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Steroid hormones and the heart

Role of age and gender

Background 

INTRODUCTION

The frequency of heart disease increases with increasing age, and ischemic heart disease dominate in elderly patients. Between one out of four and one out of five deaths in Norway are caused by heart disease. Through the last 20 years there has been a huge improvement in treatment possibilities for all type of heart disease. An increasing number of people live with chronic heart diseases like heart hypertrophy, ischemia related conditions and postinfarct heart failure as well as with congenital heart diseases. With respect to ischemic heart disease men are affected earlier in life compared to women and there are reported differences also for other conditions. The latest studies of hormone substitution treatment used by postmenopausal women have shown that cardiovascular disease is not a simple function of estrogens – progesterone availability (Grady et al 2002, Teede HJ 2002).  


I contrast to research aimed at revealing the mechanisms behind disease in the vessel wall (atherosclerosis) this project is directed towards the mechanisms responsible for the disease progression when heart disease is already present. The aim for this project is therefore to develop knowledge that can give a better understanding of disease development in each individual.  The specific aim will be to get more insight into the role of gender, age and steroid hormones during pathological heart hypertrophy development 

MYOCARDIAL ISCHEMIA AND ISCHAEMIC HEART FAILURE 


Screening examination of heart function shows that there in a normal population, exist gender dependent differences in the normal distribution for clinically commonly used examination parameters (for example mitral Doppler flow, Schirmer et al 2000). One large study from USA demonstrated a slightly worse outcome when women were compared with men after coronary bypass (Woods et al 2003). Such findings are difficult to have to be discussed with respect to comparability in other populations and clinical settings. Another study performed on post infarct hypertrophy and heart failure (based on the study of explanted hearts) published by Crabbe and coworkers (2003) seems to indicate that women develop less hypertrophy compared to men during disease progression. In this study it was also possible to identify remodelling at the level of the myocyte.  Taken together several clinical studies tend to support a hypothesis describing an association between less developed hypertrophy and a more benign process when women developed post-infarct hypertrophy. On the other side myocardial hypertrophy with extensive heart failure could be associated with larger morbidity and mortality. In a study published in 2002 it was demonstrated that pretreatment with intracoronary injections of oestrogen preconditioned (protected) myocard in patients who went through coronary angioplasty and that this protection was dependent on ATP-dependent K+ cannels (Lee et al. 2002). In women with stable angina oestrogen treatment resulted in increase in time to ST depression in ECG and increase in tolerance towards physical exercise (Sanderson et al. 2001).

HEART RHYTHM AND ARRHYTHMIAS


There is an increasing understanding of the role of gender and steroids in heart electrophysiology (Surawicz 2001, Smetana et al 2002). Men do have higher prevalence for atrial fibrillation. Women have higher risk for induction of torsades de pointes (TdP) during the use of medication that prolongs the action potential duration. Long QT time syndrome is a condition that reduces the ability to shortening of the action potential with increasing heart rate. Gender is an independent risk factor for syncope or sudden death with congenital or aquiered long QT-time syndrome. QT-time interval corrected for heart frequency is longer in women that men and this indicates significant differences in repolarisation potassium currents or channel density. Independent of this phenomenon it is well known that men on average have lower heart rate compared to women. The underlying mechanisms for this are not fully revealed, but often explained to be due to differences in peripheral resistance and corresponding baroreseptor response which again is related to circulating steroids. Gap junctions (connexins) are partly responsible for myocardium being a functional syncytium with tight electrical coupling between the cells. Steroid hormones role for connexin function and gap junctions has been extensively studied. Very few of these studies, however, have been conducted on heart muscle cells. An exception is a study published by Tun Hui and co-workers from 2004 where acute oestrogen-receptor dependent effects upon gap junctions were demonstrated.   

