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Abstract

It has been proposed that the presence or administration of 17-f estradiol
can be protective against heart disease, the primary cause of death for both men
and women. Acute events in the progression of atherosclerosis are thought to be
primarily the result of plaque rupture, a mechanical event dependent on the
structural integrity of a lesion. The mechanism by which 17-f estradiol confers
vascular benefits may be related to expression or activation of structural proteins
and degradative enzymes influencing plaque composition and stability. Ligand
signaling by 17-B estradiol is thought to occur via specific estrogen receptors
(ERs) expressed in the cell membrane of vascular cells.

The aim of this thesis was to investigate the influence of ERs on the
activity of uPA, a protease that is capable of degrading structural proteins integral
to atherosclerotic plaque stability. Vascular smooth muscle cell (VSMC) uPA
activity was observed after treatment with 17-8 estradiol, 4-hydroxytamoxifen,
faslodex (ICl1 182,780) and antisense to ER, the most recently discovered ER.
The addition of ER ligands 4-hydroxytamoxifen and faslodex resulted in a
substantial increase in the activity of uPA. This effect was determined to be
dependent on transcription, translation and N-glycosylated secretion. However,
these effects were independent of transcriptional events involving the estrogen
response element. Therefore, the ERs may be acting via AP-1 or Sp1 enhancer
regions controlling transcription. Alternatively a signal for the release of pro-uPA

from secretory granules may be transmitted via cell surface ERs.
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Introduction
Overview
The role of estrogen receptors (ERSs) in the vascular system was explored

due to the body of evidence suggesting gender differences in cardiovascular
disease, with women experiencing clinical events at a later age, presumably due
to hormonal benefits derived before menopause (1). The question of how
estrogens may mediate these effects has not yet been clearly answered.
Urokinase-type plasminogen activator (UPA) is an enzyme that has been
implicated in atherogenesis and has an important influence on the stability of the
atherosclerotic lesion. The general goal of this thesis is to determine if 17-¢
estradiol modulates uPA in vascular smooth muscle cells (VSMCs) in a manner
that is predictive of a reduced incidence of plaque rupture.
Two specific aims are proposed:
1- Determine the expression pattern of ERa and ERp in human aortic VSMCs

(VSMCs) in-vitro. Antisense and ER ligands will be used to modulate the

expression and activity of ERs in primary VSMCs.

2- Determine if and how the modulation of ER expression alters uPA activity.

17-B estradiol and heart disease

Epidemiological studies have shown that premenopausal women have a
lower incidence of coronary artery disease (CAD) relative to men (2). After
menopause, there is a sharp increase in the incidence of heart disease in women

(3,4). This gender difference in CAD has been attributed in part to the drop in



serum 17-p estradiol levels that accompanies the onset of menopause (1). As a
result, physicians have prescribed hormone replacement therapy (HRT) for
women with the intention, to both alleviate menopausal symptoms (e.g. hot
flashes) and prevent CAD. Consequently, Premarin (conjugated estrogens and
medroxyprogesterone acetate) was the third-most prescribed drug in the United
States in 2001 (5). However, recent clinical trials have questioned the efficacy
and safety of HRT when prescribed to prevent CAD. The American Heart
Association issued an official advisory recommending against the use of HRT as
a means of secondary prevention for cardiovascular disease (6). Two large trials
(the Heart and Estrogen/Progestin Replacement Study (HERS) and the Women'’s
Estrogen for Stroke Trial (WEST)) indicated that HRT conferred no preventative
benefits (7,8). The recent results of the Women'’s Heaith Initiative (WHI) HRT
component, showed that the use of combined progesterone and estrogen as a
primary means of prevention of cardiovascular disease, is hazardous due in part,
to increases in thrombosis and coagulation (9,10). Although the double blind
randomized clinical studies are very helpful in determining appropriate indications
for HRT, they provide little mechanistic information regarding the effects of
estrogens on the artery wall, nor explain the discordance with population studies
that clearly show a difference in CAD incidence between premenopausal women
and men of similar age. Moreover, the formulation, dose and route of
administration of the hormones used in these trials are arbitrary and possibly
inadequate physiological replacement therapies. The age and cardiovascular

health of the women enrolied may also be an important consideration. The WHI



trial enrolled women 50-79 years of age, with a mean age of 63 years at the time
of enrolment, instead of limiting treatment groups to women in their late 40's and
early 50’s when the maximal cardiovascular benefit of HRT might be expected.
Hence the questions surrounding the role of estrogens and their receptors in
vascular biology remain incompletely understood, and if anything, require more
detailed assessment of ligand-receptor biology in vascular cells.

It is believed that 17- estradiol can be vasoprotective due to its influence
on risk factors for heart disease and antagonism to essential steps of
atherosclerotic lesion development. Generated primarily in the ovaries, 17-8
estradiol can be synthesized by the enzyme aromatase in the vascular wall (11).
Two risk factors for heart disease are responsive to HRT. 17- estradiol has
been shown to lower total cholesterol, increase the proportion of high-density
lipoprotein “good” cholesterol, and lower low-density lipoprotein “bad” cholesterol,
by modulating apoprotein expression from the liver (2,12). 17-B estradiol also
affects blood pressure by increasing vasodilation and reducing vascular tone
acutely (13,14,15). With regards to specific steps in atherogenesis, 17-p
estradiol has been shown to inhibit apoptosis of vascular cells, to promote
angiogenesis, and to inhibit proliferation of endothelial cells (2,12). In
ovariectomized monkeys, rabbits and rats, administration of 17-p estradiol has
been shown to retard atherogenic intimal thickening (1,2,16). In these animal

studies, high-cholesterol diets and/or arterial injury are used to induce vascular

lesions.



Atherosclerotic plaque rupture

Atherosclerosis in an inflammatory disease of the blood vessel walls (17),
leading to the formation of lesions which can ultimately resuit in death (18). By
early adult life, most individuals in developed countries will have some advanced
lesions (18). The fibrous cap of an advanced lesion overlies an atherosclerotic
core that consists of inflammatory cells and microvessels penetrating the lesion
and necrotic debris (19). The cap covers the lesion, but can ultimately rupture,
exposing core contents to the blood stream (18). This usually results in the
formation of a thrombus, due to interaction of the platelets with certain proteins in
the lesion (Figure 1)(18). The thrombus can occlude the vessel and resuit in an
acute ischemic event, such as myocardial infarct or stroke (20).

A plaque becomes vuinerable to rupture due to its composition, and not its
size (21). Although a plaque may occlude the lumen such that ischemic effects
are produced, the vast majority of lesions that rupture and resuit in acute
myocardial events occlude the lumen by less than 40% (22). Since plaque
rupture is a mechanical event, its likelihood depends on the structural integrity of
the lesion (23). It is believed that structural proteins such as collagen provide
tensile strength and thus, increase stability (24,25). Post-mortem pathology
studies have established that the small, soft, and fat-rich plaques, with low
collagen content, are more prone to disruption and thrombosis (26,27).

Treatment of patients with members of the “statin” family of



Figure 1. Rupture of an atherosclerotic lesion. This figure depicts the rupture
of an atherosclerotic lesion. The lumen of the blood vessel and the vascular wall
are indicated with parentheses. Macrophages are present in the lumen of the
blood vessel, as well as within the lesion in the form of foam cells. Vascular
smooth muscle cells are present in the vascular wall, and also in the fibrous cap
region and within the necrotic core of the lesion. Note that the rupture of the
fibrous cap has permitted platelets from the blood stream to enter the lesion.
This figure was adapted from Figure 4 of reference 17.
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lipid-lowering medications, increases collagen content and decreases lipid
content, inflammation, proteolytic enzymes, and cell death in human carotid

plaques and experimental lesions produced in rabbits (28,29,30).

A host of enzymes expressed by vascular cells elaborate and degrade
structural proteins found in the fibrous cap. uPA, a key enzyme in this process,
is a serine protease secreted from the cell as a zymogen (pro-uPA) (31,32,33).
Immediately after secretion, the pro-form binds the uPA receptor (UPAR), at the
cell surface (34). Pro-uPA is activated by plasmin, which is normally in close
proximity to uPAR (35). Vitronectin is also in close proximity to uPAR, and can
bind the primary inhibitor of uPA: plasminogen activator inhibitor 1 (PAl-1)
(36,37). PAI-1is a serine protease inhibitor secreted by many cell types, and it
inhibits uPA by means of classical competition (35). Excessive amounts of PAI-1
are secreted, ensuring strict control of pericellular proteolysis (35). Further
control occurs at the level of the uPA gene, with the uPA promoter being
regulated via AP-1 and SP1 enhancers (38,39). The substrate of uPA is the
zymogen plasminogen, which yields the active protease plasmin (35) (Figure 2).

The generation of plasmin by uPA affects the degradation of the
extracellular matrix because plasmin is capable of activating members of a family
of enzymes known as matrix metalloproteinases (MMPs) (40). The MMPs are
endopeptidases whose activity is increased in injured arteries (41,42,43,44 45),

and can degrade a variety of structural proteins (46). By facilitating



Figure 2. The interaction of uPA and plasmin. Panel A shows the cleavage
of the zymogen plasminogen by uPA to generate plasmin. Panel B shows the
generation of active uPA from pro-uPA by plasmin.
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the activation of MMPs, uPA helps shape an enzymatic environment outside the
cell, which favours degradation of the fibrous cap. A loss of uPA, as evidenced
in the uPA knockout mouse, leads to impaired neointimal formation after arterial
injury (47). Substantial upreguiation of uPA and uPAR has been shown in
VSMCs after injury to the blood vessel wall (48) (Figure 3), and upregulation of
uPA expression in the carotid arteries of cholesterol-fed rabbits, led to a 70%
greater neointimal area after a four week period (49). Hence, uPA has a pivotal
role in atherosclerotic lesion development, as well as the genesis of rupture

prone plaques.

Estrogen Receptors

There are two known ERs, ERa and ERp, both of which are nuclear
transcription factors (50). Unlike most steroid hormone receptors, ERB and ERa.
are not alternate transcripts of a single gene, but are encoded on separate genes
and located on different chromosomes (51). Overall, the ERs have a high
degree of primary structure homology, especially in the DNA-binding domain
(52). Figure 4 shows the percent homology of the two receptors for specific
domains, based on their primary structure. Some tissues express only one of the
receptors, while others express both or neither (52). Figure 5 shows a
generalized scheme for the cellular signaling mechanisms of estrogens via their
receptors. Prior to ligand binding, the estrogen receptors are bound by heat
shock proteins/chaperone proteins such as Hsp90. Conformational changes in

the protein, which occur on ligand binding, result in the release of the chaperone



Figure 3. In-situ hybridization for uPA in a vein bypass graft. The arrow
indicates an area of uPA mRNA hybridization probe binding. The bright dots
reveal expression of uUPA mRNA, with the brightest areas indicating areas of high
concentration of uUPA mRNA. This work was performed in the Vascular biology
laboratory of the University of Ottawa Heart Institute.






Figure 4. Primary structure homology comparison of ERa and ERB. The
dark blue bars represent ERa, while the pale blue bars represent ERB. NHD
refers to the N-terminal Non-hormone binding domain, DBD refers to the DNA-
binding domain, Hinge refers to the central hinge domain, LBD refers to the

ligand-binding domain, and F refers to the C-terminal domain. This figure was
adapted from reference 52.
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Figure 5. Overview of ER mechanism of action. A generalized scheme of ER
mechanism of action is represented. 17-p estradiol is a steroid hormone, and is
hydrophobic. This allows 17-p estradiol to pass easily through the cell
membrane and bind cytoplasmic ERs. The binding of 17-B estradiol to the ERs
results in conformational changes the consequence of which is the release of the
chaperone proteins associated with the ER. The ligand-bound receptor
dimerizes and enters the nucleus where it can bind specific response elements in
the regulatory region of a gene, and encourage transcriptional activation or
repression. The ER often acts in concert with other transcription factors and
coregulatory proteins.
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proteins associated with the ER (53). The ligand-bound receptor then
homodimerizes or heterodimerizes (54,55) and enters nucleus where it binds to
DNA at specific sequences in the promoter regions of genes (56). In classical
17-B estradiol signaling, the receptor binds a palindromic sequence known as the
estrogen response element (ERE). The ERE, is an enhancer sequence, usually
located upstream of the promoter region (12). When the ER dimer binds the
enhancer sequence, it is able to influence transcription of the gene in question
(50). ER-mediated transcription also relies on interactions with coregulatory
proteins, the binding of which can tip the scales towards transcriptional activation
or repression of a particular gene (50,58,59,60). Interaction with coregulatory
proteins normally occurs via a LXXLL sequence in the coregulatory protein (61).
The ERs bind both general steroid receptor coregulators such as SRC-1 (steroid
receptor coactivator 1) (62,63,64), transcriptional coactivator p300 (65), and
coactivator GRIP-1 (glucocorticoid receptor interacting protein) (66) and ER-
specific coregulators such as REA (repressor of estrogen activity)(67). The ERE
is by no means the only path for estrogen-mediated transcription (12). ERs can
also bind DNA by association with activating protein 1 (AP-1) enhancer elements
and Sp1 enhancer elements (12,57).

At this time, evidence is amassing which bolsters the notion of cell surface
estrogen receptors (68,69,70,71,72,73,74). These are thought to be associated
with plasma membrane caveolae, specific detachable membrane invaginations
that play a role in signal transduction (75,76). Binding of the ligand to the

putative surface ER could ultimately result in extracellular regulated kinase (ERK)

12



activation. This could account for rapid-onset effects triggered by estradiol, such
as nitric oxide mediated vasodilation (77). Figure 6 shows a simplified
speculative model of surface ER signal transduction.

A functional ER (ERa) was first shown to be expressed in human VSMCs
in 1994 (78,79). In 1995, in-vitro work with rat arterial VSMCs provided the first
evidence of 17-f estradiol synthesis in vascular cells by the enzyme, aromatase,

bolstering the notion of vascular cells as legitimate 17-f estradiol targets (11).

ER and the vessel wall

In animal models of arterial injury, the formation of a lesion was found to
be impeded in the presence of estrogen (endogenous or exogenous) (80,81,82).
ERp was discovered in rat ovarian tissue in1996 (51,83). In 1998, increased
expression of ERp mRNA in male blood vessels was noted after vascular injury
(84). This key observation stimulated interest in ER f in the vascular system.

Table 1 shows the effects of estrogen treatment on various animal models
of atherosclerosis. The variation in response to estradiol between the animal
models, is due not only to differences in physiology and experimental conditions,
but also to the specific vascular characteristics investigated by the researchers,
and definitions of “protective” cardiovascular effects. The relative significance of
vascular traits that manifest as a consequence of hormone treatment, is often a
matter of debate. The overwheiming number of studies and the variety of models

available adds to the complexity of the field. The major point of consensus

13



Figure 6. Cell surface ER. This figure was adapted from reference (12), figure
4. 17-B estradiol binds the cell surface estrogen receptor, which is associated
with cell membrane caveola. Subsequent activation of extracellular regulated
kinases can lead to rapid-onset effects in the cell.
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Table 1. The effect of estrogen treatment on the vascular wall for animal
models of atherosclerosis.

15
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éRa KO mouse

Reendothelialization after carotid injury (85)
Attenuated medial thickening and VSMC proliferation
after arterial injury and treatment with 17-p estradiol
(86,87)

ERB KO mouse

VSMC proliferation, medial thickening, after arterial
injury and treatment with 17-p estradiol (86,87)
Increased vasoconstriction with 17-§ estradiol
treatment and increased hypertension in treated and
untreated animals (88)

ERBa KO mouse

VSMC proliferation with 17-f estradiol treatment
(86,87)

ApoE KO mouse

Decreased fatty streak formation in castrated animals
fed low-fat diet and treated with 17-p estradiol (89,90)

Rat

Ovariectomized rats, arterially injured and treated
with subcutaneous 17-p estradiol have improved
reendothelialization (91)

Inhibition of intimal thickening after arterial injury and
treatment with 17-p estradiol (92)

Upregulation of ER after arterial injury, no change in
ERa (84)

Rabbits

Reduced serum triglycerides, reduced VSMC
proliferation in ovariectomized, cholesterol-fed and
estradiol-treated animals(93,94)

Smaller lesions in cholesterol-fed, ovariectomized,
estradiol-treated animals (95)

Reduced intimal thickening in ovariectomized,
cholesterol-fed, estradiol-treated animals (96)

Cynomologus
monkeys

Ovariectomized monkeys fed an atherogenic diet and
treated with 17-f estradiol, experience 50% decrease
in the extent of coronary atherosclerosis, but does not
regress established disease (97)

Pregnancy, female gender, and oral contraceptives
resuit in reduced number of lesions in monkeys with
normal diet (98,99,100)




seems to be that 17B-estradiol does have a significant impact on the vascular
wall.

