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Summary, Discussion & Perspectives 

Summary
A protective function of E2 in vascular health has been established [1-3]. Clinical and 

xperimental studies, however, have demonstrated that estrogens are not a magic bullet, but 

ave both beneficial and detrimental effects on different organ systems. Therefore, more 

sight into the mechanistic actions of estrogens and the respective role of ER  and ER  in 

dividual cell types is required. To address some of these issues, we set out to modulate ER

nd ER  signaling tissue-specifically.  

epatic E2 signaling

Elevated plasma lipid levels are strongly associated with an increased likelihood to 

evelop atherosclerosis. Studies in both humans and animal models indicate that long–term E2

eatment reduces hyperlipidemia. Post-menopausal hormone replacement therapy (HRT) 

hanges the lipid profile in a potentially anti-atherogenic direction by reducing LDL-

holesterol and triglyceride levels and increasing HDL-cholesterol levels [4]. Mouse models 

 which E2 signaling is disrupted, e.g. ovariectomy, ArKO and ER -/- mice, develop 

ypercholesterolemia upon aging [5-7].  

The liver plays a pivotal role in lipid homeostasis. We hypothesized that the effects of 

2 on lipid metabolism are predominantly regulated by hepatic ER . ER mediated signaling is 

nown to be complex and controlled via tightly regulated pathways. Therefore, to assess the 

ecific role of hepatic ER  mediated action, subtle modulation is required. In chapter 2 we

pproached this by making use of RNA interference (RNAi). Thus far a relatively limited 

umber of studies have described the successful application of RNAi technology in vivo. We 

btained efficient intracellular delivery of short hairpin (sh)RNA’s that were targeted against 

ouse ER  (shER ) specifically in liver of adult mice by utilizing Ad vectors. E2 mediated 

epatic ER  activity was reduced 60% by Ad.shER  for at least five days. This was 

emonstrated by an in vivo reporter mouse model that expresses luciferase driven by a 

romotor that contains estrogen response elements. Binding of the liganded ER  thus results 

 luciferase expression that can be detected in vivo using an ultra-sensitive CCD camera. 

hus, Ad vectors were demonstrated to be an effective strategy to deliver shRNA molecules 

 the liver of mice to reduce gene expression. Subsequently, Ad.shER  vectors were applied 

 further investigate the function of hepatic ER .

The role of hepatic ER  in lipid metabolism was explored in APOE3-Leiden female 

ice by applying Ad.shER  (chapter 3). While hepatic ER  RNA and protein levels were 
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Chapter 9 

reduced by 60%, hepatic and serum TG and Chol levels, as well as the VLDL-TG production 

rate we

E2 has also been implicated in the regulation of glucose homeostasis and insulin 

, the risk factors hyperlipidemia and insulin resistance both increase 

post-m

y in an insulin resistant mice model, six hours after 

E2 trea

re not affected. In contrast, expression of some lipid related genes, like Cyp7a, PPAR

and SHP gene were changed. Apparently, the changes in the expression of these lipid related 

genes is compensated for by alternative transcriptional or post-transcriptional mechanisms 

and does not affect plasma lipid levels. Thus, since reduced hepatic ER  levels did not result 

in a clear lipid phenotype, our data imply that hepatic ER  is not a limiting factor in hepatic 

lipid metabolism.  

sensitivity. Interestingly

enopausally. HRT has been associated with a reduction in the incidence of diabetes 

[8,9]. Insulin sensitivity was improved by several weeks of E2 treatment in mice deficient for 

E  [10]. However, the beneficial effects on insulin sensitivity obtained by long-term E2 2

treatment could very well be an indirect consequence of the E2 induced changes in for 

example adipose tissue. To gain insight in the direct and liver-specific effects of E2, we 

determined the acute effects of E2 on insulin sensitivity. In chapter 4, we performed a 

hyperinsulinemic/euglycemic clamp stud

tment. In this short time span, hepatic glucose production was improved, while as 

expected total bodyweight and hepatic lipid content, known contributors of hepatic insulin 

sensitivity, were unchanged. Apparently, E2 influences glucose homeostasis directly, resulting 

in an improvement of hepatic insulin sensitivity. Since ER  mediated transcription is mainly 

induced in liver and transcription levels of genes involved in hepatic glucose production were 

repressed six hours after E  treatment, we assume that hepatic E2 2 signaling is responsible for 

these effects. Thus, our data imply a relatively major role for E2 in regulating hepatic glucose 

production.

