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Abstract

Objective: The adventitia has been recognized to play important roles in vascular

oxidative stress, remodelling and contraction. We recently demonstrated that adventitial

fibroblasts are able to express endothelin-1 (ET-1) in response to angiotensin II (ANG II).

However, the mechanisms by which ANG II induces ET-1 expression are unknown. It is

also unclear whether the ET-1 receptors are expressed in the adventitia. We therefore

examined the role of oxidative stress in the regulation of ET-1. We also investigated the

expression of both the ETA and ETB receptors and the roles of these two types of

receptors in collagen synthesis and ET-1 clearance in adventitial fibroblasts.

Methods and Results: Adventitial fibroblasts were isolated and cultured from the

thoracic mouse aorta. Cells were treated with ANG II (lOOnM), ET-1 (lOpM), NADPH

oxidase inhibitor apocynin (lOOfiM), the superoxide anion scavenger tempol (lOOfiM),

the ANG II receptor antagonists (100[aM), losartan (AT| receptor) and PD 1233 19 (AT2

receptor), the ET-1 receptor antagonists (lOOuM), BQ123 (ETA receptor) and BQ788

(ETB receptor), and the ETB receptor agonist (lOOnM) Sarafotoxin 6C. ET-1 peptide

levels were determined by ELISA, while ETA ,ETB and collagen levels were determined

by Western blot.

ANG II increased ET-1 peptide levels in a time-dependent manner reaching

significance when incubated for 24 hours. NAD(P)H oxidase inhibitor, apocynin, as well

as the superoxide scanverger, tempol, significantly reduced ANG Il-induced ET-1

peptide levels while over-expression of SOD1 (endogenous antioxidant enzyme)

significantly decreased ANG Il-induced collagen I expression, therefore implicating

reactive oxygen species in the mediation of ET-1. ANG II increased ETA receptor protein





as well as collagen in a similar fashion, reaching significance after 4, 6, and 24 hours

treatment. ANG II induced collagen was reduced while in the presence of the ETA

receptor antagonist suggesting the role of the ETa receptor in the regulation of the

extracellular matrix. ANG II treatment also increased ETB receptor protein levels in a

time-dependent manner. ANG II treatment in the presence of the ETB receptor antagonist

significantly increased ET-1 peptide levels. On another hand, the ETB receptor agonist,

Sarafotoxin 6C, significantly decreased ET-1 peptide levels. These data implicate the role

of the ETb receptor in the clearance of the ET-1 peptide.

Conclusion: ANG II-induced increases of ET-1 peptide appears to be mediated by

reactive oxygen species derived from NAD(P)H oxidase. Both the ETA and ETB receptors

are expressed in adventitial fibroblasts. The ETA receptor subtype mediates collagen I

expression, while the ETB receptor may play a protective role through increasing the

clearance of the ET- 1 peptide.
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I. Introduction

LI. Vascular oxidative stress

The metabolism of molecular oxygen to water by a living cell during aerobic

respiration provides energy for the cell. However, a consequence of oxygen metabolism

in vascular cells is the formation of reactive oxygen species (ROS), which include

superoxide anion ( O2"), hydrogen peroxide (H2O2), hydroxyl radical (OH), nitric oxide

(NO), hypochlorous acid (HOCL) and peroxynitrate (OONO ) (Rojas, Figueroa, Re, &

Morales, 2006). Under homeostatic conditions, the production of ROS is tightly regulated

by redox systems, allowing for proper physiological function. Important physiological

roles of ROS have been identified and are not simply toxic byproducts of aerobic

respiration. ROS have been identified to be important second messengers in endothelium-

dependent function (Kojda & Harrison, 1999), regulators of vascular smooth muscle cell

(VSMC) growth and apoptosis (Griendling & Harrison, 1999), and are also involved in

vessel remodelling (Galis & Khatri, 2002). However, when the balance of pro-oxidants

exceeds that of the antioxidants, a state of oxidative stress is established (Fortuno, Jose,

Moreno, Diez, & Zalba, 2005). Indeed, oxidative stress has been implicated in variety of

vascular diseases such as atherosclerosis, fibrosis, hypertension and cancer (Griendling,

Sorescu, & Ushio-Fukai, 2000).

1.1.1. Reactive oxygen species

I.l.l.a Superoxide anion

O2" is produced by the one electron reduction of oxygen by a variety of oxidases.

With an unpaired electron, O2 has high reactivity and a short half-life. Because of its
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charge, O2 is not able to penetrate through cellular membranes, however it is water

soluble and can cross cell membranes only through anion channels (Paravicini & Touyz,

2006). The production of 2 has been the most widely studied ROS as it has been

shown to be the precursor molecule for ROS derivatives such as H2O2, OH", and OONO

(Touyz, 2004). The reaction of 2 with NO has numerous consequences. The

inactivation of the main vessel relaxing factor (NO) (generated by the enzyme endothelial

nitric oxide synthase (eNOS)) by O2" has been shown to decrease NO- mediated

signalling, an imperative step involved in the vasodilatation of blood vessels (Touyz,

2004; Cai & Harrison, 2000). The production of highly toxic OONO" also results from

the reaction of O2" and NO. Indeed, the highly reactive OONO" has been shown to be

involved in the nitrations of proteins such as prostacyclin synthase (Touyz, 2004; Cooke

& Davidge, 2002), oxidation of tetrahydorbiopterin (BH4 ) ( Laursen et ah, 2001) as well

as participate in the oxidation of eNOS (Zou, Shi, & Cohen, 2002). The oxidation of both

BH4 ( a substrate for eNOS) and eNOS can result in the phenomenon of eNOS

"uncoupling", whereby the disruption of electron flow in the NO generating eNOS

enzyme, produces 2
" and not NO (Faraci & Didion, 2004). Although the majority of the

research pertaining to O2" involves NO and endothelial dysfunction, current studies now

suggest that O2" can act as a second messenger and mediate downstream signalling

molecules. Tyrosine phosphatases, protein tyrosine kinases, transcription factors, mitogen

activated protein kinases (MAPK) and ion channels are now thought to be mediated by

ROS and therefore contribute to cellular signalling (Paravicini et al., 2006).
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I.l.l.b Hydrogen peroxide

H2O2 is produced from O2 which can occur through enzymatic means or

spontaneously (Cai et al., 2000). The enzymes responsible for the conversion of O2 into

H2O2 are called superoxide dismutases (SOD). The 3 isoforms of the enzyme include,

SOD1 found in the outer mitochondrial membrane and cytosol, SOD2 found in the inner

mitochondrial membrane, and SOD3 which is found extracellularly (Faraci et al., 2004).

H2O2 may be of particular importance in cellular signalling as H2O2 is not a free radical

(Griendling, Sorescu, & Ushio-Fukai, 2000). Moreover, H2O2 is a lipid soluble molecule

due to its neutral charge and is able to cross plasma and nuclear membranes. H2O2 is

scavenged by intracellular catalase or extracellular glutathione peroxidase yielding 2

molecules of water and 1 molecule of oxygen. However, when H2O2 is in the presence of

Fe
2+

, the highly reactive molecule "OH is formed, which is then able to directly oxidize

proteins and lipids (Cai et al., 2000).

I.l.l.c Hydroxyl Radical

In terms of reactivity, the "OH is one the most reactive ROS identified. The

formation of "OH can be the result of a single electron transferred to H2O2 or through the

reaction of O2 and hypochlorous acid (HOC1). The deleterious effects of "OH are

demonstrated through its high reaction rate (10
9
M"

1

sec"
1

) with biological targets.

Although its diffusion distance inside the cell is small, the "OH can react/oxidize cellular

constituents such as lipoproteins or DNA, leading to cellular damage (Dizdaroglu, Rao,

Halliwell, & Gajewski, 1991).
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1.1.2. Sources of ROS

It has been demonstrated that the cells that compose the vessel wall (endothelial

cell (EC), VSMC, adventitial fibroblasts) are all able to produce ROS in a physiological

manner (Brandes & Kreuzer, 2005). In response to various stimuli, the cells of the vessel

wall are able to produce ROS which can regulate cellular functions in both an autocrine

and paracrine fashion. Several enzymatic sources that are responsible for the production

of the ROS in the vasculature have been identified, including Nicotinamide Adenine

Dinucleotide (Phospahate) Dehyrogenase (NAD(P)H oxidase), xanthine oxidase,

cyclooxygenase, lipooxygenase, cytochrome P450, and mitochondria respiration. Of

particular importance, the role of vascular NAD(P)H oxidase in the cardiovascular

system has been well documented (Griendling, Sorescu, & Ushio-Fukai, 2000).

I.1.2.a. Nicotinamide Adenine Dinucleotide (Phospahate)

Dehydrogenase

NAD(P)H oxidase was first characterized in neutrophils, which is composed of 4

main subunits: a cytochrome b558 membrane spanning unit consisting of a small

p22subunit, a large gp91 subunit (termed NOX-2 for NADPH Oxidase), a cytosilic

component composed of p47 and p67, a rac2 low molecular weight G protein (Rac 1 in

some cells)(Brandes et al., 2005). Neutrophil NAD(P)H oxidase works as a protective

mechanism against invading microorganisms. Using NAD(P)H as an electron donor

through transmembrane cytochrome b558 complex on the inside of the cell membrane,

the phagocyte is able to catalyze molecular 2 to 2 and therefore release the reactive

O2" outside the cell membrane (Babior, 1999). Release of 2 may then lead to the
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production of H2 2 which can occur spontaneously or through the reaction with SOD.

2
" and H2 2 are the two major ROS that are produced by phagocytes during a

respiratory burst (Babior, 1999).

Further investigation into the phagocytic NAD(P)H oxidase system revealed that

indeed, non-phagocytic cells were able to produce 2
~. Emmendorffer et al.,(1993)

demonstrated that neutrophils from people with chronic granulomatous disease ,

characterized by a deficient neutrophil oxidase, lacked a 2
~ production capability

(Emmendorffer et al., 1993). However, fibroblasts from the patients had the ability to

produce 2
~. The results indicated that indeed the fibroblasts are able to produced 2

~

and the production was not dependent on neutrophils (Emmendorffer et al., 1993).

The identification of a non-phagocytic NOX-2 homologue in vascular smooth

muscle was first termed as mitogenic oxidase-1 (Mox-1) or Nox-1 (Suh et al., 1999).

Subsequently, three more NOX enzymes have been identified, namely, NOX-3, 4, and 5

(Cheng, Cao, Xu, van Meir, & Lambeth, 2001). Although differences have been

determined between the NOX homologues, a common trend is noticed when comparing

vascular NOX homologues to the phagocytic NOX. The vascular NOX homologues in

contrast to the phagocytic NOX has 1/3 of the capacity to produce 2 , produces the 2

at a slower rate, ranging from minutes to hours, opposed to the instantaneous 2

"

production in the phagocytes (Griendling et al., 2000). Finally, the production of 2
" in

the phagocytes appears to be directed extracellularly, as to aid in the destruction of

foreign bodies, whereas the majority of the vascular NOX homlogues produce the 2

~

intracellularly and may therefore act as a second messenger during cellular signalling

(Griendling et al., 2000; O'Donnell & Azzi, 1996).
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The type and location of the vascular NOX homologies is different in various

cells. NOX-2 appears to be the predominant isoform in the endothelium (Gorlach et al.,

2000) and adventitia (Rey & Pagano, 2002), whereas NOX-1 expression is primarily

located in the VSMC (Suh et al., 1999b). Although the location and expression of NOX-4

appears to be in EC (Ago et al., 2004), other vascular cell types may conceivably express

the NOX homologue as its discovery is relatively new (Brandes et al., 2005).

In summary, NADPH oxidase is an important ROS generating enzyme in

vasculature.

I.1.2.b Mitochondrial derived Reactive Oxygen Species

Mitochondria is another major ROS generating source as it is the center of

oxidative metabolism, producing chemically stored energy in the form of adenosine

triphosphate (ATP). Electrons derived from reduced substrates are passed through

complex I and II of the mitochondria electron transport chain from complex III and IV to

oxygen. The electron transfer produces water and allows the flow of protons to be

pumped across the inner mitochondrial membrane with a net result of ATP production.

However, electron leak from the respiratory chain may react with oxygen to produce O2"

(Brand et al., 2004). Although not fully elucidated, the majority of the production of O2

occurs through complex I of the electron transport chain. Oxidation of the complex II

substrate succinate in the mitochondria produces high O2" amounts in the absence of

inhibitors. However, addition of the complex I inhibitor rotenone has been shown to

abolish O2 production (Liu, Fiskum, & Schubert, 2002). O2 production from the

mitochondria can spontaneously dismutate into H2O2 or is catalyzed by SOD2 into H2O2.

The derived H 2 2 can then be further converted into H2 by glutathione peroxidase, or

'
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OH in the presence of reduced transition metal ions such Fe
++2

(Giulivi, Boveris, &

Cadenas, 1995).

1.2. Angiotensin II

The role of the renin-angiotensin-system (RAS) in regards of physiological

function has been studied for over 100 years and still continues to be scrutinized. In 1898,

research by Tigerstedt and Bergman discovered that by injecting kidney extracts into

rabbits, a rise in blood pressure resulted. They hypothesized that a soluble protein was the

cause of the elicited high blood pressure response and termed the protein "renin". The

results from the study were further confirmed in the first reproducible animal model of

hypertension, performed by Harry Goldblatt in 1934 (Van Epps, 2005). Soon after

Goldblatts experiments, two groups led by Eduardo Braun Menendez and Irvine Page

discovered that at a high purification, renin was not able to induce a strong hypertensive

response, opposing the results of Tigersteldt, Bergman and Goldblatt. In 1939, both

groups discovered that indeed, renin was the enzyme that was able to convert plasma

peptide into the biologically active hypertensive product. Accordingly, the two groups

named the "hypertensive product" of renin "Hypertensin" and "Angiotonin", and later

compromised, naming the peptide Angiotensin (Van Epps, 2005).