Research performed in our lab has shown that the ERs are expressed in
male and female, healthy and diseased arteries. Semi-quantitative RT-PCR,
Southern blot analysis, Northern blot analysis, and immunohistochemical studies
of paired, normal and diseased, human male and female, vascular tissue,
demonstrated the expression of ERB in all samples (101,102).

The results from the knockout studies, the known correlation between
vascular properties and 17-§ estradiol levels, and the synthesis of estradiol within
the vascular wall, all serve to underline the undeniably significant role of
estrogens in the cardiovascular system.

In addition to the physiological ligand 17-f estradiol, several man-made
estrogens are able to bind the ERs. This property has been exploited most
notably in the treatment of ER positive breast cancer with the drug tamoxifen
(103). (Figure 7). 4-hydroxytamoxifen is the active metabolite of the drug
tamoxifen, and is highly stable ER antagonist (104). It stimulates the receptors in
some cells, while blocking the receptor in some other cells (103). it is believed
that these differences can be attributed to the coregulating proteins which differ
from cell to cell. Further pharmaceutical research has generated severai other
ER modulators including fasiodex (105,106). Faslodex is a drug developed by
Imperial Chemical Industries (ICl 182, 780) with a chemical structure analogous
to 17-B estradiol, yet sufficiently different to elicit opposite transcriptional

outcomes. It is capable of binding both ERa and ER.

16



Figure 7. Chemical structure of specific ER ligands. Structure A depicts 17-
B estradiol. Structure B is 4-hydroxytamoxifen. Structure C is fasiodex.
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An increasing awareness of the differing properties of the various antiestrogens
has stimulated increased research into SERMs (selective estrogen receptor
modulators) and various plant-derived hormones or phytoestrogens. SERMs are
characterized by their ability to produce different cellular effects as a function of
the tissue into which they are introduced (107,108).

The body of this thesis will address the experimental results and their
interpretation. Expression of ERB and ERa was verified in primary VSMCs in the
presence or absence of 17-f estradiol. Immunocytochemical analysis revealed
predominant expression of ERa in the nucleus, and ERp in the cytoplasm.
VSMC uPA activity was observed after treatment with 17-p estradiol, 4-
hydroxytamoxifen, faslodex and antisense to ERpB, the most recently discovered
ER. The addition of ER ligands 4-hydroxytamoxifen and faslodex resulted in a
substantial increase in the activity of uPA. To determine if the effects of these
ligands on uPA activity involved transcription, translation, or secretion, we used
the inhibitors actinomycin D (a blocker of MRNA synthesis), cycloheximide (a
blocker of de novo protein synthesis), and tunicamycin (a blocker of N-linked
glycosylated secretion). In the presence of these inhibitors, the previously
observed effects of the ligands were significantly reduced. The specific pathway
of ER activation was investigated by means of a transfected reporter construct
with an estrogen response element (ERE) controlling the expression of a
fluorescent protein. The results of the reporter assay suggest that these effects
are not mediated via the ERE. While the physiological ligand, 17-f estradiol,

seems to exert little effect on uPA activity, specific antiestrogens appear to
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modulate uPA in VSMCs in a manner that is predictive of an increased incidence

of plaque rupture.
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Materials and Methods

1 = Cell culture

Cell lines used: Hela cells, known to express neither ERa nor ERB,
generous gift of Dr. Heidi McBride. MCF-7 breast cancer cell line, known to
express both ER subtypes, the generous gift of Dr. Christine Pratt. Male and
female aortic VSMCs were purchased from BioWhittaker. Cells were maintained
in low glucose Dulbecco’s Modified Eagle Medium (GIBCO/INVITROGEN),
phenol red-free (phenol red is fluorescent over the same range as EGFP and is
estrogenic (109,110), 10% FBS, 2mM L-glutamine, 50ug/mi gentamycin
sulphate, 25ug/mi amphotericin B, and glucose to render final concentration of
4.5g/L. In experiments involving dosage with 17-B estradiol, faslodex or 4-
hydroxytamoxifen, cells were grown in media with charcoal stripped fetal bovine
serum (FBS). FBS was charcoal stripped (111) with hydrochioric acid-washed
charcoal (Sigma). Cells were rinsed with phosphate-buffered saline (PBS). At
passage, cells were treated with 0.25% Trypsin/PBS (Sigma). VSMCs were
passaged at subconfluence. Cells reached subconfluence in 7 to 9 days and
were split 1:3 in 100mm Petri dishes (Corning). Cells were grown at 37°C, 5%

CO_, in a humidified incubator.

2 — Immunofluorescence
VSMCs were grown to subconfluence on Lab Tek 8-well slides, then fixed
in 4% paraformaldehyde/PBS. Slides were rinsed in PBS twice, for a period of

five minutes. Next, cells were immersed in 0.2% Triton-X100/PBS for fifteen
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minutes, and subsequently rinsed in PBS for two five minute periods. The
primary antibody was applied for a total of one hour at 37°C, in a moist
environment. For the mouse anti-human ERa the dilution was 1/50
(Novocastra), for the rabbit anti-human ER, the dilution was 1/500 (Affinity
Bioreagents), and for the mouse anti-human smooth muscle cell alpha-actin, the
dilution was 1/500 (Dako). Cells were then rinsed in PBS for two five minute
periods. The secondary antibody was then applied. A dilution of 1/100 was used
for the horse anti-mouse fluorescein-conjugated secondary antibody, and for the
goat anti-rabbit Texas Red-conjugated secondary antibody (Vector). The
secondary antibodies were allowed to incubate with the slide for thirty minutes at
room temperature. This was followed by washing with PBS for two five minute
periods. A 1/500 dilution of a 2mM Hoechst stain 22358 (Sigma) solution was
applied for fifteen to thirty minutes. Slides were then mounted using glycerin {2:1
solution of PBS:glycerin). Slides were observed by fluorescent microscopy and

images were captured using a SPOT digital camera system.

3 — Western blotting

Cell lysates were collected using a “RIPA” lysis buffer consisting of
phosphate buffered saline pH 7.4, 1% Triton X-100, 0.5% sodium deoxycholate,
0.1% sodium dodecyi sulfate, 10mg/ml phenyimethyisuifonylifluoride, 30ug/mi
aprotinin, and 1mM sodium orthovanadate (112). Bradford assays were
performed (113) on total cell lysate using BioRad Bradford assay reagent. The

standard curve was established using bovine serum albumin (Sigma) and the
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absorbance at 595nm was measured using a Hewlett-Packard UV-vis
spectrophotometer. Sample buffer containing SDS, glycerol, tris buffer, and 1%
bromophenol blue, was added to protein lysates. The presence of bromophenol
blue aliowed tracking of the leading edge of the lysate. Samples were boiled for
5 minutes prior to loading into gel. NEB broad range protein marker was loaded
into gels to estimate migration position of specific size bands. Protein was
subjected to SDS-PAGE in a BioRad vertical electrophoresis apparatus. The
resolving gel was 10% acrylamide (v/v) and the stacking gel was 3% acrylamide
(viv). Both gels were made using acrylamide, 10% ammoniumpersulfate, tris
buffer, and polymerization was initiated by the addition of 9.5ul TEMED after 15
minutes of degassing. The voltage used in the stacking phase was 40V and the
voltage used in the resolving phase was 120V (112). The running buffer was a
Tris-glycine buffer at pH 8.4. Electrophoresis was halted after the bromophenol
blue ran out of the gel and into the running buffer. The proteins were transferred
to a nitrocellulose membrane overnight in transfer buffer at 4 degrees Celsius at
15V using a BioRad electrobotter apparatus (114). The transfer buffer consisted
of 20% methanol in tris-glycine running buffer. Proper transfer was verified by
staining the gel with Coomassie Brilliant Biue (115). For Western blotting, the
nitrocellulose membranes were placed in 50mi centrifuge tubes, into which 5ml of
Blotto A was added. Blotto A consisted of 5% (w/v) Carnation Instant Skim milk
in Tween-Tris buffered saline (TTBS). TTBS consisted of 10mM Tris-HCL pH
8.0, 150mM NaCl, and 0.05% Tween-20. The membranes were incubated with

blotto A for 1 hour at room temperature at 6rpm in a hybridization oven. The
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blocking solution was then discarded and the membranes were incubated with
primary antibody in blotto A for 1 hour at room temperature. Monoclonal mouse
anti-human ERa primary antibody (Novocastra) was used at a dilution of 1:100.
Polyclonal rabbit anti-human ERp primary antibody (Affinity Bioreagents) was
used at a dilution of 1:1000. After incubation with the primary antibody, the
membranes were washed three times with 26mi TTBS, for 10 minutes. Following
the washes, the membranes were incubated with secondary antibody for 1 hour
at room temperature. Polyclonal goat anti-rabbit horseradish peroxidase
conjugated and polyclonal goat anti-mouse horseradish peroxidase conjugated
antibodies (Chemicon) were used as secondary antibodies at a dilution of
1:5000. The membranes were washed three times with 25mi TTBS, for 10
minutes. The membranes were damp dried and proteins were detected using
the ECL Western blotting system (Amersham Pharmacia Biotech).
Chemiluminescent substrate was added to the membrane and ECL hyperfilm

was exposed to the membranes overnight.

4 - Reverse transcription-polymerase chain reaction
All solutions used in RT-PCR were made with DEPC-treated water; and

RNase- free tips and tubes were used, and treated by UV-irradiation. RNA was
isolated from confluent 100mm dishes of VSMCs using Tri Reagent (Invitrogen).
The concentration and purity were estimated using spectrophotometric readings
at 260nm and 280nm. 1-2ug of RNA was treated with DNase | (Amersham

Pharmacia Biotech) for fifteen minutes at room temperature to eliminate residuail

23



DNA contamination. The DNase | was inactivated using 2mM EDTA. First
strand-synthesis was initiated using 200 units of SuperScript || RNase H reverse
transcriptase (Invitrogen) and oligo dT (New England Biolabs). The reverse-
transcribed samples were amplified by PCR using Tag DNA polymerase
(Amersham Pharmacia Biotech). Optimal results were obtained when the
concentration of MgCl; was 2mM. Controls contained DEPC-treated water in lieu
of template. GAPDH primers were used to normalize the results of ERf
amplification, for quantification. All primers were used at a final concentration of
1M each in the final reaction volume (please refer to Table 2 for primer
sequences). The reaction was given a hot start, and the annealing temperature
was 57.5°C. The GAPDH amplicons generated were 131bp in length, and the
ERp amplicons generated were 282bp in length. The amplicons were run on a
4% NuSieve agarose (BioWhittaker) gel. The gels were stained with ethidium
bromide (Sigma) and photographed under UV illumination (BioRad Gel Doc
System). The bands were analyzed using the Molecular Analyst software
(BioRad). The quality of RNA isolates was verified by RNA
agarose/formaldehyde gel electrophoresis, ethidium bromide staining, and UV-

visualization and image capture, using standard procedures (116).
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Table 2. Sequences of primers used in RT PCR. These primers were
synthesized at Alpha DNA (Montreal, QC) and designed by Bingyi Han (former

graduate student in the lab).

Primer L _ Sequence e
GAPDH1 (23mer) AAC AGC CTC AAG ATC ATC AGC AA
GAPDH2 (19mer) CAGTCTGGG TGG CAGTGAT

B1 (20mer) CAG CCATTATACTTGCCCAC

B2 (20mer) AGT GAC ATT GCT GGG AAT GC

5 — Antisense

An 18-mer antisense phosphorothioate oligonucleotide to ERp and a
scrambled control were synthesized by Alpha DNA (Montreal, QC) (see Table 3
for sequences). The ER antisense oligonucleotides had been previously shown
to reduce ER mRNA and protein levels (in vitro) (117,118). The first three and
last three bases in each oligonucleotide were phosphorothioated. The
substitution of sulfur at phosphorous for one of the nonbridging oxygen increases
stability and nuclease resistance, while maintaining solubility and charge
(119,120). Celis were seeded in 6-well culture dishes and grown to confluence in
DMEM supplemented with 10% FBS, gentamycin sulphate, amphotericin B and
L-glutamine, and glucose (as indicated in Cell Culture section) and used between
passage 6 and 10. The media was replaced with non-supplemented DMEM at
confluence, and the cells were treated with 2.5uM antisense ERB. At the end of
24h the serum, glutamine and antibiotics were reintroduced. This antisense

protocol is from Sirois et al. (121). The antisense technique that | have employed
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relies on the design of a single stranded DNA that is complementary to the

transcriptional start site region of the mRNA of the protein of interest.

Table 3. Antisense oligonucleotide sequences

Small case letters designate replacement of the phosphodiester backbone with a

phosphorothioate backbone.

QOligonucieotide Sequence

ER beta antisense (18mer) cat CAC AGC AGG GCT ata
ER beta scrambled (18mer) gat CTC AGC ACG GCA aat
6 — uPA assay

Human aortic VSMC uPA activity was assessed using a uPA Assay Kit
(Chemicon). The kit was tested and optimized with appropriate positive and
negative controls to verify its applicability to this study. Cells were grown to
confluence in 6-well plates in 10% FBS DMEM. At full confluence, cells were
switched to 10% charcoal-stripped FBS DMEM and treated with one of the
following: 1uM 17-8 estradiol, 1uM Faslodex, 1uM 4-hydroxytamoxifen, antisense
ERB, scrambled ERB. For studies with the following blockers: actinomycin D
(2ug/ml), cycloheximide (10ug/ml), and tunicamycin (1ug/ml), the cells were
treated with the blocker +/- ER antagonist. Actinomycin D prevents the
transcription of new mRNA, cyclohexmide prevents the synthesis of new protein,
and tunicamycin inhibits the secretion of most N-glycosylated proteins by
blocking the first glycosyitransferase in the dolichol pyrophosphory!
oligosaccharide precursor synthetic pathway. Where appropriate, vehicle

controls were run. Tunicamycin, actinomycin D and cycloheximide have all been
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successfully used with aortic VSMCs at the concentrations | employed
(122,123,124,125,126,127,128,129). After 6h incubation, the uPA tripeptide
substrate was added to the media, and incubation continued for an additional two
hours. Cell media was then used to evaluate uPA activity according to the
manufacturer’s instructions. O.D. 405nm readings were taken in a BioRad
microplate reader to assess uPA activity. Results were quantified based on a

purified uPA standard curve. All experiments were performed in triplicate.

