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I. ABSTRACT

Systemic Sclerosis (SSc) is a connective tissue disease characterised by vascular 

damage, immune activation and fibrosis. The pathogenesis of scleroderma is largely 

unknown, but current evidence supports the role of complex interactions between 

genetic and environmental factors. The genetic contribution to the disease process is 

likely to be complex, as SSc cannot be conceptualised as a primary genetic disease. I t 

has been proposed that environmental agent(s) may act as a triggering factor in 

genetically susceptible individuals. The thesis aims to examine polymorphism within 

a series of genes that are believed to be involved in the fibrotic process o f  

Scleroderma. This thesis also addresses the relevance of polymorphism with respect 

to specific Scleroderma characteristics such as disease subsets and autoantibodies 

association. The candidate genes selected for study in this thesis were: Connective 

Tissue Growth Factor (CTGF), Endothelin 1, 2 and 3 (BDN-1, -2 and -3), the 

Endothelin receptors type A (EDNRA) and type B (EDNRB), and collagen type I. 

Within the collagen gene two regions were examined, the Far upstream enhancer and 

Collagenase-1 cleavage site within exon 41. The study of polymorphism(s) within 

these genes were carried out by Polymerase Chain Reaction (PCR) based techniques 

including. Single Strand Conformational Polymorphism (SSCP), and Sequence 

Specific Primer-PCR (SSP-PCR). These polymorphisms were studied in a cohort of 

151 scleroderma patients, 113 healthy controls, 110 Raynaud’s phenomenon (RP) and 

26 Autoimmune Raynaud’s phenomenon (ARP). A number of interesting 

associations were suggested between polymorphisms in the studied genes and specific 

scleroderma features. Notably, the CTGF promoter polymorphism C-743G appeared 

to be associated with the presence of anti-topoisomerase I antibody in SSc patients 

and in particular with those patients with concomitant fibrosing alveolitis. The EDN-1 

(+138 A I) polymorphism was associated with the presence of anti-RNA polymerase 

antibody in SSc patients and the K198N T allele presented a negative association in 

SSc patients without lung fibrosis. The EDNRA (G-231A) polymorphism was 

associated with the presence of anti-centromere antibody in patients with SSc. 

Interestingly, no polymorphism was found in the collagen type 1 Far upstream 

enhancer region or within the collagenase cleavage site.
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1. INTRODUCTION

1.1 Systemic Sclerosis

1.1.1 Introduction

Systemic sclerosis (SSc) is a clinically heterogeneous rheumatological, 

connective tissue disorder (Black, 1995), which is encompassed within the 

scleroderma spectrum of conditions (Table 1.1). The disease is of unknown 

aetiology but is typically characterised by fibroblast proliferation and the 

accumulation of extracellular matrix (ECM) within almost all connective 

tissues. This process proceeds vascular injury and immune alteration (Black 

and Denton, 1998; Mitchell et al., 1997). The near universal occurrence of 

microvascular dysfunction and the associated inflammatory reaction that may 

co-exist, preceding fibrogenesis suggest that changes in vascular integrity and 

enhanced influx of inflammatory cells are early events in the pathogenesis of 

scleroderma (Clements and Furst, 1996; White and Yurovsky, 1995). Virtually 

all the organ systems can be affected, most noticeably the skin, but more 

clinically important the lungs, kidneys, gastrointestinal tract and heart. The 

survival and prognosis are related to the severity and extent of the internal 

organ involvement. Currently therapy, although aimed at improving the 

vascular complications, suppressing the immune system and preventing the 

progressive fibrosis is not generally considered particularly effective in 

controlling in a definitive way the disease and its complications (Furst, 2000). 

There is therefore an urgent need to develop a staged approach to treatment 

based on our increased understanding of disease pathogenesis and careful 

clinical assessment of disease subset and staging.
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/ .  L 2 Epidemiology

SSc has a worldwide distribution and affects both males and females. Incidence 

rates, from retrospective reviews, vary from 2-19 cases per million population 

per year and the prevalence has been reported between 19 and 75 per 100,000 

(Maricq et al., 1989).

Table 1.1. Spectrum of scleroderma and scleroderma-like diseases.

Disease Subtype

I-. Raynaud’s phenomenon Raynaud’s disease (primary) 
Raynaud’s syndrome (secondary)

Il-.Scleroderma
1) Systemic Limited Cutaneous systemic sclerosis 

(IcSSc)
Diffuse Cutaneous systemic sclerosis 
(dcSSc)
Scleroderma sine scleroderma

2) Localised Morphea
Linear
En coup de sabre

3) Juvenile Localised forms 
Systemic forms

4) Chemically induced Environmental/occupational
Drugs

Ill-.Scleroderma-like diseases Metabolic
Immunological/inflammatory 
Eosinophilic fascitiis 
Eosinomyalgic syndrome 
Mixed coimective tissue disease 
(MTCD)
Overlap syndromes

Modified from Black, 1998.

In the general population the peak incidence of the disease is during the fifth 

and sixth decades, although it can occur much earlier and even in childhood. 

Females are affected more frequently than males, with females 3 to 8 times

17



more likely to develop SSc. However within this range, variation associated 

with the age and environmental factors occur (Silman and Newman, 1996).

The SSc patients overall survival rate is 60-83% at 5 years and 40-75% at 10 

years (Bryan et al., 1996) (Bryan et al., 1999), however when the SSc subsets 

are analysed, it is apparent that the diffuse form has the worse prognosis with 

30% survival at 6 years compared with an 80% figure for the limited form of 

the disease over the same period of time (Altman et al., 1991). The current 

major cause of mortality within the diffuse disease subset is renal crisis in the 

first five years of the disease and pulmonary complications (lung fibrosis and 

secondary pulmonary arterial hypertension) after 6 years of evolution (Steen 

and Medsger, Jr., 2000). Meanwhile pulmonary arterial hypertension represents 

the leading cause of mortality in patients with the limited cutaneous disease 

(Medsger and Steen, 1996).

Interestingly, a recent study in the native North American Indian tribe from 

Oklahoma showed an increased in prevalence of scleroderma (469 per 100,000 

population). The Choctaw Indian adults have a particularly consistent disease 

profile with diffuse disease, prominent lung involvement and anti- 

topoisomerase I antibodies (Amett et al., 1996).

1.1,3 Classification criteria fo r  SSc and SSc subgroups

The preliminary criteria for the classification of Systemic Sclerosis were 

proposed by a committee of the American Rheumatism Association (former 

name of the American College of Rheumatology) in 1980 (1980) (Table 1.2). 

They are based on the presence of proximal scleroderma defined as symmetric 

thickening, tightening and induration of the skin of the fingers and the skin 

proximal to the metacarpophalangeal or metatarsophalangeal joints. They 

propose as minor criteria the presence of sclerodactyly, digital pitting scars and 

pulmonary fibrosis. However, the improvement in the detection of patients 

with Raynaud’s phenomenon, and more precise autoimmune serology have 

identified many individuals with features of SSc who do not fulfil these
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preliminary criteria. In this context LeRoy and Medsger (Leroy and Medsger, 

Jr., 2001) have proposed a new set of criteria for early SSc, including the new 

vascular and serologic observations, in order to include all those patients that 

have SSc characteristics but do not fulfil the original criteria.

Table 1.2 Criteria for the classification of Systemic Sclerosis

Criteria Characteristic Definition

A. Major criterion Proximal Scleroderma Symmetric thickening, tightening, and 
induration o f the skin o f the fingers and the 
skin proximal to the metacarpophalangeal 
or metatarsophalangeal joints. The changes 
may affect the entire extremity, face, neck, 
and trunk.

B. Minor criterion 1. Sclerodactyly Above-indicated changes limited to the 
fingers.

2. Digital pitting scars Depressed areas at tips o f fingers or loss o f  
digital pad tissues as a result o f ischaemia.

3. Bibasilar pulmonary 
fibrosis.

Bilateral reticular pattern o f linear or lineo- 
nodular densities most pronounced in 
basilar portions o f the lungs on standard 
chest roentgenogram; may assume 
appearance o f diffuse mottling or 
honeycomb lung. These changes should not 
be attributable to primary lung disease.

* For purposes o f classifying patients in clinical trials, population surveys, and other studies, a 
person shall be said to have SSc if  one major or two or more minor criteria are present. 
Localized forms o f scleroderma, eosinophilic fasciitis, and the various forms of  
pseudesclerodema are excluded form these criteria.
§ Preliminary criteria for the classification o f systemic sclerosis (scleroderma). Arthritis 
Rheum 23:581-590, 1980.

The most commonly adopted classification for SSc subgroups (Leroy et al., 

1988) is based upon the extent of skin involvement and some clinical 

laboratory and natural history associations. This classification essentially 

divides the systemic disease into limited cutaneous systemic sclerosis (IcSSc) 

and diffuse cutaneous systemic sclerosis (dcSSc). For an overview of the
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current classification see Table 1.3. Over 60% of the patients are classified as 

IcSSc, where the involvement of internal organs tends to occur late in the 

evolution of the disease and it is usually preceded by Raynaud’s phenomenon 

(RP), often for many years. On the other hand, the dcSSc type tends to have 

much more rapid onset, with organ failure often present within the first 5 years 

of the disease (Black and Denton, 1998).

Table 1.3 Systemic Sclerosis subsets classification

Subset Characteristics
1. “Pre-scleroderma’

2. Diffuse cutaneous SSc (dcSSc)

3. Limited cutaneous SSc (IcSSc)

4. Scleroderma sine scleroderma

Raynaud’s phenomenon plus nailfold capillary 
changes, disease specific circulating antibodies (anti- 
Topoisomerase I, anti-Centromere, nucleolar), digital 
ischaemic changes.

Onset o f skin changes within 1 year o f onset of 
Raynaud’s.
Truncal or acral involvement.
Presence o f tendon friction rubs.
Early and significant incidence o f interstitial lung 
disease, oliguric renal failure, diffuse gastrointestinal 
disease and myocardial involvement.
Nailfold capillary dilatation and drop out.
Anti-Topoisomerase 1 antibodies -30%  of patients.

Raynaud’s phenomenon for years.
Skin sclerosis restricted to extremities, face and neck. 
Significant involvement o f pulmonary hypertension, 
skin calcification, telangiectasiae and gastrointestinal 
involvement.
High incidence o f anti-centromere antibodies (70- 
80%)

With or without Raynaud’s phenomenon- 
No skin involvement.
Pulmonary fibrosis, scleroderma renal crisis, cardiac 
or gastrointestinal disease.
Antinuclear antibodies may be present.

Modified from Black, 1998.
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1.1.4 Histopathology

The principal changes of scleroderma are vascular and microvascular 

abnormalities, characterized by capillary obliteration, endothelial 

injury/activation, intimai proliferation, medial thinning, and perivascular and 

interstitial infiltration of mononuclear inflammatory cells with an increased 

deposition of normal matrix components in the skin and internal organs (Black,

1995) (O'Angelo et al., 1969) (Harrison et al., 1991).

1.1.5 Clinical features

1.1.5.1 Raynaud s phenomenon (RP)

Raynaud’s phenomenon is frequently (90-95%) the first symptom of the 

underlying SSc disease and is considered the most common clinical expression 

of vascular derangement (Belch, 1991). The presence of RP may precede skin 

changes by several months or years and together with skin thickening is the 

most frequent clinical feature of the disease (Mitchell et al., 1997; Wigley, 

1996). Raynaud's phenomenon is defined as the episodic vasoconstriction of 

small arteries and arterioles of the extremities. The vasospasm events may be 

brought on by cold exposure, vibration or emotional stress. Patients experience 

pallor and/or cyanosis followed by rubor in re-warming. Pallor and/or cyanosis 

are usually associated with coldness and numbness of fingers and rubor with 

pain and tingling. The majority of patients with RP (>95%) never develop any 

associated connective tissue disease. This group is classified as primary RP. 

Peripheral vascular disease and RP has been reported to be more severe within 

patients with IcSSc and those with anti-centromere antibodies (ACA) who are 

at high risk to develop major peripheral vascular occlusive disease (Herrick et 

al., 1994) (Wigley et al., 1992).
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1.1.5.2. Skin

Involvement of the skin is the hallmark of scleroderma, and there are usually 3 

phases; 1) oedematous, 2) indurative and 3) atrophic.

In the early oedematous phase, fingers and hands become puffy and patients 

frequently complain of stiffness. Swelling may be also apparent on extremities 

(forearms, feet, lower legs) and the face. This phase can last for a few weeks, 

months or even years. The skin changes usually begin distally in the 

extremities and advance proximally. Subsequently the skin gradually becomes 

firm, thickens and eventually becomes tightly bound to underlying 

subcutaneous tissue (indurative phase). Flexion contractures develop as a 

result of skin thickening and tendon fibrosis. Digital ulcers may develop, with 

loss of soft tissue at the finger pads. In patients with the diffuse cutaneous 

scleroderma subset, skin changes become generalised, including all the 

extremities, face, trunk and abdomen. Rapid progression of these changes over 

a relatively short period of time is usually associated with internal organ 

affection, especially lungs, kidneys and heart and these features are linked to a 

bad prognosis (Clements et al., 2000). The skin changes in this disease subset 

usually peak around 3-5 years and then slowly improve. In the localised subset, 

the skin events tend to be more gradual, and they are restricted to fingers, distal 

extremities and face. After many years the skin may soften and return to the 

normal thickness or become thin and atrophic (Black and Denton, 1998; 

Clements and Medsger, 1996).

1.1.5.3 Lung disease

Lung disease is a frequent manifestation in SSc with more than 75% of patients 

exhibiting some pulmonary involvement. Since the emergence of more 

effective treatment for renal involvement, lung disease is now considered as the 

primary cause of mortality in patients with SSc (Steen et al., 1994). The course 

of lung disease in SSc patients is highly variable, the majority of the patients 

have some degree of early decline in the lung function and then tend to
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stabilize or improve. However in a small subset (-15%) the pulmonary 

function test decline is faster in the 3 first years of the disease with a median 

survival of 50% at 5 years (Steen and Medsger, Jr., 2000). There are 2 major 

types of pulmonary disease affecting SSc patients: fibrosing alveolitis (FASSc) 

also known as interstitial lung disease (ILD) and pulmonary arterial 

hypertension (PAH) (Bolster and Silver, 1999; Silver, 1996).

1.1.5.3.1 Fibrosing alveolitis in SSc

FASSc usually develops insidiously and tend to remains silent until later stages 

of the disease, when it may become a major cause of mortality. The most 

common initial symptom is breathlessness on exertion, followed by non

productive cough (Black and Denton, 1998). Bibasal dry crackles are found on 

the physical examination. Chest radiography usually shows bilateral 

reticulonodular shadowing and honeycombing more marked on basal regions. 

This is a relatively insensitive method, and in the past few years high resolution 

computed tomography (HRCT) has been more widely adopted technique 

approach to identify fibrotic changes, but also to differentiate them from the 

early inflammatory phase. This technique is now routinely used in the 

evaluation of SSc patients (Diot et al., 1998; Warrick et al., 1991; Wells et al., 

1992). With HRCT the earliest detectable abnormality is a subpleural area of 

increased density. When more extensive, the shadowing takes a characteristic 

reticulonodular appearance. In more advanced fibrosis this pattern is associated 

with honeycomb air spaces and even large cystic air spaces (Wells et al., 1993). 

Recent reports have reported a higher prevalence of the recently described non

specific interstitial pneumonia (Katzenstein and Myers, 1998) in patients with 

SSc (Veeraraghavan et al., 2001) (Bouros et al., 2002). This is an important 

observation because this type of ILD tends to have a better response to the 

treatment and improved prognosis (Daniil et al., 1999) (Nicholson et al., 2000). 

FASSc tends to be more frequent and more severe in patients with dcSSc and 

with those expressing anti-topoisomerase 1 antibodies (ATA) (Diot et al., 1999) 

(Greidinger et al., 1998).
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1.1.5.3.2 Pulmonary Arterial Hypertension (PAH)

Pulmonary arterial hypertension (PAH) was previously known as pulmonary 

hypertension but it was re-classified following the recent World Health 

Organization symposia (Galie and Torbicki, 2001)

Pulmonary arterial hypertension is defined as a median pulmonary artery 

pressure higher than 30 mmHg at rest by echocardiography and has a reported 

incidence around 10% in patients with SSc. Isolated PAH (IPAH) is more 

frequent in patients with IcSSc with an increased association with presence of 

anti-centromere antibodies (ACA). The secondary form of PAH occurs in 

patients with either dcSSc or IcSSc but always in association with pulmonary 

or cardiac disease (Coghlan and Mukerjee, 2001; Yamane et al., 2000). The 

presence of PAH represents a bad prognostic factor and is a major cause of 

mortality irrespective of whether it occurrs in isolation or in association with 

pulmonary fibrosis, with a median survival rate of 12-20 months (Koh et al.,

1996) (MacGregor et al., 2001). The diagnosis of pulmonary hypertension 

represents a challenge because its detection on clinical basis is difficult as the 

symptoms may appear late in the evolution of the disease. The typical 

manifestations are dyspnoea and fatigue, with a loud P2 component of the 

second heart sound and a right ventricular S3 gallop. The most common 

abnormality in pulmonary function test (PFT) is the decrease of the DLCO 

(transfer factor for carbon monoxide), and echocardiography with Doppler 

provides a reliable non-invasive measure of pulmonary artery pressure (Denton 

et al., 1997a). Recent work performed at Royal Free Hospital has shown that 

right heart catheterisation, although is albeit more invasive technique, is a more 

reliable method for measurement and evaluation of the pulmonary artery 

pressure in SSc (Dr. Coghlan, personal communication)

1.1.5.4. Renal disease

Although histological abnormalities in the kidney are almost always present, 

the most important clinical manifestation of renal disease in SSc, the
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scleroderma renal crisis (SScRC), is reported in 19% of the patients. SScRC is 

characterized by accelerated hypertension and/or progressive renal failure, and 

80% of the cases tend to occur in the first 4-5 years of disease. Risk factors 

include diffuse disease, use of corticosteroids and the presenee of anti-RNA 

polymerase III antibody (Steen, 1994) (Steen and Medsger, 2000). The 

mortality of this complication has been dramatically modified by the use of 

angiotensin-converting enzyme (ACE) inhibitors in the past 10 years, with 

survival rates improving from less than 10% at five years before the ACE 

treatment to 70% after this treatment was initiated (Steen and Medsger, 2000).

1.1.5.5 Cardiac disease

The clinical manifestations of scleroderma heart disease are variable, usually 

subtle in expression and tend to manifest late in the course of the disease. 

Symptoms include dyspnoea on exertion and palpitations. Patchy myocardial 

fibrosis, areas of contraction band necrosis and vasospasm of distal coronary 

vessels are the most frequent alterations in SSc patients (Clements and Furst, 

1994; Mitehell et al., 1997).

1.1.5.6 Gastrointestinal disease

Gastrointestinal manifestations are the most common symptoms in SSc present 

in up to 90% of the patients. They include oesophageal, small-bowel and colon 

alterations. Difficulty in swallowing, dysphagia and heartburn are frequent 

complaints, secondary to oesophageal hypo-motility. Small-bowel hypo- 

motility can lead to diarrhoea, weigh loss and malabsorption with bacterial 

overgrowth as a recurrent problem. Colonic and rectal atony frequently 

produces constipation/anal incontinence (Black and Denton, 1998).

1.1.5.7 Macrovascular and microvascular disease

Microvascular disease characterised by endothelial dysfiinetion is a hallmark of 

SSc and is noticeable elinically as Raynaud’s phenomenon. More recently 

there have been some reports on the increased prevalence of large vessel
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disease. The involvement of macrovascular abnormalities is believed to be 

higher than previously thought, and may manifest as intermittent claudication, 

ischaemic heart diseases and ischaemic stroke. Whether this macrovascular 

disease is secondary to arteriosclerosis or another process associated with the 

disease such as vasculitis or antiphospholipid antibody is currently unknown 

(Taylor et al., 2002) (Ho et al., 2000) (Wan et al., 2001) (Veale et al., 1995)

L L 6  Serological Features (Autoantibodies)

Antibodies against nuclear antigens (ANA) have been described in up to 95% 

of the patients with SSc (Bunn et al., 1998). There are 3 main autoantibodies 

association and a number of minor mutually excusive serologic subgroups in 

SSc. The major autoantibody specificities are usually associated with 

distinctive clinical profiles. Therefore they can be regarded and used as 

valuable diagnostic and prognostic factors. (Table 1.4) (Tormey et al., 2001).

1.1.6.1 Anti-topoisomerase I antibody (ATA)

Anti-topoisomerase I antibodies, also termed Scl-70 are found exclusively in 

patients with SSc especially with dcSSc subset. These antibodies have been 

associated with the presence of heart disease and pulmonary fibrosis (Jacobsen 

et al., 2001) (Fanning et al., 1998). Both ATA and AC A titres tend to be stable 

over time (Vazquez-Abad et al., 1995) but recently Kuwana et al (2000) 

identified a subset of dcSSc patients in which the AT A titre became 

undetectable during the course of the disease. In those patients with 

undetectable AT A titres the authors reported a more favourable disease 

outcome (Kuwana et al., 2000).

1.1.6.2 Anti-centromere antibody (ACA)

ACA is the most common autoantibody occurring in approximately 25% of 

patients. These antibodies recognise one or more centromere proteins (CENP- 

A, -B, or -C), however antibodies against the CENP-B can be detected in
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virtually all patients who express ACA autoantibodies (Bunn and Tormey, 

2000). This antibody is found more frequently in patients within the IcSSc 

subgroup and has been associated with little internal organ involvement, a 

higher risk of peripheral vascular occlusive disease and longest survival 

(McCarty et al., 1983) (Weiner et al., 1988) (Wigley et al., 1992).

