6

Estrogens and the arterial wall

The protective effect of estradiol-178 (E2) in women is well recognized, but
the underlying mechanisms are not fully understood. In addition to its bene-
ficial effect on plasma lipoproteins, estradiol exerts a direct effect on the cells
of the vessel wall itself. Based on the literature published during 1990-1997,
mechanisms of estrogen action in the vascular wall include hormone-
induced :

* maintenance of vasodilatory capacity ;

* protection against LDL oxidative modification ;

® action on the metabolism of lipoproteins after they entered the arterial
wall ;

* vasorelaxation ;

® inhibition of smooth muscle cell proliferation ;

¢ stimulation of endothelial cell proliferation, both in vivo and in wvitro.

Most of these effects are probably mediated via functional estrogen receptors
present in the cells of the vascular wall.

Vasomotricity and cell-mediated metabolism of steroids
and lipids

The studies published on « estrogen and the arterial wall » can be presented
under two headings :

¢ definition of the target site and molecular mechanisms of action by in vitro
and in vivo studies ;

¢ pharmacological studies on molecules which mimic the action of natural
estrogens.

Experimental studies strongly support the atheroprotective effect of estro-
gens. They have been carried out in monkey, rabbit and swine (Hough and
Zilversmit, 1986 ; Adams et al., 1990; Hayashi et al., 1992) and more
recently in apolipoprotein E-deficient (apoE KO) mice generated by gene tar-
geting (Plump et al., 1992 ; Zhang et al., 1992 ; Van Ree et al., 1994 ; Bour-
assa et al., 1996). These animals develop pronounced hypercholesterolemia
on a normal chow diet, with chylomicron and very low lipoprotein remnant
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accumulation in plasma probably resulting from abnormal receptor-mediated
lipoprotein removal (Ishibashi et al., 1994; Mortimer et al., 1995), an
increase in atherogenic lipoprotein retention by matrix components, as well
as slowing down of reverse cholesterol transport from the arterial wall
(Saxena et al., 1993 ; Hayek et al., 1994). Under these conditions, the mice
develop lesions similar to those seen in humans, with foam cell-rich fatty and
fibrous lesions including both proliferating smooth muscle cells and calcium
deposits (Bourassa et al., 1996).

Definition of the target site using experimental models

None of the studies available explain the mechanisms involved. Although a
firm answer cannot be given, favourable changes in blood lipids and lipo-
proteins do not appear to be the major target (table 6.1a).

Vasodilation

Studies (table 6.Ib) suggest that the vasodilatory capacity can result from a
direct action of estrogens on smooth muscle cells (SMC), by a non genomic
effect involving ion channels. The molarities used in these experiments, in
the range of pM, cannot be reached with HRT. They may be reached by local
administration, as during coronary angiography. Other studies (table 6.1c)
suggest the possibility of an increased bioavailability of endothelium-derived
relaxing factors, such as nitric oxide (NO) or a related nitrosocompound,
either by increasing NO synthase expression or by decreasing superoxide
anion production, preventing the degradation of NO. In both cases,
increased NO would promote vasodilation but also inhibit proliferation of
the adjacent vascular smooth muscle, reduce platelet aggregation and inhibit
monocyte adhesion to the endothelium and the inflammatory reaction
induced by cytokines, all of which are key contributors to the development
of atherosclerosis (Forstermann et al., 1994 ; Cooke, 1994 ; Kubes et al.,
1991 ; Bath et al., 1991 ; De Caterina et al., 1995 ; Khan et al., 1996). How-
ever, the fact that medroxyprogesterone acetate (MPA) interferes with this
effect (Miyagawa et al., 1997) but not with the protective effect of HRT
(Grostein et al., 1996), suggests that this mechanism does not play a major
role in the atheroprotective effect.

Protection of LDL against oxidation

Few studies (table 6.Id) have considered the protection of LDL against oxi-
dative modification. Most in witro studies have used estrogen concentrations
that, again, are in the UM range and cannot be achieved with HRT. They
probably reflect the intrinsic antioxidant structure of the estrogen molecule.
In contrast, in vivo studies or ex vivo studies (cell cultures) suggest that an
antioxidant effect could be mediated by estrogen receptors, at physiological
molarities. Whether this effect results in protection of LDL against oxidative
modification or reduces NF-KB activation (Flohé et al., 1997) is uncertain.
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Lipoproteins metabolism

Some studies (table 6.1e) have considered the metabolism of lipoproteins in
the arterial wall ; an effect on aortic permeability to LDL has not been con-
firmed, although it should be stressed that the focal nature of plaque forma-
tion is closely related to high permeability at certain arterial sites, induced by
hemodynamic forces which stimulate the rate of transcytosis (Nilsen, 1996 ;
Davies et al., 1984) and/or endothelial cell turnover and death (Davies et al.,
1986 ; Lin et al., 1990 ; Chang and Harley, 1995). E2 could then be active
on lipoprotein transfer by stimulating the rate of cell renewal, an effect which
could also prevent SMC proliferation (Krasinski et al., 1997 ; Foegh et al.,
1994 ; Chen et al., 1997 ; lafrati et al., 1997). Other studies suggest that the
plasma lipid-independent antiatherogenic effect of estradiol could be related
to the metabolism of lipoproteins after they have entered the arterial wall.
Such a mechanism is not clear and may be related to the captation of
modified LDL by macrophages, which represent an opportunistic, but con-
stant, component of atherosclerotic plaque. Indeed, estrogens also inhibited
monocyte adhesion to the endothelium, although the molarities used in the
study appear unphysiological and the data conflict with another paper (Cid
et al., 1994). The relationship between monocytes and endothelium is one
aspect of the local immune response in atherosclerosis (Libby and Hansson,
1991). Caulin-Glaser et al. (1996) showed that estradiol inhibits IL-1-medi-
ated membrane E-selectin, vascular cell adhesion molecule-1 and intercellu-
lar adhesion molecule-1 expression.

For the definition of the target site in human studies, five studies are reported
in table 6.II. These studies, using different physical or biochemical tech-
niques, confirm the above experimental studies. They again support the
atheroprotective effect (Akkad et al., 1996). They also confirm the probable
role of estrogens in increasing NO bioavailability in the vascular wall (Tad-
dei et al., 1996 ; Cicinelli et al., 1997) and a possible action on vasoconstric-
tors such as endothelin (Wilcox et al., 1997). Attention should also be drawn
to a possible immunological mechanism.

Pharmacological approach

A series of studies have been reported (table 6.111), using either estrogen ana-
logs or drugs displaying a so-called « antiestrogen effect ». Synthetic or nat-
ural phytoestrogens have been dealt with in the first category. These estrogen
agonists do not in general have appreciable beneficial effects compared to
estradiol (Clarkson et al., 1990 ; Taniguchi et al., 1994 ; Honore et al.,
1997). Some studies have also analyzed the activities of equine estrogens
without showing any significant advantages either (Subbiah et al., 1993 ;
Sulistiyani et al., 1995).

Probably of greater interest are the reported activities of « antiestrogen »
compounds. Triphenylethylene derivatives exert beneficial effects in animal
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studies. The most appealing of the different molecules is probably Tamoxifen
(Grainger et al., 1995) and possibly some of its analogues such as Raloxifen®
(LY139481 Hcl). The mechanism of their action on the cardiovascular sys-
tem is not known. It is not clear whether this atheroprotective effect results
from a partial agonistic effect that these molecules have in tissues (Klinge et
al., 1996) like the liver, or from a different nonestrogenic pathway, involving
specific binding sites called « Antiestrogen Binding Sites » (Chailleux et al.,
1994 ; Poirot et al., 1994). Further studies are necessary in this field, partic-
ularly in the comparison of molecules with partial and complete antiestrogen
activities.

Cell proliferation, relaxation and endothelial cell
adhesion

Different publications have been selected : original and relevant papers pub-
lished in journals with a high impact factor in the vascular field (Circulation,
Circulation Research, Cardiovascular Research) or the endocrinologic field
(Endocrinology, Jowrnal of Clinical Endocrinology and Metabolism, American
Journal of Obstetrics and Gynaecology), as well as significative reviews ; papers
from the same groups were analyzed together. In vivo and in vitro studies were
analyzed separately ; the methodology is given in the tables. Studies using
pharmacological doses of E2 were not selected. The mechanism of action of
estradiol on the vascular wall (direct effects on the cells of the arterial wall,
or effects via paracrine mechanism(s)) is mentioned when available.