I. 2. 1. Role ofANG II in vascular function

The function of ANG II under physiological conditions is to regulate blood

pressure, plasma volume and thirst responses. Stimulation of renin release from the

kidneys results from sympathetic stimulation, renal artery hypotension and decreased

sodium delivery to the distal tubules. The increase in the renin will eventually lead to
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ANG II production as a result of enzymatic cleavages (discussed in I.B.2.). The now

active ANG II is able to act upon and constrict resistance vessels, thereby increasing

arterial pressure and systemic vascular resistance (Touyz & Schiffrin, 2000). ANG II can

stimulate anti-diuretic hormone from the posterior pituitary gland, which can then act on

the kidneys to increase fluid retention. Increases in ANG II also stimulate fluid retention

through activation of thirst centers in the brain as well as stimulating aldosterone release

from the adrenal cortex, which can therefore act on the kidneys to increase fluid retention

and sodium reabsorption (Campbell, 1987). However, under pathological conditions, the

role of ANG II has been associated with vascular disease. Through its mitogenic,

vasoconstrictive, and pro-inflammatory actions, ANG II contributes to vascular damage

such as structural remodelling, endothelial dysfunction and vascular inflammation,

characteristic of atherosclerosis, hypertension, diabetes and vasculitis (de et al., 1995;

Kim & Iwao, 2000; Ardaillou, 1999).

1.2.2. Biosynthesis ofANG II

Research over the past century has provided an in-depth knowledge of the RAS.

The juxtaglomerular cells of the kidney release renin (considered the rate limiting step in

circulation ANG II production) which is able to enzymatically cleave liver-derived

angiotensinogen, producing the inactive decapeptide Angiotensin I (Ang I). Angiotensin

converting enzyme (ACE) primarily released from the surface of the endothelium found

within the lungs, is then able to convert the inactive decapeptide into the active

octapeptide Angiotensin II (Campbell, 1987). In vivo concentrations of ANG II in adults
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has been documented to be approximately 180 pg/ml (1.7
10 M) (Luscher & Barton,

2000).

In contrast to the original theory of ANG II production from the circulating

system, local production of ANG II has been found in many tissues. All major organs

ranging from the brain, heart, liver, blood vessels and reproductive organs have been

found to express ANG II (Dzau, 1988; Danser, 1996; Hollenberg, Fisher, & Price, 1998).

High levels of ACE have been found in the adventitia of blood vessel while

angiotensinogen is expressed within perivascular fat (Zhuo et al., 1997; Touyz et al.,

2000). Indeed Zhuo et al. (1997) demonstrated that ACE levels in the adventitia are

higher than the ACE levels found in the endothelium. However research has indicated

that renin is predominately found within the circulation and not produced locally in

tissues. As a result, production of ANG II within vascular tissues is thought to result from

tissue-ACE acting on circulating renin found throughout the plasma. (Touyz & Schiffrin,

2000).

Furthermore, non-ACE pathways have also been implicated in ANG II production

within the human heart, kidney and vasculature, whereby ANG I conversion to ANG II

may be dependent on chymostatin-sensitive angiotensin II-generating enzyme (CAGE)

(Parsons & Parsons, 1997; Urata, Nishimura, & Ganten, 1996). Interestingly, Okunishi et

al., (1987) revealed that levels of CAGE are highest in the adventitia of the blood vessel

(Okunishi, Miyazaki, Okamura, & Toda, 1987). Miazaki et al., (2006) suggests that the

rate limiting step in the formation of ANG II in local tissues may not be renin as is the

case for ANG II production found in the plasma, but ACE and chymase. The authors
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however do suggest that more research regarding renin in the tissue is needed to further

elucidate the role of tissue derived ANG II (Miyazaki & Takai, 2006).

1.2.3. ANG II receptors and signalling cascade

ANG II in mammalian cells binds to two distinct receptor subtypes termed ATi

and AT2, which in turn can activate various intracellular signalling cascades and therefore

regulate cellular activities. The majority of the physiological actions of ANG II are

mediated through the ATi subtype (Sadoshima, 1998).

Table 1: Location ofANG II receptors in Aorta

Receptor
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Receptor
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Recent studies suggest that ANG II can influence a variety of processes involved

in ANG II signalling by ROS through redox reactions. The production of intracellular

ROS are able to modify the activity of tyrosine kinase, MAPK, tyrosine phosphatases,

transcription factors as well as ion channel function (Griendling et al., 2000).

Strict regulation of these processes is a necessity for physiologic function.

Increased or uncontrolled levels of ROS in pathologic status such as hypertension may

lead to altered activity of theses intracellular signalling pathways. As a result, vascular

dysfunction such as endothelial dysfunction, vascular remodelling, altered tone and

vascular inflammation may occur (Berry, Touyz, Dominiczak, Webb, & Johns, 2001).

1.3. Endothelin-1

The discovery of endothelin-1 (ET-1) by Yanagisawa et al (1988) provided

evidence of the most potent endogenous vasoconstrictor ever identified. ET-1 can induce

a constrictor response at concentrations an order of magnitude lower than that of other

vasoconstrictors such as ANG II (Yanagisawa et al., 1988). Indeed, ET-1 was shown to

elicit a constrictor response with a half maximal effective concentration (EC50) of 0.2-

0.6nM in porcine coronary arterial strips. Substantial evidence has linked an elevated ET-

1 system in a variety of vascular diseases/models such as pulmonary arterial hypertension

(Giaid et al., 1993), ishemic syndromes (Brunner, du Toit, & Opie, 1992), congestive

heart failure (Haynes & Webb, 1993), dahl salt-sensitive rats (Kassab et al., 1998) and the

spontaneously hypertensive rat (SHR) (Ohno et al., 1992). Although initial studies of ET-

1 revealed a potent vasoconstrictor, various other functions of ET- 1 have been

discovered. The mediation of important cellular functions such as fibrosis (Guarda,
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Katwa, Myers, Tyagi, & Weber, 1993), inflammation (Mullol et al., 1996) and cell

proliferation (Yang, Krasnici, & Luscher, 1999) have been shown to involve ET-1.

1.3.1 ET-1 synthesis and metabolism

The ET family of peptides consists of 3 distinct isoforms, all of which contain 21

amino acids. The most predominant isoform produced by the vascular endothelium is ET-

1 (Yanagisawa et al., 1988). ET-2 is associated with tumor growth and invasion, where as

the majority of ET-3 is found within the brain and intestine (Grimshaw, Wilson, &

Balkwill, 2002).

The initial peptide produced from ET-1 gene synthesis is 200 amino acids in

length named prepro-ET-1. The prepro-ET-1 is then converted into a smaller 40 amino

acid peptide by an endopeptidase which is biologically inactive named big ET-1. Further

conversion of the big ET-1 by an endothelin converting enzyme (ECE) produces the 21

amino acid ET-1 mature peptide (Blais et al., 2002). This conversion step is of

physiological importance as the mature ET-1 is approximately 140 times more potent a

vasoconstrictor than that of the precursor bigET-1 (Rubanyi & Polokoff, 1994).

Big ET- 1 may also be cleaved by a chymase, producing a 3 1 amino acid peptide

ET-1 (1-31). However, in vivo studies suggest that the ET-1 (1-31) is most likely

bioconverted into the 21 amino acid ET-1 as both peptides share similar characteristics

(Fecteau et al., 2005). The circulating concentrations of ET-1 in mice have been

documented to be approximately 3 pg/ml (Perez-Rivero et al., 2006).

ET-1 is mainly synthesized by the vascular endothelium of blood vessels under

physiological condition, however other cells and vascular tissues have been reported to
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express ET-1 such as the lung (Hay, 1999), heart (Brunner & Doherty, 1996), kidney

(Wendel, Knels, Kummer, & Koch, 2006), VSMC (Hahn et al 1990) and adventitial

fibroblasts (Nunez et al 1990 & An et al 2006). A variety of physiological factors

contribute to the stimulation and release of ET-1, including ANG II, free radicals,

thrombin, growth factors, cytokines, hypoxia, sheer stress, and ET-1 itself (Brunner,

Bras-Silva, Cerdeira, & Leite-Moreira, 2006). Agents such as NO (Boulanger &

Luscher, 1990), heparin (Yokokawa et al., 1993), and prostaglandins (Prins et al., 1994)

have been reported to attenuate ET- 1 synthesis.

The majority of the ET-1 released by EC occurs abluminally (Wagner et al.,

1992). ET-1 clearance from the circulation occurs in a rapid fashion. Sirvio et al., (1990),

demonstrated that radio-labeled ET-1 had a half life of approximately 1 -minute after

intravenous injection into the rat (Sirvio, Metsarinne, Saijonmaa, & Fyhrquist, 1990).

The majority of the ET-1 in the circulation is retained within the lung, whereby the ETB

receptor is responsible for the ET-1 clearance. Within the pulmonary circulation, an

estimated 50% of the ET-1 is cleared via the ETb receptor during a single pass (Sirvio et

al., 1990; Dupuis, Goresky, & Fournier, 1996).

1.3.2 ET receptors

Two subtypes of specific ET receptors, ETA and ETB , were discovered in 1990

(Sakurai et al., 1990). Both types of receptors, although encoded by distinct genes found

on chromosomes 4 and 13 respectively (Sakurai et al., 1990) are G-protein-coupled

transmembrane proteins with molecular weights of approximately 40-50KD. The binding

affinity of the ETA receptor for ET-1 is 10 times greater than that of ET-2 and ET-3,





29

whereas the ETB has an equal binding affinity towards all 3 ET isoforms (Watanabe et

al., 1989). The location of expression of both ET receptor subtypes is not uniform

throughout the vasculature as seen in Table 2.

1.3.3 ETA signalling

The majority of the cardiovascular and respiratory functions controlled by ET-1

are mediated through the ETA receptor. ETA receptors are found on VSMCs (Hosoda et

al., 1991) and have recently been located on adventitial fibroblasts (Laflamme, 2006).The

role of the ETA receptor on vascular function is accomplished through both long and

short term pathway signalling. Short term signalling cascades which are activated upon

ET-1 stimulation involve contraction and secretion, whereas long term signalling

involves gene transcription resulting in the mediation of mitogenic, hypertrophic and

differentiation effects of the ET-1 signal (Mohacsi, Magyar, Tamas, & Nanasi, 2004). To

accomplish such a task, a complex signalling cascade is initiated once the ET-1 binds to

the ETA receptor. The binding of the ET-1 to the 7-transmembrane-domain G-protein

causes a conformational change in the membrane bound heterotrimer composed of

Ga(q)6y subunits. The bound Ga(q)GDP is released and exchanged for GTP after ligand

binding, causing the Ga(q) subunit to dissociate from the GGy complex (Sumner et al.,

1992; McCudden, Hains, Kimple, Siderovski, & Willard, 2005). The free Ga(q) GTP can

lead to the activation of phospholipase C (PLC), which then hydrolyzes phosaphatydial

inositol 4,5 biphosphate, which allows the formation of inositol triphosphate (IP3) and

diacylglycerol (DAG). IP3 can then activate Ca
++

mobilization from the sarcoplasmic

reticulum, leading to the increase in intracellular Ca++ concentrations, whereas the

activation of DAG can lead to the opening of Ca^ channels.
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Table 2- Distribution and Vascular Function of ETa and ETb Receptors

Receptor
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Receptor
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The subsequent increase in cytosolic calcium enables the opening of various ion channels

found on the plasma membrane, resulting in the further influx of Ca
++

. The sustained

increase in intracellular calcium may trigger other various ion channels, with an end

result of cell depolarization and vasoconstriction. Decreases in calcium signalling

activated by ET-1 is accomplished by a negative feedback system involving the

activation of the second messenger DAG as well as protein kinase C (PKC) (Clerk,

Bogoyevitch, Anderson, & Sugden, 1994).

Long term ET-1 signalling results in gene transcription, a result of nuclear

transduction cascades. The above mentioned activation of PKC can also stimulate protein

tyrosine kinase activity. Activation of the tyrosine kinases may lead to a growth-

promoting signal which involves the induction of proto-oncagenes such as c-fos, c-myc,

and c-jun, as well as the activation of the MAPK signal cascade. (Brunner et al., 2006).

1.3.4 ETB signalling

The functional role of the ETb receptor in regards to the vasculature is quite

diverse. Continual investigation of the receptor has led to the discovery that the ETB

receptor mediates vasodilation through the release of NO in endothelial cells,

vasoconstriction in VSMC, and recently the role of ET-1 clearance has been associated

with the internalization of the ETb receptor.

The signalling cascade in VSMC contraction from the activation of the ETB

receptor is similar to that of the ETA receptor where activation of PLC leads to IP3 and

DAG stimulation, leading to the mobilization of calcium, resulting in the contraction of

VSMC (Sumner et al., 1992).
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Activation of the ETb receptor which is primarily found on the plasma membrane

of EC is mainly associated with a transient NO-mediated vasodilatation (Hirata et ah,

1993). The mechanism of this effect involves activation of guanylyl cyclase and the

synthesis of cGMP which allows for the dephosphorylation of and inactivation of myosin

light chains, resulting in vasorelaxation (Brunner et al., 2006; Sumner et al., 1992).

An emerging concept regarding the ETB receptor is now focusing on the clearance

of the ET-1 peptide. As previously mentioned, approximately 50% of circulating ET-1 in

the pulmonary circulation is cleared via the ETB found within the lungs. Fukerado et al

(1994), first described the role of the ETB receptor in the clearance of ET-1, a mechanism

thought to keep the circulating ET-1 levels low, below the vasoconstricting range and in

the vasorelaxation range (Brunner et al., 2006; Fukuroda et al., 1994). Reinhart et al.,

(2002) reported a 20 fold increase in plasma ET- 1 after ETB blockade, a result ending in

sustained hypertension in non-human primates(Reinhart et al., 2002).

Several mechanisms must coordinate with each other in order to remove the ET-1.

As previously mentioned, both the ETA and ETB receptors are G protein coupled

receptors (GPCR). An important event associated with GPCR is the ability of the

receptors to internalize, a mechanism thought to aid in receptor desensitization and

maintenance of signal transductions (Bunemann & Hosey, 1999). It was recently shown

that both the ETA and the ETB receptors are rapidly internalized after ET-1 binding by an

endocytosis mechanism which is dependent on G protein coupled receptor kinase,

arrestin, clathrin, and dynamin (Paasche, Attramadal, Sandberg, Johansen, & Attramadal,

2001).
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Internalization of the ETA receptor follows a recycling pathway. The receptor is

rapidly internalized, then directed to pericentriolar recycling compartments, and

subsequently reappears at the plasma membrane. This rapid action of recycling is thought

to aid in the long term vasocontstrictive response by the reestablishment of the signalling

response that is activated through the ETA receptor (Oksche et al., 2000).