1.1.6.3 Anti RNA polymerase antibody (ARA)

Anti-RNA polymerase I, II and III (RNAP I, II and III) (ARA) are associated 

with higher risk of dcSSc, more extensive and severe cutaneous involvement 

and with a greatest risk of renal involvement (Bunn et al., 1998) (Harvey et al., 

1999)

1.1.6.4 Minor autoantibodies specificities

There are also other less frequently occurring autoantibody specificities such as 

anti-fibrillarin (U3-Ribonucleoprotein), anti-PM-Scl, anti-Th-RNP, anti-Ku 

and anti-Ul-RNP. Anti-fibrillarin antibodies (AFA) or anti-U3-RNP antibodies 

are specific for SSc (4%), are more frequently found in Afro-Caribbean 

population and identify young dcSSc patients with an increased risk of 

developing internal organ involvement, especially isolated pulmonary arterial 

hypertension (Tormey et al., 2001) (Sacks et al., 1996). Anti-To antibodies 

recognize a 40 kD protein component of the Th RNP particle 

(endoribonuclease), which is located in the nucleolus (Yuan et al., 1991). 

Antibodies to Th/To ribonucleoprotein (anti-Th/To) are detected in SSc 

patients (-4%) and reported to identify those patients who are at greater risk 

for reduced survival (Okano and Medsger, Jr., 1990). Anti-RNP antibodies 

react with the nuclear RNA splicing particle U1 snRNP (Reuter and Luhrmann, 

1986). This serotype is found in ~ 10% of the SSc patients and has been 

associated with a low frequency of renal disease, arthritis and pulmonary 

arterial hypertension (Kuwana et al., 1994) (Ihn et al., 1999). The anti-Ku 

antibodies are found in a wide spectrum of connective tissue diseases including 

overlap syndromes. Raynaud's phenomenon and muscular and joint
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involvement are the most frequent clinical features associated with anti-Ku 

antibodies (Franceschini et ah, 2002).

Table 1.4 Main serologic groups in SSc

Antibodies Prevalence
(%)

Autoantigens
recognised Clinical associations

70-80% IcSSc
Anti-centromere 20-26 CENPs -A, -B, -C Peripheral vascular occlusive 

disease.

Anti-topoisomerase I 
(Scl-70) 22-25 Topoisomerase I

40% dcSSc 10-15% IcSSc 
Pulmonary fibrosis

Anti-RNA 
polymerase I, II, III 18-23 RNA polymerase I, 

II, III. 23 % dcSSc , renal crisis.

Anti-Pm-Scl 4 Pm-Scl Scleroderma overlap, 
polymyositis.

Ul-RNP 10 U1 snRNP Overlap features

Th/To 4 Th RNP particle Poor outcome IcSSc

Anti-fibrillarin 4-6 U3 RNP IPAH and renal crisis

IPAH=isolated pulmonary arterial hypertension Modified from Black, 1998 and Harvey, 2000.

1.2 The Pathogenesis of SSc

Fibrosis, the major characteristic of SSc, has many features in common with 

the normal physiological reparative response in wound healing, but unlike 

wound healing, the scarring phase appears to be dysregulated leading to an 

excessive deposition of collagen and ECM. This reparative fibrogenic process 

is often preceded by vascular disease and immune activation, which in 

association cause the tissue damage leading to organ failure. The initial 

stimulus that leads to an abnormal response in SSc is still unknown. However, 

damage and activation of the endothelial layer are among the first events 

reported in skin and lung from SSc patients (Prescott et al., 1992) (Harrison et
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al., 1991). These are apparent as the upregulation of adhesion molecules 

platelet aggregation, lymphocyte activation/migration and cytokine production. 

These elements can lead to altered vessel permeability with the subsequent 

migration of inflammatory cells through the endothelial layer into the 

extravascular space where they promote further recruitment of inflammatory 

cells. In the normal reparative process, the initial inflammatory response is 

self-limited leading to a restricted response. In SSc the inflammation tends to 

persist, leading to increased number of activated immune cells (mainly T cells, 

but also eosinophils, monocytes and basophils), soluble mediators such as 

cytokines, chemokines and growth factors (Black and Denton, 1998). 

Interactions between all these factors and resident or recruited cells can lead to 

dysregulated responses in the target cells, resulting in a repetitive cycle of 

tissue injury and repair.

The changes in fibroblast metabolism that take place include proliferation, 

increased production not only of collagen and other ECM elements such as 

fibronectin and tenascin, but also cytokines and growth factors (i.e. TGF-p, 

PDGF, CTGF, PGE and IL-1) (for a review see Black and Denton, 1996) 

which may exert autocrine or paracrine effects, perpetuating the altered fibrotic 

response (Trojanowska et al., 1988) (Leroy, 1974) (Cotton et al., 1998).

It is currently unknown whether this altered fibroblast response is wholly 

acquired secondary to the environmental stimulus or is partially inherited and 

then activated by external factors (Kawakami et al., 1998; Needleman et al.,

1990).

1.2.1 The endothelium and endothelial cells
The universal feature of SSc is the presence of vessel abnormalities. Some of 

the first clinical manifestations of these vessel abnormalities are the failure to 

re-warm after cold challenge (Raynaud’s phenomenon) and an abnormal 

peripheral nailfold capillary pattern, with enlarged loops, mega capillaries and 

avascular zones (Maricq and Maize, 1982).
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These observations suggest that changes in vessel function and/or endothelium 

integrity are some of the earliest features of Scleroderma pathogenesis. In 

general the first noticeable changes that occur in the endothelium include 

concentric proliferation of the intimae and perivascular oedema (Campbell and 

Leroy, 1975). The described ultrastructural alterations in early SSc comprises 

endothelial cell (EC) vacuolisation, granular degeneration of the nucleus, 

cellular necrosis, gaps appearing between EC and reduplication of basement 

membranes (Fleischmajer and Perlish, 1980). The EC disruption culminates 

with altered endothelium permeability (Bollinger et al., 1986) and leaky vessels 

that allows increased passage of plasma and mononuclear cells with the 

consequent formation of oedema and perivascular infiltrates characteristics of 

the early SSc stages.

The precise molecular and cellular changes in blood vessel endothelium that 

take place in the early stages of the disease are not known, but these are likely 

to have an important impact on the integrity and function of the structural cells 

which envelop the blood cells (such as pericytes in capillaries or smooth 

muscle cells in small arteries) which in turn are ultimately responsible for 

maintaining the vascular tone. The vascular tone is dependent on 

vasoconstriction and vasodilatation mechanisms, requiring both an intact 

endothelium and vital processes that are under neuronal control (Generini and 

Matucci, 1999). In scleroderma, current observations support the presence of 

reduced vasodilatation (i.e. relative deficiency of nitric oxide) (Cotton et al., 

1999), increased vasoconstriction (i.e. increased release of endothelin-1) 

(Kahaleh, 1991), as well as neurological alterations such as changes in the 

levels of substance P (Matucci-Cerinic et al., 1990) (Generini and Matucci, 

1999). The net result of the vessel tone alteration in SSc is a sustained 

vasoconstriction that impairs the blood flow with consequent changes in 

hypoxia, oxidative stress and ischaemia leading to further EC damage and 

activation. The EC activation is manifested by augmented production of 

cytokines, increased expression of adhesion molecules, and abnormal 

synthesis, release and activation of coagulation factors (Herrick et al., 1996)
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(Ames et al., 1997). The expression of adhesion molecules, such as 

intracellular adhesion molecule-1 (ICAM-1), vascular cell adhesion-1 (VCAM- 

1) and E-selectin on the endothelial cell surface are found not only in the 

lesional areas of skin but also in clinically uninvolved regions (Majewski et al.,

1991) (Sollberg et al., 1992) perhaps reflecting an early alteration in EC 

activation. Other markers of endothelial activation/damage such as von 

Willebrand factor, endothelin-1 and Thrombomodulin (Kahaleh et al., 1981) 

(Kahaleh and Leroy, 1999) (Vancheeswaran et al., 1994b) (Ohdama et al., 

1994) are elevated in peripheral circulation of patients. The soluble forms of 

some adhesion molecules have also been found increased in SSc patients 

serum, these include ICAM-1 and VCAM-1 (Gruschwitz et al., 1995) (Stratton 

et al., 1998), although their significance in the disease process remains 

unclear.

Endothelial cell adhesion molecules are also known to interact on the specific 

integrins on T and B lymphocytes, platelets, neutrophils, monocytes and 

natural killer cells (NK). Increased expression of these molecules would 

favour their adhesion to the endothelium and subsequent migration and 

chemotaxis and recruitment into extra-vascular tissues.

Recent observations linking EC cell apoptosis and anti-endothelial cell 

antibodies had been reported from experimental work on an animal model of 

SSc, the University of California at Davies Line (UCD) 200 chickens. These 

chickens spontaneously develop an inherited scleroderma-like disease, with 

immune, vascular and fibrotic characteristics with similarities to the human 

disease. Histochemical analysis of UCD 200 chicken skin sections showed that 

apoptosis of EC is an early event in the pathogenesis preceding the 

mononuclear perivascular infiltration (Sgonc et al., 1996). These observations 

have been expanded to include other internal organs (Sgonc et al., 2000). In 

fibrotic human skin, apoptotic endothelial cells have only been detected in the 

early inflammatory disease stages of SSc thus not furthering an understanding
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of the temporal relationship between the vascular and immunological 

components in SSc (Sgonc et ah, 2000).

Circulating antibodies that bind EC represent an heterogeneous family of 

autoantibodies that have been described in several autoimmune diseases with 

vascular pathology, including SSc (Renaudineau et ah, 2001). The anti- 

endothelial cell antibodies (AECA) have been reported in 40-84% of 

scleroderma patients (Salojin et ah, 1997) and they may react with different 

structures on the surface of EC (Ihn et ah, 2000). In general the pathogenicity 

of these AECA remains uncertain, but there are recent observations that 

support a direct damaging role in SSc as some of the AECA can induce 

endothelial cell apoptosis (Bordron et ah, 1998), and also increase the 

leukocyte adhesion to vascular endothelial cells in vitro (Carvalho et ah, 1996). 

It is a matter of speculation if the apoptosis provoked by the AECA has any 

direct role in disease pathogenesis.

1,2,2 The immune response and antibodies

There is clear evidence that activation of the immune system is an early event 

in the SSc disease process. Mainly T cells but also mast cells, eosinophils and 

basophils are found in increased number and in an activated state in the tissues 

of SSc patients. These cells are capable of modifying fibroblast and endothelial 

cell function through the production of soluble mediators (White, 1996).

There are some observations that support a major role for the T cell in the 

development of fibrosis. First there are reports of increased numbers of 

activated T cells in the skin of SSc patients mainly as a component of the 

perivascular infiltrate that is characteristic of the early stages of the disease. 

Another line of evidence that suggests an important role for T cells early in the 

pathogenesis of the disease is the tendency of the collagen producing cells, the 

fibroblast, to be predominantly located in close proximity to the mononuclear 

infiltrates (Kahari et al., 1988). Although there are contradictory reports with
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regard to the T cell subset that predominate in SSc, there seems to be a 

relationship to the organ affected and the stage of the disease. For example 

CD4+ T cells predominate in the skin (Prescott et al., 1992; Roumm et al.,

1984) whereas in the lungs a mixed pattern had been described with increased 

levels of CD8+ T cells in the presence of alveolitis (Yurovsky et al., 1996), 

with cells expressing a predominant Th2 cytokine type (IL-4+, IFNy -) in those 

patients who were reported to have more aggressive disease (Atamas et al., 

1999; Majumdar et al., 1999). Although in general is there a tendency to 

consider the Th2 response as the predominant one in SSc (Mavalia et al., 1997) 

(Tsuji-Yamada et al., 2001) there are some reports that Thl (IFNy +, IL-2+) 

polarization may occur under specific conditions, but the significance of these 

observations still not fiilly understood (Giacomelli et al., 2001) (Valentini et 

al., 2001).

The majority of T lymphocytes express T cell receptors (TCR) consisting of 

heterodimer of a  and p chains (Yoshikai et al., 1984). However a restricted 

population (1-5%) of T cells express different TCR components, the y and ô 

chains. These subsets display several functional differences with respect to 

their counter parts such as major histocompatibility complex (MHC) 

unrestricted cytolysis the recognition of intact and unprocessed self-antigens 

(Kaufmann, 1996) and in the synthesis of variety of chemokines and cytokines 

(Giacomelli et al., 2001). In SSc patients it has been noted that these y/6 T 

cells accumulate in skin and lung (Giacomelli et al., 1998) (White and 

Yurovsky, 1995) where they enhance interaction and cytotoxicity towards EC 

(Kahaleh et al., 1999). It also has been demonstrated that an expansion of 

specific y/ô T cells subsets occurs in SSc (Yurovsky et al., 1994). This 

observation has led to suggestion that the expansion of these T cells may be 

antigen driven.

It is important to mention also that recent reports have linked the presence of 

specific HLA molecules, that determine the T cell receptor affinity and 

recognition of the specific antigenic peptides presented by the antigen
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presenting cells (APC), with auto reactivity to specific epitopes on 

Topoisomerase-I (Kuwana et al., 1995) (Rands et al., 2000).

The almost universal presence of autoantibodies in scleroderma patients is 

another observation that supports the role of the immune system in this disease. 

In addition to the autoantibodies already described in SSc there are also reports 

identifying anti-endothelial cells and anti-fibroblast autoantibodies although 

the target antigens have not been described and their precise role is not known. 

In the past years several theories have been proposed to explain the 

mechanisms responsible for the loss of self-tolerance and antibody formation 

(Kamradt and Mitchison, 2001). They are summarised below:

A) Molecular mimicry with a cross immune reaction of self-epitopes to 

foreign antigen(s)

B) The release of anatomically sequestered antigens, that challenges the auto 

reactive T cell clones that have not been deleted in the thymus during the 

immune system maturation.

C) The cryptic epitope exposition, in which hidden epitopes on cellular 

proteins are exposed to the immune system that have not developed self

tolerance for them. This process may be the result of different mechanisms 

such as apoptosis (Levine and Koh, 1999) or oxidative stress induced 

proteolysis (Casciola-Rosen et al., 1997) (Schachna et al., 2002)

Antinuclear antibodies are present in nearly 95% of the SSc patients, and there 

are 3 major specificities that are associated with SSc; AT A, ACA and ARA. 

There have been commented upon in section 1.1.6. These antibodies have been 

used as an aid to disease classification, as they are usually associated with a 

distinctive pattern of clinical features and also as prognostic factors. It is also 

important to stress the fact that many of these specific antibodies have been 

associated with specific class II alleles of the major histocompatibility complex 

(MHC). These associations are explored in more detail within the section 1.2.7
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Recently serum antibodies reacting with fibroblast plasma membrane antigens 

in SSc have been reported to be able to act as an extrinsic stimulus for 

fibroblast activation in vitro (Chizzolini et ah, 2002).

Although the notion that these antibodies may have an active pathogenic role in 

scleroderma is attractive, up until now there is no experimental evidence to 

support a major direct pathogenic role for these autoantibodies in the disease 

process.

1,2,3 Fibroblast

Fibroblasts are mesenchymally derived cells that form the major cell type 

within soft connective tissue. These cells are responsible for the synthesis of 

the ECM, the formation of the connective tissues and for their adequate 

maintenance. The function of connective tissue is to provide structural support 

and integrity to almost all tissues and organs of the body. In addition, during 

tissue repair following injury, the fibroblast coordinates the repair process, 

including the degradation of old or damaged connective tissue components and 

the synthesis, deposition and assembly of new extracellular matrix.

One of the hallmarks characteristics of SSc is the excessive deposition of ECM 

components within connective tissue that leads eventually to fibrosis. Many 

studies have shown data to support the notion that the fibroblast is the target 

cell responsible for the fibrosis in SSc. These studies have examined the role of 

the fibroblast in SSc and have revealed a number of fibroblast characteristics 

that have a major impact on the disease process.

These features include;

1.) The fibroblast in scleroderma displays the appearance of highly active cells 

(Leroy, 1974) such as skin fibroblast from SSc patients, when cultured in vitro, 

produce increased amounts of type I collagen compared with fibroblast from 

healthy controls (Leroy, 1972; Leroy, 1974). This elevated production is
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maintained for many passages in vitro. This observation has been widely 

exploited to examine the response of fibroblast in vitro.

2.) The increased biosynthesis of extracellular matrix molecules by SSc 

fibroblasts is accompanied by elevation of their mRNA levels in vitro, and 

these observations have been confirmed in vivo by in situ hybridisation of SSc 

skin biopsies (Herrmann et al, 1991; Jimenez et a l, 1986; Kahari et a l, 1984; 

Kahari et al, 1988). These studies have also demonstrated elevated collagen 

mRNA transcripts within dermal skin fibroblasts, especially in cells within the 

reticular dermis and in perivascular locations (Peltonen et a l, 1989) close to 

the areas of T cell infiltration and inflammation (Scharffetter et a l, 1988).

3.) An increased expression of the cell adhesion molecule ICAM-1 on 

scleroderma fibroblast (Abraham et al, 1991) (Needleman, 1990) that appears 

to be responsible for increased binding of T cells to connective tissue 

fibroblasts through its interaction with lymphocyte function-associated antigen- 

1 (LFA-1) (Shi-wen et al, 1994). This process may be important in the early 

inflammatory phase of the disease and favour their recruitment and activation.

4.) The close association of infiltrating immune cells and collagen producing 

fibroblasts in SSc tissues suggests that immune cell-fibroblast interactions, 

directly or though soluble mediators, may be the responsible for fibroblast 

activation in SSc. Thus, T cells, as a rich source of cytokines, are likely to exert 

regulatory effects over the fibroblast.

6.) Work by Korn et al (1996) has noted that not all the connective tissue 

fibroblasts are activated in SSc to produce more collagen, but that a group or 

subpopulation of high collagen producing cells appear to exist. This group has 

speculated that these cell populations may be responsible for the increased 

extracellular matrix production in SSc (Jelaska et al, 1996) (Jelaska et al,

1999).
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7.) Studies by the Kom group have also expanded this idea and proposed that 

mechanism(s) of clonal selection are present. This hypothesis suggests that 

particular fibroblast subsets are clonally expanded as part of the disease 

pathogenesis and that these cell types produce the excess of collagen. The 

reasons of this selection remain unknown but altered cell survival, Fas-induced 

apoptosis (Santiago et al., 2001) and the action of soluble factors such as 

cytokines that stimulate cells leading to the selection of high collagen 

producing fibroblast have all been proposed as potential explanations (Jelaska 

and Kom, 2000).

There are also other cell types that can differentiate or assume the functions of 

fibroblast such as collagen producing cells, for example pericytes and 

myofibroblasts. In particular, pericytes that are important cell components of 

the microvessels that wrap around endothelial cells. These cells express 

platelet-derived growth factor receptors during healing conditions and reports 

have shown that a population of pericytes migrate into the extravascular space 

and can develop into collagen synthesising fibroblasts (Rajkumar et al., 1999; 

Sundberg et al., 1996).

1,2,4 Cytokines and growth factors

The altered production of cytokines, chemokines and growth factors in SSc by 

lymphocytes, monocytes and somatic cells, is a well-known event in SSc 

pathogenesis. These soluble factors play a major role in the regulation of the 

production and metabolism of the ECM at several steps, including collagen 

synthesis and deposition, production of ECM degradation enzymes and their 

inhibitors and the attraction, activation and proliferation of a wide range of 

cells involved in the fibrotic process. They may also have a role in the 

initiation and perpetuation of the activated fibroblast phenotype (Denton et al., 

1996; Varga and Jimenez, 1996).
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1.2.4.1 Transforming growth factor-P (TGF-p)

TGF-P is a multifunctional cytokine that plays a central role in wound healing 

and in tissue repair. The increase in fibroblast collagen synthesis is one of the 

best-characterized responses to TGF-p. This important role for TGF-p in the 

fibrotic process seen in scleroderma patients is supported by the early 

observation of abnormal expression of TGF-P in involved skin by 

immunohistochemical methods (Gruschwitz et al., 1990; Rudnicka et al., 

1994), and the identification of the presence of TGF-p isoforms in SSc lesions 

prior to the appearance of exaggerated collagen deposition (Gabrielli et al.,

1993). There are also reports of increased expression of TGF-p receptors on 

SSc fibroblast (Kawakami et al., 1998). In animal models, blockade and 

neutralization experiments have provided further strong evidence for the role of 

TGF-p in the development of fibrosis (Asakura et al., 1999; Giri et al., 1993; 

Kolb et al., 2001; Nakao et al., 1999)

Recently the TGF-p signalling mechanisms have received major attention, 

especially the Smad mediated pathways. Smad are a family of cellular 

mediators of TGF-p intracellular signals. Three families of Smad have been 

identified: the receptor-regulated Smad (Smad 2 and Smad 3); common partner 

Smad (Smad 4); and inhibitory Smad (Smad 7). Phosphorylation of Smad by 

activated TGF-P receptors leads to nuclear translocation and gene activation, 

and also leads to Smad 7 activation, which appears to serve as an inhibitor, to 

down regulate cellular responses to these stimuli (Massague and Chen, 2000). 