Results will be presented as follows : analysis of estradiol effects on vascular
tone and arterial structure (proliferation), angiogenesis, and cell adhesion. A
few data related to the role of progesterone (P) have been included.

Specific estrogen receptors and mechanism of action

Estrogen has many effects on the vasculature. Some of these are rapid, mem-
brane effects of the hormone on ion channels that do not require transcrip-
tional activation of genes. The major positive effects of estrogen on vascular
tissue involve estrogen receptors (ER).

Numerous studies concerning the presence of estrogen receptors in the vas-
cular wall have been published over the 10 last years, linked to the produc-
tion and widespread utilisation of monoclonal antibodies against the receptor
proteins and the use of reverse transcriptase polymerase chain reaction (RT-

PCR) and RNase protection assays. These more recent studies are presented
in table 6.IV.

The expression of ER and PR (progesterone receptors) has now been demon-
strated in situ in normal and pathological samples from the vascular system
and most of these studies agree that the receptor content is low. Significant
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differences are observed in arteries of the female genital tract between differ-
ent physiological and experimental situations, but the expression of ER has
not been clearly linked to sex differences in most vascular tissues (Perrot-
Applanat et al.,, 1988; Perrot-Applanat, 1996 - review ; Knauthe et al.,
1996). Nuclear ER and PR are present in situ in myocytes (tunica media) of
arteries, with occasionally labeled endothelial cells; in a recent autopsy
study, ER was also identified in vascular smooth muscle cells (SMC) from
coronary arteries of premenopausal women (Losordo et al., 1994); the
expression was much lower in atherosclerotic vessels than in normal arteries,
suggesting a role of ER or its deficiency in atherosclerosis. Two papers report
the absence (or low level) of expression of ER in biopsies from saphenous
veins, while PR is expressed in the SMC of the intima and tunica media
(Perrot-Applanat et al., 1995).

Since the pioneering work of Colburn and Buonassi (1978) demonstrating
the presence of ER in bovine endothelial cell cultures several papers have
reported the presence of ER in endothelial cells and smooth muscle cells pre-
pared from human and animal arteries (aorta, coronary artery) and veins

(table 6.IV).

Classically, ER, activated through estrogen binding, interacts with DNA
(estrogen-responsive element, ERE) and transactivating proteins which reg-
ulate transcriptional activity. Based on the capability of E2-induced tran-
scriptional transactivation in transient transfection assays, a number of in
vitro studies have revealed that these receptors are functional (Karas et al.,

1994 ; Bayard et al., 1995 ; Kim-Schulze et al., 1996 ; Baysal and Losordo,
1996 - review).

Recently, Iafrati et al. (1997) reported that one of the well-documented vas-
cular effects of estrogen (inhibition of the response to vascular injury in the
carotid artery) remains unchanged in ER-KO mice ; the recent discovery of
ERb (lafrati et al., 1997) should also help to explain the effects of estrogen
on the vasculature.

Effects of estradiol on vascular tone

The effect of estradiol on coronary artery reactivity has been studied for sev-
eral years. In the early 1980’s it was reported that super-physiological doses
of estrogen improved endothelium-mediated dilation of rabbit arteries. In the
early 1990’s it was reported that physiological doses of estrogen increased
dilatory responses of atherosclerotic coronary arteries.

The in vivo studies are presented in table 6.Va. E2 increases basal coronary flow
and epicardial coronary artery diameter in post-menopausal women (Reis et
al.,, 1994). The impact of estrogen deficiency on the endothelium has been
evaluated by observing endothelial function following E2 infusion and
replacement of estrogen (table 6.Va). Acute administration of estrogen
enhances endothelium-dependent vasodilation to acetylcholine in rat aorta
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(Cheng et al., 1994) and in both the peripheral (forearm) and coronary circu-
lation of healthy postmenopausal women (Gilligan et al., 1994a,1995) ; in one
of these studies, this effect was not apparently maintained with a 3-week cycle
of systemic estradiol administration. Women with risk factors for vascular dys-
function had significantly reduced vasodilatory responses to acetylcholine as
compared with healthy subjects (Gilligan et al., 1994b). Two in vivo studies
demonstrated that estrogen-induced, endothelium-dependent vasorelaxation
of coronary arteries may depend on sex hormone status : it is observed in
women, but not in men with coronary heart disease (Collins et al., 1995). In
the female rabbit (Collins et al., 1994), relaxation is greater in acutely estro-
gen-withdrawn animals (versus castrated or estrogen treated). The possibility
of the involvement of NO in vivo has recently been strenghtened by evidence
that estrogen-induced increases can be antagonized by NO synthase inhibitors
(Thompson and Weiner, 1997). Long-term E2 replacement therapy has also
been shown to decrease the contractility of coronary arteries to thromboxane
A2 in the guinea-pig (Thompson and Weiner, 1997).

Independently of NO synthesis, endogenous fluctuations of estrogen modu-
late endothelin receptors in coronary arterial smooth muscle cells of female

pigs (Barber et al., 1996)

The in vitro studies are presented in table 6.Vb. It is generally agreed that the
tone of underlying smooth muscle cells is regulated by a variety of agents such
as EDRF (or NO) (Furchgott and Zawadski, 1980), prostacyclin (Moncada et
al.,, 1976), endothelin (Yanagisawa et al., 1988), angiotensin (Ryan, 1989),
free radicals and adrenaline. Several in vitro experiments have studied the
incubation of arterial rings and measured isometric forces during E2 exposure.

E2 induces rapid relaxation of rat aorta and human coronary arteries precon-
tracted with adrenaline (Thomas et al., 1995) and thromboxane A2 {(Chester
et al., 1995), respectively, through endothelium-independent mechanism(s).
The relaxation by adrenergic stimulation is enhanced by acute, direct exposure
to E2 (Bell et al., 1995a). In the model of the rat mesenteric artery, male gen-
der and ovarian hormone deficiency reduce the vasodilatory effects of
endothelium-independent relaxing agents (Nevala et al., 1996). A direct
smooth muscle relaxing effect of estradiol may be mediated by calcium chan-
nel blockade (for review, see Collins et al., 1994) when used for a short time at
relatively high concentrations. The inhibitory effect of estradiol may be medi-
ated via non genomic effects ; a 5-min incubation of cultured rat pulmonary
vascular SMC with 17b-estradiol significantly increases the basal intracellular
cAMP level in a concentration-dependent manner (Farhat et al., 1996).

Acetylcholine (Ache) induces endothelium-dependent vasorelaxation in vitro
by the release of NO. Disruption of the endothelium or inhibition of NO syn-
thesis by selective NO inhibitors contribute to coronary vasoconstriction ; the
increase in acetylcholine-induced relaxation by E2 is mediated through
endothelium-dependant mechanism(s). Estrogen, at low doses, acts indirectly
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through the release of endothelium-derived NO (Collins et al., 1994) and
involves ER (Cheng et al., 1994) blockage by Tamoxifen. Also, the ability of
estrogen to act as an antioxidant has been postulated to account for the rapid
restoration of endothelium-dependent vasodilation. In the other hand,
endothelium-dependent, NO-mediated relaxation (by A23187) of porcine
coronary arteries is enhanced by overnight, but not acute, exposure to physio-
logical doses of estrogen (Bell et al., 1995b).

Effects of estradiol on vascular cell proliferation

Vascular smooth muscle cell (SMC) proliferation and migration are believed
to be critical for SMC accumulation in the intima, and this may be important
for luminal narrowing in atherosclerosis, restenosis and venous bypass graft
disease. Although SMC are in a contractile phenotype, they may change
their properties following a disease state and start to proliferate, a property
which is also shown for SMC in culture. Estradiol inhibits smooth muscle cell
proliferation both in vivo and in vitro.

The in vivo studies are presented in table 6.VI. An anti-atherosclerotic effect
of estrogen has been found in a variety of animal models, such as pig, pri-
mates (Clarkson, 1994), rabbits (Hanke et al., 1996a) and mouse. It is par-
tially mediated by the decrease in LDL uptake and/or degradation, but also
by an improvement in coronary artery function. The effect is sex-dependent
in the rabbit (Hanke et al., 1996a). Estrogen also reduces myointimal prolif-
eration after ballon injury of rat carotid artery (Chen et al., 1996).

