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II. Abstract

Recently it has been demonstrated that tissue factor (TF) plays an important role in

the induction and/or progression of cardiac hypertrophy. The aim of this thesis was to

examine the relationship between TF and the onset of cardiac hypertrophy. Cardiac

hypertrophy was achieved by aortic constriction in male Sprague-Dawely rats. TF

levels increased in cardiac tissue but not in isolated cardiomyocytes suggesting

another cellular site of TF expression. In contrast, tissue factor pathway inhibitor,

(TFPI), was transiently up-regulated in cardiomyocytes potentially to counteract the

effects of TF.

Stimulation of H9c2 cardiomyocytes with exogenous TF resulted in the up-regulation

of mechano growth factor. Incubation of the cells with TF alone up-regulated atrial

natriuretic factor (ANF) expression, whilst the presence of the TF-associated

proteases, factor VIla and factor Xa, suppressed this effect, suggesting that contact

between TF and blood within the heart can exacerbates the hypertrophic response.

Moderate concentrations of TF were found to induce proliferation In H9c2

cardiomyocytes, while high concentrations of TF resulted in increased cellular

apoptosis as detected by caspase-3 activation but via a p53-independent mechanism.

In addition, supplementation of TF with proteolytically active factors, VIla and Xa,

partially abrogated this apoptotic effect. These data suggest that the expression of

moderate concentrations of TF, induced by pressure overload observed during early

hypertrophy, result in an enhanced rate of cellular turnover, and combined with

hypertrophic growth, leads to alterations in heart structure. In contrast, higher

concentrations of TF at later stages of disease can deplete the cardiomyocytes. In

conclusion, TF appears to function as a pro-inflammatory mediator which is up-

regulated at the onset of hypertrophy and is capable of influencing the progression of

the disease through altering the function of cardiomyocytes.
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1. Introduction

1.1 Heart failure

Cardiovascular disease and heart failure are primary causes of global morbidity and

mortality, and are responsible for one in three deaths worldwide. Every year 32

million individuals suffer heart attacks and strokes. The major risk factors for

cardiovascular disease, include hypertension, hypertrophy, diabetes, smoking, high

blood lipids and physical inactivity (Figure 1.1) (WHO, 2002).

Heart failure is defined as the inability of the heart to meet the demands of the body

(Katz, 2003). It is a progressive condition that can be defined by cellular and

molecular abnormalities, leading to remodelling of the heart when chronic mechanical

overload stimulates adult cardiomyocytes to undergo hypertrophy (Katz 2003, Katz

1994). These cells are terminally differentiated and have little or no capacity to divide

(Katz 2003, Katz 1994). Initially the hypertrophic response is compensatory, however,

at later stages, it becomes pathological, representing the limited adaptive capacity of

cardiomyocytes (Katz 2003, Katz 1994, Meerson 1969). Cardiac hypertrophy is itself

an independent risk factor in the development of heart failure (Figure 1.1) (Katz 2003,

Frey & Olson 2003).

Heart failure is a combination of symptoms, of which contractile dysfunction is

considered a major element. A defect in sarcomere shortening in cardiomyocytes has

been shown in a number of experimental animal models and clinical studies (Koide et

al. 1997). Ventricular assist devices have been found to partially reverse this

contractile dysfunction (Dipla et al. 1998). In cases of chronic systolic heart failure,
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Figure 1.1: Major risk factors leading to heart failure.
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A schematic representation showing the risk factors that can lead to cardiovascular disease

and ultimately to heart failure. Cardiac hypertrophy is itself an independent risk factor in the

development of heart failure.
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p-adrenergic blocking agents such as propranolol and metoprolol and ACE inhibitors

such as enalapril, captopril and benazepril which can lower the blood pressure, have

been shown to improve systolic function and potentially may reverse remodelling

(Eichhorn & Bristow 1996, Bristow 2000, Katz 1994). However, heart failure still

remains a major problem.

1.1.1 Left ventricular hypertrophy

Heart failure is characterised by cell and chamber hypertrophy (Braunwald & Bristow

2000). Cardiac hypertrophy is initially an adaptive response of the heart to

haemodynamic stress so as to normalise wall stress and maintain normal heart

function (Spann et al. 1967). Initially, the hypertrophic response can be considered

beneficial, increasing the number of contractile elements (Grossman et al. 1974).

However, in the longer term, cell deterioration and loss lead to failure. Cardiac

hypertrophy is characterised by adaptations in the cardiomyocyte structure that result

in the remodelling of chamber size and geometry (Gerdes et al. 1992). It has been

shown that, in pressure-overload hypertrophy (or concentric hypertrophy), sarcomeres

are added in parallel, creating a thicker ventricular wall (Braunwald & Bristow 2000)

and initially maintaining normal systolic function by increasing stroke volume

(Grossman et al. 1974). In volume overload hypertrophy, (or eccentric hypertrophy),

sarcomeres are added in series creating longer myocytes leading to thinner ventricular

wall, dilated ventricles and resulting in increased end-diastolic volume and ventricular

dysfunction (Braunwald & Bristow 2000, Grossman et al. 1974, Frey & Olson 2003).

As the heart contains a number of different cell types, pathophysiologic hypertrophy

leads to alterations in other cell types such as fibroblasts (Braunwald & Bristow

2000). Increased expression of extracellular matrix associated proteins in fibroblasts,
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including collagen, fibronectin, matrix metalloproteinases (MMPs) and their inhibitors

(TIMPs) lead to interstitial fibrosis that stiffen the ventricles and impair contraction

and relaxation (Li et al. 1998, Shirwany & Weber 2006, Weber 2005).

1.1.1.1 Signal transduction in hypertrophy

A number of signalling pathways have been demonstrated to be involved in the

development of hypertrophy (Frey & Olson 2003). Changes in myocardial gene

expression occur as a result of increased haemodynamic overload and stretch. A

number of different agonists, including norepinephrine, angiotensin II (Ang II),

·endothelin 1 (ET-I), fibroblasts growth factor, transforming growth factor P (TGF- P),

tumour necrosis factor a (TNF-a), interleukin IP (IL-IP) and G-protein 130-signalling

cytokines are also thought to trigger signalling leading to hypertrophy (Braunwald &

Bristow 2000). These triggers involve a sequence of signal transduction

proteins/receptors, including a- and P- adrenergic receptors, AT1 receptors, ETA

receptors, TNF receptors, IL-l receptors, ras, Ga, and Gas proteins according to the

initial stimulus (table 1.1) (Frey & Olson 2003). Subsequently, protein kinase C,

mitogen-activated protein kinase and Raf-I kinases, CAM kinase, calcineurin

pathway, may be activated causing the re-expression of foetal genes (Figure 1.2)

(Braunwald & Bristow 2000). It has been shown that the activation of G-coupled

isoforms of protein kinase C can initiate hypertrophy, leading to a fibrotic

cardiomyopathy (D' Angelo et al. 1997,Wakasaki et al. 1997).

Of great interest and one of the most characterised trigger is the renin-angiotensin

system (RAS). The RAS has Ang II as its active component, which is responsible for

regulating blood pressure, plasma volume and sympathetic nervous activity under
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Table 1.1: Triggers, receptors and signal transduction pathways that are involved in

pathological hypertrophy.

RECEPTORS! SIGNAL TRANSDUCTION
TRIGGER

PATHWAY

Stretch! wall stress GqlPLCIPKC, sarcolemmal ion channels

Angiotensin II AT 1 receptor- GqIPKCp, TK pathways, MAPK

pathways, JAKISTAT pathways, others

~orephinephrine U-, p- Adrenergic pathways, oxidative signaling

Endothelin ETA receptor- GqlPKCP pathway, calcineurin and

CAMK pathways

TNF-u TNF receptors, MAPK, PKC

IL IP IL 1preceptors, MAPK, TK pathways

Cardiotropin-l Gp 130 pathways

PLC: phospholipase C, PKC: protein kinase C, Gq: G coupled protein q, AT1: angiotensin 1,

MAPK: mitogen activated protein kinase, ETA: endothelin type A, TNF: tumour necrosis

factor, TK: tyrosine kinase, IL lP: interleukin 1P (Adaptedfrom Braunwald & Bristow 2000).
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Figure 1.2: Different pathways that could lead to cardiac hypertrophy.
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A schematic representation showing the signalling pathways involved in the induction of

cardiac hypertrophy. Ang II, TGF ~, TNF U, IL ~, etc could bind to membrane receptors,

leading to the activation of MAPK, PKC, Raf-l kinase and/or Calcineurin pathways.

Subsequently, initiation of a hypertrophic response occurs, leading ultimately to heart failure

(Braunwald & Bristow 2000). For simplicity, interactions between the different pathways

are not shown.
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physiological conditions (Levy 2005). However Ang II can also play a role in

pathophysiological cardiac hypertrophy, myocardial infarction, hypertension and

atherosclerosis (Ichihara et al. 2001, Huriuchi et al. 1999). Ang II is synthesised by

the plasma RAS and locally through tissue RAS (Levy 2005). Elevated circulating

renal-derived renin (in response to a decrease blood pressure) cleaves hepatic-derived

angiotensinogen to form the decapeptide, angiotensin I (Ang I), which is converted by

angiotensin-converting enzyme (ACE) to the active Ang II (Levy 2005). Ang II binds

to Ang II receptors, AT I and AT2, and activates different signalling pathways

including the GqlPKCp pathway, the TK pathways, the MAPK pathways and the

JAKISTAT pathways (Berry et al. 2001). AT., which is expressed ubiquitously,

activates a number of growth pathways such as the PKCp pathway, MAPK pathways

and JAKISTAT pathway (Table 1.1, Figure 1.2) (Frey &Olson 2003). The effects of

Ang II mediated by the AT I receptor include, vasoconstriction, increased cardiac

contractility, cell proliferation,. inflammatory responses, vascular and cardiac

hypertrophy (Levy 2005, Braunwald & Bristow 2000). The AT2 receptors are highly

expressed during foetal life, but their expression decreased after birth and can only be

found in few organs including the cardiovascular system (Berry et al. 2001). The AT2

receptors are re-expressed during adulthood after cardiac damaged and wound

healing, suggesting that they may play a role in tissue remodelling (Otsuka et al.

1998). AT2 receptor is believed to induce opposing effects to the AT I receptor, such

as vasodilation and antigrowth and antihypertrophic effects (Siragy 2000), and to play

a role in blood pressure regulation (Carey et al. 2001).
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1.1.1.1.1 The role of calcium and calcineurin in the development of cardiac

hypertrophy

Sarcolemmal ion channels are thought to be activated via stretch and transmit signals

via the cytoskeleton to the nuclear membrane to trigger hypertrophy (Komuro &

Yazaki 1994). Calcineurin is a potential trigger of hypertrophy. Intracellular calcium

is involved in the calcineurin pathway and calmodulin kinase pathway and when

increased via this pathway is thought to play a role in hypertrophic responses due to

neurohormonal-cytokine signalling (Molkentin et al. 1998, Lim et al. 2000, Zhu et al.

2000).

The serine-threonine calcineurin is expressed in multiple tissues and has been

identified as a central pro-hypertrophic signalling molecule in the heart (Heineke &

Molkentin 2006, Frey & Olson 2003). Calcineurin consist of a catalytic subunit (CnA)

and a regulatory subunit (CnB), and becomes active through the direct binding of the

Ca+2-binding adaptor protein calmodulin (Heineke & Molkentin 2006). Further to this,

calcineurin phosphorylates transcription factors of the nuclear factor of activated T-

cells (NFAT), resulting in the translocation of NFAT proteins to the nucleus and the

prohypertrophic gene expression (Wilkins & Molkentin 2004, Frey & Olson 2003).

NFAT transcription factors are classified as the primary calcineurin effectors in the

heart and have been found to sufficiently mediate cardiac hypertrophy (Molkentin et

al. 1998, Wilkins et al. 2002). Calcineurin is also regulated by structural proteins

found to the Z-disc in cardiomyocytes in an area that also contains NFAT (Knoll et al.

2002, Frey et al. 2004). Furthermore, the calcineurin-NF AT signalling is controlled by

specific kinases such as GSK3p, p38 and JNK, which direct phosphorylate the

regulatory domain ofNF AT (Antos et al. 2002, Braz et al. 2003, Liang et al. 2003).
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1.1.1.2 Adaptation in hypertrophy: Early changes

The main response of the myocardium as it undergoes the hypertrophic response, is

the activation of the immediate early genes (Lee et al. 1988), the re-expression of

foetal genes (Izumo et al. 1987, Schwartz et al. 1986, Izumo et al. 1988) and changes

in the expression of contractile (Swynghedauw 1986, Nadal-Ginard & Mahdavi 1989,

Lowers et al. 1997, Miyata et al. 2000) and calcium handling proteins (Chang et al.

1997, Feldman et al. 1993, Meyer et al. 1995, Braunwald & Bristow 2000),

adaptations in cardiac metabolism (Stanley et al. 2005) and overall increases in

protein synthesis (Frey & Olson 2003, Lee et al. 1988). A schematic representation of

the early changes in cardiac hypertrophy can be seen in Figure 1.3. Alternatively,

physiological cardiac hypertrophy (or exercise induce hypertrophy) has similarities

with a mild condition of pathological hypertrophy but is typically not accompanied by

collagen accumulation and usually does not exceed a modest increase in left

ventricular wall (Frey & Olson 2003). A schematic representation underlying the

fundamental differences of pathological hypertrophy and physiological hypertrophy is

shown in Figure 1.4.

The induction of the immediate early genes is the earliest detectable effect of growth

(Figure 1.3) and they are characterised by their rapid induction (Sheng & Greenberg

1990, Chien et al. 1991). The proto-oncogenes, c-fos and c-jun are two key members

of the immediate early gene family (Chien et al. 1991). Studies have identified new

members of the fos and jun gene family, as well as, a series of related zinc finger

genes, including erg-I, krox-24, NGFa, tis 8, erg-2 (Sukhatme et al. 1988, Christy et

al. 1988, Lemaire et al. 1988, Rangnekar et al. 1990), that have structural

characteristics and are members of the steroid receptor superfamily (Lemaire et al.
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Figure 1.3: Early changes incardiac hypertrophy.
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A simple schematic representation showing the early changes occurring in left ventricular

cardiac hypertrophy. Upon stimulation, the immediate early genes are the first to be activated,

following re-expression of the foetal genes and alterations in contractile and calcium handling

proteins. Overall protein synthesis is increased and myocyte growth is observed.
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Figure 1.4: A schematic representation showing the differences of pathological and

physiological hypertrophy.
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A simple schematic representation showing the differences of pathological and physiological

hypertrophy. Upon activation of the signalling pathways, in pathological hypertrophy

increased left ventricular wall, decrease contractility, collagen accumulation, fibrosis and

myocyte apoptosis are observed. In contrast, physiological hypertrophy is accompanied by a

modest increase in left ventricular wall and increase contractility without signs of collagen

accumulation, fibrosis or apoptosis (Hart 2003, Tetsuro et al. 2004, Isumo 2006).
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1988, Hazel et al. 1988). C-fos and c-jun early genes are induced upon a- and ~-

adrenergic stimulation, whereas Erg-I is only induced upon a-adrenergic stimulus

(LaMorte et al. 1994, Petersen et al. 2000). The induction of Erg-I is thought to play

an important role in the re-expression of ANF gene that is induced upon a-adrenergic

stimulation (Figure 1.3) (Chien et al. 1991, Chien 1992, Knowlton et al. 1991).

ANF is a cardiac peptide that exhibits diuretic, natriuretic and vasorelaxant effects

(Mayer et al. 2002), and is an important determinant of circulating ANF levels during

heart failure (Frey & Olson 2003, Burnett et al. 1986, Rascher et al. 1985, Shenker et

al. 1985), indicating its importance in maintaining blood pressure and natriuresis in a

pathological cardiac hypertrophy (Chien et al. 1991, Mayer et al. 2002). During foetal

life, ANF is expressed in both the atria and ventricles (Bloch et al. 1986, Wu et al.

1988). After birth, the ANF gene is downregulated in the ventricle and the atrium is

the main site of ANF synthesis in the adult heart (Chien 1992, Chien et al. 1991).

Studies have shown that in cardiac hypertrophy ANF is re-expressed in the ventricles

(Arai et al. 1988, Lee et al. 1988, Drexter et al. 1989).

1.1.1.2.1 The role of calcium and cytoskeletal protein in cardiac hypertrophy

Abnormalities of excitation-contraction coupling appear in many forms of heart

failure. Calcium ions are important for cardiac contraction and relaxation (Figure 1.5).

Changes in trans-sarcolemmal and intra-cellular Ca2+ movements due to malfunction

of receptors, pumps and proteins have been implicated in altered Ca2+ handling and

consequent cardiac dysfunction (Houser & Margulies 2003, Beuckelmann et al.

1992). The outcome of these changes is elevated diastolic Ca2+ levels (Beuckelmann

et al. 1992) and decreased systolic Ca2+ levels followed by a prolonged relaxation
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Figure 1.5: Cardiac contraction and relaxation.
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A schematic diagram showing the cycle of cardiac contraction and relaxation. Ca2+ influx via

L-type sarcolemmal Ca2+ channels, activated during an action potential, triggers Ca2+ release

from sarcoplasmic reticulum. Ca2+ binds to troponin C (TnC) and allows actinomyosin

interaction resulting in cross bridge formation and contraction. Following systole, cytosolic

Ca2+ is removed by the sarcoplasmic reticulum via SERCA2 or via Na +/Ca2+ exchanger and

Ca2+ATPase (relaxation).
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phase (Gwathmey & Morgan, 1985). These changes are caused by impairment in

protein expression (Meyer et al. 1995) and function of sarcoplasmic reticular ATPase

(SERCA-2a) (Schwinger et al. 1999). During cardiac action potential, Ca2+ enters the

cell through the L-type Ca2+ channels (voltage-dependent Ca2+ channels), binds and

activates the ryanodine receptors (RyR2) on the sarcoplasmic reticulum (SR) to

trigger Ca2+ release from the intracellular Ca2+ store (Figure 1.5) (Masashi 1999,

Mattiazzi et al. 2005). The transient rise in cytosolic Ca2+ binds to troponin C (TnC)

allowing the thin (actin) and thick (myosin) filaments to interact leading to contraction

(Figure 1.5) (Vangheluwe et al. 2006, Mattiazzi et al. 2005). For relaxation, the

removal ofCa2+ is coordinated by three processes: (i) the SERCA2a, (ii) the Na+/Ca2+

exchanger and (iii) the plasma-membrane Ca2+ ATPase (PMCA) (Figure 1.5)

(Masashi 1999, Mattiazzi et al. 2005). SERCA-2a is responsible for the rapid and

efficient removal of Ca2+ from the cytosol after contraction and the relaxation of the

myofilaments (Shannon & Bers -2004). The activity of SERCA2a is under the control

of the closely accosiated SR protein, phospholamban (P-Iambam), a 52 amino acid

phosphoprotein, which in the dephosphorylated form, decreases the apparent Ca2+ -

affinity of SERCA2a (Vangheluwe et al. 2006, Mattiazzi et al. 2005). It has been

shown that the ration of P-IambamlSERC2a plays a prominent role in regulating SR

function and contractility (Mattiazzi et al. 2005). SERCA2a in cardiac hypertrophy

has been shown to be downregulated resulting in impaired diastolic and systolic

function (Houser & Margulies 2003).

Experimental studies have shown changes in the sarcomeric proteins in the failing

heart (Lowers et al. 1997, Morano et al. 1977). These include the switch in the

isoforms of myosin heavy chain ~ (MHC~), troponin T and myosin light chain 1
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isofonns (Lowers et al. 1997, Nakao et al. 1997, Miyata 2000, Anderson et al. 1995,

Hitzel et al. 1985, Morano et al. 1977). Such changes are considered as a re-

expression of foetal phenotype (Figure 1.3) (Frey & Olson 2003). The mRNA levels

of the contractile protein, myosin light chain 2 have been found to be up-regulated,

corresponding to accumulation of this contractile protein in myocardial cells (Lee et

al. 1988). Furthermore, the induction of genes encoding for contractile protein

normally expressed in foetal life, such as skeletal actin a and MHCP, alters the

contractile protein content in cardiac hypertrophy (Izumo et al. 1987, Schwartz K et

al. 1986, Izumo et al. 1988). It has been shown that the induction of foetal genes for

the thick and thin filament of the contractile proteins such as MHCP and troponin T,

slow myofibrillar ATPase activity and contractile function, (Braunwald & Bristow

2000, Pagani et al. 1988). These changes may thus make contractile function more

efficient in the short term. Changes in myosin heavy chain a (MHCa) (down-

regulated during hypertrophy and foetal development) and in MHCP (up-regulated in

hypertrophy and foetal development), result in decrease contractile function and an

increase in cell growth (Braunwald & Bristow 2000). The end result of the induction

of the foetal genes is stimulation of protein synthesis which results in the enlargement

of cardiomyocytes to normalise wall stress (Frey & Olson 2003). Furthermore,

possible maladaptation of neurohonnonal/cytokine activation occurs resulting to

progression of hypertrophy (Frey & Olson 2003, Braunwald & Bristow 2000).

Subsequently, there is a reduction in stoke volume and increase in ventricular volume

as hypertrophy moves from compensated to decompensate failure (Alpert et al. 1979).

Under pressure overload, excessive microtubular polymerisation impeding sarcomere

motion, affects adversely the systolic function (Tsutsui et al. 1994). A number of
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cytoskeletal proteins including desmin, tubulin, vinculin, dystrophin, talin and spectrin

have been shown to increase in end-state heart failure (Hein et al. 2000). In addition,

the sarcomeric skeletal proteins, a-actin, titin and myonesin have been shown to

decrease (Hein et al. 2000). These adaptations are thought to modify the normal

cardiomyocyte function and are part of the remodelling process (Figure 1.3)

(Braunwald & Bristow 2000).

Mutations in cytoskeletal genes can give rise to the alterations which underlying

different dilated cardiomyopathies (Towbin 1998), including dystrophin, desmin,

sarcoglycans and nuclear envelope proteins, laminin A and laminin C (Towbin 1998,

Li et al. 1999, Barresi et al. 2000, Fatkin et al. 1999, Brodsky et al. 2000). In the

syrian hamster model of cardiomyopathy, a mutation in the o-sarcoglycan gene

resulting in the deficiency of o-sarcoglycan transcripts and consequently in the loss of

o-sarcoglycan protein, has been. identified as a primary cause of the heart failure

(Sakamoto et al. 1997). Several studies have demonstrated that abnormalities of the

cytoskeletal-associated muscle LIM protein (MLP), in animals can cause dilated

cardiomyopathy and its expression is decreased in the failing left ventricular

myocardium (Arber et al. 1997, Zolk et al. 2000). MLP is essential for the regulation

of the cytoarchitecture of cardiomyocytes and when decreased, can be responsible for

impaired systolic function (Katz 2000). This evidence suggests that mutations in the

genes responsible for cytoskeletal proteins can result in idiopathic dilated

cardiomyopathy and may play a role in the development of other dilated

cardiomyopathies (Figure 1.3) (Braunwald & Bristow 2000).
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1.1.2 Natriuretic peptides and their involvement in cardiac hypertrophy

Natriuretic peptides (NPs) comprise a family of peptide hormones that have an

important role in the regulation of cardiovascular, endocrine and renal homeostasis

(Levin et al. 1998, Gardner 2003). The family includes the atrial natriuretic peptide

(ANP), otherwise known as atrial natriuretic factor (ANF), the brain natriuretic

peptide (BNP) and the C-type natriuretic peptide (CNP) (Yap et al. 2004, Gardner

2003). ANF and BNP are of cardiac origin while CNP is primarily produced in the

vascular endothelium and in the nervous system (Yap et al. 2004, Gardner 2003). In

general, the natriuretic peptides have a range of actions throughout the body,

including fluid and pressure control and local neuroendocrine actions (Yap et al.

2004). ANF and BNP are primarily produced in the myocytes of the cardiac atria

(Gardner 2003). However, synthesis in the ventricles is high in late foetal and early

neonatal life and decreases to adult levels within the first few weeks to months after

birth (Chien et al. 1993). Furthermore, both proteins are re-expressed in the adult

ventricles, along with other foetal genes, in conditions associated with myocardial

hypertrophy (Chien et al. 1993). Expression of the genes encoding ANF and BNP

have been proven to be one of the most reliable markers for activation of the

hypertrophic programme in clinical states and experimental models of cardiac

hypertrophy and expression is maintained as the ventricles remodel and dilate with

progression to heart failure (Mukoyama et al. 1991,Wei et al. 1993).

The ANF gene is located in chromosome 1 and is synthesized as a high molecular

weight precursor with a 17-amino acid ring structure (that is also present in BNP)

(Yap et al. 2004, Ogawa et al. 1995). Translation of the ANF mRNA produces a 150-

amino acid precursor called pre-proANF (Yang-Feng et al. 1985). ANP expression is
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increased upon hypovolemia, endothelin, vasopressin and catecholamine stimulation

(Stein & Levin 1998), n l- and p2-adrenergic stimulation (Morisco et al. 2000,

Sprenkle et al. 1995) and hypoxia (Chen et al. 1997). After synthesis the pre-proANF

is enzymatically transformed into a 126-amino acid proprecursor (proANF) and stored

in the atrial myocyte granules (Yap et al. 2004). Upon secretion, proANF is cleaved

by corin (Yan et al. 2000) or prohormone convertase (PCII3) (Wu et al. 2002) to give

an N-terminal fragment (NT-ANF 1-98) and a biological active C-terminal ANF 28

hormone (ANF 99-126) (Kelly & Struthers 2001). A similar process occurs for the

synthesis of BNP, where furin (an endoprotease) cleaves the BNP precursor into an

active C-terminal BNP 32 and an N-terminal proBNP 1-76 (Sawada et al. 1997).

There are three main natiuretic peptide receptors, the NPR-A, NPR-B and NPR-C

(Yap et al. 2004). All three receptors are guanylyl cyclase (GC)-linked

transmembrane receptors which-convert guanidine triphosphate (GTP) into cyclic 3',

5' -guanosine monophosphate (cGMP) as part of the intracellular messenger

(Chinkers & Garbers 1991, Gardner 2003). NPR-A receptor can recapture both ANF

and BNP, whereas NPR-B is specific for CNP, while NPR-C can bind to all the three

natriuretic peptides (Figure 1.6) as it is involved in the natriuretic peptide degradation

and clearance from the circulation (Gardner 2003, Engel & Lowe 1995, Matsukawa et

al. 1999). Intracellular increase of cGMP following activation of the natriuretic

peptide receptors modulates downstream proteins including phosphodiesterases, ion

channels and cGMP -dependent protein kinases via phospatase phosphorylation of

channel proteins which ultimately are able to modify cellular functions (Soderling &

Beavo 2000, Lohmann et al. 1997, Yap et al. 2004).
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Figure 1.6: Signal transduction pathways of natriuretic peptides.
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A simplified schematic diagram showing the signal transduction pathway for the natriuretic

peptides. Binding of the natriuretic peptides to the receptor stimulates GC to convert GTP to

cGMP. ANF and BNP bind to NPR-A and CNP to NPR-B resulting in different cellular

actions. All the three natriuretic peptides bind to NPR-C receptor that acts as a clearance

receptor (Adaptedfrom Yap et al. 2004).
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The primary trigger for ANF release is an increase in either wall stretch or pressure

(de Bold et al. 2001) but can also be affected by neurohormonal factors such as

glucocorticoids, cathecholamines, arginine vasopressin, angiotensin II and endothelin

(Ruskoaho 1992). The actions of ANF include vasodilation, inhibition of the renin-

angiotensin-aldosterone and sympathetic systems (Brenner et al. 1990) and diuresis

(Marin-Grez et al. 1986). Also, ANF is involved in the moderation of acute increase

in blood pressure through its vasodilatory effect (Holtwick et al. 2002). Furthermore,

it has been shown that ANF actions are essential in preventing cardiac fibrosis and

hypertrophy (Yap et al. 2004). ANF is able to inhibit collagen synthesis in cardiac

fibroblast via increased cGMP action (Redondo et al. 1998). Controversially, in

cardiac myocytes with decreased ANF synthesis, significant cardiac hypertrophy was

observed (Horio et al. 2000). Studies using a transgenic mice model with disrupted

ANF genes (ANF (-1-) knockout mice) revealed increased right ventricular pressures

(Klinger et al. 1999). NPR-A disruption in mice has also revealed increased right and

left ventricular hypertrophy upon exposure to chronic hypoxia (Klinger et al. 2002).

The treatment of cultured fibroblasts with any of the three peptides (ANF, BNP, CNP)

led to a reduction in mitogenesis in vitro (Cao & Gardner, 1995). Furthermore,

treatment of neonatal rat ventricular cardiomyocytes resulted in a reduction in the

expression of the Nnpa gene (which encodes ANF) and inhibition of protein synthesis

and cytoskeletal organisation that are characteristic of cardiac hypertrophy (Horio et

al. 2000, Calderone et al. 1998, Silberbach et al. 1999). To conclude, ANF (and in

general the natriuretic peptides) functions as a local brake to control myocyte growth

and fibroblast proliferation in hearts exposed to hypertrophic stimuli and is an

important marker and modulator of cardiac hypertrophy.
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1.1.3 Mechano-growth factor and its possible involvement on cardiac

muscle hypertrophy

Cardiac muscle is known to change its mass and phenotype in response to activity,

involving quantitative and qualitative changes in gene expression such as the myosin

heavy chain P isogenes (Goldspink 2002). The regulation of muscle mass involves

autocrine and systemic factors; one autocrine factor of a particular interest is the

mechano growth factor (Goldspink 2002). Mechano growth factor (or else MGF) is

the splice variant of the insulin-like growth factor-I (IGF-I) and is usually detectable

following injury and/or mechanical activity (Goldspink 2002, Yang et al. 1996).

MGF has been found to act in an autocrine/paracrine manner and is thought to be the

end product of mechanotransduction signalling pathway in muscle cells (Goldspink

2002). Experiments have demonstrated that active muscles can undergo hypertrophy,

characterised by the addition of new sarcomeres (Griffin et al. 1971, Williams &

Goldspink 1971), up-regulation of protein synthesis (Goldspink & Goldspink 1986,

Loughna et al. 1986) and changes in gene transcription (Goldspink et al. 1992).

Studies using intramuscular injected with a plasmid gene construct, containing the

MGF eDNA has revealed a significant increase in skeletal muscle mass (Goldspink

2002). In addition, overexpression of IGF-I gene in transgenic animals increased

muscle mass (Matthews et al. 1988). Cardiac myocytes, isolated from hearts

exhibiting hypertrophy are also shown to express elevated amounts ofIGF-l gene and

protein (Dong et al. 2005). Other experiments have shown that MGF is capable of

increasing myoblast proliferation (Yang & Goldspink, 2002). Two dimensional gel

electrophoresis analysis of MGF-binding proteins, in combination with mass

spectroscopy, showed an interaction with MGF but not the systemic type of IGF-I
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(Goldspink 2002). Therefore, MGF is regarded as an autocrine growth/repair factor

providing a link between mechanical stimulus and gene expression with a possible

involvement inmuscle hypertrophy (Goldspink 2002).

1.2 Apoptosis in the failing heart

The loss of cardiac myocytes in the heart is an important step during the progression

of cardiac failure of either ischemic or non-ischemic origin (Olivetti et al. 1997).

There are essentially two mechanisms that lead to cell death: (1) apoptosis, (2)

oncosis, or a combination of both (Nadal-Ginard et al. 2003). Apoptosis and oncosis

have several differences in the remodelling of the heart (Nadal-Ginard et al. 2003).