In regard of the potential role of Smad pathway alterations in the pathogenesis 

of SSc, there are some recent interesting research reports. In one of them, the 

level of TGF-p induced Smad-7 was found decreased, whereas Smad-3 

expression were increased in SSc fibroblast in vitro when compared with 

normal cells (Dong et al., 2002). Yuan and Varga (Yuan and Varga, 2001) 

have found evidence that a negative regulation of MMP-1 by TGF-P is 

mediated though cellular Smad 3 and Smad 4. Thus stimulation of the TGF-p
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pathway in fibroblast results in collagen synthesis whilst simultaneously 

inhibiting matrix degradation.

1.2.4.2 Platelet derived growth factor (PDGF)

Originally isolated from platelets, PDGF is now known to be produced by 

activated macrophages, smooth muscle cells, endothelial cells, and fibroblasts. 

The primary biological effect of PDGF is stimulation of proliferation and 

chemotaxis of fibroblasts, myofibroblast, monocytes and smooth muscle cells 

(Serini and Gabbiani, 1999). In vitro, PDGF has been demonstrated to induce 

the expression by SSc fibroblast of monocyte chemoattractant protein 1 (MCP- 

1), that is a potent chemoattractant molecule for mononuclear cells (Distler et 

ah, 2001). In scleroderma PDGF has also been shown to be over-expressed in 

SSc patients skin (Gay et ah, 1989) (Yamakage et ah, 1992) and in 

bronchoalveolar lavage (Ludwicka et ah, 1995).

1.2.4.3 Tumor necrosis factor (TNF)

Tumor necrosis factor (TNF) is recognised as major inflammatory mediator. 

TNF a  inhibits the synthesis of collagen type I and III (Mauviel et ah, 1988; 

Solis-Herruzo et ah, 1988), elastin and fibronectin (Kahari et ah, 1992). TNFa 

also stimulates fibroblast proliferation and inhibits endothelial cell growth 

(Kahaleh et ah, 1988). TNF is a potent inducer of IL-1 production in several 

cell types and both together can activate the endothelium to express adhesion 

molecules and represents a potent stimulus for polymorphonuclear cell and 

lymphocyte chemotaxis and activation. TNFa is also able to suppress the 

connective tissue growth factor expression induced by TGF-p in normal and 

SSc fibroblast. However, fibroblasts derived from SSc skin tend to be more 

resistant to this suppressive process (Abraham et ah, 2000).

39



1.2.4.4 Interferon-y (IFN-y)

The most potent inhibitor of collagen production by human mesenchymal cells 

is the T-cell derived Interferon y (Duncan and Berman, 1985; Jimenez et ah, 

1984). IFNy also abrogates the stimulatory effects of TGF-p on collagen 

production. In vitro the production of IFNy by mononuclear cells from SSc 

patients is reduced compared to normal cells and the serum levels of this 

cytokine are undetectable in patients with SSc (Prior and Haslam, 1992).

The antifibrotic effects of IFNy have also been demonstrated in a number of 

animal and in vitro studies (Bryckaert et ah, 1994; Granstein et ah, 1987).

1.2.4.5 Interleukin 1 (IL-1)

IL-1 is a pleiotropic pro-inflammatory cytokine that is produced mainly by 

activated monocytes/macrophages, lymphocytes, neutrophils and endothelial 

cells. IL-1 has been shown to induce proliferation and collagen production in 

normal fibroblasts. It also induces the production of many growth factors and 

cytokines by fibroblasts such as IL-6 and PDGF (Kawaguchi et ah, 1999). The 

SSc fibroblasts have been shown to express not only elevated expression of IL- 

1 type I receptors intra- and extracellularly but also higher levels of the 

intracellular IL-1 receptor antagonist (Kawaguchi et ah, 1994) (Higgins et ah,

1999). The scleroderma fibroblast has also been reported to have increased 

functional responsiveness to IL-1 stimulation (Denton et ah, 1997b) 

(Kawaguchi et ah, 1993).

1.2.4.6 Connective tissue growth factor (CTGF)

Connective tissue growth factor (CTGF) is a cysteine rich mitogenic growth 

factor that binds heparin and is secreted by fibroblasts after activation with 

TGF-p. It is also known as CCN2 or IGFBP8 and belongs to an intermediate- 

early gene family known as CCN, that includes CTGF, Cyr6I and Nov 

(Grotendorst, 1997). Connective tissue growth factor was first described as a 

mitogenic product from umbilical vein endothelial cells (Bradham et ah, 1991)
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however, soon it was evident that many cell types such as fibroblast, 

endothelial cells, smooth muscle cells, cancer cell lines and chondrocytes can 

express this growth factor.

CTGF is a 349 amino acid (AA) protein that has 4 structural domains: the C- 

terminal cysteine-knot domain (CTCK), a Thrombospondin type 1 domain, a 

von Willebrand factor type C domain and the insulin growth factor binding 

protein homologue (Bork, 1993). Some groups have classified CTGF as an 

insulin-like growth factor-binding protein-related protein (IGFBP-rP) based on 

the ability of CTGF and NOV to bind Insulin-like growth factor (IGF) in vitro 

(Baxter et al., 1998). However at the CCN international workshop, after 

evaluation of all the literature it was decided that there was no evidence to 

support the association of CTGF with the IGFBPrP family. This workshop also 

agreed on a new nomenclature of this family of factors as the CCN family. 

CTGF is now also known as CCN2 (Mol. Pathol. 2001).

CTGF had been shown to have a significant part to play in a diversity of 

normal and developmental process. These include the axial development of the 

musculo-skeletal system, embryo implantation and reproduction (Surveyor and 

Brigstock, 1999) (Surveyor et al., 1998) (Uzumcu et al., 2000)and also in 

vasculogenesis and angiogenesis (Lau and Lam, 1999; Shimo et al., 2001). 

Studies on the CTGF knockout mice have revealed many developmental 

abnormalities, the most prominent being multiple skeletal defects (Ivkovic et 

al., 2001)

In adults, this growth factor has been ascribed a key role in the tissue repair 

process after injury (healing and scarring) (Igarashi et al., 1993). CTGF may 

participate in wound repair by acting as angiogenic inducer upon endothelial 

cells and by acting as a chemotactic, proliferative and matrix remodelling 

factor on fibroblast function. CTGF can activate signalling pathways and can 

mediate a sustained activation of the p42/p44 MAPK pathway resulting in the 

upregulation of MMP-1 (collagenase-1) and MMP-3 (stromelysin-1) (Chen et 

al., 2001).
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CTGF had also been associated with several pathological process characterized 

by the overproduction of connective tissue components, mainly collagen, with 

fibrosis as the final result. These include arteriosclerosis (Oemar et ah, 1997), 

biliary atresia (Tamatani et ah, 1998), cirrhosis (Paradis et ah, 2001), 

pulmonary fibrosis (Allen et ah, 1999), renal fibrosis (Wahab et ah, 2001), and 

scleroderma (Denton and Abraham, 2001).

In summary CTGF has been shown to be involved in cell adhesion, migration 

and proliferation (Grotendorst, 1997), matrix production, angiogenesis and 

apoptotic modulation depending on the cell type examined (Gupta et ah, 2000). 

The finding that TGF-p can induce CTGF synthesis and expression and that 

both growth factors share many functions in common is consistent with the 

hypothesis that CTGF is a downstream mediator of many of TGF-P 

bioactivities in many systems (Grotendorst, 1997).

The potential role of CTGF in the SSc pathogenesis had been suggested by a 

number of clinical and basic studies. Elevated CTGF in serum has been noted 

in the SSc patients (Sato et ah, 2000) and increased CTGF tissue expressions is 

a feature of skin biopsies from SSc patients. Moreover, the expression of 

CTGF appears to correlate with skin sclerosis in patients with diffuse skin 

disease (Igarashi et ah, 1995).

In a recent study using differential display analysis (RDA technique) CTGF 

was found to be upregulated in dermal fibroblast cultured form patients with 

scleroderma. This study also demonstrated that the fibroblast cultured from 

fibrotic areas and bronco-alveolar fluid showed elevated expression of CTGF 

(Shi-wen et ah, 2000).

1.2.4.7 The Endothelin axis

The endothelin axis has been widely studied in both normal and in pathological 

condition. This system is of major importance for the control of vascular
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reactivity and is comprised of a complex group of receptors, peptide family 

ligands and converting enzymes. The endothelin system consists of three 

endothelin isoforms (EDN-1, EDN-2 and EDN-3), two G-protein coupled 

receptors, endothelin receptor type A (ENDRA) and endothelin receptor type B 

(EDNRB), and at least two activating proteases, the endothelin converting 

enzyme 1 and 2 (ECE-1 and ECE-2).

In 1988 a 21 amino-acid (AA) factor with a potent vasocontrictive action was 

first isolated from cultured porcine aortic endothelial cells and called 

endothelin (EDN) (Yanagisawa et al., 1988). In the following years the two 

other isoforms and two receptors were cloned, sequenced, and a broader range 

of activities have now been attributed to this system. These activities comprise 

vasoconstriction (Hirata et al., 1988), cell proliferation (Antoniucci et al., 

2001) (Wort et al., 2001), angiogenesis (Salani et al., 2000), proinflammatory 

actions (reviewed in (Michael and Markewitz, 1996)) and some developmental 

aspects in terms of the embryonic organization of craniofacial structures, 

heart/aortic arch (Kurihara et al., 1994) (Clouthier et al., 1998) (Bami et al., 

1998) and neural crest cells (Baynash et al., 1994; Wu et al., 1999). Beside the 

effects on the normal homeostasis, the endothelin system had been associated 

with a wide range of diseases from systemic (Schiffrin, 2001) and pulmonary 

hypertension, (Rubens et al., 2001) arteriosclerosis (Mitani et al., 2000) and 

hypertropic cardiomyopathy (Brugada et al., 1997) to fibrotic diseases such as 

pulmonary fibrosis (Giaid et al., 1993) and scleroderma (Cambrey et al., 

1994) (Abraham et al., 1997).

1.2.4.7.1 Ëndothelin-1

Endothelins are a family of 21 amino acid peptides with similar activities. 

There are 3 reported isoforms, endothelin-1 (EDN-1), 2 and 3. Three major 

functions had been described for these peptides including the control of 

vasomotor tone, cell proliferation, and vascular remodeling. All three members 

have 2 intra-chain disulfide bridges in the hairpin loop and a hydrophobic C 

terminal conserved tail.
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EDN-1 is the most widely distributed, best studied and most potent of the three 

isoforms. EDN-1 is synthesized by endothelial cells, macrophages, fibroblast, 

cardiomyocytes, and other cells, but in vivo the main source of EDN-1 is the 

endothelial cell (Kedzierski and Yanagisawa, 2001). EDN-2 has been detected 

in renal tissue and in gastrointestinal tract while EDN-3 localizes primarily to 

the central nervous system and also to the kidney tubular epithelial cells.

The regulation of EDN production appears to be control post-transcriptionally 

and starts with the preproendothelin expression with further control being 

exerted through the different enzymatic cleavage steps.

The human preproendothelin 1 gene encodes a 212 amino acid peptide that 

undergoes proteolytic cleavage by an endopeptidase specific for a pair of 

dibasic amino acids, to release a 38 amino acid intermediary structure called 

big EDN-1 (Figure 1). This big intermediate peptide has -1% of the biological 

activity of the mature peptide. Big EDN-1 is subsequently cleaved into the 

mature EDN-1 intra and extra cellular by one of several endothelin converting 

enzyme (ECE) (Hunley and Kon, 2001). Recent research has demonstrated the 

presence of two pathways involved in the process and transport of EDN-1 to 

the cell surface, one of them is a constitutive pathway that may account for the 

continuous release of EDN-1 for the maintenance of the normal vascular tone. 

In addition to the constitutive release of EDN-1, the levels of endothelin 1 can 

be further raised following appropriate stimulation, such as in response to 

injury (Russell and Davenport, 1999).
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Figure 1 Endothelin -1 biosynthetic pathway.
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Nearly 80% of the total EDN-1 produced by endothelial cells is secreted to the 

basolateral compartment with variable proportion released to the vascular 

lumen (Wagner et al., 1992). EDN-1 has a half-life of approximately 4-7 

minutes on the blood with rapid binding to tissue receptors (Teder and Noble,

2000). Little is known about the endothelin dissociation from its receptors and 

the normal metabolism, but it had been demonstrated that kidney, liver and 

lung are all involved in endothelin clearance and specifically in the lung the 

endothelin receptor B (EDNRB) seems to play a key role (Fukuroda et al.,

1994). Therefore, under normal physiological conditions, endothelins are not 

circulating hormones but they act as autocrine and paracrine factors at multiple 

sites in the body (Kedzierski and Yanagisawa, 2001).

There are several described factors that can up and down-regulate the EDN-1 

expression. These are summarized in Table 1.5.

Table 1.5 Factors that affects the EDN production.

Stimulation Inhibition

Vasocontrictor / coagulation Peptides / eicosanoid
Angiotensin II Nitric oxide

Adrenaline Atrial natriurectic peptide
Thrombin Heparin

PGFza PGI2

Physical factors______________   Physical factors
Mechanical strain High shear stress
Low shear stress 

Pressure 
Hypoxia 

Inflammatory cytokines
Interleukin 1 

TGF-p 
TNF-a

Modified from Tender & Noble, 2000 and Hunley & Kon, 2001 
PGFzO = prostaglandin FzO PGI%= Prostaglandin L

A number of studies have also suggested a prominent role for EDN-1 in
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vascular damage, both directly due to EDN-1 potent vasoconstrictive effect and 

also by up regulating the expression of other genes that have been implicated in 

vascular dysfunction and the ensuing inflammatory response (Muller et al., 

2000; Nicoletti and Michel, 1999). EDN-1 can also promote tissue remodeling 

and fibrosis through its fibroblast activation/mitogenic activity (Shi-wen et al.,

1998) (Shi-wen et al., 2001). All these mechanisms may be taking place in the 

inflammatory and fibrotic responses found in some of the models in which 

EDN-1 has been implicated.

1.2.4.7.2 Endothelin Receptors

The biologic effects of EDN-1 are mediated by at least two different receptors 

the endothelin receptor type A (EDNRA) and the endothelin receptor type B 

(EDNRB) (Arai et al., 1990) (Sakurai et al., 1992). These two receptors have 

significant homology within over 400 amino acids covering seven 

transmembrane domains. The receptors are members of the super-family of 

receptors linked with guanine-nucleotide-binding (G) proteins, that lead to 

diverse responses such as activation of phospholipase C, increase in 

intracellular calcium and induction of immediate early genes (Douglas and 

Ohlstein, 1997).

The biological effects of the endothelin receptors are directed by the relative 

population of each receptor and vary among tissues and cell types (Hunley and 

Kon, 2001). EDNRA predominates in most vascular smooth muscle cells 

whilst EDNRB is found mainly in endothelial cells but can also be found on 

vascular smooth muscle cells. The main endothelin receptors characteristics are 

summarised in the Table 1.6
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Table 1. 6 Endothelin receptors type A and B characteristics.

Receptor AA Relative Affinity Main cell/tissue distribution Major activity

EDNRA 427 ET1=ET2»>ET3 Vascular smooth muscle cells
Vasoconstriction 

Cellular proliferation 
Matrix deposition

EDNRB 442 ET1=ET2=ET3 Endothelial cells 
Vascular smooth muscle cells

Vasodilatation 
EDN-1 clearance

Modified from (Michael and Markewitz, 1996), (Rubanyi and Polokoff, 1994), (Kedzierski and
Yanagisawa, 2001) AA= Amino-acids

The EDNRA receptors mediate the vasoconstriction of vessels, cellular 

proliferation and matrix deposition. EDNRB activation has been related to the 

release of nitric oxide resulting in the relaxation of the vasculature (de Nucci et 

ah, 1988), and to the clearance of EDN-1 (Luscher and Barton, 2000).

1.2.4.7.3 Endothelin system and Scleroderma

Since the first description of the endothelin as having a potent vasoconstrictor 

effect, this molecule has been the subject of intense research in scleroderma. 

Although the place in the development of the vascular dysfunction, 

characteristic of this disease, where the endothelin is thought to act is unknown 

studies have advanced our knowledge of the endothelin axis, both family 

members and receptors and the mechanisms of action and the description of 

new biological effects, such as cellular proliferation and ECM deposition. All 

of these observations have led to consider endothelin-1 and related family 

members as potential deleterious elements at several levels in the SSc 

pathogenesis and likely targets for treatment. There is no surprise in the 

growing number of research reports that note a relationship between the 

endothelin axis and alteration in scleroderma.

There are however some conflicting reports about the serum or BAL levels in 

patients with RP or/and SSc when compared with controls. Smyth el al (Smyth 

et al., 2000) and Odoux el at (Odoux et al., 1997) found no significant
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differences in the serum or BAL levels of EDN-1 in RP or SSc patients when 

tested against controls. However the great majority of the reports have found 

significant elevation of the serum, plasma and BAL levels of the EDN-1 in the 

SSc patients when compared with control subjects (Danese et al., 1997) 

(Cambrey et al., 1994) (Morelli et al., 1995). In some of these reports the 

increased levels of EDN-1 were associated with a wider fibrotic disease 

(Yamane et al., 1992) (Kadono et al., 1995) (Vancheeswaran et al., 1994b) or 

with clinical evidence of vascular damage such as pulmonary arterial 

hypertension or hypertensive renal crisis (Vancheeswaran et al., 1994b).

There is also evidence that the levels of EDN-1 are elevated not only in 

peripheral blood of SSc patients, but also in skin (Vancheeswaran et al., 1994a) 

(Knock et al., 1993) (Tabata et al., 1997). In the skin the main localization of 

the EDN-1 was found to be the superficial papillary microvessels and to a 

lesser extent the deeper dermal vessels (Knock et al., 1993) (Vancheeswaran et 

al., 1994a). Increased staining was also identified on endothelial, smooth 

muscle cells and fibroblasts. The abnormal staining was detected not only in 

affected skin but also in clinically uninvolved dermal regions (Vancheeswaran 

et al., 1994a).

Fibroblast cultured from SSc patients also showed increased EDN-1 expression 

and higher levels of the protein secreted into the supernatant when compared to 

normal fibroblasts (Kawaguchi et al., 1994). Moreover stimulation of the 

alveolar macrophages obtained from SSc patients BAL with LPS induced these 

cell to secrete higher amounts of EDN-1 (Odoux et al., 1997).

Exogenous EDN-1 enhances the synthesis of collagen types III, and I and 

inhibits the production of interstitial collagenase (MMP-1) in normal fibroblast 

culture (Xu et al., 1998). Another interesting report from Shi-wen et al (2001) 

demonstrated that EDN-1 is able to induce matrix contraction of normal 

fibroblast within three-dimensional collagen lattices (Shi-wen et al., 2001). 

Both effects seem to be mediated predominantly via EDNRA. In regard of 

endothelin receptors, the presence of both types have been demonstrated in
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normal and SSc fibroblast, but in the latter the ratio of the relative levels 

between them is altered (Xu et ah, 1998) (Shi-wen et ah, 2001). 

Immunohistochemical analysis from the lung biopsies of patients has 

demonstrated increased expression of total EDN-1 receptors mainly in the 

sclerotic tissue (Abraham et ah, 1997). The receptors were also localized in the 

alveolar epithelium and the pulmonary interstitium.

7.2.5 New insights into the pathogenesis of the disease

In the past few years there have been a number of novel studies on SSc that 

have appeared in the literature. These investigations have led to new 

hypotheses in regard of the initiation of the pathogenic process that leads to 

SSc and are therefore worthwhile commenting upon.

1.2.5.1 Microchimerism

In the past few years there has been growing evidence supporting bi-directional 

cell traffic between mother and foetus during pregnancy (Bianchi, 2000) and 

the persistence of the foetal cells in maternal circulation for many years after 

the childbirth (Bianchi et al., 1996). Some recent reports have demonstrated the 

persistence of foetal cells from previous pregnancies at higher rates than 

expected, not only in maternal circulation but also in affected SSc tissues. This 

has led the authors to propose that microchimerism may have a significant 

impact on the development of SSc in certain patients by initiating a graft- 

versus-host like response (Artlett et al., 1997; Artlett et al., 1998; Artlett et al.,

1999) and this can be related to the foetal-maternal HLA type (Lambert et al.,

2000). Available data are not sufficient to indicate if the microchimerism has a 

role in SSc pathogenesis and can only be regarded as a secondary phenomenon. 

In support of the latter notion is the fact that not all the SSc cases can be 

explained by this phenomenon and that the disease frequency is not known to 

be higher in other populations exposed to the potential microchimerism such as 

in blood transfusion. It has been known for some time that graft versus host
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disease (GvHD) shows features of SSc and a murine model of sclerodermatous 

GvHD that has been revisited experimentally recently, could provide the 

opportunity to study the basic immunological mechanisms underlying fibrosing 

conditions, in particular SSc (McCormick et al., 1999).