7 - Reporter vector design

A reporter vector was designed to monitor ER-mediated transcription. The
reporter gene employed was a destabilized enhanced green fluorescent protein
(EGFP) in a Clontech parental vector (see Figure 8). The EGFP was
destabilized (i.e. has a shorter half-life) in order to reduce background signal and
render it more fit for quantitative transcription reporter assays (130). An ERE
was cloned into the reporter gene promoter region to allow ER-mediated control
of transcription. The use of ERE coupled to a fluorescent reporter, has been
previously employed successfully to detect chemicals with estrogenic activity
(131). The ERE in question is derived from the Xenopus laevis vitellogenin A2
gene promoter region. It contains a canonical ERE which has been shown to be
highly sensitive to 17-8 estradiol and has been used in previous reporter assays
(132). The vitellogenin segment was synthesized as a double-stranded DNA

segment by Alpha-DNA (Montreal, QC), with restriction enzyme sites designed

27



Figure 8. Design of the estrogen response element reporter vector. Panel
A shows the reporter vector design. A 42bp enhancer element from the Xenopus
laevis (African clawed frog) vitellogenin A2 gene, was cloned into the multiple
cloning site of the pTAL-d2EGFP vector (Clontech). The multiple cloning site of
this vector lies within the promoter region, controlling expression of the reporter
gene, enhanced green fluorescent protein. The enhancer contains a canonical
estrogen response element. The yellow highlighted segment of the enhancer
sequence indicates the estrogen response element sequence. Panel B shows
the transfection efficiency control vector used in the transfection experiments.
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into the ends. It was restricted using Mlul and Bgfll, and cloned into the d2EGFP
Clontech vector. Proper cloning was verified by restriction digest and
sequencing. The orientation of the fragment was accounted for by the use of
different restriction sites at the ends. The vector has a kanamycin resistance
gene, which was used in bacterial selection. Proper functioning of the vector was

verified by trial transfections and fluorescent microscopy (see Resuits).

8 — Transfection and Reporter Assay

VSMCs were seeded at 1 x 10° cells/ well in 6 well plates the day before
transfection, and counted by haemocytometer. VSMCs were plated in phenoil
red-free DMEM with 10% FBS so that they were 50-95% confluent on the day of
transfection. No antibiotics were used at the time of plating or during
transfection. 18h later, cells were transfected with the reporter vector and
liposomes combined at a ratio of 12:1 (DNA/liposomes) in polystyrene tubes.
The liposome mixture employed was (1:1): 1,2 dioleolyl-3-N, N, N, -
trimethylammonium-propane or DOTAP and dioleoylphosphatidylethanolamine
or DOPE (Avanti Polar Lipids, Alabaster, Alabama, U.S.A.). Prior to the day of
transfection, liposomes were extruded using an Avestin liposome extruder. The
use of the extruder creates vesicles that have consistent size and structure, and
are unilamellar (133). The cell media was switched to 1ml non-supplemented
DMEM and the cells were incubated with the DNA-liposome mixture for a total of
5 hours. At the end of the incubation, cell culture medium components were

added to the cell media to achieve normal volume (3ml) and serum concentration
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(10%). 24 hours after transfection initiation, the cell media was switched to 10%
stripped serum DMEM. At 42h after the transfection initiation, one of the
following ligands was introduced: 1uM 17- estradiol, 1uM faslodex, 1uM 4-
hydroxytamoxifen. Samples were collected 6 hours later, removing 110pl of cell
media for the SEAP assay, and adding 150pi of RIPA lysis buffer to collect
protein lysate for the EGFP assay. The cells were counted at the time of ligand
addition and just prior to lysate collection to verify adverse effects of ligand on
cell number. Counting was achieved by quadrant counting of dish photographs
(please refer to Appendix C). The transfection efficiency was normalized by
cotransfection with a secreted alkaline phosphatase (SEAP) overexpression
vector (0PSEAP2-control by Clontech). The ratio of pSEAP to the reporter was
1:1.24, and approximately 1ug of each vector was used per well. This vector
was under the transcriptional control of a different viral promoter than the reporter
vector. The production of EGFP was evaluated using the total cell lysate. A
fluorometer (Polarstar galaxy) was used to measure emission in the range of
520nm after an excitation pulse at 485nm. The excitation peak of EGPF is
488nm. The emission peak of EGFP is 507nm (134). Polystyrene Naige Nunc,
384 well plate black, without lids, non-treated, non-sterile, with 120ul wells were
used to perform fluorescence readings. Purified EGFP (Clontech) was used to
construct a standard curve from which the EGFP concentration of the
experimental samples was calculated. These results were normalized to the
SEAP results. SEAP samples were collected from the cell media and their

luminescence was measured in a luminometer and compared to a standard
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curve using Dynex Technologies white microtiter, microlite 96 well plates. The
Clontech Great EscAPe chemiluminescent detection kit with CSPD
chemiluminescent substrate was used in to produce the fuminescence in the
SEAP samples. SEAP is a highly sensitive reporter system. SEAP is heat-
stable, resistant to most phosphatase inhibitors including L-homoarginine, and
well suited for quantification. It has been reported that quantities as small as10-
13pg can be detected with use of the chemiluminescent substrate (135,136, 137).
For details on the calculation for the reporter assay, please refer to Appendix C.
The conditions of the transfection experiment (e.g. ratio of DNA to liposome,
length of incubation time) were optimized for human aortic VSMCs prior to

experimentation.
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Results
1. Expression and modulation of ERs in human aortic VSMCs
The expression pattern of ERB and ERa in-vitro was determined by means of
Western blotting and immunofiuorescence. Antisense oligonucleotide treatments
for human aortic VSMCs were optimized and tested to enable subsequent

modulation of ER expression.

Characterization of human primary VSMCs by immunofluorescence

Primary human aortic VSMCs were characterized for smooth muscle
specific markers smooth muscle aipha actin (Figure 9), and caildesmon. As
would be expected, the cells were immunopositive in both cases and the actin
localized to strands in the cytoplasm. Cells were also characterized for the
endothelial cell specific marker von Willebrand Factor, which is not expressed in
VSMCs. The immunolabeling was negative. Figure 10 displays positive
immunolabeling for ERp in the cytosol. The expression of ERa is shown in
Figure 11. In contrast to the results for ERB, all immunolabeling for ERa
localized to the nucleus. Controls for the secondary antibody revealed
essentially no background staining. The identity of the human cell line and the
expression of ERs were confirmed by immunocytochemical analysis.
Detection of ERp and ERa expression by Westemn blotting

Primary aortic VSMCs were verified for the expression of ERa and ERp at
6h after the addition of 1uM 17-B estradiol or vehicle (ethanol) (Figure 12).

Expression of both ERp and ERa. was observed in both the presence and
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Figure 9. immunofluorescent staining for smooth muscle alpha-actin in
human aortic VSMCs. Panel A shows a 400X magnification of celis labeled
with a primary antibody to smooth muscle alpha actin and a secondary antibody
labeled with fluorescein. Panel B shows a 600X magnification of cells labeled
with a primary antibody to smooth muscle alpha actin, a secondary antibody
labeled with fluorescein and a Hoechst nuclear stain. Panel C shows a 400X
magnification of cells labeled with no primary antibody, but with the fluorescein
secondary antibody (control).
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Figure 10. immunofluorescent staining for ERp in human aortic VSMCs.
Panel A shows a 200X magnification of cells labeled with a primary antibody to
ERB, and a secondary antibody labeled with Texas Red. Panel B shows a 200X
magnification of the same cells, displaying the Hoechst nuclear stain and labeled
with a primary antibody to ERB, and a secondary antibody labeled with Texas
Red. Panel C shows a 200X magnification of cells labeled with no primary
antibody, but with the Texas Red secondary antibody (control).

34






Figure 11. Immunofluorescent staining for ERa in human aortic VSMCs.
Panel A shows a 200X magnification of cells labeled with a primary antibody to
ERa and a secondary antibody labeled with fluorescein. Panel B shows a 600X
magnification of cells labeled with a primary antibody to ERa and a secondary
antibody labeled with fluorescein. Panel C shows a 200X magnification of
Hoechst-stained cells. Panel D shows a 600X magnification of cells stained with

Hoechst. The control corresponding to this experiment is displayed in Figure 9,
panel C.
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Figure 12. Western blots demonstrating ERp and ERa expression in human
aortic VSMCs. Panels A and B show the expression of ERp at 6h and panels C
and D show the expression of ERa at 6h following exposure to 17-f estradiol or
vehicle control.. In panel A, cells were grown in the absence of 17-8 estradiol
and total protein lysates were electrophoresed and blotted onto a nitrocellulose
membrane which was subsequently incubated with a primary antibody to ERp,
followed by a peroxidase conjugated secondary antibody. In panel B, cells were
grown in the presence of 17-p estradiol, and the total protein lysates were
subjected to the procedure described for panel A. In panel C, cells were grown
in the absence of 17-p estradiol and total protein lysates were electrophoresed
and blotted onto a nitrocellulose membrane which was subsequently incubated
with a primary antibody to ERa, followed by a peroxidase conjugated secondary
antibody. In panel D, cells were grown in the presence of 17-B estradiol, and the
total protein lysates were subjected to the procedure described for panel C.
These blots are representative of experiments that were performed in triplicate.
ERB band is at approx. 65kDA. ERa band is at approx. 67kDA. Panel E shows
the expression of uPA in the primary VSMC line. Total cell lysate was blotted
onto a nitrocellulose membrane and incubated with a primary antibody to the B-
chain of uPA, followed by a peroxidase-conjugated secondary antibody. The
uPA band is at 33kDA.
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absence of 17-p estradiol. Cells were also characterized for the expression of
the uPA B-chain in total cell lysate. The uPA B-chain is detectable in both the
active and inactive forms of the protein. Expression of B-chain uPA was
detected, as expected. The expression of ERs in the human cell line was further

confirmed by Western blotting for a specific time point of interest.

Antisense optimization and testing

Cells were treated with antisense oligonucleotides to ERp, to suppress the
expression of ERB. The conditions for the antisense treatments were optimized
for the aortic VSMCs used. To verify the efficacy of the antisense treatment, RT-
PCR studies were employed to evaluate ERp mRNA production, and Western
blotting was used to evaluate ERp protein levels. Figure 13, panel A, shows
successful isolation of total RNA from VSMCs. This step is a prerequisite to RT-
PCR. The ribosomal subunit RNA appears as two strong bands on the
formaldehyde/agarose gel. The upper band is derived from the 28S subunit,
while the lower band is derived from the 18S subunit. Panel B shows a
representative agarose gel of the DNA amplicons from the ERp semi-quantitative
RT PCR experiments. Lane 2 clearly shows the reduction of the ERB mRNA in
the antisense treated sample as compared to the baseline sample in lane 4.
Parallel GAPDH gels were run for each sample in order to normalize the values
for quantitation. The mean reduction in ERp mRNA was found to be 59+6%. It
should be noted that on several occasions, due to the low abundance of the ERp

message in the cells, the signal from the antisense-treated sample was difficult to
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Figure 13. Antisense to ERp. Panel A shows successful isolation of aortic
VSMC total RNA. The 28S and 18S ribosomal RNA bands are indicated. The
RNA samples were subjected to formaldehyde-agarose electrophoresis. Panel B
shows two representative RT PCR gels. The upper gel shows reverse
transcribed ERB mRNA. The arrow indicates the position of the ERB amplicon.
Lanes 1 and 6 show the New England Biolabs100bp ladder, specifically, the 400,
300 and 200bp bands. Lane 2 shows the antisense ERf band, lane 3 shows the
negative control band (water template), lane 4 shows the baseline (untreated)
band, and lane 5 shows the scrambied control band. Parallel GAPDH RT PCR
gels were run for each ERB RT PCR gel (gel below). The GAPDH amplicon is
located at 133bp. The bands displayed in the iane 1 ladder represent the 100
and 200bp bands. Panel C shows a representative western blot for ERB. Lane 1
shows the band for untreated cells (baseline sample), lane 2 shows the band for
cells treated with antisense to ERp, lane 3 shows a positive control sample band
(rat lung homogenate), lane 4 shows the band for cells treated with scrambled
control, lane S shows the negative control sample (HeLa cell lysate), lane 6
shows a second positive control band (rat kidney homogenate), lane 7 is empty,
and lane 8 indicates positions of bands in the N.E.B. broad range protein ladder.
Beneath the blot is a corresponding loading control to B-actin . All experiments
were performed in triplicate.
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detect and quantitate properly. Panel C shows a representative Western blot of
VSMC lysates probed for ERB. The ERp band localizes to approximately 63kDa.
Lane 1 shows the baseline (untreated) cell lysates ERB band, and lane 4 shows
the scrambled control ERB band (which controls for the specificity of the
oligonucleotide). In lanes 3 and 6, rat lung and rat kidney homogenates were
employed as positive controls, because both of these tissues are known to
express ERP (138,139). As anticipated, both bands are present. HeLa cell
lysate was used as a negative control, since Hel.a cells express neither ERa nor
ERB, and no band was apparent (140). Reduction in ERp protein expression
was evident in the antisense-treated sample (lane 2). The intensity of the bands
were quantified in all blots and the mean reduction in ERpB expression relative to
baseline, was determined to be 43+8%. The use of ERp antisense

oligonucleotide resulted in reduced ERp.

1. The effect of modulation of ER expression on uPA activity.

ER ligands 17-f estradiol, faslodex, and 4-hydroxytamoxifen, and ERB
antisense were used to explore the effect of modulation of ER expression on uPA
activity. Further investigation combined the antiestrogens 4-hydroxytamoxifen
and faslodex with the inhibitors cycloheximide, actinomycin D, and tunicamycin.
Subsequent transfections with an ERE-based reporter vector monitored the
production of EGFP in the presence of ER ligands 17-p estradiol, faslodex, and

4-hydroxytamoxifen in addition to antisense to ERp.

39



ER ligands and uPA activity

Figure 14 shows the effect of the addition of ER ligands 17-B estradiol, fasiodex,
and 4-hydroxytamoxifen on uPA activity in the human aortic VSMCs. uPA
activity in the cells was very low at baseline, and the addition of 1uM 17-B
estradiol did not alter the activity level in any detectable way. In contrast, the
addition of 1uM of ER antagonist faslodex or 1uM of partial antagonist 4-
hydroxytamoxifen resulted in a fifty-fold elevation in uPA activity levels, relative to
baseline. This activity could be reduced by approximately 90%, for both faslodex
and 4-hydroxytamoxifen, in the presence of 2ug/mi of actinomycin D, an inhibitor
that blocks the production of new RNA (Figure 15). The reduction for the
faslodex-treated cells was marginally greater than that observed in the 4-
hydroxytamoxifen treated cells. Similarly, the high uPA activity observed in
conjunction with faslodex and 4-hydroxytamoxifen treatments was also drastically
reduced in the presence of 10ug/ml tunicamycin, an inhibitor of N-linked
glycosylation (secretion). Figure 16 shows that this decrease is, yet again, in the
order of 90%. The combination of 1ug/ml cycloheximide, an inhibitor of de-novo
protein synthesis, and the ER ligands, also resulted in a decrease in uPA activity
levels of about 90% and is marginally greater for 4-hydroxytamoxifen (Figure 17).
Specific ER ligands, but not 17-p estradiol itself, modified the activity of uPA in a

manner that was dependent on transcription, translation and secretion.
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Figure 14. uPA activity in human aortic VSMCs treated with ER ligands or
ERp antisense. Cells were maintained under baseline conditions or treated with
1uM 17- estradiol, 1uM faslodex, 1uM 4-hydroxytamoxifen (4-OHT) for 6h, or
antisense to ERB. The faslodex, 4-OHT and ERp antisense group values were
determined to be significantly different relative to the baseline group, with
P=<0.001 (indicated with asterisks). All experiments were performed in triplicate.
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Figure 15. The effect of actinomycin D on uPA activity in human aortic
VSMCs treated with faslodex or 4-hydroxytamoxifen. Cells were treated with
2ug/mi actinomycin D (Act.), actinomycin D + 1uM faslodex (Act.+Faslo), or
actinomycin D + 1uM 4-hydroxytamoxifen (Act.+4-OHT), for 6h and compared
with the baseline, faslodex and 4-hydroxytamoxifen treated groups. Actinomycin
D blocks production of new mRNA. Data for faslodex and 4-OHT are repeated
from Figure 14. Values were determined to be significantly different relative to
their actinomycin treated counterparts, with P=<0.01. All experiments were
performed in triplicate.
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Figure 16. The effect of cycloheximide on uPA activity in human aortic
VSMCs treated with faslodex or 4-hydroxytamoxifen. Cells were treated with
10ug/ml cycloheximide (Cyc.), cycloheximide + 1uM faslodex (Cyc.+Faslo), or
cycloheximide + 1uM 4-hydroxytamoxifen (Cyc.+4-OHT) for 6h, as per legend for
figure 13. Cycloheximide is use to block de-novo protein synthesis. Data for
faslodex and 4-OHT are repeated from Figure 14. Values were determined to be
significantly different relative to their actinomycin treated counterparts, with
P=<0.01. All experiments were performed in triplicate.
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Figure 17. The effect of tunicamycin on uPA-type plasminogen activator
activity in human aortic vascular smooth muscle cells treated with faslodex
or 4-hydroxytamoxifen. Cells were treated with 1ug/ml tunicamycin (Tun.),
tunicamycin + 1uM faslodex (Tun.+Faslo), or tunicamycin + 1uM 4-
hydroxytamoxifen (Tun.+4-OHT) for 6h, as per legend for figure 13. Tunicamycin
is used to block N-linked glycosylation in regulated protein secretion. Data for
faslodex and 4-OHT are repeated from Figure 14. Values were determined to be
significantly different relative to their actinomycin treated counterparts, with
P=<0.01. All experiments were performed in triplicate.
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Antisense uPA Assay

VSMCs were treated with antisense oligonucleotides to ERp, for a period
of 24 hours and then evaluated for uPA activity 6 hours later. Scrambled
oligonucleotides, consisting of the same nucleotides as found in the antisense
oligonucleotides, but in a random, irrelevant sequence, were also employed as
controls. The scrambled oligonucleotides produced no change relative to
baseline uPA activity levels. Figure14 shows that incubation with antisense to
ERPp resuited in an increase in uPA levels to approximately 25 times baseline

levels. Therefore, antisense to ERp results in an increase in the activity of uPA.