E2 signaling in the vasculature

Beyond the effects on metabolic parameters that could account for the beneficial effect 

of E  on vascular diseases, several observations suggest a direct effect of E2 2 on the vessel 

wall. To obtain a better insight in the direct effects of E2 on the vessel wall and the relative 

importance of ER  and ER , we set out to achieve local and time-controlled modulation of 

ER signaling within the vascular tissue. 
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Vascular gene transfer 
Studying of the ER subtype specific signaling in vascular cells is challenging. Firstly, 

in culture most vascular cells lose their ERs. Secondly, gene transfer to introduce exogenous 

ERs is cumbersome. Vascular cells are notoriously resistant to both non-viral as well as viral 

gene transfer. In chapter 5, the transduction efficiency of vascular cells in vitro has been 

improved by targeting Ad vectors using a linker protein. This linker construct consisted of the 

extra cellular domain of the coxsackie virus Ad receptor (CAR) genetically fused to avidin. 

Via its avidin m

e

Ad

rgeting

scular

iant)

the 

 enhanced gene transfer. Thus, in principle enhancement of 

vascular gene transfer should be achievable (chapter 5). However unknown parameters have 

e of ER , we repressed ER  in endothelial cell lines 

y lentiviral mediated expression of shER . A significant reduction of ER  mRNA levels 

(60%) with an equivalent reduction in its activity was observed in the sub-cloned cell lines 

oiety, a biotinylated cyclic RGD peptide was bound. This resulted in a 

targeting construct that binds to the Ad vector with one side and to v 3/5 integrins with th

other side. This targeting strategy is relatively fast and does not require rederivation of the 

vectors (as is required for genetically retargeted Ad). The redirection of Ad specificity from

cellular CAR to integrins resulted in a significantly enhanced gene transfer to both 

transformed as well as primary vascular cells in vitro (chapter 5). Thus, our reta

strategy renders Ad vectors exquisitely applicable for the analysis of gene function in va

cells in vitro.

Next, an extensive effort was made to apply the cRGD-equipped Ad vectors in vivo

(chapter 6). Normally, after systemic application, Ad5 (the most commonly used Ad var

vectors sequesters in the liver, hampering delivery to alternative target tissues. By using 

previously described targeting construct we were able to overcome this barrier, as de-targeting 

of the liver was consistently found. However, gene delivery to normal and injured carotid 

arteries was never observed after systemic administration of targeted Ad vectors. This is

likely due to rapid clearance of Ad from the bloodstream and the anatomical position of the

carotid artery. However, local incubation of cRGD-Ad in both normal and injured carotid 

artery also did not resulted in

thus far prevented in vivo vascular gene transfer.

Role ER in the vascular wall 
An important role in the anti-atherogenic effect of E2 seems to be fulfilled by the 

endothelium [11]. In chapter 7, we demonstrated the repressive effect of E2 on cytokine-

mediated induction of adhesion molecules like E-selectin and ICAM-1 in two independent 

vascular cell lines. To determine the rol

b
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that contain near 100% transduced cells. Using these cell lines, we demonstrated that the level 

of ER

 Our results demonstrate distinct, and partly opposite responses of ER  and 

ER  on

s that counterbalance the ER deficiency 

ight be induced. With the development of conditional knock-out technology, these problems 

er, this technology requires considerable effort and time. As an 

alterna

 does not limit the repressive effect of E2 on expression of adhesion molecules.  

In vivo, both ER  and ER  are expressed in the vessel wall. It has been demonstrated 

that although ER  and ER  share homologous domains, they can exert distinct and 

sometimes opposite biological action. Therefore, we postulated that the biological effects of

E2 on vascular remodelling are the result of the expression levels and balance between ER

and ER  levels in vascular tissue. In chapter 8, we addressed the role of both endogenously 

expressed ERs in vivo on neointima formation by drug-releasing non-constrictive polymeric 

cuffs. Using these devices, a restenosis-like lesion is induced and ER subtype specific 

agonists are released. Interestingly, local release of the dual agonist, E2 and the ER  selective 

ligand, DPN both significantly reduced neointima formation. On the other hand, inhibition of 

intimal hyperplasia when solely ER  was activated was only observed after release of low 

concentrations.

 neointima formation. In contrast to the ER  and ER  knockout studies, which 

propose that ER  is the receptor responsible for the anti-restenotic and anti-atherosclerotic 

effects of E2 [12-15], our data provide evidence for an important, thus far unnoticed role of 

vascular ER  in the prevention of restenosis.