METABOLISM, VASO-ACTIVITY AND BLOOD BORNE CELLS


Steroid hormones have influence upon endothelium–dependent factors which regulate vasoactivity especially NO, endothelin-1 and prostanoides. Both NO, endothelin-1 and prostanoids are effective parachrine substances in the heart. There has been a strong focus upon the connection between increase in NO synthesis and estrogens. Interesting it has also been shown that acute administration of testosterone in men with atherosclerosis induces vasodilatation (Rosano et al 2000). It is well known that steroids have an effect upon metabolism and plasma lipo proteins. With increasing age both women and men will experience a reduction in steroid hormones (oestrogen and androgen). Calculations indicate that the difference in lipoprotein profile could explain approximately 1/3 - 1/2 of the increase in atherosclerotic heart disease in men when compared to women at the same age (Mendelsohn and Karas 1999).  

AGE AND HEART HYPERTROPHY 

The cause of heart hypertrophy strongly depends on age. Hypertrophic cardiomyopathies are example of diseases that manifests itself at younger age, some of them genetically based and linked to genes regulating actinomyocin filaments. Also, well know are congenital heart diseases with elements of hypertrophy. The most directly example is aorta coarctation which results in pathological increase in after load with subsequent hypertrophy.  

EXPERIMENTAL STUDIES, IN VIVO – EX VIVO – IN VITRO 

Subacute and chronic interventions 

The last years several experimental studies using animal models have described differences between genders. Skavdahl et al 2004 studied a group of mice deficient in functional alpha-E2 receptors or beta-E2 receptors. Wild type male mice of the same strain (C57BL/6) developed more marked heart hypertrophy after aorta banding (MTAB see below) compared with female mice. This difference disappeared in beta-E2 receptor deficient mice. In a review paper from 2004 Xiao-Jun Du state that “recent research using genetically modified mice has revealed significant sex difference in cardiac phenotypes”.  Hypertrophy is the phenotype that seems to be most sensitive, but it is also referred to experimental models of acute and chronic heart failure, cardiomyopaties, and arrhythmias. With respect to gene expression it is a question to what extent gender or steroid hormone status regulate key proteins in development or stabilization of heart hypertrophy and heart failure. Important proteins can be atrium and brain natriuretric factor (ANF, BNF), tumor necrose factor alfa (TNFalfa), PKC isoenzymes, endothelin-1, endothelium derived growth factor (EDGF),COX (I og II), eNOS, nNOS og iNOS, connexiner, HIF-1, endorfiner, NADPH oxidase, ROS related enzymes but also other proteins not well described yet in relation to heart disease. 
Non-genom steroidhormon responser 


Non-genome effects can be studied during short lasting exposure with steroids in vivo as well as ex vivo in isolated hearts and in cell cultures. Non-genome dependent responses are increasingly reported (Li et al 2000, Cross et al 2002, Zhai et al. 2000). Cell membrane associated binding sites for oestrogen are reported. Both receptor dependent and receptor independent binding has been described base don the use of known antagonists. At the organ level (heart) 17-beta estradiol in doses between 0.1-1 nM has been reported to have an anti-adrenergic effects that when co-administered with isoproterenol. Studies have also shown that oestrogen quickly can reduce cAMP level independent of change in gene expression and protein syntheses. Signal systems raported influenced are Src, ERKs, eNOS, Akt. In a master degree thesis at our department Sovershaev (2003) characterized activation of PI3kinase/ Akt in rat hearts as non-genom effects resulting from pharmacological exposure to beta-estradiol. The endpoint of this study was ischaemic tolerance measured as infarct size after standardized ischemia. Sovershaev documented translocation of PKC epsilon and delta in the heart and indirectly stimulation for encreased ROS signalling as part of induction of cardioproteksjon. Non-genome dependet responces to androgens are to our knowledge not repported. Vi ønsker å gjennomføre parallelle eksperimenter i musehjerter og i celler i kultur og vil i disse studiene også teste kort tids androgen eksponering i tillegg til vehicle kontroll. 

Age

Within basic experimental heart research several studies have been performed using neonatal hearts at different postnatal ages. Especially the response to ischemia, hypoxia and to ischemic preconditioning have been reported to differ dependent on age. Also, embryonic or neonatal heart myocyte cultures have been used extensively as model system for heart muscle cells. 