1.2.5.2 Oxidative stress and autoantigens

Oxidative stress occurs when there is an imbalance between radical generating 

and radical scavenging systems. Free radicals may cause damage by a number 

of mechanisms. They can induce endothelial cell injury through oxidation of 

lipids (i.e. membrane components) and proteins (Murrell, 1993). Redox 

regulation of gene expression has recently also been recognized as an 

important pathway in the control of biological processes. Oxidative stress had 

been associated with fibroblast proliferation and production of increased 

amount of collagen (Murrell et al., 1990) (Chojkier et al., 1989), and also with 

upregulation of vasoactive mediators such as endothelin-1 (Boulanger et al., 

1992; Fukunaga et al., 1995). In this way oxidative stress could be an important 

factor in the perpetuation of the vasomotor instability. Recent studies have 

demonstrated the occurrence of oxidative stress in SSc patients. Low density 

lipoproteins from SSc patients have been shown to be highly susceptible to 

oxidation (Bruckdorfer et al., 1995), plasma levels of malondialdehyde, a 

product of free radical mediated lipid peroxidation have been also shown to be 

increased in SSc (Lau et al., 1992). Moreover monocytes from SSc patients are 

known to release increased amounts of superoxide anion when cultured in vitro 

(Sambo et al., 1999). Nitric oxide (NO) synthesis is elevated in SSc patients 

and activated endothelial cells are the most likely site of its production 

(Andersen et al., 2000). In another report, Casciola-Rosen at al, (Casciola- 

Rosen et al., 1997) have demonstrated that auto antigens targeted in diffuse 

scleroderma are uniquely susceptible to cleavage by reactive oxygen in a 

metal-dependent manner. They propose the notion that cryptic epitopes in self

antigens can initiate the autoimmune response in SSc when they are exposed to 

a potentially autoreactive T cells, following cleavage by reactive oxygen 

species (ROS) induced by cycles of ischaemia/reperfusion
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Therefore it is likely that in an environment with increased ROS there can be 

increased damage not only in bases of direct tissue damage but also generating 

antigenic epitopes not normally present. Although this is an attractive theory, 

the role of the oxidative stress and the generation of auto antigens by this 

pathway in the SSc pathogenesis is currently not known.

1.2.5.3 Viral infection

The potential viral aetiology of SSc is a suggestion that has been made many 

times in the past (Xu et al., 1991) (Jimenez et al., 1996) (McCabe et al., 1979). 

Latent human cytomegalovirus infection has been associated with the 

progression of the systemic sclerosis through its ability to infect endothelial 

cells (Pandey and Leroy, 1998).

The third area of interest links the presence of an immunodominant peptide that 

shares homology with auto antigens and with the human Cytomegalovirus late 

protein UL94. Autoantibodies (IgG) from SSc sera, that recognized this 

peptide, induced endothelial cell apoptosis, considered the initial pathogenic 

event of SSc, through specific interaction with the cell surface integrin-NAG-2 

(novel antigen-2) protein complex (Lunardi et al., 2000).

This interesting report is bringing together an old idea of the viral infection as a 

disease trigger and the presence of circulating autoantibodies capable of 

inducing apoptosis of EC and proposes that these autoantibodies may represent 

an early pathogenic mechanism of SSc (Lunardi et al., 2000)

1,2,6 Animal models

There are several animal models that are used to study basic disease processes 

although each model only exhibits a specific aspect of scleroderma 

pathogenesis. Nonetheless, these models constitute a valuable resource for the 

investigation of the SSc pathogenesis and testing potential treatments. None of 

the available animal models presents a full range of the human SSc
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characteristics (vascular injury, inflammation, immunologic changes and tissue 

fibrosis) but each one shows the fibrotic disease with different emphasis on 

immunologic or vascular abnormalities allowing the potential to intervene at 

different stages of the disease process. Table 1.7 summarises the major 

characteristics of the SSc animal models.

1.2.6.1 Naturally occurring models

Two natural occurring animal models have been described: the tight skin 

mouse (TSKl mouse) models and the UCD 200 chicken (Sgonc, 1999) (Van 

de et al., 1984)

Table 1.7 Animal models of SSc

Parameters Human
SSc

TSKl
mouse

Murine
Bleomycin-

induced

Murine
SSc

GvHD

UCD
200

chicken
Skin fibrosis + + + + +
Visceral fibrosis + + + + +
Pulmonary + - + + +
Renal + - - - +

Cardiac + + - ? +
Inflammation + - + + +
Vascular injury + - + - +
Autoantibodies + + + - +

SSc GvHD= Sclerodermatous graft vs. host disease UCD=University o f California at Davis 
Modified from Zhang and Gilliam, 2002

1.2.6.x.1. TSKl mouse

The TSKl mouse develop marked thickening of the skin when they are around 

2 weeks of age. The mouse disease process differs from the human disease in 

that the vascular component is not seen, the pulmonary presentation resembles 

more of an emphysema-type process rather than fibrosing alveolitis and there 

are no inflammatory infiltrates in the affected tissues (Saito et al., 1999) The 

TSK mouse mutation has been recently characterised as a duplication of the
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exons 17-40 of fibrillin-1 gene, that lead to an abnormally large protein. (Kielty 

et al., 1998)

1.2.6.1.2 UCD 200 line chicken

The UCD line 200 chicken share many features of human SSc such as skin and 

visceral fibrosis, vascular occlusion, lymphocyte infiltration in involved 

organs, elevated rheumatoid factor, antinuclear antibodies and polyarthritis. 

The vascular injury is the hallmark of UCD L200 chicken, as has been 

commented upon in section 1.2.1

This model differs from the human counterpart in the acute onset, and smooth 

muscle proliferation seen in vascular disease, which is absent in the human 

disease(Gershwin et al., 1981) (Sgonc et al., 1996).

1.2.6 2. Induced animal models 

1.2.6.21. Murine blcomycin-induccd sclerosis

Bleomycin is an antibiotic derived from Streptomyces verticullus that is used 

for the treatment of cancer. Pulmonary fibrosis has been described as an 

adverse side effect, and because of that it has been used to induce fibrosis in 

mouse. The fibrogenic effects of this drug may be secondary to a free radical 

injury. The common features of the bleomycin model with the human disease 

are the immune dysregulation, including positive antinuclear antibodies and 

both the dermal and lung fibrosis (Yamamoto et al., 1999).

1.2.6.2.2 Murine model of fibrosis witb graft vs. bost disease

Patients that undergo to a heterologous bone marrow transplantation sometimes 

develop a chronic GvHD with skin and visceral fibrosis that resembles 

scleroderma. Some strains of mice can develop a similar disease to the human 

SSc. There are reports of skin and pulmonary fibrosis in these animals. The 

presence of numerous cutaneous immune cells, upregulation of TGF-p,
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increased pro(al) I collagen mRNA and type I collagen synthesis in the skin 

also have been demonstrated. And although the vascular and serologic 

components of the human scleroderma are not present in the model the murine 

GvHD model has proven to be a useful model for SSc (Zhang and Gilliam, 

2002)

1.2,7 Genetic factors

1.2.7.1 Approaches to genetic studies

Complex or multifactorial diseases are defined as diseases that are ultimately 

determined by the interaction of multiple genetic and environmental factors, 

and is believed that these factors only cause disease when in combination 

reaches a threshold of susceptibility. Clearly this is the case of scleroderma in 

which no single factor has been determined in an unequivocal way to be 

primarily responsible.

In complex disease traits the genetic element is usually comprised of multiple 

gene variants, each contributing a small effect. This genetic complexity may 

also be compounded by heterogeneity, where different combinations of the 

variant give rise to a similar phenotype (Gray et al., 2000)

Two types of study have been used to identify the genetic determinants of these 

complex trait diseases: positional cloning, candidate gene association studies.

In the positional cloning studies, also known as genetic linkage, one 

chromosomal region that is transmitted within families (familiar pedigrees) 

along with the disease phenotype is identified. This type of studies are very 

useful in the identification of responsible genes for simple Mendelian diseases, 

but in diseases when the contributing factor has weaker association, they may 

not be discriminative because the confounding effects of concurrent factors.
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such as genotype-environment interaction, genetic heterogeneity and 

multilocus effects (Palmer and Cookson, 2001).

By the other hand, association studies rely on the detection of polymorphism in 

candidate genes and on the demonstration that particular alleles are associated 

with one or more phenotypic traits (Palmer and Cookson, 2001). This kind of 

association study is essential in the recognition of susceptibility loci and, in 

theory, are more powerful than linkage analysis in detecting weak genetic 

effects. The candidate gene association analysis had been mostly performed in 

a case control setting, with unrelated affected subjects compared with unrelated 

unaffected subjects. Significant differences in allele frequencies between cases 

and controls are taken as evidence for involvement of an allele in the disease 

susceptibility. There are different genetic “markers” that can be used in 

disease mapping. Single nucleotide polymorphisms (SNP) consist of variation 

in one nucleotide and are the most frequent DNA variation.

In practical terms an observed statistical association between an allele and a 

phenotypic trait will be the result of one of 3 possible situations: the finding 

can be due to a chance or an artefact; the allele is in linkage disequilibrium 

with an allele at another locus that directly affects the expression of the 

phenotype and the third one is that the allele is functional and directly affects 

the expression of the phenotype. The linkage disequilibrium arises from the co

inheritance of alleles at loci that are in close physical proximity on an 

individual chromosome. The selection of determined genes can be based in the 

biological previous knowledge in which the gene is known to be expressed in 

places or systems that are relevant to the disease (i.e. differential expression 

techniques such as RDA or micro arrays); homology with other genes (i.e. 

animal models), or inferred (Schork, 1997).

Some of the general criteria to design an association study includes the 

adequate selection of the candidate gene(s) (“are the selected genes relevant to 

the disease?”), the selection of the study group and controls. This point stresses
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the necessity of clear classification criteria for the case individual and a well- 

selected control group which have none of the disease characteristics and 

whose results are in Hardy-Weinberg (H-W) equilibrium for normal 

distribution of the genotypes. Failure to demonstrate the H-W equation in this 

fundamental group may reflect genotype errors, inbreeding or population 

substructure.

In regard of the gene expression, they are supported by the micro array 

technology that allows the analysis of thousand of genes at the same time. 

These studies provide direct evidence of the expression of particular gene(s) in 

determined disease state and even in specific disease stages. Beside this direct 

information, they are an excellent source of candidate genes to be fully 

explored in the association studies.

1.2.7.2 Genetics of SSc

The pathogenesis of scleroderma is largely unknown, but current evidence 

supports the role of complex interactions between genetic and environmental 

factors. Thus, SSc can be regarded as a multifactorial/polygenic disease. 

Exposition to several environmental agents has been clearly associated with the 

development of diseases with close resemblance to SSc. They include silica, 

epoxy resins, organic solvents, vinyl chloride, rapeseed oil, and drugs like 

bleomycin or pentazocine (Silman, 1997). A genetic predisposition is 

supported by some observations that include familial clustering of scleroderma 

and the frequent occurrence of other autoimmune diseases between the close 

relatives of the SSc patients and ethnic differences described in disease 

manifestations, survival rate and auto-antibody associations. Additional 

evidence is provided by the studies of SSc genetic factors that not only have 

reported increased frequency of specific HLA alleles in certain SSc subtypes 

but also association between some of these genetic markers with the presence 

of disease-specific auto-antibodies (Johnson et al., 2002). Some animal models, 

already described in the section 1.2.6, also support the role of genetic factors in
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SSc pathogenesis as each one of these animal models exhibit particular 

characteristics of SSc that have been related to genetic settings.

The genetic predisposition could be placed mainly in two disease stages: the 

first at the initiation, when the genetic background is necessary for the 

environmental insult to be manifested as SSc (initiating gene), and the second 

as a modifying agent where the genetic factors may influence the extent 

/distinctive aspects of the involvement arising from the same initiating 

factor(s). It appears that multiple aetiological processes could result in similar 

pathogenic mechanisms that are manifested as the clinical spectrum of SSc.

Recently SSc has been shown definitely to cluster in families although with 

low frequency (1.4%-1.6%) (Amett,2001) (Englert et al., 1999). (Manolios et 

al., 1995) (Arnett, 1995). Familial risk can be quantified as a recurrence rate 

(X), and given the SSc prevalence in families with one member affected and the 

estimated prevalence of SSc in USA of 2.6 cases/100 000 X (recurrence rate 

for first-degree relatives) has been reported between 11 and 154 by different 

authors (Englert et al., 1999) (Arnett, et al., 2001) Comparative studies in 

twins that may define the relative contribution from genetic against 

environmental factors have been problematic to carry out because of the rarity 

of the disease presentation. However the majority of the twin studies available 

up to now has demonstrated that the greater part of the monozygotic pairs are 

discordant for clinical disease (Stephens et al., 1994) (McHugh et al., 1995) 

(Kuwana et al., 2001).

The familiar occurrence of SSc with other autoimmune diseases (i.e. systemic 

lupus erythematosus) has been reported frequently. Actually it would appear 

that the appearance of other autoimmune diseases but SSc in families with one 

affected member is more common than the concurrence of two relatives with 

scleroderma. Based in genome-wide scans in several autoimmune diseases, 

remarkable concordance had been found in specific potential susceptibility 

regions irrespective of specific disease type (Gaffney et al., 2000) (Becker et
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al., 1997). These reports constitute an additional evidence to support a similar 

role of genetics in the SSc aetiology to the other autoimmune diseases.

1.2.7.2.1 Immunogenetics

A major amount of work has been performed on immunogenetic studies into 

SSc but it has not been possible to demonstrate a strong association between 

the major histocompatibility complex (MHC) and susceptibility to SSc. 

However there is increasing evidence that HLA-II genes are associated with 

the expression of SSc related auto-antibodies rather than with the disease itself, 

with wide variation between the different ethnic groups (Bunn and Black, 

1999; Kuwana et al., 1999). The most consistent reported associations of HLA 

with SSc in American and European whites include: DR5 haplotypes 

(DRB1*1101 and *1104, DQA*0501, DQB 1*0301) and DR3 haplotypes 

(DRB1*0301,DQA1 *0501,DQBl*0201). HLA-DRB1*08 was more common 

in black SSc patients against ethically matched controls (Johnson et al., 2002) 

whilst the SSc in Choctaw American Indians present a strong association with 

DRB1*1602, DQB 1*0301 and DQA1*0501 (Arnett et al., 1996). Recently the 

DQA1*0501 allele was found significantly increased among men with SSc 

compared with healthy men (Lambert et al., 2000)

Stronger associations have been described between HLA and the presence of 

specific autoantibodies. In regard of AT A, HLA-DR5 and D Rll have been 

reported with higher frequency in patients that have are positive for this 

antibody (Morel et al., 1994; Vlachoyiannopoulos et al., 2000) (Rands et al.,

2000). The HLA-DPB1*1301 has been recently reported with increased 

occurrence in ATA positive patients with linkage disequilibrium with the 

DRll allele (Gilchrist et al., 2001) (Arnett, 1995). Several reports had 

associated the presence of ATA in white and black patients with an increased 

frequency of HLA-DRB1*1101-*1104 (Kuwana et al., 1999a) (Reveille et al.,

2001). Among Japanese the HLA-DRBl *1502 and *0802 and DQBl alleles 

*0601 and *0301 are associated with the ATA (Kuwana et al., 1999b). DRl 1
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and the presence of ATA, together, strongly correlates with pulmonary fibrosis 

(Fanning et al., 1998).

There are consistent reports of correlation between HLA-DRll, HLA-DRl, - 

DR4, and -DR5 with the presence of anti-centromere antibodies with little 

influence of the ethnicity over haplotype described (Reveille et al., 1992) 

(Kuwana et al., 1999b). HLA-DRBl*04, HLA-DRBl*08 have been described 

to have strong association with IcSSc and the presence of AC A (Gilchrist et al., 

2001).

Patients with antibodies to RNA polymerases I, II and III were associated with 

DQB1*0201 (Fanning et al, 1998).

Anti Ul-RNP antibodies has been associated with HLA-DRBl*0401 and 

DQBl*0302, which are in linkage disequilibrium (Kuwana et al., 1999c). 

There is also a report in a small Japanese cohort with increased presence of 

HLA-DRBl*1502 and DQBl*0601 in SSc patients with anti-RNP antibodies 

(Kuwana et al., 1999d)

Some other MHC-autoantibodies associations have been described. HLA- 

DRl 1 is more frequent in patients with anti-Th/To-positive (Falkner et al., 

1998). In Japanese patients the +49A allele of CTLA-4 is increased in the 

presence of SSc with the anti-RNP antibody (Takeuchi et al., 2002). In patients 

with anti-fibrillin antibodies no association with HLA class II alleles were 

found (Tan et al., 2000).

Table 2.8 summarised the most relevant and recently published at on HLA and 

SSc.

1.2.7.2.2 Association with other candidate genes

The analyses of genetic markers such as single-nucleotide polymorphisms 

(SNPs) or microsatellite on candidate genes outside the HLA system have 

provided a wide range of variable associations mainly with the presence of 

particular autoantibodies, specific clinical manifestations or parameters of 

disease severity. Many candidates genes polymorphism have been published up
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to now that include cytokines, chemokines, enzymes and structural proteins 

among others.

Table 2.8 HLA -  autoantibody main association in SS patients

Autoantibody DRBl DQAl DQBl Ethnicity Ref
Topoisomerase I *1101- *0501 *0301 White, black Reveille, 2001 and

*1104 others
*1502- *0102 *0601 Japanese Kuwana, 1999
*0802 *0301
*1602 *0501 *0301 Choctaw Arnett, 1996

Anticentromere *0101 *0501 Japanese Kuwana, 1999
*0301 Falkner, 1998

*0501 Japanese Kwana, 1995
Ul-RNP *0104/ Japanese Kuwana, 1999

*0802 *0302
PM-Scl *0301 *0501 *0201 White Marguerie,1992
U3-RNP *1302 *0601 Arnett, 1996
(fibrillin)
Th/To *1104 White Falkner, 1998
RNA *0201 White Fanning, 1998
polymerase
(1,11,111)

Modified from Tan, 2000 and Johnson, 2002

For example DuBois et al (Avila et al., 1999) found association between 

fibronectin polymorphism and the presence of fibrosing alveolitis in patients 

with SSc. The CXC chemokine receptor-2 ha also been reported to be present 

with an increased frequency in patients with SSc when compared with healthy 

controls (Renzoni et al., 2000).

A number of studies describing polymorphism within TNF gene and 

associations with SSc have been reported. One study found significant 

differences in the genotype of TNF-p (+252) polymorphism between patients 

and control (Pandey and Takeuchi, 1999). A second study described an 

increased frequency of the TNFal3 microsatellite in Japanese SSc patients 

with ATA compared to healthy population (Takeuchi et al., 2000) but the 

linkage disequilibrium of these polymorphisms with HLA class II alleles 

reduced the importance of this association.
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There is also one report of lack of association between known MMP-1 

functionally polymorphism -1607 GGA that causes 2-10 fold increases in 

activity and early SSc patients (Johnson et al., 2001). One study by Marasini et 

al (2001) (Marasini et al., 2001) describes an increased susceptibility to SSc in 

those individual homozygotes for 6A allele in MMP-3 (Stromelysin), than 

those with a constitutional 5 A/5A genotype.

The frequency of the A/A genotype of the hTRA gene (human telomerase 

RNA subunit gene) in SSc was significantly higher than in normal controls 

compared with G/G genotype (Ohtsuka et al., 2002).

In another interesting study, Fatini et al (Fatini et al., 2002) found an increased 

risk of systemic sclerosis in ACE D and eNOS 894T allele carriers.

In regard of p53 gene, no somatic or germline mutations have been 

demonstrated up to now in patients with SSc (Sfikakis et al., 2002).

It is important to mention that many of these reports lack of information about 

the ethnic origin of their patients and controls that constitutes a limitation in the 

analysis and do not allow realizing comparison between the different studies.

The genetic studies carried out on the Choctaw American Indian population are 

worthwhile commentary upon. The Choctaw American Indian population in 

Oklahoma have a disease expression has considerable homogeneity with a high 

proportion of dcSSc, pulmonary fibrosis and ATA which have been associated 

with the HLA-DQB 1*0301. Specific SNPs and related haplotypes have been 

shown to be more common in SSc patients of this ethnicity compared with 

matched controls (Tan et al., 2000). However no clear association was found 

in a cohort of these patients with polymorphism in or near TGF-p 1, latent 

TGF-p 1-binding protein, TGF-p receptors 1 and 2, PDGF-a, PDGF-p or their 

respective receptors (Zhou et al., 2000). Tan et al (Tan et al., 2001)reported 

that a SNP in the 5’ UTR region of the fibrillin 1 gene (FBNl) was strongly 

associated with SSc in Choctaw Indians, and that the 2 haplotypes in Choctaws
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containing this polymorphism have associations with SSc in Japanese patients 

(Kodera et a!., 2002).

Highly significant differences were found in allele distribution frequencies for 

several microsatellite markers around SPARC (secreted protein, acidic and rich 

in cysteine) between SSc patients and controls in the Choctaw Indians.
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1.3 Aims of the study

The overall objective of the research laboratory in the Centre for 

Rheumatology in the Royal Free Campus is the analysis of the pathogenesis of 

the SSc, with special interest in the fibrotic component. One of the most 

important aspects of this project is the analysis of the genetics of SSc with 

respect to fibrogenesis. The specific aim of this research was the analysis of the 

genetic background of the fibrotic process closely related to SSc, because these 

variations may explain differences in disease, clinical characteristics, severity 

and progression. The detailed analysis of gene variation (polymorphism), 

included not only polymorphisms already described but also novel ones 

identified as part of this study. The cohort of genes examined are believed to be 

important in the regulating important aspects of fibrosis such as growth factor 

response, fibroblast survival and proliferation, and the biosynthesis of the ECM 

thus maintaining connective tissue integrity and structure.

The selection of the candidate genes was based upon several linked approaches 

that included target genes arising out of our current knowledge of the patho

physiology of fibrosis (i.e.endothelin-1 and the endothelin receptors type A and 

B, collagen type I,), and also specific genes identified from expression 

profiling studies (Shi-wen et al., 2000) and which were shown to be 

differentially regulated in SSc (i.e. CTGF).