Discussion & Perspectives  
ER mediated cellular processes are very complex. To unravel the role of either ER  or 

ER , whole body ER deficient mice have been generated. However, information obtained 

from whole body ER deficient mice needs to be interpreted with caution. The complex 

phenotype of knock-out mice could obscure the role of ER at later stages of development or in 

specific tissues. In addition, back-up mechanism

m

can be addressed [16]. Howev

tive method for inhibiting target gene expression, we have generated shER  constructs 

that are described in this thesis. These shER  constructs can be applied at a specific time 

point during development. By using a suitable vector, tissue specificity can be achieved. 

However, for all RNAi based approaches, the percentage and type of cells that can be 

transduced with a specific vector and the knock-down efficiency are variables that need to be 

taken into account when interpreting the results. In this respect, adenovirus vectors are highly 
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suitable for both dividing and non-dividing cells and in general are capable of inducing high 

levels of transgene expression. 

The vessel wall seems to be an important target tissue for E2. However, low efficiency

of available gene-transfer systems, limits the applicability to dissect the role o

vascular cells. Generally, viral vectors are more successful as compared to non-viral vector

in transducing vascular cells. In Chapter 5, it has been demonstrated that by re-targeting A

vectors to integrins, gene transfer to primary vascular cells could be enhanced considerably

However, although, efficient gene transfer was accomplished in primary VSMC and ECs

gene transfer was not enhanced in the vessel wall in vivo. Even after local incubatio

injured artery, enhanced gene transfer was not observed (chapter 6). It is possible that the

physical size of the targeted Ad vector, in combination with the dynamics of integrin

expression in injured vessels is incompatible with the incubation time of Ad (10 minutes

vascular cells in vivo, thus far has resulted in very few successful applications. Therefore, we 

believe that essential knowledge regarding the fate and mechanism involved in the uptake of

Ad in tissues other than liver in vivo is missing. This hampers the construction of an efficie

specific and non-toxic delivery device. Thus, basal research on Ad vectors should continue. 

f ERs in 

s

d

.

,

n in an 

). 

However, it should also be noted that approaches to enhance Ad mediated gene transfer to 

nt,

The understanding of E2 action is incomplete and much remains to be discovered with 

hanges in E  concentrations and ER levels in development 

and aging. Thus far, the effect of different ER  levels on metabolic parameters and in 

vascular tissue is unknown. In this thesis, the role of ER  levels has been addressed by use of 

respect to the effects of the large c 2

a shER  construct (chapter 2). This shER  construct allowed studying the response of E  in 

specific target tissues in the presence of altered ER levels. It revealed that hepatic ER  levels 

are not rate-limiting in determining plasma and liver lipid parameters (chapter 3) and that 

vascular ER  levels do not limit the repressive effect of E  on adhesion molecule expression 

(chapter 7). In human vascular tissues, it has been reported that the expression of ER changes 

with pathological conditions such as atherosclerosis [17,18]. Although ER knock-out mouse 

models have shown that ER deficiency leads to abnormal vascular function [19], it is not 

known whether reduced ER  levels cause a predisposition towards vascular dysfunction. The 

results obtained from our in vitro experiments, imply that reduced ER  levels are not a 

causative factor. However, more research is required to verify this hypothesis. As a follow-up 

2

2
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study, it would be interesting to screen for genes whose expression levels are more 

susceptible to ER  quantities. These genes can be identified by performing micro-array 

nalysis using the shER  expressing endothelial cell lines. Furthermore, the effect of reduced 

ER  le

2 e

moment, techniques to apply drugs or RNAi locally are available. In rat models it has been 

shown that RNAi can be applied 

2

a

vels on expression of adhesion molecules and its effect on the development of the 

atherosclerotic process remain to be addressed in an in vivo model. 