The in vitro studies are presented in table 6.VI. Three studies demonstrate
that 17b-estradiol inhibits the proliferation and migration of SMC from
human or rat coronary arteries (Kolodgie et al., 1996 ; Suzuki et al., 1996)
and human saphenous veins (Dai-Do et al., 1996) stimulated by mitogens
such as PDGF and bFGF ; this antiproliferative effect of estradiol was also
obtained with SMC from coronary artery (pig) or aorta (rat) cultured in
1-2 % FCS (Espinosa et al., 1996 ; Moraghan et al., 1996), or in carotid seg-
ments (Vargas 1996). However, conflicting results are reported concerning
the sex-dependency of the anti-proliferative effect of physiological doses of
E2. Two studies reported a differential response in coronary arteries from pig
(Moraghan et al., 1996) and rat (Vargas et al., 1996) ; however, a recent
study on SMC from human saphenous veins provides evidence that the anti-
proliferative and antimigratory effects occurred in post-menopausal women as
well as in age-matched men, indicating that SMC can respond to 17f estra-
diol regardless of the gender (Dai-Do et al., 1996). These different observa-
tions may be due to the different cell types and/or species used.

The mechanisms of the inhibition of cell proliferation by E2 remain to be
clarified. Estradiol could inhibit SMC proliferation directly or indirectly by
inhibiting the synthesis of growth factors ; other actions can be considered,
such as endothelial-derived nitric oxide, in the inhibition of SMC prolifera-
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tion, or the rapid (5 min) increase in cAMP (an important intracellular
signaling molecule in the response of SMC to vasoactive and mitogenic
factors) during E2 incubation (Farhat et al., 1996), features compatible with
non genomic actions.

Effect of estradiol on endothelial cell functions : proliferation, migration
and adhesion

Three articles from Schnaper’s group (Morales et al., 1995 ; Kim-Schulze et al.,
1996 ; Schnaper et al., 1996) have evaluated the effect of estrogen on the ang-
iogenic behavior of endothelial cells (table 6.VII). Under in vitro conditions
(20 % serum), estrogen treatment enhances several endothelial cell functions,
including migration, proliferation, attachment and formation of capillary-like
tubes, steps that are critical to angiogenesis. This estrogen enhancement of
human endothelial cell (HUVEC and coronary artery) proliferation is reduced

by the ER antagonist ICI 182780. Furthermore, estrogen increases the ang-
iogenic effect of bFGF in vivo in mice (Morales et al., 1995 ; table 6.VII).

A group of molecules called adhesion receptors is involved in cell-cell and cell-
matrix recognition. One class, integrins, are the primary receptors for the
extracellular matrix (ECM). In addition, endothelial cell adherence, consid-
ered as the initial step in leukocyte recruitment in autoimmune diseases, is
mediated by adhesion molecules such as [CAM-1, VCAM-1 and E-selectin.
Two important papers report a modulation of adhesion molecule expression by
estradiol in endothelial cells (HUVEC) (Cid et al., 1994 ; Aziz and Wakefield,
1996) : increases in E-selectin, ICAM and VCAM under TNF-a (but not
under [L1a) stimulation. The effect of estradiol (versus progesterone which
leads to a decrease in E-selectin after IL1 stimulation) may be important in
females in maintaining a regulatory control of E-selectin expression under
immunophysiological conditions, but perhaps also in inflammatory situations.
In vivo, E2 lowers cP-selectin expression (Jilma et al., 1996), a plasma form of
P-selectin (produced by endothelial cells and platelets) lacking a hydrophobic
transmembrane sequence and derived from an alternatively spliced form. The
mechanisms of E2-modulated selectin expression are not clear.

There are no recent reports concerning either modifications of the extracellular
matrix composition, or the activity of proteases involved in vascular remode-
ling (metalloproteases...) and affecting its contribution to vessel wall stability.

Impact of progesterone

Most studies have used estrogen alone. In current practice, estrogen is com-
bined with a progestogen (administered either continuously or cyclically) to
avoid the risk of abnormal endometrial proliferation and endometrial cancer.

The impact of progesterone on vasoreactivity and experimental atherosclero-
sis has not been clearly analyzed and conflictory results have been reported.
Hormone replacement therapy effect on vasoreactivity of atherosclerotic
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coronary artery in Cynomolgus monkey (Williams et al., 1994 ; Miyagawa et
al., 1997) showed a diminution of the protective effect of estradiol following
the addition of medroxyprogesterone acetate (MPA), but not of
progesterone ; MPA also attenuates the estrogen-mediated inhibition of
neointima formation after ballon injury in the rat carotid artery (Levine et
al., 1996) ; progesterone inhibits SMC proliferation in pig coronary artery
(Moraghan et al., 1996), but not (either alone or in combination with E2)
in human aorta (Suzuki et al., 1996) ; another study suggests that progester-
one is dose-dependently able to inhibit completely the beneficial effect of
estrogen in experimental (rabbit) atherosclerosis (Hanke et al., 1996a). The
beneficial effect of estradiol and progesterone was confirmed by an epidemi-
ological study of post-menopausal women (Grodstein et al., 1996).

To conclude, experimental studies suggest that the vascular wall is the target
of the antiatherogenic effect of estrogens, meaning that the estradiol effect
on lipid concentrations and the lipoprotein profile is not the main mecha-
nism. This protective effect could in part be explained by at least three
mechanisms : maintenance of vasodilatory capacity, protection of LDL
against oxidation, and modification of lipoprotein metabolism in the arterial
wall, resulting in less accumulation of atherogenic lipoproteins in the intimal
space. Preliminary clinical studies are in accordance with experimental
results. Further experimental studies, using animal models, will be necessary
to determine the mechanism(s) of the atheroprotective effect of estrogens.

Animal and human studies indicate that physiological doses of estradiol pro-
tect against coronary arteriosclerosis by inhibition of smooth muscle cell pro-
liferation. Another effect of estrogen is enhanced relaxation in response to
acetylcholine of arterial rings from estrogen-treated ovariectomized animals
as compared with untreated animals. Women presenting a risk factor for vas-
cular dysfunction had significantly reduced vasodilatory responses to acetyl-
choline compared with healthy subjects. However, there is no good animal
model for arterosclerosis and results are sometimes conflictory, depending of
the species, the type of artery or the dose of E2. Angiogenesis is also
enhanced by 17B-estadiol in wvitro and in vivo (mice) but this result needs
confirmation. The applicability of these findings to patients with coronary
disease needs to be investigated.

Although the presence of ER has been demonstrated in vascular tissues,
together with a link between their stimulation and physiological effects, the
cellular mechanism(s) whereby the presence of estrogen is translated into an
effect on the biology of the arterial wall remains to be identified.

BIBLIOGRAPHY

ADAMS M, KAPLAN JR, MANUCK SB, KORITNIK DR et al. Inhibition of coronary artery athero-
sclerosis by 17B-estradiol in ovariectomized monkeys. Arterosclerosis 1990, 10 : 1051-1057



Estrogens and the arterial wall

ADAMS MR, KAPLAN JR, MANUCK SB, KORITNIK DR et al. Inhibition of coronary artery
atherosclerosis by 17B-estradiol in ovariectomized monkeys. Lack of an effect of added proges-
terone. Arteriosclerosis 1990, 10 : 1051-1057

AKKAD A, HARTSHORNE T, BELL PR, AL-AZZAWI F. Carotid plaque regression on oestrogen
replacement : a pilot study. Eur ] Vasc Endovasc Surg 1996, 11 : 347-348

AL SAATI T, CLAMENS S, COHEN-KNAFO E, FAYE JC et al. Production of monoclonal anti-
bodies to human estrogen-receptor protein (ER) using recombinant ER (RER). Int J Cancer
1993, 55 : 651-654

ARNAL JF, CLAMENS S, PECHET C, NEGRE SALVAYRE A, ALLERA C et al. Ethinylestradiol
does not enhance the expression of nitric oxide synthase in bovine endothelial cells but in-
creases the release of bioactive nitric oxide by inhibiting superoxide anion production. Proc

