Jla and hMIER1B dc ot affect

w with ERf in the presence of

in section 3.1 with the ERf in the
IERTa and hMIERI[ were

tor control. A graph ¢ the means
s shown in Figure 3.8.

ERIB have no effect on ERf}

1B have no effect on ERJ3 driven

hMIER 1 have no effect on ER[}
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Figure 3.f hMIER 1and hMIERI1g do not s
transcription with ERp in the presence of lig:

HEK 293 s were transfected with 0.5 pg of t
and 0.4pgot RPand 0.8 pgof myct :edem
control sar Hles were transfected with the 3xER
for activation by endogenous ERs. Cells were ¢
10M estr .en, DPN or vehicle for 24 hours pr
units (RLU) :re determii  ind values norma
averages a | standard error of 3 independent ex
vector was compared to hMIER 1a and hMIER1

evaluated by a standard t-test.
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O No Lagand
B Estrogen
JOPN

hMIERI1p

antly affect ERE-driven

RE-TATA-Luc reported plasmid
tor, h(MII  la, or h(MIERI. The
A-luc and empty vector to control
in PRF DMEM and treated with
wrvesting. The relative luciferase
transfection efficiency. The

nts are shown. The Myc empty

ich ligand and significance



















appears to - recruited to ERa. but not ERf. as a
Future studies would include determining which
responsible for interaction with hMIER].

Since ERa and ERp have been shown to
heterodimi . are capable of recruiting ER cofact
transcriptic ., future studies could be performed t
and hMIER1f with the ERa/f heterodimer. Prev
ERE-TAT similar to the one used in these expe¢
activity of the ERa/p heteror  ner in ERE-depen:
Further studies by this group were performed wit
promoter regions of estr¢ :n responsive genes st
when an ER fusion receptor homodimer, which
tandem with a fusion ERa homodimerin  :lac
In a repre: of transcription from the pS2 estr
when the ERo/f heterodimer was expressed with
augmented the ERE-dependent activity, indicatir
partner. Based on the results of this previous stuc
with hMIERT and the ER subtypcs in the presenc
pS2 in the absence or presence of ligand.

The mer  anism by which hMIER1 may ¢
of ligand

unclear. Prior to ligand binding, the I

complexes and I 1nd binding results in conform

63

ctivator in t :abscnce of ligand.

1ain of the I subtypes is

- heterodimers, and these

ind stimulating ERE-driven
vestigate the cffects of RIMIER 1
studics have shown that with an
:nts, the ERa partner dictates the
transcripti (L1 et al., 2004).
nstructs containing enhancer

1s pS2. These studies revealed o

s not heterodimerize, is expressed in
increasing amounts ¢ ERP resulted
responsive promoters. However,
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