Our observation that lipid parameters were not changed upon shER  treatment, is in 

line with the fact that the changes with respect to lipid metabolism have not been reported in 

ER  heterozygous knockout mice. In homozygous ER  knockout mice the effects are only 

apparent under stressed conditions and/or upon aging [5,7]. Our data imply that the absence of 

a lipid phenotype in young mice is not due to compensatory changes, like for instance up-

regulation of ER  as a result of the ER  deletion, but truly indicate that hepatic ER  levels 

are not limiting. In addition, changes in lipid parameters induced by systemic E2

administration or after ovariectomy are only apparent after a time lag of at least two weeks 

(personal communication, d’Olivera, Hoekstra). Therefore, it seems likely that the changed 

plasma lipid levels induced by prolonged E2 administration are initiated by a cascade of 

events, in which non-hepatic tissues, like brain and adipose tissue play an important role. To 

address these issues, E  signaling should be modulated in a tissue specific manner. At th

into certain regions of the brain [20]. In adipose tissue, E2

signalling could be modulated by transplantation of fat from either ER -/- or ER -/- mice.  

The observed changes in lipid metabolism induced by long-term modulation of E

signaling could also be an indirect consequence of the short-term and perhaps prolonged 

changes in hepatic insulin sensitivity (chapter 4). The dissection of these cause and effect 

relations would require a substantial effort. As an initial study, the hepatic glucose pathway 

that is targeted by E2 should be mapped using both transcriptomic (gene expression levels) as 

well as proteomic approaches (protein levels and modifications). By blocking parts of 

pathways that are thus revealed, the effect of prolonged E2 administration on hepatic glucose 

production and subsequent changes in lipid parameters could be assessed.   

The doses of E2 that have been applied in reported experimental as well as in clinical 

studies are highly variable. However, the effect of these different E2 levels in vascular tissue 

is unclear. In chapter 8, different concentrations of ER subtype selective ligands were 
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released to locally activate either ER  or ER . These data revealed that both a low and high 

dose of the dual agonist E2 and the ER  selective agonist, DPN, inhibited neointima 

proliferation (chapter 8). Thus for these two ligands, a dose-dependent effect was not 

observed. However, an inverse dose-dependent effect was observed when the ER  specific 

agonist, PPT was applied. PPT significantly inhibited neointima proliferation at low dose but 

ot at high dose. Inverse dose-dependent effects could be explained by a dose-dependent shift 

in ER

ibited neointima 

proliferation. When the drug release profiles are taken into account, both E2 and DPN are only 

release

n

:ER  activity. This seems unlikely, since a dose dependent effect was only observed 

with the ER  specific agonist, PPT and not with the dual agonist E2. An alternative exlanation 

for the inverse dose-dependent effect of PPT could be PPT mediated down-regulation of ER

expression. A high dose of PPT would result in very low ER  expression levels and thus a 

decrease in ER -mediated effects.  

The dose-dependent effects of PPT can also be explained by ER subtype specific 

biological effects. ER  might play an important role in the balance between pro- and anti-

restenotic pathways. At low ER  activity, the anti-restenotic effects could be dominant, but 

also maximally induced. Increasing ER  activity by applying a high dose of PPT will then 

only enhance pro-restenotic effects and not the anti-restenotic effects.  

It is obvious that there is a complex interplay between pathways induced by either ER 

subtype. Most likely, the interplay between the ER induced pathways in the vasculature is 

also affected by devevelopmental stage, aging and pathology such as restenosis and 

atherosclerosis. In conclusion, this study indicates that the dosing of ER ligands may be 

critical in determining the magnitude and direction of the biological effects.