1,3.1 Specific objectives

The thesis aims to examine polymorphism within a series of genes that are 

believed to be involved in the fibrotic process of Scleroderma. One of the 

theories of this thesis is that polymorphisms are likely to be associated directly 

with changes in the gene expression or protein function. Alternatively, the 

polymorphism may be closely related in linkage to another genetic factor.
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which may be responsible for the direct impact on gene regulation or protein 

function.

This thesis also addresses the relevance of polymorphism with respect to 

specific Scleroderma characteristics such as disease subsets and autoantibodies 

association.

The candidate genes selected for the study in this thesis were:

• Connective Tissue Growth Factor

• Endothelin 1,2,3

• Endothelin receptors type A and B

• Far upstream enhancer of Collagen 1A2 gene and Collagen type I 

collagenase-1 cleavage site

The experimental work described in section 3.5.3.2 that corresponds to the 

directed sequencing of the DNA samples of patients and controls of Collagen I 

collagenase-1 cleavage site polymorphism region, was realized by Dr. M. 

Byrne of the Whitehead Institute for Biomedical Research in Cambridge, 

Massachusetts (USA) as a part of a collaborative study with Dr. Steve Krane.
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2. MATERIALS AND METHODS

2.1 Patients And Patient Samples

Ethical approval and consent was obtained for all biopsy and blood samples 

taken.

2.1.1 Systemic Sclerosis Patients

All the SSc patients included in the study were selected from the scleroderma 

clinics at the Royal Free Hospital. Blood samples were obtained with ethical 

approval and after signed consent from the patient. All the patients included 

in this study fulfilled the American College of Rheumatology criteria for 

Systemic Sclerosis (1980) (Table 1.2)

Patients were also classified as limited cutaneous or diffuse cutaneous SSc 

according to the parameters outlined in Table 2.1.

The SSc patients were assigned into four clinical subsets:

A) Fibrosing alveolitis (FASSc): Defined by high-resolution computed 

tomography (HRCT) showing evidence of fibrosing alveolitis characterized by 

bibasilar reticular abnormalities with minimal ground glass opacities (2000).

B) Pulmonary arterial hypertension (PAH): Defined by pulmonary artery 

pressure (PAP) >30 mmHg on echocardiography parameters as follows: 

pulmonary artery resting pressure (PARP) >25 mmHg, PAP exercise >30 

mmHg.
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Table 2.1 Classification and clinical characteristics of SSc patients subsets
Systemic Sclerosis Clinical features 

_______ subtypes_________________________________________________

Limited cutaneous 
(IcSSc)

Diffuse cutaneous (dcSSc)

Raynaud’s phenomenon for years.
Skin involvement limited often to hands, face, 
feet and forearms.
Significant late incidence of pulmonary 
hypertension*, with or without interstitial lung 
disease, skin calcification, telangiectasia and 
gastrointestinal involvement.
High incidence of antibodies anti-centromere 
(ACA).
Dilated nail fold capillary loops, usually without 
capillary drop out.

Onset of skin changes within 1 year of onset of 
Raynaud’s.
Truncal and acral skin sclerosis
Presence of tendon friction rubs
Early and significant incidence of interstitial lung
disease, oliguric renal failure, diffuse
gastrointestinal disease, and myocardial
involvement.
Nail fold capillary dilatation and drop out. 
Anti-topoisomerase I antibodies (Scl-70) (30% 
patients)

*Pulmonary hypertension^ Pulmonary artery pressure > 25 mmHg at rest or >30 mm Hg upon
exercise.

B.l) Isolated PAH (IPAH): pulmonary hypertension: PAH without 

evidence of pulmonary fibrosis by HRCT.

B.2) Secondary Pulmonary Hypertension: PAH associated with pulmonary 

fibrosis. These patients were considered as part of the FASSc group.
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C) Systemic Sclerosis associated Renal Crisis (SScRC): Acute renal failure 

and systemic hypertension, renal biopsy with occlusive vasculopathy without 

immune complexes.

D) Systemic Sclerosis without any of the previously described characteristics. 

In this group were included patients without renal or pulmonary disease and 

also a subgroup of patients that have renal crisis with biopsy results different 

from the typical aspects delineated in C, They were however, integrated in the 

analysis of the SSc complete group studied, but were not included when the 

clinical/serological subgroups were evaluated.

All the patients included had a comprehensive clinical record and good quality 

DNA samples for each were available. All the diagnostic procedures and 

autoantibody determinations were carried out as part of the patient clinical 

evaluation at the Royal Free Hospital.

2.1.2 Primary Raynaud^s phenom enon patients (PR)

All patients in the RP group exhibited the characteristic vasospastic changes 

(triphasic colour changes, at least pallor and or cyanosis). No patients had any 

of the features of collagen vascular disease, including digital ulceration, pitting 

or gangrene, altered nail fold capillaries, antinuclear antibodies, or raised ESR 

(Leroy and Medsger, Jr., 1992). The patients were attending the Raynaud’s 

Clinic at the Royal Free Hospital.

2.1.3 Autoimmune Raynaud's phenomenon patients (ARP)

Patients with RP and the presence of antinuclear antibodies but without any 

specificity were classified as autoimmune Raynaud’s phenomenon. The 

patients were attending the Raynaud’s clinic at the Royal Free Hospital.
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2.L4 Control samples

Skin and blood samples were taken from normal Caucasian healthy volunteers 

from inside the Royal Free Hospital. Those close relatives to SSc patients were 

excluded. Seventeen controls were from the Oxford Transplant Centre Study 

provided by Professor Ken Welsh.

2,2 M ethods

2.2.1 DNA Extraction

2.2.1.1 White cell pellet preparation

Blood (9 ml) was collected by venepuncture prevented from clotting using 

EOT A and centrifuged at 1500 rpm for 10 minutes. The white cell layer (upper 

layer) was withdrawn into a clean polypropylene tube and diluted 2 fold with 

Red Cell Lysis Buffer (RCLB, 0.144 M NH4CI, ImM NaHCOs), mixed and 

incubated at room temperature for 15 minutes. After incubation, the samples 

were centrifuged at 1500 rpm for 20 minutes and the pellet resuspended in 13 

ml of RCLB. This procedure was repeated until all the red cells were lysed and 

the white cell pellet was clean. Pellets were then kept frozen (-70°) until use.

2.2.1.2 Modified salting-out method for DNA extraction.

The white cell pellet was resuspended in 3 ml of Nuclei Lysis Buffer (NLB, 10 

mM Tris-HCL pH 8.2, 0.4 M NaCl, 2 mM pHS.O Na2EDTA), followed by the 

addition of 200 pi of 10% SDS and 50 pi of proteinase K (10 pg/pl). The 

mixture was then vortexed and incubated at 55°C, with shaking every 30 

minutes until the pellet was dissolved. One ml of NaCl (6M) and 3 ml of 

chloroform were added and the solution was again vortexed. After 

centrifugation at 1500 rpm for 30 minutes the clear upper layer was transferred 

to a clean tube and genomic DNA was precipitated by addition of 2 volumes of
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100% ethanol. The precipitated DNA was washed with ethanol (70%) and 

transferred to an eppendorf tube and allowed to dry. The DNA was redissolved 

in 250 pi distilled H2O assessed for concentration and purity by measuring the 

optical density (OD) at 260/280 run, and kept frozen (-80°C) until use.

2.2.2. Identification of genetic polymorphism(s) and primer 
design

2.2.2.I. Selection of the reference sequence

The reference sequence of a gene is defined as the standard template with 

which all other sequences are compared. This sequence ideally has to be 

derived from genomic DNA and often the most recently reported one, in which 

sequence fidelity is confident.

2.2.2.2 Identification of the sequence variations (polymorphism)

Sequences were obtained from a number of sources, usually databases and the 

potential variations (SNPs) identified. They include:

a) Already published research papers (NCBI Pub Med)

b) The single nucleotide polymorphism (SNP) database:

http://www.ncbi.nlm.nih.gov/SNP/index.html.

c) Direct search to compare between the different databank sequences.

http://www.ncbi.nlm.nih.gov/entrez 

http://genecanvas.idf.inserm.fr/ 

http:// WWW. genom e. utah.edu/genesnps/

d) Direct DNA sequence (as for CTGF). In some instances promoter sequences 

were amplified and sequenced directly by a commercial laboratory.

Once the sequences have been recovered, additional homologous sequences 

can be traced back using the BLAST program 

(http://www.ncbi.nlm.nih.gov/BLAST/) that searches for similar sequences on 

the NCBI database.
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All the available sequences were aligned using the OMIGA 1.1.3 program 

(Oxford Molecular Group LTD), and variations subsequently identified.

2.2.2.3 Primer design

Two primers, forward (sense) and reverse (antisense) are needed to set up each 

PGR reaction. For the Sequence Specific Primer-PCR (SSP-PCR), the 3’end 

base is placed on the polymorphic site, so for each polymorphic site 2 different 

primers must be designed, one for each allele (Bunce et al., 1995).

The 5’ to 3’ (sense) direction primers have the same orientation but the reverse 

primers (antisense or 3’to 5’ direction) need to be inverted. Once the primer 

has been designed the complementary strand is determined and then inverted. 

The four basic characteristics of the primers are:

1) Annealing temperature between 58-62 °C.

2) GC content less than 50%

3) Avoiding self-annealing and complementary sequences where a primer can 

anneal itself or/ and with the other primer.

4) PGR product between 200 and 1000 bp.

The design of the primers used in this research study reported here was 

performed using two programmes:

1) The oligo calculator (http://www.basic.nwn.edu/biotools/oligocalc.htm) 

program. This programme calculates the primer annealing temperature (salt 

adjusted), the overall GG content and primer length. It also gives the 

complementary strand and detects self-annealing sites, 3’ complementarities 

and hairpin loop formation. This program includes the BLAST link that allows 

the user to asses if the primer designed is situated over another polymorphism 

and detects possible homologies with other genes.

2) The Oligo programme available at http://wwvv.biocenter.helsinki.fi/bi/bare- 

1 html/download.htm. This programme determines the primer dimer 

formation.

68

http://www.basic.nwn.edu/biotools/oligocalc.htm
http://wwvv.biocenter.helsinki.fi/bi/bare-


2.2.3 Polymerase Chain Reaction (PCR)

Genomic and cDNA was amplified by the polymerase chain reaction (PCR) 

essentially as described by Bunce et al (1995). Briefly, DNA (lO-lOOng) was 

mixed with PCR primers (1-3 pM), PCR buffer (67mM Tris-Base, 16.6 mM 

Ammonium Sulphate, 2mM Magnesium Chloride, 0.02% (v/v) Tween20), 

dNTP (25mM) and Taq polymerase (0.25 U, Advanced Technology, London 

or BIOTAQ, BiolineLtd. London) in a final volume of 13 pi in 96 or 192 well 

plates (Thermowell, Costar Coming Incorporated, NY). Samples were overlaid 

with 10 pi of mineral oil (SIGMA) in order to avoid evaporation and amplified 

under cycling conditions shown below (Table 2.2) using the following 

thermal cyclers: PTC-100 (MJ Research Inc) and Genius (Techne).

Table 2.2 PCR cycling conditions.

Temperature Time N° cycles
96° C 60 seconds 1 cycle

96° C 20 seconds 5 cycles
70° C 45 seconds
72° C 45 seconds

96° C 25 seconds 20 cycles
65° C 50 seconds
72° C 45 seconds

96° C 25 seconds 5 cycles
55° C 60 seconds
72° C 120 seconds

20° C 30 seconds 1 cycle

The resultant DNA fragments were analyzed by agarose gel electrophoresis (2 

%) in presence of Ethidium Bromide (0.08% v/v). The entire 13 pi PCR 

reaction was diluted with Orange G loading solution (2pl) (Ficoll 20% w/v,
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Orange G 0.25% w/v) and then loaded into the wells of the flat-bed agarose 

gels. Electrophoresis was carried out at 100 V with TBE buffer (IX, 18 mM 

Tris-borate and 4mM EOT A) and the migration of DNA fragment was 

monitored. Following the electrophoresis the gels were visualized under UV 

light and documented by photography using the on the UVP camera using UVP 

(Ultra Violet Productions Ltd. UK) Grab-IT annotation image capture system 

package with Sony digital graphic printer (UP-D860D).

2.2.4 Sequence Specific Primer~PCR (SSP-PCR)

Sequence Specific primer-PCR (SSP-PCR) is a technique that has been 

developed for the detection of single nucleotide polymorphisms (SNP) (Bunce 

et al., 1995). It is based on the principle that Taq polymerase requires a perfect 

match at the 3’end in order to be able to carry out the DNA replication, so if a 

mismatch is incorporated to the 3’end of a PCR primer, Taq polymerase cannot 

synthesise another DNA strand, under specific experimental conditions. If the 

primers are designed so the 3’end base is placed on the polymorphic site, only 

those primers that are complementary to the specific base will be able to 

initiate the synthesis and therefore give a product, which can be analysed on 

agarose gel electrophoresis (Figure 2).

The methodology is the same outlined under PCR technique, except that each 

reaction contains an additional primer pair as an internal positive control for 

the PCR reaction, with a size that allows differentiation of specific product 

using agarose electrophoresis. Those reactions which have two different 

products are positive for both alleles tested, and those which have only one 

product (the control one), are negative for that specific allele. The control 

primers used are given in t Table 8.11 (Appendix B) and the selection of each 

was based on the expected PCR product of the specific primer.

70



Figure 2 Scheme showing principle of Sequence Specific Primer -  PCR (SSP-PCR)
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2.2.4.1 Criteria for primer design.

The primers are designed so that they all can work under the same conditions 

as previously described. With regard to the SSP-PCR the 3'end base primer, 

usually the sense primer, is located on the polymorphic base (allele specific 

primer), with the second primer placed in a sequence common to all alleles 

(consensus or non-allele specific primer). The sequences of the primers used 

for this work are given in the Appendix B.

2.2.4.2 Primer titration and PCR optimisation.

All primers were obtained from MOW biotech, Germany, in the 0.2 pM 

format. Upon arrival the primers were diluted to a concentration of 2,000 

pg/ml with distilled H2O and stored at -20°C until required.

The primer mix contained two primer pairs, the allele specific and its 

consensus plus the internal control pair.

The primer mixes were made into 1 ml stocks that generated the working 

primer concentration and each reaction required 5 pi of this working primer 

mix in the final PCR volume of 13 pi. PCR conditions are those outlined in 

section 3.2.3

To find the optimal primer concentration the following procedure was carried 

out. Firstly a SSP-PCR was performed with a standard initial dilution (5pi (2 

mg/ml)) of both allele specific and non-allele specific (consensus) primers 

plus a constant concentration of the internal control primers in 1000 pi of 

distilled water. If this initial concentration of the primers resulted in reasonable 

amplification, the primer specificity was checked using different DNA samples 

set. If this initial amplification was not satisfactory, a symmetric tritration 

approach was employed. Symmetric tritration consisted of the addition or 

reduction of equal amounts of the specific allele primers, with a successive of 2 

pi difference. The best amplification concentration was employed and the PCR 

procedure was repeated. If a false positive amplification was found, then 

asymmetric titration was perform, in which one of the primers, usually the
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consensus one, was kept at the same concentration and the other primer tested 

with different concentrations until no false positive reactions were detected. 

Each sample was tested with both allele primers, in order to detect the presence 

of homo or heterozygotes for a particular SNP.

2.2.5 Single Strand Conformational Polymorphism

Single strand conformational polymorphism (SSCP) analysis is a genetic 

screening technique that allows detection of nucleotide substitutions in 

fragments of PCR amplified genomic DNA or cDNA (Orita et ah, 1989) 

(Vidal-Puig and Moller, 1994). The method involves the separation of 

denatured single strands of DNA on non-denaturing polyacrylamide gels. It is 

based on the relationship between electrophoretic mobility of single stranded 

DNA and its folded conformation that is dependent on the nucleotide sequence. 

A change in DNA sequence and therefore in the folded structure causes 

changes in the mobility within the gel that is identified as a different banding 

pattern (Kutach et al., 1999).

The sensitivity of SSCP depends on the length of the DNA fragment, with the 

optimal discrimination ranges between 150-250 bp (Hayashi, 1992; Kutach et 

al., 1999). Factors such as acrylamide content of the gel, additives (i.e. 

glycerol), running temperature can enhance the detection of some 

polymorphism. In this study essentially two different types of gel have been 

used, 10% acrylamide TBE precast gels (Novex) and 2x MDE gel (EMC 

Bioproducts, Maine, USA) depending on the gene explored.

2.2.5.1 Acrylamide gel electrophoresis

For analysis of SSCP using acrylamide gel electrophoresis, 2 pi of the PCR 

product was diluted in 4 pi of 0.1% SDS/lOmM EDTA and 5 pi of loading dye 

(99% formamide, 0.25% xylene cyanol, 0.25% Bromophenol blue) followed 

by dénaturation at 96° for 8 minutes and the samples were chilled on ice. Once 

cooled, 10 pi of the sample was load onto the gel and electrophoresis was
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carried out. Electrophoresis with TBE (IX) buffer was performed at 4°C, 50 w 

for 12 hours, unless otherwise stated.

2.2.S.2 Silver Staining.

Once the electrophoresis had taken place, the gels were stained with a 

commercially available silver stain kit (Sigma). Briefly, the gels were fixed, 

wash, silver equilibrated, and developed following the manufacturers 

guidelines as outlined in Table 2.3..

Once the gels have been developed they were dried with Drying Solution 

(Promega) following the manufacturers guidelines and documented by 

photography using an UVP (Ultra Violet Productions Ltd. UK) and Grab-IT 

annotation image capture system package with Sony digital graphic printer 

(UP-D860D).

Table 2.3 Silver staining procedure.

Solution Time 
> .5 mm

Time 
< .5 mm

No.
Changes

Volume (ml)

1. Fixing 20 min. 10 min 3 300
2. dHzO 10 min. 5 min. 3 300
3. Silver Equilibration 30 min. 30 min 1 300
4. Rinse dHzO 10-20 sec. 10-20 sec. 1 300
5. Development sol. 5-8 min 5-08 min 2 150
6. Stop solution 5 min. 5 min. 1 300
7. Rinse dH2Û 10 min 5 min. 3 300
8. Reducer sol. 20 sec. 20 sec. 1 300
9. Rinse tap water 1 min. Imin. 1 Running water

2.3.6 Determination o f  autoantibodies

The identification of the autoantibodies present in the patients serum were 

carried out in the Department of Clinical Immunology of the Royal Free
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Hospital (Dr. Chris Bunn). The techniques used are briefly described in the 

following section.

2.2.6.1.Anti-topoisoinerase 1 antibody

AT A were identified by counter immuno-electrophoresis using soluble extracts 

form human spleen and rabbit thymus acetone powder (Pelfreez Biologicals, 

Rogers, Arizona, USA) and antisera of confirmed specificity (Bunn and 

Tormey, 2000).

2.2.6.2 Anti-centromere antibody

The presence of anti-centromere antibodies was determined by indirect 

immunofluorescence of HEP-2 cells with rabbit anti-human polyvalent 

fluorescein isothiocyanate labelled antibodies.

2.2.Ô.3 Anti-RNA polymerase autoantibodies

Anti-RNA polymerase antibodies recognising RNA polymerases I, II and III 

were detected by immunoprécipitation of antigen form a radiolabelled HeLa 

cell extract using patient’s antibodies bound to protein A sepharose and 

visualized by autoradioraphy following separation on 8% polyacrylamide gels 

(Bunn et al., 1998).

2.3 Statistical Analysis

Genotype frequencies were determined by direct count of the genotypes 

divided by the total number of genotypes examined. Allele frequencies were 

calculated by direct counting of all alleles divided by the total number of 

alleles. Phenotype frequencies were calculated by counting for the presence or 

absence of an allele in each genotype and divided by the total number of 

genotypes.
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Association between variables were analysed using a 2 x 2 o r 2 x «  

contingency tables. Chi square test with or without Yates’s correction and 

Fisher exact test were used where appropriate. A probability of error value (P) 

less than 0.05 was considered significant after the correction for multiple 

comparisons (Bonferroni method = Pcorr = 1-[1-P]") when n is the number of 

comparisons done.

Table2.4 General form of a contingency table

Allele 1 (+) Allele 1 (-)

Disease group a b

Control group c d

The Chi square (%̂ ) is non-parametric test of statistically significance that 

determines whether the differences observed between two groups are not just 

attributable to the chance alone. The operates by comparing the actual or 

observed frequencies to the frequencies we would expect if there were no 

relationship at all between the two variables in the population. The expected 

frequency for each cell in the table is the product of the row total multiplied by 

the column total divided by the sum total of all observations. The formula 

is: (0-E)^/E where O are the observed values and E the expected frequency. To 

interpret the y  ̂ value it is necessary to compare the result with the critical 

values of y  ̂ table, giving the degrees of freedom necessary to each specific 

table. The degree of freedom (df) is expressed by the following formula: df=(r- 

l)(c-l), where r is the number of rows and c the number of columns.

When the sample size is small or the contingency table contains any number 

less than 5 the use of Yates’s continuity correction is recommended.

76



Yates’s continuity correction = [E( | O-E | -0.5)^/E].

When there is one or more expected frequency of less than five, the alternative 

approach for significance testing is the Fisher’s exact test. The result of this test 

is usually more or less the same as the result of the with Yates’s correction.