Reporter construct design and testing

A reporter vector, with the enhanced green fluorescent protein (EGFP)
gene under the transcriptional control of a canonical estrogen response element,
(ERE) was successfully designed and cloned. This vector was designed as a
means to indicate the effect of ER ligands and antisense on transcription from an
ERE-containing promoter. Figure 18 shows the release of the 42 base pair ERE
insert from the construct after restriction digest of the purified vector with
restriction enzymes Miul and Bgfll. The vector was subsequently introduced into
MCF-7 cells by means of transient liposome-mediated transfections, and
production of EGFP was observed by fluorescent microscopy (Figure 18, panels

B and C).
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Figure 18. Development of the estrogen-response element reporter vector.
Panel A shows restriction digest of reporter vector pd2EGFPERE, in a
polyacrylamide gel. A 42bp Xenopus laevis vitellogenin enhancer was cloned
into the promoter region of the EGFP reporter vector, conferring estrogen-
responsiveness. The reporter construct was digested with Miul and Bgil to
release this fragment, as proof of correct cloning. Lane 1 shows the fragment.
Lane 2 shows the New England Biolabs 100bp ladder. Panel B shows a phase
contrast image at 400X magnification, of a cell transfected with the reporter
vector. Panel C shows a fluorescent micrograph of the same cell, at an identical
magnification.
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Ligand Reporter Assay

Figure 19 shows the expression of the reporter gene product, EGFP, in
response to treatment of the cells with ER ligands for a period of six hours. The
quantification of the reporter was achieved by means of fluorometry against a
standard curve of purified protein. Results were normalized to the expression of
a co-transfected secreted alkaline phosphatase vector. The negative control
consists of a cotransfection of the normalization vector and the parent vector of
the reporter plasmid. Expression of EGFP in the negative control was absent.
The positive control consisted of a cotransfection of the normalization vector and
a vector that constitutively expresses EGFP. As anticipated, elevated levels of
EGFP expression were observed in the positive control samples. The addition of
17-B estradiol, the physiological ligand, produced a 95% increase in EGFP
production over baseline. Faslodex, a 17-8 estradiol antagonist, produced a 70%
increase in EGFP expression relative to the baseline level. 4-OHT, a partial
antagonist, produced an increase of 50% relative to baseline. The transcriptional
activity of the ERs in the VSMCs, as quantified by means of a reporter gene, was

modulated by ER ligands.

Antisense Reporter Assay

Figure 20 shows the expression of the reporter gene product, in response

to the treatment of the transiently transfected cells with antisense
oligonucleotides to ERp for a period of twenty-four hours. Negative and positive

controis for the reporter vector were performed as mentioned above. Scrambled
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Figure 19. Expression of EGFP in reporter assay ER ligand experiment.
EGFP values are expressed as a percentage of the baseline value. Aortic
vascular smooth muscle cells were transfected with the reporter vector, and
subsequently treated with a particular estrogen receptor ligand for a period of six
hours. The baseline group was not treated with any ligand, the 17-f estradiol
group was treated with 1pM 17-8 estradiol, the faslodex group was treated with
1uM faslodex, and the 4-OHT group was treated with 1uM 4-hydroxytamoxifen.
ANOVA statistical analysis indicated that there was a significant difference
between the groups with P=<0.01. 17-8 estradiol, faslodex and 4-OHT were
significantly different relative to baseline according to the Tukey secondary
statistical analysis.with P<0.05 (indicated with asterisks). All experiments were
performed in triplicate.
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Figure 20. Expression of EGFP in reporter assay ERp antisense
experiment. EGFP values are expressed as a percentage of the baseline value.
Aortic vascular smooth muscle cells were transfected with the reporter vector,
and subsequently treated ERf antisense. The baseline group was not treated
with any antisense; while the antisense ERB group was treated with antisense to
ERB. A scrambled control was also tested to ensure the specificity of the
antisense effects (not shown). ANOVA statistical analysis indicated that there
was a significant difference between the groups with P=<0.01. Antisense ERp
was significantly different relative to baseline according to the Tukey secondary

statistical analysis.with P<0.05 (indicated with asterisk). All experiments were
performed in triplicate.
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oligonucleotides were employed as controls for specificity of the antisense
oligonucleotides. The addition of the scrambled oligonucleotides produced no
significant changes relative to the baseline value, as expected. The addition of
antisense to ERP produced a small but statistically significant change in EGFP
production over baseline. The transcriptional activity of the ERs in the VSMCs,
as quantified by means of a reporter gene, was not greatly modulated by the

addition of antisense to ERp.
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Discussion

Cellular localization of ERs

The presence of ERa in the nucleus is consistent with previous
immunocytochemical analyses (Figure 11) (78). The preferential localization of
ERB to the cytosol has been previously reported in human osteoclasts, rat
astrocytes, and rabbit and rat ovarian insterstitial gland cells (141,142,143,144).
Since there is increasing evidence for the existence of a cell surface receptor, it
is possible that some of the immunopositive fluorescence represented membrane
expression of ERB, however it is not possible to verify this from the
immunocytochemical images. Variation in the distribution of the receptor types
may hint at a disparity of roles within the cell. It has been shown that the a-a
homodimer is the favoured receptor dimer for 17-p estradiol binding, which may
explain the presence of ER«a in the nucleus (55). The predominance of ERa. in
the nucleus allows for more immediate access to target gene promoter regions,
and hence, the ability to influence transcriptional activation or repression more
rapidly. By contrast, ERB may be implicated with cell surface ER expression,

shuttling between the membrane and the cytosol.

UPA activity

The preliminary tests of uPA activity examined several time points. There
was a significant drop in uPA activity in the 24h samples compared to the 6h
samples (data not shown). This suggests a rapid onset of effects on uPA

activity. In the 6h study, the baseline and 17-p estradiol treated cells had
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equivalent uPA activities. An extreme boost (50-fold) was observed with the
addition of faslodex or 4-OHT (Figure 14). Faslodex and 4-OHT are both ER
ligands that can act as ER antagonists (145). In order to elucidate the
mechanism of action of this increase in activity, the cells were treated with
metabolic inhibitors +/- the antagonists. The addition of actinomycin D severely
diminished the previously observed effects of 4-OHT and faslodex. This
suggests that transcription is an important mediator of the observed increase in
uPA activity. This is not surprising given the role of ERs as nuclear transcription
factors (see introduction). The addition of cycloheximide was also able to
severely reduce the effects of faslodex and 4-OHT. This suggests that protein
synthesis is also implicated. Addition of tunicamycin also ablated the effect of
the antagonists. Tunicamycin blocks N-linked glycosylation of proteins, a post-
translational modification that occurs on proteins undergoing regulated secretion.
It gives a valuable clue as to the possible candidates for this pathway. Notably,
uPA itself is N-glycosylated (146).

A proteolytic enzyme such as uPA is under strict regulation at all levels of
its production and release. Two mechanisms coulid potentially explain the effects
of 4-OHT and faslodex on uPA activity in human VSMCs. The first possibility is
that the regulation of uPA occurs via ER interaction with the uPA gene promoter
region; that is to say, regulation is at the level of transcription. This would entail
the action of the ERs as transcription factors in coregulatory protein
transcriptional complexes associated with AP-1 or Sp1 enhancer elements. The

ability of the ERs to modulate uPA transcription would therefore be subject, at
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least in part, to the binding of specific ER ligands. The second possibility is that
the ER ligands are signaling the exocytosis of pro-uPA zymogen granules by
interacting with a cell surface ER; and thus, regulation is at the level of secretion.
This would permit a rapid response, as observed in the dramatic increase in uPA
activity a mere six hours after the addition of ligand. It is important to note that
these two mechanisms are not mutually exclusive. The point of regulation in the
uPA synthesis and secretion pathway for each proposal is represented in Figure
21. The first option is represented by the number one, while the second option is
indicated by the number two. Both possible explanations are discussed in further

detail below.

Transcriptional regulation at the uPA promoter

The possibility of requlation via the ERE enhancer

The reporter transfection experiments suggest that the classical ERE
pathway is not directly implicated in the observed effects of ER ligands on uPA.
In the uPA experiment, the addition of antiestrogens 4-OHT and faslodex
resulted in a dramatic increase in uPA activity, and the addition of 17-p estradiol,
the physiological ligand, had no effect relative to baseline conditions (Figure 14).
In the reporter transfection experiments, the EGFP production observed in cells
treated with these same ligands, varied depending on the ligand, and was

significantly higher than baseline in all cases. The highest levels of EGFP

production was observed in cells treated with 17-p estradiol, implying that
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Figure 21. Potential sites for estrogen receptor-mediated regulation of
uPA. Number 1 refers to the possibility of ER-mediated regulation of uPA at the
level of transcription via interaction with AP-1 promoter elements. Number 2
refers to the possibility that surface ER conducts the signal for the exocytosis of
uPA zymogen granules.
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transcription was being induced. However, in the uPA experiment, exposure to
17-B estradiol for an identical length of time had no impact on activity levels.
Similarly, no differences were detected between antisense treatments for ER
and baseline conditions in the reporter transfection experiment, and yet, the
addition of antisense to ERp resulted in a 25-fold increase in uPA activity.
Opposite trends in the reporter and uPA assays, are suggestive of ERE-
mediated regulation via a repressor of uPA activity, expression or secretion, but
this was not observed. Clearly, direct regulation via ERE is doubtful. There are
no known EREs in the promoter region of the uPA gene, the PAI-1 gene or the
uPAR gene. Nevertheless, the uPA gene promoter contains enhancers with
which ERs have been know to interact — namely the AP-1 and Sp1 enhancers

(please see introduction for further details).

The possibility of regulation via the AP-1 enhancer

ERa and ERp are known to indirectly bind at AP-1 enhancer sites via
Jun/Fos transcription factors (which form the AP-1 transcription factor).
ER deletion studies have determined that the domains necessary for ERa
interaction with the AP-1 protein are the N-terminal (a.k.a. A/B, AF-1, TAF-1,
NHD) domain and the C-terminal domain (a.k.a. F, AF-2, TAF-2) (147,148,149).
Both domains are required for 17p-estradiol-mediated ERa transactivation of AP-
1 regulated genes. The interaction of 4-OHT with ERa can mediate
transcriptional activation in the absence of the C-terminal region, and to a minor

extent in the absence of the N-terminal region (147,148). For ERp, deletion of
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the first 53 amino acids or more of the ERB N-terminal domain, results in the loss
of transcriptional activation at the AP-1 promoter element (147). The loss of the
C-terminal domain of ERpB has no effect on regulation of gene transcription via
the AP-1 element (147). It is important to note that the domains required for AP-
1 based transcription by ERf and ERa, are those for which there is the least
homology between the receptors (please refer to Figure 4). This may help to
explain observed differences in regulation at AP-1 by the receptors, in
combination with either specific ligands, or each other.

Table 4 summarizes the reported effects of specific combinations of ERs and ER

ligands in AP-1 based transcription.

Table 4. Reported effects of ERs of AP-1-based transcriptional activation. In all

cases, AP-1 protein is present and assumed to be bound to ER.

LIGAND RECEPTOR TRANSCRIPTIONAL
RESULT

17- estradiol ERa Activation
(148,150)

4-OHT ERa Activation
(150)

17-B estradiol ERpB None
(150,151)

4-OHT ERpB Greater activation than
ERa
(148,150,152)

17-B estradiol ERa & ERB Activation, magnitude T
when [ERB] {
(147,150)

ERP and ERa can both activate AP-1-mediated transcription in the

presence of 4-OHT, but only ERa can stimulate AP-1 based transcription in the
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presence of 17p-estradiol. Relative to ERa, ERp can induce a greater magnitude
of activation at AP-1 when treated with 4-OHT (152). When ERa and ERp are
both introduced into a cell, and treated with 17p-estradiol, the level of
transcriptional activation via AP-1 will vary with the concentration of ERpB (147).
The more ERp introduced, the lesser the extent of transcriptional activation at
AP-1. Thus, ERp represses ERa in the presence of the physiological ligand
(147,150).

The current mechanism proposed for ERa activation at AP-1 involves the
recruitment of the p160 coactivator protein GRIP-1 in the presence of 17p-
estradiol (148,153). In the case of ERp transcriptional activation at AP-1 in the
presence of 4-OHT, is thought to be encouraged by the sequestration of
corepressors. This involves the lifting of repression from the AP-1 element
(147,148).

Figure 22 illustrates proposed mechanisms of ER transcriptional
regulation of the uPA gene via the AP-1 promoter element. In the absence of
ligand, no activation occurs, and ERf may suppress any non-ligand dependent
transcriptional activation that could be mediated by ERa. In the presence of 17-8
estradiol, the level of transcriptional activation would depend on the relative
concentration of ERpB to ERa. If we assume that there is sufficient ERB to
repress ERa, then transcriptional repression would be similar to the non-ligand
treated group. If the concentration of ERB were to be reduced, as in the

antisense ERp experiment, one could expect an increase in transcriptional
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Figure 22. Potential mechanism of uPA gene transcription by ERs in
VSMCS at AP-1 element. In panel A, the ERs interacts with the Fos/Jun (AP-1)
heterodimer, thereby influencing transcription through the AP-1 promoter
element. The repressive action of ERB on ERa in the presence of 17-8 estradiol
may prevent transcriptional activation from the AP-1 element of the uPA gene. In
contrast, as shown in panel B, the addition of antiestrogens may result in direct
activation of the uPA gene via the AP-1 element. The presence of ER
antagonists 4-OHT or faslodex, and either ERB or ERa, may promote
transcriptional activation at the uPA gene, as shown in panel C, by recruitment of
corepressor proteins away from the transcriptional machinery. This results in a
loss of transcriptional repression, enabling transcriptional activation of the uPA
gene.
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activation. This was indeed, what we observed. It is not surprising to see
activation of transcription in the absence of ligand (as in the case of the ERp
antisense study) when one considers the essential domains for AP-1 based
transcriptional activation are not the ligand-binding domains. Therefore, we can
assume that while ligands can enhance ER-AP-1 transcriptional regulation and
have a significant influence, it is entirely possible that transcriptional activation
also occurs in their absence.

When treated with antiestrogens (4-OHT or faslodex), it is possible that
both receptor subtypes help activate AP-1 based transcription at the uPA gene
(154). 4-OHT acts as a potent activator of ER mediated transcriptional activation
at AP-1 sites in certain cell types. One example of this is the collagenase
promoter in uterine endometrial cells, where 4-OHT promotes activation of
transcription (155). It is also possible that ERB, or both ERB and ERa, act to
titrate off corepressor proteins. Either scenario would explain the observed
increase in uPA activity, and the abrogation of the increase in the presence of
actinomycin D, cycloheximide and tunicamycin since transcription of uPA would

ultimately lead to translation and N-linked glycosylated secretion.