The results obtained from chapter 7 & 8 imply that E2 prevents atherosclerosis by 

interfering either prior to injury or very early post-injury. In chapter 7 we observed that pre-

treatment with E2 significantly reduces the cytokine-induced expression of the endothelial 

adhesion molecules E-selectin and ICAM-1. Suggesting that due to E2, the endothelial cells 

are less responsive to inflammatory signals. Opposite results have also been published 

[21,22]. However, in those studies, E2 was added simultaneously with the cytokine instead of 

before treatment. In chapter 8, E  and DPN both significantly inh2

d in the first week. In addition, the half-life of both compounds is less than a day 

[23,24]. Thus, from these studies it seems likely that the anti-inflammatory and anti-restenotic 

effects are exerted pre-injury. Our data do confirm earlier studies in primates, rats and rabbits, 
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which have demonstrated that the protective effects of E  are only apparent if E2 2 was 

administered prior to the development of atherosclerosis and not when arterial damage was 

present prior to hormone treatment [25-29]. For future study, it would be interesting to 

address this point in more detail. Because of the applicability of local drug treatment, our 

mouse model would offer the opportunity to perform such a time range. In addition to 

releasing ER subtype specific ligands simultaneously with the induction of restenosis 

(chapter 8), restenosis can first be induced by applying an empty cuff, which is then followed 

by a drug-releasing cuff. To address the local and time dependent effect of E2 on 

atherosclerosis, these cuffs should be used in an atherosclerotic mice model, such as ApoE

and ApoE3Leiden mice. 

-/-

Clinical perspectives 

2

clinical manifestation. 

Therefo

f for example a 

enetic predisposition to hyperlipidemia, drug therapy becomes the primary approach. 

Although caution should be taken when extrapolating results obtained by in vitro, ex 

vivo or animal models to humans, findings obtained by numerous experimental studies clearly 

indicate the importance of E  status on vascular endothelial function.
Atherosclerosis is multi-factorial by nature, caused by a wide variety of genetic as well 

as environmental factors, and develops decades earlier than its 

re, drug therapy alone to treat the atherosclerotic vessel wall is not likely to be 

sufficient. Management of risk factors, like obesity, hyperlipidimea, hypertension and insulin 

resistance should be the primary approach to decrease the development of atherosclerosis. 

This can be achieved by lifestyle modifications (ie, weight control, change in diet, regular 

exercise and smoking cessation). Whenever this is not feasible, because o

g

E2 has been suggested as a possible drug to prevent vascular diseases by reducing 

metabolic risk factors. However, from the clinic there is a justifiable question; should 

hormone therapy be continued beyond management of menopausal symptoms? With the 

current knowledge the answer is no, because the beneficial effects do not outweigh the 

adverse side effects. Side effects however could be minimized by local treatment. In this 

thesis we tested whether changes in lipid and glucose metabolism are induced by a direct 

effect of E2 on liver. This seems to be true for regulation of glucose- but not for lipid 

metabolism (chapter 3 & 4). In agreement with the fact that the effect on lipid metabolism 

takes a significant time to develop, it suggests an indirect effect of E2 on lipid metabolism. 

Therefore, it seems unlikely that E2 will become serious competition for the commonly 

available and effective lipid-lowering drugs. Alternatively, the beneficial effect of E  on 2
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hepatic insulin sensitivity obtained within six hours after treatment is interesting and deserves 

further study. Moreover, the simultaneously induced peripheral insulin resistance implies the 

importance of tissue specific modulation.  

Locally in the vessel wall, our data indicate that E2 and ER subtype specific ligands 

form an attractive drug to prevent in-stent restenosis after PTCA. In the clinic, introduction of 

drug eluting stents has led to a tremendous reduction of in-stent restenosis. E2 has been shown 

to prevent restenosis (chapter 8) and in comparison to alternative drugs which solely reduce 

VSMC proliferation, E2 has also been shown to promote re-endothelialization [30]. However, 

we have not addressed this issue in our model and this requires further study. For the 

improv ent of therapeuty, a thorough understanding of the effects of E2 and the interplay 

 in the vasculature is required. By use of ER subtype specific ligands, 

we hav ts

f the restenotic process 

as wel

, 74:

em

between ER  and ER

e demonstrated that both ER  and ER  are involved in the vascular protective effec

of E2. A future challenge will be to determine to what degree the ER  versus ER  are 

involved during the different stages of injury during the development o

l as during the development of atherosclerosis. Thus, selective pharmacological 

targeting of ER subtypes may represent a novel and promising approach in the treatment of 

in-stent restenosis. 

References 
 1.  Mendelsohn ME, Karas RH: The protective effects of estrogen on the cardiovascular 

system. N Engl J Med 1999, 340: 1801-1811. 