The odds ratio (OR) is the ratio of two odds for an event such as disease. In 

other words the CD is a way of comparing whether the probability of a certain 

event is the same for two groups in the presence and the absence of another 

event, such as exposure. An OR grater then 1 occurs when the disease is more 

common among the exposed than among the unexposed. When the OR is less 

than 1 indicates a negative association. The formula to calculate the OR is:

OR = ad/bc

Statistical calculations were performed using the program SPSS (SPSS Inc, II) 

on a personal computer.

The Knowledge Seeker programme (Angoss Software, Guildford, UK), a data 

minder programme, was used to analyse the relationship between genotype and 

clinical characteristics.
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3. RESULTS

3.1 CLINICAL DATABASE

5.7.1 Background

3.1.1.1 Historical context:

The Systemic Sclerosis and Raynaud’s Relational Database is part of the 

Centre for Rheumatology general database at the Royal Free Hospital in 

London. This database has been active for over 6 years and its objective is to 

serially collect data on all the scleroderma and Raynaud’s patients who 

attended to the Royal Free Hospital Rheumatology clinics. These clinics have 

been set-up by Professor CM Black and have over 1,000 SSc patients 

undergoing continual assessment, with an annual average increase of 130 

patients. The Systemic Sclerosis and Raynaud’s Relational Database currently 

contains over 15,000 patients-year of data on 1600 patients. The database has 

been designed to contain essential information about each patient including 

comprehensive clinical details relating to their disease. In the clinical section of 

the database, there is information about the age of the patient at the onset of 

disease, the type of disease (IcSSc or dcSSc), and HLA genotype. Information 

that may vary over time such as the patient’s skin score, main symptoms and 

organ involvement, is also included in this section.

The database laboratory information section includes all the general laboratory 

results such as blood count, biochemical parameters and C reactive protein. 

These data are up-dated with each patient’s attendance to the clinic. The 

section is complemented with all the relevant results of other studies such as 

CT, chest X ray, cardiac ultrasound measurement.
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The information assimilation and collection protocol that is followed is 

outlined on Figure 3, and requires significant coordination and resources in 

order to be properly maintained. The first and most important step in the 

creation of the SSc general database is the patient’s evaluation by a qualified 

Rheumatology specialist. All the relevant clinical and physical details are 

collected and written down into the clinical file. The information is then 

transferred onto the clinical database.

On subsequent visits to the clinic the diagnosis is confirmed and the 

information of the database is updated with the inclusion of the laboratory 

results. During these visits and at different time points in the disease 

progression patient samples are obtained with the patient’s written consent for 

the research bank. These samples include mainly blood for DNA, serum and 

plasma. These samples are processed and kept in the research laboratory 

facilities. The research laboratory maintains the sample bank and database that 

can be investigated and interfaced with the main clinical database. The research 

laboratory holds nearly 50,000 individual samples.

The inclusion criteria for each group of patients required for investigation are 

determined based on particular disease aspects. For this study the following 

groups of patients were required: those with isolated pulmonary arterial 

hypertension, fibrosing alveolitis, SSc associated renal crisis, in addition to 

patients with Raynaud’s phenomenon and autoimmune RP. Once the groups 

were clearly defined, suitable candidates were selected from the clinical 

database. The appropriate candidates were those that had the desired clinical 

conditions and whose samples were ready available. If all the criteria were 

met, the patient’s DNA was retrieved from the sample database and assessed 

for its quality. Once the suitable patients for the survey were selected, a new 

database was created containing all the relevant clinical information required 

specifically for this study. This information was obtained from the 

Scleroderma general clinical database, as well as from other sources such as 

from the Immunology department laboratory (Dr. Chris Bunn, Royal Free 

Hospital) database and directly from the patients’ clinical records when it was
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Figure 3. Clinical/sample Database Flow  Chart
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necessary. The reliability/quality of the clinical and serological information is 

essential for the accurate interpretation and analysis of the experimental results 

obtained. This implies that every piece of data has been confirmed in a 

reasonable way before it is included in the specific database created for this 

study. Significant effort was required to optimize this database and the final 

result was a reliable and, as far as possible, undisputed database with tightly 

defined and highly homogeneous groups. The definition and inclusion criteria 

for the different groups are fully described on section 2.1

3.1.2 Clinical and serological characteristics o f the patients 
included in the study

There were 151 scleroderma patients, 113 healthy controls, 110 RP and 26 

ARP included in the different parts of the present study.

With 151 patients, the study has the power of 86% to detect a relationship 

between the independent and dependent variables at 5% of significance level if 

the true change in the dependent variable is more than 25%.

The general demographic data of all groups are summarized in the Table 3.1. In 

general terms the SSc group had more females than males in a 5:1 ratio. The 

same was observed for the RP and ARP groups, meanwhile the control group 

had a higher proportion of males.
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Table 3.1 Demographic characteristics of the patients included in the 
study

Group Total
Gender

F M

SSc 151 123 (81%) 28 (19%)

Control 113 61 (54%) 52 (46%)

RP 110 89 (81%) 21 (19%)

ARP 26 25 (96%) 1 (4%)

Total 400 298 (74%) 102(26%)

SSc= Systemic Sclerosis RP= Raynaud’s phenomenon 
ARP= Autoimmune Raynaud’s phenomenon 

F= Female M=male

None of the RP patients were ANA positive but all the ARP group had ANA 

without any specific antibody profile.

The SSc group comprised of 151 patients, 94 (62%) of whom were IcSSc and 

57 (38%) had the dcSSc subtype. With regard to the autoantibodies this group 

had 96% of ANA positive (143/150). Six patients were ANA negative and one 

did not have serological information. The specific autoantibody frequency 

reported was 28% (43/150), 26% (40/150) and 15% (22/150) of ATA, ACA 

and ARA positive respectively. The autoantibodies distribution between the 

clinical subgroups was different with a high statistical significance (P=<10‘̂ ).

The SSc group was divided in 4 subgroups: isolated pulmonary arterial 

hypertension (IPAH), fibrosing alveolitis associated to SSc (FASSc), renal 

crisis associated to SSc (SScRC) and SSc patients without any of the former 

clinical manifestations. The detailed characteristics of the SSc subgroups, 

including SSc subtype and serology, are given in the tables 4.2-4.6 

The IP AH group included 38 patients (34 female and 4 male), 92% of them 

had IcSSc and the remaining 8% had dcSSc. Thirty IP AH patients (79%) were 

ACA positive (Table 3.2).
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Table 3.2 Clinical and serological characteristics of PAH patients

Isolated Pulmonary Arterial Hypertension (n=38)

n

IcSSc

(§) n
dcSSc

(§) n

Total

(§)
Gender
F 32 0.84 2 0.66 34 0.89
M 3 0.08 1 0.33 4 0.11
Total 35 0.92 3 0.08 38

Auto-Antibodies
ACA 29 0.82 I 0.33 30 0.79
ATA 0 0.00 1 0.33 1 0.03
ARA 0 0.00 1 0.33 1 0.03
ANA+ 3 0.14 0 0.00 3 0.08
Other 3 0.14 0 0.00 3 0.08

lcSSc= limited cutaneous SSc dcSSc=difflise cutaneous SSc ACA= anti-centromere 
antibodies ATA= anti-topoisomerase I antibodies ARA= anti-RNA polymerase 

ANA= antinuclear antibody §=proportion

The FASSc group included 80 patients (59 female and 21 male) with 43 (54%) 

of the patients having IcSSc and 46% (37) having dcSSc. The autoantibody 

profile was available for 79 patients with 49% (39) of patients having ATA 

present and 8% (6) of patients being ANA negative (Table 3.3).

The SScRC group was composed of 27 patients (23 female and 4 male) with 

48% patients (13/27) belonging to the IcSSc type and 52% (14) were classified 

as dcSSc. Four patients with SScRC also had confirmed FASSc. Eleven 

patients (41%) were ARA positive (Table 3.4 )
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Table 3.3 Clinical and serological characteristics of the FASSc group.

FASSc (n=80)

n
IcSSc

§ n
dcSSc

§ n
Total

§
Gender
F 33 0.41 26 0.33 59 0.74
M 10 0.13 11 0.14 21 0.26
Total 43 0.54 37 0.46 80 1.00

Auto-Antibodies
ACA 4 0.09 1 0.03 5 0.06
ATA 22 0.51 17 0.47 39 0.49
ARA 2 0.05 5 0.14 7 0.09
ANA- 1 0.02 5 0.14 6 0.08
ANA+ 6 0.14 5 0.14 11 0.14
Other 8 0.19 3 0.08 11 0.14
NR 1 1

lcSSc= limited cutaneous SSc dcSSc=difflise cutaneous SSc ACA= anti-centromere 
antibodies ATA= anti-topoisomerase I antibodies ARA= anti-RNA polymerase 

ANA== antinuclear antibody NR= Not reported §=proportion

Tabic 3.4 Clinical and Serological characteristics of the SScRC group
Renal Crisis (n=27)

N
IcSSc

§ N
dcSSc

§ n
Total

§
Gender
F 11 0.37 12 0.44 23 0.85
M 2 0.07 2 0.07 4 0.15
Total 13 0.48 14 0.52 27 1.00

Auto-antibodies
ACA 3 0.23 0 0.00 3 0.11
ATA 1 0.07 3 021 4 0.15
ARA 3 0.23 8 0.57 11 0.41
ANA- 0 0.00 0 0.00 1 0.04
ANA+ 4 0.30 2 0.14 6 0.19
Other 2 0.15 1 0.07 3 0.11

lcSSc= limited cutaneous SSc dcSSc=difflise cutaneous SSc ACA= anti-centromere 
antibodies ATA= anti-topoisomerase I antibodies ARA= anti-RNA polymerase 

ANA= antinuclear antibody §=proportion

Some patients with renal crisis did not fulfill the criteria required to be 

included into the renal crisis group because their biopsies shows other
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histological characteristics. These patients were included in the study as a 

separate group, the renal crisis group with no specific biopsy (RC NSB) (Table 

3.5). This group has two major subgroups: patients with only RC (pure RC) 

and those patients that have another organ involvement such as PAH or FA 

(combined with RC). The results of the pure RC group were considered within 

the general SSc disease group unless otherwise stated specifically in the study 

section. The combined group of patients were included in the group of the 

associate organ affected (i.e. PAH or FA). The group was composed of 19 

patients, 14 female and 5 male, nine (47%) had IcSSc and 10 (53%) had dcSSc. 

37% of the patients included in this group were ARA positive and none 

presented ACA.

No significant clinical differences were observed between the pure RC group 

when compared with the combined group, although there was a trend towards a 

higher proportion of males in the combined group.

Table 3.5 Clinical and Serological characteristics of the RC group with no 
specific biopsy

_________________RC NSB (N=19)____________ Pure RC (n=8)_______ RC combined (n=l 1)

Subtype (n ? 9 )  (tT o ) 'cSSc (n=2) dcSSc („=6) dcSSc(n=4)

n § n § n § n § n § n § n §
Gender
F 14 0.74 5 0.56 9 0.90 2 1.00 6 1.00 3 0.43 3 0.75
M 5 0.26 4 0.44 1 0.10 0 0.00 0 0.00 4 0.57 1 0.25
Total 19 1.00 9 0.47 10 0.53 2 0.25 6 0.75 7 0.64 4 0.36

Antibodies
ATA 2 0.11 1 0.11 1 0.10 0 0.00 1 0.17 1 0.14 0 0.00
ARA 7 0.37 3 0.33 4 0.40 1 0.50 3 0.50 3 0.43 1 0.25
ANA+ 2 0.11 1 0.11 1 0.10 0 0.00 0 0.00 0 0.00 1 0.25
OTHER 8 0.42 4 0.44 4 0.40 1 0.50 2 0.33 3 0.43 2 0.50

lcSSc= limited cutaneous SSc dcSSc=difhise cutaneous SSc ACA= anti-centromere 
antibodies ATA= anti-topoisomerase I antibodies ARA= anti-RNA polymerase ANA= 

antinuclear antibody §= proportion
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A small SSc subset group was composed of patients were evaluated as having 

PAH by echocardiogram. However after careful assessment with right heart 

catheterization it was revealed that none of these patients actually had 

pulmonary arterial hypertension. These patients were kept as a separate group 

containing six IcSSc patients (five females and one male) (Table 3.6).

Table 3.6 Clinical and serological characteristics of SSc patients.

SSc (n=6)

n
IcSSc

§
Sex
F 5 0.83
M 1 0.17

Antibodies
ACA 4 0.67
ANA 2 0.33

LcSSc= limited cutaneous SSc 
ACA= anti-Centromere antibody 

ANA= antinuclear antibody 
§= proportion

Table 3.7 shows information regarding gender, SSc subtype and affected 

organ(s) distribution of the different antibodies. One patient did not have 

serological information. Of the remaining 150, 6 (4%) were ANA negative. All 

presented fibrosing alveolitis and 5 belonged to the dcSSc subtype. Twenty 

patients had ANA present but not any of other autoantibodies. There were 40 

patients with ACA (26%), 43 with ATA (28%) and 22 (15%) with ARA 

present.
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Table 3.7 Clinical characteristics of patients classified by auto antibody 
profile

Antibody Total
Gender Subtype Subgroup

F § M § IcSSc § dcSSc § IPAS FASSc SScRC other

ANA - 6 3 0.50 3 0.50 1 0.17 5 0.83 0 6 0

ANA + 21 19 0.90 2 0.10 14 0.65 7 0.35 2 11 6 1

ACA 40 37 0.93 3 0.08 38 0.95 2 0.05 30 5 1 2

ATA 43 32 0.74 11 0.26 22 0.51 21 0.49 1 39 4

ARA 22 18 0.82 4 0.18 15 0.68 6 0.27 1 7 11

RNP 4 4 0.1 0 0.0 2 0.50 2 0.50 1 2 0 1

AFA 5 4 0.80 1 0.20 2 0.40 3 0.60 1 I 1 2

APA 2 1 0.50 1 0.50 1 0.50 1 0.50 0 2 0 0

Ro 2 2 1.00 0 0.00 2 1.00 0 0.00 0 2 0

Ro/La 2 2 1.00 0 0.00 2 1.00 0 0.00 1 1 1

Ku 1 0 0.00 1 1.00 1 1.00 0 0.00 0 1 0

APA/RNP 1 1 1.00 0 0.00 1 1.00 0 0.00 0 1 0

AJA 1 0 0.00 1 1.00 1 1.00 0 0.00 0 1 0
IPAS= isolated pulmonaiy arterial hypertension FASSc= fibrotic alveolitis SSc SScRC= 

renal crisis ANA= antinuclear antibody ACA= anti-centromere antibody ATA^ anti- 
topoisomerase I antibodies ARA= anti-RNA polymerase antibody RNP^ anti-RNP antibody 

AFA=anti-Fibrillarin (anti-U3-RNP) APA= anti-PM-Scl Ro= anti-SSA La=anti-SSB
AJA=anti-Jol §=proportion

3,1,3 Discussion:

The Scleroderma database is a major resource objective within the Centre for 

Rheumatology of the Royal Free Hospital and is the product of many years of 

continuous effort by many people in the department. As a result the database 

has become an invaluable resource of information about the disease. This 

information can be used in clinical and epidemiological surveys aimed at better 

understanding the characteristics of SSc patients and the progression of the 

disease.

In genetic studies, as in any kind of research, the planning stages are the most 

important as they will determine the specific aims, objectives and limitations of 

the study. The initial methodical and meticulous determination of the
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information is essential for ail subsequent evaluation and analysis of the assay 

results. It is this crucial step that will provide the adequate framework to 

support any genetic associations found in the study and may also help to avoid 

searching for overlooked information at the end of the study. The present study 

was based on a greatly curated database, which had undergone a series of 

evaluations leading to the description of highly homogeneous patients groups. 

This specific characteristic of the database should allow us to perform analysis 

of obtained experimental data in an accurate and robust fashion with reliable 

results and significant associations. The importance of this point was noted 

when the results were compared with those obtained from the preliminary, less 

robust, database. One of the most important aspects of this effort is not only 

that the final version of this database has been employed in a number of other 

genetic studies which required similar patient groups but also that it can be 

used in future studies.

Some interesting observations about the patients included in the present study 

deserve further analysis.

The gender distribution in disease groups, with female preponderance (1:4-8) is 

similar to the figure found in the literature (Silman and Newman, 1996). In 

this particular study we have a greater proportion of males in the control group 

than in the diseases groups owing to the inclusion of the Oxford group of 

control samples that has been already tested in previous studies and assessed as 

representative of the UK population.

With regard to the antibody profile, the patients included in the study were 

overall 96% ANA positive. This figure is in the same range as many other 

published reports (Bunn et al, 1998). Six patients were ANA negative, all of 

them had fibrosing alveolitis and five presented with diffuse cutaneous type of 

SSc. These results differ from those published in the Jacobsen report 

(Jacobsen et al, 1998) of 230 Danish SSc patients, where 34 (14 %) of the 

patients were ANA negative and of these 34 patients 74% were female. These 

patients tend to have more serositis and cardiac involvement, but no mention
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was made to the presence of fibrosing alveolitis within the cohort. This 

discrepancy may be due to the different way in which the patients were 

included: we selected the patients based on their organ involvement whereas 

the Jacobson study was a prospective one with the inclusion of consecutive 

patients.

The high proportion of ACA present in the IP AH group is also worthy of 

comment. In open studies the proportion of ACA in patients with PAH has 

been reported to be between 6% and 36%. (MacGregor et al., 2001; Yamane et 

al., 2000). This is in contrast with the 79% found in this study. One difference 

of the ACA positive groups reported in the open studies is that they are 

associated with a group of SSc patients that have IcSSc, a high frequency of 

vascular disease and long disease duration (Jacobsen et al., 1998; Wigley et al.,

1992) (Steen et al., 1988). It is also reported that anti-Fibrillarin antibodies 

(anti U3-RNP) are consistently associated with elevated pulmonary arterial 

pressure (Gunduz et al., 2001) (Tormey et al., 2001). However in our study, 

only 1 out of the 5 patients with AFA included had IP AH. This discrepancy 

may be explained by bias in the selection procedure followed in the present 

study, as only those patients with high PAP values obtained from right heart 

catheterization were included and that may reflect a group with a more advance 

pulmonary vascular disease. However, it will be of interest to expand this 

observation with a higher number of patients with similar characteristics. If this 

result can be confirmed, it could be tempting to speculate about the potential 

etiological effect between the presence of ACA and higher PAP values in SSc 

patients without fibrosing alveolitis.

In conclusion, the use of information from a carefully controlled and curated 

database, based on clear and strict selection criteria is a comer stone to any 

analysis of results obtained from genetic association studies.
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3.2 Connective Tissue Growth Factor

3.2.1 Background:

3.2.1.1 CTGF gene structure and regulation.

Connective Tissue Growth Factor (CTGF) also known as CCN2 or IGBP8 

belongs to a family of intermediate-early genes known as CCN, which includes 

CTGF, Cyr61 and Nov (2001). The gene that codes for the CTGF is located in 

chromosome 6 (6q23.1) and comprises 5 exons within around 3 Kb of genomic 

DNA (Bradham et al., 1991) (Martinerie et al., 1992).

The control of CTGF expression at the molecular level has been the subject of 

intense research over the past few years. Both (5’) upstream and (3’) 

downstream regions of the CTGF gene have several sequences that are 

believed to be involved in the regulation of the transcriptional activity and 

mRNA stability of CTGF. They are also implicated as the main regulators of 

gene expression and bioactivity (Kondo et al., 2000) (Leask et al., 2002).

The promoter region of the CTGF gene contains multiple consensus elements 

that are characteristics of other growth factors. The transcription factor (TF) 

binding sites present in the 5’upstream region include not only motifs for 

ubiquitous transcription factors such as AP-1 and SP-1 but also binding sites 

for specific factors, i.e. SMAD (intracellular components of the TGF-B 

superfamily signal transduction pathways), TRE (TPA responsive element) and 

TNF (Grotendorst et al., 1996) (Leask et al., 2001a).

Much of the recent work on the transcriptional control of CTGF has been 

focused on the agents that influence CTGF gene expression. Factors that have 

regulatory effects on CTGF gene expression include: TGFp (Igarashi et al.,

1993), thrombin (Chambers et al., 2000), glucocorticoids (Dammeier et al.,

1998), lysophosphatidic acid (Heusinger-Ribeiro et al., 2001), RhoA (Hahn et 

al., 2000), Wilms tumor suppressor 1 (WTl) gene product (Stanhope-Baker 

and Williams, 2000), prostaglandin E2 (Ricupero et al., 1999), high glucose 

levels (Murphy et al., 1999) and TNFa (Abraham et al., 2000).
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The most potent of the TF binding sites on the CTGF promoter described so far 

is the Transforming Growth Factor p Response Element (TGFpRE) described 

by Grotendorst et al (Grotendorst et al., 1996). This binding site, located 

between base pairs -162 and -128 (5’) of the transcription start site, does not 

resemble the TGF-p response element described for other genes. Further 

studies showed that an additional sequence between -244 and -166 is required 

for the full expression of the CTGF gene (Abraham et al., 2000) and a 

consensus SMAD binding site was subsequently identified in this region 

(Holmes et al., 2001). Kucich et al (Kucich et al., 2001) found that for the 

expression of CTGF following TGF-P stimulation in addition to SMAD 

activity, the activity of a phosphatidylcholine-specific phospholipase C, a 

protein kinase C (PKC) and one or more tyrosine kinases are required. It is also 

likely that the pathway requires a member of the Ras superfamily probably 

Rho. In support of the Rho and PKC role in the CTGF regulation, a recently 

reported experiment showed CTGF expression downregulation by inhibitors of 

Rho, specifically the statins (Eberlein et al., 2001), and an inhibition of the 

CTGF expression by activation of PKC (Fan and Kamovsky, 2000).