Apoptosis is the process of cell death, which occurs naturally as part of normal

development, maintenance and renewal of tissues within an organism. During

apoptosis, the cells shrink and eventually are removed by the neighbouring cells

without any visible change in tissue morphology, as tissue repair does not include

collagen accumulation (Nadal-Ginard et al. 2003). In contrast to apoptosis, cellular

oncosis is accompanied by inflammatory responses, vessel proliferation, macrophage

infiltration, fibroblast activation and can lead to scar formation and collagen

deposition in response to cell rupture (Nadal-Ginard et al. 2003).

Apoptosis is a distinct form of cell death that is characterized by alterations in cell

morphology (Majno & Joris 1995). Early stages of apoptosis involve chromatin

condensation and margination within the nucleus (Majno & Joris 1995) and are

followed by impaired mitochondrial function (Petit et al. 1995, Zarnzami et al. 1995),

cytoskeletal alteration and membrane bleeding (Majino & Joris 1995,Martin & Green

1995). In later stages of apoptosis, nuclear fragmentation is observed, accompanied
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with the condensation of cytoplasm, resulting in the fragmentation of one or more

apoptotic bodies (Haunstetter & lzumo, 1998). The remainings of the cells are taken

up by phagocytic cells (e.g. macrophages) or are engulfed by cells that are not

specialised in phagocytosis, including vascular smooth muscle cells (Bennett et al.

1995).

There are numerous components associated with the apoptotic signalling pathways,

including the cell surface receptors (such as the death receptors of the tumour necrosis

factor receptor family), cell cycle regulators, proteolytic enzymes (such as casapses

andcalpain), Bcl-2 family of proteins, the inhibitors of apoptosis proteins (lAPs),

stress-response proteins (such as heat shock proteins), and cell adhesion proteins

(Clerk et al. 2003).

The cell apoptotic machinery can easily be divided into two distinct pathways; the

intrinsic pathway and the extrinsic pathway (Figure 1.7) (Gopisetty et al. 2006). The

intrinsic pathway involves p53 activation and stabilisation, resulting in mitochondrial

cytocrome c release (Figure 1.7) (Cory & Adams 2002), ultimately leading to caspase

activation, DNA damage and cellular apoptosis (Hockenbery et al. 1990). The

intrinsic pathway involves the Bcl-2 family of proteins (Figure 1.7) which can be

divided into three main subclasses (Gopisetty et al. 2006). The first subclass is the

anti-apoptotic proteins which include Bcl-2, Bel-xi, Mcl-l, AI and Bcl-w

(Hockenbery et al. 1990, Cory & Adams 2002, Gopisetty et al. 2006). The second

subclass is the pro-apoptotic proteins which include Bax and Bak and can interact

with Bcl-2 and Bel-xi, while the third subclass act by binding and inactivating the

anti-apoptotic members, which include Bid, Bim, Bik, Bad, Hrk, Noxa and Puma
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(Hockenbery et al. 1990, Cory & Adams 2002, Gopisetty et al. 2006). The pro-

apoptotic members are responsible for changes in the mitochondrial membrane

permeability, resulting in cytochrome c release and caspase -9 activation (Cory &

Adams 2002)~The activation of caspase 9 in turn activates caspase -3 and -7 leading

to cellular apoptosis (Figure 1.7) (Cory & Adams 2002).

The extrinsic pathway is initiated by cytokines, which belong to the tumour necrosis

factor (TNF) family (Figure 1.7) (Gopisetty et al. 2006). An example of such a pro-

apoptotic cytokine is the Fas ligant (FasL) which interacts with Fas on the cell surface

(Figure 1.7) (Gopisetty et al. 2006). The formed complex activates pro-caspase-S,

(Gopisetty et al. 2006), leading to the activation of downstream effector caspases -3

and -7 (Figure 1.7) (Nagata 1997, Gopisetty et al. 2006). The extrinsic pathway can

also be initiated by a variety of extracellular signals that result in activation of

mitogen-activated protein kinases (MAPK) pathways, including the JNK or p38

pathway that initiate the apoptotic cascade (Davis 2000, Gopisetty et al. 2006). It is

also important to note that the intrinsic and the extrinsic pathway can interact (Figure

1.7). Active caspase -8 can also activate the protein Bid that activates Bax and Bad (of

the pro-apoptotic subclass of Bcl-2 family) initiating the intrinsic pathway of

apoptosis (Figure 1.7) (Gopisetty et al. 2006).

Cardiovascular diseases are associated with cell apoptosis (Haunstetter & Izumo

1998) including dilated cardiomyopathy (Olivetti et al. 1997), ischemic

cardiomyopathy (Olivetti et al. 1997), arrhythmogenic right ventricular dysplasia

(Mallat et al. 1996), acute myocardial infarction (Itoh et al. 1995), atherosclerosis

(Kockx et al. 1994), myocarditis (Bachmaier et al. 1997), cardiac allograph rejection
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(Szabolcs et al. 1996), preexcitation syndrome (James 1994), congenital

atrioventricular block (James et al. 1996) and cardiac hypertrophy (Nadal-Ginard et

al. 2003). Both apoptotic pathways have previously been implicated in the apoptosis

of the cardiac myocytes and are currently considered to play a major role in heart

failure (Haunstetter & Izumo 1998, Bromme & Holtz 1996).

1.2.1 Apoptosis and left ventricular hypertrophy

Cardiac hypertrophy results from the enlargement of pre-existing myocytes (Nadal-

Ginard et al. 2003). It is believed that in the adult heart, myocytes are terminally

differentiated and therefore cannot re-enter the cell cycle ((Bicknell et al. 2007,

Nadal-Ginard et al. 2003). Approximately 85 % of the cardiomyocytes are arrested in

the GO/GI-phases of the cell cycle and the remaining nuclei are blocked in G21M

phase (Bicknell et al. 2007). Also, the myocardium lacks a stem cell population
-

capable of producing new myocytes (Nadal-Ginard et al. 2003). During heart disease

as well as during ageing, the rate of cell death increases (Nadal-Ginard et al. 2003).

As a result, the cardiomyocyte numbers decrease and as a consequence, myocyte

hypertrophy is initiated to the heart muscle (Nadal-Ginard et al. 2003). Therefore,

even a moderate rate of myocyte death can gradually lead to decrease in the

myocardial mass and result in chronic heart failure (Nadal-Ginard et al. 2003).

Following an ischaemic event, 80 % of the affected cardiomyocytes are apoptotic

whereas necrosis is visible in less than 20 % of the cells (Bardales et al. 1996). After

coronary occlusion, single and double stranded DNA breaks are observed in the

myocardial cells and are increased in the region around the dead tissue (Muller et al.

2000). This is indicative of increased rate of myocyte apoptosis (Nadal-Ginard et al.
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2003). Single stranded DNA breaks may be visualised in healthy cells, as a result of

mechanical overload (Nadal-Ginard et al. 2003). Primarily, repairable DNA damage is

observed, and subsequently irreversible injury and apoptosis (Nadal-Ginard et al.

2003). Subsequently, the reorganisation of the myocytes in the ventricle may occur,

resulting in a decrease in cardiac wall thickness and an increase in chamber volume

(Li et al. 1997, Anversa et al. 1993). Another mechanism, by which myocytes can

undergo apoptosis, is through the reduced rate of ATP synthesis following myocardial

infarction, leading to electrolyte imbalance within the cells (Nadal-Ginard et al. 2003,

Clerk et al. 2003). The ionic disruption triggers myocyte apoptosis and progressive

impairment of myocyte function, leading to hypertrophy (Nadal-Ginard et al. 2003).

A strong marker and putative modulator of cellular events in apoptosis is the pro-

inflammatory protein tissue factor (TF) (Camerer et al., 2000, Riewald & Ruf2002).

1.3 Haemostasis and tissue factor

1.3.1 Tissue factor, haemostasis and blood coagulation

Haemostatic mechanisms are responsible for the maintenance of the normal blood

circulatory system, following damage to the blood vessel. The activation of

coagulation mechanisms together with the aggregation of the platelets at the injured

site result in the formation of a haemostatic plug (Norris 2003, Hoffman 2003). The

coagulation phase (Figure 1.8) is made up of two pathways; 1) the intrinsic pathway

which is initiated when contact is made between blood and sub-endothelial surface

and 2) the extrinsic pathway which is initiated upon vascular injury leading to the

release of Tissue Factor (TF) (Norris 2003, Hoffman 2003). TF acts as a cofactor to

factor Vila to form the TFIFVlla complex, which proteolytically digest factor X to
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Figure 1.8: Coagulation cascades.

FYIlI, Ca2+,
phospholipids

TF

1-FVII

FIX TFIFVII
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The intrinsic cascade, indicated in blue, is initiated when exposed negative charged surfaces

and blood come into contact. The extrinsic pathway, indicated in pink, is initiated upon

vascular injury leading to the release of TF. The pink dotted arrow indicates the cross-over

point between the extrinsic and the intrinsic pathway. The two cascades lead to a common

pathway indicated in purple and convert FX to its active form FXa. Active factor FXa

hydrolyses and activates prothrombin to thrombin. Subsequently, thrombin converts

fibrinogen to fibrin leading to a stable blood clot.
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factor Xa. Additionally, TFIFVIIa also activates factor IX which can in turn activate

factor X, ultimately feeding back on the intrinsic pathway (Norris 2003, Hoffman

2003). Both these pathways lead to the generation of thrombin, which in turn,

converts fibrinogen to fibrin to form the clot (figure 1.8) (Norris 2003).

1.3.2 Tissue factor biology

Tissue factor, also known as thromboplastin or CD142, is a 47 kDa membrane

glycoprotein, consisting of 263 amino acid residues in total (Broze et al. 1985). The

extracellular region is comprised of 219 amino acid (Broze et al. 1985), followed by a

29 amino acid hydrophobic transmembrane region and a C-terminal intracellular tail

of 21 amino acids (Figure 1.9) (Broze et al. 1985). The extracellular domain of TF is

made of two fibronectin type III motifs (Broze et al. 1985). TF is a member of the

class 2 cytokine receptor superfamily (Bazan 1990) and is classified as a type I

integral membrane protein. The intracellular domain of TF contains three putative

phosphorylation sites (Zioncheck et al. 1992) which indicates that TF has the ability

to be a signal transduction receptor molecule (Kirchhofer & Nemerson 1996).

However, TF is not a classic cytokine receptor as its C-terminal domain is unusually

short for a cytokine and lacks the membrane proximal motif for binding of the non-

receptor Janus kinases (JAKs) (Ihle et al. 1995).

The complete genomic sequence of TF spanning 12.4 kb was published in 1989 by

Mackman et al. The gene for TF is localised on human chromosome 1 at 1p21-22

(Mackman et al. 1989) and is organised into six exons, whereby the second through

fifth exons encode the extracellular domain of the protein and the sixth exon provides
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Figure 1.9: Structure and amino acid sequence of tissue factor.
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Tissue factor consist of 263 amino acid residues in total. The extracellular region is comprised

of 219 amino acid, followed by a 29 amino acid hydrophobic trans-membrane region and a c-

terminal intracellular tail of 21 amino acids (Broze et al. 1985). The TF amino acid sequence

was taken from ''NCB!'' web site: ''http://www.ncbi.nlm.nih.gov''.
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both the transmembrane and cytoplasmic domains (Camerer et al. 1996, Edgington et

al. 1991, Mackman 1995, Ogino et al. 1996).

TF expression can be induced by a wide range of factors including hormones,

endotoxins, viral infection, modified lipoproteins, hypoxia, mechanical injury and

engagement of cell adhesion molecules (Camerer et al. 1996, Edgington et al. 1991,

Mackman 1995). Furthermore, TF gene expression may be triggered by

lipopolysaccharides or cytokines and can be regulated by a distal enhancer element

containing two tandom AP-l binding sites and a NF-lCB binding site (Camerer et al.

1996, Edgington et al. 1991, Mackman 1995). Moreover, expression of TF in vitro

may be induced by either serum stimulation or incubation with phorbol esters

(Camerer et al. 1996, Mackman 1995, Carmeliet & Collen 1998). Gene expression is

controlled by a proximal enhancer sequence containing three overlapping Egr-lISp 1

binding sites (Camerer et al. 1996, Mackman 1995, Carmeliet & Collen 1998).

1.3.2.1 Tissue/actor as a signalling molecule

TF is capable of inducing cell signalling as it has structural similarities to members of

the cytokine receptor superfamily (Bazan 1990). There are two well documented

mechanisms by which TF has been shown to initiate cell signalling: 1) via the

protease activity of FVIIa and FXa which may involve the activity of protease

activator receptors (PARs) and 2) via its cytoplasmic domain.

Previous studies have shown that the binding of TF to FVIIa can induce intracellular

Ca2+ oscillations in a number of TF-expressing cells including myocytes (Rottingen et

al. 1995, Camerer et al. 1996). This FVIIa-induced calcium signalling is brought
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about by binding of catalytically active FVIIa to TF (Figure 1.10) but the presence of

the cytoplasmic domain of TF was not necessary (Rottingen et al. 1995, Camerer et

al. 1996). Furthermore, it has been shown that FVIIa binding to TF in BHK cells

expressing TF, results in transient activation of p44/p42 MAPK which is also

dependent on the presence of proteolytically active FVIIa but not on the cytoplasmic

domain of TF (Figure 1.10) (Sorensen et al. 1999, Poulsen et al. 1998). In addition,

stimulation of cells expressing TF such as fibroblasts and keratinocytes, with FVIIa

resulted in the activation ofp44/p42 MAPK pathway (Pendurthi et al. 1997, Camerer

et al. 2000). Moreover, treatment of keratinocytes with FVIIa was shown to increase

phosphorylation of key components of the p38 and JNK kinase pathways (Figure

1.10) (Camerer et al. 1999). A study by Versteeg et al. (2000) showed that FVIIa

initiates signalling in fibroblasts through activation of the Src-like family members

and subsequently PI3-kinase, leading to the activation of p44/p42 MAPK, Akt/protein

kinase B and small GTPases, Rae and Cdc42 (Figure 1.10). Furthermore, it has been

shown that FVIIa induces Ca2+ release in Xenopus oocytes expressing TF, together

with activation of PARlor PAR2 but not PAR3 and PAR4 (Figure 1.10) (Camerer et

al. 2000). Treatment of CHO cells transfected to express TF and PAR2, with FVIIa

was shown to activate the p44/p42 MAPK (Figure 1.10) (Riewald & Ruf2001). It has

also been shown that PAR2 is essential for the TFIFVIIa-induced smooth muscle cell

migration (Marutsuka et al. 2002). Moreover, it has been shown that binding of FXa

to TFIFVIIa can form a transient ternary TFIFVIIa!FXa complex which is a potent

signalling unit capable of efficient activation of PARI and PAR2 (Figure 1.10)

(Riewald & Ruf2002, Hjortoe et al. 2004).
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Figure 1.10: TF-mediated signalling mechanisms.
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TF/FVIIa complex activates Ca2+ signalling, and other signalling pathways and protease

activator receptor 1 and 2 with or without the addition ofFXa. For simplicity the different cell

types where these findings were observed are not shown.
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The importance of the cytoplasmic domain of TF in TFIFVIIa-induced cell signalling

has been shown by analysing the human TF protein sequence (Zioncheck et al. 1992).

A study by Mody and Carson (1997) employing a synthetic peptide corresponding to

residues 245-263 of the human TF cytoplasmic domain showed that incubation of TF

cytoplasmic domain peptides with glioblastoma cell extracts resulted in the

phosphorylation at multiple serine residues. The deletion of the cytoplasmic domain

of TF or mutation of the cytoplasmic phosphorylation sites Ser 253 and Ser 258

resulted in a decrease in TF-induced metastasis (Bromberg et al. 1995, Mueller & Ruf

1998, Bromberg et al. 1999). Also, it has been shown that the cytoplasmic domain of

TF is responsible for the up-regulation of VEGF in melanoma cells transfected with

TF, independent of FVIIa (Abe et al. 1999). Furthermore, deletion of the cytoplasmic

domain of TF has been shown to impair TFIFVIIa protease activity induced by

reactive oxygen species production in monocytes (Rao & Pendurthi 2005). As a

feedback mechanism, TFIFVIIalFXa activation of PAR2 can lead to the

phosphorylation of the cytoplasmic domain (Hamada et al. 1996) which may mediate

angiogenesis through PAR2 signalling (Belting et al. 2004).

1.3.3 The association ofTF-mediated coagulation with cellular apoptosis

Tissue factor has recently been implicated in apoptosis (Camerer et al., 2000, Riewald

& Ruf 2002). A variety of intracellular signal cascades, including p42/p44 mitogen-

activated protein kinase pathway (poulsen et al. 1998, Camerer et al. 1999, 2000,

Pendurthi et al. 2000, Versteeg et al. 2000), Akt/ protein kinase B (PKB) pathways

(Versteeg et al. 2000, 2002) are activated upon the binding of TF to factor VIla

(Versteeg et al. 2001). Both of these pathways are capable of inhibiting cell apoptosis

(Kennedy et al. 1997, Kulik et al. 1997). Versteeg et al. (2003) observed that FVIIa
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inhibits apoptosis and caspase-3 activation in BHK cell over-expressmg TF.

Furthermore, FVIIa-mediated activation of caspase-3 is suppressed by inhibitors of

the phosphotidylinositide-3-(OH) kinase (PI3 kinase) and p42/p44 MAP kinase

pathways (Versteeg et al. 2003). In addition, FXa generated by the binding of TF to

FVIIa, dramatically increased cell survival (Versteeg et al. 2003). A study by

Sorensen et al. (2003) also showed that FVIIa decreased the number of cells with

apoptotic morphology and prevented DNA degradation as measured by means of

TdT-mediated dUTP nick and labelling (TUNEL). Also, FVIIa induced cell survival

was correlated with the activation ofPI3-kinase/Akt pathway (Sorensen et al. 2003).

1.3.4 Tissue factor in atherosclerosis and thrombosis

In normal arteries TF is localised to the cells within the adventitia and only traces of

the protein are detectable in the media or intima (Drake et al. 1989, Marmur et al.

1993). However, following injury, tissue factor is rapidly released into the aorta by

smooth muscle cells (SMCs) acting as a procoagulant to induce thrombus formation

(Marmur et al. 1993). In atherosclerotic plaques derived from human carotid and

coronary arteries, a heavy deposit of TF antigen may be detected in macrophage-

derived foam cells, vascular smooth muscle cells, endothelial cells as well as within

the cell-free necrotic core (Wilcox et al. 1989, Toschi et al. 1997, Ardissino et al.

1997, Entman et al. 1991). Plaque-associated TF has been shown to be active and

capable of activating factor VII (Marmur et al. 1996, Ardissino et al. 1997) and

capable of triggering thrombosis following plaque rupture (Moons et al. 2002, Viles-

Gonzalez & Badimon 2004), causing serious damage.
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1.3.5 Tissue factor pathway inhibitor

The inhibition of the extrinsic pathway of coagulation is vital for the prevention of

excessive clotting and thrombus formation. Tissue factor pathway inhibitor (TFPI) is a

plasma protein that can inhibit the TFIFVIIa complex (Broze 1987). TFPI, is

composed of 3 tandem Kunitz-type domains (Figure 1.11) with a molecular weight of

38 kDa (Bajaj et al. 1999, Broze 1995). TFPI inhibits the action of TF in two ways.

Firstly, TFPI can bind to the active site of FVIIa in the TFIFVIIa complex through the

first Kunitz domain (Figure l.11) (Broze 1995). Additionally, TFPI may directly bind

to FXa through the second Kunitz domain (Figure 1.11) (Broze 1992). Once formed,

the TFPIIFXa complex binds to TFIFVIIa with a higher affinity than the TFPI

molecule alone, forming an inhibited tetramolecular complex TFIFVIIalTFPIIFXa

(Broze 1992). In both cases the inhibition results in the ablation of thrombin

generation and fibrin formation (Huang et al. 1993).

The importance ofTFPI in the living organism has been demonstrated in TFPI knock-

out transgenic animals which on post-mortem were found to have developed

disseminated intravascular coagulation (Sandset et al. 1991). Homozygous mice with

TFPI gene distruption of the Kunitz 1 domain die in utero and 60 % of these animals

die during the embryonic days E9.5-E1l.5 with evidence of yolk sack bleeding

(Huang et al. 1997). Those surviving beyond embryonic day Ell.5, exhibited signs of

bleeding in central nervous system and tail but still do not survival to neonatal period

(Huang et al. 1997).

TFPI also have an important role in cellular apoptosis. A study by Hamuro et al.

(1998) identified TFPI as an inducer of apoptosis in human endothelial cells.
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Figure 1.11: Structure and amino acid sequence ofTFPI.
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Model of tissue factor pathway inhibitor showing the Kunitz type domains and the positively

(red) and negatively (green) charged amino acids groups. Kunitz I is responsible of binding in

the active site of FVIIa of the TFIFVlla complex and Kunitz 2 is responsible of binding to

FXa. The arrows indicate the possible site of heparin binding at the C-terminal end of the

TFPI. (Adaptedfrom Broze 1995)
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Furthermore, TFPI has been demonstrated to inhibit proliferation of human smooth

muscle cells (Kamikubo et al. 1997). TFPI plays a physiologically important role in

the establishment of the vascular system during development and angiogenesis by

inhibiting apoptosis of vascular endothelial cells and controlling human smooth

muscle cell proliferation (Hamuro et al. 1998, Kamikubo et al. 1997).

TFPI is mainly expressed by endothelial cells (Bajaj et al. 1990, Osterud et al. 1995).

In addition, TFPI may be expressed by monocytes (Kereveur et al. 2001), stored in

platelets (Novotny et al. 1998) and circulates in the plasma in a free state (Kokawa et

al. 1995). However, other studies have shown that upon stimulation, other cell types

including vascular smooth muscle cells and cardiac myocytes may express TFPI

(Bajaj et al. 1999) to limit local extravascular clotting following injury (Bajaj et al.

1999, Kereveur et al. 2001).

It has. been demonstrated that TF expression is elevated in atherosclerotic plaques

(Novotny et al. 1998). In addition, TFPI can inhibit TF activity and be protective

against atherosclerosis (Novotny et al. 1998). Moreover, genetically engineered mice,

heterozygous for TFPI-deficiency have been shown to be prone to atherosclerosis

(Westrick et al. 2001). These findings suggest that an imbalance between TF and

TFPI can influence the progression of both atherosclerosis and thrombosis (Doshi &

Marmur 2002). In cardiomyocytes TFPI may be expressed upon stimulation with

interleukin 1 (Kereveur et al. 2001). Moreover, patients suffering from heart disease

exhibit increased levels of TFPI antigen in their plasma (Falciani et al. 1998) which

suggests that TFPI may have a protective role in the heart (Kereveur et al. 2001,

Doshi & Marmur, 2002).
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1.3.6 Tissue factor expression in the myocardium

Tissue factor is shown to be expressed in mouse and rabbit heart tissues mainly in the

intercalated discs (Hartzell et al 1989, Luther et al. 2000, Mackman et al. 1993).

Furthermore, TF antigen concentration, expressed in ng TF Img protein, has been

shown to be higher in cardiac muscle compared to skeletal muscle (Luther et al.

2000). TF activity has been estimated to be 17.5 fold greater in cardiac than in skeletal

muscle (Drake et al. 1989). This difference is also reflected in the TF activity as

indicated by the shorter prothrombin time (Drake et al. 1989).

Luther et al. (1996) showed that TF plays an important role in the developing

myocardium by examining the expression of TF during mouse cardiogenesis in

comparison to human post-implantation embryos and foetuses of corresponding

gestational age. During the early embryonic period in murine (6.5-7.5 post-coitum)

and stage 5 of human development, TF antigen is detected in ectodermal, mesodermal

and endodermal cells whilst at later stages, TF antigen and mRNA expression is

detectable in the developing heart (Luther et al. 1996). The expression of TF by

cardiomyocytes during development suggests that it may have morphogenic functions

in the developing heart (Luther & Mackman 2001). Studies, using genetically

engineered mice with a TF deficiency (TF null mice) have shown 90 % lethality of

embryos at 9.5-10.5 post-coitum (Toomey et al. 1996, Bugge et al. 1996, Carmeliet et

al. 1996). Furthermore, transgenic mice exhibiting low TF levels (low- TF mice) have

shortened life spans than the wild-type mice (Parry et al. 1998). Autopsy examination

of these mice shows marked impairment of myocardium contractility. The level of this

impairment is not sufficient to lead to heart failure (Pawlinski et al. 2002). However,

the extensive fibrosis observed in low- TF mice may cause fatal arrhythmias
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(Pawlinski et al. 2002). This may be a reason that TF may be characterised as a

"lethal" gene, and either the absence or low levels of TF expression leads to bleeding,

haemosiderin deposition and fibrosis, giving rise to cardiac dysfunction and probably

heart failure (Pawlinski et al. 2002).

Immunohistochemical and ELISA studies have shown that TF is present within the

transverse components of the intercalated discs (Figure 1.12) in human, rabbits and

murine adult myocardium (Luther et al. 2000). This suggests that TF may be

associated with the actin filament system, within the myocyte, in the fascial adherent

of contractile fibres (Figure 1.12) (Luther et al. 2000). The same study also reported

that TF antigen is increased in premature hearts as compared to adult hearts (Luther et

al. 2000). Moreover, TF antigen is lower in the atrial compared to ventricular tissue,

due to the increase in the number of contact site in ventricular cardiomyocytes (11.3-

11.6 neighbours cells in ventricle as opposed to 4.8-6.4 neighbour cells in atria)

(Luther et al. 2000). Hence, these findings suggest a structural as well as a

haemostatic role for TF in cardiac muscle.

The role of TF has also been demonstrated during heart transplantation. TF has been

detected in coronary intima and endothelium of cardiac allografts following

transplantation (Holschermall et al. 1999). Moreover, the TF mRNA expression

measured in coronary endothelial cells is localised in the transplanted heart tissue but

not in the surrounding recipient tissue (Holschermall et al. 1999). Similar results

produced by Nagasu et al. (2000) in guinea pig cells and whole tissue, showed that TF

expression was observed, 3 h post-transplantation, in endothelial cells and smooth

muscle cells whereas in rats, TF expression was observed after 16 h in the circulating
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Figure 1.12: A schematic representation of the intercalated discs within

cardiomyocytes and the associated TF.

Tissue Factor

Intercalated
discs

...._
~ ""'III

r-

........ ~..~ ....
- -.~ ~~r-,

........
r'

r-

........ r-
r-

...
::r

~

Cardiomyocyte

Tissue factor (white dots) is present in the intercalated discs of the myocytes and is associated

with the actin-myosin filament system in the fascial adherent of contractile fibres (Luther et

al.2000).
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monocytes. Holschermall et al. (2000) reported that TF mRNA was increased in the

transplanted heart compared with recipient tissue 120 days post-transplantation in rats.

Therefore, abnormal TF expression in the coronary intima and in endothelial cells

lining the coronary vessels of the donor heart as well as recipient monocytes, may

initiate intravascular clotting and lead to the induction of transplant atherogenesis

(Nagasu et al. 2000).

1.3.6.1 Cardiac hypertrophy and tissue/actor

One of the features of cardiac hypertrophy is the distinct morphometric changes in

cardiomyocyte size and the decreased cell number in the left ventricle (Olivetti et al.

1995, Anversa et al. 1986). Studies have shown that these changes are responsible for

altering the TF content of the myocardium as a result of reduction in the cellular

contact sites within the myocardium and the release of associated TF have been

present with the transverse components of the intercalated disc (Olivetti et al. 1995,

Anversa et al. 1986). Luther et al. (2000) demonstrated that TF is decreased in hearts

of older males (but not females). This loss is though to correlate with the loss of

myocytes and the induction of the reactive hypertrophy in the remaining

cardiomyocytes that lead to a decrease in the cellular contact sites within the

myocardium (Luther et al. 2000, Olivetti et al. 1995). Similar changes in TF content

of the myocardium have been observed in hypertensive male and female hearts with

increased left ventricular wall thickness and increased relative heart weight

(Hangarther et al. 1985, Urbanova 1983). These data indicate that the myocardial TF

content is reduced in hypertrophic myocardium in comparison to normal heart tissue

(Luther et al. 2000). Additionally, the number of myocyte contact sites per cardiac

muscle mass is decreased and therefore, it is possible to associate the decrease in the

TF expression with the hypertrophic myocardium (Luther et al. 2000).
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Furthermore, a transgenic rat model has previously been employed to examine the

pattern of TF expression during experimental hypertrophy (Muller et al. 2000). This

genetically engineered strain of rat over-expressed human renin angiotensinogen

genes and gave rise to hypertension and left ventricular hypertrophy, resulting in

mortality at 7 weeks (Muller et al. 2000). The plasma and cardiac angiotensin II levels

in the transgenic rats were 3-5 times higher than the Sprague-Dawley (SD) rats, used

as control (Muller et al. 2000). A separate group of transgenic rats received an Ang II

inhibitor, valsatant to normalise blood pressure and ameliorate cardiac hypertrophy

(Muller et al. 2000). Measurement of TF mRNA levels in hearts of the transgenic

group exhibited increased expression in comparison to SD control rats (Muller et al.

2000). Furthermore, the increase in the expression was concomitant with the presence

of TF antigen in the endothelial layer of coronary vessels (Muller et al. 2000).

However, on treatment with Valsatant, the TF mRNA levels and TF antigen in

endothelial cells was reduced to normal levels (Muller et al. 2000). These findings

suggest that TF expression by endothelial cells may lead to microvascular thrombosis

and micro-infarction leading to cardiac hypertrophy (Muller et al. 2000).

1.4 Objectives of this study

The aim of this study was to investigate the involvement of tissue factor in the

pathogenesis and/or development of cardiac hypertrophy. This could provide a better

understanding of the disease and thus identify possible new approaches toward novel

treatments.

The main objectives of this study were:
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• To establish the pattern ofTF and TFPI expression over a 14 day period post-

induction of cardiac hypertrophy in adult rat heart through analysing the

mRNA and protein expression.

• To investigate the role of TF on the expression of ANF in H9c2

cardiomyocytes in vitro by analysing ANF mRNA and protein levels upon

treatment with exogenous TF.

• To assess the role of TF in cellular apoptosis in H9c2 cardiomyocyte in vitro,

by analysing activation of the caspase-3 and cell viability, upon treatment with

exogenous TF.
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2. Materials and methods

2.1 Materials

The materials, reagents and equipment used throughout this project were purchased

from the companies listed in table 2.1 below.

Table 2.1: A table showing the companies from which the materials, reagents and

equipment used in this project were purchased.