In contrast to the rapid recycling of the ET-1/ETA receptor complex,

internalization of the ET-1/ETB complex follows a different pathway leading to complex

degradation. Indeed, after internalization, the ET-1/ETB complex is directed towards

lysosomes to be degraded. This process is thought to be the mechanism responsible for

the clearance of the ET-1 peptide. (Bremnes et al., 2000). It is not fully elucidated which

pathway the receptor is taken (recycling or lysosome). However, recent evidence now

suggests that specific amino acid sequences found on the carboxy terminal tail of the

receptors may guide the ET-1 to either be recycled or to be degraded (Paasche et al.,

2005).

1.3.5. ET-1 contributes to the ANG II-mediated responses

The role of ANG II and ET-1 in vascular function has been intensively studied.

The vascular effects of ET-1 and ANG II are strikingly similar, as both peptides can

induce the formation of ROS, cellular growth, and vasoconstriction. Moreover, it was

demonstrated that ANG II can induce the stimulation of ET-1 in VSMC, cardiomyocytes

and cardiac fibroblasts (Hahn et al., 1990; Sakai et al., 1996; Cheng et al., 2003d).

Furthermore, treatment with ET receptor antagonists has been shown to partially blunt
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the vasoactive effects of ANG II (Herizi, Jover, Bouriquet, & Mimran, 1998;

Rajagopalan et al., 1997).

Greindling et al., (1994) reported that NAD(P)H oxidase mediates ANG II-

induced hypertrophy of VSMC (Griendling, Minieri, Ollerenshaw, & Alexander, 1994).

The role of NAD(P)H oxidase derived CV was further investigated under in vivo

conditions whereby gene knockout of the NAD(P)H oxidase subunit attenuated the

oxidative stress response in the ANG II-infused mouse model (Wang et al., 2001).

To further confirm the relationship between ANG II, ET-1, and oxidative stress,

Le plante et al., (2005) investigated the role ET-1 and 2 in ANG Il-induced

hypertensive rats. The results of the study showed that ANG Il-induced O2 production

in a bimodal fashion, where an initial (10 minute) and late sustained (6 hour) peaks of

O2" production was observed, whereas ET- 1 treatment induced Oi" production after a

delay of 6 hours. Treatment with the specific ETA receptor antagonist BQ123 prevented

the ANG Il-induced O2 production during the late phase (6hours) and did not effect the

initial O2 production. The authors concluded that ET-1, via the ETA receptor can mediate

the oxidative effects induced by treatment of ANG II and during chronic activation of the

RAS (Laplante, Wu, Moreau, & de, 2005).

1.3.6 ET-1 induced oxidative stress

Substantial evidence has also indicated the role of ET-1 in the development of

ROS. ET-1 treatment induced cell proliferation that was mediated by the induction of

ROS (Wedgwood et al., 2001). The results showed increased levels of O2 derived from

NAD(P)H oxidase in the arteries of ET-1 dependent DOCA hypertensive rats (Li et al.,





36

2003). Chen et al (2003) further reported that treatment with an ETA specific antagonist

decreased the elevated O2 , suggesting that an ET-1/NAD(P)H oxidase pathway is

involved in low rennin hypertension.

Results from Loomis et al., (2005) provided unexpected results whereby ET-1

induced (V via NAD(P)H oxidase which was mediated by both the ETA and ETb

receptor subtype in rat aortic strips. The authors speculated that as NAD(P)H oxidase is

expressed in all cell types within the aorta, ET-1 stimulation of NAD(P)H oxidase may

be mediated by both endothelial and SMC ETA and ETb receptors (Loomis, Sullivan,

Osmond, Pollock, & Pollock, 2005). These findings were supported by others

(Wedgwood, Dettman, & Black, 2001; Laplante et al., 2005).

Moreover, it was noted in VSMCs as well as ECs, that ET- 1 expression was

increased by oxidative stress, as application of ROS increased prepro-ET-1 mRNA, a

result which was blunted by antioxidants (Kahler et al., 2001; Saito et al., 2001).

Interestingly, the co-relationship between both the ANG II and ET-1 system appear to

play a major role in the mediation of ROS.

Although much research has been performed on VSMC and EC, the role of ET-1

in the mediation of ROS and the receptor subtype by which ROS is mediated by within

the adventitia has yet to be determined.

1.4. Collagen

1.4.1. Extracellular Matrix

The extracellular matrix (ECM) of a blood vessel is a dynamic structure providing

an environment which enables the cellular constituents of the vessel to communicate and
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interact. Recent evidence has further demonstrated the importance of the ECM as a

possible pathological mediator of vascular disease (Tayebjee, MacFadyen, & Lip, 2003).

The extra-cellular components of the vessel wall constitute the majority of the mass of

the blood vessel and are collectively known as the stoma or matrix.

Within arteries and veins the ECM is over half the mass of the vessel wall and is

mainly composed of collagens and elastins (Hungerford & Little, 1999). Other

components of the vascular ECM include fibronectin, microfibrils, and proteoglycans, all

of which are necessary for proper vessel wall function (Williams, 2001).

The ECM of the media is primarily composed of collagen and elastin. Collagen

distribution in the media mirrors that of the SMC within the media, whereby the collagen

is found in a circumferential pattern (Bou-Gharios, Ponticos, Rajkumar, & Abraham,

2004). Layers of muscle cells within the media can therefore attach in a similar manner

which allows for the muscle cells to transmit force around the circumference of the

vessel.

The ECM of the adventitia is also primarily composed of collagen, however the

distribution of the collagen proteins occurs in a longitudinal fashion, limiting the

distension of the vessel. The precise locations of the collagens in the EMC of the vessel

wall allow for the uniform spread of muscle tension (Bou-Gharios et al., 2004).

1.4.2 Synthesis of collagen

Collagens are the major components of the ECM. Of the 19 different types of

collagen identified, 4 main types are predominantly distributed throughout the body.

Types I, II, III and V, are the predominant types of collagen and are also called fibrillar
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collagen, which are comprised of 1 triple helix accounting for the entire length of the

molecule (Kierszenbaum, 2002). Fibrillar collagens are able to assemble into rigid,

cable-like fibrils, which can then assemble into thicker fibers. The individual collagen

molecules of a fibril are aligned in a staggered manner, therefore increasing the

mechanical strength of the collagen fiber.

Collagen types I and III are the predominant proteins found in the vascular ECM

(Prockop & Kivirikko, 1995). The COL1A1 gene produces a component of type I

collagen, called the pro-alpha 1(1) chain. This chain combines with another pro-alpha 1(1)

chain as well as a pro-alpha2(I) chain (produced by the COL1A2 gene) to make a

molecule of type I procollagen.

The synthesis of the collagen a chain begins in the cytosol through the binding of

signal recognition particles (SRP) through amino-terminal signal sequences (Prockop et

al., 1995). Characteristic of secreted proteins, precursor forms of the molecule are

targeted into the endoplasmic rectilium where the signal peptides are cleaved. After the

polypeptide chain has been formed, the assembly of the triple helix starts by the

formation of disulfide bonds and the folding of carboxy-terminal globular proprotein

domains. The winding of the triple helix from the carboxyl end towards the amino end

can occur because of the interactions between the domains. The oligosaccharides of the

finished triple helix are processed and matured in the golgi apparatus and the completed

procollagen molecule is then released from the secretory vessels into the cell.

The formation of collagen from procollagen takes place extracellularly. Proteases

cleave the amino and carboxyl ends of the procollagen, and occurring at the same time,

collagen assembles into fibrils and is stabilized by crosslinking (Kierszenbaum, 2002).
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The removal of the amino and carboxyl terminus converts the procollagen into a

mature collagen protein. The degraded portion of the procollagen molecule yields a 100-

kD procollagen type I C-terminal propeptide (PIP). The ratio of the formation of the PIP

and a collagen fiber occurs at a 1 : 1 ratio. This observation has important clinical

significance as the PIP can be detected in blood through immunoassasy and is used as an

indicator for collagen type I synthesis (Diez et al., 1996).

Once the collagen fiber is formed, the degradation of the fiber can take place.

Specific collagenases can degrade the collagen fiber into a smaller 12-kDa pyridinoline

cross-linked C-terminal telopeptide for collagen type I (CTTP). The ratio of the degraded

collagen fiber and the formation of the CITP occur in a 1:1 ratio, and is also identified in

urine samples, therefore CITP levels can be used as an indicator for collagen degradation

(Diezetal., 1996).

1.4.3. Role of ANG II and ET-1 in Collagen accumulation

The role of the RAS in the regulation of the vascular ECM has been well

documented (Wedgwood et al., 2001; Benetos & Safar, 1996). Increases in both collagen

types I and III have been associated in a variety of vasculopathies including hypertension,

atherosclerosis and restenosis (Rekhter et al., 1993; Karim et al., 1995; Strauss et al.,

1994). Blockade of the RAS through the use of angiotensin receptor antagonists (ARAs)

or through angiotensin converting enzyme (ACE) inhibition has been shown to decrease

collagen types I and III in genetically hypertensive Rats (Wedgwood et al., 2001; Diez et

al., 1996). Studies from Fakhouri et al (2001) showed that aortic collagen accumulation

induced by ANG II is mediated through the ATi receptor subtype (Fakhouri, Placier,





40

Ardaillou, Dussaule, & Chatziantoniou, 2001). Although the profibrotic effects of ANG

II have been demonstrated, the mechanisms behind the induced collagen accumulation

are still not fully known.

ET-1 plays an important role in the regulation of the ECM as increased levels of

the peptide have been shown to increase protein synthesis of collagen (Ammarguellat,

Larouche, & Schiffrin, 2001). It has now become evident that ANG II and the ET-1

system are both involved in collagen regulation. ETA receptor blockade was shown to

decrease collagen accumulation and fibrosis in experimental models of hypertension

whereby an elevated RAS system is thought to be involved (Moreau et al., 1997).

Although there is little doubt concerning the profibrotic effects of ET-1 within the

vasculature (Ruiz-Ortega et al., 2006), the role of the ET receptor subtypes in this

mediation has produced conflicting results. Blockade of the ETA receptor after

myocardial infarction helped reduce collagen synthesis as well as increase the synthesis

of matrix metalloproteinases (MMPs-13, -2), enzymes responsible for the breakdown of

collagen proteins (Fraccarollo, Galuppo, Bauersachs, & Ertl, 2002). In the kidneys of

stroke prone SHR's, ETA antagonism decreased collagen production, and also increased

MMP-2 activity, coinciding with the previous study. However, other studies have

indicated the dual role of both the ETA and ETB in the regulation of collagen synthesis.

Indeed, ETA or ETB antagonism significantly decreased ECM production by abolishing

collagen and fibronectin synthesis induced by ET-1 (Xu, Denton, Dashwood, Abraham,

& Black, 1998). In cardiac fibroblasts, ET-1 increased collagen protein expression

whereas an ETA specific antagonist blocked collagenase activity, suggesting ET-1
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induced collagen expression is mediated by the ETA receptor subtype (Guarda et al.,

1993).

Recent studies have indicated that oxidative stress may contribute to collagen

synthesis. NAD(P)H oxidase mediated cardiac collagen expression in aldosterone -

dependent malignant hypertensive rats (Rahman et al., 2006). Aldosterone infused Rats

treated with the (V scavenger tempol, inhibited the profibrotic effects of an increased

RAS system, suggesting that ROS are associated with the ECM (Iglarz, Touyz, Viel,

Amiri, & Schiffrin, 2004).

Increased collagen expression as previously mentioned is increased in a variety of

vascular disorders. Substantial evidence also suggests that both ROS and the ET system

play a role in increased collagen expression. However, the interaction of the ET system

and ROS, in regards to receptor subtype, and collagen expression is unclear.

1.5. Vascular Adventitia

1.5.1 Anatomy of the blood vessel

The vascular blood vessel is a complex tissue composed of a variety of cellular

components. There are 3 main types of blood vessels found within the human body which

include arteries, veins, and capillaries. The general role of blood vessels is to carry

oxygen to bodily tissues, transport immune cells in order to find pathogens, and export

toxic metabolites to the liver for detoxification (Bou-Gharios et al., 2004). However,

current research has expanded the role of blood vessels and has indicated that cells found

within the vessel wall are specialized and play an integral role in maintaining vascular

homeostasis. In general, all blood vessels share similar components, yet the cellular
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organization is distributed uniquely throughout the body. The components of a blood

vessel can be divided into three distinct regions (figure 1), whereby each component

plays a dynamic role in the regulation of vascular function.

The inner most region of a blood vessel is called the tunica intima, and is

composed of a longitudinal endothelial lining of EC. An internal elastic lamina separates

the tunica intima with the second layer of the blood vessel named the tunica media.

Composed of SMC, the tunica media varies in size as small arteries have multiple SMC

layers, while large arteries can have up to 40 SMC layers arranged cirumferentially. An

external lamina separates the tunica media with the outermost layer of a blood vessel

named the tunica adventitia (Frederik H.Martini, 2003).

Figure 1 Anatomy of blood vessel
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The predominant cellular type found within the tunica adventitia is the fibroblast,

however other cell types are also located in the adventitia such as, myofibroblasts, mast

cells, macrophages, pericytes, and progenitor cells (Rey et al., 2002; Stenmark, Davie,

Frid, Gerasimovskaya, & Das, 2006). The outer section of the adventitia is surrounded by

loose connective tissue, which is then covered by layers of adipose tissue (Stenmark et

al., 2006). Within the coronary circulation, sympathetic and parasympathetic vascular

varicosities are found on the adventitial/medial border (Gutterman, 1999).

The role of blood vessels in the regulation of vascular function originally focused

on the inner two layers, the intima and media. Research in the 1970's focusing on

vasomotor tone and neuro-effector mechanisms, primarily looked at the tunica media and

the response of SMCs to pharmacological compounds. Prior to the 1980's, the role of the

endothelium was thought to act as a barrier between blood flow and the SMC layer,

whereas the adventitia was thought to act as a supporting structure for the blood vessel

(Gutterman, 1999). The discovery that the endothelium was necessary for acetylcholine-

induced vasodilation in rabbit aortas in 1980, indicated the significance of the vascular

endothelium, and provided the framework for 1000's of research articles regarding

vasomotor control for the past 20 years (Furchgott & Zawadzki, 1980). The role of the

vascular adventitia as a contributor to vascular function received little attention and was

still regarded as a structural support for the vessel. However, current research has now

indicated that the vascular adventitia, like its medial and intimal counterparts, is a

dynamic tissue with a diverse role in the regulation of vascular function in both

physiological and pathophysiological states (Gutterman, 1999).