High levels of serum glucose have also been demonstrated to have an 

upregulatory effect on CTGF expression. Experimental evidence suggest that 

this action may be mediated by PKC pathways (Murphy et al., 1999).

There is also evidence that dexamethasone can induce CTGF mRNA and 

protein expression in fibroblasts. This effect potentially may be mediated by 

the stimulation of glucocorticoid responsive elements in the promoter region or 

the protein-protein interaction of the activated glucocorticoid receptor with 

another transcription factor (TF) (Dammeier et al., 1998).

Another important inflammatory mediator derived from the coagulation 

cascade, thrombin, has been characterised as a potent stimulator of fibroblast 

CTGF, and its effect was shown to be mediated by the activation of the 

protease-activated receptor 1 (PAR-1) (Chambers et al., 2000) and is believed 

to be independent of any TGF-p response.
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There are also several factors that have been demonstrated to have 

downregulatory activity on CTGF expression including cAMP, PGE2 

(Ricupero et al, 1999), Wilms tumor suppressor 1 (WTl) (Stanhope-Baker and 

Williams, 2000) and TNFa (Abraham et al., 2000).High levels of cAMP are 

believed to activate the protein kinase A pathway, which may phosphorylate 

transcription factors that inhibit CTGF production (Duncan et al., 1999; 

Kothapalli et al., 1997).

TNFa can suppress the TGFp-induced CTGF in normal and scleroderma skin 

fibroblast (Abraham et al., 2000) through a NF-kB dependent pathway (Leask 

et al., 2001b).

The involvement of RNA elements, called AU rich elements (AREs) within 

the 3’UTR (untranslated region) of specific genes has been shown to be 

important for the regulation of gene expression, including vascular endothelial 

growth factor (VEGF) and COX 2 (Conne et al., 2000) (Claffey et al., 1998). 

Sequences corresponding to these elements have been identified in the 3’UTR 

of CTGF and in experimental conditions they appear to have a potent negative 

regulatory activity on gene expression (Kubota et al., 1999) (Kubota et al., 

2000). It has been speculated that alteration of these regions could be 

responsible for the elevated CTGF in pathological conditions (Kondo et al., 

2000).

3.2.1.2 Polymorphisms within CTGF gene

There is only one report in the literature describing polymorphisms within the 

CTGF gene and specifically within the promoter region of CTGF. This study 

described the presence of two novel polymorphisms (-447 G/C and -132 C/G 

5’ from the transcription starting site) in the promoter region of CTGF. The 

authors further studied the association between this polymorphism in patients 

with ischaemic heart disease and normal control. However, no association was 

identified (Blom et al., 2001).
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3.2.2 Research Objectives

Although many aspects of the CTGF action and regulation remain to be 

elucidated, data from many studies suggest that CTGF is a good candidate for 

investigation(s) into the pathogenesis of fibrotic diseases as outlined in section 

1.2,4.6. In this context one important aspect of the CTGF biology would be to 

evaluate the possible role of genetic variation(s) in regulation of the CTGF 

expression and activity in the fibrogenic process.

The objective of this part of my study was to perform a comprehensive 

assessment of CTGF polymorphisms and evaluate the possible variations in the 

CTGF gene with respect to the association of these polymorphism in normal 

and SSc populations. In addition their possible association with particular 

aspects of the disease pathology or disease subsets was also examined.

3.2.3 Material and methods

3.2.3.1 CTGF polymorphisin(s) determination

The procedure used to determine the presence and value of polymorphisms to 

be studied are delineated in the flow diagram Figure 4.

The first stage of the study was to search for specific variation in the CTGF 

promoter regions (-800 5‘) in a group of 10 controls and 10 SSc patients using 

the Single Strand Conformational Polymorphism (SSCP). A 800 bp promoter 

region was studied with 4 sets of primers, with PCR product of approximately 

200 bp generated by each primer set (Table 8.1 Appendix B). The band pattern 

in the A4-B1231 primers product showed differences in the sample A-21 

(Figure 5). The sample A21 corresponds to a control subject.
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Figure 5 SSCP from the CTGF promoter (-180 to -400) region

B

Figure 5 shows the SSCP from the CTGF promoter region that covers from -180 to -400 bp 
upstream from the replication starting site. A, B and C are different DNA samples. Sample B 
that corresponds to A21 sample, shows a different migration pattern.

Then sample A21 was sequenced (M W G AG Biotech, Germany) from -640 to 

+70 bp o f  the CTGF gene prom oter. The area o f  the CTGF prom oter 

sequenced included the region in which the potential variation have been 

previously detected by SSCP. The sequence o f  the A21 sample was com pared 

to one sample that had a com m on pattern at SSCP and sequences available 

from GeneBank (NCBI) database. The differences that were detected were a 

deletion o f  3 nucleotides (ATA) at -433  bp, and a T/C substitution at -1 7 9  bp 

from the transcription-starting site (Table 3.8).

Then an extensive search was carried out to find additional variations in the 

CTGF sequence in the coding and prom oter regions by retrieving the m RNA 

and genomic DNA sequences available from  GeneBank at National C enter for 

Biotechnology and Information (NCBI) (w w w .ncbi.nlm .nih.gov/entrez).

The alignm ent o f  the sequences was perform ed using by OM IGA (O xford 

M olecular Inc.) software program. In total 16 sequence variations were 

detected, eight in the prom oter region and eight in the coding region (Table 

3.8).
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Figure 4. Flow diagram for the poiymorphism(s) identification and selection.

IDENTIFICATION OF POSSIBLE SEQUENCE 
VARIATIONS

Direct sequencing

Databases
GENEBANK (NCBI) 

SNP dbase 

Sanger Center 

CELERA

Published reports

Locus/allele determination by 
alignment with OMIGA program

SSP-PCR assessment o f potential 
polymorphism in 50 controls

Polymorphism frequency Polymorphism frequency
< 1/50 > 1/50

No further investigation

IAssessment o f the complete sample 
set
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O f the polymorphisms located w ithin the coding region three were 

synonym ous and two were non- synonymous. The rem aining 3 variations were 

localised in the 3 ’UTR o f the Exon 5. All the described variations detected 

were assessed in an initial group o f  50 controls with SSP-PCR in order to 

determ ine their frequency. The prim er design procedure and SSP-PCR 

conditions are the same described in sections 2.2.2, 2.2.3 and 2.2.4. The prim er 

sequences and replication conditions are sum m arized in Tables 8.2 and 8.3 in 

the A ppendix B.

The polym orphism s that exhibited a frequency greater than 2%  (1 in 50) were 

assessed in the whole set o f patients and controls by SSP-PCR (Figure 6).

Figure 6 SSP-PCR for the CTGF polymorphisms
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Figure 6 shows the CTGF polymorphism SSP-PCR. Lane pairs indicate the different 
polymorphism, each line o f the pair shows a different allele. SB indicates the specific allele 
band whereas the control product is the lower band and is denoted as CB
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Table 3.8 Characteristics of the potential CTGF gene polymorphisms.

Name Localization GeneBank
accession

Position Alleles AA Source

C-743G Promoter -743 AL354866 34018 C/G Novel

C-642A Promoter -642 AL354866 33916 C/A Novel

-575 ATT I/D Promoter -575 AL354866 33856 ATTC del Blom,2001

G-448C Promoter -448 AL354866 33726 G/C BIom,2001

C-199T Promoter -199 AL354866 33477 C/t Blom,2001

T-179C Promoter -179 AL3 54866 33455 T/c Novel

G-132C Promoter -132 AL354866 33849 G/c Blom,2001

-78 ATA I/D Promoter (-79) AL3 54866 33777 ATA del Novel

P73P Exon 2 XM004525 367 C/a P73P* db SNP

L80L Exon 2 XM004525 388 C/a L80L* dbSNP

D83H Exon 2 XM004525 395 G/c D83H db SNP

12621 Exon 5 XM004525 932 C/t 12621* dbSN P

H296Y Exon 5 XM004525 1027 C/t H296Y db SNP

A1381T Exon 5 UTR XM004525 1381 A/t dbSNP

A1382T Exon 5 UTR XM004525 1382 A/t dbSNP

G2037A Exon 5 UTR XM004525 2037 G/a dbSN P

AA= amino acid change SNP=NCBI SNP database Bold letter: Frequency > 2% P=proline 
L=leucine D=aspartic acid H=histidine I=isoleucine T^tyrosine 

* Conservative mutation

3.2.3.2 Patients and controls

The groups studied were the SSc patient groups, Raynaud’s phenomenon and 

control group that were described in sections 2.1 and 3.1.2

3.2.3.2.1 Control group.

The initial polymorphism evaluation was carried out in 50 white UK healthy 

control individuals, who were not related to any SSc individuals. Thereafter an 

additional group of 49 controls were tested only for those polymorphisms that 

were confirmed.
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3.2.3.2.2 SSc subgroups definition

The SSc patients were divided in 3 clinical (FASSc, IP AH and SScRC) and 3 

serological (ATA positive, AC A positive and ARA positive) subgroups, based 

on the presence of the specific clinical/serological characteristic. The statistical 

analysis of the genotypes was done between the patients included in each 

particular group against the SSc patients that did not present that specific 

feature. The groups that included the SSc patients without the precise disease 

aspect to be evaluated have been defined as No FASSc, No IP AH, No RC, No 

ATA, No AC A and No ARA respectively. For this particular study the FASSc 

group was compiled with by patients who presented FA with the exclusion of 

those patients that presented concomitant renal disease.

3 2.3.3. CTGF serum levels

ELISA for CTGF was performed essentially as described by Stratton et al 

(Stratton et al., 2001). Antibodies for total CTGF N-terminal and C-terminal 

fragments were obtain from FibroGen (FibroGen Inc. San Francisco, Ca. 

USA). CTGF serum levels were determined by FibroGen (FibroGen Inc. San 

Francisco, Ca. USA) using an ELISA with affinity-purified rabbit anti-human 

CTGF antibody and recombinant human CTGF to the standard curve (Stratton 

et al., 2001).

3.2.3.4 Statistical analysis.

Genotype, phenotype and allele frequencies were calculated by direct counting. 

Associations were assessed using 2 x 2 or 2 x n contingency table analysis and 

the with Yates’s correction or Fisher’s exact test and Bonferroni correction 

for multiple comparations (Pcorr) were used where appropriate with a 

correction factor of 3. These analyses are more detailed in section 2.3
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3.2,4 Results:

3.2 4.1. CTGF polymorphisms

Only 5 out 16 of the potential polymorphisms showed at least one different 

allele in the initial screening with 50 healthy controls. These polymorphic loci 

were: the promoter region polymorphisms -743, -642 and -448 together with 

the coding region polymorphism I262I (Exon) and 52037 (UTR Exon 5).

These polymorphisms were further assessed in the whole set of patients. We 

included 137 SSc patients in this study, 61 RP and 99 healthy controls. The 

general characteristics of the control and patients groups studied are 

summarized in Table 3.9 and the entire results for all patient groups and 

polymorphism of this part of the study are reported in Appendix A. The results 

given in this section represent the significant findings.

Table 3.9 Demographic characteristics of the clinical groups.

Group Total
Sex

F % M %

Controls 99 53 60.2 46 46.47

RP 61 52 85.2 9 14.7

SSc 134 111 82.8 23 17.1

RP = Raynaud’s phenomenon SSc = Systemic sclerosis

SSc group was composed of 51 (38%) patients with the diffuse cutaneous SSc 

and 83 (62%) with the limited cutaneous form of the disease. 69 SSc patients 

had fibrosing alveolitis, 12 of them also presented renal complications and 20 

had secondary pulmonary hypertension. There were 33 patients with isolated 

pulmonary arterial hypertension, 4 of them with concomitant SSc associated 

renal disease. In the renal crisis group there were 25 patients with biopsy 

proven SSc characteristics already described, 4 of them presented also with 

pulmonary fibrosis and 3 with pulmonary arterial hypertension. There were 22 

patients classified in the SSc general group, 17 patients with renal disease but
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without the typical biopsy characteristics of SSC who were not included in the 

SScRC group (Table 3.10). There were 16 patients with involvement of two 

organs.

Table 3.10 Clinical characteristics of SSc patients.

Gender
Subgroup n**

Subtype

M
(%)

Limited

FASSc

IPAH

SScRC

SSc*

70

33

25

22

53 (75%) 17(25%)

30(91% ) 3 (9 % )

21(84%) 4(16% )

18(81%) 4(18% )

Diffuse
(%)

39(55% ) 31(45% ) 12 RC

30(91% ) 3(9% ) 4R C

11 (44%) 14 (56%) 4 FASSc 3 IPAH

11(50%) 11(50%) 8 FASSc HP AH

n= Total number FASSc= fibrosing alveolitis SScRC= renal crisis IPAH= isolated 
pulmonary arterial hypertension SSc= systemic Sclerosis * 8 RC no biopsy proven

**16 patients with involvement o f two organs.

Only the 57 patients with FA without renal involvement were considered for 

the FASSc group and are those who are going to be included in the further 

analyses.

There was female preponderance in the SSc and RP groups, as expected. In 

regard of the auto antibody profile, 4 out 134 (3%) SSc patients with reported 

ANA were in fact negative, that is within the expected range from literature 

reports (Bunn and Tormey, 2000).

The autoantibody distribution (Table 3.11) showed major differences between 

the groups. Fifty five percent of the fibrosing alveolitis patients had anti- 

topoisomerase I antibodies positive, 7% were ACA positive and 5% showed 

ARA antibodies. Within the IPAH, group 79% were of positive for ACA. 

ATA and ARA were observed in only one IPAH patient each. The IPAH 

patient with ATA positive did not have any evidence of fibrosing alveolitis, as 

assessed by HRCT, lung function test or clinical examination in repeated 

examinations over studied follow-up period. The patients with renal failure 

independently of the biopsy results showed a preponderance of ARA 

antibodies (45%).
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Table 3.11 Major autoantibody distribution among SSc subgroups.

Subgroup ATA* ACA* ARA* ANA (-) ANA (+) Others

Fibrosing alveolitis 31 (55%) 4 (7%) 3(5% ) 4 (7%) 9 (17%) 5 (9%)

PAH 26 (79%) 1 (3%) 0 2(6% ) 3(9% )

Renal Crisis (SSc related) 4(16%) 1 (4%) 11(44%) 0 6 (24%) 3 (12%)

Renal Crisis (NSB) 1 (12%) 0 4 (50%) 0 0 3 (38%)

General SSc 0 3 (60%) 0 0 0 2 (40%)

antibody ACA= anti-centromere antibody ARA= antibodies recognising epitopes on RNA 
polymerase NSB=No specific biopsy

Genotype frequencies in all the patient groups and control subjects were not 

significantly different from those predicted under Hardy-Weinberg 

equilibrium.

There were no differences in the distribution of any of the polymorphism 

studied between the control group and RP or SSc. There was also no statistical 

difference between the limited and diffuse cutaneous subgroups of SSc. 

Analysis of the groups and polymorphisms with the Knowledge Seeker 

program revealed a difference in the distribution of the -743 genotype in SSc 

patients with SScFA when compared with those SSc patients without fibrosing 

alveolitis (No FA) (P=0.03 Pcorr= 0.08). However after the correction for 

multiple comparisons was made no statistical significance was demonstrated 

(Table 3.12).

3.2.3.11. CTGF (C-743G) polymorphism

The analysis of the C-743G polymorphism genotype distribution in the 

different clinical and serologic groups showed a GG excess in the SScFA 

group when contrasted to the control group and the SSc patients without FA 

(35% vs. 18% P=0.017 Pcorr=0.05 and 15% P=0.01 Pcorr=0.03). When the 

SSc patients without FA were compared with the control group no significant 

difference was observed.

When the groups were analyzed on the basis of the major autoantibodies it was
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clear that the ATA positive group had a different genotype distribution (Table 

3.13). The SSc patients with the presence of ATA had an increased proportion 

of GG genotype when compared to the control group and with SSc patients 

without ATA (39% vs. 18 and 17% respectively, P=0.007 Pcorr= 0.02).

This difference was even more significant when we compared the patient group 

with fibrosing alveolitis with ATA against the same group but without ATA 

(48% vs. 16% P=0.001 Pcorr=0.003). There was no difference between the 

fibrosing alveolitis without ATA subgroup and the controls in the genotype 

distribution.

Table 3.12 CTGF (C-743G) genotype and allele distribution frequency

Control SSc FASSc No FA
(n=99) (n= 134) (n=57) (n=61)

N % N % N % N %
Genotype
CC 23 23 30 22 11 19 14 23
GC 58 59 71 53 26 46 38 62
GG 18 18 33 25 20 35 9 15
Allele
C 104 58 131 49 48 42 66 54
G 94 47 137 51 66 58 56 46

FASSc= Fibrosing alveolitis No FA= SSc Patients without fibrosing alveolitis 
P value FA vs. No FA = 0.03
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Table 3.13 CTGF (C-743G) polymorphism genotype and allele frequency

Control
SSc FASSc No FA

ATA (+) A TA(-) ATA (+) ATA(-) A T A (+) A T A (-)

Total n 99 38 94 31 25 3 57

Genotype

CC(%) 23 26 21 23 16 33 23

GC (%) 59 34 62 29 68 67 63

GG (%) 18 39 17 48 16 0 14

P (0.01) 0.007* (0.001) 0.001* (NS) NS

P con* (0.03) 0.02* (0.003) 0.003*

Allele

C 53 43 52 37 50 67 54

G 47 57 48 63 50 33 46

P NS 0.02 NS

(P value)= Group vs. Control * ATA (+) vs. ATA (-) FASSc= Fibrosing alveolitis
ATA= Anti-topoisomerase

3.2.4.2. Potential transcription factor binding sites

I sought to assess whether the C-731C polymorphism is associated with any 

transcription factor (TF) binding site that can be modified by this DNA 

variation. I therefore searched for transcription factor consensus binding 

sequences in the CTGF promoter with the Matlnspector (Genomatix Software 

GmbH). The results of the search revealed that the polymorphism in the -743 

position is situated over some potential transcription factor motifs. Each allele 

modifies the extent of homology of the different consensus sequences to the 

reference matrices (Table 3.14).

The CTGF C-743G polymorphism region appears to be, by sequence 

homology, a binding site or for a number of TF factors. In particular 2 TF may
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have potential relevance: GKLF and MZFl. Both of these factors belong to the 

family of zinc finger TF sites.

Table 3.14 Transcription factor binding motifs in C-743G polymorphism

Name TF consensus 
sequence

Matrix 
Similarity C 

Allele

Matrix 
Similarity G 

allele
CTGF
Promoter C A C T C C T C C C T
PAX3.01 TCGTcacrctt T C G T c a c r 0.75
AP2.01 mkCCCScnggcg m k C C C S 0.71 0.70
CREL.Ol sggmwTTCC n w T  T C C 0.77
TEFl.Ol yaCATTccwsng C A T T c c w s n g 0.75
deltaEF 1 nnncACCTnan n n c A C C T n a n 0.76
USF.03 gyCACGtgnc C A C G t g n c na 0.89

CTGF
Promoter
(reverse) A G G G A G G A G T G
HNF4.03 rggnCAAAgktcan A A g k t  c g a n 0.74 0.812
GKLF.Ol raanrarrraRRGG r r a R R G G 0.85 0.79
ATF.Ol cnsTGACgtnnnyc n s t G A C g t n n n 0.74
MZFl ngnGGGGa n g n G G G G a 0.85 na
HSFl.Ol RGAAnrttcn R G A A n r t 0.72

Capital letters=core matrix Bold letters^ C/G allele TF= Transcription factor 
n= any nucleotide, r is A/G and y is C/T

Table 3.15 Transcription factor motifs matrix.

Matrix name Matrix family
PAX3.01
AP2.01 (Activator protein 2)
CREL.Ol (c-Rel)
TEFl.Ol (TEF-1 related muscle factor) 
deltaEFl
USF.03 (upstream stimulating factor) 
HNF4.03 (Hepatic nuclear factor 4)
GKLF.01 (Gut-enriched Kruppel-like factor) 
ATF.01 (Activating transcription factor) 
MZFl
HSFl .01 (Heat shock factor 1)____________

PAX-3
AP2F (Activator protein 2)
NFKB (Nuclear Factor Kappa B/c-rel) 
TEA/ATTS DNA binding domain factors 
E-Box Related factors 
E-Box binding factors 
HNF4
Gut-enriched Kruppel-like binding factor) 
CREB
Myeloid Zinc Finger 1 factor 
HEAT shock factors
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3.2.4 3. CTGF serum levels

CTGF serum levels from thirteen subjects were obtained. These levels were 

classified by C-743G polymorphism genotype (Table 3.16). Although the 

number of the samples analysed is small, there appear to be a tendency for the 

GG samples to have higher levels of CTGF.

Table 3.16 CTGF serum levels in SSc and Controls.

Genotype CC CG GG
(n=4) (n=7) (n=2)

CTGF levels 14.5 9.1 17.5
(SD) (17.8) (5.0) (21.6)

SD= Standard deviation

i .  2.5 Discussion

SSc is a complex disease with a wide variation in the clinical and serological 

presentation, progression rate and mortality. This heterogeneity may be the 

result of the interaction between the combinations of variations in the sequence 

of key genes plus exposition to environmental factors not yet completely 

characterized. CTGF is a newly described growth factor with a growing 

number of described actions toward fibroblasts. Its potential role as a 

downstream mediator of some of the TGF-p activities responsible for the 

fibrotic process makes it an important target not only in the search of 

pathogenesis of the SSc but also as a promising potential candidate in the 

treatment of the disease.