Natl Acad Sci USA 1996, 93 : 4108-4113

ARNAL JF, ELHAGE R, FAYE JC, BAYARD F. Quelle est la cible des cestrogénes dans la paroi
artérielle ? Médecine Sciences 1997, 13 : 881-885

AYRES S, TANG M, SUBBIAM MT. Estradiol-17 beta as an antioxydant : some distinct features
when compared with common fat-soluble antioxydants. J Lab Clin Med 1996, 128 : 367-375

AZIZ KE, WAKEFIELD D. Modulation of endothelial cell expression of ICAM-1, E-selectin, and
VCAM-1 by -estradiol, progesterone, and dexamethasone. Cell Immunol 1996, 167 : 79-85

BARBER DA, SIECK GC, FITZPATRICK LA, MILLER VM. Endothelin receptors are modulated
in association with endogenous fluctuations in estrogen. Am J Physiol 1996, 271 : H1999-
H2006

BARRAILLE P, PIZZINAT N, BAYARD F, FAYE JC. Differential effect of estrogens in target
tissues. Contracept Fertil Sex 1995, 23 : 188-191

BATH PMW, HASSAL DG, GLADWIN A-M, PALMER RM], MARTIN JF. Nitric oxide and
prostacyclin : divergence of inhibitory effects on monocyte chemotaxis and adhesion to
endothelium in vitro. Arterioscler Thromb 1991, 11 : 254-260

BAYARD F, BLAES N, FAYE JC, MARET A et al. Estrogens, growth factors and vascular wall.
Rev Fr Endocrinol Clin Nutr Metab 1993, 34 : 477-486

BAYARD F, CLAMENS S, DELSOL G, BLAES N et al. Oestrogen synthesis, oestrogen metabolism
and functional oestrogen receptors in bovine aortic endothelial cells. Ciba Foundation Sympo-
sium 1995, 191 : 122-132 ; discussion 132-138

BAYARD F, CLAMENS S, MEGGETTO F, BLAES N et al. Estrogen synthesis, estrogen metabo-
lism, and functional estrogen receptors in rat arterial smooth muscle cells in culture. Endo-
crinology 1995, 136 : 1523-1529

BAYARD F, CLAMENS S, MEGGETTO F, BLAES N et al. Estrogen synthesis, estrogen metabo-
lism, and functional estrogen receptors in rat arterial smooth muscle cells in culture. Endo-
crinology 1995, 136 : 1523-1529

BAYSAL K, LOSORDO DW. Oestrogen receptors and cardiovascular disease. Clin Exp Pharmacol
Physiol 1996, 23 : 537-548

BEI M, LAVIGNE MC, FOEGH ML, RAMWELL PW, CLARKE R. Specific binding of estradiol to
rat coronary artery smooth muscle cells. J Steroid Biochem Mol Biol 1996, 58 : 83-88

BELL DR, RENSBERGER H]J, KORITNIK DR, KOSHY A. Estrogen pretreatment directly potenti-
ates endothelium-dependent vasorelaxation of porcine coronary arteries. Am J Physiol 1995a,
268 : H377-H383

BELL DR, RENSBERGER HJ, KORITNIK DR, KOSHY A. Noradrenergic vasorelaxation of porcine

coronary arteries is enhanced by direct, acute exposure to 17 B-estradiol. Gen Pharmacol 1995b,
26 : 1289-1294

99

ANALYSIS



Hormone replacement therapy. Influence on cardiovascular risk

100

BLACK L], SATO M, ROWLEY ER, MAGEE DE et al. Raloxifene (LY 139481 <HCI) prevents
bone loss and reduces serum cholesterol without causing uterine hypertrophy in ovariectomized
rats. J Clin Invest 1994, 93 : 63-69

BOURASSA PA, MILOS PM, GAYNOR BJ, BRESLOW JL, AIELLO RJ. Estrogen reduces athero-
sclerotic lesion development in apolipoprotein E-deficient mice. Proc Natl Acad Sci USA 1996,
93 : 10022-10027

BRAWER JR, BEAUDET A, DESJARDINS GC, SCHIPPER HM. Pathologic effect of estradiol on
the hypothalamus. Biol Reprod 1993, 49 : 647-652

BROSNIHAN KB, MORIGUCHI A, NAKAMOTO H, DEAN RH et al. Estrogen augments the
contribution of nitric oxide to blood pressure regulation in transgenic hypertensive rats
expressing the mouse Ren-2 gene. Am J Hypertens 1994, 7 : 576-582

CALCAGNO D, BEI M, ROSS SA, KLEIN A, FOEGH ML. Effects of oestrogen on vein grafts.
J Cardiovasc Surg 1992, 33 : 579-584

CAMPISI D, CUTOLO M, CARRUBA G, LO CASTO M et al. Evidence for soluble and nuclear
site I binding of estrogens in human aorta. Atherosclerosis 1993, 103 : 267-277

CAULIN-GLASER T, WATSON CA, PARDI R, BENDER JR. Effects of 17beta-estradiol on
cytokine-induced endothelial cell adhesion molecule expression. ] Clin Invest 1996, 98 : 36-42

CEFALU WT, WAGNER ]D, BELL-FARROW AD, WANG ZQ et al. The effects of hormonal
replacement therapy on insulin sensitivity in surgically postmenopausal cynomolgus monkeys
(Macaca fascicularis). Am J Obstet Gynecol 1994, 171 : 440-445

CHAILLEUX C, POIROT M, MESANGE F, BAYARD F, FAYE JC. Characterization of the mem-
branous antiestrogen binding protein : 1. Partial purification of the protein in its active state.
J Recept Res 1994, 14 : 23-35

CHANG E, HARLEY CB. Telomere length and replicative aging in human vascular tissues. Proc
Natl Acad Sci USA 1995, 92 : 11190-11194

CHEN §J, LI H, DURAND J, OPARIL S, CHEN YF. Estrogen reduces myointimal proliferation
after balloon injury of rat carotid artery. Circulation 1996, 93 : 577-584

CHENG DY, FENG CJ, KADOWITZ PJ, GRUETTER CA. Effects of 17 -estradiol on endothelium-
dependent relaxation induced by acetylcholine in female rat aorta. Life Sci 1994, 55 : PL187-
PL191

CHESTER AH, JIANG C, BORLAND JA, YACOUB MH, COLLINS P. Qestrogen relaxes human
epicardial coronary arteries through non-endothelium-dependent mechanisms. Coron Artery

Dis 1995, 6 : 417-422

CHICO Y, FRESNEDO O, LACORT M, OCHOA B. Effect of estradiol and progesterone on cho-
lesterol 7ai-hydroxylase activity in rats subjected to different feeling conditions. Steroids 1994,
59:528-535

CICINELLI E, IGNARRO LJ, LOGRANO M, MATTEO G et al. Acute effects of transdermal es-
tradiol administration on plasma levels of nitric oxide in postmenopausal women. Fertil Steril

1997, 67 : 63-66

CID MC, KLEINMAN HK, GRANT DS, SCHNAPER HW et al. Estradiol enhances leukocyte
binding to tumor necrosis factor (TNF) stimulated endothelial cells via an increase in TNF-

induced adhesion molecules E-selectin, intercellular adhesion molecule type I and vascular cell
adhesion molecule type I. J Clin Invest 1994, 93 : 17-25

CLARKSON TB, ANTHONY MS, KLEIN KP. Effects of estrogen treatment on arterial wall struc-
ture and function. Drugs 1994, 47 : 42-51

CLARKSON TB, SHIVELY CA, MORGAN TM, KORITNIK DR et al. Oral contraceptives and
coronary artery atherosclerosis of cynomolgus monkeys. Obstet Gynecol 1990, 75 : 217-222



Estrogens and the arterial wall

CLARKSON TB. Estrogens, progestins, and coronary heart disease in cynomolgus monkeys.
Fertil Steril 1994, 62 : 147S-151S

COLBURN P, BUONASSISI V. Estrogen-binding sites in endothelial cell cultures. Science 1978,
201 : 817-819

COLLINS P, ROSANO GM, JIANG C, LINDSAY D et al. Cardiovascular protection by oestrogen-a
calcium antagonist effect ? Lancet 1993, 341 : 1264-1265

COLLINS P, ROSANO GM, SARREL PM, ULRICH L et al. 17 B-estradiol attenuates acetylcho-
line-induced coronary arterial constriction in women but not men with coronary heart disease.
Circulation 1995, 92 : 24-30