COMPANY AND ADDRESS PRODUCT(S)

Anachem Ltd., Luton, UK Mouse monoclonal anti-GAP3DH [6C5]
Animal Care Ltd., York, UK Sterile isotonic saline
Apple, Cupertino, Canada MacLab recording system
ATCC-LGClPromochem, H9c2 cells
Teddington, UK
Axis-Shield Diagnostics Ltd., Human factor Xa, recombinant human factor
Dundee, UK VIla
BD Biosciences, Oxford, UK Becton Dickinson FACSCalibur flow

cytometer, CellQuest software program, 0.5
mm OD needles, Falcon microscope chamber
slides, Falcon FACS tubes

BDH Laboratory supplies, Poole, NaCI, KCI, MgS04.7H20, KH2P04, Mannitol,
UK Glucose, CaCh.2H20, NaHC03, Glysine, HCI
Bioline, London, UK Molecular graded agarose, PCR ranger DNA

ladder 1000bp
Charles Rivers, Kent, UK Male Sprague-Dawley rats
Chemicon Europe Ltd., Chanders Rabbit anti mouse IgG Rhodamine-linked
Ford, UK antibody
Dade Behring, Marburg, Recombinant human tissue factor
Germany
DAKO Corporation, Carpinteria, Fluorescent mounting medium
USA
DAKO Ltd., Ely, UK Normal rabbit serum, Normal swine serum

Goat anti-rabbit TRITC-conjugated antibody
Swine anti rabbit IgG TRITC conjugated

Ethicon, Somerville, USA Mersilk °suture, Ethicon 3-0 Vicyl braided
suture, Ethicon 3-0 blue monofilament suture
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Fisher Scientific Ltd., Leicester, Eppendorf miniS pin micro centrifuge, 1.5 ml
UK ependorf nuclease free microfuge tubes, 1.5

microfuge tubes, Wollenberger tongs,
Hawkleys crystallite Haematocytometer

Flowgen, Loughborough, UK Bis-acrylamide solution [30 % (w/v)
acrylamide: 0.8 % (w/v) bis acrylamide stock
solution 37:5:1], Resolving buffer [1.5 M Tris-
HCI, pH 8.8, 0.4 % (w/v) SOS],
Tetramethylethylanediamine (TEMEO)

GE Healthcare, Little Chalfont, Ready-to-go RT-PCR beads
UK
Gilmount Instruments, 2.0 ml micrometer syringe
Barrington, USA
Greiner Bio-one, Longwood, USA 25 cnr' tissue culture flasks, 75 crrr' tissue

culture flasks, 150 cnr' tissue culture flasks, 30
ml sterilin tubes, 50 ml sterile tubes, 15 ml
sterile tubes

Helena Laboratories, Cascade-M coagulometer, Normal human
Sunderland, UK plasma
Intervet Ltd., Milton Keynes, UK Amfipen (150 mg/ml anhydrous ampicillin)
Janke & Kunkel KKA K Ultra-turrex T25 homogeniser
Labortechnick, Staufen,
Germany
Kingston Veterinary Group, Hull, Halothane (prescribed by the veterinary doctor)
UK
Leica Microsystems, Milton Fluorescent microscope
Keynes, UK
Leo Laboratories Ltd., Dublin, Heparin Sodium (100 Vlml)
Ireland
Media Cybernetics, Wokingham, CooISNAP-Pro, Color CCD camera, ImagePro
UK software
Merck Pharmaceuticals, Mouse monoclonal anti- TF antibody
Notingham, UK (Calbiochem), Rabbit polyclonal anti- TFPI

antibody (Calbiochem), Caspase-3 Activity
Detection Kit (FITC-DEVD-FMK) (Oncogene),
Taurine

MWG-Biotech AG, Ebersberg, Primer synthesis for: ANF GAP30H, MGF,
Germany MHCP, TF, TFPI
Nikon, Kingston-Upon- Thames, Nikon TMS inverted microscope
UK
Novartis Animal Health Ltd., Thiopentone sodium (0.025 g/ml)
Lil"mgtonIRoyston, UK
Novocastra Ltd., Newcastle Upon Mouse anti human developmental myocin
Tyne, UK heavy chain antibody
Pfizer Ltd., Kent, UK Rimadyl

48



Georgia Alkistis Frentzou Chapter 2

Promega, Southampton, UK lOX TBE buffer, TMB stabilized substrate for
horse-radish peroxidase, Cell Titer 96 Aqueous
One solution reagent, DeadEnd™ Fluorometric
Tunel System

PromoCell, Heidelberg, Germany Heat inactivated foetal calf serum (FCS)
Radiometer, Copenhagen, ABL 77 Series blood gas analyser
Netherlands
Royal Free Hospital, London, UK Rabbit anti human mgf (kindly provides by

Prof. Goldspink)
Santa Cruz Biotechnology Inc, Rabbit polyclonal anti-rat ANF antibody, Anti-
Heidelberg, Germany rabbit IgG HRP conjugated antibody, Anti-

mouse IgG HRP conjugated antibody, Rabbit
anti-human p53 antibody, goat abti-rabbit
IgGFITC conjugated antibody

SensoNor a.s., Horten, Norway SensoNor 840 transducer
Sigma-Aldrich Inc, Poole, UK Dulbecco's Modified Eagle's medium (without

glutamine, with 4.5 gil glucose and sodium
bicarbonate), Ala-Glu solution,
Antibiotic/antimycotic solution, Sterile PBS,
Trypsin-EDTA, Sodium pyruvate, Sodium
lactate, Hepes, Butanedion Monoxime (BDM),
BSA A6003, BSA A7030, TRI-reagent,
Chloroform minimum (99 %), 2-Propanol for
molecular biology (minimum 99 %), Absolute

_ ethanol 200proof for molecular biology,
Nuclease free water, Bromophenol blue, Lipid-
free BSA protein standards, 2X Laemmli' s
buffer, PMSF, Methanol, Tween-20,
Formaldehyde, Anicomycin Triton X-lOO,
Ammonium persulfate, Nucleic asid gel stain
Sybergreen I, Mouse anti-human slow myosin
heavy chain antibody

Sybron Ing., Chicago, USA 1.5 ml cryovials
Syngene, Cambridge, UK DV transilluminator, "Gene Tools" software

program
Techne Ltd., Stone, UK Techgene thermal cycler
TCS Cellwork, Botolph Claydon, Diamethyl sulfoxide (DMSO) freezing medium
UK
Tocris Biosciences, Bristol, UK 2-Methoxyestradiol (2ME)
VWR, Poole, UK Trypan blue
Wissenchafliche Software, "B & L Menu" primer design software
Freberg, Germany
Worthington Biochemical- Lome Worthington type 2 collagenase enzyme
Laboratories Ltd., Reading, UK
WPA, Cambridge, UK WPA lightwave DVNis Diobe array

spectrophotometer
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2.2 Methods

2.2.1 Culture and maintenance of H9c2 cells

The H9c2(2-I) cell line, is a sub-clone of the original clonal cell line derived from the

embryonic BDIX rat heart tissue by B. Kimes and B. Brandt and excibits many of the

properties of skeletal muscle and is ideal to be used for expression studies. Also,

myoblastic cells in this line have the ability to fuse and form multinucleated myotubes

and respond to acetylcholine stimulation. The myoblastic population becomes

depleted rapidly if the cultures are allowed to become confluent. It is advisable to

subculture the cells before reaching 100% confluence and the line should be recloned

periodically with selection for myoblastic cells (ATCC-LGClPromochem, UK).

2.2.1.1 Culture ofH9c2 cellsfromfrozen stock

All procedures were performed under sterile conditions. H9c2 cells stored in DMSO-

freezing medium in liquid nitrogen (-80°C), were propagated in Dulbecco's Modified

Eagle's medium (DMEM) supplemented with heat inactivated foetal calf serum (10 %

v/v), 4 mM of Ala-Glu solution and antibiotic/antimycotic solution (1 % v/v). Cells

were thawed by gentle agitation at 3TC for 2 min and 500 ul of complete DMEM

medium was added to reduce the toxicity of the DMSO-freezing medium. A

suspension of2 x 105 cells were seeded in a 75 cm2 tissue culture flask, containing 10

ml of complete DMEM medium and incubated at 3TC under 5 % CO2 atmosphere.

The medium was partially exchanged (3 ml) every 3 days.
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2.2.1.2 Subculturing procedure

Cells were propagated, as specified by the manufacturer's instructions, to 80-90 %

confluence before sub-culturing, so as to maintain the myoblastic component of the

population. The medium was aspirated and retained at 3TC. Sterile pre-warmed

phosphate buffer saline (PBS), pH 7.4, was used to rinse the cells to remove any trace

of medium. Subsequently, trypsin-EDTA solution (5 ml for 25 cm2 culture flask or 8

ml for 75 cm2 culture flask) was added and incubated at 3TC for 5-10 min. Cells were

observed using an inverted microscope to ensure detachment. The suspension was

then aspirated into a 30 ml sterilin tube and the flask rinsed with an equal volume of

the retained medium and pooled with the cell suspension (to neutralise the trypsin

solution). Cell density was established using a haematocytometer. Cells were then

centrifuged at 400 g for 10 min, and the pellet was re-suspended in fresh complete

DMEM medium pre-warmed at 37°C. The cells were divided between new culture

vessels as required (7.5 x 104 cells/ 25 cm2 flask, 2 x 105 cells/ 75 cm2 flask and/or 4.2

x 10~cells/ 150 cm2 flask) and incubated at 3TC under 5 % CO2 atmosphere. The

medium was changed partially (1 ml for the 25 cm2 flask, 3 ml for 75 cm2 flask, 5ml

for 150 cm2 flask) every 3 days.

2.2.1.3 Harvesting procedure

Cells were trypsinised and pelleted as described in section 2.2.1.2. The pellet was

resuspended in prewarmed (3TC) sterile PBS pH 7.4 and divided into sterile 1.5ml

eppendorf microfuge tubes. Finally, the cells were centrifuged at 12,110 g in a

microcentrifuge for 10 min, the supernatant was discarded and the pellet frozen at

-20·C for protein and nucleic acid analysis.
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2.2.1.4 Freezing procedure

Cells were harvested by trypsinisation as described above (section 2.2.1.2). Cells were

resuspended in freezing medium containing DMSO, aliquoted in cryovials (4 x 105

cells/ cryovial and/or 1 x 106 cells/ cryovial), placed in a freezing chamber and stored

at -70°C overnight. The vials were subsequently transferred to a liquid nitrogen

container for long-term storage.

2.2.1.5 Cell counting procedure

The number of the cells was determined using a double chamber haematocytometer.

10 ul of the cell suspension was placed into the hematocytometer chamber and the cell

density was determined, by counting cells within a set area of 10 squares.

Concentration of cells was determined from the following equation:

Cell concentration (cells/ ml) =average cell count x 104 X dilution factor (where appropriate).

Cell viability was checked using Trypan blue stain and was assessed by the ratio of

the stained cells (dead cells) versus the unstained cells (live cells). Cells in suspension

were diluted 1:1 with 0.1 % (w/v) Trypan blue, were loaded in a haematocytometer

chamber and were counted as described above.

2.2.2 The aortic constriction model of cardiac hypertrophy in rats

Male Sprague-Dawley rats were housed and maintained under conditions complying

with Home Office regulations under the Animals (Scientific Procedures) Act 1986 and

had ethical clearance. All procedures were carried out in an aseptic environment. The

surgical procedure was performed as described by Boateng et al., (1998). In brief,

male Sprague-Dawley rats, weighing between 240-260 g were anaesthetised by
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inhalation of 4 % halothane in oxygen (41/h), and 0.02 ml Rimadyl analgesic agent (5

% w/v Carprofen) administered subcutaneously prior to surgery. Animals were

maintained under anaesthesia with 2-2.5 % halothane in oxygen (1 1/h).A laparotomy

was performed, the abdominal aorta exposed between the left and the right renal

branches and constricted with Ethicon suture (Mersilk 0 suture) and a blunted needle

with an outer diameter of 0.5 mm. As an indication of successful constriction, the left

kidney was blanched following constriction. The suture was then tied, the needle

removed and the kidney allowed to re-colour. Prior to closure, approximately 5 ml of

sterile isotonic saline was administered to re-hydrate the animal. The abdominal wall

was closed using absorbable suture (Ethicon 3-0, Vicryl braided) and the skin layer

with non-absorbable suture (Ethicon 3-0, blue monofilament). Subsequently, animals

were given 100% oxygen and 0.07 ml of antibiotic (42 mg/kg of body weight (bWt)

(Ampifen) was administered subcutaneously. Sham-operated animals underwent the

same procedure without constriction of the abdominal aorta. Animals were fed and

watered ad lib. The hearts were harvested 1, 3, 7 and 14 days post surgery and used

either for isolating adult ventricular cardiomyocytes (section 2.2.2.1) or for isolating

the left ventricle (section 2.2.2.2).

2.2.2.1 Isolation of adult ventricular rat cardiomyocytes

The method was adapted by Smolenski et al. (1991). Briefly, male Sprague-Dawley

rats, weighed between 240 and 260 g were anaesthetised with approximate 1 mIlIOOg

BWt, sodium thiopentone (0.025 g/ml Thiopentone sodium), hearts excised and the

aorta cannulated on a Langendorff perfusion apparatus. The left atrium was perforated

and a small piece of plastic tubing inserted into the mitral valve to prevent closure.

The heart was perfused in the Langendorff mode with non-circulating buffer

53



Georgia Alkistis Frentzou Chapter2

containing 60 mM NaCI, 16 mM KCI, 3.2 mM MgS04, 1.2 mM KH2P04, 10 mM

mannitol, 20 mM taurine, 11 mM glucose, 5 mM pyruvate, 10 mM BDM, 10 mM

Hepes, pH 7.2, and oxygenated 100 %, at a flow rate of 11.5 ml/min, at 3TC for 10

min. Cells were isolated as described previously by Smolenski et al. 1991.

Subsequently, the perfusion was switched to a re-circulating mode with 35 ml of non-

circulating buffer containing 0.875 units of collagenase Worthington type 2 and 0.5 %

(w/v) BSA (A6003). After 10 min, 7 x 5 ,.11 aliquots of 1 M CaCh were added to give

a final concentration of 1 mM CaCh to produce Ca-tolerant cardiomyocytes. The re-

circulating perfusion was maintained for a further 30 min. The perfusion apparatus is

illustrated in Figure 2.1.

Following removal of atria, the ventricles were placed in 25 ml of washing buffer

containing 120 mM NaCI, 2.6 mM KCI, 1.2 mM MgS04, 1.2 mM KH2P04, 1 mM

CaCh, 11 mM glucose, 2 mM pyruvate, 4 % (w/v) BSA (A7030), 10 mM BDM, 10

mM,. Hepes, pH 7.4, oxygenated with 100 % O2, and gently agitated by repeating

pipetting. The cell suspension was filtered through a nylon gauze and centrifuged at

15 g for 10 min. The cells were re-suspended in 5 ml of DMEM medium

supplemented with 10 % (v/v) heat inactivated foetal calf serum, 1 % (v/v)

antibiotic/antimycotic solution, and 2 mM Ala-Glu solution and transferred to a 75

cm2 culture flask. The cells were incubated at 3TC with 5 % CO2 atmosphere for 1 h,

to remove other cell types such as fibroblasts. The purified population of cells was

centrifuged at 400 g for 10 min and the pellet re-suspended in 1 ml of pre-warmed

(3TC) sterile PBS, pH 7.4, centrifuged at 12,110 g in a microcentrifuge for 8 min and

frozen at -20°C for molecular analysis.
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Figure 2.1: A schematic representation of the procedure for the isolation of adult rat

ventricular cardiomyocytes.

Non- Circulating ----------,
Buffer

I_.1. _

I

I
I

CaCI]

Re- Circulating
Buffer

pump

Circulating
water,
maintaining
temperature
at37 C

Heart

I~-------------------~
Waste

Hearts were perfused for 10 min with non-circulating buffer (blue line) 100 % oxygenated and

pre-warmed at 3TC, which was subsequently discarded. The buffer was then switched to the

re-circulating buffer (red dashed line) oxygenated 100 % for a further 10 min before the

addition of CaCh (violet dashed line). The re-circulating perfusion was maintained for a

further 30 min.
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2.2.2.2 Isolation of left ventricular rat heart tissue

Male Sprague-Dawley rats, weighing between 240-260 g were anaesthetised as

described previously (section 2.2.2.1), the heart excised and the aorta cannulated in a

Langendorff perfusion apparatus. The heart was rinsed with normal Krebs Hensleit

bicarbonate Buffer (nKHB), containing, 118 mM NaCl, 25 mM NaHC03, 1.2 mM

KH2P04, 4.8 mM KCI, 1.2.mM MgS04, 1.25mM CaCl2 and 5mM glucose, for 10

min. The atrium was removed and the right and left ventricles were dissected

separately and freeze-clamped using Wollenberger tongs, cooled prior to the

temperature of liquid nitrogen. The samples were stored in liquid nitrogen until further

use.

2.2.2.3 Isovolumic preparation of rat heart perfusion

Male Sprague-Dawley rats, weighing between 240-280 g were anaesthetised as

previously described (section 2.2.2.1) with an intra-peritoneal injection of sodium

thiopentone. The hearts were excised and placed in ice-cold Krebs Hensleit Buffer

(KHB) containing, 118mM NaCI, 25 mM NaHC03, 1.2mM KH2P04, 4.8 mM KCI,

1.2mM MgS04, 1.25mM CaCl2 and 5 mM glucose, 1mM sodium lactate and 0.1

mM sodium pyruvate. The wet heart weight was recorded and the heart cannulated via

the aorta and subjected to retrograde perfusion using a modified isovolumic

Langendorff method (Ogino et al., 1996). The heart was perfused at a flow rate of 14

mllmin with KHB, equilibrated with 95 % 02 and 5% C02, at 3TC using a specially

constructed oxygenator (Gamesik et al., 1996). The apex of the heart was pierced so

as to prevent accumulation of fluid. A balloon, made of cling film, was inserted

through the mitral valve into the left ventricle and inflated with water using a 2.0 ml

micrometer syringe so as to maintain a diastolic pressure of 5 mmHg. Monitoring of
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the left ventricular pressure was achieved usmg a SensoNor 840 physiological

pressure transducer connected to the balloon via a fluid filled line to a MacLab

recording system (AD Instruments) (Figure 2.2).

The heart was perfused with KHB at a constant flow rate of 14 mllmin for 20 min

equilibration period (Figure 2.3). Subsequently, the heart was subjected to increasing

doses ofTF for 15 min as shown in Figure 2.3.

Etlluent samples were collected at 5 min interval and oxygen content was determined

using an ABL 77 series blood gas analyser. Oxygen consumption (MV02) was

determined by measuring the difference in partial pressure of oxygen in the buffer

(p02 perfusate) and the coronary etlluent (p02 etlluent) and calculated using the

following equation:

MVOz =~ perfusate - p(h effiuent)!760 mmHg] x Cb solubility at 3TC x 5 x flow rate
Wet hear weight

Where MV02 is measured in umoles 02/minlg wet heart weight, p02 is measured in

mmHg and flow rate is measured as mllmin. 02 solubility at 3TC is equalled to 0.199

umole/ml. At the end of the perfusion protocol, the balloon was removed and the heart

was freeze-clamped and stored as previously described (section 2.2.2.2).

After excision of the heart, approx. 1 ml of blood from the thoracic cavity was

collected in an 1.5 ml microfuge tube containing 100 J.11of heparin and haematocrit

was measured using a radiometer ABL 77 series blood gas analyser. At the same time,

tibia length was measured and the kidneys were removed and weighed.
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Figure 2.2: The perfusion rig for Langendorffheart perfusion

Transducer
Oxygenator

Micrometer ___ ...J

syringe

Water filled
catheter

The perfusion rig assembled in the picture consists of a water filled catheter connected to the

transducer and the micrometer syringe via a 3 way tap from one end and to the balloon from

the other. The heart hangs from the cannula and kept at 37°C for the duration of the

experiment. The transducer picks up the electrical impulses of the heart via the water filled

catheter, which are recorded using the Mac Lab recording system.
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2.2.2.3.1 Cardiac [unction

Throughout the perfusion protocol, heart rate, systolic and diastolic pressures were

recorded continuously and the mean values for eaeh parameter determined (Figure

2.4a & 2.4b). Cardiae function was then assessed by calculating the following

parameters:

A. Left ventricular developed pressure (LVDP) (mmHg) = End systolic pressure

- End diastolic pressure

B. Rate pressure product (RPP) (mmHg/min) = LVDP x Heart rate

C. Cardiac efficiency (CE) = RPP
MV02

(mmllg/umoles/g wet heart weight).

2.2.3 Isolation of total RNA

2.2.3.1 RNA extraction from H9c2 cells

Pellets containing approximately 2 x 104 cells were lysed by repeated pipetting in

TRI-reagent (mixture of quanidine and phenol in a mono-phase solution) (200 Ill)

(Sanibrook et al. 1989) and left at room temperature for 5 min. Subsequently, 40 III of

chloroform was added and mixed vigorously for 15 s. The mixture was allowed to

stand at room temperature for 15 min, centrifuged at 12,110 g in a microcentrifuge for

15 min and the colourless aqueous phase was transferred to a nuclease free 1.5 ml

Eppendorf microfuge tube to which isopropanol (100 Ill) was added. This solution

was left at -20·C for 30 min and then centrifuged at 12,110 g in a microcentrifuge for

10 min. The resulting RNA pellet was washed with 75 % nuclease free ethanol (200

Ill), collected by centrifugation at 12,110 g for 5 min and the pellet was re-suspended

in 60 III of nuclease free water. The RNA was quantified measuring the absorption at

260 nm with a WPA lightwave UVNis Diobe array spectrophotometer (see section

2.2.3.4) and stored in -70·C for further use.
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Figure 2.4: A representative trace of cardiac function obtained during heart

perfusions.
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Figure (a), shows a typical trace of cardiac function obtained during the equilibration time of

heart perfusion. On channel I the systolic and diastolic pressures were recorded and on

channel 2 the heart rate. Figure (b), shows an expanded section of the trace to determine

diastolic pressure and systolic pressure. The left ventricular develop pressure (LVDP) can be

calculated thereafter.
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2.2.3.2 RNA extraction from isolated adult ventricular rat cardiomyocytes

RNA was extracted from isolated cardiomyocytes using a similar procedure to that

described above (2.2.3.1), except the volumes of all reagents were increased two fold.

Briefly, cells (approximately 106) were lysed in TRI-reagent, the suspension

centrifuged at 12,110g in a microfuge for 10 min to remove insoluble materials, and

the resulting supernatant was transferred into a 1.5 ml Eppendorf nuclease free

microfuge. Subsequently, 80 J.lIof chloroform was added, and total RNA extracted as

described in section 2.2.3.1. The isolated RNA was quantified spectrophotometrically

as described in section 2.2.3.4 and stored at -70·C.

2.2.3.3 RNA extraction from left ventricular rat heart tissue

Left ventricular tissue was ground to a powder using a mortar and pestle with liquid

nitrogen prior to the RNA extraction and stored in cryovials at -80·C. 100mg of tissue

were homogenised in 1 ml of Tkl-reagent, with an Ultra-turrex T25 homogenizer, 4

times for 5 sec. The resultant suspension was centrifuged at 12,110 g in a

microcentrifuge for 10 min to remove insoluble debris and transferred to a 1.5 ml

Eppendorf nuclease free microfuge. Total RNA extraction was carried out as

described in section 2.2.3.1, but using five times the volumes of the reagents. The

isolated RNA was quantified spectrophotometrically as described in section 2.2.3.4

and stored at -70·C.

2.2.3.4 Determination of total RNA concentration and purity

To determine the concentration (ug/ml) and the purity of RNA, the ratio of

absorbances at 260 nm and 280 nm was measured at a 10 fold dilution, using a

lightwave UVNis Diobe array spectrophotometer. RNA samples with a ratio of 1.3 or
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higher were considered to be of sufficient purity and used for experiments. The

concentration (ug/ml) of the RNA per ml was determined using the following

equation:

A260X 40 ug/ml x dilution factor (l0) = ug/ml

2.2.4Reverse transcription polymerase chain reaction (RT -peR)

2.2.4.1 Primer design

The DNA sequences for the genes of interest were downloaded from the "NCBI" web

site: ''http://www.ncbi.nlm.nih.gov''. The primers were designed using the "B & L

Menu"computer software program avoiding primer-dimer formation. Reverse and

forward primer pairs were designed for compatibility of the primer pairs and the size

of the PCR product, (ideally between 400 and 800 base pairs). The primers optimised

and used for the RT-PCR assessment of mRNA transcripts of glyceraldehyde-3-

phosphate dehydrogenase (GAP3DH), tissue factor (TF), tissue factor pathway

inhibitor (TFPI), atrial natriuretic factor (ANF), myosin heavy chain beta (MHCB)

and mechano-growth factor (MGF) were as listed in table 2.2.

Table 2.2: Primer sequences for GAP3DH, TF, TFPI, ANF, MHCB and MGF

Primer name Sequence Product size
GAP3DH 5'-GGC ACA GTC AAG OCT GAG AAT-3' 800bp
GAP3DH 5' -CCA GGA AAT GAG err CAC AAA G-3'
TF (forward) 5'-CAC AGA GAT ATG GTC AGC Aoo-3' 196 bp
TF (reverse) 5'-ATG GAG GAA CTC ACC TCA TGG-3'
TFPI (forward) 5'-TGC AAA GCA ATG ATA CGG AG-3' 400bp
TFPI (reverse) 5'-CTG CAC TCC TCC AAG GTC TC-3'
ANF (forward) 5'-ATG GGC TCC rrc TCC ATC ACC-3' 397bp
ANF (reverse) sooo CTC CAA TCC TGT CAA TCC-3'
MHCB 5'-CAG AAG TCC TCC CTC AAG CTC C-3' 497bp
MHCB 5'-CAG CCT CTC ATC TCG CAT CTC C-3'
MGF (forward) 5'-GCT TGC TCA err TAC CAG C-3' 200bp
MGF (reverse) 5'-AAA TGT ACTTCC TTTCCTT-3'
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The primers were synthesised by MWG-Biotech AG, reconstituted with nuclease free

water at concentrations of 100 pmol/i .rl and kept at -20°C until use.

2.2.4.2 Analysis of mRNA transcripts by single tube RT-PCR

Ready-to-go RT-PCR beads were used for single tube RT-PCR reactions, to minimise

the risk of contamination and pipetting errors by reducing the number of

manipulations required. A single RT-PCR bead reconstituted in a total volume of 50

J.lI,provides a final concentration of ~2.0 units of Tag DNA polymerase, 10 mM Tris-

HCI, 60 mM KCI, 1.5 mM MgCh, 200 J.lM dNTP, 200 J.lM Moloney murine

leukaemia virus reverse transcriptase, 200 J.lM RNA guard ribonuclease inhibitor

(porcine), 200 J.lM stabilizers, including RNaselDNase-free BSA (Sambrook et al.

1989). To initiate the reaction, 0.5 J.lIof 100 pmol/ul forward primer, 0.5 J.lIof 100

pmol/ul reverse primer and 0.1 ug of RNA template were added. Reverse transcription

and PCR amplification was carried out in a continuous run in a Techgene thermal

cycler according to the following programme:

Table 2.3: RT -PCR programme used for the amplification of mRNA transcripts

Program Time Temperature Cycles Event

30min 42·C 1 Transcribe mRNA
tocDNA

RTstep RNA degradation
Smin 9S·C I and RTase

denaturation
lmin 9S·C Denaturing

PCR step lmin SS-6S·C 30 Annealing
lmin 72·C Extension

End
IOmin 72°C I Final extension
Hold 4·C N/A Cooling

The annealing temperatures for the specific test genes amplified were 61°C for

GAP3DH and TFPI, 58°C for TF, ANF and MHCB; and 55°C for MGF.
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2.2.4.3 Analysis of peR products by agarose gel electrophoresis

The amplified DNA was separated and analysed on a 1.5 % (w/v) agarose gel by

electrophoresis (Sambrook et al. 1989). 50 ml of 1.5 % (w/v) agarose gel was

prepared in an electrophoresis tray with a comb and immersed in tris-borate (TBE)

buffer, pH 8.3. Samples (12 J.lI)were mixed with loading buffer (2 J.lI,0.1 % (w/v)

bromophenol blue, 30 % (v/v) glycerol), and 100 x diluted Syber Green I (1 J.lI).15 J.lI

were then loaded into each well. Electrophoresis was carried out at 100 V for 1 h, the

gel subsequently visualised on a UV transilluminator and the image was recorded. The

amplification products were identified by comparison with a DNA ladder covering a

range of 100-1000 bp. The amount of the amplified product was measured as total

intensity using the "Gene Tool" computer software programme and the relative

transcript expression was quantified against amplified GAP3DH mRNA as a reference

gene.

2.2.5 Protein analysis

2.2.5.1 Extraction of total protein from H9c2 cells

Total protein was extracted from approximately 4 x 105 cells lysed in 200 J.lI of

Laemmli buffer. An aliquot (10 J.lI)of cell lysate was removed and used for protein

quantification (section 2.2.5.4). The remaining lysate was stored at -200C until used.

2.2.5.2 Extraction of total protein from isolated adult ventricular rat cardiomyocytes

The isolated cardiomyocytes were homogenised in an Ultra-turrex TI5 homogeniser

in 1 ml ofhomogenisation buffer (50 mM of Tris-HCI and ImM PMSF), 4 times each

for 5 s. The homogenate was then centrifuged at 12,110 g in a microcentrifuge for 10

min and the remaining pellet was re-suspended in 400 J.lIof homogenisation buffer.
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Aliquots (10 Ill) of sample were used for protein quantification (section 2.2.5.4). The

remaining lysate was stored at -20GC until further use.

2.2.5.3 Extraction of total protein from left ventricular rat heart tissue

Left ventricular tissue was ground as described in section 2.2.3.3. 200 mg of left

ventricular tissue was homogenised in 1 ml of homogenisation buffer as described

above and the protein extracted as described in section 2.2.5.2.

2.2.5.4 Estimation of protein concentration using the Bradford assay

The protein concentrations of cell and tissue extracts were determined using the

method of Bradford (1976), which utilizes the principle of protein-dye interaction and

is suitable for measuring ug quantities of protein. Lipid-free bovine serum albumin

(BSA) was used to prepare a standard curve covering a concentration range of 0-150

ug/ml of protein. Aliquots (100 Ill) of standards or samples were mixed with 900 IIIof

1:1 freshly diluted Bradford reagent in water. The samples were incubated for 10 min

at room temperature, and absorbance measured at 595 nm using a lightwave UVNis

Diobe-Array spectrophotometer. Protein concentration of the cells and tissue extracts

were determined from the standard curve (Figure 2.5).

2.2.5.5 SDS-polyacrylamide gel electrophoresis

A 12 % (w/v) resolving gel was prepared using 4 ml bis-acrylamide solution (30 %

(w/v) acrylamide: 0.8 % (w/v) bis-acrylamide stock solution (37:5:1», 2.6 ml

resolving buffer (1.5 M Tris-HCl, pH 8.8, 0.4 % (w/v) SDS), 3.3 ml distilled water

and 100 IIIof 10% (w/v) freshly made ammonium persulphate. The mixture was de-

aerated by placing under vacuum for 2-3 min and polymerisation initiated by the
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Figure 2.5: Protein standard curve.
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Bovine serum albumin (BSA) was used to prepare a standard curve covering a concentration

range of 0-150 ug/ml of protein. Following incubation with 1:1 diluted Bradford reagent at

room temperature for 10 min, the absorbance was measured at 595 nm using a lightwave

UVNis Diobe-Array spectrophotometer. The graph represents a representative standard curve

constructed on the day of the experiment with freshly made BSA standards from which the

unknown concentration of protein Iysates were determined ± SEM. The curve is typical of 40

experiments.
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addition of 10 III tetramethylethylenediamine (TEMED). The solution was poured into

vertical sealed electrophoresis plates separated with 1 mm spacers and allowed to set

for 30 min. A 4 % (w/v) stacking gel was made using 650 III bis-acrylamide solution,

1.3 ml stacking buffer (0.5 M Tris-HCI pH 6.8, 0.4 % (w/v) SDS), 3 ml distilled water

and 25 III of 10 % (w/v) ammonium persulphate prepared as described above. The

mixture was poured on top of the separating gel and an appropriate comb inserted and

allowed to polymerise for 2 h. The electrophoresis plate was then placed in the

electrophoresis tank with sufficient electrophoresis buffer (25 mM Tris-HCI pH 8.3,

192 mM Glycine, 0.035 % (w/v) SDS). The cell or tissue extract were denatured by

boiling at 99°C for 5 min prior to electrophoresis and 20 ug of each denature sample

was loaded into separate wells. Electrophoresis was carried out at 100 V until the dye

front had reached the bottom of the resolving gel.