44

1.5.2. Role of Adventitia in Vascular Function

I.5.2.a. Function of ROS

Recent evidence now suggests that functional changes in the adventitia of a vessel

may play an integral role in the regulation vascular function, suggesting the adventitial

layer is not merely a structural support for the neighboring medial and intimal layers. The

emergence of ROS as mediators of vascular disease and tissue signalling has provided the

framework in identifying the adventitia as a major player in the regulation of vascular

function.

Soon after the discovery that endothelium derived relaxing factor (EDRF), (later

discovered to be nitric oxide (NO)) is responsible for vascular vasodilation, Rubayni et al

(1986) demonstrated that O2" was associated with its destruction, leading to impaired

endothelial function(Rubanyi & Vanhoutte, 1986) . Further studies lead to the discovery

that indeed, O2" derived from adventitial-NAD(P)H oxidase was the major source of the

ROS, and it was further demonstrated that the adventitial derived O2 is responsible for

the destruction of endothelium-derived nitric oxide (EDNO) (Rey, Li, Carretero, Garvin,

& Pagano, 2002; Wang et al., 1998).

ROS have been shown to be involved in a variety of vascular diseases (Touyz,

2004) and are also increased by agonists such as ANG II and ET-1 (Laplante et al.,

2005). ANG II derived from the perivascular adipose tissue (Saye, Cassis, Sturgill,

Lynch, & Peach, 1989) surrounding the adventitia could lead to increased O2" levels

(Gao et al., 2006) well as the production of subsequent ROS such as hydrogen peroxide

(Torrecillas et al., 2001).
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I.5.2.b. Role of adventitia in connective tissue change

Increasing evidence has suggested that the adventitia plays a significant role in

connective tissue change. The ECM of the adventitia is primarily regulated by resident

fibroblasts. Increased production of ECM proteins can have significant consequences on

vessel dynamics. Dramatic changes of the adventitial ECM have been seen in various

diseases such as atherosclerosis, restenosis, and pulmonary hypertension (Raines, 2000).

Although the precise consequences of increased collagen production are not fully

elucidated, collagen accumulation is thought to increase vessel stiffness and therefore

influence vessel dynamics (Stenmark et al., 2006). After balloon injury, adventitial

myofibroblasts (MFB) were shown to proliferate and contribute to adventitial tissue

change through the formation of a collagen-rich scar (Shi et al., 1996). Expression of a-

actin by MFBs in healing skin wounds has been implicated in the process of scar

contraction (Cogan, Subramanian, Polikandriotis, Kelm, Jr., & Strauch, 2002).

I.5.2.C. Role of Adventitia in Vasomotor responses

Recent evidence suggests that the adventitia of blood vessels may play an

important role in maintaining vascular tone under physiological and pathophysiological

states. It has been demonstrated that NO derived from the adventitia from inducible nitric

oxide synthase (iNOS) can regulate smooth muscle function. Interestingly, results from

Kleschyov et al (1998) demonstrated that the adventitia is a richer source of NO than the

media, and that the adventitial derived NO is able to activate guanylyl cyclase and

vasodilation within the media of the rat aorta (Kleschyov, Muller, Schott, & Stoclet,

1998). Recently, it is reported that the adventitia is able to produce a "NO" like
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compound that is able to mediate vascular smooth muscle function in endothelium

denuded rat aortas (Beranova et al., 2005).

The ability of the adventitia being able to contract in response to vasoactive

peptides was recently found in human tissue engineered blood vessels. The results

indicated that the engineered adventitia is able to contract after ET-1 treatment, a result

that was independent of the media and mediated through the ETA receptor (Laflamme et

al., 2005). As a result, the adventitia of the blood vessel may indeed play a significant

role in the modulation of vascular-tone as it has been demonstrated that both

vasoconstriction and vasodilatation can occur in an adventitial dependent manner.

I.5.2.d Adventitial progenitor cells

The ability that adventitial fibroblasts are able to differentiate into MFB has

provided insight to the possibility that cells within the adventitia may give rise to other

cellular types found in the vessel wall. Results from Hu et al., (2004), suggested that the

vascular adventitia may be a reservoir for vascular progenitor cells capable of

differentiating into VSMC and EC (Hu et al., 2004). The differentiated cells may then be

capable of traversing the vessel wall and contribute to lesion formation after injury

(Davie et al., 2004). The mechanisms behind activation and precise source of the

adventitial progenitor cells are not yet known. However, Tornsley et al., (2005) suggest

that the progenitor cells may be undifferentiated cells that have remained quiescent since

development, yet are somehow signaled to differentiate and proliferate after a stimulus.

Circulating progenitors entering the adventitia through the vaso vasorum is another

possible source of cells (Torsney, Hu, & Xu, 2005). The role of the progenitors in
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vascular function has not been well understood. However, Werner et al. (2003)

demonstrated that infusion of endothelial progenitor cells after vascular injury reduced

the formation of the neo-intima (Werner et al., 2003). The role of adventitial derived

progenitors may have an important role in vascular function.

I.5.2.e. Role of ROS/ET-1 in fibroblast differentiation

Differentiation of fibroblasts into MFB has been reported in a variety of cellular

types including lung (Desmouliere, Chaponnier, & Gabbiani, 2005), cardiac (Katwa et

al., 1997) and adventitial fibroblasts (Shi et al., 1996). Under normal conditions,

antibodies against smooth muscle a-actin, myosin and desmin are found in VSMC of the

media and few small vessels in the adventitia, but these antibodies fail to label adventitial

fibroblasts. However, under certain pathological conditions, (e.g. balloon injury), these

tissue fibroblasts are activated and proliferate (Shi et al., 1996). These previously actin-

negative fibroblasts are now stained by the antibodies against smooth muscle a-actin and

myosin. These fibroblast-like cells are called myofibroblasts (MFBs) and have

ultrastructural features in between a fibroblast and a VSMC. MFB express smooth

muscle a-actin, but not markers of highly differentiated VSMC such as desmin and

smoothin. Activation of tissue fibroblasts evokes a contractile response that correlates

with a-actin expression and other features shared by VSMC. Indeed, differentiation of

adventitial fibroblasts into MFB has been involved in the neo-intimal formation after

balloon injury (Shi et al., 1996). However, the mechanisms involved in the differentiation

process are not fully elucidated. Recent evidence has shown however that ROS derived

from NAD(P)H oxidase mediated ANG II-induced myofibroblasts differentiation.
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Treatment with ANG II for 24 hours induced the expression smooth muscle a-actin, a

result which was attenuated with antisense gp91phox oligonucleotides (Shen et al., 2006).

ET-1 has also been shown to mediate the differentiation of fibroblasts to myofibroblasts

via the ETA receptor in lung fibroblasts (Shen et al., 2006; Shi-Wen et al., 2004). The role

of the ET system in the differentiation of fibroblasts to MFB within the vascular

adventitia has yet to be determined.

1.6. Summary of the Rationale for the study

The role of ANG II in maintaining cardiovascular homeostasis was originally

demonstrated through its ability to maintain blood pressure and plasma volume (Touyz et

al., 2000; Griendling, Ushio-Fukai, Lassegue, & Alexander, 1997). However, recent

evidences suggest that local production of ANG II in the vasculature mediates cell

growth, contraction, apoptosis, and ECM deposition (Touyz et al., 2000). Moreover, it

was demonstrated that ET-1 can contribute too many ANG II mediated responses (Hahn

et al., 1990; Ferri et al., 1999; Hong et al., 2004).

The vascular effects of ET-1 are mediated through both the ETA and ETB receptor

subtypes. Specifically, the ETA receptor located on VSMC's has been shown to mediate

vasoconstriction, formation of ROS (Laplante et al., 2005), and collagen accumulation

(Fraccarollo, Galuppo, Bauersachs, & Ertl, 2002). The role of the ETB receptor is

associated with nitric-oxide mediated vasodilation in EC (Hirata et al., 1993), and

vasoconstriction in VSMC's (Sumner et al., 1992). Moreover, reports also suggest that

the ETB receptor is responsible for the clearance of ET-1 (Fukuroda et al., 1994), a

mechanism thought to keep ET-1 peptide levels low.
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Recent evidence suggests that the adventitia of the blood vessel is a dynamic

tissue (Rey et al., 2002). The adventitia has been identified as a major producer of ROS

(Wang et al., 1998), react to vasoactive hormones such as ANG II (Pagano et al., 1998)

and ET-1 (Laflamme et al., 2005). ROS has been reported to function as important

signalling molecules (Touyz, 2004). Moreover, local production of ET-1 within the

adventitia has been recently reported after ANG II treatment (An et al., 2006).

Nevertheless, the physiological or pathological significance of this local ET- 1 and the

role of ROS in ET-1 expression in adventitial fibroblasts have never been examined. In

addition, although it has been reported that the ETA receptor is expressed in vessels

originating from adventitial cells by a bioengineering method (Laflamme et al., 2006),

the specific function of the ET receptors within the adventitia is unknown. The

knowledge of the existence of ETA and ETb receptors in adventitial fibroblasts would

provide the framwork for the biological effects of this adventitial ET-1 in regulation of

vascular function.

In this thesis, the role of 2
~ in mediating ANG II induced ET-1 was

investigated. Through the examination of both receptor subtypes, the function of the ET

receptors in the adventitia has been looked upon. Pharmacological agents to block ET

mediated effects have been developed to treat vascular disease associated with elevated

ET-1 levels. By understanding the role of the local adventitial ET-1 system, a greater

knowledge of the vessel ET-1 system may be established, and therefore may aid in the

decision of specific ET antagonists to treat vascular disease.
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II. Hypothesis and Objectives

11.1. Hypothesis

The adventitial fibroblasts, like its neighboring endothelial and smooth muscle

cells, synthesize and release ET-1 in response to the stimulation by ANG II, mainly via

oxidative stress. The ET-1 thus released plays an autocrine and/or paracrine role in

regulation of vascular function via its receptors.

11.2. Objectives, Rationale and Research Design

In order to test the hypothesis, the following objectives have been developed.

They are:

Objective 1: To characterize adventitial fibroblasts from primary culture of mouse

aorta

In order to determine the specific role of the adventitia in regards to vascular

function, primary cell culture of aortic adventitial fibroblasts will be used. In contrast to

other cellular types found within the vessel wall (ie. VSMC, EC) adventitial fibroblasts

lack a specific cellular marker. Therefore, the cells grown must be tested for other

cellular markers and through a process of elimination, a pure fibroblast culture will be

determined. The identification of various cellular markers to determine the purity of the

adventitial culture system has been recently published (An et al., 2006;Jenkins, 2007 ).

Objective 1 will therefore confirm the purity of the culture system through the exclusion

of various cellular markers.

After cellular confluence, immunocytochemical analysis of cultured cells derived

from the adventitia will be determined. Cellular markers for EC (vonWilebrandFactor),
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leukocytes (Dil-Ac-LDL), VSMC (desmin), and a non-specific cellular marker used for

many cellular types (vimentin) were tested.

Objective 2: To determine the role of superoxide anion in ANG II-induced ET-1

expression in adventitial fibroblasts.

This objective is comprised of 5 parts:

Objective 2.1. To determine ifANG II-induced ET-1 is time-dependent

It was demonstrated that ANG II can induce the stimulation of ET-1 in a variety

of non-EC (Ammarguellat et al., 2001; Cheng et al., 2003). Recently, it has been

reported that ET-1 can be expressed in vascular adventitial fibroblasts (An et al., 2006;

Laflamme et al., 2005; Loesch et al., 2005). This objective is to further determine the

time course of ET-1 release from adventitial fibroblast in response to ANG II.

Adventitial fibroblasts will be treated with ANG II for various time periods and

subsequent ET- 1 peptide measured by an ELISA kit.

Objective 2.2. To determine the effect ofANG II receptor antagonism on ANG II-induced

ET-1 peptide

The role of ATi and AT2 receptors on ANG II-induced ET-1 will be investigated

through the use of specific ATi and AT2 receptor antagonists. ET-1 peptide will be

measured with an ELISA kit.

Objective 2.3. To determine ifANG II evoked increases in the expression of collagen

type I are mediated by the AT] andAT2 and the ETA and ETb receptors
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An increase in procollagen a 1 (I) transcripts and protein levels in adventitial

fibroblasts and neointimal cells have been reported following coronary injury and

dissecting medial injury. While vascular collagen production is regulated by many

factors, both ANG II (Diez et al., 1996) and ET-1 (Guarda et al., 1993) has been reported

to stimulate vascular collagen synthesis. This sub-objective is to test if ET-1 could

contribute to ANG H-evoked collagen expression in adventitial fibroblasts through the

use of receptor antagonists. Collagen I levels will be examined by Western blot.

Objective 2.4. To determine the effect ofsuperoxide anion scavengers on ANG II-induced

ET-1

The mechanisms involved in the induction of ET- 1 by ANG II are still unknown.

Substantial evidence has indicated the role of ANG II in the development of ROS(Hong

et al., 2004). Increases in CV have been shown to increase ET-1 expression in both

VSMC and EC (Kahler et al., 2001; Saito et al., 2001). We recently found that NAD(P)H

oxidase deficient mice were shown to have a decrease in ANG II induced ET-1

expression. To further investigate the role of ROS in ET-1 peptide expression, ET-1

peptide will be measured after treatment of adventitial fibroblasts with ANG II in the

presence of superoxide scavengers and an NAD(P)H oxidase inhibitor.

Objective 2.5. To determine the Effect of Over-expressing SOD1 on ANG II- induced

collagen I expression

The role of O2* in collagen I expression due to the ET-1 released in response to

ANG II was also tested using over-expression of the endogenous antioxidant enzyme
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S0D1 through the use of an adenovirus in addition to the pharmacological approach.

Over-expression was confirmed by Western blot of the SOD1 protein. Cells were then

treated with ANG II in the presence of the over-expressed SOD1 and collagen I levels

were determined by Western blot.