COLLINS P, SHAY J, JIANG C, MOSS ]. Nitric oxide accounts for dose-dependent estrogen-me-
diated coronary relaxation after acute estrogen withdrawal. Circulation 1994, 90 : 1964-1968

COLVIN PL JR. Estrogen increases low-density lipoprotein receptor-independent catabolism of
apolipoprotein B in hyperlipidemic rabbits. Metabolism : Clinical & Experimental 1996, 45 :
889-896

COOKE JP. Is NO an endogenous antiatherogenic molecule? Arterioscl Thrombosis 1994, 14 :
653-655

DAI-DO D, ESPINOSA E, LIU G, RABELINK TJ et al. 17 B-estradiol inhibits proliferation and
migration of human vascular smooth muscle cells: similar effects in cells from postmenopausal
females and in males. Cardiovasc Res 1996, 32 : 980-985

DAVIES PF, DEWEY JR C F, BUSSOLARI SR, GORDON EJ, GIMBRONE JR MA. Influence of
hemodynamic forces on vascular endothelial function. In witro studies of shear stress and
pinocytosis in bovine aortic cells. ] Clin Invest 1984, 73 : 1121-1129

DAVIES PF, REMUZZI A, GORDON EJ, DEWEY JR CF, GIMBRONE JR MA. Turbulent fluid shear
stress induces vascular endothelial cell turnover in vitro. Proc Natl Acad Sci USA 1986, 83 :
2114-2117

DE CATERINA R, LIBBY P, PENG H-B, THANNICKAL V] et al. Nitric oxide decreases cytokine-
induced endothelial activation. Nitric oxide selectively reduces endothelial expression of ad-
hesion molecules and proinflammatory cytokines. J Clin Invest 1995, 96 : 60-68

ECKSTEIN N, NADLER E, BARNEA O, SHAVIT G, AYALON D. Acute effects of 17 B—estradiol
on the rat heart. Am J Obstet Gynecol 1994, 171 : 844-848

ELHAGE R, ARNAL JF, BLAES N, MARET A et al. Biological mechanisms of the protective
effects of estrogens against atherosclerosis. Rev Fr Endocrinol Clin Nutr Metab 1995, 36 : 509-
513

ESPINOSA E, OEMAR BS, LUSCHER TF. 17B-estradiol and smooth muscle cell proliferation in
aortic cells of male and female rats. Biochem Biophys Res Comm 1996, 221 : 8-14

FARHAT MY, ABI-YOUNES S, DINGAAN B, VARGAS R, RAMWELL PW. Estradiol increases
cyclic adenosine monophosphate in rat pulmonary vascular smooth muscle cells by a non-
genomic mechanism. ] Pharmacol Exp Ther 1996, 276 : 652-657

FITZPATRICK LA. Gender-related differences in the development of atherosclerosis: studies at
the cellular level. Clin Exp Pharmacol Physiol 1996, 23 : 267-269

FLOHE L, BRIGELIUS-FLOHE R, SALIOU C, TRABER MG, PACKER L. Redox regulation of NF-
Kappa B activation. Free Rad Biol Med 1997, 22 : 1115-1126

FOEGH ML, ASOTRA S, HOWELL MH, RAMWELL PW. Estradiol inhibition of arterial neointi-
mal hyperplasia after balloon injury. J Vasc Surg 1994, 19 : 722-726

FORSTERMANN U, CLOSS EI, POLLOCX. JS, NAKANE M et al. Nitric oxide synthase isozymes.

Characterisation, purification, molecular cloning, and functions. Hypertension 1994, 23 : 1121-
1131

101

ANALYSIS



Hormone replacement therapy. Influence on cardiovascular risk

102

FURCHGOTT RF, ZAWADSKI JV. The obligatory role of endothelial cells in the relaxation of
arterial smooth muscle by acetylcholine. Nature 1980, 288 : 373-376

GARNIER M, MESANGE F, DUPONT MA, GAS N et al. Ligands of the antiestrogen binding site
block endothelial cell proliferation reversibly. Exp Cell Res 1993, 205 : 191-194

GILLIGAN DM, QUYYUMI AA, CANNON RO. Effects of physiological levels of estrogen on cor-
onary vasomotor function in postmenopausal women. Circulation 1994a, 89 : 2545-2551

GILLIGAN DM, BADAR DM, PANZA JA, QUYYUMI AA, CANNON III RO. Acute vascular ef-
fects of estrogen in postmenopausal women. Circulation 1994b, 90 : 786-791

GILLIGAN DM, BADAR DM, PANZA JA, QUYYUMI AA, CANNON III RO. Effects of estrogen
replacement therapy on peripheral vasomotor function in postmenopausal women. Am J Car-

diol 1995, 75 : 264-268

GRAINGER DJ, WITCHELL CM, METCALFE JC. Tamoxifen elevates transforming growth fac-
tor-beta and suppresses diet-induced formation of lipid lesions in mouse aorta. Nature/Medecine
1995, 1 : 1067-1073

GRODSTEIN F, STAMPER MJ, MANSON JF, COLDITZ GA et al. Postemenopausal estrogen and
progestin use and the risk of cardiovascular disease. N Engl ] Med 1996, 335 : 453-461

GUIOCHON-MANTEL A, DELABRE K, LESCOP P, PERROT-APPLANAT M, MILGROM E. Cyto-
plasmic-nuclear trafficking of progesterone receptor. In vivo study of the mechanism of action
of antiprogestins. Biochem Pharmacol 1994, 47 : 21-24

GUIOCHON-MANTEL A, LESCOP P, CHRISTIN-MAITRE S, PERROT-APPLANAT M, MIL-
GROM E. Intracellular traffic of the progesterone receptor. Ann Biol Clin 1992, 50 : 387-392

GUIOCHON-MANTEL A, LOOSFELT H, LESCOP P, CHRISTIN-MAITRE S et al. Mechanisms of
nuclear localization of the progesterone receptor. J Steroid Biochem Mol Biol 1992, 41 : 209-215

GURA T. Estrogen : key player in heart disease among women. Science 1995, 269 : 771-773

HAARBO J, CHRISTIANSEN C. The impact of female sex hormones on secondary prevention
of atherosclerosis in ovariectomized cholesterol-fed rabbits. Atherosclerosis 1996, 123 : 139-144

HAARBO J, LETH-ESPENSEN P, STENDER S, CHRISTIANSEN C. Estrogen monotherapy and
combined estrogen-progestogen replacement therapy attenuate aortic accumulation of choles-
terol in ovariectomized cholesterol-fed rabbits. J Clin Invest 1991, 87 : 1274-1279

HAARBO J, NIELSEN LB, STENDER S, CHRISTIANSEN C. Aortic permeability to LDL during
estrogen therapy. A study in normocholesterolemic rabbits. Arterioscler Thromb 1994, 14 : 243-
247

HAARBO J. Hormone replacement therapy and cardiovascular disease : the rabbit model. Br J
Obstet Gynaecol 1996, 103 Suppl 13 : 49-51

HALE SL, BIRNBAUM Y, KLONER RA. B-estradiol, but not o-estradiol, reduces myocardial
necrosis in rabbits after ischemia and reperfusion. Am Heart ] 1996, 132 : 258-262

HANKE H, HANKE S, FINKING G, MUHIC-LOHRER A et al. Different effects of estrogen and
progesterone on experimental atherosclerosis in female versus male rabbits. Circulation 1996a,

94 :175-181

HANKE H, HANKE 8, BRUCK B, BREHME U et al. Inhibition of the protective effect of estrogen
by progesterone in experimental atherosclerosis. Atherosclerosis 1996b, 121 : 129-138

HARDER DR, COULSON PB. Estrogen receptors and effects of estrogen on membrane electrical
properties of coronary vascular smooth muscle. J Cell Physiol 1979, 100 : 375-382

HAYASHI T, FUKUTO JM, IGNARRO L], CHAUDHURI G. Basal release of nitric oxide from
aortic rings is greater in female rabbits than in male rabbits : implications for atherosclerosis.
Proc Natl Acad Sci USA 1992, 89 : 11259-11263