2.2.5.6 Western blot analysis of atrial natriuretic factor (ANF)

Following SDS-PAGE, the gel was transferred onto a nitrocellulose membrane,

between filter paper, and positioned in the blotting tank with freshly made transfer

buffer (150 mM glycine, 20 mM Tris-HCI pH 8.3, 20 % (v/v) methanol). The

separated protein bands were transferred at 16 rnA at 4°C overnight. Subsequently, the

nitrocellulose membrane was blocked with Tris-buffered Saline Tween 20 (TBST)

buffer (125 mM NaCI, 25 mM Tris-HCI, pH 8, 0.1 % (v/v)Tween-PBS) for 2 hat

room temperature, washed three times with 0.1 % (v/v) Tween-PBS, each time for 10

min, and incubated with rabbit anti-rat ANF (diluted by 1:1000 in TBST), for 1.5 h at

room temperature. The membrane was then washed three times with 0.1 % (v/v)

Tween-PBS for 10 min each and probed with goat anti-rabbit IgG conjugated to horse

radish peroxidise (HRP) antibody (diluted by 1:2000 in TBST), for 1.5 h at room
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temperature. Finally, the membrane was washed twice with 0.1 % (v/v) Tween-PBS

each for 10 min and a third time with PBS. The membrane was developed using

3,3',5,5'tetramethylbenzidine (TMB) stabilised substrate for horse-radish peroxidase

and visualized under a white light transilluminator. The relative expression of ANF

protein was quantified against GAP3DH as reference using the "Gene Tool" computer

software program.

2.2.5.7 Westernblot analysisof tissuefactor (TF)

A similar method to that described above (section 2.2.5.6) was used for the analysis

the TFprotein expression. A mouse monoclonal human anti-TF diluted to 1:1000 in

TBST was used as the primary antibody and developed with donkey anti-mouse IgG

conjugated to HRP diluted 1:2000 in TBST.

2.2.5.8 Westernblot analysis of tissuefactor pathway inhibitor (TFPI)

The. protein expression of TFPI expression was analysed as previously described

(Section 2.2.5.6), but using a rabbit polyclonal human anti-TFPI diluted to I :500 as

the primary antibody and developed with goat anti-rabbit IgG conjugated to horse

radish peroxidise (HRP) diluted I :2000 in TBST.

2.2.5.9 Western blot analysis of glyceraldehyde-3-phosphate dehydrogenase

(GAP3DH)

As reference GAP3DH protein was analysed with a similar method to that described

in section 2.2.5.6. A mouse monoclonal human anti-GAP3DH diluted to I :4000 in

TBST was used as the primary antibody and developed with donkey anti-mouse IgG

conjugated to HRP diluted I :2000 in TBST.
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2.2.6 Measurement of H9c2 cellular proliferation

2.2.6.1 MTS-based colorimetric assay for cellular proliferation

The CellTiter 96 AQueous One Solution reagent contains an MTS tetrazolium

compound which can be reduced to a coloured formazan product by NADH_and

NADPH, produced by metabolically active cells. The assay is based on the production

of formazan, the amount of which is proportional to the number of living cells. Post-

incubation of the cells with the MTS reagent, the number of the living cells can be

determined by measuring the quantity of the formazan product spectrophotometrically

at490 nm.

H9c2 cells (approximately 5 x 104 per well) were seeded out into a 24 well plate with

complete DMEM medium and allowed to adhere overnight in a 37°C incubator in 5 %

C02 atmosphere. The media were then removed and the cells were washed with sterile

pre-warmed (37°C) PBS. Subsequently, 200 J.lIof fresh pre-warmed (37°C) complete

DMEM media containig 40 J.lIof CellTiter 96 AQueous One Solution reagent was

added to each well. The cells were then incubated at a 3TC humidified incubator with

5 % C02 atmosphere for 1-2 h. The media containing the reagent solution was

transferred to lml cuvettes and diluted with 760 J.lIof distilled water (dH20) to a total

volume of 1 mI. The cell proliferation was determined spectrophotometrically by

measuring the absorption at 490 nm against a blank sample.

2.2.6.2 Preparation of a standard curve for the proliferation assay

A standard curve was constructed by preparing serial dilutions of H9c2 cells covering

a range from 0-2 x 104 cells per well. The cells were seeded out in 24 well plate in

complete DMEM media (200 ul) and allowed to adhere for 2 h without proliferating.
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Subsequently, 40 111of CellTiter 96 AQueous One Solution reagent was added to each

well and the cells were incubated at 3TC under 5 % C02 atmosphere for 1-2 h. The

absorbance was then measured at 490 nm as described in section 2.2.6.1. A standard

curve was constructed by plotting the At90 against the 10gIO[density of the cells]

(Figure 2.6).

2.2.7 Analysis of H9c2 cellular apoptosis

2.2.7.1 Determination of DNA fragmentation using the DeadEnd™ Fluorometric

TUNELassay

To determine the DNA fragmentation during cell apoptosis, the commercially

available DeadEnd™ Fluorometric Tunel System was used. H9c2 cells (8 x 104) were

seeded out into 8 well microscope chamberslide with complete DMEM medium and

allowed to adhere overnight at 3TC in 5 % C02 atmosphere. The cells were then

fixed with 4 % (v/v) formaldehyde solution in PBS for 25 min at 4°C and washed

twice each for 5 min with PBS. The cells were then permeabilised by incubation with

0.2 % (v/v) Triton X-IOO in PBS for 20 min at room temperature. Subsequently, the

cells were washed twice with PBS, each for 5 min. Excess liquid was removed from

each chamber and the cells were suspended with 100 111of equilibration buffer (200

mM) potassium cacodylate, 25 mM Tris-HCI pH 6.6, 0.2 mM DTT, 0.25 mg/ml BSA,

2.5 mM CoCh), and allowed to equilibrate for 10 min at room temperature.

Subsequently, 50 111of recombinant Terminal Deoxynucleotidyl Transferase enzyme

(1,500 U rTdT) incubation buffer (containing 45 111of equilibration buffer and the

addition of 50 l1M fluorescein-12-dUTP, 100 l1M dATP, 10 mM Tris-HCI, pH 7.6, 1

mM EDTA) was added to the cells and the slide was placed in a dark humidified

chamber and incubated at 3TC for 1.5 h. The cells were then incubated with 2 x SSC
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Figure 2.6: Standard curve for the cell proliferation assay.
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H9c2 cells were seeded out in a 24 well plate at serial dilutions covering a range of 0-2 x 104

in complete DMEM medium (200 JlI). After incubation for 2 h on at 3TC, 40 JlI of CellTiter

96 AQueous One Solution reagent was added and the cells were incubated for a further 1-2 h.

Absorbance was measured at 490 om against a water as blank and plotted against 10gIOof cell

density ± SEM (n=3). The curve was prepare freshly and is typical of20 experiments.
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buffer (3 M of NaCI and 0.3 M of sodium citrate, pH 7.2) for 15 min at room

temperature. Finally, the cells were washed twice with PBS, each for 5 min, and once

with dH20 for 5 min. The excess liquid was aspirated from each chamber and a

coverslip was placed over the cells with fluorescent mounting medium. The cells were

visualized using a Leica fluorescent microscope and images were captured using a

CCD camera with ImagePro Plus software.

2.2.7.2 Determination of caspase-3 activation in H9c2 cells by flow cytometry

Flow cytometry is an automated mode of studying qualitative and quantitative

changes in either cell-surface or intra-cellular markers on cells. The technique is based

on labelling the cells with fluorescent tagged antibodies or peptides that can recognise

specific markers on the cells (Figure 2.7). A laser excites the fluorescent tags and the

signals from a population of cells (often >10,000 cells) are recorded and can be

analysed. Different fluorescent tags, emit light at different wavelength. A cytometer

can,measure the relative amount of dye on an individual cell, generating information

about the molecular properties of the cells. When cells pass through the laser beam,

they disrupt and scatter the laser light, which is detected as forward scatter and side

scattered. Forward scatter (FSC) light is related to cell size and side scatter (SSc) light

is an indicator of cell's internal complexity (Figure 2.7). The FACSCalibur flow

cytometer used here contains three channels with different band pass filters (FL 1,

530+/-3Onm; FL2, 585+1-42nm; FL3, 66I+1-I6nm) and can detect any tags within

these margins.

In this study, a commercially available kit was used for detection of caspase-3

activity. This kit uses FMK as an inhibitor, which irreversibly binds to active caspase-
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Figure 2.7: Schematic diagram of flow cytometry.
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Cells bound with antibodies or reagents conjugated with different fluorescent tags can

be detected in FL-I, FL-2 and FL-3 according to the fluorescent emittion of the tag.

Additionally, side scatter is measured as an indication of cell granularity. In this study

caspase 3 activity was detected by the FL-I channel. Adapted from FACSCalibur

manual (BD Biosciences, UK.).
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3. The peptide is composed of DEVD-FMK, conjugated with FITC which fluoresce

on its own. After binding to the cells, the remainder is washed away. The caspase-3

activity can then be detected by the FL-l channel (Figure 2.7).

H9c2 cells were cultured in a 6 well plate with complete DMEM medium at a density

of 6 x 104 cells per well. The cells were allowed to adhere overnight at 3TC in 5 %

C02 atmosphere. Subsequently, the cells were harvested by trypsin treatment as

described in section 2.2.1.3 and centrifuged at 12,110 g in a microcentrifuge for 6

min. The pellet was re-suspended in 300 J.11of sterile PBS, pre-warmed to 3TC. 1 J.11

of un-diluted FITC-DEVD-FMK was added and the cells were incubated in a 3TC for

1 h. Following centrifugation at 2,711.2 g in a microcentrifuge, the cells were re-

suspended in 0.5 ml of wash buffer and transferred into polypropylane FACS tubes.

Subsequently, the cells were centrifuged at 180 g at 4°C for 5 min and washed again.

Finally, the cells were re-suspended in 300 J.11of wash buffer and were analysed for

caspase-3 activation using a Becton Dickinson FACSCalibur by recording the number

of events and the fluorescent intensities at FL 1 channel. Subsequently the data were

analysed using the Cell Quest software programme.

2.2.7.3 Determination of p53 translocation

H9c2 cells (8 x 104) were seeded out into 8 well microscope chamberslides with

complete DMEM medium and allowed to adhere overnight at 3TC in 5 % C02

atmosphere. The cells were then washed with pre-warmed PBS (37°C) 3 times for 5

min each and fixed with 4 % (v/v) formaldehyde solution in PBS for 20 min at room

temperature. Subsequently, the cells were washed 3 times with PBS for 5 min each

and permeabilised with 0.2 % (v/v) Triton X-lOO in PBS for 5 min at room
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temperature. The cells were then washed 3 more times with PBS for 5 min each and

blocked with 1 % (w/v) BSA in PBS for 2 h at room temperature. Following the

blocking step, the cells were then incubated with mouse monoclonal human anti-p53

antibody (diluted 1:35 in blocking solution) for 2 h at room temperature.

Subsequently, the cells were washed 4 times with PBS for 10min each, and incubated

with FITC conjugated anti-rabbit IgG (diluted 1:50 in blocking solution) for a further

2 h at room temperature. The cells were visualised using a Leica fluorescent

microscope and images were captured using a CCD camera with ImagePro Plus

software.

2.2.8 Immunohistochemical detection for specific antigens

2.2.8.1 Detection of neonatal myosin heavy chain (nMHC) by immunofluorescence

staining
-

H9c2 were seeded into 8 well microscope chamber slides at a density of 105cells per

wen with complete DMEM medium and allowed to adhere overnight at 37°C in 5 %

C02 atmosphere. The media were removed, the cells were washed with freshly made

PBS (PH 7.4) and fixed with 4 % (v/v) formaldehyde for 5 min. The cells were then

permeabilised with 1 % (v/v) Triton-X in PBS for 5 min and then blocked with 1:5

diluted normal rabbit serum for 20 min at room temperature. Subsequently, the cells

were incubated with mouse anti human developmental (neonatal) myosin heavy chain

antibody (diluted 1:40 in blocking solution) for 1 h at room temperature. Following 2

washes with PBS (PH 7.4) for 5 min each, the cells were incubated with a rhodamine-

conjugated rabbit anti-mouse IgG antibody (diluted 1:25 blocking solution) for 30 min

at room temperature. The cells were then washed twice with PBS (PH 7.4) for 5 min

each, and a coverslip was placed on the slide using fluorescence mounting medium.
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The cells were visualised using a Leica fluorescence microscope and images were

captured digitally with a CCD camera using the ImagePro Plus software.

2.2.8.2 Detection of slow myosin heavy chain P (sMHCPJ by immunofluorescence

staining

Analysis of sMHCP in H9c2 cells was carried out using the procedure described

above, but with a mouse anti human slow myosin heavy chain antibody (diluted 1:400

in blocking solution). The staining was developed using the rhodamine-conjugated

rabbit anti-mouse IgG antibody diluted 1:25 in blocking solution and visualised as

described above.

2.2.8.3 Detection of mechano growth factor (MGF) by immunofluorescence

staining

Analysis of mechano growth factor (MGF) in H9c2 cells was carried out using a

similar procedure to that described above. However, the cells were blocked with 1:5

diluted normal swine serum for 20 min at room temperature. The primary antibody

was a rabbit anti human MGF polyclonal antibody (kindly provided by Professor G.

Goldspink from Royal Free Hospital London), used at a dilution 1:50 in blocking

solution. The samples were then probed with 1:100 diluted swine anti-rabbit TRITC-

conjugated antibody. The cells were visualised using a Leica fluorescence microscope

and images were captured with a CCD camera using the ImagePro Plus software.

2.2.9 The one stage pro-thrombin time assay

Analysis of H9c2 cells samples for TF expression was carried out by the one-stage

prothrombin time assay. All the reagents and samples were pre-warmed to 37°C.

77



Georgia Alkistis Frentzou Chapter2

Normal human plasma (100 111)was in turn placed inside a coagulometer tube,

followed by the addition of thromboplastin reagent (100 111).After 30 seconds 100 111

of 25 mM CaChwas added. The clotting time was recorded using a cascade M

coagulometer. The measurement was carried out up to 180 s. Samples were

considered to be positive when the pro-thrombin time was less or equal to 120 s.

2.2.10 Statistical analysis

The results are presented as the mean of (n) experiments each performed in duplicates

± the standard error of the mean (SEM). Where appropriate, statistical analysis was

carried out using the Statistical Package for the Social Science (SPSS Inc. Chicago,

USA). One-Way ANOVA procedure was used for the analysis of variance of data

against the control. Tukey's honestly significant difference test was performed as

multiple comparison tests to highlight the statistical significant differences with a

value ofp~0.05.
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3. The eXDression of Tissue Factor and Tissue Factor
Pathway Inhibitor during the onset of cardiac hypertrophy

3.1 Introduction

Cardiac hypertrophy is the adaptive response of the heart in response to chronic

mechanical overload (Frey & Olson, 2003). A wide range of neuronal, hormonal and

mechanical stimuli have been implicated in the induction and progression of cardiac

hypertrophy, triggering a number of linked signalling pathways, transcript elements,

molecular changes (Frey & Olson, 2003). Of particular interest is tissue factor (TF), a

47 kDa transmembrane glycoprotein, responsible for initiating the extrinsic pathway

for blood coagulation. Recent studies have shown that TF may play a role in the

remodelling of vascular and myocardial tissue (Luther & Mackman, 2001).

TF is expressed continuously at extravascular sites, playing an important role in

haemostasis by minimising haemorrhage in the event of vascular injury (Drake et al.

1989). Loss of TF function has been shown to be incompatible with life, and more

recent studies have suggested that it can also play a non-haemostatic role (Luther &

Mackman, 2001). In particularly, TF is important in the development and structural

maintenance of the heart (Luther & Mackman, 2001). In fact, analysis of TF mRNA

levels in various tissues of mouse and rabbit, has revealed abundant expression in

heart muscle (Hartzell et al.1989, Luther et al. 2000, Mackman et al. 1993). In the

adult human myocardium, TF antigen is detectable in the intercalated discs and its

content is lowest in the right atrium, with higher concentrations in the left atrium and

the right ventricle, and highest in the left ventricle (Luther et al. 2000). Moreover, the

level of TF antigen in remodelled myocardium from patients with hypertension or
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ventricular hypertrophy is shown to be lower (Luther at al. 2000). A study, employing

a transgenic rat model overexpressing the human renin and angiotensinogen genes

revealed that TF mRNA levels in the heart were higher during development of cardiac

hypertrophy (Muller et al. 2000). Although these studies appear contradictory, TF

may be playing an important role in the maintenance of the heart structure since TF is

localised in the intercalated discs (Luther et al. 2000) and in its contribution to

microvascular thrombosis and microinfarction via several signalling pathways,

including intergrin-matrix signalling (Cicala et al. 1998) and/or VLA-4/fibronectin

signalling (Muller et al. 2000), associated with cardiac hypertrophy.

The action of TF is controlled through the expression of its inhibitor tissue factor

pathway inhibitor (TFPI). The importance of TFPI has been demonstrated in knock-

out transgenic animals lacking this protein (Sandset et al. 1991). Post-mortem

examinations revealed that these animals have developed disseminated intravascular

coagulation (Sandset et al. 1991). Further studies with homozygous mice with TFPI

gene distruption of the kuniz 1 domain revealed that 60% died in utero during

embryonic days E9.S-Ell.S with evidence of yolk sack bleeding. Mice which

survived beyond this stage, exhibited signs of bleeding in the central nervous system

with no survival to neonatal period (Huang et al. 1997). Additionally, the importance

of TFPI in the heart has been shown in a transgenic mice model heterozygous for

TFPI-deficiency, which was prone to the development of atherosclerosis (Westrick et

al. 2001). Active TFPI has been found within the atherosclerotic plaque as inhibition

with a TFPI polyclonal antibody resulted in an 8-fold increase in TF activity (Novotny

et al. 1998). Moreover, patients suffering from heart disease exhibit increased

circulatory levels of TFPI antigen (Falciani et al. 1998). These fmdings suggest that
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an imbalance between TF and TFPI can influence the progression of both

atherosclerosis and thrombosis (Doshi and Marmur, 2002). Therefore, TFPI may play

a crucial protective role in the heart (Kereveur et al. 2001).

To date, there have been no studies investigating the role ofTF and its inhibitor, TFPI,

in the early phase of cardiac hypertrophy. This study aims to establish the pattern of

TF and TFPI expression in adult rat ventricular cardiac myocytes and intact left

ventricular tissue by analysing the mRNA and protein levels over 14 days post-

surgical induction of cardiac hypertrophy. This may identify potential roles for TF and

TFPI in the hypertrophied heart.

3.2 Methods

3.2.1 TF, TFPI and ANF mRNA and protein analysis in ventricular

cardiomyocytes post-induction of cardiac hypertrophy

Cardiac hypertrophy was induced surgically in male Sprague Dawley rats weighing

between 240-260 g (section 2.2.2) with sham operated animals as controls. Animals

(controls and aortic constriction) were anaesthetised with sodium thiopentone 1, 3, 7

and 14 days post aortic constriction and hearts excised and mounted on a Langendorff

apparatus. Cardiomyocyte isolation was carried out as described in section 2.2.2.1,

and cells were subsequently incubated in complete pre-warmed DMEM medium in a

37°C incubator with 5 % C02 for 1 h to obtain a pure population of cardiomyocytes.

Cells were harvested by centrifugation (section 2.2.2.1) and stored at -20°C until

further use. Total RNA was extracted from the first 3 groups of animals (section

2.2.3.2) while the remaining groups were used to extract total protein (section 2.2.5.2).
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Total RNA was quantified spectrophotometrically (section 2.2.3.4) and subsequently a

single tube RT-PCR analysis was performed for TF, TFPI, ANF and GAP3DH as a

reference (section 2.2.4.2 & 2.2.4.3). The results were analysed by gel electrophoresis

and quantified using the "Gene Tool" computer software program. The annealing

temperatures of each set of primers was optimised using RNA extracts from

hypertrophied heart tissue (9 weeks post surgery), kindly provided by Dr S.

Richardson.

Protein analysis using SDS-PAGE electrophoresis carried out as in section 2.2.5.5

except that a 10% (v/v) resolving gel was used to separate TF protein. Total protein

concentration was estimated using the Bradford assay (section 2.2.5.4) and 20 ug

protein were used for the electrophoresis. Western blot analysis for TF, TFPI, ANF

and GAP3DH as reference was carried out as described previously (section 2.2.5.6-9)

and results were analysed using the "Gene Tools" computer software programme.

3.2.2 TF, TFPI and ANF mRNA and protein analysis in left ventricular

tissue post-induction of cardiac hypertrophy

In a separated series, 4 groups of animals underwent the aortic constriction procedure

as described above. In the second series of experiments, left ventricular tissue was

isolated. Briefly, the heart was rinsed with normal Krebs Hensleit Buffer (nKHB) for

10min and the left and right ventricle dissected (section 2.2.2.2). When tissue samples

were collected and powdered, half of the groups were used to extract total RNA

(section 2.2.3.3) while the remaining groups were used to extract total protein from

(section 2.2.5.3). RNA and protein analysis for TF, TFPI and ANF was followed.
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The body weight, heart weight, kidneys weight and tibia length were also recorded

from all the animals used as morphological indicators of the progression of cardiac

hypertrophy.

3.3 Results

3.3.1 Morphological measurements of cardiac hypertrophy

To assess the extent of cardiac hypertrophy over the 14 days period of investigation,

heart weight, body weight, left and right kidney weights and tibia length were

measured at the time of cell isolation or left ventricular tissue preparation. From these

data, the heart weight to tibia length ratio and the left to right kidney ratio were

calculated.

Up'to day 7 of the investigation, the control group exhibited a small increase in body

weight relative to the aortic constriction group (Table 3.la). By day 14 of the

investigation period, the body weight of aortic constriction group was increased

compared to control (Table 3.lb). Heart weight increased in both groups during the

period of the investigation with a parallel increase in the heart weight to tibia length

ratio (Table 3.la and 3.1b). In the aortic constriction group the increase was higher

compared to the control group, reaching significance (p< 0.05) by day 14 (Table 3.1a

and 3.lb).

The left to right kidney ratio is a reflection of the extent of degree of constriction and

thus cardiac hypertrophy, indicating successful banding (Boateng, 1997, PhD thesis).

By day 14, the sham operated group had no difference in left to right kidney weight
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Table 3.1: Measurement of the morphological indicators of cardiac hypertrophy.

a)

SHAM OPERATED ANIMALS

Body Heart Tibia Heart n
weight weight length weight/Tibia values
(g) (g) (cm) length ratio

Day 255.5 1.24 3.49 0.36 10
1 (± 8.48) (± 0.05) (± 0.05) (± 0.02)

Day 264.2 1.14 3.31 0.35 6
3 (± 11.13) (± 0.13) (±0.10) (± 0.04)

Day 310.6 1.36 3.59 0.38 8
7 (± 11.39) (± 0.09) (±0.05) (± 0.03)

Day 310 1.70 3.76 0.45 4
14 (± 25.41) (± 0.18) (± 0.07) (± 0.06)

b)

AORTIC CONSTRICTION ANIMALS

Body Heart Tibia Heart n
weight weight length weight/Tibia values
(g) (g) (cm) length ratio

Day 253 1.25 3.46 0.36 * 10
1 (± 6.72) (± 0.09) (± 0.05) (±0.03)

Day 247.5 1.37 3.51 0.38 * 6
3 (± 13.22) (±0.10) (± 0.07) (± 0.03)

Day 275 1.59 3.56 0.45 * 6
7 (± 15.14) (±0.11) (± 0.07) (± 0.03)

Day 357.5 1.82 3.84 0.48* 4
14 (± 9.68) (± 0.07) (± 0.06) (± 0.02)

Table (a) shows the body weight (g), the heart weight (g), tibia length (cm) and heart weight,

tibia length ratio of sham operated animals ± SEM recorded from different experiments.

Table (b) shows the body weight (g), the heart weight (g), tibia length (cm) and heart weight,

tibia length ratio of aortic constriction animals ± SEM recorded from different experiments.

* p<O.05 aortic constriction versus sham operated animals
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ratio (Table 3.2), but in the aortic constriction group, the left to right kidney ratio was

significant decreased (p<0.05) as compared to day 1 (Table 3.2) indicative of the

degree of constriction and thus successful induction of hypertrophy.

3.3.2 The expression of TF and TFPI during the onset of cardiac

hypertrophy in ventricular cardiomyocytes

3.3.2.1 Primer optimisation

In order to optimise the reaction conditions for the RT-PCR amplification, total RNA

was extracted from hypertrophic heart tissue and single tube RT-PCR carried out at

55·C, 58·C, 60·C and 61·C for all the transcripts (TF, TFPI, ANF, GAP3DH). The

optimal annealing temperature for each set of primers was confirmed by the presence

of a single band at the expected size for each gene (Figure 3.1). Amplification of

GAP3DH and TFPI mRNA at 610 C resulted in a single band at 800 bp and at 400 bp

respectively, while the amplification of ANF and TF mRNA at 60 0 C produced single

band at 397 bp 196 bp respectively (Figure 3.1).

3.3.2.2 TF mRNA and protein expression

Analysis of TF expression by RT-PCR, revealed no TF mRNA expression in

cardiomyocytes isolated either from the control or the aortic constriction group

throughout the period of the investigation. Additionally, analysis of TF protein

expression by SDS-PAGE confirmed the lack of TF protein expression in the isolated

cardiomyocytes in agreement with the mRNA results.
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Table 3.2: Left and right kidney weight during the progression of cardiac

hypertrophy.

SHAM OPERATED ANIMALS
Left Right LeftlRight n

kidney kidney kidney ratio values
(g) (g)

Day 1.05 1.06 0.99 5
1 (± 0.03) (± 0.04) (± 0.02)

Day 1.18 1.22 0.98 4
14 (± 0.1) (± 0.08) (± 0.03)

AORTIC CONSTRICTION ANIMALS
Left Right LeftlRight n-

kidney kidney kidney ratio values
(g) (g)

Day 0.97 1.03 0.94 5
1 (± 0.01) (± 0.04) (± 0.03)

Day 1.2 1.46 0.83 * 4
14 (± 0.06) (± 0.05) (± 0.02)

The table shows the weight of the left and right kidney and the ration between left to right

kidney weight of sham operated and aortic constricted animals SEM recorded from different

experiments.

* p<O.OSaortic constriction versus sham operated animals
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Figure 3.1: Optimisation ofRT-PCR products following gel electrophoresis analysis.
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Total RNA from hypertrophied heart tissue was amplified by single tube RT-PCR at 55-61 ° C.

The products were analysed by DNA electrophoresis on a 1.5% (w/v) agarose gel and

recorded using the "Gene Tool" computer software program. The micrographs are typical of

10 experiments and show the optimal annealing temperatures for the following:

Micrograph Ca) lane 1: DNA ladder, lane 2: RT-PCR product for GAP3DH at 800bp, lane 3:

RT-PCR product for TFPI at 400bp, at 61° C.

Micrograph Cb) lane 1: DNA ladder, lane 2: RT-PCR product for ANF at 397bp, at 60° C.

Micrograph (c) lane 1: DNA ladder, lane 2: RT-PCR product for TF at 196bp, at 60° C.
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3.3.2.3 TFPI mRNA and protein expression

Induction of hypertrophy resulted in a significant increase in TFPI mRNA expression

(Figure 3.2) in the isolated cells. TFPI mRNA expression peaked by day 7 in. the

aortic constriction group and then decreased below that of the control on the final day

of the investigation (Figure 3.3). In the control group, TFPI mRNA reached a

maximum on the third day and remained constant thereafter (Figure 3.3).

In contrast to the alterations in mRNA expression, TFPI protein levels (Figure 3.4)

increased on day 1 post-aortic constriction and then subsequently decreased

throughout the period of the investigation (Figure 3.5). In the control group, TFPI

protein expression remained constant up to day 3 and significantly decreased by day 7

below the starting value (p<0.05) and remained unchanged thereafter (Figure 3.5).

3.3.2.4 ANF mRNA and protein expression

The expression of ANF mRNA (Figure 3.6) peaked by day 3 post surgery in both groups,

declined by day 7 and subsequently reached a plateau (Figure 3.7). In the aortic constriction

group, expression of ANF mRNA was significantly augmented on day 1 and 3 of the

investigation (p<O.05) (3.5 fold on day 1 and 0.7 fold on day 3) when compared to sham

operated control group and significantlyincreased by 0.3 fold on day 7 and day 14 (Figure 3.7).

The relative expression of ANF protein (Figure 3.8) gradually increased over the

period of the investigation (Figure 3.9). Up to the seventh day of the investigation the

aortic constriction group expressed increased ANF protein compared to the control

group, by day 14 a significant increase in the ANF protein was observed in the control

group as opposed to the aortic constriction group (p<0.05) (Figure 3.9).
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Figure 3.2: Expression of TFPI mRNA III isolated adult ventricular rat

cardiomyocytes.

Day 1 Day3 Day 7 Day 14

GAP3DH

TFPI

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Lane 1: DNA ladder. Lanes 2, 6, 10, 14: GAP3DH mRNA expression for control group.

Lanes 4,8, 12, 16: GAP3DH mRNA expression for aortic constriction group. Lanes 3, 7, 11,

15: TFPI mRNA expression for control group. Lanes 5, 9, 13, 17: TFPI mRNA expression for

aortic constriction group. The micrograph is typical of 18 gels.
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Figure 3.3: Relative expression of TFPI mRNA in adult ventricular cardiomyocytes,

post-induction of pressure overload cardiac hypertrophy.
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Aortic constriction procedure (.) was carried out in male Sprague Dawley rats and control

animals underwent sham procedure (.).The hearts were excised at 1, 3, 7 and 14 days post-

surgery and cardiomyocytes were isolated. Total RNA was extracted and a single tube RT-

peR was performed to measure TFPI mRNA expression against GAP3DH as reference. The

band intensities were quantified using the "Gene Tool" software program. The data represent

the mean of n=6 taken from 3 different hearts ± SEM.

* p<O.05 aortic constriction versus sham operated animals
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Figure 3.4: Expression of TFPI protein In isolated adult ventricular rat

cardiomyocytes.

a)
Day 1 Day3 Day7 Day 14

+- TFPI

1 6 7 8

Micrograph a): Lanes 1,3,5, 7: TF~I protein expression at 37 kDa for control group. Lanes 2,

4, 6, 8: TFPI protein expression at 37 kDa for aortic constriction group. The micrograph is

typical of 12 gels.

b)
Day 1 Day3 Day7 Day 14

1 2 5 6 7 8

Micrograph b): Lanes 1, 3, 5, 7: GAP3DH protein expression at 38 kDa for control group.

Lanes 2, 4, 6, 8: GAP3DH protein expression at 38 kDa for aortic constriction group. The

micrograph is typical of 12gels.
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Figure 3.5: Relative expression of TFPI protein in adult ventricular cardiomyocytes,

post-induction of pressure overload cardiac hypertrophy .
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Aortic constriction procedure (.) was carried out in male Sprague Dawley rats and control

animals underwent sham procedure (a). The hearts were excised at 1, 3, 7 and 14 days post-

surgery and cardiomyocytes were isolated. Total protein was extracted and western blot

analysis was performed to measure TFPI protein expression against GAP3DH as reference.