The possibility of regulation via the Sp1 enhancer

The Sp1 enhancer is another potential site of ER regulation on the uPA
promoter (156,157). However, much less is known about the ERs in this context.
Nevertheless, there are many genes for which this manner of regulation has

been recognized and documented as an important contributor to transcriptional
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control. Genes for such proteins as cathepsin D, retinoic acid receptor a, c-fos,

and Hsp27, have been shown to contain Sp1 regulatory regions which confer

estrogen receptor responsiveness (158,159,160,161,162).

Both ERpB and ERa, require the N-terminal protein domain for binding of

Sp1 and transactivation at Sp1 elements (163,164,165). For ERB, the specific

amino acids required are from 79 to 117 (164). This is very similar to the

domains required for ER-mediated transcriptional activation through the AP-1

promoter element. Studies of transcriptional regulation have shown that both

ERa and ERp can regulate transcription at Sp1 elements (163,164,165). Table 5

summarizes the reported effects of specific combinations of ERs and ER ligands

on Sp1-based transcription.

Table 5. The reported effects of ERs on Sp1-based transcriptional activation. In

all cases, Sp1 protein presence and binding to ER(s) is assumed.

LIGAND

RECEPTOR

TRANSCRIPTIONAL
RESULT

17-B estradiol

ERa

Activation
(164,165)

4-OHT

ERa

Activation
(164,165)

17-B estradiol

ERB

None
(164)

4-OHT

ERp

Minimal activation
(163,164)

17- estradiol

ERa & ERB

Activation, magnitude T
when [ERB] ¥
(164)

ERa can activate transcription via Sp1 by binding both antiestrogens

(such as 4-OHT) and 17-B estradiol (164,165). With regards to ERB, the addition
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of 17-B estradiol has no effect on transcription but the presence of antiestrogens
does induce activation at Sp1 to a limited extent (163,164). It has also been
shown that when both receptors are present, ERp represses ERa at Sp1 sites
(164). The increase in uPA activity observed in the ERp antisense study, could
be attributed to a loss of strong repression on ERq, since in this situation the
ratio of ERa to ERB is increased. Again, since the domain required for ERa Sp1-
mediated transcriptional activation is the N-terminal, non-hormone binding
domain, it is possible that unliganded ERa can help mediate transcriptional
activation, perhaps via the recruitment of coactivator proteins. The lack of uPA
activity in the untreated and 17-p estradiol treated cells may be attributed to the
recognized repressive effects of ERB on ERa, and the role of ERp as a dominant
regulator of ERa activity (166,167) (Figure 23). Addition of antiestrogens has
been shown to induce transcription at Sp1 for both receptor types, therefore, the
marked increase in uPA activity observed may be the result of ER-mediated
transcriptional activation. Alternatively, as has been suggested in the case of the
AP-1 promoter element, the antiestrogen liganded ERB may sequester general
transcriptional corepressor proteins away from ERa, further amplifying the
normal transcriptional-inducing effects of antiestrogen-bound ERa.

Repression of uPA transcription by ERa unbound, and bound by 17-8
estradiol, supports the notion of a protective role for 17-8 estradiol in the vascular
cells. These proposed mechanisms of uPA regulation could be easily verified by

a variety of experiments. Reporter vector constructs incorporating the uPA gene
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Figure 23. Potential mechanism of uPA gene transcription by ERs in
VSMCS at Sp1 element. The ERs interact with the Sp1 transcription factor.
Panel A shows how ERB may repress ERa in the presence of 17-f estradiol,
resulting in a lack of transcriptional activation at the Sp1 promoter element. In
contrast, as shown in panel B, the addition of 4-OHT or faslodex may result in
agonistic action at the ERs and thereby directly promote transcriptional activation
at the uPA gene
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promoter region (normal and mutated at AP-1 or Sp1 sites), could be used to
assess the influence of ER ligands on uPA expression. The relative importance
of the different ERs in the modulation of uPA activity could be investigated using
cell lines from ER knockout animals or by introducing single ER expression
vectors into ER-negative cells. The drawback of any approach that requires
changing cell type is the possibility that the particular coreguiatory proteins
expressed in that cell type could engender a different response than that

observed in vascular cells.

Requlation at the level of secretion

Little is known about the exocytosis of pro-uPA secretory granules. An
unknown signal is transmitted to the cell, and is transduced through cell surface
and pilasma membrane proteins and enzymes. It is often the release/increase in
intracellular Ca+2 levels that is responsible for triggering exocytosis of secretory
granules (168). These ultimately resulit in the modification and interaction with
proteins of the secretory granule. The nature of these proteins in both the uPA
and VSMC context are not clear. A great deal of research has been conducted
on regulated secretion in pancreatic acinar cells. These cells secrete several
serine proteases in a regulated fashion. Some important players include
SNARESs on the zymogen granules, ion channels (K+, Cl-) (169). Sometimes G
proteins are implicated (170), but as it true of cell signaling in general, it is very
much cell type dependent. In cultured microglia, uPA release can be triggered

by ceramide, and involves protein kinase C in the exocytotic process (171). It
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has also been reported that 17-f estradiol caused the release of uPA from
endometrial tissue in organ culture (172).

The existence of a cell surface ER has been a matter of speculation for
many years, and more solid evidence has just begun to accumulate, though the
receptor has yet to be characterized (68,69,70,71,72,73,74) (Figure 6). The
notion of a surface receptor was fueled by the well-established rapid onset
effects of 17-B estradiol; too quick to be attributable to transcription. Some
examples include vasodilation of coronary arteries, release of insulin from
pancreatic beta cells, and activation of specific signal pathways in neurons (12).
The surface receptor is thought to be a plasma membrane version of ERa. It is
associated with caveolae, and functions via calcium-dependent, (extracellular
regulated kinases) ERK-1 and ERK-2 mechanism (12). G-proteins have also
been implicated in some specific signaling pathways such as NO synthase
activation (77,173). In this scenario, faslodex and 4-OHT are assumed to
activate the cell surface receptor, while 17-8 estradiol has little or no effect. The
transduction of the signal could result in the activation of the ERKs and
consequent activation of proteins associated with the zymogen granules.
Different ER ligands are known to affect ERK activity in human aortic VSMCs
(174). The effect of actinomycin, cycloheximide, and tunicamycin would still be
felt, if the production of new uPA is more significant than the pre-existing pool.
Unfortunately, very little is known concerning the secretion of pro-uPA from
VSMCs. In order to investigate this possibility further, signal transduction

inhibitors specific to protein kinases, could be used in a fashion similar to the



application of the actinomycin, cycloheximide and tunicamycin, to see if they
could reduce the observed increases in uPA activity in the presence of 4-OHT or
faslodex.

The possibility that the ERs are affecting muitiple proteins or pathways
related to uPA, cannot be ignored. The ERs touch on such a wide range of
cellular processes and regulatory actions, that it is not inconceivable that they
could be controlling several aspects of uPA expression and secretion. The
complexity of the uPA system should not be forgotten while focusing so narrowly

on a single aspect of its control.

The scope of ER ligands

Similar effects were observed when VSMCs were treated with fasiodex or
4-hydroxytamoxifen, despite gross structural differences. Both drugs have been
applied to the treatment of ER positive breast cancer. Although faslodex has
been shown to have a higher affinity for ER, and does not provoke resistance or
increase the risk of endometrial cancer, it lacks the beneficial effects on bone
and serum lipid profiles that have been observed with 4-hydroxytamoxifen.
Faslodex is considered less toxic, and preferable overall. In relation to heart
disease, some trials suggest that treatment with 4-hydroxytamoxifen can
decrease the levels of inflammatory proteins implicated in heart disease (such as
C-reactive protein and fibrinogen), and improve serum lipid profiles in women
(175,176). In January of 2001, a large-scale clinical trial conducted by the

Cardiovascular Institute of the University of Pittsburgh found no adverse or
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beneficial efiects of 4-hydroxytamoxifen on cardiovascular risk. This trial was
conducted over a period of seven years with approximately 13,000
postmenopausal women at high risk for breast cancer. 1000 women had had
previous coronary heart disease. For all women, the rate of cardiovascular
events (defined as fatal and nonfatal myocardial infarction, unstable angina, and
severe angina) was not significantly different between placebo-treated and 4-
hydroxytamoxifen-treated groups (177). Similar data is not yet available for
faslodex, due to its recent inception. Phytoestrogens have also garnered
significant attention in recent times, no doubt due, in great part, to the
controversy surrounding HRT. Phytoestrogens are plant-based estrogens such
as coumestrol (derived from clover) and genistein (derived from soy), which are
capable of interacting with the ERs. Their long term effects are still unclear and
their full physiological impact requires elucidation. Future work could include a
study of the impact of these ER ligands on uPA activity, in light of the results
observed for 4-OHT and fasiodex. Combinations of the ER ligands would also
yield important information with regard to competition for ER binding and

potential mechanisms of action.

ERp versus ERa
The roles of ERP and ERa differ. Unlike the receptor subtypes of other
steroid hormone receptors, ERa and ERP are not aiternate transcripts of a single

gene, but are the distinct products of two different genes from two different

chromosomes (1). The distribution and tissue expression profile of the receptors
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varies, as does the sequence of key domains of their primary structure (12).
Moreover, the ERB knockout mice has several vascular aberrations with regards
to vasoconstriction, hypertension and ion channel function which were not
observed in ERa knockout mouse (178). It is also ERp that was observed to be
upregulated after arterial injury in the mouse model of atherosclerosis (84). The
results of the uPA assay in conjunction with ERp antisense treatment suggest
that ERP may be involved in the control of extracellular proteolysis in an
unexpected way. The precise nature of the involvement of ERp in the uPA
secretion pathway needs to be defined. Itis clear that ERB plays a significant

role in cellular regulation and functioning, and is not merely the poor cousin of

ERa.

Conclusion

The general goal of this thesis was to determine if 17-8 estradiol
modulated uPA in VSMCs in a manner that is predictive of a reduced incidence
of plaque rupture. The expression pattern of ERB and ERa in human aortic
VSMCs in-vitro, and the effect of 17B-estradiol on the expression of these
receptors was determined. Antisense to ERpB and ER ligands were used to
modulate the expression and activity of ERs in primary VSMCs. It was
determined that the application of antagonists of ER and the reduction of ERB,
result in an increase in uPA activity. This increase could be abrogated by the
addition of specific inhibitors of transcription, translation and secretion and was

independent of ERE-based transcription. The addition of 17-p estradiol did not
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increase the activity of uPA. This can be considered predicitive of a reduced
incidence of plaque rupture as it is thought that the increased activity and
expression uPA, can lead to the degradation and subsequent destabilization of
an atherosclerotic plaque. ER ligands known to be antagonists, faslodex and 4-
OHT, were shown to dramatically increase the activity of uPA in human aortic
VSMCs. This would favour proteolytic degradation, and could be predictive of
plaque rupture. Antagonism of the effects of the physiological ligand 17-8
estradiol, may be potentially detrimental to the integrity of the extracellular matrix

of vascular cells.

68



10.

1.

References

. Mendelsohn,M.E. and R.H.Karas. 1994. Estrogen and the blood vessel

wall. Current Opinion in Cardiology 9: 619-626.

Mendelsohn,M.E. and R.H.Karas. 1999. The Protective Effects of

Estrogen on the Cardiovascular System. The New England Journal of
Medicine 340: 1801-1811.

Barrett-Connor,E. and T.Bush. 1991. Estrogen and Coronary Heart
Disease in Women. Journal of the American Medical Association 265:
1861-1867.

Wenger,N., L.Speroff, and B.Packard. 1993. Cardiovascular Health and
Disease in Women. The New England Journal of Medicine 329: 247-256.

Grady, D. Scientists Question Hormone Therapies For Menopause llis.
The New York Times National Desk. 5-18-2002.

Mosca,L. 2001. Hormone replacement therapy and cardiovascular
disease - a statement for healthcare professionals from the american
heart association - science advisory. Circulation 104: 499-503.

Herrington,J., D.M.Reboussin, K.B.Brosnihan, P.C.Sharp, S.A.Shumaker,
T.E.Snyder, C.D.Furberg, G.J.Kowalchuk, T.D.Stuckey, W.J.Rogers,
D.H.Givens, and D.Waters. 2000. Effects of estrogen replacement on the

progression of coronary-artery atherosclerosis. The New England Journal
of Medicine 343: 522-529.

Viscoli,C., L.Brass, W.Kernan, P.Sarrel, S.Suissa, and R.Horwitz. 2001. A
clinical trial of estrogen-replacement therapy after ischemic stroke. The
New England Journal of Medicine 345: 1243-1249.

Fletcher,S. and G.A.Colditz. 2002. Failure of estrogen plus progestin

therapy for prevention. Journal of the American Medical Association 288:
366-368.

Writing Group for the Women's Health Initiative. 2002. Risks and Benefits
of Estrogen plus Progestin in Healthy Postmenopausal Women, Principal
results from the Women's Health Initiative Randomized Controlled Trial.
Journal of the American Medical Association 288: 321-333.

Bayard,F., S.Clamens, F.Meggetto, N.Blaes, G.Delsol, and J.C.Faye.
1995. Estrogen Synthesis, Estrogen Metabolism, and Functional Estrogen

Receptors in Rat Arterial Smooth Muscle Celis in Culture. Endocrinology
136: 1523-1529.

69



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

Gruber,C., W.Tschugguel, C.Schneeberger, and J.Huber. 2002.
Production and actions of estrogens. The New England Journal of
Medicine 346: 340-352.

Beyer, ME, Yu, G, Hanke, H, and Hoffmeister, HM. Acute gender-specific
hemodynamic and inotropic effects of 17beta-estradiol on rats.
Hypertension 38, 1003-1010. 11-11-2001.

Giannattasio,C., M.Failla, A.Grappiolo, M.Stella, A.Del Bo, M.Colombo,
and G.Mancia. 1999. Fluctuations of radial artery distensibility throughout
the menstrual cycle. Arteriosclerosis, Thrombosis and Vascular Biology
19: 1929.

Minson,C.T., J.R.Halliwell, T.M.Young, and M.J.Joyner. 2000. Influence of
the menstrual cycle on sympathetic activity, baroreflex sensitivity, and
vascular transduction in young women. Circulation 101: 862-868.

Bakir,S., T.Mori, J.Durand, Y.F.Chen, J.A.Thompson, and S.Oparil. 2000.
Estrogen-induced vasoprotection is estrogen receptor dependent.
Circulation 101: 2342-2344.

Ross,R. 1999. Atherosclerosis - An inflammatory disease. The New
England Journal of Medicine 340: 115-126.

Davies,M. 1996. Stability and instability: two faces of coronary
atherosclerosis - The Paul Dudley White Lecture 1995. Circulation 94:
2013-2020.

Gronholdt,M., S.Dalager-Pedersen, and E.Falk. 1998. Coronary
atherosclerosis: determinants of plaque rupture. European Heart Journal
19: C24-C29.

Glass,C. and J.Witzum. 2001. Atherosclerosis: The Road Ahead. Cell 104:
503-516.

Falk,E. 1992. Why do plaques rupture? Circulation 86: 3-30-3-42.

Fishbein,M. and R.Siegel. 1996. How big are coronary atherosclerotic
plaques that rupture? Circulation 94: 2662.

Rekhter,M. 1999. Collagen synthesis in atherosclerosis: too much and not
enough. Cardiovascular Research 41: 376-384.

Barnes,M.J. and R.W.Farmdale. 1999. Collagens and atherosclerosis.
Experimental Gerontology 34: 513-525.