Estrogens and the arterial wall

HAYASHI T, ISHIKAWA T, YAMADA K, KUZUYA M et al. Biphasic effect of estrogen on neu-
ronal constitutive nitric oxide synthase via Ca(2+)-calmodulin dependent mechanism. Bioch
Biophys Res Comm 1994, 203 : 1013-1019

HAYASHI T, YAMADA K, ESAKI T, KUZUYA M et al. Estrogen increases endothelial nitric ox-
ide by a receptor-mediated system. Bioch Biophys Res Comm 1995, 214 : 847-855

HAYEK T, OIKNINE J, BROOK ]G, AVIRAM M. Role of HDL apolipoprotein E in cellular cho-
lesterol efflux : studies in apo E knockout transgenic mice. Biochem Biophys Res Comm 1994,
205 : 1072-1078

HERRINGTON DM, BRADEN GA, WILLIAMS JK, MORGAN TM. Endothelial-dependent coro-
nary vasomotor responsiveness in postmenopausal women with and without estrogen replace-
ment therapy. Am J Cardiol 1994, 73 : 951-952

HISHIKAWA K, NAKAKI T, MARUMO T, SUZUKI H et al. Up-regulation of nitric oxide syn-
thase by estradiol in human aortic endothelial cells. FEBS Lett 1995, 360 : 291-293

HONORE EK, WILLIAMS JK, ANTHONY MS, CLARKSON TB. Soy isoflavones enhance coro-
nary vascular reactivity in atherosclerotic female macaques. Fertl Steril 1997, 67 : 148-154

HOUGH 1L, ZILVERSMIT DB. Effect of 17 B-estradiol on aortic cholesterol content and meta-
bolism in cholesterol-fed rabbits. Arteriosclerosis 1986, 6 : 57

IAFRATI MD, KARAS RH, ARONOVITZ M, KIM S et al. Estrogen inhibits the vascular injury
response in estrogen receptor o-deficient mice. Nature Med 1997, 3 : 545-548

INGEGNO MD, MONEY SR, THELMO W, GREENE GL et al. Progesterone receptors in the hu-
man heart and great vessels. Lab Invest 1988, 59 : 353-356

INOUE S, HOSHINO S, MIYOSHI H, AKISHITA M et al. Identification of a novel isoform of
estrogen receptor, a potential inhibitor of estrogen action, in vascular smooth muscle cells.
Biochem Biophys Res Comm 1996, 219 : 766-772

ISHIBASHI S, HERZ ], MAEDA N, GOLDSTEIN JL, BROWN MS. The two-receptor model of
lipoprotein clearance : tests of the hypothesis in « knockout » mice lacking the low density

lipoprotein receptor, apolipoprotein E, or both proteins. Proc Natl Acad Sci USA 1994, 91 :
4431-4435

JIANG C, POOLE-WILSON PA, SARREL PM, MOCHIZUKI S et al. Effect of 17B-oestradiol on
contraction, Ca2+ current and intracellular free CA2+ in guinea-pig isolated cardiac myo-

cytes. Br J Pharmacol 1992, 106 : 739-745

JIANG C, SARREL PM, POOLE-WILSON PA, COLLINS P. Acute effect of 17B-estradiol on rabbit
coronary artery contractile responses to endothelin-1. Am J Physiol 1992, 263 : H271-H275

JILMA B, HILDEBRANDT J, KAPIOTIS S, WAGNER OF et al. Effects of estradiol on circulating
P-selectin. J Clin Endocrinol Metab 1996, 81 : 2350-2355

KARAS RH, PATTERSON BL, MENDELSOHN ME. Human vascular smooth muscle cells
contain functional estrogen receptor. Circulation 1994, 89 : 1943-1950

KARAS RK, BAUR WE, VAN EICKLES M, MENDELSOHN ME. Human vascular smooth muscle
cells express an estrogen receptor isoform. FEBS Letters 1995, 377 : 103-108

KEANEY JF JR, SHWAERY GT, XU A, NICOLOSI R] et al. 17 B-estradiol preserves endothelial
vasodilator function and limits low-density lipoprotein oxidation in hypercholesterolemic
swine. Circulation 1994, 89 : 2251-2259

KHAN BV, HARRISON, DG, OLBRYCH, MT, ALEXANDER RW, MEDFORD RM. Nitric oxide
regulates vascular cell adhesion molecule 1 gene expression and redox-sensitive transcriptional
events in human vascular endothelial cells. Proc Natl Acad Sci USA 1996, 93 : 9114.9119

103

ANALYSIS



Hormone replacement therapy. Influence on cardiovascular risk

104

KIM-SCHULZE S, MCGOWAN KA, HUBCHAK SC, CID MC et al. Expression of an estrogen re-
ceptor by human coronary artery and umbilical vein endothelial cells. Circulation 1996, 94 :
1402-1407

KISHIKAWA H, SHIMOKAMA T, WATANABE T. Localization of T lymphocytes and macro-
phages expressing IL-1, IL-2 receptor, IL-6 and TNF in human aortic intima. Role of cell-me-
diated immunity in human atherogenesis. Virchows Arch - A, Pathological anatomy and histopa-
thology 1993, 423 : 433-442

KLINGE CM, TRAISH AM, DRISCOLL MD, HILF R, BAMBARA RA. Site-directed estrogen
receptor antibodies stabilize 4-hydroxytamoxifen ligand, but not estradiol, and indicate ligand-
specific differences in the recognition of estrogen response element DNA in vitro. Steroids 1996,

61 :278-289

KNAUTHE R, DIEL P, HEGELEHARTUNG C, ENGELHAUPT A, FRITZEMEIER KH. Sexual
dimorphism of steroid hormone receptor messenger ribonucleic acid expression and hormonal
regulation in rat vascular tissue. Endocrinology 1996, 137 = 3220-3227

KOLODGIE FD, JACOB A, WILSON PS, CARLSON GC et al. Estradiol attenuates directed
migration of vascular smooth muscle cells in vitro. Am ] Pathol 1996, 148 : 969-976

KRASINSKI K, SPYRIDOPOULOS I, ASAHARA T, VAN DER ZEE R et al. Estradiol accelerates
functional endothelial recovery after arterial injury. Circulation 1997, 95 : 1768-1772

KUBES P, SUZUKI M, GRANGER DN. Nitric oxide : an endogenous modulator of leukocyte
adhesion. Proc Natl Acad Sci USA 1991, 88 : 4651-4655

LAMPING KG, NUNO DW. Effects of 17 B-estradiol on coronary microvascular responses to
endothelin-1. Am J Physiol 1996, 271 : H1117-H1124

LEHRER S, RABIN J, KALIR T, SCHACHTER BS. Estrogen receptor variant and hyperpension
in women. Hypertension 1993, 21 : 439-441

LEVINE RL, CHEN SJ, DURAND J, CHEN YF, OPARIL S. Medroxyprogesterone attenuates estro-
gen-mediated inhibition of neointima formation after balloon injury of the rat carotid artery.
Circulation 1996, 94 : 2221-2227

LIBBY P, HANSSON GK. Involvment of the immune system in human atherogenesis: current
knowledge and unanswered questions. Lab Invest 1991, 64 : 5-15

LIN SJ, JAN KM, CHIEN S. Role of dying endothelial cells in transendothelial macromolecular
transport. Arteriosclerosis 1990, 10 : 703-709

LIRBERMAN EH, GERHARD MD, UEHATA A, WALSH BW et al. Estrogen improves endothe-
lium-dependent, flow-mediated vasodilation in postmenopausal women. Ann Intern Med 1994,
121 : 936-941

LOSORDO DW, KEARNEY M, KIM EA, JEKANOWSKI ], ISNER JM. Variable expression of the
estrogen receptor in normal and atherosclerotic coronary arteries of premenopausal women.
Circulation 1994, 89 : 1501-1510

MALECAZE F, CLAMENS S, SIMORRE-PINATEL V, MATHIS A et al. Detection of vascular en-
dothelial growth factor messenger RNA and vascular endothelial growth factor-like activity in
proliferative diabetic retinopathy. Arch Ophthalmol 1994, 112 : 1476-1482

MAZIERE C, AUCLAIR M, RONVEAUX MF, SALMON S et al. Estrogens inhibit copper and cell-
mediated modification of low density lipoprotein. Atherosclerosis 1991, 89 : 175-182