The band intensities were quantified using the "Gene Tool" software program. The data

represent the mean of n=4 taken from 2 different hearts ± SEM.

* p<O.05 aortic constriction versus sham operated animals

t p<O.05 as compared to the other days of the investigation of the same group
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Figure 3.6: Expression of ANF mRNA m isolated adult ventricular rat

cardiomyocytes.

Day 1 Day3 Day7 Day 14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Lane 1: DNA ladder. Lanes 2, 6, 10, 14: GAP3DH mRNA expression for control group.

Lanes 4, 8, 12, 16: GAP3DH mRNA expression for aortic constriction group. Lanes 3, 7, 11,

15: ANF mRNA expression for control group. Lanes 5, 9, 13, 17: ANF mRNA expression for

aortic constriction group. The micrograph is typical of 18 gels.
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Figure 3.7: Relative expression of ANF mRNA in adult ventricular rat

cardiomyocytes, post-induction of pressure overload cardiac hypertrophy.
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Aortic constriction procedure C.) was carried out in male Sprague Dawley rats and

control animals underwent sham procedure C.). The hearts were excised at 1, 3, 7 and

14 days post-surgery and cardiomyocytes were isolated. Total RNA was extracted and

a single tube RT-PCR was performed to measure ANF mRNA expression against

GAP3DH as reference. The band intensities were quantified using the "Gene Tool"

software program. The data represent the mean ofn=6 taken from 3 different hearts ± SEM.

* p<O.05aortic constriction versus sham operated animals

t p<O.05as compare to the other days of the investigation of the same group
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Figure 3.8: Expression of ANF protein III isolated adult ventricular rat

cardiornyocytes.
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Micrograph a): Lanes 1,3,5, 7: ANF protein expression at 13 kDa for control group. Lanes 2,

4",6, 8: ANF protein expression at 13 kDa for aortic constriction group. The micrograph is

typical of 12 gels.
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Micrograph b): Lanes 1, 3, 5, 7: GAP3DH protein expression at 38 kDa for control group.

Lanes 2, 4, 6, 8: GAP3DH protein expression at 38 kDa for aortic constriction group, The

micrograph is typical of 12 gels.
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Figure 3.9: Relative expression of ANF protein m adult ventricular rat

cardiomyocytes, post-induction of pressure overload cardiac hypertrophy.
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Aortic constriction procedure (.) was carried out in male Sprague Dawley rats and

control animals underwent sham procedure (a). The hearts were excised at 1, 3, 7 and

14 days post-surgery and cardiomyocytes were isolated. Total protein was extracted

and western blot analysis was performed to measure ANF protein expression against

GAP3DH as reference. The band intensities were quantified using the "Gene Tool"

software program. The data represent the mean of n=4 taken from 2 different hearts ± SEM.

* p<O.05aortic constriction versus sham operated animals

t p<O.05as compare to the other days of the investigation of the same group
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3.3.3 The expression of TF and TFPI during the onset of cardiac

hypertrophy in left ventricular tissue

3.3.3.1 TF mRNA and protein expression

Agarose gel electrophoresis analysis (Figure 3.10) showed that TF mRNA was

expressed at low levels in the left ventricular tissue on day 1 and 3 post-surgery and

remained unchanged in both groups (Figure 3.11). TF expression peaked on day 7 in

the control group but not the aortic constriction group where TF levels remained

unchanged (Figure 3.11). By the end of the investigation (day 14), the TF expression

was significantly decreased (p~0.05) (Figure 3.11).

Analysis of TF protein by western blotting throughout the period of the investigation

(Figure 3.12) showed a gradual decrease in the TF protein expression in both animal groups

~ti1 day 7 (Figure 3.13). On day 14, a significant increase in TF protein expression was

observed in both groups as compared to previous days of the investigation ~.05) (Figure

3.13). TF protein expression in the control group was increased compared to the aortic

constriction group by the end of the investigation period (day 14) (Figure 3.13).

3.3.3.2 TFPI mRNA and protein expression

Expression of TFPI mRNA by RT-PCR in the left ventricular tissue was transiently

increased within the first day with a second, more persistent wave on day 7 of the

investigation (Figure 3.14). By day 14, TFPI relative mRNA expression remained

unchanged and at the same level as day 7 (Figure 3.14).

TFPI protein expression remained unaltered in left ventricular tissue up to day 3 of the

investigation (Figure 3.15). However, a decrease in both groups was observed
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Figure 3.10: Expression ofTF mRNA in left ventricular rat tissue.

a) Day 1 Day3 Day 7 Day 14

..-- TF

1 2 3 4 5 6 7 8 9

Micrograph a): Lanes 1: DNA ladder, Lanes 2, 4, 6, 8: TF mRNA expression at for control

group. Lanes 3, 4, 6, 8: TF mRNA expression for aortic constriction group. The micrograph is

typical of 18 gels.

b)
Day 1 Day3 Day7 Day 14

................... '.... ..-- GAP3DH

1 2 3 4 5 6 7_ 8 9

Micrograph b): Lanes 1: DNA ladder, Lanes 2, 4, 6, 8: GAP3DH mRNA expression at for

control group. Lanes 3, 4, 6, 8: GAP3DH mRNA expression for aortic constriction group. The

micrograph is typical of 18 gels.
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Figure 3.11: Relative expression of TF mRNA in left ventricular rat tissue, post-

induction of pressure overload cardiac hypertrophy.

Aortic constriction procedure (.) was carried out in male Sprague Dawley rats and

control animals underwent sham procedure (a). The hearts were excised at 1,3, 7 and

14 days post-surgery and cardiomyocytes were isolated. Total RNA was extracted and

a single tube RT-PCR was performed to measure TF mRNA expression against

GAP3DH as reference. The band intensities were quantified using the "Gene Tool"

software program. The data represent the mean of n=6 taken from 3 different hearts ± SEM.

* p<0.05 aortic constriction versus sham operated animals

t p<O.05 as compare to the other days of the investigation of the same group

100



Georgia Alkistis Frentzou Chapter 3

Figure 3.12: Expression ofTF protein in left ventricular rat tissue.

a)
Day 1 Day3 Day7 Day 14

TF

1 2 3 4 5 6 7

Micrograph a): Lanes 1,3,5, 7: TF protein expression at 47 kDa for control group. Lanes 2, 4,

6, 8: TF protein expression at 47 kJ?a for aortic constriction group. The micrograph is typical

of 12 gels.

b)
Day 1 Day3 Day 7 Day 14

1 2 5 6 7

Micrograph b): Lanes 1, 3, 5, 7: GAP3DH protein expression at 38 kDa for control group.

Lanes 2, 4, 6, 8: GAP3DH protein expression at 38 kDa for aortic constriction group. The

micrograph is typical of 12 gels.
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Figure 3.13: Relative expression of TF protein in left ventricular rat tissue, post-

induction of pressure overload cardiac hypertrophy.

14
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Day 1 Day3 Day7 Day 14

Time post-aortic constriction

Aortic constriction procedure (a) was carried out in male Sprague Dawley rats and

control animals underwent sham procedure (.). The hearts were excised at 1, 3, 7 and

14 days post-surgery and cardiomyocytes were isolated. Total protein was extracted

and western blot analysis was performed to measure TF protein expression against

GAP3DH as reference. The band intensities were quantified using the "Gene Tool"

software program. The data represent the mean of n=4 taken from 2 different hearts ± SEM.

* p<O.05aortic constriction versus sham operated animals

t p<O.05as compare to the other days of the investigation of the same group
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Figure 3.14: Relative expression of TFPI mRNA in left ventricular rat tissue, post-

induction of pressure overload cardiac hypertrophy .
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Day 1 Day3 Day7 Day 14

Time post-aortic constriction

Aortic constriction procedure (.) was carried out in male Sprague Dawley rats and

control animals underwent sham procedure (.). The hearts were excised at 1, 3, 7 and

14 days post-surgery and cardiomyocytes were isolated. Total RNA was extracted and

a single tube RT-peR was performed to measure TFPI mRNA expression against

GAP3DH as reference. The band intensities were quantified using the "Gene Tool"

software program. The data represent the mean of n=6 taken from 3 different hearts ± SEM.
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Figure 3.15: Relative expression of TFPI protein in left ventricular rat tissue, post-

induction of pressure overload cardiac hypertrophy .
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Aortic constriction procedure (.) was carried out in male Sprague Dawley rats and

control animals underwent sham procedure (a). The hearts were excised at 1,3, 7 and

14 days post-surgery and cardiomyocytes were isolated. Total protein was extracted

and western blot analysis was performed to measure TFPI protein expression against

GAP3DH as reference. The band intensities were quantified using the "Gene Tool"

software program. The data represent the mean of n=4 taken from 2 different hearts ± SEM.

t p<0.05 as compare to the other days of the investigation of the same group
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thereafter (Figure 3.15). In the aortic constriction group the decrease on day 14 of the

investigation was significant (p<O.05)as compared with the values measured on days

1,3 and 7.

3.3.3.3 ANF mRNA and protein expression

ANF expression (both mRNA and protein levels) In left ventricular tissue was

analysed to determine the extent of left ventricular hypertrophy over the 14 day period

of investigation. ANF mRNA expression in left ventricular tissue was significantly

increased on day 1 in the aortic constriction group relative to control (p<O.05),

followed by a significant decrease on day 3 (p<O.05) (Figure 3.15). By day 7, ANF

mRNA expression peaked again and declined thereafter (Figure 3.16). A significant

increase (p<O.05) in ANF was observed in the control group on day 3 of the

investigation as compared to the other days of the investigation (Figure 3.16).

ANF protein expression was elevated from the onset of the investigation up to day 7

in both groups (Figure 3.17). While the aortic constriction group ANF expression

seemed constantly higher compared to the control group, this difference was not

significant (Figure 3.17). On day 14 of the investigation, a significant decrease in the

ANF protein levels was observed in both groups as compared to the previous stage

(p<O.05 in the control group, pS;O.05in the experimental group) but there was no

difference between the two groups (Figure 3.17) .
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Figure 3.16: Relative expression of ANF mRNA in left ventricular rat tissue, post-

induction of pressure overload cardiac hypertrophy.
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Aortic constriction procedure (.) was carried out in male Sprague Dawley rats and control

animals underwent sham procedure (a). The hearts were excised at 1, 3, 7 and 14 days post-

surgery and cardiomyocytes were isolated. Total RNA was extracted and a single tube RT-

peR was performed to measure ANF mRNA expression against GAP3DH as reference. The

band intensities were quantified using the "Gene Tool" software program. The data represent

the mean of n=6 taken from 3 different hearts ± SEM.

* p<0.05 aortic constriction versus sham operated animals

t p<0.05 as compare to the other days of the investigation of the same group
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Figure 3.17: Relative expression of ANF protein m left ventricular tissue, post-

induction of pressure overload cardiac hypertrophy.
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Aortic constriction procedure C.) was carried out in male Sprague Dawley rats and

control animals underwent sham procedure C.). The hearts were excised at 1, 3, 7 and

14 days post-surgery and cardiomyocytes were isolated. Total protein was extracted

and western blot analysis was performed to measure ANF protein expression against

GAP3DH as reference. The band intensities were quantified using the "Gene Tool"

software program. The data represent the mean of n=4 taken from 2 different hearts ± SEM.

t p::SO.05as compare to the other days of the investigation of the same group
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3.4 Discussion

3.4.1 Induetion of cardiac hypertrophy: investigation of ANF expression

Elevated level of ventricular ANF is characteristic of cardiac hypertrophy (Ruskoaho

et al. 1989). ANF is also a stress-related hormone which is re-expressed in the

ventricles during cardiac hypertrophy (Arai et al. 1988, Lee et al. 1988, Franch et al.

1988, Edwards et al. 1988, Day et al. 1987, Drexter et al. 1989). Furthermore, the

importance of ANF as a diuretic, natriuretic and vasorelaxant has been demonstrated

(Mayer et al. 2002). Therefore, ANF is involved in the maintenance of blood pressure

and natriuresis under normal conditions and in pathological cardiac hypertrophy

(Chien et al. 1991, Mayer et al. 2002). The data obtained in this study, demonstrated

an increase in the ANF mRNA in the isolated cells by the third day from both aortic

constriction and control groups of animals (Figure 3.7) and a significant increase in

the protein in the control group by day 14 (Figure 3.9). However, this increase may be

considered to be partly a response to post-traumatic stress induced by the surgical

procedure. In contrast, the decrease observed in ANF protein in the left ventricular

tissue (Figure 3.17) may be due to its depletion, possibly in an attempt to maintain the

normal blood pressure and natriuresis of the body arising from the onset of

hypertrophy or stress.

Furthermore, significant increases in the heart weight to tibia length ratio (Table 3.1)

and a significant decrease in the left to right kidney ratio (Table 3.2) were observed in

the aortic constriction group. It is known that during the development of cardiac

hypertrophy, the heart weight to tibia length ratio is increased (Yin et al. 1982). Also,
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the decrease in the ratio between left to right kidney weight is a characteristic of the

model of hypertrophy used in this study (Boateng, 1998).

The up-regulation of ANF in cardiomyocytes and left ventricular tissue, together with

the significant alterations in the morphological indicators of hypertrophy by day 14

demonstrated that the aortic constriction procedure was successful as a model for

early stage of cardiac hypertrophy using animals.

3.4.2 Investigation of TF expression in the hypertrophic heart

Tissue Factor (TF) is responsible for initiating the extrinsic pathway for blood

coagulation but the function of TF, over many years, has been expanded and it is been

found to participate in the pathophysiology of different diseases including, heart

disease (Toomey et al. 1996, Bugge et al. 1996, Carmeliet et al. 1996, Parry et al.

1998, Pawlinski et al. 2002). Recently, the involvement of TF in cardiac hypertrophy

has been suggested (Luther et al. 2000, Muller et al. 2000). However, to date, there

have been no studies investigating the potential role of IF during the onset of cardiac

hypertrophy. Therefore, the aim of this study was to determine alterations in the

expression of tissue factor (TF) and its inhibitor, during early stages of the disease at

the level of myocytes and in whole left ventricular tissue. Subsequent to aortic

constriction, TF mRNA expression was undetectable throughout the period of the

investigation in the isolated heart cells, whereas, in whole left ventricular tissue the

expression ofTF remained at basal levels (Figure 3.11). Furthermore, a similar profile

of expression was seen at the protein levels the first week of the investigation with an

increase on day 14 (Figure 3.13). These data suggest that in this present study, TF is

not expressed in myocytes but may be expressed in other cell types, within the heart
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and its expression is not a direct result of the onset of cardiac hypertrophy as shown

from the control animals.

It has been shown that under normal conditions TF mRNA and protein are expressed

by myocardial cells in both human and murine heart (Flossel et al. 1994, Drake et al.

1989, Fleck et al. 1990, Mackman et al. 1993). Animals that underwent sham

operation showed a basal expression ofTF mRNA in the whole left ventricular tissue

up to the 7th day of the investigation which was decreased by day 14 (Figure 3.11).

Interestingly, TF protein levels increased by 2 folds after the 7th day (Figure 3.13). TF

is a transmembrane glycoprotein that is normally released upon injury (Norris 2003)

and therefore its existence in the left ventricular tissue, following surgery is

unsurprising. In contrast to the left ventricular tissue, isolated cardiomyocytes from

sham operated animals exhibited no evidence of either TF mRNA or TF protein

expression. These data indicate that other cells, apart from cardiomyocytes, are

responsible for expressing TF in the heart and this expression may occur as a result of

trauma. The discrepancy between the mRNA and protein levels on day 14 in the left

ventricular tissue may be due to the release of TF from the cells of the myocardium

followed by a feedback inhibition of mRNA (Figure 3.11 & 3.13). Therefore, in an

early post-surgery phase, the expression of TF in cells other than myocytes is clearly

as a result of injury. However, by day 14, hypertrophy is clearly evident both from

ANF expression (see section 3.4.1) and measurement of heart weight to tibia length

ratio (see section 3.4.1).

Subsequent to aortic constriction, expression of TF in isolated cells was undetectable.

The presence of TF in the myocardium has been correlated with the number of

110



Georgia Alkistis Frentzou Chapter3

cardiomyocytes in the segments of cardiac muscle (Luther et al. 2000). TF antigen is

detectable in the intercalated discs and co-localises with cytoskeletal proteins such as

desmin and visculin (Luther et al. 2000). Furthermore, it has been shown that TF

localises at the sarcolemma in extravascular cells, most likely to provide a haemostatic

barrier in the event of injury (Flossel et al. 1994). In the present investigation,

myocytes were isolated by digestion with type II colagenase using the Langendorff

mode, where the connections between the cells were disrupted during the procedure.

Therefore, during this process, TF expressed by the myocytes may be lost from these

cellular junctions. Possible immuno-histological detection of TF using heart sections

(Luther et al. 2000, Luther et al. 1996) may clarify that discrepancy.

After aortic constriction, TF mRNA expression 10 left ventricular whole tissue

remained at basal levels whereas protein expression doubled by day 14 (Figure 3.11 &

3.13). Previous clinical studies have demonstrated that in a remodelled myocardium

from patients with either hypertension or ventricular hypertrophy, TF antigen content

was down-regulated in the cardiac muscle (Luther et al. 2000, Luther & Mackman

2001). This is in contrast to the results obtained in the present study. One possible

explanation for the discrepancy in results between this study and that carried out by

Luther et al. (2000) could be due to the stage of hypertrophy, the model of

hypertrophy used and the species used. Luther et al. (2000) conducted experiment

using biopsies of human hypertrophic failing hearts, whereas the present study

investigated TF expression at the onset of hypertrophy in the rat aortic constriction

model of hypertrophy. It is therefore conceivable that at later stages hypertrophy, the

cell population has decreased and hence less TF is present in the intercalated discs as

well as other cell types (Luther et al. 2000). In contrast, experiments conducted by
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Muller et al. (2000) using a transgenic model of cardiac hypertrophy in rats, over-

expressing the human renin and angiotensin genes, showed that the endothelial layer

of coronary vessels in hypertrophied hearts have increased TF antigen, suggesting that

TF is up-regulated in cardiac hypertrophy (Muller et al. 2000). Also, studies have

shown that in infectious myocarditis, leukocytes and activated monocytes infiltrate the

inflamed region of the heart and express TF within the endothelial layer (Schonbeck et

al. 2000, Zhou et al. 1998). Furthermore, endothelial, smooth muscle cells and

fibroblasts express TF upon stimulation (Cui et al. 1996, Cui et al. 2003, Ghrib et al.

2002, Carson et al. 1994). These studies are in agreement with the present study

showing that the TF protein expression is up-regulated by day 14 (Figure 3.13).

Therefore, TF appears to be up-regulated at the onset of cardiac hypertrophy although

this could also be due to injury following the surgical procedure. Furthermore, TF is

probably expressed by vascular and other cells within the myocardium and not by

cardiomyocytes.

To conclude, this study showed that TF is not expressed in the adult cardiomyocytes

and this could be due to the disruption between the connections of the cells during the

isolation procedure. Furthermore, TF protein expression is up-regulated and possibly

expressed by other cell types of the heart either due to injury arising from the surgical

procedure or due to the induction of cardiac hypertrophy or both by the 14 day.

3.4.3 Investigation of TFPI expression in the hypertrophic heart

TFPI is the specific inhibitor of TF and is primarily expressed by endothelial cells

(Bajaj et al. 1990, Osterub et al. 1995), activated monocytes (Kereveur et al. 2001),

platelets (Novotny et al. 1998) and circulates in the plasma in a free state (Kokawa et
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al. 1995) under normal conditions. The induction of hypertrophic stress in the present

study resulted in a significant increase in TFPI mRNA expression peaking on day 7 of

the investigation (Figure 3.3). In contrast, TFPI protein expression was increased on

day 1 from the onset of the induction of hypertrophy and decreased thereafter (Figure

3.5). In left ventricular tissue, TFPI mRNA expression was transiently increased

within 24 h with a second wave at day 7 (Figure 3.14). It has been shown that upon

stimulation, cell types such as smooth muscle cells, fibroblasts and cardiac myocytes,

can express TFPI to limit local extravascular clotting following injury (Bajaj et al.

1999, Kereveur et al. 2001, Girard et al. 1989). In agreement with this hypothesis,

TFPI has been shown to be expressed in cardiomyocytes upon stimulation with

interleukin 1 which is known to be one of the mediators of cardiac hypertrophy

(Kereveur et al. 2001, Braunwald & Bristow 2000). Therefore, the expression ofTFPI

mRNA and also the release of TFPI protein, seems to increase in stress, probably to

counteract the local increase of TF expressed by other cells within the myocardium.

Furthermore, the up-regulation of TFPI mRNA (Figure 3.3 & 3.14) and the gradual

depletion of the protein (Figure 3.5 & 3.15) could offer protection to the heart against

both the haemostatic and the homeostatic influences of TF. In other diseases such as

atherosclerosis, TFPI has been shown to inhibit TF activity and to maintain a

protective role (Novotny et al. 1998). Furthermore, genetically engineered mice

heterozygous for TFPI-deficiency are more prone to atherosclerosis indicating a

potential protective role for TFPI (Westrick et al. 2001). Disturbance in the balance

between TFPI and TF expression results in altering the haemostatic balance, resulting

in clot formation and further damage to the heart (Bajaj et al. 1999, Kereveur et al.

2001, Girard et al. 1989, Novotny et al. 1998, Westrick et al. 2001). Therefore,
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increased TFPI expression demonstrated here is an essential component in regulating

the activity of exogenous TF, protecting the heart from further injury.

3.5 Conclusions

This aim of this study was to establish the profile of TF and TFPI during the onset of

cardiac hypertrophy. Cardiac hypertrophy was achieved by day 14 as ANF expression

was up-regulated and the morphological indicators were significantly altered.

Furthermore, it was shown that TF is not expressed in adult cardiomyocytes and this

could be due to the disruption between the connections of the cells during the isolation

procedure. Also, TF protein expression is up-regulated by other cell types of the heart

either due to injury arising from the surgical procedure or due to the induction of

cardiac hypertrophy or both. In addition, TFPI mRNA was up-regulated, while TFPI

protein was depleted, probably to counteract the local increase of TF expressed by

other cells within the myocardium. Therefore, the expression of TF and TFPI, during

the onset of cardiac hypertrophy, resulting in the altered ratio of these proteins, may

lead to an imbalance in haemostasis and tissue homeostasis mechanisms, much of

those observed during the onset of cardiac hypertrophy or following the surgical

procedures. Furthermore, it is possible that the differential expression of TFPI,

between mRNA and protein in adult ventricular cardiomyocytes and left ventricular

tissue in response to hypertrophic stress, may be an adaptive response to increase

expression of TF from cells of the vasculature, protecting the heart against further

haemostatic and homeostatic damage by TF.
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4. The influence of exogenous Tissue Factor on the
expression of Atrial Natriuretic Factor and Mechano Growth
Factor in H9c2 cardiomyocytes in vitro

4.1 Introduction

In heart, a and/or p adrenergic stimulation, pressure overload or volume overload

could lead in the expression of the immediate early genes (c-fos, c-jun) and further to

this to the re-expression of the foetal phenotype, ultimately leading to increase protein

expression and myocyte growth and remodelling (Sheng & Greenberg 1990, Chien et

al. 1991). Of a great interest and one of the main characteristics of cardiac

hypertrophy is the re-expression of the foetal phenotype in the ventricles (Izumo et al.

1987, Schwartz et al 1986, Izumo et al. 1988). Qualitative changes in hypertrophy

includes, changes in the sarcomeric protein, such as skeletal actin a, myosin heavy

chain P isoforms, troponin T and myosin light chain 1 isoforms (Izumo et al. 1987,

Schwartz et a1.1986,Izumo et al. 1988, Lowers et al. 1997, Morano et al. 1997 Nakao

et al. 1997, Miyata 2000, Anderson et al. 1995, Hirzel et al. 1985). In addition, the

induction of natriuretic peptides in the ventricles (ANF and BNP) plays an important

role in the remodelling of the heart (Braunwald & Bristow 2000). Furthermore,

quantitative changes, including the down-regulation of SERCA2a and PPARa

suppress fatty acid oxidation and increases glucose utilisation in the hypertrophic

myocardium (Frey & Olson 2003). These adaptations regulate and contribute to the

remodelling of the hypertrophied heart (Schwartz et al. 1992).

ANF is a cardiac peptide that exhibits diuretic, natriuretic and vasorelaxant effects

(Mayer et al. 2002) and can regulate cell growth (Braunwald & Bristow 2000).
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Cardiac ANF expression is an important determinant of the circulating ANF peptide

levels during health or heart failure (Burnett et al. 1986, Rascher et al. 1985, Shenker

et al. 1985). Its importance is shown by maintaining blood pressure and natriuresis in

health or in a pathological cardiac hypertrophy (Chien 1991, Mayer et al. 2002).

During foetal life, ANF is expressed in both the atria and ventricles (Bloch et al. 1986,

Wu et al. 1988). Following birth, the expression of ANF is down-regulated in the

ventricle and the atrium becomes the main site of ANF synthesis in the adult heart

(Chien 1991). Studies have shown that during cardiac hypertrophy ANF is re-

expressed in the ventricles and is the most well known marker of the disorder (Arai et

al. 1988, Lee et al. 1988, Franch et al. 1988, Edwards et al. 1988, Day et al. 1987,

Drexter et al. 1989, Gutkowska et al. 1986). The potential influence of TF on the

expression of ANF has not previously been explored.

During cardiac hypertrophy, muscle growth is a complex process, that involves a

number of intracellular signalling pathways, including phosphatidylinositol 3-kinase

(PI3K)/ Akt/ glycogen synthase kinase 3~ (GSK-3~)-dependent signalling, the

mitogen-activated protein kinase pathway (MAPK), the protein kinase C pathway, the

calcineurin-NFAT signalling pathway and many others (Molkentin & Dorm, 2001).

PI3K pathway includes a family of enzymes that exhibit both protein and lipid kinase

activity (Frey & Olson, 2003). This pathway has been linked to signalling pathways

involved in cellular growth and survival (Frey & Olson, 2003). The PI3K1 Akt/GSK3~

signalling cascade is also involved in mediating the hypertrophic response in addition

to its role in insulin signalling (Selvetella et al. 2004). This pathway is regulated by

several classes of membrane receptor, including receptor protein kinases, such as the

117



Georgia Alkistis Frentzou Chapter4

insulin-like growth factor I (IGF-1) as well as G protein-coupled receptors, such as a

and P2- adrenergic receptors (Figure 4.1) (Selvetella et al. 2004).

IGF-1 is a single-chain polypeptide that has an insulin-like short term metabolic effect

and a growth factor-like long term effect (Coerper et al. 2001, Lloyd. 1999). IGF-1

exists in the heart in two splice variants, the mechano-growth factor (MGF) and the

systemic liver type (IGF-IEa) (Figure 4.2). MGF possess a number of domains, some

of which have homologous sequences to IGF-1 (Figure 4.2), and one stimulates

muscle stem cells and another recognises specific binding proteins which have been

found to be present in large quantities in cardiac muscle tissue (Goldspink et al. 1999,

Harridge et al. 2003, Yang et al. 2002). However, MGF is only detectable following

injury and/or following mechanical activity and its anabolic effects, including the

stimulation of protein synthesis and promotion of stem cell activation, required for

tissue regeneration (Harridge et al. 2003, Yang et al. 2002, Goldspink et al. 1999).

TF is expressed in cardiac muscle, but not in cardiomyocytes as was continned in the

previous section (Chapter 3). However, the function of TF in the heart is not known

and requires clarification. TF has been found to act as a signalling receptor and lead to

alterations in the pattern of growth gene expression (Rottingen et al. 1995, Poulsen et

al. 1998, Pendurthi et al. 1997, Camerer et al. 2000, Ruf et al. 2003). In this part of

the investigation, an attempt was made to explore the mechanisms underlying the

possible role of TF in the induction of cardiac hypertrophy. The effect of long-term

and short-term exposure of rat cardiomyocyte cell line H9c2 to exogenous TF, on the

expression of ANF was investigated. Furthermore, the influence of exogenous TF on
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Figure 4.1: The PI3K signalling pathway.
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A schematic representation showing the P13K signalling pathway promoting cell growth and

survival. The PI3K pathway can be activated via IGF-l, a adrenergic receptors or ~2

adrenergic receptors. B2 adrenergic receptors can also activate GSK3 ~ directly. Subsequently,

a hypertrophic response is initiated, leading ultimately to heart failure.
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Figure 4.2: The IGF gene and its splicing variants.
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A schematic representation of the IGF gene and its locally produced splice variants. The filled

blue boxes denote the insert in exon 5 (49 bp in human, 52 bp in gerbil and other species),

which give rise to alternatively spliced MGF (IGF-IEblEc- IGF-IEb in rodents corresponds to

IGF-IEc in humans) isoform. Although, IGF-1 is a simple 70 amino acid peptide, the gene is

fairly large spanning a region of over 90 kb genomic DNA.
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the expression of MGF and in the expression of slow myosin heavy chain ~ (sMHC~)

in H9c2 cardiomyocytes was examined for comparison.

4.2 Methods

4.2.1 Long-term influence of TF on ANF expression

H9c2 cells were cultured as described in section 2.1.1 and allowed to reach

approximately 80 % confluence. Subsequently, the cells were subcultured as

described in section 2.2.1.2, cell number was determined (section 2.2.1.5) and seeded

out (2 x 105cells per well) into complete DMEM medium in a 12-well plate. The cells

were allowed to adhere overnight and were then treated with different concentrations

(5 nM, 50 nM, 500 nM and 2 JlM) of recombinant TF (Inovin, UK) over a period of

15 days. The cells were then harvested as described in section 2.2.1.3 on days 1,2,5,

10 and 15 and total RNA was extracted as described in sections 2.2.3.1 and 2.2.3.4.

The expression of ANF was measured and analysed by semi-quantitative RT-PCR

with GAP3DH as reference as previously described (section 2.2.4.2 and 2.2.4.3).

For protein expression analysis, a similar cell culture protocol that one described

above was used, except that cells were seeded out (l06 cells per flask) into a 25 cnr'

flasks. Treatment with recombinant TF was as described above and the cells were

harvested on days 1, 2, 3, 5, 10 and 15. Subsequently, protein was isolated as

described in section 2.2.5.1 and protein concentration was determined using the

Bradford assay (section 2.2.5.4). SDS-PAGE was performed using a 12 % (w/v)

resolving gel (section 2.2.5.5) and western blot analysis for ANF was followed as

previously described (section 2.2.5.6).
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4.2.2 Short-term influence of TF with or without FVIIa, FXa and TFPI on

ANF expression

H9c2 cells were seeded out as described in section 4.2.1 In a 12-well plate and

allowed to adhere overnight. The medium was replaced the following day with

complete DMEM containing 5 % (v/v) FCS and incubated for 24 h. On the second

day the medium was replaced with complete DMEM medium containing 3 % (v/v)

FCS and cells were incubated for a further 24 h. The FCS concentration was further

reduced to 1 % (v/v) on the third day and following 24 h incubation was eliminated

altogether. The cells were then incubated with TF (50 and 500 nM) and combinations

of FVIIa (5 nM), FXa (10 nM) and TFPI (5 pM) as described in the result section 4.3.

The cells were harvested as described in section 2.2.1.3 on day 1 and 2, and analysis

of ANF mRNA was performed as previously described in section 4.2.1.

Analysis of the expression of ANF protein was carried out using the same protocol as

described above, except that the cells were seeded out (4 x 105cells per well) into a 12

well plate. H9c2 cells were harvested on day 1 and 2 and ANF western blot analysis

was performed as previously described in section 4.2.1.