 2.  Stevenson JC: Cardiovascular effects of oestrogens. J Steroid Biochem Mol Biol 2000
387-393. 

 3.  Waters DD, Alderman EL, Hsia J, Howard BV, Cobb FR, Rogers WJ, Ouyang P, Thompson 
P, Tardif JC, Higginson L, Bittner V, Steffes M, Gordon DJ, Proschan M, Younes N, Verter 
JI: Effects of hormone replacement therapy and antioxidant vitamin supplements on 
coronary atherosclerosis in postmenopausal women: a randomized controlled trial.
JAMA 2002, 288: 2432-2440. 

 4.  Erberich LC, Alcantara VM, Picheth G, Scartezini M: Hormone replacement therapy in 
postmenopausal women and its effects on plasma lipid levels. Clin Chem Lab Med 2002, 
40: 446-451. 

 5.  Heine PA, Taylor JA, Iwamoto GA, Lubahn DB, Cooke PS: Increased adipose tissue in 
male and female estrogen receptor-alpha knockout mice. Proc Natl Acad Sci U S A 2000, 
97: 12729-12734. 

175



Chapter 9 

 6.  Jones ME, Thorburn AW, Britt KL, Hewitt KN, Misso ML, Wreford NG, Proietto J, Oz OK, 
Leury BJ, Robertson KM, Yao S, Simpson ER: Aromatase-deficient (ArKO) mice 
accumulate excess adipose tissue. J Steroid Biochem Mol Biol 2001, 79: 3-9. 

 7.  Ohlsson C, Hellberg N, Parini P, Vidal O, Bohlooly M, Rudling M, Lindberg MK, Warner M, 
Angelin B, Gustafsson JA: Obesity and disturbed lipoprotein profile in estrogen receptor-

 11.  Holm P, Andersen HL, Andersen MR, Erhardtsen E, Stender S: The direct antiatherogenic 

. J Clin Invest 2001, 107: 333-340. 

 13.  aras RH, Hodgin JB, Kwoun M, Krege JH, Aronovitz M, Mackey W, Gustafsson JA, 
E: Estrogen inhibits the vascular injury response in 

 receptor beta-deficient female mice. Proc Natl Acad Sci U S A 1999, 96: 15133-

 14.  Karas RH, Schulten H, Pare G, Aronovitz MJ, Ohlsson C, Gustafsson JA, Mendelsohn ME: 

nockout mice. Circ Res 2001, 89: 534-539. 

1

 16.  s in mice: an update. Experientia 1995, 51: 1028-1039. 

1

lation 1994, 89: 1501-1510. 

1

n vascular smooth muscle cell proliferation by estrogens. Mol Cell 
Endocrinol 2004, 219: 17-26. 

alpha-deficient male mice. Biochem Biophys Res Commun 2000, 278: 640-645. 

 8.  Borissova AM, Tankova T, Kamenova P, Dakovska L, Kovacheva R, Kirilov G, Genov N, 
Milcheva B, Koev D: Effect of hormone replacement therapy on insulin secretion and 
insulin sensitivity in postmenopausal diabetic women. Gynecol Endocrinol 2002, 16: 67-
74.

 9.  Roussel AM, Bureau I, Favier M, Polansky MM, Bryden NA, Anderson RA: Beneficial 
effects of hormonal replacement therapy on chromium status and glucose and lipid 
metabolism in postmenopausal women. Maturitas 2002, 42: 63-69. 

 10.  Takeda K, Toda K, Saibara T, Nakagawa M, Saika K, Onishi T, Sugiura T, Shizuta Y: 
Progressive development of insulin resistance phenotype in male mice with complete 
aromatase (CYP19) deficiency. J Endocrinol 2003, 176: 237-246. 

effect of estrogen is present, absent, or reversed, depending on the state of the arterial 
endothelium. A time course study in cholesterol-clamped rabbits. Circulation 1999, 100:
1727-1733. 

 12.  Hodgin JB, Krege JH, Reddick RL, Korach KS, Smithies O, Maeda N: Estrogen receptor 
alpha is a major mediator of 17beta-estradiol's atheroprotective effects on lesion size in 
Apoe-/- mice

K
Korach KS, Smithies O, Mendelsohn M
estrogen
15136. 