Rekhter,M., G.Hicks, D.Brammer, H.Hallak, E.Kindt, J.Chen, W.Rosebury,
M.Anderson, P.Kuipers, and M.Ryan. 2000. Hypercholesterolemia causes

70



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

mechanical weakening of rabbit atheroma - local collagen loss as a
prerequisite of plaque rupture. Circulation Research 86: 101-108.

Badimon,J., V.Fuster, J.Chesebro, and L.Badimon. 1993. Coronary
Atherosclerosis A Multifactorial Disease. Circulation 87: 3-16.

Arbustini,E., M.Grasso, M.Diegoli, A.Pucci, M.Bramerio, D.Ardissino,
L.Angoli, S.de Servi, E.Bramucci, A.Mussini, G.Minzioni, M.Vigano, and
G.Specchia. 1991. Coronary atherosclerotic plaques with and without
thrombus in ischemic heart syndromes: a morphologic,
immunohistochemical and biochemical study. The American Journal of
Cardiology 68: 36B-50B.

Sukhova,G., P.Libby, and J.Williams. 2002. Statins reduce inflammation in
atheroma of nonhuman primates independent of effects on serum
cholesterol. Arteriosclerosis, Thrombosis and Vascular Biology 22: 1452-
1458.

Fukumoto,Y., P.Libby, E.Rabkin, C.Hill, Y.Hirouchi, and M.Aikawa. 2001.
Statins alter smooth muscle cell accumulation and collagen content in
established atheroma of watanabe heritable hyperlipidemic rabbits.
Circulation 103: 993-999.

Crisby,M., G.Nordin-Fredriksson, P.Shah, J.Yano, J.Zhu, and J.Nilsson.
2001. Pravastatin treatment increases collagen content and decreases
lipid content, inflammation, metalloproteinases, and cell death in human
carotid plaques. Circulation 103: 926-933.

Heiple,J. and L.Ossowski. 1986. Human neutrophil plasminogen activator
is localized in specific granules and is translocated to the cell surgace by
exocytosis. Journal of Experimental Medicine 164: 826-840.

Bansal,D. and R.MacGregor. 1990. Secretion of plasminogen activator
from bovine parathyroid cells. Endocrinology 126: 2245-2251.

Rondeau,E., S.0Ochi, R.Lacave, C.He, R.Medcalf, F.Delarue, and J.Sraer.
1989. Urokinase synthesis and binding by glomerular epithelial cells in
culture. Kidney International 36: 593-600.

Quax,P., J.Grimbergen, and M.Lansink. 1998. Binding of human
urckinase-type plasminogen activator to its receptor, residues involved in
species specificity and binding. Arteriosclerosis, Thrombosis and Vascular
Biology 18: 693-701.

Irigoyen,J., P.Munoz-Canoves, L.Montero, M.Koziczak, and Y.Nagamine.

1999. Review - The plasminogen activator system: biology and regulation.
Cellular and Molecular Life Sciences 56: 104-132.

71



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Preissner,K., S.Kanse, and A.May. 2000. Urokinase receptor: amolecular
organizer in cellular communication. Current Opinion in Cell Biology 12:
621-628.

Chavakis,T., S.Kanse, B.Yutzy, H.Lijnen, and K Preissner. 1998.
Vitronectin concentrates proteolytic activity on the cell surgace and
extracellular matrix by trapping soluble urokinase receptor-urokinase
complexes. Blood 91: 2305-2312.

Dang,J., D.Boyd, H.Wang, H.Allgayer, W.Doe, and Y.Wang. 1999. A
region between -141 and -61bp containing a proximal AP1 is essential for
constitutive expression of urokinase-type plasminogen activator receptor.
European Journal of Biochemistry 264: 92-99.

Verde,P., S.Boast, A.Franze, F.Robbiati, and F.Blasi. 1998. An upstream
enhancer and a negative element in the 5' flanking region of the human
urokinase plasminogen activator gene. Nucleic Acids Research 16:
10699-10716.

Brown,P. 2000. Ongoing triais with matrix metalloproteinase inhibitors.
Expert Opinion on Investigational Drugs 9: 2167-2177.

Wang, H. and Keiser, JA. Expression of membrane-type matrix
metalloporteinase in rabbit neointimal tissue and its correlation with matrix
metalloproteinase 2 activation. Journal of Vascular Research 35[1), 45-54.
2-2-1998.

Schonbeck, U, Mach, F, Sukhova, GK, Murphy, C, Bonnefoy, JY,
Fabunmi, RP, and Libby, P. Regulation of matrix metalloproteinase
expression in human vascular smooth muscle cells by T lymphocytes: a

role for CD40 signaling in plaque rupture. Circulation Research 81([3], 448-
454. 9-9-1997.

Li.Z., J.P.Froehlich, Z.S.Galis, and E.G.Lakatta. 1999. Increased
expression of matrix metalloproteinase-2 in the thickened intima of aged
rats. Hypertension 33: 116-123.

Jenkins,G.M., M.T.Crow, C.Bilato, Y.Gluzband, W.-S.Ryu, Z.Li, W.Stetler-
Stevenson, C.Nater, J.P.Froehlich, E.G.Lakatta, and L.Cheng. 1998.
Increased expression of membrane-type matrix metalloproteinase and
preferential localization of matrix metalloproteinase-2 to the neointima of
balloon-injured rat carotid arteries. Circulation 97: 82-90.

Galis,Z.S. and J.Khatri. 2002. Matrix metalloproteinases in vascular

remodeling and atherogenesis. The good, the bad, and the ugly.
Circulation Research 90: 251-262.

72



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Vu,T. and Z.Werb. 2000. Matrix metalloproteinases: effectors of
development and normal physiology. Genes and Development 14: 2123-
2133.

Carmeliat,P., L.Moons, J.-M.Herbert, J.Crawley, F.Lupu, H.Lijnen, and
D.Collen. 1997. Urokinase but not tissue plasminogen activator mediated
arterial neointima formation in mice. Circulation Research 81: 839.

Xiao,Q., M.Danton, D.White, M.Kowala, M.Valentine, T.Bugge, and
J.Degen. 1997. Plasminogen deficiency accelerates vessel wall disease in
mice predisposed to atherosclerosis. Proceedings of the National
Academy of Science 94: 10335-10340.

Falkenberg,M., C.Tom, M.DeYoung, S.Wen, R.Linneman, and D.Dichek.
2002. increased expression of urokinase during atherosclerotic lesion
development causes arterial constriction and lumen loss, and accelerates
lesion growth. Proceedings of the National Academy of Science 99:
10665-10670.

Halamachi,S., E.Marden, G.Martin, H.MacKay, C.Abbondanza, and
M.Brown. 1994. Estrogen Receptor-Associated Proteins: Possible
Mediators of Hormone-Induced Transcription. Science 264: 1455-1458.

Enmark,E., M.Pelto-Huikko, K. Grandien, S.Lagercrantz, J.Lagercrantz,
G.Fried, M.Nordenskjold, and J.A.Gustafsson. 1997. Human estrogen
receptor beta gene structure, chromosomal localization, and expression
pattern. Journal of Clinical Endocrinology 82: 4258-4265.

Gustafsson,J.A. 2000. Estrogen receptor beta - a new dimension in
estrogen mechanism of action. Journal of Endocrinology 163: 379-383.

Benjamin,l.J. and D.R.McMillan. 1998. Stress Proteins - Molecular

chaperones in Cardiovascular Biology and Disease. Circulation Research
83: 117-132.

Pettersson,K., K.Grandien, G.G.J.M.Kuiper, and J.A.Gustafsson. 1999.
Mouse Estrogen Receptor Beta Forms Estrogen Response Element-
Binding Heterodimers with Estrogen Receptor Alpha. Molecular
Endocrinology 11: 1486-1496.

Cowley,S., S.Hoare, S.Mosseiman, and M.Parker. 1997. Estrogen
receptors alpha and beta form heterodimers on DNA. Journal of Biological
Chemistry 272: 19858-19862.

Eriksson,M.A.L. and L Nilsson. 1999. Structural and dynamic differences
of the estrogen receptor DNA-binding domain, binding as a dimer and as a
monomer to DNA: molecular dynamics simulation studies. European
Biophysical Journal 28: 102-111.

73



57.

58.

59.

60.

61.

62.

63.

65.

66.

Saville,B., M.Wormke, F.Wang, T.Nguyen, E.Enmark, G.G.J.M.Kuiper,
J.A.Gustafsson, and S.Safe. 2000. Ligand-, cell-, and estrogen receptor
subtype (alpha/beta)-dependent activation at GC-rich (Sp1) promoter
elements. Journal of Biological Chemistry 275: §379-5387.

Jenster,G. 1998. At the cutting edge: Coactivators and corepressors as
mediators of nuclear receptor function : an update. Molecular and Cellular
Endocrinology 143: 1-7.

Delage-Mourroux,R., P.G.V.Martini, I.Choi, D.Kraichely, J.Hoeksema, and
B.S.Katzenellenbogen. 2000. Analysis of Estrogen Receptor Interaction
with a Repressor of Estrogen Receptor Activity (REA) and the regulation
of estrogne receptor transcriptional activity by REA. Journal of Biological
Chemistry.

McKenna,N. and B.O'Malley. 2000. An issue of tissues: divining the split
personalities of selective estrogen receptor modulators. Nature Medicine
6: 960-962.

Chang,C.Y., J.D.Norris, H.Gron, L.A.Paige, P.T.Hamilton, D.J.Kenan,
D.Fowikes, and D.P.McDonnell. 1999. Dissection of the LXXLL nuclear
receptro-coactiator interaction motif using combinatorial peptide ligraries:
discovery of peptide antagonists of estrogen receptors a and b. Molecular
and Cellular Biology 19: 8226-8239.

Gee A.C., K.E.Carison, P.G.V.Martini, B.S.Katzenellenbogen, and

J.A Katzenellenbogen. 1999. Coactivator peptides have a differential
stabilizing effect on the binding of estrogens and antiestrogens with the
estrogen receptor. Molecular Endocrinology 13: 1912-1923.

Tremblay,A., G.B.Tremblay, F.Labrie, and V.Giguere. 1999. Ligand-
independent recruitment of SRC-1 to estrogen receptor beta through
phosphorylation of activation function AF-1. Molecular Cell 3: 513-519.

Robyr,D., A.P.Wolffe, and W.Wahli. 2000. Nuclear Hormone Receptor
coregulators in action: diversity for shared tasks. Molecular Endocrinology
14: 329-347.

Speir,E., Z.-X.Yu, K.Takeda, V.Ferrans, and R.Cannon. 2000. Competition
for p300 regulates transcription by estrogen receptors and nuclear factor
kappaB in human coronary smooth muscle cells. Circulation Research 87:
1006-1011.

Norris,J.D., D.Fan, M.R_Stallcup, and D.P.McDonnell. 1998. Enhancement
of estrogen receptor transcriptional activity by the coactivator GRIP-1
highlights the role of activation function 2 in determining estrogen receptor
pharmacology. Journal of Biological Chemistry 273: 6679-6688.

74



67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

77.

Martini,P.G.V., R.Delage-Mourroux, D.Kraichely, and
B.S.Katzenellenbogen. 2000. Prothymosin Alpha Selectively enhances
estrogen receptor transcriptional activity by interacting with a repressor of
estrogen reeptor activity. Molecular and Cellular Biology 20: 6224-6232.

1998. Preparation and Analysis of RNA. In: Ausubel.F., R.Brent,
R.E.Kingston, D.Moore, J.G.Seidman, J.Smith, and K.Struhl (eds). Current
Protocols in Molecular Biology. John Wiley & Sons, pp. 4.9.3-4.9.12.

Collins,P. and C.Webb. 1999. Estrogen hits the surface. Nature Medicine
5: 1130-1131.

Stefano,G.B., V.Prevot, J.C.Beauvillain, C.Fimiani, | Welters, P.Cadet,
C.Breton, J.Pestel, M.Salzet, and T.V.Bilfinger. 1999. Estradiol Coupling
to Human Monocyte Nitric Oxide Release is Dependent on Intracellular
Calcium Transients: Evidence for an Estrogen Surface Receptor. The
Journal of Immunology 163: 3758-3763.

Pietras,R.J. and C.M.Szego. 1999. Cell membrane estrogen receptors
resurface. Nature Medicine 5: 1330-1330.

Razandi, M., Pedram, A., Greene, G. L., and Levin, E. R. Cell Membrane
and nuclear estrogen receptors originate from a single transcript: studies
of ERalpha and ERbeta expressed in Chinese Hamster ovary cells.
Molecular Endocrinology 13[2], 307-319. 1999.

Stefano,G.B., V.Prevot, J.C.Beauvillain, P.Cadet, C.Fimiani, . Welters,
G.Fricchione, C.Breton, P.Lassalle, M.Salzet, and T.V.Bilfinger. 2000.
Cell-surface estrogen receptors mediate calcium-depndent nitric oxide
release in human endothelia. Circulation 101: 1594-1597.

Chambiiss,K., I.Yuhanna, C.Mineo, P.Liu, Z.German, T.Sherman,
M.E.Mendelsohn, R.Anderson, and P.Shaul. 2000. Estrogen receptor
alpha and endothelial nitric oxide synthase are organized into a functional
signaling module in caveolae. Circulation Research 87: e44-e52.

Gumbleton,M., A.Abuirob, and L.Campbell. 2000. Caveolae: an alternative
membrane transport compartment. Pharmaceutical Research 17: 1035-
1048.

Razandi,M., P.Oh, A.Pedram, J.Schnitzer, and E.R.Levin. 2002. ERs
associate with and regulate the production of caveolin: implications for
signaling and cellular actions. Molecular Endocrinology 16: 100-115.

Chambliss,K. and P.Shaul. 2002. Rapid activation of endothelial NO

synthase by estrogen: evidence for a steroid receptor fast-action compiex
in caveolae. Steroids 67: 413-419.

75



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Karas,R.H., B.L.Patterson, and M.E.Mendeisohn. 1994. Human Vascular
Smooth Muscle Cells Contain Functional Estrogen Receptor. Circulation
89: 1943-1950.

Karas,R.H., W.E.Baur, M.van Eickles, and M.E.Mendelsohn. 1995.
Human vascular smooth muscle cells express an estrogen receptor
isoform. Federation of European Biochemical Societies (FEBS) Letters
377: 103-108.

Warner,M., S.Nilsson, and J.A.Gustafsson. 1999. The estrogen receptor
family. Current Opinion in Obstetrics and Gynecology 11: 249-254.

Zhang,L., M.C.Fishman, and P.L.Huang. 1999. Estrogen mediates the
Protective Effects of Pregnancy and Chorionic Gonadotropin in a Mouse
Model of Vascular Injury. Arteriosclerosis, Thrombosis and Vascular
Biology 19: 2059-2065.

Hayashi,T., M.Jayachandran, D.Sumi, N.Thakur, T.Esaki, E.Muto,
H.Kano, Y.Asai, and A.Iguchi. 2000. Physiological concentration of
17beta-estradiol retards the progression of severe atherosclerosis induced
by a high-cholesterol diet plus balloon catheter injury - role of NO.
Arteriosclerosis, Thrombosis and Vascular Biology 20: 1613-1621.

Kuiper,G.G.J.M., E.Enmark, M.Pelto-Huikko, S.Nilsson, and
J.A.Gustafsson. 1996. Cloning of a novel estrogen receptor expressed in

rat prostate and ovary. Proceedings of the National Academy of Science
93: 5925-5930.

Lindner,V., S.K.Kim, R.H.Karas, G.G.J.M.Kuiper, J.A.Gustafsson, and
M.E.Mendelsohn. 1998. Increased Expression of Estrogen Receptor Beta

mRNA in Male Blood Vessels After Vascular Injury. Circulation Research
83: 224-229.

Brouchet,L., A Krust, S.Dupont, P.Chambon, F.Bayard, and J.Arnal. 2001.
Estradiol accelerates reendothelialization in mouse carotid artery through

estrogen receptor-alpha but not estrogen receptor-beta. Circulation 103:
423-428.