4.2.3 Long-term influence ofTF on MGF expression

H9c2 cells were seeded out into a 12-well plate at a density 4 x lOS, and treated with a

range of recombinant TF concentrations (50 nM, 500 nM and 2 IlM) for up to 7 days.

The cells were harvested as previously described (section 2.2.1.3), and total RNA was

isolated and quantified (section 2.2.3.1, section 2.2.3.4 respectively) on days 1, 3 and

7. The expression of MGF was measured by semi-quantitative RT-PCR with

GAP3DH as reference (section 2.2.4.2 and 2.2.4.3).
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4.2.4 Long-term influence of TF on MGF, nMHC and sMHCP antigen

expression

H9c2 cells were seeded out as described in section 2.2.1.2 in an 8-well microscope

chamber slide at a density of 1 x 105 and treated exposed to different concentrations

(50 nM and 500 nM) of recombinant TF for a period of 14 days. The cells were

washed with freshly made PBS (PH 7.4) and fixed with 4 % (v/v) formaldehyde for 5

min. Subsequently, cells were stained using the immunofluorescen protocol for MGF

as described in section 2.2.8.3.

In a separate experiment, cells was prepared and treated with recombinant TF (50 nM

and 500 nM) as described above for a period of 7 days. The cells were washed with

freshly made PBS (PH 7.4) and fixed with 4 % (v/v) formaldehyde for 5 min on days

1, 3 and 7 of the investigation. Subsequently, cells were stained either for nMHC or

for sMHCP as described in sections 2.2.8.1 and 2.2.8.2, respectively.

4.3 Results

4.3.1 ANF expression following long-term treatment with TF

The mRNA expression of ANF measured on day 1 post-treatment (Figure 4.3) with

exogenous TF, significantly increased to 300 %, 220 %, 120% and 150% as compared

to the control (un-treated cells remained in complete DMEM medium with 10 % (v/v)

foetal calf serum), when exposed to 5 nM, 50 nM, 500 nM, and 2 IlM TF, respectively

(Figure 4.4). However, by the second day, ANF expression was reduced to 120 % of

the control in the samples treated with 5 nM and 2 IlM TF respectively, 75 % of the

control in the sample treated with 50 nM TF and 60 % of the control in the sample
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Figure 4.3: ANF expression III H9c2 cardiomyocytes 1 day post-treatment with

exogenous TF.

Control 5nMTF 50 nM TF 500 nM TF

GAP3DH

+- ANF

1 2 3 4 5 6 7 8 9 10 11

A representative agarose gel used for the analysis of ANF mRNA expression in H9c2 cells I

day post-IF treatment. Lane 1: DNA ladder, lane 2, 4,6,8, 10: GAP3DH mRNA expression,

lane 3,5, 7,9, 11: ANF mRNA expression. Similar gels were produced for subsequent days of

the investigation. The micrograph is typical of 30 gels.
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Figure 4.4: The percentage relative expression of ANF mRNA III H9c2 rat

cardiomyocytes in response to exogenous TF.
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days post treatment

H9c2 cells were seeded out in wells at 2 xl05/well in complete DMEM medium and treated

with 5 nM of TF (.), 50 nM of TF ( ), 500 nM of TF (X) and 2 ~ of TF (*), respectively.

The cells were harvested on day 1, 2, 5, 10 and 15 post-treatment and total RNA was

extracted. Single tube RT-PCR reaction was carried out to measure the expression of ANF

mRNA was measured against GAP3DH as reference in each sample. The band intensities

were quantified using the "Gene Tool" software program. The data represent the mean of n=6

for each concentration taken from 2 independent experiment and are presented as a percentage

of the control (un-treated cells. ) ± SEM, on each day of the investigation.

* p<0.05 as compared to the control
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treated with 500 nM TF (Figure 4.4). On subsequent days of treatment, ANF

expression further decreased and eventually stabilised at 50 % of the control in the

samples treated with 5 nM, 50 nM and 500 nM TF and 90 % of the contro~ in the

sample treated with 2 ~M ofTF (Figure 4.4).

Concurrently, the expression of ANF protein (Figure 4.5) on day 1 of the treatment

with 5 nM, 50 nM, 500 nM, and 2 ~M of exogenous TF significantly increased to 540

%,400 %, 300 % and 300 % respectively as compared to the control, (Figure 4.6). On

the second day of the investigation, expression of ANF protein was decreased to 40 %

of the control in cells treated with 5 nM and 2 ~M TF, 160 % of the control in cells

treated with 50 nM TF and 60 % of the control in cells treated with 500 nM TF

(Figure 4.6). On subsequent days, a gradual increase in ANF protein expression was

observed in all samples, reaching a maximum by day 10 when a 2 fold increase was

observed in cells treated with 5 nM, 500 nM and 2 ~M TF (Figure 4.6). Furthermore,

by day 15 of the investigation, a decrease in ANF protein expression was observed in

all the samples, reaching a minimum of 20 % of the control in the sample treated with

5 nM TF (Figure 4.6).

4.3.1.1 ANF expression in response to treatment with TF over 24 h

To determine the time-course of ANF expression in response to TF, H9c2 cell (2 x 104

cells per well) were cultured in a 12 well plate with complete DMEM medium and

then treated with 2 ~M of TF for 3, 5, 7 and 24 h. ANF mRNA expression was

significantly increased 24 h post-treatment (Figure 4.7). However, after 3, 5 and 7 h

with TF treatment, ANF expression remained at the same level as the control

(untreated cells) (Figure 4.7).
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Figure 4.5: ANF protein expression in H9c2 cardiomyocytes 1 day post treatment

with exogenous TF.

a)
Control 5 nM TF 50 nM TF 500 nM TF 2 IlMTF

ANF

1 2 3 4 5

Micrograph a): ANF protein expression at 13 kDa in H9c2 cells 1 day post-treatment with

exogenous TF. Similar western blots were produced for subsequent days of the

experiment. The micrograph is typical of 30 gels.

b)
Control 5 nM TF 50 nM TF 500 nM TF 2 IlMTF

+- GAP3DH

1 2 3 4 5

Micrograph b): GAP3DH protein expression at 38 kDa in H9c2 cells 1 day post-treatment

with exogenous TF. Similar western blots were produced for subsequent days of the

experiment. The micrograph is typical of30 gels.
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Figure 4.6: The percentage relative expression of ANF protein III H9c2 rat

cardiomyocytes in response to treatment with exogenous TF.
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H9c2 cells were seeded out in a 25 crrr' flasks at a density of 1 x 106 in complete DMEM

medium and treated with 5 nM TF (.),50 nM TF ( ),500 nM TF (X) and 2 11M TF (*),

respectively. The cells were harvested on day 1, 2, 5, 10 and 15 post-treatment and total

protein was extracted. 20 I!g aliquots of each sample was analysed by poly-acrylamide gel

electrophoresis and subsequent western blotting using specific antibodies for ANF and also

GAP3DH, as reference. The band intensities were quantified using the "Gene Tool" software

program. The data represent the mean of n=6 for each concentration taken from 2 independent

experiment and are presented as a percentage of the control (un-treated cells.) ± SEM, on

each day of the investigation.

* p<0.05 as compared to the control
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Figure 4.7: The relative expression of ANF mRNA in H9c2 rat cardiomyocytes in

response to treatment with 2 JlM exogenous TF after 3,5, 7 and 24 h.
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H9c2 cells were seeded out in wells at 2 xl 05/well and treated with 2 11Mof TF in complete

DMEM. The cells were harvested 3, 5, 7 and 24 h post-treatment. Total RNA was extracted

and single-tube RT-PCR was carried out and ANF mRNA expression was measured against

GAP3DH as reference. Band intensities were quantified using the "Gene Tool" software

program. The data represent the mean of n= 12 taken from two separate experiments, each

performed in duplicate ± SEM.

* p<0.05 as compared to the control
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4.3.2 ANF expression following short-term treatment with TF with or

without FVIIa, FXa and TFPI

The relative expression of ANF mRNA (Figure 4.8) following treatment with

exogenous TF alone (50 nM and 500 nM) was significantly increased (p<0.05) by 2

fold on first day as compared to the control cells (un-treated cells) (Figure 4.9).

Supplementation with FVIIa (5 nM) resulted in a decrease in ANF expression (Figure

4.9). However, further addition of FXa resulted in a significant decrease (p<0.05) in

the ANF mRNA expression as compared to the sample treated with 500 nM TF alone

(Figure 4.9). Furthermore, supplementation of TFPI to TFIFVIIalFXa significantly

increased (p<0.05) the expression of ANF mRNA as compared to the control cells

(Figure 4.9).

ANF protein expression (Figure 4.10) was increased by 1.5 and 2 fold following

treatment with TF alone (50 nM and 500 nM, respectively) on the first day post-

treatment (Figure 4.11). Further supplementation with FVIIa and FXa resulted in a

decrease in ANF protein expression, but was not significant (Figure 4.11). Moreover,

addition of TFPI to TF/FVIIalFXa resulted in a further decrease in ANF protein

expression to similar levels to those observed in the control sample (Figure 4.11).

On the second day of the investigation, the ANF mRNA expression in response to TF

treatment was undetectable. However, after 2 days of treatment with exogenous TF

incombinations with FVIIa, FXa and TFPI, the relative protein expression of ANF in

H9c2 cells, was increased in all samples as compared to the control (Figure 4.12).
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Figure 4.8: The expression of ANF mRNA in H9c2 cardiomyocytes 1 day post-

treatment with exogenous TF, FVIIa, FXa and TFPI.

a)
TF/FVIIa TF/FVIIal

Control 50 nM TF 500 nM TF TF/FVIIa IFXa FXa/TFPI

..

1 2 3 4 5 6 7

Micrograph a): Lane 1: DNA ladder, lanes 2, 3, 4, 5, 6, 7: ANF mRNA expression in H9c2

cells 1 day post-treatment with exogenous TF, FVIIa, FXa and TFPI. The micrograph is

typical of 12 gels.

b)

Control 50 nM TF 500 nM TF TF/FVIIa TF/FVIIa TF/FVIIal
IFXa FXa/TFPI

GAP3DH

1 2 3 4 5 6 7

Micrograph b): Lane 1: DNA ladder, lanes 2,3, 4, 5, 6, 7: GAP3DH mRNA expression in

H9c2 cells 1 day post-treatment with exogenous TF, FVIla, FXa and TFPI. The micrograph is

typical of 12 gels.
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Figure 4.9: The relative expression of ANF mRNA in H9c2 rat cardiomyocytes in

response to treatment with combinations of TF, FVIIa, FXa and TFPI, 1 day post-

treatment.
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H9c2 cells were seeded out in wells at 2 x105/well and treated with TF (50 oM and 500 oM)

and with combinations of FVIIa (5 nM), FXa (10 oM) and TFPI (5 pM), in the absence of

FCS. The cells were harvested at the first day post-treatment. Total RNA was extracted and

single-tube RT-PCR was carried out to measure ANF mRNA expression against GAP3DH as

reference. The band intensities were quantified using the "Gene Tool" software program. The

data represent the mean of n= 12 taken from two separate experiments, each performed in

duplicate ± SEM.

* p<0.05 as compared to the control

t p<0.05 as compared to sample treated with 500 oM TF
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Figure 4.10: The expression of ANF protein in H9c2 cardiomyocytes 1 day post-

treatment with exogenous TF, FVIIa, FXa and TFPI.

a)

Control 50 nM TF 500 nM TF TF/FVIIa
TF/FVIIal

FXa
TF/FVIIal
FXalTFPI

ANF

Micrograph a): ANF protein expression at 13 kDa in H9c2 cells 1 day post-treatment with

exogenous TF, FVIIa, FXa and TFPI. The micrograph is typical of 12 gels.

b)

Control 50 nM TF 500 nM TF TFIFVIIa
TF IFVUal TFlFVUal

FXa FXalTFPI

.- GAP3DH

1 2 3 4 5 6

Micrograph b): GAP3DH protein expression at 38 kDa in H9c2 cells 1 day post-treatment

with exogenous TF, FVIIa, FXa and TFPI. The micrograph is typical of 12 gels.
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Figure 4.11: The relative expression of ANF protein in H9c2 rat cardiomyocytes in

response to treatment with combinations of TF, FVIIa, FXa and TFPI, 1 day post-

treatment.
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H9c2 cells were seeded out in wells at 2 xl05/well and treated with TF (50 oM and 500 oM)

and with combinations of FVIIa (5 oM), FXa (10 nM) and TFPI (5 pM), in the absence of

FCS. The cells were harvested at the first day post-treatment. Total protein was extracted and

western blot analysis was performed to measure ANF protein expression against GAP3DH as

reference. The band intensities were quantified using the "Gene Tool" software program. The

data represent the mean of n= 12 taken from two separate experiments, each performed in

duplicate ± SEM.
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Figure 4.12: The relative expression of ANF protein in H9c2 rat cardiomyocytes in

response to treatment with combinations of TF, FVIIa, FXa and TFPI, 2 days post-

treatment.
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H9c2 cells were seeded out in wells at 2 xl05/well and treated with TF (50 nM and 500

nM) and with combinations of FVIIa (5 nM), FXa (10 nM) and TFPI (5 pM), in the

absence of FCS. The cells were harvested 2 days post-treatment. Total protein was

extracted and western blot analysis was performed to measure ANF protein expression

against GAP3DH as reference. The band intensities were quantified using the "Gene

Tool" software program. The data represent the mean of n= 12 taken from two separate

experiments, each performed in duplicate ± SEM.
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4.3.3 MGF expression following long-term treatment with TF

After 24 h of exposure to 50 nM TF, MGF expression (Figure 4.13) was increased by

approximately 30 % above the control, whereas on exposure to 500 nM and 2-JlM TF,

MGF expression was decreased 50 and 30 % of the control respectively (un-treated

cells) (Figure 4.14). In contrast, by day 3, the cells treated with 50 nM TF MGF

mRNA expression decreased by /).= -33 % (Figure 4.15). However, in the cells treated

with 500 nM ofTF MGF expression return to the level of the control and cells treated

with 2 JlM of TF, MGF expression was increased by 17 % above the control (Figure

4.15). By day 7 MGF mRNA expression was increased in all the samples as compared

to the control (Figure 4.16). The increase observed in all treated cells was

approximately 3 fold above the control and significant (p<0.05) (Figure 4.16).

4.3.3.1 MGF antigen expression following long term treatment with TF

H9c2 cardiomyocytes, exhibited strong red fluorescence labelling for MGF antigen on

spheroid aggregates with weaker red labelling on cell clusters (Figure 4.17, 4.18 and

4.19). The fluorescence labelling was most prominent by day 7 (Figure 4.19).

However, when a negative control was performed, using only secondary antibody red

fluorescence labelling was observed (Figure 4.20).
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Figure 4.13: MGF mRNA expression in H9c2 cardiomyocytes 1 day post-treatment

with exogenous TF.

Control +50 oM TF +500 oM TF +2 11MTF

1000 bp

500 bp

200 bp

1 2 4 5 6 7 8 9

A representative agarose gel, used for measuring MGF mRNA expression, in H9c2 cells 1 day

post-treatment with exogenous TF. Lane 1: DNA ladder, lanes 2, 4, 6, 8: GAP3DH mRNA

expression, lanes 3,5, 7, 9: MGF mRNA expression. The micrograph is typical of 12 gels.
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Figure 4.14: The relative expression of MGF mRNA in H9c2 rat cardiomyocytes in

response to treatment with exogenous TF Iday post-treatment.

4

3.5

= 3Q.r;;
~~-Q.,~ 2.5~

~ 2e
~e
~ 1.5~
.i::....~
~ 1~

0.5

0
control- no 50nMTF 500nMTF
addition

2 "MTF

H9c2 cells were seeded out in wells at 2 xl05/well and treated with different concentrations of

exogenous TF (50 nM, 500 nM and 2J.lM) in the presence of serum. The cells were harvested

24 h post-treatment. Total RNA was extracted and a single tube RT-PCR was performed for

MGF mRNA expression against GAP3DH as reference. The band intensities were quantified

using the "Gene Tool" software program. The data represent the mean of n= 12 taken from

two separate experiments, each performed in duplicate ± SEM.
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Figure 4.15: The relative expression of MGF mRNA in H9c2 rat cardiomyocytes in

response to treatment with exogenous TF 3 days post-treatment.
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H9c2 cells were seeded out in wells at 2 xlOs/well and treated with different concentrations of

exogenous TF (50 nM, 500 nM and 2 JlM) in the presence of serum. The cells were harvested

72 h post-treatment. Total RNA was extracted and a single tube RT-PCR was performed for

MGF mRNA expression against GAP3DH as reference. The band intensities were quantified

using the "Gene Tool" software program. The data represent the mean of n= 12 taken from

two separate experiments, each performed in duplicate ± SEM.
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Figure 4.16: The relative expression of MGF mRNA in H9c2 rat cardiomyocytes in

response to treatment with exogenous TF 7 days post-treatment.
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H9c2 cells were seeded out in wells at 2 xl 05/well and treated with different concentrations of

exogenous TF (50 nM, 500 nM and 2 ~M) in the presence of serum. The cells were harvested

168 h post-treatment. Total RNA was extracted and a single tube RT-PCR was performed for

MGF mRNA expression against GAP3DH as reference. The band intensities were quantified

using the "Gene Tool" software program. The data represent the mean of n= 12 taken from

two separate experiments, each performed in duplicate ± SEM.

* p<0.05 as compared to the control
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Figure 4.17: The expression of MGF antigen in H9c2 rat cardiomyocytes in response

to treatment with exogenous TF 1 day post-treatment.

H9c2 cardiomyocytes were seeded out into an 8 well chamber slide at a density of 105

cells/well in complete DMEM medium and treated with 50 nM or 500 nM TF. Cells were

cultured for 3 days and then stained for MGF antigen with a rabbit anti human MGF antibody.

Images were captured and analysed with ImagePro software using a Leica fluorescence

microscope. a) control H9c2 cells under white light, b) control H9c2 cells stained for MGF, c)

H9c2 cells treated with 50 nM TF under white light, d) H9c2 cells treated with 50 nM TF

stained for MGF, e) H9c2 cells treated with 500 nM TF under white, f) H9c2 cells treated

with 500 nM TF stained for MGF. The micrographs are representative of 3 separate

experiments performed in duplicate (Magnification x 10).
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Figure 4.18: The expression of MGF antigen in H9c2 rat cardiomyocytes in response

to treatment with exogenous TF 7 days post-treatment.

H9c2 cardiomyocytes were seeded out into an 8 well chamber slide at a density of 105

cells/well in complete DMEM medium and treated with 50 nM or 500 nM IF. Cells were

cultured for 7 days and then stained for MGF antigen with a rabbit anti human MGF antibody.

Images were captured and analysed with ImagePro software using a Leica fluorescence

microscope. a) control H9c2 cells under white light, b) control H9c2 cells stained for MGF, c)

H9c2 cells treated with 50 nM IF under white light, d) H9c2 cells treated with 50 nM IF

stained for MGF, e) H9c2 cells treated with 500 nM TF under white, f) H9c2 cells treated

with 500 nM IF stained for MGF. The micrographs are representative of 3 separate

experiments performed in duplicate (Magnification x 10).
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Figure 4.19: The expression of MGF antigen in H9c2 rat cardiomyocytes in response

to treatment with exogenous TF 14 days post-treatment.

H9c2 cardiomyocytes were seeded out into an 8 well chamber slide at a density of 105

cells/well in complete DMEM medium and treated with 50 nM or 500 nM TF. Cells were

cultured for 14 days and then stained for MGF antigen with a rabbit anti human MGF

antibody. Images were captured and analysed with ImagePro software using a Leica

fluorescence microscope. a) control H9c2 cells under white light, b) control H9c2 cells stained

for MGF, c) H9c2 cells treated with 50 nM TF under white light, d) H9c2 cells treated with 50

nM TF stained for MGF, e) H9c2 cells treated with 500 nM TF under white, f) H9c2 cells

treated with 500 nM TF stained for MGF. The micrographs are representative of 3 separate

experiments performed in duplicate (Magnification x 10).
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Figure 4.20: Negative control for MGF antigen expression III H9c2 rat

cardiomyocytes using only secondary antibody.

a)

i

H9c2 cardiomyocytes were seeded out in an 8 well chamber slide at a density of 1 x 105

cells/well in complete DMEM medium. Cells were cultured for 3, 7 and 14 days and then

stained for MGF antigen with a rabbit anti human MGF antibody. Images were captured and

analysed with ImagePro software using a Leica fluorescence microscope. Micrograph a) H9c2

cells under white light, micrograph b) H9c2 cells stained only with secondary antibody. The

micrographs are representative of 3 separate experiments performed in duplicate

(Magnification x 10).
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4.3.4 Expression of nMHC following long-term treatment with TF

H9c2 cells were stained for neonatal myosin heavy chain over a period of 7 days. The

absence of any fluorescence labelling on either day of the investigation (day 1, 3 and

7), indicates the lack of expression of the neonatal heavy chain antigen in the cells.

4.3.5 Expression of sMHCP following long-term treatment with TF

H9c2 cells exhibited a strong red fluorescence labelling for sMHC~, on spheroid

aggregates with weaker labelling on cell cluster on all days tested (Figure 4.21, 4.22

and 4.23). By day 1 cells treated with exogenous TF (50 nM and 500 nM), gave

enhanced fluorescence labelling compared to the control (untreated cells) (Figure

4.21). By day 3, H9c2 cells treated with 50 nM of TF produce higher fluorescence

label intensity (Figure 4~22d) than H9c2 cells treated with 500 nM of TF (Figure

4.22t). However, the fluorescence labelling in the treated samples was weaker than the

control cells, (Figure 4.22b, 4.22d and 4.22t). By day 7, no significant differences

were observed between untreated control cells and treated cells (Figure 4.23b, 4.23d

and 4.23t). However, H9c2 cells treated with 50 nM of TF produced weaker

fluorescence intensity on day 7 as compared to day 3 (Figure 4.22d and 4.23d).

Furthermore, the cells incubated with 500 nM of TF exhibited more intense

fluorescence by day 7 as compared to day 3 of the investigation (Figure 4.22f and

4.23t). Compared to day 1, fluorescence intensity was weaker on the subsequent days

in all the samples (Figure 4.21, 4.22 and 4.23). Further analysis with the Image Pro

Plus software showed no significant difference. A negative control was produced on

each step of the investigation using only secondary antibody and no fluorescence labelling

was observed (Figure 4.24a). Additionally, a positive control stained for sMHC was

obtained by staining a rat heart section in each sample alongside (Figure 4.24b).
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Figure 4.21: The expression of sMHC~ antigen in H9c2 rat cardiomyocytes III

response to treatment with exogenous TF 1 day post-treatment.

+S6DMTF

+ 500 oM TF

H9c2 cardiomyocytes were seeded out in an 8 well chamber slide at a density of 105 cells/well

in complete DMEM medium and treated with 50 nM and 500 nM IF. Cells were cultured for

1 day and then stained for sMHCP antigen with a mouse anti human sMHCP antibody. Images

were captured and analysed with ImagePro software using a Leica fluorescence microscope.

Left micrographs show cells under white light microscopy and right micrographs show cells

under fluoresence microscopy stained for sMHCp. a) control H9c2 cells, b) control H9c2

cells, c) H9c2 cells treated with 50 nM IF, d) H9c2 cells treated with 50 nM IF, e) H9c2 cells

treated with 500 nM IF, f) H9c2 cells treated with 500 nM IF. The micrographs are

representative of 3 separate experiments performed in duplicate (Magnification x 10).
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Figure 4.22: The expression of sMHC~ antigen in H9c2 rat cardiomyocytes III

response to treatment with exogenous TF 3 days post-treatment.

H9c2 cardiomyocytes were seeded out in an 8 well chamber slide at a density of 105 cells/well

in complete DMEM medium and treated with 50 nM and 500 nM TF. Cells were cultured for

3 days and then stained for sMHC~ antigen with a mouse anti human sMHC~ antibody.

Images were captured and analysed with ImagePro software using a Leica fluorescence

microscope. Left micrographs show cells under white light microscopy and right micrographs

show cells under fluoresence microscopy stained for sMHC~. a) control H9c2 cells, b) control

H9c2 cells, c) H9c2 cells treated with 50 nM TF, d) H9c2 cells treated with 50 nM TF, e)

H9c2 cells treated with 500 nM TF, f) H9c2 cells treated with 500 nM TF. The micrographs

are representative of 3 separate experiments performed in duplicate (Magnification x 10).
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Figure 4.23: The expression of sMHC~ chain antigen in H9c2 rat cardiomyocytes in

response to treatment with exogenous TF 7 days post-treatment.
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H9c2 cardiomyocytes were seeded out in an 8 well chamber slide at a density of 105 cells/well

in complete DMEM medium and treated with 50 oM and 500 nM TF. Cells were cultured for

3 days and then stained for MHC~ antigen with a mouse anti human sMHC~ antibody. Images

were captured and analysed with ImagePro software using a Leica fluorescence microscope.

Left micrographs show cells under white light microscopy and right micrographs show cells

under fluoresence microscopy stained for sMHC~. a) control H9c2 cells, b) control H9c2

cells, c) H9c2 cells treated with 50 oM TF, d) H9c2 cells treated with 50 oM TF, e) H9c2 cells

treated with 500 nM TF, f) H9c2 cells treated with 500 nM TF. The micrographs are

representative of 3 separate experiments performed in duplicate (Magnification x 10).
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Figure 4.24: Negative and positive control for sMHCB antigen expression in H9c2 rat

cardiomyocytes and rat heart section respectively.

H9c2 cardiomyocytes were seeded out in an 8 well chamber slide at a density of 1 x 105

cells/well in complete DMEM medium. Cells were cultured for 3, 7 and 14 days and then

stained for sMHC~ with a mouse anti human sMHC~ antibody. Images were captured and

analysed with ImagePro software using a Leica fluorescence microscope. Micrograph a):

H9c2 cells under white light, micrograph b): H9c2 cells stained only with secondary antibody,

on each day of the investigation, micrograph c): is a section of rat heart stained positive for

sMHC~. The micrographs are representative of 3 separate experiments performed in duplicate

(Magnification x 10).
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4.4 Discussion

4.4.1 The influence of exogenous TF on ANF expression

ANF is known to be a marker of early hypertrophy in the heart (Braunwald & Bristow

2000). Furthermore, ANF is a stress-related hormone and is re-expressed in the

ventricles during cardiac hypertrophy (Arai et al. 1988, Lee et al. 1988, Franch et al.

1988, Edwards et al. 1988, Day et al. 1987, Drexter et al. 1989). Over the years, the

role of TF has been expanded and it has been suggested that TF can participate in the

pathophysiology of heart disease including cardiac hypertrophy (Toomey et al. 1996,

Bugge et al. 1996, Carmeliet et al. 1996, Parry et al. 1998, Pwlinski et al. 2002,

Luther et al. 2000, Muller et al. 2000). The present study aimed to examine the effects

of exogenous TF on the induction of cardiac hypertrophy by measuring ANF

expression. For this purpose, the H9c2 cardiomyocytic cell line was used instead of

freshly prepare adult cardiomyocytes as adult cardiomyoctes de-differentiate after 4

days in culture (data are not shown) and thus can cause changes in gene expression. In

addition, collagenase digestion is aggressive leading to low cell yield, low viability

and membrane damage, interfering with the experimental protocols (Thurn & Borlak

2000). It was shown that either TF alone or in combination with serum factors, was

able to increase the expression of ANF (150 % of the control) 1 day post treatment

(Figure 4.4) but after 2 days, the ANF expression was decreased to below that of the

control (Figure 4.4). The pattern of expression of ANF protein was similar to that

observed for ANF mRNA expression (Figure 4.6). These data suggest that TF can

increase ANF expression which is a marker of hypertrophic response in H9c2 cells.
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TF belongs to the interferon receptor family and is an immediate early gene and is

expressed during foetal life, suggesting its involvement in cell growth pathways

(Taubman et al. 1997, Carmeliet & Collen 1998). Recently, it has been shown that TF

triggers cell signalling via both protease dependent and independent mechanisms

(Wiiger & Prydz 2001, Morrissey 2001). In the present study, incubation of cells with

TF increased the expression of ANF under serum-free conditions, 1 day post

treatment, whereas the inclusion of either FVIIa or both FVIIa and FXa, inhibited that

effect (Figure 4.9 and 4.11). The expression of TF activity was specific to the

proteolytic activity of these two enzymes as the inclusion of TFPI, known to inhibit

both FVIIa and FXa, restored the TF-mediated ANF expression on the first day

(Figure 4.9 and 4.11). It has been demonstrated that TFIFVIIa complex and FXa, can

both activate protease-activated receptors 1 (PAR-I) and 2 (PAR-2) (Bromberg et al.

2001, Petersen et al. 2000, Steinberg 2005). These receptors are known to participate

in the initiation of hypertrophic stimuli (Sabri et al. 2000, Moons et al. 2002).

Therefore, the action of TF in combination with FVIIa and FXa may indicate the

possible involvement of PARs. PARs belong to the family of G-protein-coupled

receptors with a unique proteolytic activation mechanism (Streinberg, 2005). All of

the members of PAR family, PAR 1-4 are widely expressed on platelets, cells of the

vasculature and cardiomyocytes (Ossovskaya & Bunnet, 2004, Sabri et al. 2000).

PAR-l is mainly activated by thrombin and SFLLRN peptide agonist (Sabri et al.

2000) and has been identified as a hypertrophic stimulus, by triggering a range of

events in cardiomyocytes including the activation of the extracellular signal-regulated

protein kinase (ERK), the induction of atrial natriuretic factor expression and the

modulation of calcium homeostasis (Steinberg et al. 1991, Jiang at al. 1996,

Glembotski et al. 1993, Yasutake et al. 1996, Sabri et al. 2000). These events are
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characteristic of the cardiomyocyte hypertrophic growth programme, i.e increase in

protein content and cell size, increase in sarcomeric organization and induction of the

immediate early genes (Streinberg 2004, Sabri et al. 2000). Alternatively, PAR-2 is

activated by trypsinltryptase and SLIGRL peptide (Steinberg 2005, Sabri et al. 2000),

and recent studies have revealed that this receptor can also be activated by the

SFLLRN agonist peptide (Sabri et al. 2000). Like PAR-I, PAR-2 activates a spectrum

of biochemical and functional responses in cardiomyocytes. These responses include

activation of ERK, and p38-MAPK, increase in [Ci+], enhanced spontaneous

automaticity and elongated/dilated hypertrophy (Sreinberg 2005, Sabri et al. 2000).

Therefore collectively, PAR-I and PAR-2 could alter the electrophysiological

properties and contractile activity of myocytes sufficiently to induce myocyte

hypertrophy (Sabri et al. 2000).

Although, the link between TF and the activation of PARs has been demonstrated in

literature, the possible involvement of PAR-I and 2 was not completed in this study.

However an experiment to investigate the involvement of PAR-I and 2 in ANF

expression following TF treatment was designed involving the PAR-I and PAR-2

inhibitory antibodies (WEDE-15 and ATAP-2 antibodies against PAR-I and SAM-II

antibody against PAR-2). These antibodies were only functional for a few hours

before being degraded, while the ANF expression by TF seemed to occur over a 24 h

period (Figure 4.7). Therefore, due to the large quantity of the antibody required, the

experiment to investigate the PAR-I and 2 inhibition was not feasible.