MIKKOLA T, RANTA V, ORPANA A, VIINIKKA L, YLIKORKALA O. Hormone replacement
therapy modifies the capacity of plasma and serum to regulate prostacyclin and endothelin-1
production in human vascular endothelial cells. Fertil Steril 1996, 66 : 389-393

MIKKOLA T, TURUNEN P, AVELA K, ORPANA A et al. 17 B-estradiol stimulates prostacyclin,
but not endothelin-1 production in human vascular endothelial cells. J] Clin Endocrinol Metab
1995, 80 : 1832-1836



Estrogens and the arterial wall

MILLER CP, JIRKOVSKY I, HAYHURST DA, ADELMAN SJ. In vitro antioxidant effects of estro-
gens with a hindered 3-OH function on the copper-induced oxidation of low density lipopro-
tein. Steroids 1996a, 61 : 305-308

MILLER VM, BARBER DA, FENTON AM, WANG X, SIECK GC. Gender differences in response
to endothelin-1 in coronary arteries : transcription, receptors and calcium regulation. Clin Exp

Pharmacol Physiol 1996b, 23 : 256-259

MIYAGAWA K, ROSCH J, STANCZYK F, HERMSMEYER K. Medroxyprogesterone interferes
with ovarian steroid protection against coronary vasospasm. Nature Med 1997, 3 : 324-327

MONCADA S, GRYGLEWSKI R, BUNTING S, VANE JR. An enzyme isolated from arteries trans-
forms prostaglandin endoperoxides to an unstable substance that inhibits platelet aggregation.
Nature 1976, 263 : 663-665

MORAGHAN T, ANTONIUCCI DM, GRENERT JP, SIECK GC et al. Differential response in cell
proliferation to beta estradiol in coronary arterial vascular smooth muscle cells obtained from
mature female versus male animals. Endocrinology 1996, 137 : 5174-5171

MORALES DE, MC GOWAN KA, GRANT DS, MAHESHWARI S et al. Estrogen promotes ang-
iogenic activity in human umbilical vein endothelial cells in vitro and in a murine model.

Circulation 1995, 91 : 755-763

MORLEY P, WHITFIELD JF, VANDERHYDEN BC, TSANG BK, SCHWARTZ JL. A new, non-
genomic estrogen action : the rapid release of intracellular calcium. Endocrinology 1992, 131 :
1305-1312

MORTIMER B-C, BEVERIDGE DJ, MARTINS IJ, REDGRAVE TG. Intracellular localization and
metabolism of chylomicron remnants in the livers of low density lipoprotein receptor-deficient
mice and apoE-deficient mice. ] Biol Chem 1995, 270 : 28767-28776

MUGGE A, RIEDEL M, BARTON M, KUHN M, LICHTLEN PR. Endothelium independent relax-
ation of human coronary arteries by 17 beta-estradiol in vitro. Cardiovasc Res 1993, 27 : 1939-
1942

NEGRE-SALVAYRE A, PIERAGGI MT, MABILE L, SALVAYRE R. Protective effect of 17 B-es-
tradiol against the cytotoxicity of minimally oxidized LDL to cultured bovine aortic endothe-
lial cells. Atherosclerosis 1993, 99 : 207-217

NEVALA R, PAAKKARI I, TARKKILA L, VAPAATALO H. The effects of male gender and
female sex hormone deficiency on the vascular responses of the rat in witro. J Physiol Pharmacol

1996, 47 : 425-432

NILSEN LB. Transfer of low density lipoprotein into the arterial wall and risk of atherosclerosis.
Atherosclerosis 1996, 123 : 1-15

PAREDES-CARBAJAL MC, JUAREZ-OROPEZA MA, ORTIZ-MENDOZA CM, MASCHER D.
Effects of acute and chronic estrogenic treatment on vasomotor responses of aortic rings from
ovariectomized rat. Life Sci 1995, 57 : 473-486

PERROT-APPLANAT M. Estrogen receptors in the cardiovascular system. Steroids 1996, 61 :
212-215

PERROT-APPLANAT M. Stéroides ovariens et systéme vasculaire : rdle dans la prolifration vas-
culaire et implication en pathologie veineuse. Mdecine Sciences 1997, 13 : 830-837

PERROT-APPLANAT M, GROYER PICARD MT, GARCIA E, LORENZO F, MILGROM E. Immu-
nocytochemical demonstration of estrogen and progesterone receptors in muscle cells of
uterine arteries in rabbits and humans. Endocrinology 1988, 123 : 1511-1519

PERROT-APPLANAT M, GUIOCHON-MANTEL A, MILGROM E. Immunolocalization of steroid
hormone receptors in normal and tumour cells : mechanisms of their cellular traffic. Cancer

Surv 1992a, 14 : 5-30

105

ANALYSIS



Hormone replacement therapy. Influence on cardiovascular risk

106

PERROT-APPLANAT M, LESCOP P, MILGROM E. The cytoskeleton and the cellular traffic of
the progesterone receptor. J Cell Biol 1992b, 119 : 337-348

PERROT-APPLANAT M, DENG M, FERNANDEZ H, LELAIDIER C et al. Immunchistochemical
localization of estradiol and progesterone receptors in human uterus throughout pregnancy :
expression in endometrial blood vessels. J Clin Endocrinol Metab 1994, 78 : 216-224

PERROT-APPLANAT M, COHEN SOLAL K, MILGROM E, FINET M. Progesterone receptor
expression in human saphenous veins. Circulation 1995, 92 : 2975-2983

PLOUET ], BAYARD F. Regulations of vasculatropin/vascular endothelial growth factor biovail-
ability. Horm Res 1994, 42 : 14-19

PLUMP AS, SMITH JD, HAYEK T, AALTO-SETL K et al. Severe hypercholesterolemia and
atherosclerosis in apolipoprotein E-deficient mice created by homologous recombination in ES

cells. Cell 1992, 71 : 343-353

POIROT M, CHAILLEUX C, MESANGE F, BAYARD F, FAYE JC. Characterization of the mem-
branous antiestrogen binding protein: I1. Purification to homogeneity. ] Recept Res 1994, 14 :

37-46

RAVI J, MANTZOROS CS, PRABHU AS, RAM JL, SOWERS JR. In witro relaxation of phenyle-
phrine- and angiotensin [I-contracted aortic rings by B-estradiol. Am J Hypertens 1994, 7 :
1065-1069

REIS SE, GLOTH ST, BLUMENTHAL RS, RESAR JR et al. Ethinyl estradiol acutely attenuates
abnormal coronary vasomotor responses to acetylcholine in postmenopausal women. Circula-

tion 1994, 89 : 52-60

REIS SE, GLOTH ST, BLUMENTHAL RS, RESAR JR et al. Ethinyl estradiol acutely attenuates
abnormal coronary vasomotor responses to acetylcholine in post-menopausal women. Circula-
tion 1994, 89 : 52-60

RODRIGUEZ ], GARCIA DE BOTO M], HIDALGO A. Mechanisms involved in the relaxant
effect of estrogens on rat aorta strips. Life Sci 1996, 58 : 607-615

RUSSELL JC, AMY RM, GRAHAM S, WENZEL LM, DOLPHIN PJ. Effect of castration on hyper-
lipidemic, insulin resistant JCR:LA-corpulent rats. Atherosclerosis 1993, 100 : 113-122

RYAN US. Active functions of the endothelium. In : Cardiovascular Diseases. Ed by MD Gins-
berg and WD Dietrich, pp 1-11, Raven Press, New York, 1989

SALASE, LOPEZ MG, VILLARROYA M, SANCHEZ-GARCIA P et al. Endothelium-independent
relaxation by 17-alpha-estradiol of pig coronary arteries. Eur ] Pharmacol 1994, 258 : 47-55

SAVOURET JF, PERROT-APPLANAT M, LESCOP P, GUIOCHON-MANTEL A et al. Mecha-
nisms controlling the cellular traffic and the concentration of the progesterone receptor. Ann
NY Acad Sci 1993, 684 : 11-18

SAXENA U, FERGUSON E, BISGAIER CL. Apolipoprotein E modulates low density lipoprotein
retention by lipoprotein lipase anchored to the subendothelial matrix. J Biol Chem 1993, 268 :
14812-14819

SCHNAPER HW, MCGOWAN KA, KIMSCHULZE S, CID MC. Estrogen and endothelial cell
angiogenic activity. Clin Exp Pharmacol Physiol 1996, 23 : 247-250