Objective 3: To determine the role ofANG II-induced ETA and collagen I

expression in cultured adventitial fibroblasts

Recently, ETA receptors have been identified in the adventitia and have been

shown to mediate ET-1 induced vasoconstriction in adventitial derived tissue-engineered

human blood vessel (Laflamme et al., 2006). However, the effect of ANG II on ETA

receptor protein expression in primary cultured adventitial fibroblasts has not yet been

determined. As the ETA receptor has been shown to mediate collagen expression in other

cellular types (Fraccarollo et al., 2002), this thesis planed to investigate the relationship

between ANG II-induced ETA and collagen I expression in adventitial fibroblasts. The

effect of ANG II on ETA receptor and collagen I expression at various time points is

investigated and determined by Western blot.

Objective 4: To determine the role ANG II-induced ETb expression in cultured

adventitial fibroblasts

Studies regarding the function of the ETB receptor found in vascular EC suggested

that the receptor is responsible for mediating vasodilation via the NO-prostacyclin

pathway (Hirata et al., 1993; Rubanyi et al., 1994). The identification of the ETB

receptors located on VSMC of certain vessels provided evidence that the activation of the
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ETB within the vascular medial layer mediates short-term vasoconstriction (Docherty et

al., 1998). Recent studies have also identified that the ETB receptor located in the

pulmonary circulation (Fukuroda et al., 1994; Brunner et al., 1996) and VSMC's (Honore

et al., 2005) may play a protective role, through better clearance of the ET-1 peptide.

Although ETB receptors have been widely studied in VSMC and EC, the

expression and function of the ETB receptor in adventitial fibroblasts remains largely

unknown.

Objective 4.1. Time course ofANG Il-induced ETb receptor expression

As a first step, we determined the effect ANG II on ETb receptor expression at

various time points by Western blot.

4.2. Role ofETb receptors in ET-1 clearance

To test the hypothesis that ETB receptor increases ET-1 clearance, we will use two

approaches: (1) ANG Il-induced ET-1 will be compared in the absence and presence of

ETB specific antagonist and subsequent ET-1 peptide measured with an ELISA kit; (2)

The cells will be treated with a known concentration of ET-1. The ET-1 levels in medium

will be compared with the peptide levels in the presence of ETB receptor agonist and

subsequent ET-1 peptide measured via an ELISA kit.
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III. Methodology

III.l Cell culture

111.1.1. Coating of cell culture dishes

Isolated primary adventitial fibroblasts were grown on 35 mm culture dishes

which were pre-coated with a 0.1% poly-lysine solution. Lysine solution (0.3ml) was

added to the culture dishes to completely cover the surface area of the dish. The dishes

sat at room temperature for at least 30 minutes. After this time period, the lysine solution

was aspirated and left to dry.

1 1 1. 1.2. Isolation and primary cell culture of adventitial fibroblasts

The isolation and primary cell culture of mice adventitial fibroblasts followed the

same protocol reported by Jenkins et al., (2007). Male C57BL mice, 16 to 18 weeks of

age, were obtained from Jackson Laboratory (Bar Harbor, ME). The mice were

anesthetized with isoflurane inhalation and then killed by vertebral dislocation. Thoracic

aortas were sterilely removed and cleaned. The connective and adipose tissue was

separated from the adventitia by dissection under the surgical microscope. The isolated

adventitia was then cut into 1-2 mm" segments and planted on 0.1% poly-lysine-coated

dishes. Fresh medium consisting of DMEM/F-12 supplemented with 10% FBS, and 1%

antibiotic/mycotic solution was added into each well. The explants were incubated in a

humidified incubator at 37°C in a 95% air/5% CO2 atmosphere until the cells reached

confluence, typically 5-7 days. Confluent cells were subsequently harvested for passage

with a trypsin (0.05% wt/vol) and EDTA (0.02% wt/vol) solution. Subcultures for up to 3

passages were used in our experiments. The responses are consistent among the cells
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from passage 1 to passage 3 when the cell passage ratio was 1 to 3. All animal protocols

were approved and conducted according to the recommendations from Research Sub-

Committee of Brock University on Animal Care and Use and Canadian Council on

Animal Care.

III.1.3. Method for cell passage

Cells were grown on tissue culture dishes and reached confluency (typically 10

days for P0-P1) and 4-5 days for subsequent passages. Medium was aspirated and cells

were washed 3 times in sterile 1 times phosphate buffered saline (PBS) before each

passage. Cells were then trypsinized with 0.05% trypsin/0.02% EDTA allowing for the

surface to be covered for approximately 2-3 minutes with gentle agitation. Culture dishes

were checked under microscope to ensure that the cells detached. Once detached,

medium consisting of DMEM/F-12 supplemented with 10% FBS and 1%

antibiotic/antimycotic solution was added to the dishes, which inactivates the trypsin

reaction. The now detached cells plus medium were transferred to a sterile 50ml conical

tube and centrifuged at 2000 rpm at 4°C for 8 minutes. The cell pellet was then re-

suspended in an appropriate volume of 10% FBS medium and dispensed to 75mm tissue

culture flask or 35mm culture dish. Cells were then incubated at 37°C in a humidified

atmosphere of 95% air and 5% CO2.

III. 1.4. Method for cell treatment

When cells reached 90% confluency, they were placed into the quiescent state by

reducing the serum concentration of the growth medium to 0.1%DMEM/F-12 for 24

hours. Once quiescent, cells were then washed 3 times in sterile 1 times PBS. Drugs were
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made to the required concentrations in 15ml conical tubes with the 0.1%DMEM/F-12

medium. Before medium plus drugs were added, the drug and medium solution was

filtered with a .25uM syringe to remove suspending particles. The medium supplemented

with drugs was then added to the cells and then placed back in the humidified atmosphere

incubator.

111.2 Method for cell lysis

Once cells were treated with drugs for various times, the cell supernatants were

collected and stored in conical tubes in an "80°C freezer. The cells were then washed 3

times in sterile PBS and placed on an ice pack where 35 \i\ of cell lysis buffer was added

to each culture dish. The cell lysis buffer consisted of 20 mM Tris-HCl (pH 7.5), 150 mM

NaCl, 1 mM Na2EDTA, 1 mM EGTA , 1% Triton, 2.5 mM sodium pyrophosphate, 1

mM beta-glycerophosphate, 1 mM Na3V04 , 1 ^g/ml leupeptin supplemented with 1 mM

phenylmethanesulfonyl fluoride (PMSF). Cells were incubated for 10 minutes, scraped

and subsequently placed in 0.65 mL conical tubes. Cells were then centrifuged for 1

1

minutes at 12000 rpm at 4°C. Supernatants were afterward removed from the cell pellet.

Aliquots were taken for protein concentration determination and the remaining solution

stored in the "80°C freezer.

111.3 Measurement of protein concentrations

Protein concentrations were determined with the use of the BIO-RAD Bradford

Protein Assay Dye Reagent. The procedure is based on the formation of dye (Brilliant

Blue G)-protein complex, which can cause a shift in the absorption maximum from 465
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to 595nm. The amount of absorption is proportional to the protein present. The assay

yields a linear response from 1-140 fig/ml based on the bovine serum albumin (BSA) as

the standard protein. Serial dilutions were made according to the following procedure.

BSA standard solution

1. BSA stock solution: lOmg/ml ( 40mg BSA/4ml water), aliquoted (lOOul) frozen

at -20°C.

2. BSA work solution: lmg/ml (100^1 stock+900nl water)

3. BSA standard solution: 0.5mg/ml (50^1 work -t-50j.il water)

0.4mg/ml (40ul work + 60[xl water)

0.3mg/ml( 30ul work + 70^1 water)

0.2mg/ml (20(xl work + 80ul water)

0.1mg/ml( 10[il work +90^1 water)

0.05mg/ml (20[xl 0.1mg/ml+ 20[il water)

Ten micro liter (IOjj.1) of each standard was separated into separate microtiter

plate wells. Protein standards and samples were assayed in triplicate. Two hundred micro

liter (200^1) of the Bradford Reagent diluted in a 1 :4 water ratio was then added to each

well and allowed to incubate at room temperature for 5 minutes (no longer that 1 hour).

Absorbance values were then determined at 595nm using KC4 software and a BIO-TEK -

HT (Vermont) microplate reader. Absorbance values were then exported to an Excel

spreadsheet and sample concentrations were determined from a standard curve created

from the known standard protein concentrations.
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III.4 Measurement of protein expression by Western blot

The cells were cultured with or without different treatments for various times and

lysed with the lysis buffer. The measurement of protein by means of Western blot

followed the same protocol as An et al (2006). Equal amount of protein sample (10 u.g)

were determined by the BIO-RAD Bradford Reagent. A Biotin loading standard (Cell

signaling) (3uJ) and a Kaleidoscopic gel ladder (BIORAD) (5(xl) were added into the first

two gel lanes as references for the molecular weight of the proteins of interest. Protein

samples were then diluted in a 5-times Tris-acetate sample buffer (composed of 250mM

Tris-Base, 10 % (wt/vol) SDS, 50 % (vol/vol) Glycerol and 0.2 % (wt/vol) Bromophenol

blue) and boiled for 5 minutes. Samples were then electrophoresed at 120V for 2 hours

(or until sample buffer dye reached gel bottom) in 7% SDS-PAGE under reducing

conditions. The gels were then transferred to 0.2uM polyvinylidene fluoride (PVDF

)

membrane at 300mA for 1.5 hours. Membranes were then washed in 1-times-PBS for 5

minutes and then incubated in blocking buffer containing 5% non-fat dry milk powder

(Carnantion) for 1 hour. Membranes were then washed in 1 -times PBS-Tween (0.1%) for

three 5-minute increments. Primary antibodies were then added at the appropriate

dilutions (seen below). Antibodies were incubated overnight at 4°C. The membranes

were then washed in three 5-minute increments in PBS-Tween and then incubated with a

1 :2000 diluted secondary peroxidase-conjugated antibody and detected by a Flurometer

(Amersham Pharmacia Biotech). For Flurometer use, after secondary antibody, the

membrane was washed and then incubated in a developing solution in the dark for 5

minutes. Membranes were then placed on a glass plate and placed in Flurometer. Optimal
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exposure time ranged from 2-10 minutes depending on antibody and subsequent protein

bands were analyzed by Fluormeter software.

Primary

Antibody
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(Minneapolis). ET-1 levels were determined according to the manufacturers' instructions.

Sample and standards were added into well in addition to an assay dilutent and incubated

at room temperature for 1 .5 hours. After incubation, wells were washed with washing

solution and ET-1 conjugate was added to the wells and incubated for 3 hours at room

temperature. After one more wash, developing solution was added to the wells and

relative florescence units were measured with the BIOTEK plate reader with the

following parameters: 1 min lag time, 195 sensitivity, 3 readings per well per minute.

ET-1 (pg/ml) was then calculated from a standard curve generated by known standards in

the same experiment.

III.6. Immunocytochemical analysis of various cellular markers in

adventitial fibroblast

To demonstrate that cultured cells were not contaminated by EC, VSMC or

leukocytes, we characterized cultured cells for specific cell markers by means of

immunocytochemistry. Cells were stained with one of the following : anti von

Willebrand factor (1:500, 1 hour at room temperature) and acetylated-low density

lipoprotein l,l-dioctadecyl-3,3,3,3-tetramethyl-indocarbocyanine perchlorate (Dil-Ac-

LDL; 10 g/ml, 4 h at 37°C; Biochemical Technologies,Stoughton, MA) as markers for

EC; anti-desmin (1:20, 1 hour at the room temperature), a marker for differentiated

VSMC; and anti-vimentin (1:100, 1 hour at room temperature), a nonspecific marker for

many cell types.
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III.7Cell transduction and treatment

Cells were transduced at sub-confluence with 100 multiplicity ofinfection (MOI)

of adenovirus which expressed the SOD1 viral plasmid (constructed by Dr. Sheng Jun

An) for 24 hours and then incubated in fresh medium for 48-72 hours to allow for

recovery. The success of over-expression was confirmed by comparing SOD1 expression

protein levels in cells with or without adenovirus carrying SOD1 genes.

III.8 Chemicals Used

The following chemicals were use in the study: poly-lysine solution (SIGMA cat

# P4832), Isoflurane (Baxter-cat# 02231929), Dulbecco's Modified Eagle's medium and

F-12 nutrient mixture (DMEM/F-12) (VWR cat# SH30023.01) ,Fetal Bovine Serum

(Hyclone cat # SH30397.03),antibiotic/antimycotic solution (Sigma cat #

A5955),Tyrpsin-EDTA (Sigma cat # T4299),Phosphate Buffered Saline (Sigma cat #

D1408),Cell lysis buffer (cell signalling cat # 9803 ),PMSF ( Sigma cat # P7626),BIO-

RAD Bradford Protein Assay Dye Reagent (BIO-RAD cat # 500-0006), Bovine serum

albumin (SIGMA cat # A3059), Sodium dodecylsulphate (BIO-RAD cat # 161-0302),

5times Trisactetate sample buffer (Sigma cat #5196), non-fat dry milk powder

(Carnation),Tween-20 (Sigma cat # 7949),Collagen type I goat polyclonal antibody

(SantaCruz cat # 8784),Rabbit ETA polyclonal antibody (Chemicon international cat #

AB32860), Rabbit ETB polyclonal antibody (Chemicon international cat # AB3284)

Rabbit alpha actin polyclonal (ABCAM-5694), Rabbit B-actin monoclonal (Sigma cat #

A228), Donkey-anti goat HRP conjugates (SantaCruz-cat# 2020), Anti Rabbit

HRPconjugate (Cell signalling- cat#7074),ChemiGlow West (Alpha Innotech cat # 60-
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12596-00), anti von Willebrand factor (Sigma cat# F3520 ), acetylated-low density

lipoprotein 1 , 1 -dioctadecyl-3,3,3,3-tetramethyl-indocarbocyanine perchlorate

(Biochemical Technologies), Losartan (American Peptide), PD 1233 19 (American

Peptide), anti-desmin (Sigma cat# D8281), anti-vimentin (Sigma cat # V4630),

Angiotensin II ( Sigam cat # A2900), Endothelin-1 (American Peptide cat # 88234),

BQ1233 (American Peptide cat # 88-2-1 0A), BQ788 (American Peptide cat # 88-2-

55A),Sarafotoxin 6C (American Peptide cat # 88-9-35A).

III.9. Equipment used

Apparatusfor cell culture:

The following equipment was needed to perform the cell culture. A dissecting

light microscope was used to enhance vision while dissecting forceps and scissors were

used to separate the adherent fat and connective tissue from the aorta. A surgical scalpel

was used to cut the aorta in l-2mm size pieces. Cells were incubated in growth medium

and placed in a Thermo-Forma Series II water Jacketed CO? Incubatior. Changing of the

cell medium was performed in a Thermo Forma Class II biological safety cabinet.