In conclusion, TF can increase ANF expression in vitro. Furthermore, combination of

TF with FVIIa or TF, FVIIa and FXa minimise ANF expression. However, the
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addition of TFPI restores ANF expression possibly by inhibiting TFIFVIIa or

TFIFVIIalFXa complexes. Also, the action of TF in complex with purified

supplemented FVIIa and FXa or those occurring naturally in serum (FCS) may be

mediated through the activation of PAR 1 and 2. Therefore, during conditions such as

infection or vascular inflammation, in which TF concentrations may be elevated, a

hypertophic response may be initiated possibly via the activation of PARs.

4.4.2 The influence of exogenous TF on MGF expression

MGF is a spliced variant of IGF-l and is only detectable following injury and/or

mechanical activity in the muscles (Goldspink 2002). Furthermore, MGF has been

found to act in an autocrinel paracrine manner and is thought to be the end product of

mechanotransduction signalling pathway in muscle cells (Goldspink 2002). In the

present study, the involvement of TF in the expression of MGF mRNA in H9c2

cardiomyocytes was investigated. Cells treated with 50 nM TF, showed transient

increases in MGF expression by day 7 (Figure 4.14, 4.15, 4.16) while the addition of

500 nM and 2 J.1MTF resulted in a more gradual increase in MGF expression to the

final day of the investigation (Figure 4.14, 4.15, 4.16). These data suggest that the up-

regulation of MGF by TF in H9c2 cells may occur in response to stress signals.

Previous studies have shown that in exercised muscles undergoing physiological

hypertrophy, MGF expression is up-regulated (Goldspink et al. 1992, Yang et al.

1997). Also intramuscular injection of a plasmid, constructed to express the MGF

cDNA, into mouse anterior muscle resulted in a 20 % increase in muscle mass was

observed within 2 weeks of injection (Goldspink 2002). Experiments measuring

muscle fibre size revealed a 25 % increase, which was due to the presence of larger
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(width) fibres in the muscle treated with the plasmid and not in the surrounding

muscle (Goldspink 2002). In these experiments, only some fibres take up and express

the MGF cDNA and it appears that these fibres undergo hypertrophy (Goldspink

2002). The up-regulation of MGF following treatment with TF observed during the

present study is in agreement with the aforementioned studies. Since Goldspink

(2002), showed that muscle fibres expressing MGF cDNA have undergo hypertrophy,

this provides an indirect link between TF and muscle hypertrophy.

Despite the data demonstrating the up-regulation of MGF mRNA by TF (Figure 4.14,

4.15 & 4.16), measurements of MGF antigen expression, in H9c2 cells incubated with

TF were on the whole unsuccessful due to un-specific binding of the antibody. The

H9c2 cardiomyocytes probed for MGF antigen, exhibited strong red fluorescence

labelling on spheroid aggregates and weaker labelling on cell clusters (Figure 4.17,

4.18 and 4.19). However, similar red fluorescence intensity was produced on labelling

the cells with only secondary antibody (Figure 4.20). The antibody against MGF used

was an experimental polyclonal antibody provided by Professor G. Goldspink from

Royal Free Hospital London was deemed not to be specific for MGF. Therefore, the

up-regulation of MGF by antigen staining could not be confirmed by this procedure.

In conclusion, TF has been shown to up-regulate MGF expression, indicating that

cells may possibly detect stress. Furthermore, MGF expression is known to be up-

regulated following injury and during muscle hypertophy (Goldspink 2002). Thus the

up-regulation of MGF by TF in H9c2 cardiomyocytes provides an indirect link

between TF and a cardiac hypertrophy.

154



Georgia Alkistis Frentzou Chapter4

4.4.3 The influence of exogenous TF on sMHCP expression

sMHC~ is prominent in the development of the embryonic heart (Stockdale et al.

2002). Study of the expression of the slow isoforms of the myosin heavy chain has

contributed to our understanding of how cell diversity arises within skeletal and

cardiac muscles (Stockdale et al. 2002, Franco et al. 2002) MHC~ isoforms are

developmentally responsive to a number of signals provided by the nervous system,

the endocrine system and, later in development, to functional demands on these

developing tissues (Stockdale et al. 2002). Studies have shown that MHC transcripts

were found to be homogeneously distributed in the myocardium of the tubular and

embryonic heart of dogfish and rodents (Franco et al. 2002). A difference between

atrial and ventricular MHC content (mRNA and protein) was also observed in the

adult stage (Franco et al..2002). The atrial myocardium versus the ventricular showed

the highest MHC content in the adult heart in dogfish, mouse, rat, and chicken (Franco

et al. 2002). MHC~ is known to be re-expressed and up-regulated in the ventricles

during progressing hypertrophy (Braunwald & Bristow 2000, Pagani et al. 1988,

Izumo et al. 1988). It has been suggested that the up-regulation of MHC~ in cardiac

hypertrophy causes a decrease in the contractile cycle using less energy to initially

compensate for the hypertrophic stress by normalising wall stress (Braunwald &

Bristow 2000). However, the slow type of the myosin heavy chain ~ (sMHC~) has

been reported to be unchanged in the hypertrophic human ventricle (Schaub et al.

1998). In this study, any alterations in the expression of the sMHC~ in H9c2

cardiomyocytes, upon treatment with exogenous TF, were investigated. The existence

of sMHC~ was confirmed in the H9c2 cells by the strong fluorescence signal in both

treated and untreated cells on all the days of the investigation (Figures 4.21, 4.22 &

4.23). The third day of the investigation, cells treated with 50 nM TF produced
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stronger fluorescence signal compared to those treated with 500 nM TF, but both

samples appeared to have less sMHCP when compared to the untreated control cells

(Figure 4.22). Nevertheless the sMHCP existence on day 7 was more prominent when

compared to day 3 and day 1 of the investigation in all samples (Figures 4.21, 4.22 &

4.23). Although, small differences between the days of the investigation and between

the control and treated cells were observed, these differences were not significant.

Therefore, these data are in agreement with the study by Schaub et al. (1998) and

suggests that TF has no effect in the expression of sMHCP antigen in H9c2 cells.

4.5 Conclusions

The aim of this chapter was to provide evidence that exogenous TF is capable of

initiating some of the mechanisms involved in hypertrophic growth in vitro. IF can

increase ANF expression in vitro. Furthermore, combination of TF with FVIIa and

FXa suppresses ANF expression, whereas the addition of IFPI abolishes this effect.

The action of TF with unknown serum factors existing in the media or in combination

with FVIIa and FXa may be mediated by the activation of PAR-l and 2. Moreover,

TF was shown to up-regulate MGF expression indicating that the cells may possibly

detect stress and thus a hypertrophic response could be initiated. Also, TF was found

to have no effect on the expression of sMHC~ in H9c2 cells. Therefore, IF is capable

of initiating a hypertrophic response in H9c2 cardiomyocytes signified by the up-

regulation of ANF expression, and possibly through the up-regulation of MGF

expression (Figure 4.25). Although these results have been obtained by in vitro

studies, potentially they may reflect events occurring in vivo under conditions of either

inflammation, infection or vascular injury.
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Figure 4.25: A schematic model showing the possible capability of TF initiating a

hypertrophic response.

TF
FVIIa, FXa,
other serum
factors
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factors±
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by detection of

stress?

sMHCP

1

Hypertrophic response

TF with or without FVIIa, FXa or other unknown serum factors that exist in media, can

increase ANF expression in H9c2 cells, possibly via PARs activation, initiating a hypertrophic

response. TF with other serum factors, up-regulates MGF expression possibly by the detection

of injury from H9c2 cells, initiating a hypertrophic response. TF has no effect on the

expression of slow myosin heavy chain (sMHC~) and therefore a hypertrophic response is not

initiated.
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5. The influence of exoe;enous Tissue Factor on the induction
of proliferation and apoptosis in H9c2 cardiomyocytes in
vitro

5.1 Introduction

Cardiac hypertrophy results from the enlargement of pre-existing myocytes (Nadal-

Ginard et al., 2003). During the onset of heart disease and throughout the aging

process, the rate of cell death increases (Nadal-Ginard et al. 2003). As a result, the

number of cardiomyocytes decrease and consequently residual cells undergo

hypertrophy and cellular remodelling (Nadal-Ginard et al. 2003). Therefore, even a

moderate rate of myocyte death cause an imbalance in the heart leading to decrease in

cardiac mass, remodelling of the myocardium and ultimately to chronic heart failure

(Nadal-Ginard et al. 2003, Takemura & Fujiwara 2004).

Myocyte death can occur either via necrosis or apoptosis. On a cellular level,

induction of apoptosis can be mediated either via the death receptors pathways or via

the mitochondrial pathway (Figure 1.6, section 1.2.1) (Kang et al. 2004). The death

receptor mediated pathway, also known as the extrinsic pathway, involves the binding

of a death ligand such as tumour necrosis factor (1NF) to a membrane-bound death

receptor, tumour necrosis factor receptor 1 (1NFRl), resulting in the activation of

caspase-8 (Figure 1.6, section 1.2.1) (Nagata 1997, Takemura & Fujiwara 2004, Kang

et al. 2004). The mitochondrial-mediated pathway, also known as the intrinsic

pathway, is initiated by cellular injury or free radicals production causing the release

of cytochrome c from mitochondria (Liu et al. 1996). Once released, cytosolic

cytochrome c binds to the apoptotic protease-activating factor 1 (Apaf-l) and caspase-
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9 to form an active apoptosome complex (Figure 1.6, section 1.2.1) (Li et al. 1997,

Zou et al. 1997). Both these pathways activate downstream effector caspases, such as

caspase-3, which eventually bring about the biochemical and structural changes

observed during apoptosis (Li et al. 1997, Slee et al. 1999).

Tissue Factor (TF) is a known marker, and a suggested putative modulator of cellular

signalling during apoptosis. TF signalling pathways requires FVIIa to be active so as

to elicit a variety of cellular signalling events (Camerer et al., 2000, Riewald and Ruf

2002). Several studies have shown that TF signalling pathways involves the mitogen

activated protein kinase (MAP kinase) pathway, predominately the p44/p42 (ERK 1),

the p38 pathway and JNKJSAPK pathway as well other pathways including the Src-

like kinases, small OTPases and calcium signalling (Poulsen et al. 1998, Versteeg et

al. 2001). These signalling pathways are known to be involved in the induction of

cellular apoptosis (Han et al. 2004) as well as cell growth (Peppelenbosch et al. 2001).

However, to date, it is not clear if TF alone can either mediate or induce cellular

apoptosis. Studies on the coagulation factors downstream from TF, including FVIIa

and FXa, have demonstrated the ability of these proteases to inhibit apoptosis in BHK

cells over-expressing TF (Versteeg et al. 2004). Additionally, the TF inhibitor TFPI,

has been shown to induce apoptosis in cultured human endothelial cells (Hamuro et

al.1998).

Cellular apoptosis occurs in heart tissue during cardiac hypertrophy and ageing.

Although, TF in combination with FVIIa and FXa is capable on inhibiting apoptosis

and promote cellular growth, the role of TF itself is less clear. The aim of this study

was to investigate the influence of exogenous TF on promoting proliferation and
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apoptosis in H9c2 cardiomyocytes, in vitro. Furthermore, the possible involvement of

the associated downstream coagulation proteins, FVIIa, FXa and its inhibitor TFPI on

these cellular events was also investigated for comparison.

5.2 Methods

5.2.1 Long-term influence of TF on proliferation and apoptosis

H9c2 cells were cultured as described in section 2.2.1.1 and grown until 80 %

confluent. Subsequently, cells were sub-cultured as described in section 2.2.1.2, and

seeded out (5 x 104 per well) into complete DMEM in a 24-well plate. The cells were

allowed to adhere overnight and were then adapted to serum-free medium over the

following 3 days as described in section 4.2.2. The cells were incubated continuously

with exogenous recombinant TF (50 nM, 500 nM and 2 JlM) which was supplemented

over a period of 10 days. The rate of cell proliferation was measured on days 1,3,5, 7

and 10 as previously described in section 2.2.6.1, against a positive control containing

2 JlM of anisomycin (known to induce apoptosis).

In a separate experiment, H9c2 cells were seeded out (6 x 104 per well) in complete

DMEM medium containing 10% (v/v) foetal calf serum, 1% (v/v) antibiotic solution,

4 mM Ala-Glu solution, in a 6-well plate and allowed to adhere overnight. The cells

were adapted to serum-free medium as described above and incubated continuously

with a range of concentrations of exogenous recombinant TF (50 nM, 500 nM and 2

JlM) which was supplemented over a period of 10 days. The extent of apoptosis was

detected using a commercially available caspase-3 assay for flow cytometry on days

1, 3, 5, 7 and 10 against a positive control containing cells treated with 2 JlM of
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hydrogen peroxide (H202) (a known chemical that induces apoptosis via the caspase-3

pathway) for 4 h on each day of the experiment.

5.2.1.1 Long-term influence of TF in combination with FVIIa, FXa and TFPI on

apoptosis

H9c2 cells were seeded out (6 x 104 per well) into a 6-well plate and adapted to serum

free media as described in section 5.2.1. The cells were treated continuously with

exogenous recombinant TF (50 nM) in combination with FVIIa (5 nM), FXa (10 nM)

and TFPI (5 pM) which was supplemented over a period of 5 days. The degree of

apoptosis was assessed by measuring the caspase-3 on days 1 and 5 as previously

described (section 5.2.1).

5.2.2 Short-term influence of TF on proliferation and apoptosis

H9c2 cells were seeded out (5 x 104 per well) into a 24 well-plate and adapted to

serum-free media as described in section 5.2.1. The cells were treated with a range of

concentration of TF (50 nM, 500 nM and 2 J.lM) for 1 or 2 h. The medium was then

discarded, the cells were washed with pre-warmed PBS and fresh serum-free medium

was added. The cells were incubated in a humidified incubator at 37°C under 5 %

C02 for 10 h or 24 h and the rate of proliferation was measured, as previously

described (section 2.2.6.1).

In a separate experiment H9c2 cells were seeded out (3 x 104 per well) into an 8 well

culture slide and adapted to serum-free media. The cells were then treated with a

range ofTF concentrations (50 nM, 500 nM and 2 J.lM)for 1 or 2 h. The medium was

then discarded, replaced with fresh serum-free medium and the cells were incubated
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for a further 24 h. The level of apoptosis was then measured using a commercially

available TUNEL assay (section 2.2.7.1).

A third set of cells were seeded out (3 x 104 per well) into an 8 well culture slide and

adapted to serum-free media. The cells were then incubated with a range of

concentrations of exogenous recombinant TF (50 nM, 500 nM and 2 J..lM)for 2 days.

The cells were analysed by antibody staining for p53 activation on day 1 and 2 as

previously described (section 2.2.7.3).

5.2.3 Short-term influence of TF with or without FVIla, FXa and TFPI on

proliferation and apoptosis

H9c2 cells were seeded out (5 x 104 per well) into a 24 well-plate and adapted to

serum-free media as described in section 5.2.1. The cells were incubated with TF (50

and 500 nM) in combinations with FVIIa (5 nM), FXa (10 nM) and TFPI (5 pM). The

cells were then incubated in a humidified incubator at 37°C under 5 % C02 for 10 h

or 24 h and the rate of proliferation was measured, as previously described (section

2.6.1).

In a separate experiment, H9c2 cells were seeded out (3 x 104 per well) into an 8 well

culture slide and adapted in serum free media. The cells were then treated with TF (50

and 500 nM) in combinations with FVIIa (5 nM), FXa (10 nM) and TFPI (5 pM),

incubated for 24 h and the level of apoptosis was measured using a commercially

available TUNEL assay.
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5.3 Results

5.3.1 The rate of proliferation and apoptosis following long-term treatment

with TF

On day 1, exposure of the cells to 50 nM of TF significantly reduced the viability

(p<0.05) by 11= -25 % while higher concentrations of TF (500 nM and 2 J.lM)

significantly reduced the cell viability (p<0.05) by 11= -60 % and 11= -70 % of the

control respectively (Figure 5.1). By the third day, incubation of cells with 50 nM TF

recovered the cell number to 95 % of the control whereas in the two higher

concentrations of TF used (500 nM and 2 J.lM)the cell viability remained in the same

level as day 1 (Figure 5.1). By day 5, sustained treatment with recombinant exogenous

IF (50 nM) resulted in an increase in cell viability by 11=+35 % (Figure 5.1). Also

increases in cell viability were observed in the cells treated with the higher

concentrations of TF (500 nM and 2 J.lM), reaching 80 % and 50 % of the control

respectively (Figure 5.1). Thereafter, a progressive significant decline (p<0.05) in cell

viability was observed in the cells treated with the higher concentrations of TF (500

nM and 2 J.lM)dropping to 5 % of the control on day 10 of the investigation (Figure

5.1). In the cells incubated with 50 nM TF a reduction in relative cell viability was

observed on day 7 (95 % of the control) which again significantly increased (p<0.05)

to 125 % of the control by the end of the investigation (Figure 5.1). Incubation with 2

J.lMof anisomycin (positive control) resulted in a reduction in cell viability to 50 % of

the control on the first day and no viable cells were detected by day 3 (data not

shown).
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Figure 5.1: Viability ofH9c2 rat cardiomyocytes following treatment with exogenous

TF.

-'-control- no treatment
160 _50nMTF

500 nM TF

140 ~2JlMTF

120
'0-...= 100e
C.i
~-=...~ 80e
~e
0 60..-..,.Q=> 40

20

O+---r-~~~---r--~--T---r-~~~--~--~
o 1 2 3 4 5 6 7 8 9 10 11

Days post-treatment

H9c2 cells were seeded out into wells at 5 x104/well in complete DMEM medium, adapted to

serum-free medium over 4 days and incubated with 50 nM of TF (.), 500 nM of TF ( ) and

211M ofTF (X), respectively. Cell proliferation was assessed on days 1,3,5, 7 and the values

converted into cell numbers according a standard curve (Figure 2.6). The data represent the

mean of n=9 taken form 3 separate performed in triplicate and are presented as the percentage

of the control (un-treated cells) ± SEM.

* p<0.05 treated cells versus un-treated cells (control)
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The rate of apoptosis in H9c2 cells was assessed using a flow cytometric assay for caspase-

3 activity. Caspase-3 activity was detectable in the samples incubated with exogenous TF

on day 1 of the investigation (Figure 5.2). In cells treated with 50 nM TF, n:ntially (day 1)

caspase-3 was significantly active (p<0.05) at 5 % of the cell population, with a second pick

on day 5 of the investigation and a gradual decrease thereafter (Figure 5.3). Cells treated

with 500 nM and 2 JlM, had caspase-3 significantly (p<0.05) active by day 1, in 2 and 1%

of the cell population tested respectively, which remained at similar levels by day 3 (Figure

5.3). The cells treated with 500 nM TF exhibited no active caspase-3 by day 5, but on day 7,

15% of the cells population tested was found significantly increased (p<0.05) for caspase-3

activity (Figure 5.3). At the end of the investigation a significant decrease (p<0.050) in

caspase-3 activity was observed in the sample treated with 500 nM TF. Peak in caspase-3

activity was observed in the sample treated with 2 JlM TF (9 % above the control) with a

second significant (p<0.05), persistent wave at the end of the investigation (12 % above the

control) (Figure 5.3). As a positive control, 2 JlM hydrogen peroxide (H2(h) was used over

a period of 4 h on each day of assaying and active caspase-3 was measured at 45 % of the

population tested of H9c2 cardiomyocytes (Figure 5.2). Un-treated cells had no active

caspase-3 throughout the period of the investigation (Figure 5.3).

5.3.1.1 The activity of caspase-3 following long-term treatment with TF in

combination with FVIIalFXalfFPI

No caspase-3 activity was detectable in H9c2 cells following incubation of TF (50

nM) in combinations with FVIIa (5 nM), FXa (10 nM) and TFPI (5 pM) either on the

first or the fifth day of the investigation (Figure 5.4). Caspase-3 activity in the positive

control treated with 2 JlM of hydrogen peroxide (H202), reached a maximum of 45 %

above that of the control in H9c2 cardiomyocytes (Figure 5.4).
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Figure 5.2: Caspase-3 activity profiles in H9c2 cardiomyocytes following treatment
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H9c2 cells were seeded out into wells at 6 x104/well in complete DMEM medium, adapted to

serum-free medium over 4 days and treated with 50 nM (-),500 nM (-) and 2 J.LM TF (-),

respectively. Caspase-3 activity was measured and analysed on days I (panel a), 3 (panel b), 5

(panel c), 7 (panel d) and 10 (panel e) using flow cytometry. Positive (-) and negative (-)

control cells were prepared by treatment with H202 (2 uM) and using un-treated cells,

respectively. The percentage caspase-3 activity in the cell population tested was measured by

including a 3 % of the control sample. The flow-cytometry profiles are typical of 3 separate

experiments.
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Figure 5.3: Activity of caspase-3 in H9c2 rat cardiomyocytes in response to treatment

with exogenous TF.
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H9c2 cells were seeded out into wells at 6 xl04/well in complete DMEM medium, adapted to

serum free medium over 4 days and treated with 50 nM of TF (.), 500 nM of TF ( ) and 2

~ ofTF (X), respectively. Caspase-3 activity was measured on day 1,3,5,7 and 10 by flow

cytometry. The data represent the mean of a 104 cells taken from 3 separate experiments,

counted by a flowcytometer and presented as the percentage of the control ± SEM.

* p<0.05 treated cells versus un-treated cells (control)
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Figure 5.4: Measurement of caspase-3 activity in H9c2 cardiomyocytes following

treatment with exogenous TF in combination with FVIIa, FXa and TFPI.
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H9c2 cells were seeded out in wells at 6 xl04/well in complete DMEM medium, adapted to

serum free medium over 4 days and treated with TF (50 nM) in combination with FVIIa (5

nM), FXa (10 nM) and TFPI (5 pM) (-). On day 1 (panel a), and 5 (panel b), caspase-3

activity was measured and analysed using flow cytometry. As a positive control, cells were

treated with H202 (-) had active caspase-3 in the 45 % of the cell population tested while un-

treated cells (negative control) (-) exhibit no caspase-3 activity. The flow-cytometry profiles

are typical of 3 separate experiments.
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5.3.2 The rate of proliferation and apoptosis following short-term

treatment with TF

Cell viability was assessed at 10 h following a 2 h exposure to exogenous TF after

which the TF was washed out. Treatment of cells with 50 nM and 500 nM TF resulted

in reduction in cell viability down to 70 % and 65 % of the control, respectively

(Figure 5.5). However, assessment of cell viability 10 h following 1 h exposure to

exogenous TF, showed no significant change in any of these samples (Figure 5.5).

Cell viability was also assessed at 24 h and was decreased in all the samples tested,

with a maximum reduction of 11= -30 % in the cells treated with 500 nM ofTF for 2 h

(Figure 5.6). Cell viability decreased in the samples treated with anisomycin after 10 h

to 60 % of the control (Figure 5.4), and significantly decreased (p<0.05) to 30 % of

the control after 24 h (Figure 5.6).

To support these observations an identical experiment was carried out and the cells

examined by the TUNEL assay after 24 h. No significant DNA fragmentation was

observable in any of the samples on incubation with exogenous TF (Figure 5.7, 5.8

and 5.9) as compared to the positive control (8 h incubation with anisomycin) which

clearly resulted in DNA fragmentation ofH9c2 cells (Figure 5.7, 5.8 and 5.9).

5.3.2.1 The activation of p53 pathway following short-term treatment with TF

p53 antibody staining revealed no p53 translocation to the nucleus in any of the

samples treated with exogenous TF 24 h and 48 h post-treatment (Figure 5.10 and

5.11 respectively). Incubation with 2 11MME resulted in the translocation of p53 in

the cell nucleus revealing the existence of apoptosis (Figure5.1 Oband 5.11b).
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Figure 5.5: H9c2 rat cardiomyocytes viability on exposure to exogenous TF 2 and 1 h

measured at 10 h post-treatment.
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H9c2 cells were seeded out into wells at 5 xl04/well in complete DMEM medium, adapted to

serum-free medium over 4 days and treated with 50 oM, 500 nM and 2 J.!Mof TF for 1 and 2

h respectively after which, the TF was washed out. The rate of cell proliferation was assessed

after 10 h and converted to cell numbers from a standard curve. The data represent the mean

of n=9 taken from 3 separate experiments, performed in triplicate and are presented as the

percentage of the control ± SEM.
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Figure 5.6: H9c2 rat cardiomyocyte viability, 2 and 1 h on exposure to exogenous TF

measured at 24 h post-treatment.
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H9c2 cells were seeded out into wells at 5 xl04/well in complete DMEM medium,

adapted to serum-free medium over 4 days and treated with 50 nM, 500 nM and 2J..lM

of TF for 1 and 2 h respectively after which, the TF was washed out. The rate of cell

proliferation was assessed after 24 h and converted to cell numbers from a standard

curve. The data represent the mean of n=9 taken from 3 separate experiments, performed in

triplicate and are presented as the percentage of the control ± SEM.

* p<O.05 treated cells versus un-treated cells (control)
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Figure 5.7: Assessment of DNA fragmentation in H9c2 rat cardiomyocytes on

exposure to exogenous TF for 1 and 2 h, at 24 h post-treatment.
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H9c2 cells were seeded out in wells at 3 x ] 04/well in complete DMEM medium, adapted to

serum-free medium over 4 days and treated with 50 nM ofTF for 2 h (micrograph e & f) and

50 nM of TF for 1 h (micrograph g & h). TUNEL assay was performed 24 h after treatment

and the images were captured and analyzed with ImagePro software. A sample of cells

remained untreated (micrograph a & b) and used as negative control. Cells treated with 2 J1M
of anisomycin for 8h (micrograph e & d) used as positive control. The above micrographs are

representative of n=6 taken from 3 separate experiments performed in duplicate (Magnification x 10).
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Figure 5.8: Assessment of DNA fragmentation in H9c2 rat cardiomyocytes on

exposure to exogenous TF for 1 and 2 h, 24 h post-treatment.
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H9c2 cells were seeded out in wells at 3 x 104/well in complete DMEM medium, adapted to

serum-free medium over 4 days and treated with 500 nM ofTF for 2 h (micrograph e & f) and

500 nM of TF for 1 h (micrograph g & h). TUNEL assay was performed 24 h after treatment

and the images were captured and analyzed with ImagePro software. A sample of cells

remained untreated (micrograph a & b) and used as negative control. Cells treated with 2 11M
of anisomycin for 8h (micrograph e & d) used as positive control. The above micrographs are

representative of n=6 taken from 3 separate experiments performed in duplicate (Magnification x 10).
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Figure 5.9: Assessment of DNA fragmentation in H9c2 rat cardiomyocytes on

exposure to exogenous TF for 1 and 2 h, 24 h post-treatment.
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H9c2 cells were seeded out in wells at 3 x 104/well in complete DMEM medium, adapted to

serum-free medium over 4 days and treated with 2 flM of TF for 2 h (micrograph e & f) and 2

flM ofTF for 1 h (micrograph g & h). TUNEL assay was performed 24 h after treatment and

the images were captured and analyzed with ImagePro software. A sample of cells remained

untreated (micrograph a & b) and used as negative control. Cells treated with 2 11M of

anisomycin for 8h (micrograph e & d) used as positive control. The above micrographs are

representative of n=6 taken from 3 separate experiments performed in duplicate (Magnification x 10).
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Figure 5.10: p53 activation pathway in H9c2 rat cardiomyocytes 24 h post-treatment

with exogenous TF.
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H9c2 cells were seeded out in wells at 3 x 104/well in complete DMEM medium, adapted to

serum-free medium over 4 days and treated with 50 nM (micrograph c), 500 nM (micrograph

d) and 2 flM (micrograph e) ofTF. The cells were incubated for 24 h and then labelled for p53

activation using a rabbit anti-human p53 antibody. The images were captured and analyzed

with ImagePro software. Untreated cells (micrograph a) were used as negative control and

cells were treated with 2 J.LM of ME for 2h (micrograph b) were used as positive control. The

above micrographs are representative of 20 cells taken from 2 separate experiments performed

in duplicate (Magnification x 40).
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Figure 5.11: p53 activation pathway in H9c2 rat cardiomyocytes 48 h post-treatment

with exogenous IF.
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H9c2 cells were seeded out in wells at 3 x 104/well in complete DMEM medium, adapted to

serum-free medium over 4 days and treated with 50 nM (micrograph c), 500 nM (micrograph

d) and 2 IlM (micrograph e) ofTF. The cells were incubated for 48 h and then labelled for p53

activation using a rabbit anti-human p53 antibody. The images were captured and analyzed

with ImagePro software. Untreated cells (micrograph a) were used as negative control and

cells were treated with 2 !J.M of ME for 2h (micrograph b) were used as positive control. The

above micrographs are representative of 20 cells taken from 2 separate experiments performed

in duplicate (Magnification x 40).
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5.3.3 The rate of proliferation and apoptosis following short-term

treatment with TF with or without FVIIa, FXa and TFPI

Cell viability was reduced to 90 % of the control following short-treatment with 50 nM TF for

10 h with a further reduction to 65 % of the control in the sample treated with 500 nM TF

(Figure 5.12). Combinations ofTFlFVIIa or TFIFVIIaIFXa partially negated the effect ofTF

and restored cell viability back to 92 % of the control and 83 % of the control respectively

(Figure 5.12). Supplementation of TFPI (TFIFVIIa/FXalfFPI) resulted in no significant

changes in cell viability (Figure 5.12). After 24 h incubation, cell viability decreased to 70 %

of the control in the cells treated sample with 500 nM TF (Figure 5.13). Combinations of

either TFlFVIIa or TF/FVIIaIFXa, both reduced the cell viability to 70 % of the control

(Figure 5.13). Further supplementation with TFPI (TFIFVIIa/FXafTFPI) resulted in a

significant increase (p<O.OQ5)in cell viability by 16% above that of the control as compared

with the cells treated with anicomysin, 500 nM TF, and combinations of TF/FVIIa and

TFlFVIIaIFXa (Figure 5.13). The viability of cells treated with anisomycin (positive control)

decreased to 60 % of the control after 10 h incubation (Figure 5.12) and became significant

(p<0.05) after 24 h incubation reaching a value of 45 % of the control (Figure 5.13).

To support the observations obtained from performing the viability assay, the cells were

examined for DNA fragmentation at 24 h post-incubation with exogenous TF in

combinations with FVIIa, FXa and TFPI using the TIJNEL assay. The treatment of cells

supplemented with either TF alone or in combination with FXa and TFPI did not result in

any significant amount of DNA fragmentation (Figure 5.14 and 5.15). However, cells

treated with a combination of TF and FVIIa, exhibited positive staining of DNA

fragmentation (Figure 5.15) as compared to the positive control (anisomycin treated cells-

Figure 5.14).
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Figure 5.12: The influence of exogenous TF in combination with FVIIa, FXa and

TFPI, on H9c2 rat cardiomyocytes viability atlO h post-treatment.
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H9c2 cells were seeded out in wells at 5 x 104/well in complete DMEM medium,

adapted to serum-free medium over 4 days and treated with 50 and 500 nM TF in

combinations with FVIIa (5 nM), FXa (10 nM) and TFPI (5 pM). The rate of cell

proliferation was assessed after 10 h and converted to cell number from a standard

curve. The data represent the mean of n=9 taken from 3 separate experiments, performed in

triplicate and are presented as the percentage of the control ± SEM.
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Figure 5.13: The influence of exogenous TF in combinations with FVIIa, FXa and

TFPI, on H9c2 rat cardiomyocytes viability at 24 h post-treatment.
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H9c2 cells were seeded out in wells at 5 x 104/well in complete DMEM medium, adapted to

serum-free medium over 4 days and treated with 50 and 500 nM TF in combinations with

FVIIa (5 nM), FXa (10 nM) and TFPI (5 pM). The rate of cell proliferation was assessed after

24 h and converted to cell number from a standard curve. The data represent the mean of n=9

taken from 3 separate experiments, performed in triplicate and are presented as the percentage

of the control ± SEM.