Karas,R.H., J.Hodgin, M.Kwoun, J.Krege, M.Aronovitz, W.Mackey,
J.A.Gustafsson, K.S.Korach, O.Smithies, and M.E.Mendelsohn. 1999.
Estrogen inhibits the vascular injury response in estrogen receptor beta
deficient female mice. Proceedings of the National Academy of Science
96: 15133-15136.

Pare,G., A.Krust, R.H.Karas, S.Dupont, M.Aronovitz, P.Chambon, and

M.E.Mendelsohn. 2002. Estrogen receptor aipha mediates the protective
effects of estrogen against vascular injury. Circulation Research 90: 1092.

76



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Zhu, Y, Bian, Z, Lu, P, Karas, R. H., Bao, L, Cox, D, Hodgin, JB, Shaul,
PW, Thoren, P, Smithies, O, Gustafsson, J. A., and Mendelsohn, M. E.
Abnormal vascular function and hypertension in mice deficient in estrogen
receptor beta. Science 295[5554], 505-508. 1-1-2002.

Elhage,E., J.Arnal, M.Peiraggi, N.Duverger, C.Fievet, J.C.Faye, and
F.Bayard. 1997. 17 beta-estradiol prevents fatty streak formation in
apolipoprotein E-deficient mice. Arteriosclerosis, Thrombosis and Vascular
Biology 11: 2679-2684.

Bourassa,P., P.Milos, B.Gaynor, J.Breslow, and R.Aiello. 1996. Estrogen
reduces atherosclerotic lesion development in apolipoprotein E-deficient
mice. Proceedings of the National Academy of Science 93: 10022-10027.

Krasinski,K., |.Spyridopoulos, T.Ashara, R.van der Zee, J.M.Isner, and
D.W.Losordo. 1997. Estradiol accelerates functional endothelial recovery
after arterial injury. Circulation 95: 1768-1772.

Kauffman,R., J.Bean, K.Fahey, G.Cullinan, D.Cox, and W.Bensch. 2000.
Raloxifene and estrogen inhibit neointimal thickening after balloon injury in
the carotid artery of male and ovariectomized female rats. Journal of
Cardiovascular Pharmacology 36: 459-465.

Jacobsson,J., L.Cheng, K.Lyke, M.Kuwahara, E.Kagan, P.Ramwell, and
M.Foegh. 1992. Effect of estradiol on accelerated atherosclerosis in rabbit
heterotopic aortic allografts. Journal of Heart and Lung Transplant 11:
1188-1193.

Zhang,C., Y.Wu, and J.Duan. 2000. Effects of estrogen on serum lipids,
plasma endothelin-1, atherosclerosis in ovariectomized rabbits. Zhonghua
Fu Chan Ke Za Zhi 35: 413-416.

Haines,C., A.James, N.Panesar, T.Ngia, D.Sahota, R.Jones, and
A.Chang. 1999. The effect of percutaneous oestradiol on atheroma
formation in ovariectomized cholesterol-fed rabbits. Atherosclerosis 143:
369-375.

Brehme,U., B.Bruck, N.Gugel, M.Wehrmann, S.Hanke, G.Finking,
F.Schmahl, and H.Hanke. 1999. Aortic plaque size and endometrial
response in cholesterol-fed rabbits treated with estrogen plus continuous
or sequential progestin. Arteriosclerosis, Thrombosis and Vascular Biology
19: 1930-1937.

Clarkson,T. 1994. Estrogens, progestins, and coronary heart disease in
cynomolgus monkeys. Fertility and Sterility 62: 147-151.

77



98.

99.

100.

Kaplan,J., A.Adams, T.Clarkson, S.Manuck, C.Shively, and J.Williams.
1996. Psychosocial factors, sex differences, and atherosclerosis: lessons
from animal models. Psychosocial Medicine 58: 598-611.

Clarkson,T., M.Anthony, and K.Klein. 1994. Effects of estrogen treatment
on arterial wall structure and function. Drugs 47: 42-51.

Adams A., J.Williams, T.Clarkson, and M.Jayo. 1991. Effects of
oestrogens and progestogens on coronary atherosclerosis and
osteoporosis of monkeys. Bailleres Clinical Obstetrics and Gynacology 5:
915-934.

101. Hodges,Y., L.Tung, X.-D.Yan, J.Graham, K.Horwitz, and L.Horwitz. 2000.

102.

103.

104.

105.

106.

107.

Estrogen receptors a + b: prevalence of estrogen receptor beta mRNA in
human vascular smooth muscle and transcriptional effects. Circulation
101: 1792-1798.

Losordo,D.W., M.Kearney, E.A.Kim, J.Jekanowski, and J.M.Isner. 1994.
Variable Expression of the estrogen receptor in normal and atherosclerotic
coronary arteries of premenopausal women. Circulation 89: 1501-1510.

Watanabe, T., M.Inoue, S.Ogawa, Y.Ishii, H.Hiroi, K.lIkeda, A.Orimo, and
M.Muramatsu. 1997. Agonistic effect of 4-hydroxytamoxifen is dependent
on cell type, ERE-promoter context, and estrogen receptor subtype:
functional difference between estrogen receptor alpha and beta.
Biochemical and Biophysical Research Communications 236: 140-145.

Langan-Fahey, SM, Tormey, DC, and Jordan, V. C. 4-hydroxytamoxifen
metabolites in patients on long-term adjuvant therapy for breast cancer.
European Journal of Cancer 26[8], 883-888. 11-11-1990.

Herrington,D., B.Pusser, W.Riley, T.Thuren, K.B.Brosnihan, E.Brinton,
and D.MaclLean. 2000. Cardiovascular effects of droloxifene, a new
selective estrogen receptor modulator, in healthy postmenopausal women.
Arteriosclerosis, Thrombosis and Vascular Biology 20: 1606-1612.

Saitta, A, Altavilla, D, Cucinotta, D, Morabito, N, Frisina, N, Corrado, F,
D'Anna, R, Lasco, A, Squadrito, G, Gaudio, A, Cancellieri, F, Arcoraci, V,
and Squadrito, F. Randomized, double-blind, placebo-controlled study on
effects of raloxifene and hormone replacement therapy on plasmo NO
concentrations, endothelin-1 levels, and endothelium-dependent
vasodilation in postmenopausal women. Arteriosclerosis, Thrombosis and
Vascular Biology 21, 1512-1519. 11-11-2001.

Morito, K, Aomori, T, Hirose, T, Kinjo, J, Hasegawa, J, Ogawa, S., Inoue,
M, Muramatsu, M, and Masamune, Y. Interaction of phytoestrogens with
estrogen receptors alpha and beta (2). Biological and Pharmaceutical
Bullshit 25[1], 48-52. 1-1-2002.

78



108.

109.

110.

111

112.

113.

114.

118.

116.

117.

118.

Kuiper, G. G. J. M., Lemmen, JG, Carisson, B, Corton, JC, Safe, SH, van
der Saag, PT, van der Burg, B, and Gustafsson, J. A. Interaction of
estrogenic chemicals and phytoestrogens with estrogen receptor beta.
Endocrinology 139[19], 4252-4263. 10-10-1998.

Berthois,Y., B.S.Katzenellenbogen, and J.A.Katzenellenbogen. 1986.
Phenol red in tissue culture media is a weak estrogen: implications
concerning the study of estrogen-responsive cells in culture. Proceedings
of the National Academy of Science 83: 2496-2500.

Fiolet,J. and F.De Vlugt. 1975. The ph indicator phenol red as an artificial
electron acceptor in spinach chloroplasts. FEBS letters 53: 287-291.

1998. Introduction of DNA into mammalian cells. In: Ausubel,F., R.Brent,
R.E.Kingston, D.Moore, J.G.Seidman, J.Smith, and K.Struhl (eds). Current
Protocols in Molecular Biology. John Wiley & Sons, pp. 9.27-9.28.

1998. Analysis of proteins. In: Ausubel,F., R.Brent, R.E.Kingston,
D.Moore, J.G.Seidman, J.Smith, and K.Struhl (eds). Current Protocols in
Molecular Biology. John Wiley & Sons, pp. 10.2.

1998. Determination of Protein Concentration. In: Spector,D., R.Goldman,
and L.Leinwand (eds). Cells: A Laboratory Manual. Cold Spring Harbor
Laboratory Press, pp. 56.1-56.5.

1998. Analysis of proteins. In: Ausubel,F., R.Brent, R.E.Kingston,
D.Moore, J.G.Seidman, J.Smith, and K.Struhl (eds). Current Protocols in
Molecular Biology. John Wiley & Sons, pp. 10.8.

1998. Detection of Proteins by staining. In: Spector,D., L.Leinwand, and
R.Goldman (eds). Cells: A laboratory manual. Cold Spring Harbor
Laboratory Press, pp. 59.1-59.3.

1998. Preparation and Analysis of RNA. In: Ausubel,F., R.Brent,
R.E.Kingston, D.Moore, J.G.Seidman, J.Smith, and K.Struhl (eds). Current
Protocols in Molecular Biology. John Wiley & Sons, pp. 4.9.3-4.9.12.

Norfleet,A., M.Thomas, B.Gametchu, and C.Watson. 1999. Estrogen
receptor alpha detected on the plasma membrane of aldehyde fixed
GH3/B6/F 10 rat pituitary tumor cells by ELISA. Endocrinology 140: 3805-
3814.

Lau,K.-M., M.LaSpina, J.Long, and S.Ho. 2000. Expression of estrogen
receptor ER(alpha), ER (beta) in normal and malignant prostatic epithelial
cells: regulation by methylation and invoviement in growth regulation.
Cancer Research 60: 3175-3182.

79



119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Stein,C.A. and Y.-C.Cheng. 1993. Antisense oligonucleotides as
therapeutic agents - is the bullet really magical? Science 261: 1004-1012.

Jen K.Y. and A.M.Gewirtz. 2000. Suppression of gene expression by
targeted disruption of mMRNA: available options and current strategies.
Stem Cells 18: 307-319.

Sirois,M., M.Simons, and E.Edeiman. 1997. Antisense oligonucleotide
inhibition of PDGFR-beta receptor subunit expression directs suppression
of intimal thickening. Circulation 95: 669-676.

Hirata,Y., S.Takata, Y.Takagi, H.Matsubara, and T.Omae. 1986.
Regulation of atrial natriuretic peptide receptors in cultured vascular
smooth muscle cells of rat. Biochemical and Biophysical Research
Communications 138: 405-412.

Rodgers,G. 1988. Vascular smooth muscle cells synthesize, secrete and
express coagulation factor V. Biochemical and Biophysical Research
Communications 968: 17-23.

Smith,L. and J.Smith. 1994. Regulation of sodium=calcium exchanger by
gluocorticoids and growth factors in vascular smooth muscle. Journal of
Biological Chemistry 269: 27527-27531.

de Toledo,F., J.Cheng, M.Liang, E.Chini, and T.Dousa. 2000. ADP-riboso
cyclase in rat vascular smooth muscle cells: properties and regulation.
Circulation Research 86: 1153-1159.

Chen,X., P.Tummala, L.Olliff, and R.Medford. 1997. E-selectin gene
expression in vascular smooth muscle cells. Evidence for a tissue-specific
repressor protein. Circulation Research 80: 305-311.

Resink, T., A.Hahn, T.Scott-Burden, J.Powell, E.Weber, and F.Buhiler.
1990. Inducible endothelin mMRNA expression and peptide secretion in
cultured human vascular smooth muscle cells. Biochemical and
Biophysical Research Communications 168: 1303-1310.

Warner,S., K.Auger, and P.Libby. 1987. Human interleukin 1 induces
interleukin 1 gene expression in human vascular smooth muscle celis.
Journal of Experimental Medicine 165: 1316-1331.

Warner,S. and P.Libby. 1989. Human vascular smooth muscle cells.
Target for and source of tumor necrosis factor. The Journal of Immunology
142: 100-109.

Li,X., X.Zhao, Y.Fang, X.Jiang, T.Duong, C.Fan, C.-C.Huang, and S.Kain.

1998. Generation of destabilized green fluorescent protein as a
transcription reporter. Journal of Biological Chemistry 273: 34970-34975.

80



131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Miller,S., J.Kennedy, J.Thomson, F.Han, R.Smith, N.Ing, J.Piedrahita, and
D.Busbee. 2000. A rapid and sensitive reporter gene that uses green
fluorescent protein expression to detect chemicals with estrogenic activity.
Toxicological Sciences 55: 69-77.

Klein-Hitpa,L., M.Schorpp, U.Wagner, and G.Ryffel. 1986. An estrogen-
responsive element derived from the 5' flanking region of the Xenopus
vitellogenin A2 gene functions in transfected human cells. Cell 46: 1053-
1061.

MacDonald,R., R.MacDonald, B.Menco, K.Takeshita, N.Subbarao, and
L.Hu. 1991. Small-volume extrusion apparatus for preparation of large,
unilamellar vesicles. Biochimica Biophysica Acta 1061: 297-303.

Wilson,L. 1998. Methods in Cell Biology: Green Fluorescent Proteins, 1
ed., 24 pp.

Yang,T., P.Sinai, P.Kitts, and S.Kain. 1997. Quantification of gene
expression with a secreted alkaline phosphatase reporter system.
Biotechniques 23: 1110-1114.

1997. Quantification of gene expression with SEAP. Biotechniques 95:
5998-6003.

Berger,J., J.Hauber, R.Hauber, R.Geiger, and B.Cullen. 1988. Secreted
placental alkaline phosphatase: a powerful new quantitative indicator of
gene expression in eukaryotic cells. Gene 66: 1-10.

Morishige,W. and C.Uetake. 1978. Receptors for androgen and estrogen
in the rat lung. Endocrinology 102: 1827-1837.

Saunders,P., S.Maguire, J.Gaughan, and M.Millar. 1997. Expression of
oestrogen receptor beta (ER beta) in multiple rat tissues visualised by
immunohistochemistry. Journal of Endocrinology 154: R13-R16.

Walter,P., S.Green, G.Greene, A.Krust, J.Bornert, J.Jeltsch, A.Staub,
E.Jensen, G.Scrace, and M.Waterfield. 1985. Cloning of the human
estrogen receptor cDNA. Proceedings of the National Academy of Science
82: 7889-7893.

Sar,M. and F.Welsch. 1999. Differential expression of estrogen receptor-

beta and estrogen receptor-alpha in the rat ovary. Endocrinology 140:
963-971.

Azcoitia,l., A.Sierra, and L.Garcia-Segura. 1999. Localization of estrogen

receptor beta-immunoreactivity in astrocytes of the adult rat brain.
Azcoitia |, Sierra A, Garcia-Segura LM. Glia 26: 260-267.

81



143.

144.

145.

146.

147.

148.

149.

150.

161.

1582.

183.

Vidal,O., L.Kindblom, and C.Ohisson. 1999. Expression and localization of
estrogen receptor-beta in murine and human bone. Journal of Bone
Mineralization Research 14: 923-929.

Monje,P. and R.Boland. 2001. Subcellular distribution of native estrogen
receptor alpha and beta isoforms in rabbit uterus and ovary. Journal of
Cell Biochemistry 82: 467-479.

Wijayaratne,A.L., S.C.Nagel, L.A.Paige, D.J.Christensen, J.D.Norris,
D.Fowlkes, and D.P.McDonnell. 1999. Comparative Analyses of
Mechanistic Differences among antiestrogens. Endocrinology 140: 5828-
5840.

Cheng,S., S.Lee, N.Kaylan, W.Hum, M.Blumme, R.Vogel, and P.Hung.
1988. Isolation of a human cDNA of urokinase and its expression in COS-
1 cells. Gene 69: 357-363.

Weatherman,R. and T.S.Scanlan. 2001. Unique protein determinants of the
subtype-selective ligand responses of the estrogen receptors (ERalpha and
ERbeta ) at AP-1 sites. Journal of Biological Chemistry 276: 3827-3832.

Webb,P., P.Nguyen, C.Valentine, G.N.Lopez, G.Kwok, E.Mcinerney,
B.S.Katzenellenbogen, E.Enmark, J.A.Gustafsson, S.Nilsson, and
P.J.Kushner. 1999. The estrogen receptor enhances AP-1 activity by two
distinct mechanisms with different requirements for receptor transactivation
functions. Molecular Endocrinology 13: 1672-1685.