Apparatusfor Western blot:

Western blot apparatus was purchased from BIO-RAD and included a powerpac

supply, mini-trans blot cell, mini protein tetra electrophoresis system was used for the gel

electrophoresis, thick filter paper, and 0.2nM PVDF membranes were used for the

transfer procedure. For development of membranes, the Flurochem developing system

from Amersham Pharmacia Biotech was used.
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Apparatusfor ELISA:

ELISA kit was purchased from R&D Systems (Minneapolis) and supplied all the

necessary reagents needed for the ELISA. Relative fluorescence units were made with

BIO-TEK fluorescence plate reader.

111.10. Data Analysis

The analysis of data was performed on the SPSS statistical program (SPSS,

Chicago). A one-way and two-way (used when doing two-way comparisons) ANOVA

with a Tukey's post hoc test was used to determine statistical significance. Tukey's post

hoc was used as it is a versatile test and is commonly used within the literature. Data was

expressed as mean ± standard error of mean (SEM) and significance was accepted when

P< 0.05.
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IV. Results

IV.l. Study 1: Characterization of vascular adventitial fibroblasts by

determining the expression of various cell markers in cultured

adventitial fibroblasts by immunocytochemistry

Under the microscope at a 40x magnification, adventitial fibroblasts derived from

the explants displayed a smooth cell border and spindle-like, bipolar and tripolar

morphology. Each pole presented a small process. After confluence, these cells

displayed a multilayer phenotype. Immunocytochemical analysis of cultured cells derived

from the adventitia showed no staining for anti-human vWF (figure 2a), Dil-Ac-LDL

(figure 2b), and anti-desmin (figure 2c). In contrast, all cells had strong positive staining

for vimentin (Figure 2d). These results indicate that our cell culture contained primarily

fibroblasts with little or no contamination from endothelial and smooth muscle cells.

IV.2. Study 2: The role of ROS in the mediation ofANG II induced ET-

1 expression in cultured adventitial fibroblasts

111.2. 1. ANG H-induced ET-1 is time dependent

ANG II (lOOnM) induction of ET-1 peptide at various time periods after treatment

as determined by ELISA is shown in Figure 3. Basal ET-1 levels from cultured

fibroblasts before ANG II stimulation was 0.2 pg/ml (n=5). Although ANG II increased

ET-1 release was seen after 2 to 6 hours of ANG II incubation, these increases were not

statistically significant (p >.05). Maximal ANG II-induced ET-1 peptide was seen at 24

hours ANG II incubation and was 2.1 pg/ml (P < 0.05).
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Figure 2. Characterization of cells cultured from mouse aortic adventitia by

immunofluorescence staining. (2a), Immunofluorescence staining of mouse aortic

adventitial cells for von Willebrand factor (vWF), a marker for endothelium cells. (2b),

Immunofluorescence staining of mouse aortic adventitial cells for Dil-Ac-LDL, a marker

for endothelial cells. (2c), Immunofluorescence staining of mouse aortic adventitial cells

for antibody of desmin, a marker for differentiated vascular smooth muscle cells.; (2d),

Immunofluorescence staining of mouse aortic adventitial cells for anti-vimentin, a

nonspecific marker for many cell types. Each photograph is representative example of

three experiments from 3 mice.
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Figure 3. Effect of different time course on the expression of ET-1 induced by Ang II in

cultured aortic adventitial fibroblasts. Results are means ± SE of 5 experiments. *P<0.05

when compared to control.
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IV.2.2. Effect ofANG II receptor antagonism on ANG I- induced ET-1 peptide

Figure 4 presents the effects of ANG II receptor antagonists on ANG II induced

ET-1 peptide release as determined by ELISA. Twenty four hours of ANG II (lOOnM)

treatment increased ET-1 release to 2.4 pg/ml (n=4). Pretreatment of ATi receptor

antagonist losartan (lOOuM) abolished the ANG II induced ET-1 release (0.4 pg/ml

P>0.05 vs control). However, pretreatment of the AT2 receptor antagonist PD- 1233 19

(lOOuM) had no significant effect on the ET-1 levels. Neither ATi receptor antagonist

losartan nor the AT2 receptor antagonist PD- 1233 19 had any effects on ET-1 peptide

release in the absence of ANG II.

IV. 2.3. Ang II evoked increases in the expression of Collagen type I

The expression of collagen type I protein in aortic adventitial fibroblasts is

presented in figure 5. In the absence of ANG II, there was no significant amount of type I

collagen expressed. Incubation with 100 nM of ANG II for 24 h induced a significant

increase in collagen I (P <0.05). Strikingly, the increase in collagen type I expression

induced by ANG II was inhibited by the ETA-receptor antagonist, BQ123, but not by the

ETB-receptor antagonist, BQ788. Moreover, the increase in collagen type I levels induced

by ANG II was inhibited by ATi-receptor antagonist, losartan (100 |iM), but not by the

AT2-receptor antagonist, PD 1233 19 (100 ^M).
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Figure 4. Effect of ANG II receptor antagonists on ANG II induced ET-1 release in

cultured aortic adventitial fibroblasts. Results are means ± SE of 4 experiments. *P<

0.05 when compared to control.
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Figure 5. Effect of ANG II and ET-1 receptor antagonists on the expression of collagen

type I in cultured aortic adventitial fibroblasts. Results are means ± SE of 4 experiments.

* P < 0.05 when compared to control.
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IV. 2.4. Effect ofsuperoxide anion scavengers on ANG II-induced ET-1

The effect of various superoxide scavengers on ANG II-induced ET-1 peptide

release are shown in figure 6. Minimal quantities of ET-1 are secreted under basal

conditions. Cells treated with lOOnM ANG II for 24 hours evokes an increase in ET-1 by

3 fold (P<0.01). In addition, pretreatment with NAD(P)H oxidase inhibitor and

superoxide anion scavengers, apocynin, and tiron , inhibited ANG II-induced ET-1

(P<0.05) respectively.

IV.2.5. Effect of Over-expressing SOD1

To confirm the role of superoxide anion in ANG II-induced ET-1 expression, we

over expressed SOD1 in aortic adventitial fibroblasts using recombinant adenovirus.

Adenovirus expressing p-galactosidase was used as control. There was a 2.5 fold over-

expression of SOD1 as seen in Figure 7.

It has been shown that over-expression of SOD1 in cells significantly inhibited

ANG II-induced responses to preproET-1 mRNA, and superoxide anion generation (An

et al., 2007).

The effect of over-expressed SOD1 on collagen I protein expression is shown in

figures 8. Over-expression of SOD1 in cells significantly inhibited ANG II-induced

responses to collagen I protein expression to near control levels (p<0.05 compared to

ANG II treated cells). However, no effects of viral over-expression were noted under

basal conditions. In addition, P-galactosidase had no effect in the presence or absence of

ANG II.
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Figure 6. Effect of antioxidants on ANG El-induced ET-1 peptide expression in cultured

aortic adventitial fibroblasts. Pre-treatment tiron (100 |Jmol/L) and apocynin (100

|Jmol/L) inhibited ANG II-induced peptide expression. Results are means + SE of 3 to 5

experiments. *P< 0.01 compared with control cells and f P<0.05 compared with ANG II

treated cells.
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Figure 7. SOD1 over-expression in cultured aortic fibroblasts. Adenovirus expressing 0-

galactosidase was used as control. There was a 2.5 fold over-expression of SOD1. Adv-

gal: Adenovirus expressing P-galactosidase; Adv-SODl: Adenovirus expressing P-

galactosidase. This is the representative western blot of SOD1 in total cell lysates from 3

experiments.
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Figure 8. Effect of over-expressing SOD1 on ANG II-induced collagen type I expression

in cultured adventitial fibroblasts. Results are means ± SE of 3 to 5 experiments. *P<

0.05 compared with control and Adv-B-galactosidase infected (Adv-gal) cells.
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IV.3. Objective 3: ANG II induces ETA expression in cultured

adventitial fibroblasts

IV. 3.1. Time course ofANG II induced ETA receptor expression

The expression of ETA receptor was examined by Western blot. As a first step, we

examined the specificity of the ETA antibody. For negative control, cell lysate was

incubated for 1 hour with antibody, while the positive control was a control antigen

provided by the manufacturer (Upstate). Negative control provided no band, while the

positive control provided a single band at approximately 50KD (figure 9A). These data

demonstrated the high specificity of the ETA receptor antibody.

The effect of ANG II on ETA receptor expression at various time periods after

treatment is seen in figure 9B. ANG II induced an increase of ETA receptor levels which

followed a time dependent manner. There is significant amount of ETA receptor

expressed in control cells. No difference in ETA receptor density was seen at times 1 and

2 hours of ANG II treatment (P>0.05). However, significant increases in the receptor

density were seen at the times 4, 6 and 24 hours of ANG II treatment (n=4, P<0.05).

IV. 3. 2. Time course ofANG II induced in collagen expression

ANG II (lOOnM) induced collagen type I expression at different time periods after

treatment as determined by Western blot is shown in figure 10. A negative control for the

collagen antibody was not used as collagen detection in the adventitia by the collagen I

antibody has previously been reported (An et al., 2007). In the control cells, collagen I

levels were detectable at approximately 126KD. ANG II induced a time dependent

increase in collagen I expression, where significant increases were observed starting at
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Figure 9. Time course of ANG II-induced ETA receptor expression. Figure 9A illustrates

the high specificity of the ETA receptor antibody. Figure 9B illustrates the time course of

ANG II induced ETA receptor expression. Significant increases in the receptor density

were seen after 4 hours of ANG II treatment. Results are means ± SE of 4 experiments. *

P < 0.05 when compared to control.
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times 4-24 hours treatment when compared to control (p <0.05). These data parallel to the

expression levels of ETA receptors.

IV.4. Objective 4: ANG II-induces ETB expression in cultured

adventitial fibroblasts

IV.4.1. Time course ofANG II induced ETb receptor expression

The expression of ETb receptor was also examined by Western blot. Similar as

described above, we examined the specificity of the ETb antibody. For negative control,

cell lysate was incubated for 1 hour with antibody, while the positive control was a

control antigen provided by company (Upstate). Negative control provided no band,

while the positive control provided a single band at approximately 35KD (figure 1 1A).

These data demonstrated the high specificity of the ETB receptor antibody.

The Time course of ANG II-induced ETB receptor expression treatment is seen in

figure 1 IB. ANG II-induced an increase of ETB receptor levels following a time

dependent manner. There is no significant amount of ETB receptor expressed in control

cultured fibroblasts. No increase in ETb receptor expression was observed at 1 and 2

hours of ANG II treatment (P>0.05). However, significant increases in the receptor

density were seen at the times 4, 6 and 24 hours of ANG II treatment (P<0.01).

IV.4.2. Role ofETb receptors in ET-I clearance

In order to test the hypothesis that ETB receptor increases ET-1 clearance, we

used two approaches: (1) ANG II-induced ET-1 would be compared in the absence and

presence of ETB antagonist; (2) The cells were treated with a known concentration of
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Figure 11. Time course of ANG II-induced ETB receptor expression. A shows the high

specificity of the ETB receptor antibody. B shows the time course of ANG II-induced

ETB receptor expression. Results are means ± SE of 4 experiments. * P < 0.05 and

**P<0.01 when compared to control.
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ET-1. The ET-1 levels in medium were compared with the peptide levels in the presence

of ETB receptor agonist.

IV.4.2.a. The effect ofETb receptor antagonism on ANG H-induced ET-1

The effect of ETB receptor antagonist, BQ788 (lOOnM) on ANG Il-induced ET-1

peptide levels is seen in figure 12. A steady increase in ANG Il-induced ET-1 peptide

levels were seen between times 2-6 hours of ANG II incubation, however ET-1 levels did

not reach statistical significance until 24 hours of ANG II incubation (P < 0.05).

Incubation with ANG II in the presence of BQ788 (ANG II + BQ788) dramatically

increased ANG II induced ET-1 levels where significant ET-1 levels were seen at times

4,6, and 24 hours of treatment (P<0.05).

TV.4.2.b. The effect ofa specific ETb receptor agonist (Sarafotoxin 6C) on exogenously

added ET-1

To further explore the role of the ETb receptor in the clearance of ET-1, ET-1 was

added and determined in the presence and absence of a specific ETb receptor agonist

Sarafotoxin 6C (S6C). The effect of ETb specific agonist Sarafotoxin (lOnM) on

exogenously added ET-1 (lOpM) is seen in figure 13.

Addition of ET-1 for 10 minutes increased ET-1 levels when compared to control

levels (P < 0.05). However, the ET-1 level after exogenously added ET-1 was not

increased in the presence of ETB agonist S6C (P > 0.05).
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Figure 12. The effect of ETB receptor antagonist, BQ788 (lOOnM) on ANG II-induced

ET-1 peptide levels. Results are means ± SE of 4 experiments. * P < 0.05, when

compared to control, f P < 0.05, when compared to same time interval.
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Figure 13. The effect of a specific ETB receptor agonist (Sarafotoxin 6C) (lOnM) with or

without exogenously added ET-1 (lOpM). Results are means ± SE of 4 experiments. * P

< 0.05 when compared to control.
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V. Discussion

In this study I have provided several lines of evidence and novel findings which

illustrate the importance of an adventitial derived endothelin system. These findings

which are discussed below include the expression and importance of adventitial derived

ET-1, expression of the ETa receptor and its role in collagen I expression, expression of

ETB receptors and its role in the clearance of the ET-1 peptide.

V.l. Characterization of adventitial fibroblasts

The importance of cell characterization is imperative to the study as ET-1 could

be produced by cells other than adventitial fibroblasts and contamination of other

vascular cell types would hinder reliable results.

We demonstrate the purity of our cellular culture system by means of

immunocytochemistry of specific cellular markers: vWF and Dil-Ac-LDL for EC,

desmin for differentiated VSMC, and vimentin as a non-specific cellular marker.