* p<0.05 treated cells versus un-treated cells (control)

t p<0.05 as compared with cells treated with anicomycin, 500 nM TF and combinations of

TFIFVIIa and TFIFVIIalFXa
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Figure 5.14: Assessment of DNA fragmentation in H9c2 rat cardiomyocytes 24 h

post-treatment with exogenous TF in combinations with FVIIa, FXa and TFPI.
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H9c2 cells were seeded out in wells at 5 x 104/well in complete DMEM medium, adapted to

serum-free medium over 4 days and treated with 50 (micrograph c & d) and 500 nM

(micrograph e & t) ofTF and in combination with FVIIa (5 nM), FXa (10 nM) and TFPI (5

pM) (Figure 5.15). TUNEL assay was performed following 24 h incubation and the images

were captured and analysed with ImagePro software. Untreated cells (micrograph a) were

used for negative control and cells treated with 2 11Mof anisomycin for 8h (micrograph b)

were used as positive control. The above micrographs are representatives of n=6 taken from 3

separate experiment performed in duplicate (Magnification x 10).
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Figure 5.15: Assessment of DNA fragmentation in H9c2 rat cardiomyocytes 24 h

post-treatment with exogenous TF in combinations with FVIIa, FXa and TFPI.
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H9c2 cells were seeded out in wells at 3 x 104/well in complete DMEM medium, adapted to

serum free medium over 4 days and treated with 50 and 500 nM (Figure 5.14) of TF and in

combinations with FVIIa (5 nM) (micrograph a & b), FXa (10 nM) (micrograph c & d) and

TFPI (5 pM) (micrograph e & f). TUNEL assay was performed following 24 h incubation and

the images were captured and analysed with ImagePro software. Untreated cells (Figure 5.14)

were used for negative control and cells treated with 2 JlM of anisomycin for 8h (Figure 5.14)

were used as positive control. The above micrographs are representatives of n=6 taken from 3

separate experiment performed in duplicate (Magnification x 10).
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5.4 Discussion

5.4.1 The influence of exogenous TF on the rate of proliferation and

apoptosis

TF is structurally similar to the class 2 cytokine receptor family (Bazan 1990).

Recently, a great interest has been shown in the ability of TF to induce cellular

signalling, promoting either cellular apoptosis or cellular proliferation (Han et al.

2004, Peppelenbosch & Versteeg 2001). In this chapter, the effect of exogenous

recombinant TF on the proliferation and apoptosis of H9c2 rat cardiomyocytes was

investigated. Long-term treatment of H9c2 cells with relative low concentration of TF

promoted cellular proliferation, whereas higher concentrations of TF inhibited cellular

proliferation (Figure 5.1). Furthermore, caspase-3 was only activated in the cells

treated with higher concentrations of TF (Figure 5.3). Short-term treatment of the

H9c2 cells with exogenous TF had no significant effect on cellular proliferation

(Figure 5.5 & 5.6) and there was no evidence of cellular apoptosis (Figure 5.7, 5.8 &

5.9). Overall, these results indicate that TF has a dual action and at low concentrations

may promote cellular growth (proliferation), whereas at high concentrations can

induce cellular apoptosis possibly be the trans-activation of different signalling

pathways, including the p42/44 MAP kinase, the JNK-SAPK signalling pathway

(Ettelaie et al. 2006).

A recent study has shown that TF and active caspase-3 were both increased and co-

localised in lipid-reach atherosclerotic plaques (Hutter et al. 2004). To date, this was

the only evidence linking TF with caspase-3 activity. However, in the present study,

increased TF concentration is also associated with increased caspase-3 activity (Figure
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5.3). The effector caspase-3 is involved in both the intrinsic and the extrinsic apoptotic

pathways (Cory & Adams 2002, Nagata 1997, Gopisetty et al. 2006). The intrinsic

pathway is initiated mainly by the p53 activation in response to DNA damage, a

common cause of which, is increased oxidative stress (Ryan et al. 2001). The

activation of p53 results in cytocrome c release through mitochondrial activation,

ultimately leading to caspase activation, DNA damage and cellular apoptosis (Cory &

Adams 2002, Hockenbery et al. 1990). In the present study, the induction of apoptosis

by TF did not involve the activation of p53 (Figure 5.10 & 5.11). Therefore, TF is

unlikely to initiate apoptosis via the intrinsic pathway. The extrinsic pathway of

apoptosis, also known as the death receptor mediated pathway, is initiated by

cytokines that belong to the tumour necrosis factor (TNF) family (Gopisetty et al.

2006). The binding of a death ligand such as tumour necrosis factor (TNF) to the

membrane-bound death receptor, tumour necrosis factor receptor 1 (TNFR1), results

in the activation of caspase-8, leading to the activation of caspase-3 and ultimately to

cell apoptosis (Nagata 1997, Takemura & Fujiwara 2004, Kang et al. 2004). The

ability of TF to activate caspase-3 (Figure 5.3) is likely to be mediated through the

activation of the extrinsic pathway of apoptosis in a death-receptor-like manner.

However, there is clearly cross-talk between the two apoptotic pathways (see Figure

1.6). When activated, caspase-8 is capable of initiating the protein Bid of the third

subclass (see section 1.2) of the Bcl-2 family proteins. Activation of Bid, leads to the

activation of the pro-apoptotic proteins Bax and Bad, resulting in the cytochrome c

release instead of activating downstream caspases of the extrinsic pathway (Gopisetty

et al. 2006). Therefore, it is not certain if TF initiates the extrinsic pathway or induces

apoptosis by activating caspase- 3 via the cytochrome c release and feeding-back onto

the extrinsic pathway of apoptosis.
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Apoptosis, an ATP dependent process, is brought about by caspases and the apoptotic

pathways mainly operate through protein-protein interactions and proteolytic cascades

(Clerk et al. 2003). Therefore, the commitment of the cell to apoptosis is also

controlled by the interaction of proteins from several signalling cascades (Clerk et al.

2003). Some protein kinases are involved in cytoprotection and others are promoting

cell death. There are three main MAPK subfamilies, the ERKs that provides

cytoprotection, and the JNKlSAPKs and p38-MAPKs that can either provide

cytoprotection or promote apoptosis (Poulsen et al. 1998, Rao and Pendurthi 2005,

Koul 2003, Kyriakis & Avruch, 2001). Other signalling pathways such as the PI3-

kinase, cyclic AMP/protein kinase A and PKC are known to have a dual action, and

can mediate either cell growth or cell death (Clerk et al. 2003). TF in complex to

enzyme FVIIa have been shown to activate the MAP kinase pathways including the

JNKlSAPK and p38 pathway (Poulsen et al. 1998, Rao and Pendurthi 2005, Koul

2003). Furthermore, it has been demonstrated that TF either alone or in combination

with FVIIa can initiate the JNKlSAPK pathway in endothelial cells (Ettelaie et al.

2006). In this study the involvement of protein kinase cascades was not investigated

and therefore, it is unknown if TF can initiate any of these signalling pathways in

H9c2 cardiomyocytes.

While high concentrations of TF have been shown to activate caspase-3 and promote

apoptosis in H9c2 cells (Figure 5.3), long-term incubation of the cells with low TF

concentration resulted in an increase in cellular proliferation (Figure 5.1). It has been

demonstrated that interaction of TF with FVIIa can induce proliferation in smooth

muscle cells via the activation of p44/42 MAP kinase pathway and the JNKlSAPK

pathway (Cirillo et al. 2004). Recently, TFIFVIIa complex has been shown to result in
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proliferation of embryonic human kidney BOSC23 cells via a PAR2 dependent

pathway (Fan et al. 2005). Furthermore, TFIFVIIa is capable of activating the p44/42

MAP kinase pathway in endothelial cells (Ettelaie et al. 2006). In contrast, this study

ha shown that TF can increase proliferation alone in a growth-like dependent manner

in H9c2 cardiomyocytes (Figure 5.3). The machinery of which TF modulate H9c2 cell

proliferation was not investigated and remains poorly defined.

In conclusion, at high concentrations, TF can induce apoptosis in H9c2

. cardiomyocytes in vitro after long-term treatment, whereas low concentration of TF

was able to promote proliferation. During conditions in which TF content is elevated

such as atherosclerosis, sepsis, diabetes and sickle cell disease (Mallat et al. 1999,

Nieuwland et al. 2000, Diamant et al. 2002), TF may induce apoptosis in several cell

types of the vascular system including cardiomyocytes, endothelial cells and smooth

muscle cells. Consequently, as the rate of cell death increases, the remaining cells

undergo hypertrophic growth to compensate for the decrease in cell number (Nadal-

Ginard et al., 2003). Therefore, the ability of TF to induce cell apoptosis or alternative

proliferative growth in H9c2 cardiomyocyets provides an indirect link between TF

and cardiac hypertrophy (Figure 5.16).

5.4.2 The influence of exogenous TF in combination with FVIla, FXa and

TFPI on proliferation and apoptosis

Interactions of TF with FVIIa and FXa have been shown to induce cellular signalling

promoting cell proliferation and inhibiting apoptosis (Versteeg et al. 2004).

Furthermore, TFPI has been shown to inhibit the above TFIFVIIa or TFIFVIIalFXa

mechanisms (Hamuro et al. 1998). Therefore, this section of the study was designed
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Figure 5.16: A schematic representation of the dual action ofTF.
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Low concentrations of TF can promote cell proliferation, the pathway of which is poorly

defmed. High concentration of TF can induce apoptosis on H9c2 cells, most probably via the

extrinsic pathway of apoptosis. The combination of TFIFVIIaJFXalTFPI is shown to negate

the apoptotic action of TF, resulting in proliferation of H9c2 cardiomyocytes. Cellular

proliferation leads to cell growth and/or cell enlargement, while apoptosis can lead to cell

depletion and therefore the residual cells undergo cell growth and/or cell enlargement to

compensate for the loss. Combination of proliferation and apoptosis ultimately leads to

cardiac hypertrophy. Hence, TF can indirectly promote a hypertrophic response.
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to investigate the influence of TF in combinations with FVIIa, FXa and TFPI on

cellular proliferation and apoptosis of H9c2 cardiomyocytes.

Incubation of H9c2 cells with TF alone, resulted in inhibition of cellular proliferation

after 10 h and 24 h (Figure 5.12 & 5.13), whereas, combination of TFIFVIIa and

TFIFVIIafFXa 10 h post-treatment partially restored proliferation (Figure 5.12) with a

subsequent reduction after 24 h incubation (Figure 5.13). Therefore, TF alone can

inhibit cellular proliferation, while combination of FVIIa and FXa could only partially

reverse this effect. The binding of FVIIa to its cellular receptor TF has previously

been shown to induce intracellular signalling events (Camerer et al., 2000, Riewald &

Ruf 2002, Sorensen et al. 2003). Interaction of TF with FVIIa has been shown to

activate both the phosphatidylinositide-3-(OH) kinase and p42/p44 MAP kinase

pathways which promote cell survival and are shown to inhibit caspase-3 activation in

BHK cells over-expressing TF (Versteeg et al. 2003). Furthermore, FXa, generated by

the formation of the TFIFVIIa complex, is capable of strongly increasing the rate of

cell survival (Versteeg et al. 2003). The anti-apoptotic effect ofTF/FVIIa is known to

be mediated through activating PI3-kinase pathway, leading to the initiation of the Akt

pathway, and the subsequent activation of the p44/p42 MAP kinase pathway

(Sorensen et al. 2003). The data showing proliferation in H9c2 cells treated with

TFIFVIIa and TFIFVIIafFXa for 10 h are in consistent with those reported by Cirillo

et al. (2004), which show that the complex forming between TF and FVIIa resulted in

increase proliferation in smooth muscle cells (Figure 5.12). In contrast, treatment of

H9c2 cells with TFIFVIIa and TFIFVIIa!FXa resulted in a decline in cell proliferation

at 24 h (Figure 5.13). However, the underlying reason for the discrepancies observed

between these set of data are at present unclear. A possible explanation is the use of
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different types of culture cells, in this case H9c2 cardiomyocytes. Furthermore, the

pathways of which TFIFVIIa and TFIFVIIalFXa initially reverse the apoptotic action

of TF, providing temporary cytoprotection were not investigated and are yet poorly

defined.

In contrast to the influence of FVIIa and FXa on cell proliferation and apoptosis, TFPI

is known to induce apoptosis in human umbilical vein endothelial cells (Hamuro et al.

1998). Furthermore, it has been demonstrated that the interaction of TFPI with

cultured human smooth muscle cells can inhibit cell proliferation (Kamikubo et al.

1997). Surprisingly in this study, TFPI protected cell survival and promoted cellular

proliferation in H9c2 cardiomyocytes (Figure 5.12 and 5.13) with no evidence of

apoptotic cell death (Figure 5.15). Furthermore, H9c2 cardiomyocytes treated with

TFIFVIIalFXalTFPI showed no active caspse-3 when examined for 5 days (Figure

5.4). These data indicate that TFPI inhibits the TFIFVIIalFXa complex, suppressing

the anti-proliferative action of either TF alone or TFIFVIIa or TFIFVIIalFXa

complexes.

In conclusion, either TF alone or in combination with FVIIa and FXa is capable of

inhibiting proliferation in H9c2 cells (Figure 5.16). Furthermore, addition of TFPI to

TFIFVIIalFXa can restore or even promote cell proliferation probably via inhibition of

TFIFVIIalFXa complex.
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5.5 Conclusions

In this study, either the influence ofTF alone, or in combination with FVIIa, FXa and

TFPI on proliferation and apoptosis of H9c2 cardiomyocytes was investigated. TF

demonstrated a dual action; at high concentrations TF inhibited proliferation and

induced apoptosis in the H9c2 cardiomyocytes, whereas at lower concentrations, TF

enhanced proliferation in H9c2 cells. Furthermore, it was shown that the apoptotic

action of TF was not mediated via the p53 pathway. Also, TFIFVIIa, TFIFVIIalFXa

partially negated the apoptotic action of TF. Moreover, TFIFVIIalFXalTFPI was

capable of promoting proliferation. In disease conditions, such as atherosclerosis,

diabetes, sepsis or blood disorders, TF is increased and may induce cellular apoptosis

within vital organs. Cellular apoptosis is present in the heart and can lead to the

hypertrophic growth of the residual cells to compensate for the extra workload.

Therefore, it is suggested that TF through its dual action may be indirectly involved in

the pathogenesis and/or progression of cardiac hypertrophy (Figure 5.16).
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6. General discussion

6.1 The role of tissue factor in cardiac hypertrophy

The principle aim of this thesis was to examine the association between the initiator of

the extrinsic pathway of coagulation, tissue factor (TF) and the onset of cardiac

hypertrophy. Cardiac hypertrophy is the adaptive response of the heart to

haemodynamic stress, occulting initially to normalise vessel wall stress and maintain

normal heart function (Spann et al. 1967). One of the key features of cardiac

hypertrophy is the increase in cardiomyocyte size in the left ventricle (Olivetti et al.

1995, Anversa et al. 1986). TF and its regulator, tissue factor pathway inhibitor

(TFPI) are the major proteins involved in the extrinsic pathway of blood coagulation

and have recently been implicated in the remodelling of vascular and myocardial

tissue (Luther & Mackman, 2001). Several studies have shown that these changes are

concurrent with alterations in the TF content of the myocardium occurring as a result

of the reduction in the cellular contact sites within the heart muscle (Olivetti et al.

1995, Anversa et al. 1986). Luther et al. (2000) demonstrated that TF is decreased in

older human males (but not females) which may correlate with the loss of myocytes

and the reactive hypertrophy of the remaining cardiomyocytes that lead to a decrease

in the cellular contact sites within the myocardium (Olivetti et al. 1995).

The initial aim of the study was to investigate the expression profile of TF and TFPI,

during the induction of cardiac hypertrophy. It was demonstrated that TF was derived

exogenously from other cells within the myocardium, in response to the aortic

constriction and hence, elevated pressure overload to the heart. Induction of pressure

overload leads to an imbalance between oxygen supply and demand, and therefore to
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temporary ischemia (Keith et al. 1992). In normal arteries, TF is detectable

predominantly in adventitial fibroblasts and also in circulating blood (Jude et al.

2005). However, during coronary occlusion, for example in atherosclerosis, TF

expression is elevated in macrophages and vascular smooth muscle cells (Muller et al.

2000, Wilcox et al. 1989). Recently, it has been demonstrated that a significant

increase in circulating TF is detectable in patients with acute coronary syndromes

(Misumi et al. 1998). TFPI expression was found to be up-regulated in the

cardiomyocytes, suggesting an opposing response by these cells to restrain the

elevated TF levels. However, the increase in TFPI expression was transient indicating

that the contribution of the cardiomyocytes to this control mechanism is most likely a

short-term measure. Therefore, in short-term the elevation of TF activity may be

controlled by release of TFPI, long-term increases in TF, such as those observed

during chronic coronary occlusion (Wilcox et al. 1989) can overcome the response of

the cardiomyocytes to defend themselves. However, the findings obtained in this

study are at the onset of cardiac hypertrophy. Significant cardiac hypertrophy is

observed using the abdominal aortic constriction model in rats from the tenth day post

surgery and thereafter (Ganguly et al. 1989, Stoyanova et al. 2005). In addition,

physiological, cellular and molecular differences are observed during the different

stages of the hypertrophic process and are illustrated in Figure 6.1 (Bugaisky et al.

1992). Therefore, further investigation into the expression of TF and TFPI during

stage II of compensatory cardiac hypertrophy (Figure 6.1) would clarify the role of

these proteins in the remodelling of the heart.

As an indicator of the influence of TF on cardiac remodelling, the expression of

proteins associated with cardiac hypertrophy, in response to TF were examined.
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Figure 6.1: The phases of cardiac hypertrophy.
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different stages of cardiac muscle adaptation. (Adapted from Bugaisky et al. 1992)

194



Georgia Alkistis Frentzou Chapter6

Exogenous TF alone was found capable of up-regulating ANF expression. However

the presence of factors FVIIa and FXa suppressed the action of TF. This suppression

depended on the proteolytic activity of these enzymes, since the presence of TFPI

negated this suppression. This observation suggests the possible involvement of

protease activator receptors (PAR) 1 and 2. These receptors are known to participate

in the initiation of hypertrophic stimuli (Sabri et al. 2000, Moons et al. 2002) and can

also be activated by the TFIFVIIa complex and FXa (Bromberg et al. 2001, Petersen

et al. 2000, Steinberg 2004). PAR-l is known to trigger a range of events in

cardiomyocytes including the expression of ANF (Sabri et al. 2000). Moreover, PAR-

2 activates a spectrum of responses in cardiomyocytes, leading to dilated hypertrophy

(Steinberg 2005, Sabri et al. 2000). An experiment to investigate the involvement of

PAR 1 and 2 in ANF expression using inhibitory antibodies was considered

impractical due to the large quantities of antibody required (section 4.4.1) and also

lack of time. To clarify further the role of TF in the activation of the PAR receptors

and ANF expression, experiments in which PAR 1 and PAR 2 activity is ablated

either via short hairpin RNA (shRNA) to silence the PAR 1 or PAR 2 or both PAR 1

and PAR 2 gene, or via gene knock out would be of value.

In addition to the control of ANF expression, TF alone can also induce hypertrophy

through the up-regulation ofMGF. It has previously been shown that MGF expression

is up-regulated in exercised skeletal muscle undergoing physiological hypertrophy

(Goldspink et al. 1992, Yang et al. 1997). Furthermore, Goldspink et al. (2002)

showed that skeletal muscle expressing MGF becomes hypertrophic. Therefore, data

here suggest that TF is a mediator of MGF and consequently an inducer of

hypertrophic growth in cardiomyocytes. By using specific antibodies to MGF, it could
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be further investigate the influence of TF on the expression of MGF protein and thus

clarify the involvement ofTF in cardiac hypertrophy.

In addition to this growth effect, progression of cardiac hypertrophy is characterised

by a reduction in the number of viable cells in the heart muscle (Nadal-Ginard et al.

2003). Therefore, the final set of investigations aimed to clarify the role of exogenous

TF on cardiomyocyte cell proliferation and apoptosis. TF was shown to have a dual

action; low to moderate concentrations of TF induced cellular proliferation whilst in

contrast, higher concentrations of TF were capable of initiating the extrinsic pathway

of apoptosis in cardiomyocytes. In early stages of coronary atheroslcerosis, TF-

mediated proliferation of the cardiomyocytes may function to compensate for the

increased load. Although the present belief in biology considers cardiomyocytes to be

terminally differentiated cells, recent studies have shown that the heart is not a

terminally differentiated organ (Beltrami et al. 2003). Endogenous self-renewing,

clonogenic and multipotent stem cells have been identified in the adult myocardium of

human, mice and rat in response to injury (Anversa & Nagal-Ginard 2002,

MacLennan & Schneider 2000). These cells are capable of generating three major cell

types of the myocardium: myocytes, smooth muscle cells and endothelial vascular

cells (Nagal-Ginard et al. 2005). At early stages of the disease, expression of TF may

promote the proliferation of these cell types and hence, the differentiation and

depletion of the progenitor cell population. However, at later stages of heart failure,

high concentrations of TF can hasten cell depletion by the induction of cellular

apoptosis. As a result, the remaining viable cells undergo hypertrophic growth to

compensate for the decrease in cell number (Nadal-Ginard et al. 2003). Therefore, in

addition to the up-regulation of MGF, TF may also indirectly participate in the
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progression of cardiac hypertrophy. It has been shown that TF is capable of

differential activation of signalling pathways (Ettelaie et al. 2006), the cellular

outcome of these pathways are currently unknown. Candidate pathways involved in

proliferation and/or apoptosis may be the p44/42 MAP kinase pathway, the

JNKlSTAT kinase pathway and the p38 pathway that have previously been identified

to be activated by TF alone (Ettelaie et al. 2006) or in combination with FVIIa

(Poulsen et al. 1998, Rao and Pendurthi 2005, KouI2003). Examining the association

between these pathways and the cellular events described above, would help to clarify

the mechanisms involved in TF-mediated proliferation and apoptosis in

cardiomyocytes. This may be achieved by investigating phosphorylated components

of these pathways by western blot analysis, and through the use of specific reporter

vectors for key pathways. Other pathways of significance include PI3-kinase, cyclic

AMP/protein kinase A and protein kinase C that are known to be involved in cell

growth and/or apoptosis (Clerk et al. 2003) and may also be involved in TF-mediated

effects.

6.2 Potential role of tissue factor in ischemia/ reperfusion injury

During an ischemic event cardiac function deteriorates (Katz 2001) and the oxygen

supply is limited (Reimer & Jennings 1992). Reperfusion after a moderate ischemic

event causes a prolonged impairment of systolic and diastolic function but eventually

recovers requiring no further treatment (Braunwald & Kloner 1982). However, during

a more severe ischemic event, function is impaired on perfusion (Ito et al. 1987,

Buffington & Rothfield 1995, Przyklenk 2001). However, appropriate treatment with

positive inotropic agents such as dobutamine, epinephrine and amrinone (a

phosphodiesterase III inhibitor) can improve recovery (Ito et al. 1987, Buffmgton &
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Rothfield 1995, Przyklenk 2001). As previously mentioned, TF is capable of initiating

the apoptotic pathway. Following an ischemic event, 80 % of the affected

cardiomyocytes are apoptotic (Bardales et al. 1996). However, the fundamental

consequences of exposure to TF in the heart have not been demonstrated.

To determine the potential role of TF in moderating cardiac function and thus its

potential as an injurious agent, a preliminary experiment was carried out. Hearts from

male Sprague-Dawely rats were perfused with a range of concentrations of TF

(section 2.2.2.3) and myocardial function was recorded. The activity ofTF, before and

after circulation in the perfusions apparatus, was determined using the one-step

prothrombin assay to ensure that the correct level of activity was being delivered to

the heart. There was no evidence of the protein adhering to the apparatus. Exogenous

TF appears to have a chronotropic effect in the heart rate, increasing rate to 302 bpm

following administration of 50 nM TF (Figure 6.2a, Appendix A), and an inotropic

effect in the left ventricular pressure of the healthy heart (Figure 6.2b, Appendix A).

The mean oxygen consumption (MV02) was 2.5 umoles per min per g of wet heart

weight during the equilibration period, which did not change significantly with

increasing TF concentrations (table 6.1, Appendix A). The rate pressure product

(RPP) of the heart stabilised at 25 x 103 mmllg/min during the equilibration time and

gradually increased with administration of TF (Figure 6.2c, Appendix A). These

preliminary data indicates that low to moderate concentrations of TF, can act as a

positive inotropic agent.

The degree of imbalance of oxygen supply and demand during an ischemic event is

variable and thus can classify ischemia as mild, moderate or severe (Reimer &
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Jennings 1992). The complete abolition of the blood flow to the myocardium results

in irreversible injury in cardiomyocytes and subsequently to the death of the cells

(Reimer & Jennings 1992). Hypoxia also leads to cardiomyocyte depletion as the

supply of oxygen is insufficient to meet the requirement of the heart tissue (Keith

Reimer & Jennings 1992). TF is expressed upon injury and, during myocardial

ischemia, is shown to be up-regulated (Ikonomidis et al. 2005) in cells of the

vasculature, including circulating monocytes, vascular endothelial cells,

machrophages and smooth muscle cells (Nahara et al. 1994, Yesner et al. 1996,

Chong et al. 2003). Up-regulation of TF expression has been associated with the

increased expression of the proangiogenic molecule VEGF, and the decreased

expression of the antiangiogenic molecule thrombospondin-l (Pawlinski et al. 2004,

Zhang et al. 1994). Therefore, during chronic mild or moderate ischemia, TF up-

regulation in response to injury could be potentially beneficial by triggering

angiogenesis with the intention of supplying the heart tissue with oxygen.

Nevertheless its impact on apoptosis and cell preservation warrants further

investigation.

The experiment outlined above was intended to provide preliminary data on the effect

of TF in the function of the healthy adult heart. It is clearly apparent that TF has an

inotropic effect and could be beneficial for the heart in case of injury or damage.

Furthermore, a potential role of TF during ischemia arises through its ability to

promote angiogenesis. Further experimentation could involve the use of experimental

models and the TF effect during ischemia, ischemia pre-conditioning, reperfusion and

post-conditioning (Downey & Cohen 2006). In addition, expression studies for VEGF
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pre, during and post ischemia would be beneficial to understand the role of TF during

coronary disease.

6.3 Limitations of the study

One of the limitations of this study was the use of the isolated adult cardiomyocytes.

Aggressive enzyme digestions can results in low cell yield and viability and therefore

a balance between digestion of the connective tissue but non-aggressive preparation is

needed (Thurn & Borlak 2000). Unfortunately, membrane damage cannot be

determine in culture and thus changes in the pattern of the structural genes of the cells

can occur, interfering with the experimental protocols (Thurn & Borlak 2000), thus

the discrepancy in the TF expression results in chapter 3. Furthermore, the cells

cannot be maintained for prolonged periods as the process of cellular differentiations

starts as early as on the fourth day in culture leading to the loss of rod-shaped

morphology and changes in the cytoskeleton (Thurn & Borlak 2000). Therefore

freshly isolated cardiomycytes could not be used for long term expression studies.

The H9c2 cardiomyocytic cell line was used for experiments in chapter 4 and 5 since

were easy to manipulate and use for long term experiments. However, H9c2 cells are

not "true" cardiomyocytes, but a sub-clone of the original clonal cell line derived from

the embryonic BDIX rat heart tissue by B. Kimes & B. Brandt, exhibiting many of

the properties of skeletal muscle and also demonstrating some characteristics of

cardiomyocytes including ANF expression and the slow type of myosin heavy chain.

However, they are lucking structural gene expression like other isotopes of myosin

heavy chain and spontaneous contractility, therefore are not suitable for

morphological and physiological studies.
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6.4 Scope for future experiments

In the present study, it was shown that increase in the pressure overload in rat harts,

resulted in the increase in the expression of TF. It was found that the source of TF

within the myocardium was not cardiomyocytes themselves but other cells (Chapter

3). At this stage, it would be beneficial to identify the source of cardiac-associated TF

by using the aortic constriction model. Hearts from control and hypertrophic animals

could be subjected to cell isolation, and cell separation to cardiomyocytes, fibroblasts

and endothelial cells using the MACS cell isolation system. Further to this, the

different cell types could be examined for TF expression by RT-PCR, western blot

and ELISA. Moreover, co-localisation studies using heart sections subjected to

paraffin fixation and probed for TF and structural proteins of the heart like visculin

and desmin could provide further information in the TF expression and role within the

hypertrophic myocardium.

The increase in TF concentration was found to have proliferative, differentiative and

apoptotic influences on H9c2 cells (Chapter 4 and 5). More specific, TF has the ability

in low concentrations to promote cellular proliferation and in higher concentrations to

promote cellular apoptosis and also up-regulating the pro-differentiative gene MGF.

Based on the above, further examination on the changes in the rate of cellular turnover

in response to TF and the mechanism involved would be beneficial. The H9c2

cardiomyocytic cell line could be used and upon stimulation with TF the cells could

be examine for activation of several signalling pathways, including the p44/42 MAPK

pathway, the JNK-SAPK pathway and the p38 pathway. That could be achieved by

measuring the level of phosphorylation of appropriate markers of the above pathways

by western blot and through the use of specific reporter vectors. Furthermore,
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beneficial would be the development of a specific antibody for MGF using phage

display technology could further elucidate in the expression of MGF upon TF

treatment in the H9c2 cells or other cells of the myocardium.

6.5 Final conclusion: "The influence and role of tissue factor in the

pathogenesis of myocardial hypertrophy?"

In conclusion, pressure overload due to aortic constriction can result in an increase in

TF expression in the heart. The expression of TFPI by cardiomyocytes in response to

increased TF acts to contain the influence of TF. However, progressive elevation of

TF can result in cellular proliferation as well as hypertrophic growth. In latter stages

of heart failure, substantial elevation in TF results in cardiomyocyte depletion through

cellular apoptosis which in turn may further exacerbate hypertrophic growth in the

remaining cells. Therefore, TF plays an influential role during the progression of

cardiac hypertrophy and the pathogenesis of heart disease.
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Appendix A: Preliminary results

Figure 6.2: The effect of exogenous TF in the heart rate, left ventricular developed

pressure and the rate pressure product of the healthy heart.
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Four hearts were excised and cannulated via the aorta and subjected to retrograde perfusion by

a modified isovolumic Langendorff method, using a range of exogenous TF concentrations

(0.05, 0.5 and 2 J.lM). The heart rate (a) was recorded using a SensoNor 840 transducer

connected to the MacLab recording system and then the LVDP (b) and the rate pressure

product (c) was calculated as previously described in section 2.2.2.3.1. The data are presented

as mean of n= 16 taken from 4 different heart for each TF concentration ± SEM.
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Table 6.1: Oxygen consumption during heart perfusions with different concentrations

of exogenous TF.

Equilibration 50nMTF 500nMTF 2 "MTF
period

MV02 2.5 (±O.4) 2.6 (±O.9) 2.7 (±1.3) 2.4 (±O.7)
(umoles
02/minig wet
heart weight)

The mean oxygen consumption was calculated during perfusion with TF. There was no

significant difference observed in the oxygen consumption upon perfusion with TF. The data

are presented as mean of n=16taken from 4 different heart for each TF concentration ± SEM.
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