SCHWARTZ SM, DEBLOIS D, O'BRIEN ERM. The intima : soil for atherosclerosis and resteno-
sis. Circ Res 1995, 77 : 445-465

SCHWARTZ Z, GATES PA, NASATZKY E, SYLVIA VL et al. Effect of 17 B-estradiol on
chondrocyte membrane fluidity and phospholipid metabolism is membrane-specific, sex-specif-
ic, and cell maturation-dependent. Biochim Biophys Acta - Biomembranes 1996, 1282 : 1-10

SHAN J, RESNICK LM, LIIU QY, WU XC et al. Vascular effects of 17 B-estradiol in male
Sprague-Dawley rats. Heart Circ. Physiol 1994, 35 : H967-H973



Estrogens and the arterial wall

SRIVASTAVA RA, BAUMANN D, SCHONFELD G. In vivo regulation of low-density lipoprotein
receptors by estrogen differs at the post-transcriptional level in rat and mouse [published erra-
tum appears in Eur ] Biochem 1994, 219 : 1087]. Eur J Biochem 1993, 216 : 527-538

SUBBIAH MT, KESSEL B, AGRAWAL M, RAJAN R et al. Antioxidant potential of specific
estrogens on lipid peroxidation. J Clin Endocrinol Metab 1993, 77 : 1095-1097

SUDHIR K, CHOU T™M, MULLEN WL, HAUSMANN D et al. Mechanisms of estrogen-induced
vasodilation : in vivo studies in canine coronary conductance and resistance arteries. ] Am Coll

Cardiol 1995, 26 : 807-814

SULISTIYANI, ADELMAN S], CHANDRASEKARAN A, JAYO ] ST, CLAIR RW. Effect of 17
alpha-dihydroequilin sulfate, a conjugated equine estrogen, and ethynylestradiol on atheroscle-
rosis in cholesterol-fed rabbits. Arterioscler Thromb Vasc Biol 1995, 15 : 837-846

SUZUKI A, MIZUNO K, INO Y, OKADA M et al. Effects of 17 B-estradiol and progesterone on
growth-factor-induced proliferation and migration in human female aortic smooth muscle cells
in vitro. Cardiovasc Res 1996, 32 : 516-523

TADDEI S, VIRDIS A, GHIADONI L, MATTEI P et al. Menopause is associated with endothelial
dysfunction in women. Hypertension 1996, 28 : 576-582

TANG M, ABPLANALP W, AYRES S, SUBBIAH MT. Superior and distinct antioxidant effects
of selected estrogen metabolites on lipid peroxidation. Metabol Clin Exp 1996, 45 : 411-414

TANIGUCHI S, YANASE T, KOBAYASHI K, TAKAYANAGI R et al. Catechol estrogens are
more potent antioxidants than estrogens for the Cu(2+)-catalyzed oxidation of low or high

density lipoprotein : antioxidative effects of steroids on lipoproteins. Endocr J 1994, 41 : 605-
611

THAMPAN TN, CLARK JH. An oestrogen receptor activator protein in rat uterine cytosol.
Nature 1981, 290 : 152-154

THOMAS G, ITOK, ZIKIC E, BHATTI T et al. Specific inhibition of the contraction of the rat
aorta by estradiol 17 beta. J Pharmacol Exp Ther 1995, 273 : 1544-1550

THOMPSON LP, WEINER CP. Long-term estradiol replacement decreases contractility of
guinea pig coronary arteries to the thromboxane mimetic U46619. Circulation 1997, 95 : 709-
714

TOULAS C, BARRAILLE P, DELASSUS F, BAYARD F et al. Differential initiation of translation
of a single estrogen receptor mRNA could explain some estradiol resistance cases. Horm Res
1992, 38 : 73-77

VAN REE JH, VAN DEN BROEK WJAA, DAHLMANS VEH, GROOT PHE et al. Diet-induced
hypercholesterolemia and atherosclerosis in heterozygous apolipoprotein E-deficient mice.
Atherosclerosis 1994, 111 : 25-37

VARGAS R, HEWES B, REGO A, FARHAT MY et al. Estradiol effect on rate of proliferation of
rat carotid segments: effect of gender and tamoxifen. ] Cardiovasc Pharmacol 1996, 27 : 495-
499

VARGAS R, WROBLEWSKA B, REGO A, HATCH J, RAMWELL PW. Qestradiol inhibits smooth
muscle cell proliferation of pig coronary artery. Br J Pharmacol 1993, 109 : 612-617

VENKOV CD, RANKIN AB, VAUGHAN DE. Identification of authentic estrogen receptor in
cultured endothelial cells - a potential mechanism for steroid hormone regulation of endothe-
lial function. Circulation 1996, 94 : 727-733

WAGNER JD, CLARKSON TB, ST CLAIR RW, SCHWENKE DC et al. Estrogen and progesterone
replacement therapy reduces low density lipoprotein accumulation in the coronary arteries of
surgically postmenopausal cynomolgus monkeys. J Clin Invest 1991, 88 : 1995-2002

WAGNER JD, ST CLAIR RW, SCHWENKE DC, SHIVELY CA et al. Regional differences in ar-
terial low density lipoprotein metabolism in surgically postmenopausal cynomolgus monkeys.

107

ANALYSIS



Hormone replacement therapy. Influence on cardiovascular risk

108

Effects of estrogen and progesterone replacement therapy. Arterioscler Thromb 1992, 12 : 717-
726

WELLMAN GC, BONEV AD, NELSON MT, BRAYDEN JE. Gender differences in coronary artery
diameter involve estrogen, nitric oxide, and Ca(2+)-dependent K+ channels. Circ Res 1996a,
79 : 1024-1030

WELLMAN GC, BRAYDEN JE, NELSON MT. A proposed mechanism for the cardioprotective
effect of oestrogen in women - enhanced endothelial nitric oxide release decreases coronary
artery reactivity. Clin Exp Pharmacol Physiol 1996b, 23 : 260-266

WELLS KE, MIGUEL R, ALEXANDER J]. Sex hormones affect the calcium signaling response of
human arterial cells to LDL. J Surg Res 1996, 63 : 64-72

WHITE RE, DARKOW DJ, LANG ]JL. Estrogen relaxes coronary arteries by opening BKCa chan-
nels through a ¢<GMP-dependent mechanism. Circ Res 1995, 77 : 936-942

WILCOX JC, HATCH IE, GENTZSCHEIN E, STANCZYK FZ, LOBO RA. Endothelin levels
decrease after oral and nonoral estrogen in postmenopausal women with increased cardiovas-
cular risk factors. Fertil Steril 1997, 67 : 273-277

WILLIAMS JK, HONORE EK, WASHBURN SA, CLARKSON TB. Effects of hormone replacement
therapy on reactivity of atherosclerotic coronary arteries in Cynomolgus monkeys. ] Am Coll

Cardiol 1994, 24 : 1757-1761

WILLIAMS JK, ANTHONY MS, HONORE EK, HERRINGTON DM et al. Regression of athero-
sclerosis in female monkeys. Arterioscler Thromb Vasc Biol 1995, 15 : 827-836

YANAGISAWA M, KURIHARA H, KIMURA S, TOMOBE M et al. A novel potent vasoconstric-
tor peptide produced by vascular endothelial cells. Nature 1988, 332 : 411-415

YANG NN, VENUGOPALAN M, HARDIKAR S, GLASEBROOK A. Identification of an estrogen
response element activated by metabolites of 17 B-estradiol and raloxifene. Science 1996, 273 :
1222-1225

ZHANG SH, REDDICK RL, PIEDRAHITA JA, MAEDA N. Spontaneous hypercholesterolemia
and arterial lesions in mice lacking apolipoprotein E. Science 1992, 258 : 468-471

ZSIGMOND E, NAKANISHI MK, GHISELLI FE, CHAN L. Transgenic mouse model for estrogen-
regulated lipoprotein metabolism : studies on apoVLDL-II expression in transgenic mice.
J Lipid Res 1995, 36 : 1453-1462

ZUCKERMAN SH, BRYAN-POOLE N. Estrogen-induced alterations in lipoprotein metabolism
in autoimmune MRL/lpr mice. Arterioscler Thromb Vasc Biol 1995, 15 : 1556-1562