Vimentin is a ubiquitous intermediate filiament protein and is expressed in a wide variety

of mesenshymal cells such as EC and fibroblasts (Runembert et ah, 2002). Furthermore,

we also identified other cell type markers such as CD8 and myosin heavy chain markers

for leukocytes and VSMC respectively, by means of RT-PCR (An, Boyd, Wang, Qiu, &

Wang, 2006) to further confirm the purity of the culture system as the culture technique

mirrored An et ah, 2006. Only cells deficient in these markers were characterized as

adventitial cells. Although contamination of pericytes cannot be ruled out, as pericytes do

not have a specific cell marker, it is known that pericytes are located primarily in small

vessels such as capillaries.
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V.2. ET-1 expression in the Adventitia

V.2.1. Expression and Importance of Adventitial ET-1

Increasing evidence supports the role for the adventitia in regards to

cardiovascular disease. Adventitial fibroblasts have been shown to be involved in arterial

repair (Shi et al., 1996; Li, Chen, Oparil, Chen, & Thompson, 2000) and serve as a major

source of vascular oxidative stress (Wang et al., 1998; Pagano et al., 1997; Wang et al.,

2001; Ardanaz & Pagano, 2006). Inhibition of adventitial oxidative stress has been

demonstrated to decrease neointimal proliferation (Dourron et al., 2005), hyperplasia

(Weaver et al., 2006b), and smooth muscle hypertrophy (Liu, Ormsby, Oja-Tebbe, &

Pagano, 2004).

Consistent with our recent findings, we previously demonstrated that aortic

adventitial fibroblasts synthesize and release ET- 1 peptide following treatment by ANG

II, an important hormone involved in the blood pressure regulation and pathogenesis of

atherosclerosis. Five lines of evidence support this conclusion. Firstly, we discovered

previously that ANG II evokes a concentration- and time-dependent increase in

preproET-1 mRNA (An et al., 2006). Thus, adventitial cells express the message for ET-

1 synthesis and the expression is responsive to an external stimulus. Secondly, we also

report that adventitial fibroblasts release ET- 1 , the peptide product. Thus, we provide

evidence at both the gene expression level and the end-product level for the synthesis and

release of ET- 1 in response to stimulation by a hormone involved in blood pressure

regulation, namely ANG II. Although increases in preproET-1 mRNA were evident

within 30 minutes after ANG II treatment and reached a peak within 90 minutes (An et

al., 2006), the initial increases of ET-1 were not significant despite the tendency of being
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higher than the control level. It could be due to the increased clearance of ET-1 by ETb

expression or the sensitivity of the assay for ET-1. One would also expect the synthesis of

the peptide to lag the expression of the message. Thirdly, we have cloned and sequenced

the preproET-1 cDNA from mouse adventitial fibroblasts (An et al., 2006). We found

that the nucleotide sequence of adventitial preproET-1 cDNA was identical to the cDNA

of EC. Fourthly, importantly, we have demonstrated a potential role of vascular

adventitial fibroblasts, as released ET-1 can modulate ANG II-induced ECM generation.

Collagen is a major component of the extracellular framework of blood vessels

(Shekhonin, Domogatsky, Muzykantov, Idelson, & Rukosuev, 1985; Barnes, 1985),

produced primarily by fibroblasts, although VSMC and EC may participate. We found

that the ANG II-stimulated type I procollagen-a-1 mRNA expression and protein

synthesis were inhibited by the ETA - receptor inhibitor, suggesting a potentially

biological meaningful role for this interaction at the functional level. Fifthly, we

demonstrate the existence of ETA and ETB receptors in vascular adventitial fibroblasts

(more detailed discussion below)(An et al., 2006).

V.2.2 Comparison of ET-1 levels in different cultured cell types

The average peptide level of ET-1 in the circulation of the human is

approximately 50pg/ml (Dang et al., 2000), whereas isolated human EC have up to

250pg/ml/1.2 x 10
5
cells (Ozaki et al., 1995). ANG II induced approximately 1.5pg/1.2 x

10 * cells of ET-1 peptide in rat aortic VSMC (Hahn et al., 1990). ANG II treatment

induced 300fmol/10
6
cells (7.4 pg/ml) of ET-1 peptide from rat cultured cardiomyocytes

(Ito et al., 1993; Ferri et al., 1999). We showed that ANG II treatment for 24 hours
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induced 2.3 pg/ml/1.2 xlO
5
cells of ET-1 peptide, which is similar to the amount

produced by VSMC.

V.2.3. ROS mediates ET-1 release

The ANG II evoked increases in ET-1 synthesis and release appear to be mediated

by the ATi subtype. The AT, antagonist, losartan, but not the AT2 antagonist, PD12331,

blocked the increase in ET-1 evoked by ANG II.

While the AT) subtype was found responsible for the ANG II-induced ET-1

expression, the mechanism behind the ET-1 signal transduction pathway needs further

investigation. We have several lines of evidence to show that O2" is involved in mediating

ANG II-induced ET-1. We previously found that Oy generation in ANG II-treated cells

increased concomitantly with that of ET-1 synthesis (An et al., 2007). Indeed,

pharmacological scavengers of O2" or overexpression of SOD1, has been shown to

decrease ANG II-induced ET-1 release, suggesting that OV plays an important role in

mediating ET-1 release from adventitial fibroblasts(An et al., 2007). Our data are

consistent with the previous findings that O2" or H2O2 lead to increase of ET-1

expression in VSMC (Ruef, Moser, Kubler, & Bode, 2001) (Kaehler et al., 2002; Kahler

et al., 2001) and EC (Yura et al., 1999) (Kaehler et al., 2002; Kahler et al., 2000a) which

was inhibited by SOD and/or catalase.

V.2.4. Possible mechanisms by which ROS mediates ET-1 synthesis

The mechanisms by which ROS stimulate ET-1 synthesis are unknown. Recent

studies have demonstrated that O2" contributes to an activation of the preproET-1
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promoter and subsequently increases mRNA concentrations in cultured EC (Kahler et al.,

2000b). Oxidative stress could activate nuclear factor-kappa B (Geng, Rong, & Lau,

1997), which may stimulate the preproET-1 gene expression (Bierhaus et al., 1997).

Oxidative stress stimulates the generation of TGF-P in glomerular cells(Montero et al.,

2000), which could markedly enhance ET-1 expression in both rat VSMC and EC (Sugo

et al., 2001). Both ROS and Ras-Raf-ERK pathways are required for either ANG II-

induced or ET-1 -induced ET-1 gene expression in rat cardiac fibroblasts (Cheng et al.,

2003e; Cheng et al., 2003c) . Antioxidants suppress ET-1 -induced ET-1 gene expression

(Cheng et al., 2003b), which is consistent with the data obtained in the present study.

Inhibition of ERK prevents the transcription of the ET-1 gene (Cheng et al., 2003a).

Likewise, dominant-negative mutants of Ras, Raf, and MEK1 also decrease ET-1

transcription (Cheng et al., 2001).

Signal transduction pathways that contribute to ET-1 release have been reviewed

by Russell and Davenport (Russell & Davenport, 1999). Briefly, EC appear to contain 2

separate secretory pathways, a constitutive pathway that involves continuous release, and

a regulated pathway that involves a stimulated release. Both pathways have unique

methods of regulation, with the constitutive pathway involving mRNA transcription and

the regulated pathway involving release from storage granules known as Weibel-Palalde

bodies. The research defining these pathways has been performed in EC,VSMCs, and

cardiac fibroblasts. It is not known if these pathways also regulate ET-1 release in

adventitial fibroblasts in the same manner. Such studies would be a major undertaking

and beyond the scope of the current study. Notwithstanding, the data in this thesis and

our previous publication (An et al., 2006) demonstrate that elevated O2 generation in
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ANG II-treated cells parallels that of ET-1 and type I collagen expression and that

specific blockade or inhibition of the components of this pathway prevent collagen I

expression. Our findings are consistent with the notion that ROS are important signalling

molecules mediating ET-1 and collagen I expression in adventitial fibroblasts.

V. 3. Expression of ETA receptors in the Adventitia

V.3.1. Expression of ETA receptors

In this thesis, I demonstrate for the first time that ETA receptor is expressed in

adventitial fibroblasts and mediated by ANG II based on the following evidence. Firstly,

the expression of ETA receptor was detected by Western blotting of cultured adventitial

fibroblasts using a specific antibody against the ETA receptor. The ETA antibody

recognized a single band of approximately 50KD. The specificity of the antibody was

demonstrated by the fact that the band at 50KD was abolished if the antibody was pre-

incubated with the antigen provided by the company, which would fully occupied the ET-

1 binding sites. Secondly, ANG II increased ETA receptor density in a time dependent

manner, reaching significance at 6 hours of treatment. Thirdly, we found that the ANG II-

stimulated collagen I protein synthesis was inhibited by the ETA receptor antagonist.

The existence of ETA receptor in VSCM is well established. The ETA receptor

predominates in VSMC's, although both the ETA and ETb receptors have been shown to

be located in myocytes, and cardiac fibroblasts (Rubanyi & Polokoff, 1994). Recently,

Laflamme et al (2006) demonstrated the presence of ETA receptors in the adventitia

mediating ET-1 induced vasoconstriction in an adventitial derived tissue-engineered

human blood vessel. Although it parallels well with native vessels in many aspects such
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as their structure, receptor expression and physiological responsiveness, this engineered

vessel cannot reproduce the complex structure with multiple adventitial cell types and

vasa vasorum (Pagano & Gutterman, 2007). Our data are consistent with the above

finding. Importantly, the data were obtained from primary cultured adventitial fibroblasts

from mouse aorta. Primary cultured cells of adventitial fibroblasts are derived from aortic

explants and may therefore provide a broader interpretation of the results when compared

to a bio-engineered vessel as the primary cultured aortic fibroblast are derived from a

functional in vivo tissue whereas the validity of a bio-engineered vessel under in vivo

conditions is not yet determined.

V. 3.2.ANG II-induced ETA expression

ETA receptor expression has been reported to be differentially regulated by

various cell types and stimuli (Kanno et al., 1993; Rubanyi et al., 1994). In this thesis, I

found that ANG II increased ETA receptor expression in a time dependent manner,

reaching significance at 6 hours of treatment. However, Kannon et al (1993) reported

that ANG II treatment did not increase ETA receptor mRNA expression in rat neo-natal

cardiomyocytes. On the other hand, an up-regulation of ETA receptor mRNA and protein

expression was reported in the rat hearts with chronic heart failure (Kobayashi et al.,

1999), coinciding with our study. The mechanisms of ANG II induced ETA receptor

expression is unknown. One possible mechanism is the increased ET-1 peptide levels

induced by ANG II. An increased expression of ETA receptor was also seen after balloon

injury of the rat carotid artery ((Viswanathan, De Oliveira, Johren, & Saavedra, 1997).

Although the mechanism of the increased ETA receptors found in the VSMC was not
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investigated, the authors speculated that acute increases in circulating ET-1 may have led

to the increase in ETA receptor expression.

Results from our study suggest that increased ETA receptor expression may not be

a direct result of increased ET-1 levels, suggesting the increase in the ETA expression

follows an ANG II-dependent pathway. However, further experiments are needed to fully

understand the mechanisms of ETA receptor regulation found in the adventitia. It has

been shown that ET receptor expression induced by ANG II is mediated by the ATi

receptor subtype (Zeng et al., 2005).

The mechanism of how ANG II regulates the ETA receptor expression in vascular

cells is not yet known, however previous experiments investigating other GPCR may

indeed be involved in ETA receptor regulation. For example, insulin caused an up-

regulation of the ATi receptor which was dependent on p42/44-MAP kinase activation

(Nickenig & Bohm, 1998). It has also been shown that an increase in cAMP lead to an

increase in ETA receptors in rat VSMCs (Nishimura et al., 1992). ANG II has been

shown to increase cAMP in VSMC (Jackson, Gillespie, & Jackson, 2007) and p42/44-

MAP kinase (Laplante, Wu, El, & de, 2003), therefore up-regulation of the ETA receptor

as a result of ANG II incubation may indeed be dependent on cAMP and or p42/44-MAP

kinase.

V. 3.3. Role of ETA receptor in ANG II induced Collagen Accumulation

In the above section, I showed that ANG Il-induced collagen expression was

inhibited by ETA-receptor inhibitor, indicating the contribution of the receptors. In

addition to examining whether ETA receptor expression is up-regulated by ANG II, we





91

determined whether the up-regulation of this receptor plays any role on collagen

expression in cultured fibroblasts in this thesis. Interestingly, in our study ETA receptor

protein increased in a similar manner to that of collagen I, where significant levels were

seen at times 6 and 24 hours of ANG II treatment. Incubation with the ETA specific

antagonist BQ123, significantly inhibited ANG II induced collagen I protein expression.

Results from Shi-wen et al (2001) demonstrated that ET-1 induced collagen expression

was dose and time dependent in dermal fibroblasts. ET-1 treatment was shown to

decrease levels of MMP-1, an interstitial collagenase which is responsible for the

cleavage of collagen I and may therefore significantly affect collagen turnover (Shi-Wen

et al., 2001). Activation of the Colla reporter, and subsequent suppression MMP-1

transcription by ET-1 was shown to be mediated by the ETA receptor (Shi-Wen et al.,

2001).

Similar findings are reported in other cell types. Fibrotic tissues of failing rat

hearts after myocardial infarction had increased expression of ET-1 and the ETA receptor

(Kobayashi et al., 1999). Blockade of the ETA receptor after myocardial infarction helped

reduce collagen synthesis as well as increase the synthesis of matrix metalloproteinases

(MMPs-13, -2), enzymes responsible for the breakdown of collagen proteins (Fraccarollo

et al., 2002). The above findings strongly suggest that ANG II-induced collagen I

expression is mediated by ETA receptors.

ANG II-induced ROS have also been implicated in mediating collagen levels. We

demonstrated in our study that over-expression of SOD-1 significantly decreased ANG II

induced collagen I expression in adventitial fibroblasts. Coinciding with our results, in rat

cardiac fibroblasts, CV production was shown to mediate collagen expression through
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interaction with MMP (Siwik, Pagano, & Colucci, 2001). It has also been proposed that

ANG II increases in collagen I expression is mediated by MAPK/ERK-AP- 1 which is

dependent on TGF-B in aortic VSMCs (Tharaux, Chatziantoniou, Fakhouri, & Dussaule,

2000).

These finding have important implications for disease states associated with

remodelling of the vasculature. Rocnik et al (1998) reported that vascular injury can

induce a sequence of events in the adventitia that includes the deposition of newly

synthesized collagens, which in turn is a key factor for smooth muscle migration.