Effects of estrogen on the vascular injury response in estrogen receptor alpha, beta 
(double) k

 5.  Pare G, Krust A, Karas RH, Dupont S, Aronovitz M, Chambon P, Mendelsohn ME: Estrogen
receptor-alpha mediates the protective effects of estrogen against vascular injury. Circ
Res 2002, 90: 1087-1092. 

Shastry BS: Genetic knockout

 7.  Losordo DW, Kearney M, Kim EA, Jekanowski J, Isner JM: Variable expression of the 
estrogen receptor in normal and atherosclerotic coronary arteries of premenopausal 
women. Circu

 8.  Nakamura Y, Suzuki T, Miki Y, Tazawa C, Senzaki K, Moriya T, Saito H, Ishibashi T, 
Takahashi S, Yamada S, Sasano H: Estrogen receptors in atherosclerotic human aorta: 
inhibition of huma

176



Summary, Discussion & Perspectives 

 9.  Zhu Y, Bian Z, Lu P, Karas RH, Bao L, Cox D, Hodgin J, Shaul PW, Thoren P, Smithies O, 
Gustafsson JA, Mendelsohn ME: Abnormal vascular function and hypertension in
deficient in estrogen receptor beta. Science 2002, 295: 505-508. 

1
 mice 

2

 21.  Cid MC, Kleinman HK, Grant DS, Schnaper HW, Fauci AS, Hoffman GS: Estradiol

. 

 22.  Zhang X, Wang LY, Jiang TY, Zhang HP, Dou Y, Zhao JH, Zhao H, Qiao ZD, Qiao JT: 

ys.

 24.  Lund TD, Rovis T, Chung WC, Handa RJ: Novel actions of estrogen receptor-beta on 

 25.  
gonizes inhibitory effects of conjugated equine estrogens on coronary artery 

atherosclerosis. Arterioscler Thromb Vasc Biol 1997, 17: 217-221. 

 26.  
f advanced atherosclerosis--a study in 

ovariectomized, cholesterol-fed rabbits. Atherosclerosis 2001, 154: 97-102. 

 27.  

 28.  Hanke H, Kamenz J, Hanke S, Spiess J, Lenz C, Brehme U, Bruck B, Finking G, Hombach V: 

 29.  Williams JK, Anthony MS, Honore EK, Herrington DM, Morgan TM, Register TC, Clarkson 

 30.  Chandrasekar B, Nattel S, Tanguay JF: Coronary artery endothelial protection after local 
ial

new pharmacologic approach to improve endothelial function. J Am Coll Cardiol 2001, 

 0.  Akaneya Y, Jiang B, Tsumoto T: RNAi-induced gene silencing by local electroporation in 
targeting brain region. J Neurophysiol 2005, 93: 594-602. 

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 1, and vascular cell adhesion molecule type 1. J Clin Invest 1994, 93: 17-25

Effects of testosterone and 17-beta-estradiol on TNF-alpha-induced E-selectin and 
VCAM-1 expression in endothelial cells. Analysis of the underlying receptor pathwa
Life Sci 2002, 71: 15-29. 

 23.  Ginsburg ES, Gao X, Shea BF, Barbieri RL: Half-life of estradiol in postmenopausal 
women. Gynecol Obstet Invest 1998, 45: 45-48. 

anxiety-related behaviors. Endocrinology 2005, 146: 797-807. 

Adams MR, Register TC, Golden DL, Wagner JD, Williams JK: Medroxyprogesterone
acetate anta

Bjarnason NH, Haarbo J, Byrjalsen I, Alexandersen P, Kauffman RF, Christiansen C: 
Raloxifene and estrogen reduces progression o

Clarkson TB, Anthony MS, Jerome CP: Lack of effect of raloxifene on coronary artery 
atherosclerosis of postmenopausal monkeys. J Clin Endocrinol Metab 1998, 83: 721-726. 

Effect of 17-beta estradiol on pre-existing atherosclerotic lesions: role of the 
endothelium. Atherosclerosis 1999, 147: 123-132. 

TB: Regression of atherosclerosis in female monkeys. Arterioscler Thromb Vasc Biol 1995, 
15: 827-836. 

delivery of 17beta-estradiol during balloon angioplasty in a porcine model: a potent

38: 1570-1576. 

177