Kushner,P.J., D.A.Agard, G.L.Greene, T.S.Scanlan, A.K.Shiau, R.Uht, and
P.Webb. 2000. Estrogen receptor pathways to AP-1. Journal of Steroid
Biochemistry and Molecular Biology 74: 311-317.

Maruyama,S., N.Fujimoto, K.Asano, and A.Ito. 2001. Suppression by
estrogen receptor beta of AP-1 mediated transactivation through estrogen
receptor alpha. Journal of Steroid Biochemistry and Molecular Biology 78:
177-184.

Sawada,H., M.Ibi, T.Kihara, M.Urushitani, K. Honda, M.Nakanishi, A.Akaike,
and S.Shimohama. 2000. Mechanisms of antiapoptotic effects of estrogens
in nigral dopaminergic neurons. The FASEB journal 14: 1202-1214.

Weatherman,R., N.Clegg, and T.S.Scanlan. 2001. Differential SERM
activation of the estrogen receptors (ERalpha and ERbeta) at AP-1 sites.
Chemical Biology 8: 427-436.

Teyssier,C., K.Belguise, F.Galtier, and D.Chalbos. 2001. Characterization of

the physical interaction between estrogen receptor alpha and JUN proteins.
Journal of Biological Chemistry 276: 36361-36369.

82



154. Jackacka,M., M.Ito, J.Weiss, P.Chien, B.Gehm, and J.Jameson. 2001.
Estrogen receptor binding to DNA is not required for its activity through the
nonclassical AP1 pathway. Journal of Biological Chemistry 276: 13615-
13621.

1685. Webb, P., Lopez, G. N., Uht, RM, and Kushner, P. J. 4-hydroxytamoxifen
activation of the estrogen receptor/AP-1 pathway: potential origin for the
cell-specific estrogne-like effects of antiestrogens. Molecular
Endocrinology 9, 443-456. 5-5-1995.

156. Saville,B., W.Porter, D.Hoivik, and S.Safe. 1997. Functional Synergy
between the Transcription Factor Sp1 and the Estrogen Receptor.
Molecular Endocrinology 11: 1569-1580.

157. Wang,F., D.Hoivik, S.Safe, and S.Safe. 1998. Functional and physical
interactions between the estrogen receptor Sp1 and nuclear aryi
hydrocarbon receptor complexes. Nucleic Acids Research 26: 3044-3052.

158. Krishnan,V., X.Wang, and S.Safe. 1994. Estrogen receptor-Sp1 complexes
mediate estrogen-induced cathepsin D gene expression in MCF-7 human
breast cancer cells. Journal of Biological Chemistry 269: 15912-15917.

159. Rishi,A., Z.Shao, R.Baumann, X.Li, M.Sheikh, S.Kimura, N.Bashirelahi, and
J.Fontana. 1995. Estradiol regulation of the human retinoic acid receptor
alpha gene in human breast carcinoma cells is mediated via an imperfect
half-palindromic estrogen response element and Sp1 motifs. Cancer
Research 55: 4999-5006.

160. Sun,G., W.Porter, and S.Safe. 1998. Estrogen-induced retinoic acid
receptor alpha 1 gene expression: role of estrogen receptor-Sp1 complex.
Molecular Endocrinology 12: 882-890.

161. Porter,W., F.Wang, W.Wang, R.Duan, and S.Safe. 1996. Role of estrogen
receptor/Sp1 complexes in estrogen-induced heat shock protein 27 gene
expression. Molecular Endocrinology 10: 1371-1378.

162. Duan,R., W.Porter, and S.Safe. 1998. Estrogen-induced c-fos
protooncogene expression in MCF-7 human breast cancer cells: role of
estrogen receptor Sp1 complex formation. Endocrinology 139: 1981-1990.

163. Zou,A., K. Marschke, K. Arnold, E.Berger, P.Fitzgerald, D.Mais, and
E.Allegretto. 1999. Estrogen receptor beta activates the human retinoic acid
receptor alpha-1 promoter in response to tamoxifen and other estrogen
receptor antagonists, but not in response to estrogen. Molecular
Endocrinology 13: 418-430.

164. Saville,B., M.Wormke, F.Wang, T.Nguyen, E.Enmark, G.G.J.M.Kuiper,
J.A.Gustafsson, and S.Safe. 2000. Ligand-, cell-, and estrogen receptor

83



165.

subtype (alpha/beta)-dependent activation at GC-rich (Sp1) promoter
elements. Journal of Biological Chemistry 275: 5379-5387.

Saville,B., W.Porter, D.Hoivik, and S.Safe. 1997. Functional Synergy
between the Transcription Factor Sp1 and the Estrogen Receptor.
Molecular Endocrinology 11: 1569-1580.

166. Hall,J.M. and D.P.McDonnell. 1999. The estrogen receptor beta isoform

167.

168.

169.

170.

171.

172.

173.

174.

(ERD) of the human estrogen receptor modulates ERa transcriptional
activity and is a key regulator of the cellular response to estrogens and
antiestrogens. Endocrinology 140: 5566-5578.

Pettersson,K., F.Delaunay, and J.A.Gustafsson. 2000. Estrogen receptor
beta acts as a dominant regulator of estrogen signaling. Oncogene 19:
4970-4978.

Miller,S. and H.Moore. 1990. Regulated secretion. Current Opinion in Cell
Biology 2: 642-647.

Thevenod,F., M.Braun, E.Roussa, and C.Fulier. 2000. Molecular
characterization of pancreatic zymogen granule ion channel and regulator
proteins involved in exocytosis. Journal of Korean Medical Science 15:
S51-852.

Nadin,C., J.Rogers, S.Tomlinson, and J.Edwardson. 1989. A specific
interaction in vitro between pancreatic zymogen granules and plasma
membranes: stimulation by G-protein activators but not by Ca+2. Journal
of Cell Biology 109: 2801-2808.

Nakajima,K., S.Honda, Y.Tohyama, T.Kurihara, and S.Kohsaka. 2000.
Ceramide-enhanced urokinase-type plasminogen activator release is
mediated by protein kinase C in cultured microglia. Glia 32: 226-233.

Casslen,B., A.Andersson, |.Nilsson, and B.Astedt. 1986. Hormonal
regulation of the release of plasminogen activators and of a specific
activator inhibitor from endometrial tissue in culture. Proceedings of the
Society for Experimental Biology and Medicine 182: 419-424.

Filardo,E., J.Quinn, A.Frackelton, and K.Bland. 2002. Estrogen action via
the G protein-coupled receptor, GPR30: stimulation of adenylyl cyclase
and cAMP-mediated attenuation of the epidermal growth factor receptor-
to-MAPK signaling axis. Molecular Endocrinology 16: 70-84.

Dubey.R., E.Jackson, D.Gillespie, L.Zacharia, B.Imthurn, and P.Keller.
2000. Clinically used estrogens differentially inhibit human aortic smooth
muscle cell growth and mitogen-activated protein kinase activity.
Arteriosclerosis, Thrombosis and Vascular Biology 20: 964-972.

84



175.

176.

177.

178.

Love,R., D.Wiebe, P.Newcomb, L.Cameron, H.Leventhal, V.C.Jordan,
J.Feyzi, and D.DeMets. 1991. Effects of 4-hydroxytamoxifen on
cardiovascular risk factors in postmenopausal women.

Love RR, Wiebe DA, Newcomb PA, Cameron L, Leventhal H, Jordan VC,
Feyzi J, DeMets DL. Annals of Internal Medicine 115: 860-864.

Cushman,M., J.Constantino, R.Tracy, K.Song, L.Buckley, J.Roberts, and
D.Krag. 2001. 4-hydroxytamoxifen and cardiac risk factors in healthy
women: Suggestion of an anti-inflammatory effect. Arteriosclerosis,
Thrombosis and Vascular Biology 21: 255-261.

Reis,S., J.Constantino, D.Wickerham, E.Tan-Chiu, J. Wang, and
M.Kavanah. 2001. Cardiovascular effects of 4-hydroxytamoxifen in women
with and without heart disease: breast cancer prevention trial. National
Surgical Adjuvant Breast and Bowel Project Breast Cancer Prevention
Trial Investigators. Journal of the National Cancer Institute 93: 16-21.

Zhu, Y, Bian, Z, Lu, P, Karas, R. H., Bao, L, Cox, D, Hodgin, JB, Shaul,
PW, Thoren, P, Smithies, O, Gustafsson, J. A., and Mendelsohn, M. E.
Abnormal vascular function and hypertension in mice deficient in estrogen
receptor beta. Science 295[5554], 505-508. 1-1-2002.

85



Appendix A — Sources of chemicals

Chemicals and proteins

17-beta estradiol

30% acrylamide
4-hydroxytamoxifen

Acetic Acid

Actinomycin D

Activated charcoal

Agar

Agarose for normal DNA electrophoresis
Agarose for RNA

Agarose, for RT PCR (NuSieve 3:1)
Ammonium persulfate

Ampicilin

Aprotinin

Bovine Serum Albumin (for restriction digest)

Bradford Reagent

Brilliant Blue G

Broad Range Protein Ladde
Bromophenol Blue

Butyi alcohol

Casein for Western blotting (skim milk powder)

Chloroform

86

Sigma

BioRad

Sigma

BDH

Sigma

Sigma

BDH

Gibco BRL
Boehringer Manheim
FMC bioproducts
Sigma

Novopharm

Sigma

New England Biolabs
BioRad

Sigma

New England Biolabs
Sigma

Sigma

Carnation

BDH



Cycloheximide, ready-made
DAB
DNA ladder (100bp and 1kb)
DNTPs (Uitrapure dNTP set)
DTT

Dulbecco’s Modified Eagle Medium, phenol red free

ECL reagents

EDTA

Ethanol

Ethidium bromide
Faslodex/ICI 182, 280
Fetal bovine serum

First strand buffer
Formaldehyde

Formamide

Formic acid
Fungizone/Amphotericin B
Gentamycin/Garamycin Sulfate
Glucose

Glycerol

Glycine

Hydrochloric Acid
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Sigma

Sigma

New Engiland Biolabs
Pharmacia Biotech
GiBCO
GIBCO/Invitrogen
Amersham Pharmacia
Biotech

EM Science (Merck)
Commercial alcohols Inc.
Sigma

Sigma

Wisent Multicell
GiBCO

Invitrogen

Gibco

Sigma
Bristol-Myers-Squibb
Schering

Sigma

Sigma

EM Science (Merck)
BDH



Hydrogen Peroxide
Isopropy! alcohol
Kanamycin

L-glutamine

Lysozyme

Methanol

MOPS

Oligonucleotide dT
Phenol
Polymethylsulfonylifiluoride/PMSF
Potassium Chloride
Purified bovine serum aibumin
Purified recombinant EGF
Sodium Chloride

Sodium Hydroxide
Sodium orthovanadate
Taq buffer

Biotech

TEMED

Biotech

Toluene

TriReagent

Tris base

as

Sigma

Sigma

Sigma

GIBCO

Sigma

BDH

Boehringer Manheim
New England Biolabs
Sigma

Sigma

BDH

BioRad

Clontech

EM Science (Merck)
VWR Canlabs
Sigma

Amersham Pharmacia

Amersham Pharmacia

BDH

Sigma
BDH



Triton X-100
Trypsin
Tryptone/peptone
Tunicamycin
Tween-20

Xylene cyanole FF

Yeast Extract

Enzymes

Dnase

Restriction enzymes: Mlu1, Bgi2, Kpn1
Reverse transcriptase (Superscript I1)

Taq polymerase

Software
Molecular Analyst
SigmaPlot

SigmaStat

Antibodies
Goat anti-mouse peroxidase conjugated
Goat anti-rabbit peroxidase conjugated

Goat anti-rabbit Texas Red (rhodamine) conjugated
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Sigma

GIBCO

Difco

Sigma

Fisher Scientific
Sigma

Difco

Gibco
New England Biolabs
Gibco
Gibco

BioRad
SPSS Science
SPSS Science

Chemicon
Chemicon

Vector



Horse anti-mouse fluorescein conjugated
Mouse anti-Aspergillus niger glucose oxidase
Mouse anti-human ER alpha

Mouse anti-human smooth muscie aipha actin
Mouse anti-human uPA B-chain

Rabbit anti-human ER beta

Rabbit anti-human von Willebrand Factor VIIi

Cells

Aortic vascular smooth muscle celis
HelLa

MCF-7

Machines

Centrifuge (large)

Centrifuge (smail)

5415C

Electrophoretic power source
Electroporator

system, electrocell manipulator 600
Isotemp Incubator

Fluorometer

UV-Vis chemstation spectrophotometer

[0

Vector

Dako

Novocastra

Dako

American Diagnostica Inc.
Affinity Bioreagents Inc.

Dako

Clonetics
Heidi McBride

Christine Pratt

Eppendorf centrifuge 5403

Eppendorf centrifuge

BioRad PowerPac 200

BTX electroporator

Fisher Scientific
Polarstar galaxy

Hewlett Packard



Hybridization incubator

1000

GeneAmp 2400 PCR system
Shaking incubator

CL-100 UV crosslinker

Microscopes

CK2 inverted microscope

Kits
uPA assay kit
Maxiprep kit

Vectastain ABC elite kit

Miscellaneous

100mm dishes

6-well dishes

ECL Hyperfilm

High

Bacterial plates

Colorimetry clear 96-well plates
Cuvettes

Electrophoretic Apparatus horizontal
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Robbins Scientific Mode

Perkin Eimer
Lab-line instruments Inc.

uvpP

Olympus

Chemicon
Qiagen

Vector

Corning
Faicon

Amersham Life Sciences

Fisher Scientific
Costar
Sarstedt

Hoeffer



Gel loading pipet tips

384 well plate black fluorometry plates
Pipettors

Nitrocellulose transfer membrane
Special tips for RNA work

Vertical electrophoresis apparatus
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Fisherbrand

Nalge Nunc International
Eppendorf

Protran

Axygen
BioRad



4-OHT
AMP
ADP

E2
EGFP
ER

ERE
iCC
KAN
MMP
RIPA
RT PCR
SDS PAGE
SEAP
SM alpha actin
uPA
uPAR
VSMC
EDTA
RNA
DNA
DEPC

Appendix B - List of abbreviations
4-hydroxytamoxifen
ampicillin
adenosine diphosphate
17 beta estradiol
enhanced green fluorescent protein
estrogen receptor
estrogen response element
immunocytochemistry
kanamycin
matrix metalloproteinase
RIPA lysis buffer
reverse transcriptase polymerase chain reaction
sodium dodecyl sulfate polyacrylamide gel electrophoresis
secreted alkaline phosphatase
smooth muscle cell aipha actin
urokinase-type plasminogen activator
urokinase-type plasminogen activator receptor
vascular smooth muscle cell
ethylene diamine triacetic acid
ribonucleic acid
deoxyribonucleic acid

diethyl pyranocarbanocide
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Appendix C - Statistical Analysis
1. uPA assay results
Values were derived from a standard curve based on absorbance at 520nm. The
mean and standard deviations were calculated, and all results were subjected to
ANOVA analysis. The Tukey test was used as a secondary statistical test.
Differences of P<0.05 were considered significant.
2. Reporter assay
The SEAP and EGFP values were each derived from their respective standard
curves. The final value was obtained by dividing the EGFP value by the SEAP
value. The mean and standard deviations were calculated, and all results were
subjected to ANOVA analysis. The Tukey test was used as a secondary
statistical test. Differences of P<0.05 were considered significant.
3. Cell counting by quadrant analysis
A well of a 6 well dish was divided into four quadrants, a random, but
representative photograph was capture for each quadrant of the well. Two
individuals working independently counted the cells in the quadrant. The total
cell number counted was multiplied by 110 to give an estimate of the total
number of cells per well, for a given well. The multiplying factor is based on the

area of the well represented by the photograph.
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