Moreover, fibrillar collagen accumulation could conceivably contribute to vascular

stiffness and changes in vascular compliance. Therefore, our findings on the mechanisms

that might contribute to ET-1 release and collagen deposition may suggest an important

functional role in the overall remodelling of the arterial wall, which occurs in various

pathological conditions.

V.4. Expression of ETB receptors in adventitial fibroblasts

V. 4. 1 . Expression of ETB receptor

Another major discovery in this thesis is to demonstrate for the first time that ETb

receptor protein is expressed in adventitial fibroblasts. Using the same methods to detect

ETA receptor protein, the expression of ETb receptor was revealed by Western blotting of

cultured adventitial fibroblasts using a specific antibody against the ETB receptor. The

ETb antibody recognized a single band of approximately 35-40KD. The specificity of the

antibody was demonstrated by the fact that the band was abolished by pre-incubating the

antibody with the antigen. Furthermore, ANG II increased ETB receptor expression in a
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time dependent manner, reaching significance at 6 hours of treatment. Lastly, we found

previously that mRNA levels were low but identifiable in cultured adventitial fibroblasts

(An et al., 2006).

Expression of ETb receptors in the vascular adventitia has been controversial.

Immunohistochemical analysis of the capybara basilar artery provided evidence of

adventitial ETB receptors (Loesch et al., 2005). However, results from Laflemme et al

(2006) suggested that the ETB receptor was not present in the adventitia that was derived

from a tissue engineered human blood vessel. Although the tissue engineered vessel

generated from the human saphenous vein provides a similar structure to that of native

vessels, the complete cellular environment is not fully represented (Pagano et al., 2007),

and may considerably differ from other tissues such as the aorta.

The existence of ETB receptor in EC and VSCM is well studied. The ETB receptor

is prevalent in EC, and also exists in VSMC. Both the ETA and ETB receptors have also

been shown to be located in other cell types such as myocytes, and cardiac fibroblasts

(Rubanyi et al., 1994).

V. 4.2. Functions of ETB receptor

The function of ETB receptor varies in different cell types. Studies investigating

the function of the ETB receptor found in vascular EC determined that the receptor was

responsible for mediating vasodilation via the NO-prostacyclin pathway (Hirata et al.,

1993; Rubanyi et al., 1994). Indeed, the use an ETB specific agonist in bovine EC lead to

significant increases in nitrate/nitrite oxide and cyclic GMP, both of which are associated

with NO dependent vasodilation in vascular smooth muscle (Hirata et al., 1993; Rubanyi
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et al., 1994). The identification of the ETB receptors located on VSMC of certain vessels

provided evidence suggesting that the activation of the ETB within the medial layer of

the blood vessels mediates short term vasoconstriction (Docherty & MacLean, 1998).

The contrasting physiological effects of the ETb receptors (vasodilation in EC and

vasoconstriction in VSCM cells) suggest that there are distinct genetic ETB receptor

subtypes. However, according to the IUPHAR nomenclature on ET receptors, no genetic

evidence has been provided to support this theory (Davenport, 2002). A single gene has

been proposed to code for the ETB protein, however post-receptor mechanisms have been

shown to mediate the affinity of a ligand to the receptor. For example it is known that the

ETB receptor located on EC is highly sensitive to ETB receptor agonists when compared

to ETB receptor located on VSMC, therefore suggesting post receptor mechanisms are

involved in the ETB receptor-ligand complex (Orleans-Juste et al., 2002). Recent studies

have also identified that the ETB receptor located in the pulmonary circulation (Fukuroda

et al., 1994; Brunner & Doherty, 1996) and VSMC's (Honore et al., 2005) may play a

protective role, through increasing clearance of the ET-1 peptide. As a result, debate

regarding selective or non-selective ET receptor antagonists designed for treatment of

conditions involving an elevated ET system such as congestive heart failure,

hypertension, and coronary artery disease exists (Motte, McEntee, & Naeije, 2006).

V.4.3. Role of ETB receptor in the clearance of ET-1

Although ETB receptors have been widely studied in VSMC and EC, the

expression and function of the ETB receptor in adventitial fibroblasts remains unknown.

We demonstrate in the current study that adventitial ETB receptors indeed play a role in
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clearance of the ET-1 peptide by two lines of evidences, i) pharmacological antagonism

with a specific ETB antagonist increased ET-1 peptide levels after ANG II treatment, ii)

ETB specific agonist decreased exogenously added ET-1, supporting the notion that the

activation of ETb receptor increases ET-1 clearance .

In this thesis, ANG II-induced a significant increase in ET-1 peptide only after 24

hours of treatment, although ANG II-induced ET-1 mRNA significantly increased in

adventitial fibroblasts in a shorter time period (An et al., 2006; An et al., 2007).

Interestingly, examination of the ETb receptor after ANG II treatment provided evidence

of maximal receptor expression at 6 hours treatment, where the receptor appeared to

down regulate at 24 hours treatment when compared to the 6 hour treatment. Moreover,

inhibition of the ETB receptor by antagonist BQ788 significantly increased ANG II-

induced ET- 1 peptide levels at all times 4, 6, and 24 hours when compared to the values

with ANG II alone. This result coincides with a previous study that investigated ETB

receptor and ET-1 peptide levels in rats with pulmonary congestion secondary to chronic

heart failure (CHF). Indeed the study demonstrated and attributed a decrease in ETB

receptor protein level to the elevated ET-1 peptide levels in rats with CHF (Kobayshi et

al., 1998). Furthermore, treatment with BQ788 resulted in an 180% increase in ET-1

peptide levels in human EC (Ozaki et al., 1995).

I also demonstrate the role of the ETB receptor in the clearance of the ET-1

peptide through the use of an ETB specific agonist. Results from our study indicate that

activation of the ETB receptor through S6C treatment increased ET-1 clearance as

demonstrated through a decrease in exogenously added ET-1 to adventitial fibroblasts.

S6C belongs to the Sarafotoxin family of peptides and is a highly specific ETB receptor
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agonist (Williams, Jr., Jones, Pettibone, Lis, & Clineschmidt, 1991). A recent study by

Crokett et al (2004) provided evidence that the ETB specific agonist S6C helped reduce

infarct size and preserve the ETb receptor mRNA in ischemic/reperfused myocardium of

anesthetized rats. The above data support the role of the ETB receptor in clearing ET-1.

It was speculated that the ETb receptor mediates protective effects via release of

NO and prostacyclin or through increasing the clearance of the ET-1 and therefore limit

the deleterious effects of increased ET-1 levels on ETA receptor activation (Crockett,

Gray, Kane, & Wainwright, 2004). In addition to increasing ET-1 clearance, the

possibility of the adventitial ETB receptor mediating a protective effect through the

activation of NO should not be ruled out. Indeed, recent evidence has suggested that the

adventitia produces a NO or NO-related compound which may produce paracrine effects

(Beranova et al., 2005).

The exact mechanism by which ETB receptor mediates ET-1 clearance is

unknown. It has been hypothesized that internalization of ETB receptor might be one

mechanism mediating ET-1 clearance.

V.5. Internalization of the ETA and the ETB receptor

It is now established through the use of transfected cell line models, that both the

ETA and the ETB receptor are internalized after ligand binding. Internalization of both

receptors are shown to be dependent on mechanisms involving, g-protein coupled

receptor Kinase, arrestin, clathrin, and dynamin (Paasche, Attramadal, Sandberg,

Johansen, & Attramadal, 2001).
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Internalization of the ETb receptor appears to be guided towards lysosomes where

the receptor and ligand are to be degraded (Paasche et al., 2001). Binding of ET-1 to the

ETb receptor under physiological conditions appears to occur irreversibly. The high

affinity between the ET- 1 peptide and the ETB receptor therefore implies that when the

complex is internalized and directed towards the lysosome for degradation, the ETb

receptor is also sacrificed in the clearance process. This indeed implicates that de novo

synthesis of the ETb receptor is a limiting factor in the clearance of the ET- 1 peptide

(Bremnes et al., 2000).

We demonstrate that exogenous addition of ET-1 significantly increased ETb

receptor expression after 30 minutes incubation. However further incubation of ET-1

down regulated the ETB receptor expression. This result coincides with Bremmes et al

(2000) where ET-1-ETB receptor complex internalization guided towards lysosomal

degradation occurred after 1.5 hours of ET-1 incubation. ET-1 binding to the ETA

receptor also results in internalization of the ET-1 and ETA receptor. However, in contrast

to the degradation pathway, the ETA receptor has been shown to follow a recycling

pathway (Bremnes et al., 2000). Indeed, ET-1 binding to the ETA receptor has also been

shown to bind irreversibly and to dissociate very slowly. Recycling of the ETA-ET-1

complex back to the plasma membrane is thought to contribute to the long lasting ETA

mediated vasoactive effects (Paasche et al., 2005).

VI. Significance of study

We demonstrate that the vascular adventitia has a functional ET system. ANG II

induced oxidative stress regulates ET-1 peptide levels, which can as a result influence the
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extracellular environment through the mediation of collagen I protein. Moreover, we

identified specific functions of adventitial derived ET receptors, which provide the

fundamental structure base for ET-1 function. These results have important implications

in vascular diseases associated with remodelling of the blood vessel. Increased levels of

collagen have been shown to associate with fibrosis, increase vessel stiffness, effect

vascular compliance as well as influence VSMC migration (Rocnik, Chan, & Pickering,

1998). Furthermore, the up-regulation of adventitial ETb receptors may have protective

effect through increasing the clearance of ET-1. These data may have important

implications in vascular diseases where increased ANG II and ET-1 levels are seen such

as hypertension.

Although, ETA receptor antagonists as well as combined ETA/ETB receptor

antagonists are used in treatments for heart failure and pulmonary hypertension, one must

keep in mind whether inhibition of the ETb receptor will be efficacious as it is now

known that stimulation of the ETb receptor also provides a transient protective effect

through release of NO and that the ETB receptor is important in clearing the ET-l(Hirata

et al., 1993). Inhibition of the ETB receptor may increase circulating ET-1 levels and may

therefore exacerbate the ET- 1 -ETA mediated-effects.

VII. Limitations of the study

VII. 1. In vitro versus in vivo method:

Our study investigated the adventitia under in vitro conditions. Although a better

representation of the mechanisms that occur in the adventitia would involve studies using

in vivo conditions, these results may provide initial mechanisms that take place under in
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vivo conditions. The usage of animals is also reduced under in vitro rather than in vivo

conditions. Although the use of primary cultured aortic fibroblasts allows for the specific

examination of adventitia, one must not exclude the fact that the mechanisms observed in

the culture system may not mimic the mechanisms found under in vivo physiological

conditions. Moreover, the drug concentrations used in the cell culture system are much

higher than the physiological concentrations found under in vivo conditions. However,

using the high drug concentrations allows for one to observe mechanisms that may occur

under in vivo levels within a reasonable experimental time frame. Although the

physiological drug levels are considerably lower when compared to the experimental in

vitro drug concentrations, one must keep in mind that the time frame maybe years for

cardiovascular disease develop. Therefore the increased drug concentration levels used in

cell culture systems, although is much higher, may still provide valuable information

regarding the mechanisms of the disease process, information that may then be applied to

future in vivo studies.

VII.2. Specific cell markers

As explained above, due to the lack of cell marker, the identification of fibroblast

could only be done by excluding the coexistence of other cell types. To further confirm

the purity of the culture system, future studies should include control staining of known

cell types (EC, VSMC). Furthermore, the heterogeneity among fibroblasts are not tested

and discussed in this thesis as the topic is too complicated and is beyond the scope of our

study.
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VII.3. Pharmacological studies

Although pharmacological studies provide useful information regarding

mechanisms of disease, one must not exclude to possible non-specific drug interactions

that may occur. Alternative methods to study the adventitia may involve the use of gene

therapy techniques as discussed in the "Future Perspectives" section.

VII .4. Sample size:

In our study, the sample size of each treatment group is small however still

enabled statistical significance. Although an increased sample size may increase the

reliability of our study, our choice of sample size allowed us to sacrifice the minimum

amount of mice to provide meaningful data. To determine statistical significance, we

used a one-way/two-way ANOVA with Tukey's post hoc test. The decision was made as

we were comparing the variances of means between 3 or more groups. Although the

ANOVA will determine if a statistical significance is found, it does not determine where

the difference lies. Therefore, a Tukey's post hoc test was used as all groups shared the

same sample size, which therefore allowed for the identification statistically different

groups from one another. Moreover, results were expressed as standard error of the

means as standard error takes into consideration the sample size where standard deviation

does not.

VIII. Future Perspectives

The current study has demonstrated that the aortic adventitia has a functional

endothelin system as demonstrated by a cell culture in vitro system. Further investigation
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of the endothelin system in the adventitia under in vivo conditions would enhance the

understanding of adventitial derived ET-1. To accomplish such a task, recent advances in

molecular biology such as gene therapy could be used. A recent study by Weaver et al

(2006) investigated adventitial p67phox, a particular subunit of the vascular NAD(P)H

oxidase, under in vivo conditions through the use of a adenoviral vector expressing a

dominant-negative p67phox subunit(Weaver et al., 2006). A very important aspect of this

technique is that the authors were able to specifically investigate the adventitia under in

vivo conditions through the application of the adenoviral vector. Application of this

technology could also provide insight regarding the regulation of adventitial derived ET-

1. Application of a dominant-negative ETA or ETB receptor subtype through the use of

adenoviral vector after ANG II-infusion may provide important information regarding

adventitial derived ET-1. Digital morphometry of the vessel could also provide evidence

of increased/decreased remodelling of the vessel, which could be directly attributed to the

specific ETA/ETB receptor found within the adventitia. Taken together, the recent

advances in molecular biology can provide the necessary tools to investigate the

adventitia under in vivo conditions, experiments that could potentially indicate the

importance of an adventitial derived endothelin system.

IX. Conclusion

Adventitial fibroblasts synthesize and release ET- 1 in response to stimulation by

ANG II. This effect of ANG II is largely mediated by O2". Furthermore, ANG II can

increase both the ETA and ETb receptors in adventitial fibroblasts. The ETA receptor

contributes collagen I expression, while adventitial ETB receptors mediate the clearance
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of the ET-1 peptide. Taken together, the results from this study implicate the adventitia as

a mediator of endogenous ET-1 synthesis. Function of both the ETA and ETb receptors

appear to have distinct roles and may provide valuable information for future therapies

for vascular diseases where ET receptor antagonists (ETA or ETA/ETB ) are commonly

used.
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