The intensive search performed over the CTGF gene sequences has 

demonstrated several new single nucleotide variations and other already 

described by Blom et al and other new ones (Figure 7). Only five out of 16 

SNP initially identified, were proven to have a frequency over 2% and thus 

made them suitable candidates to be investigated as potential factors in the 

initiation or progression of the SSc. Of outstanding interest were the
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polymorphism found at Exon 3’ UTR (G2037A) and those located at the 

promoter region of the gene because of their potential influence on the gene 

expression. No work has been reported with respect to the functional activities 

of any of the polymorphisms in the CTGF gene.

The genotype, carriage and allele frequency of, -743, -642, -448, Exon 5 I262I 

and Exon 5 UTR 2037 polymorphisms did not differ between a normal control 

population, RP and SSc population. There is only one report in the literature 

(Blom et al., 2001) about the CTGF polymorphism determination and the 

genotype frequency of the -448 loci in our population was similar to that 

previously published. We were unable to confirm the sequence corrections 

done by these authors, as all our results were concordant with the GeneBank 

reference sequence.

The polymorphism located at -743 had not been previously reported and 

consists in a C/G change. This SNP was found to have significant differences 

in the genotype distribution between the SSc patients with fibrosing alveolitis 

and those patients without and characterized by an excess of GG (35% vs. 18% 

controls and 15% no FA, P=0.03). There was no statistical significance when 

the correction for the multiple comparisons test was applied (Pcorr=0.08). The 

GG excess was more noticeable when the SSc group was sub-classified by the 

presence of ATA and compared with the SSc group without ATA (39% vs. 

17% P=0.007 Pcorr=0.02) and with the control group (39% vs. 18% P=0.01 

Pcorr^0.03). The difference was more prominent when the fibrosing alveolitis 

group was subdivided into ATA positive and ATA negative. The GG genotype 

was found in the 48% of the FASSc patients with the presence of ATA in 

contrast to 16% of the FASSc group who were ATA negative (P=0.001 

Pcorr=0.003). No difference was found between the ATA negative (with or 

without FA) and the control groups. In addition, the limited data available from 

CTGF levels, points toward an increased amount of CTGF in those subjects 

with the GG genotype. Interestingly there is a report by Sato et al (Sato et al., 

2000) of increased semm levels of CTGF in patients with SSc that correlates 

with the presence (and severity) of pulmonary fibrosis.
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Figure 7 CTGF promoter region: polymorphism and transcription factor sites
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In the genetic study, an association between some specific patient’s 

characteristics and particular genotypes may have diverse meanings (Tabor et 

al., 2002). Firstly the association may be due to chance or mistake in the study 

design. The second possibility is that the genotype is in linkage disequilibrium 

with another polymorphism. The third possibility is that the polymorphism 

actually has a direct role in the pathogenesis of the disease.

To address the first possibility, 1 attempted to tighten the statistical analysis, 

with the use of the Bonferroni test. The association between the GG genotype 

and the fibrosing alveolitis group did not keep the originally observed 

statistical significance after the Bonferroni test, but the ATA association with 

the same genotype remained strong and significant.

Based on these assumptions it is tempting to speculate that the association of 

the C-743G polymorphism GG genotype is with the antibody itself rather than 

directly with fibrosing alveolitis. There is well-known correlation between the 

ATA presence and fibrosing alveolitis (Diot et al., 1999) therefore the weaker 

association detected may be the result of the overlap of the patients between 

those groups. An alternative explanation may be the lack of sensitivity in the 

techniques that defined the diagnosis for the fibrosing alveolitis and some 

patients with early fibrosis may have been overlooked clinically but detected 

by a test such as antibody profile.

However, there is no clear explanation as to the association between this 

particular GG genotype in the CTGF promoter region and the presence of 

specific antibodies, and to date no influence has been reported for CTGF over 

antibody production or antibody producer cells. Another possibility may be 

linkage disequilibrium with an unknown polymorphism, perhaps in the HLA 

region, which is like CTGF, also located on chromosome 6. In support of this 

idea there are many reports in the literature showing clear association between 

the presence of a particular HLA locus with the presence of specific 

autoantibodies (Arnett, 1995) (Gilchrist et al., 2001). An alternative 

explanation may be the existence of different diseases (subset) with distinct 

genetic profiles but whose clinical characteristics have not been clearly 

dissected due to complex factors such as the presence of similar clinical
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manifestation and diagnostic procedures with limited sensitivity. The theory of 

different type of diseases with different pathogenesis and evolution but 

resulting in similar clinical manifestation (scleroderma) are actually classified 

under the generic name of systemic sclerosis, has been suggested by other 

authors (Fanning et al., 1998; Harvey and McHugh, 1999). These are based on 

genetic studies, and no doubt deserve special attention but remain to be fully 

investigated.

The possibility of an active role for this polymorphism on the disease 

pathogenesis should also be explored. There are some studies on the regulation 

of the CTGF gene expression (Grotendorst, 1997) (Holmes et al., 2001) and 

many functional regions have been determined, but there is no information 

available on the functional relevance of the region where the C-743G is 

located. Extensive search on the TRANSFAC database with the Maltlnspector 

program (Genomatix) revealed some potential transcription factor recognition 

sites within the region where this polymorphism is placed. These include 

CREL, MZFl or GKLF. The described base variation (C/G) modifies the 

homology degree for the potential TF sites detected (Table 3.14) and could be 

the source of modulation of gene expression. In order to prove this theory, 

further work is needed, firstly to prove that it is a functional site and secondly 

to search for the transcription factor responsible for the function.

3,2.6 Conclusion:

The CTGF polymorphism C-743G appears to be associated with the presence 

of anti-Topoisomerase I antibody in SSc patients and in particular with those 

patients with concomitant fibrosing alveolitis. The potential implication(s) of 

these associations is not fully understood, but is tempting to speculate that this 

polymorphism may have some functional relevance. This is supported by 

increased levels of CTGF in the GG genotype individuals and the potential 

modification of regulatory effect of CTGF expression by the altered sequence 

of the TF binding site.
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3.3 
Endothelin isoforms 1, 2 and 3 polymorphisms across 
the Scleroderma disease spectrum.

3,3,1 Background

Eendothelin-l (EDN-1) is one of the most potent vasoconstrictive peptides 

reported to date. EDN-1 together with the two other isoforms endothelin-2 and 

-3, the endothelin receptors type A and B, and the peptidases endothelin 

converting enzyme 1 and 2 are components of the endothelin axis. The earliest 

and most extensive studied endothelin action in humans is the regulation of the 

basal constrictor tone of the peripheral vascular bed and the maintenance of 

blood pressure (Haynes and Webb, 1994). Moreover, there are a growing 

number of other activities attributed to components of the endothelin axis such 

as in inflammation, as mitogenic factors for different cell lines such as smooth 

muscle cells, myocytes and fibroblasts (Piacentini et al., 2000) (Carratu et al., 

1997) (Shi-wen et al., 1998) (Komuro et al., 1988) and in angiogenesis. Recent 

reports have also demonstrated that EDN-1 can have chemotactic activity for 

human neutrophils and monocytes (Cui et al., 2001), prime neutrophils 

(Hafstrom et al., 1993), stimulate macrophages to release elastase (Halim et 

al., 1995) and can also induce fibronectin gene expression and the release of 

protein from human bronchial epithelial cells (Marini et al., 1996). In 

fibroblasts, EDN-1 has been reported to produce an increase in collagen 

mRNA levels and a marked suppression of matrix metalloproteinase 1 (MMP- 

1) (Shi-wen et al., 1998) (Dawes et al., 1996). Given these activities it is not 

surprising that alterations in EDN-1 have been implicated in the pathogenesis 

of diseases characterized by endothelial damage and altered vessel tone such as 

pulmonary and systemic hypertension, and in the inflammatory and fibrotic 

process such as scleroderma.

110



3.3.1.1 Endothelin isoforms, gene structure and regulation

Currently there are three endothelin isoforms that have been characterized. 

Distinct genes located on different chromosome encode the precursor of each 

of the isoforms (Inoue et al., 1989a) (Bloch et al., 1989; Bloch et al., 1991) 

(Rubanyi and Polokoff, 1994) as summarized in Table 3.17

Table 3.17 Endothelin isoforms gene characteristics

Gene Chromosome Size ( Kb) Exon GeneBank AN

EDN-l 6 5.5 5 Z98050

EDN-2 1 6.9 5 NT004852

EDN-3 20 26.9 6 NT001362

GeneBank AN= Accession number of the Gene Bank NCBI

Examination of EDN-1 gene expression has identified several regulatory 

elements within the 5’flanking region, which are consensus binding sites for 

transcription factors. These include those for activation protein-1 (AP-1) and 

nuclear factor-1 (NF-1) through which angiotensin II and TGF-p can modify 

EDN-1 expression, and a recently described Vezfl/DBl motif at position -47 

bp upstream of the endothelin-1 transcription start site that may have a role in 

regulation of the normal vascular tone (Aitsebaomo et al., 2001). There are also 

4 copies of the CTGGGA sequence which is known to be the acute phase 

reaction regulatory element, two in the 5’ flanking region, one within intron 1 

and the other within intron 4 (Inoue et al., 1989b). In the 3’ region there are 2 

AUUUA sequences (also known as ARE’s which were defined in section 

3.2.1), that are known to mediate selective mRNA stability and may have a role 

in controlling EDN-1 half-life (Hunley and Ron, 2001).
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3.3.1.2 Endothelin polymorphisms

There are a growing number of reports identifying polymorphisms with 

components of the endothelin axis. But these association studies have in 

general focused on the EDN-1 polymorphism(s) and in particular on vascular 

alterations, mainly systemic hypertension and related factors as well as 

myocardial infarction (Barden et al., 2001) (Nicaud et al., 1999). The Table 

3,18 shows a summary of the EDN polymorphism association studies.

Two independent studies have found associations between the TT genotype of 

the K138N polymorphisms in EDN-1 with higher blood pressure levels in 

overweight individuals (Asai et al., 2001; Tiret et al., 1999). Another study 

reported the association between the TT/TG genotype and the presence of 

raised blood pressure and increased EDN-1 levels in pregnant women (Barden 

et al., 2001). In addition Iglarz et al (2002) (Iglarz et al., 2002) found that the 

presence of the T allele of the same polymorphism was associated with an 

increased vascular reactivity in a human mammary artery ring contractile 

model, and constitutes the only study of endothelin polymorphisms which may 

account for variation in endothelin activity. No other functional studies on 

endothelin polymorphisms are currently available. There are also two studies 

reporting the association of a Taql restriction enzyme polymorphism and +138 

(A base insertion giving quadruplicate A segment) polymorphism with the 

presence of atopic diseases such as asthma and allergic rhinitis (Holla et al.,

1999) (Holla et al., 2001) (Immervoll et al., 2001).

Table 3.18 EDN-1 polymorphism association studies.

Polymorphism Allele Association Reference

K198N GT/TT t  Arterial response to EDN-1 Iglarz, 2002

K198N T t  Arterial pressure in overweight Tiret, 1999

K198N TT t  EDN-1 plasma levels in pregnant women Barden, 2001

K198N T T Arterial pressure in pregnant women Barden, 2001

+ 138 A I/D 4A T IgE in atopic diseases Holla, 2001

4124 (Taql) T Asthma lmmervoll,2001
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Currently there are no reports of the study of Endothelin axis polymorphism in 

SSc patients and there is only one study of single EDN-1 and EDNRA 

polymorphisms in RP patients (Smyth et al., 1999). These authors found no 

association.

3.3.2 Research objective

The objective of this study was to assess the presence of polymorphisms in the 

EDN-1, EDN-2 and EDN-3 genes and the association of the polymorphisms 

within RP, APR and SSc and with specific clinical and serological 

manifestations of the these diseases.

3.3.3 Material and Methods

3.3.3.1 Identification of endothelin polymorphisms

The potential polymorphisms to be studied with the EDN-1, -2 and -3 gene 

were identified and assessed following the general procedure as outlined for 

CTGF in section 3.2.3.1 (Figure 4). Over 70 SNP were present in the SNP 

databases that included information on endothelin: dbSNP database of the 

NCBI (http://w^w.ncbi.nlm.nih.gov/SNP/index.html), GeneSNPs from the 

Utah University (http://www.genome.utah.edu/genesnps/), GENE CANVAS 

from the INSERM (http://genecanvas.idf.inserm.fr/) and from the Hypertension 

Candidate Gene SNPs database of the Case Western Reserve University 

(http://cmbi.bimu.edu.cn/genome/candidates/SNPs.html). Thirteen variants out 

of the possible 70 SNP were selected: 5 corresponded to EDN-1, 6 to EDN-2 

and 2 to EDN-3. These loci were selected on the base of previously reported 

frequency (> 0.5%), or localization (mainly those situated in coding or 

promoter regions) (Tabor et al., 2002).
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Table 3.19 Initial Endothelin axis polymorphism characteristics.

Gene Total
Exon

Intron
UTR

Flank
Syn Nsyn 5’ 3 ’

EDN-l 5 2 1 0 1 1 0

EDN-2 6 1 1 2 0 0 1

EDN-3 2 0 2 0 0 0 0

Syn=Synonymous change Nsyn= No synonymous UTR= Untranslated region

Table 3.19 gives an overview of the type of polymorphisms within the EDN 

axis studied. All these polymorphism were tested in 50 healthy controls to 

confirm their frequency by SSP-PCR, with the conditions reported in section

2.3.1 (Figure 8)

The primer sequences used for the amplification of each polymorphism are 

given in Tables 8.4-S.6 (Appendix B).

Polymorphisms where the frequency was greater or equal to 2% were assayed 

in the entire patient set. The Table 3.20 summarizes the characteristics of the 

polymorphisms studied in the complete set of patients.

3.3.3.2 Patients and Control groups.

This study included the following groups, a control cohort and RP, ARP and 

SSc patients (divided in 4 different clinical groups) as have been defined in the 

section 2.1. An initial group of 50 healthy Caucasians from the control group 

were tested to confirm presence of the polymorphism and to have a preliminary 

approximation of the frequency. Thereafter, 49 extra control samples were
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included as a part of the complete survey. The clinical and serological 

characteristics of each group had been previously described (section 3.1)

Figure 8 Endothelin Axis SSP-PCR
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Figure 8 shows the endothelin axis polymorphism SSP-PCR. Lane pairs 1-11 indicate the different 
polymorphisms, each lane of the pair shows a different allele (A, T, C or G). l-III represent DNA samples 
of different patients. SB indicates the specific polymorphism band whereas the control product is the lower 
band and is denoted as CB. The EDNRA and ENDRB are discussed in section 3.4

3.3.3.3 Statistical analysis

The P corrected value (Pcorr) <0.05 was considered to be significant. The 

correction factor applied in this study was 13.
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3,3,4 Results

From the original set of 13 polymorphisms included for the first round of 

confirmatory SSP-PCR assays, only 4 EDN-1 DNA variants showed an initial 

frequency higher than the 2% specified as the inclusion criteria. These 

polymorphisms were localised to the 5’ upstream region (T-1370G), within 

intron 1 (+138 A I) and the remaining two polymorphisms were in the coding 

region: one of them results in a change in the protein amino acid (lysine to 

aspargine, K198N) whereas the last polymorphism is a conservative 

polymorphism (E106E) (Table 3.20).

Table 3.20 Polymorphism within the EDN-1 gene

Polymorphism Localization Allele

T-1370G 5’ upstream G/T

138 A I UTR Exon 1 A I

E106E Exon 3 G/A

K198N Exon 5 G/T

UTR= Untranslated region I = insertion

The patients included in this study were 110 controls, 110 RP, 26 autoimmune 

RP (ARP) and 150 SSc patients. Eighty of the scleroderma patients had 

fibrosing alveolitis (FASSc), 38 isolated pulmonary arterial hypertension 

(IPAH) and 27 renal crisis (SScRC). The summary of the clinical and 

serological characteristics of these patients has been extensively described in 

the section 3.1.2 (Tables 3.2-3.7).
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The distribution of the EDN-1 genotype and allele frequency of the T-1370G, 

+138 A I, E106E and K198N polymorphism in control subjects, and in patients 

with RP, ARP and SSc (including clinical and serological subgroups) are 

shown in Tables 7.4-7.15 of the Appendix A, There were no differences in the 

genotype distribution between the four groups, but when the results were 

analysed within the clinical and serological subgroups, some important 

differences were found. In this section only the associations that were found to 

be significant were considered.

3.3.41. EDN-1 (T-1370G ) Polymorphism

This polymorphism is located in the upstream region of the EDN-1 gene. The 

control group and ARP group genotype were in Hardy-Weinberg equilibrium 

whereas the RP and SSc genotype showed significant differences from the 

expected value (no H-W). The allele frequency of this polymorphism was 

found similar to the one previously reported (71%/29% vs. 81%/19%) (Gene 

Canvas EDN 1 -at http://genecanvas.idf. inserm.fr). In this polymorphism I 

detected a tendency of the TT genotype and T allele to be higher in the. ARA 

positive group than in the healthy controls but these results were not 

statistically significant after the correction for multiple comparisons.

3.3 4.2. EDN-1 (Exon 1 +138 A I) polymorphism

The exon 1 +138 A insertion polymorphism in the EDN-1 gene is localized in 

the untranslated region of the Exon 1. It consists of an insertion of an adenine 

nucleotide in a tri nucleotide sequence of adenine nucleotides (wide type 

allele=3 A, polymorphic allele= 4A).

All four groups studied for this polymorphism were in Hardy-Weinberg 

equilibrium with no significant values comparing the observed and expected 

genotype frequencies. The allele frequency previously reported (Gene Canvas 

EDNl-12/02/98 at http://genecanvas.idf.inserm.fr) was similar to that observed
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in the control group in this study (78%/22% vs. 71%/29%).

Table 3.21 EDN-1 (+138 A I) associations with statistical significance

Association P P corr OR Cl

Allele frequency ARA+ vs. Control 0.0001 0.0013 3.48 1.7-6.8

Allele frequency ATA- vs. Control 0.0008 0.01 2.06 1.3-3.1

3A3A ATA- vs. Control 0.002 0.025 2.3 1.4-4.0

Genotype ARA+ vs. Control 0.002 0.025

3A3A ARA+ vs. Control 0.002 0.025 4.48 1.6-12.3

Pcorr = P value corrected for multiple comparison OR= odds ratio CI= Confidence interval

Comparison of the EDN-1 +138 allele frequency (Table 7.6) revealed that the 

A insertion allele (4A) is over-represented in patients who are ARA positive 

when compared with control subjects (50% vs. 22% P=0.0001 Pcorr=G.GG13 ). 

The odd ration (OR) for allele A insertion allele (4A) was 3.48 (Cl 1.7-6.8). 

The 4A homozygote genotype of +138 A 1 was more frequent in patients with 

ARA positive than in healthy controls but difference was not statistically 

significant after Bonferroni correction (27% vs. 7% P=G.GG5 P corr=G.G63). 

The 3A genotype was increased in controls when compared to the ARA 

positive disease group (63% vs. 27% P=G.GG2 Pcorr=G.G25).

3.3.4 3 EDN-1 (E106E ) Polymorphism

The polymorphism E1G6E is a conservative one, located in exon 3. All the 

groups included in the study, control RP, APR and SSc, were in Hardy- 

Weinberg equilibrium with no significant ^  values comparing the observed 

and expected genotype fi-equencies of each of the tested group. The control 

group had an allele frequency distribution similar to the previously reported 

(http://genecanvas.idf.inserm.fr). There were no differences in genotype and 

allele distribution for the E1G6E between the groups studied.
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3.3.4 3 EDN-1 (K198N) Polymorphism

The substitution of the G for the T nucleotide that characterizes the K198N 

polymorphism in Exon 5 produces an amino acid substitution in the EDN-1 

protein (a lysine for an asparagine). All the studied groups except the combined 

SSc group were in Hardy-Weinberg equilibrium. The description of the 

significant associations are summarized in the Table 3.22.

The analysis of the genotype and allele frequency in the K198N polymorphism 

showed differences in the distribution of the GG genotype in the SSc patients 

without fibrosing alveolitis (No FA) when compared with the control subjects 

(P=0.001 Pcorr=0.012 ). This difference is due to an excess of GG genotype in 

the patients without FA with a decreasing in frequency of the GT and TT 

genotypes (72%/28% vs. 48%/52% P= 0.0018 Pcorr= 0.023 and 49%/51%). 

The distribution of the genotype of the IPAH group also showed a trend 

towards a high proportion of GG genotype when compared with the control 

group, but the corrected P value did not reach statistical significance. (P=0.01 

Pcorr=0.1).

Table 3.22 EDN-1 (K198N) associations with statistical significance

Genotype Association P Pcorr OR Cl

GG No FA vs.Control 0 .001 0.012 2.7 1.4-5.3

GT No FA vs.Control 0.001 0.012

GG vs. GT/TT No FA vs. Control 0.0018 0.023 0.36 0.18-0.69
GT ACA+ vs. Control 0.003 0.038 0.27 0.11-0.68

GT IPAH vs. Control 0.004 0.05 0.28 0.11-0.70

Pcorr=P value corrected for multiple comparisons OR= odds ratio CI= Confidence interval 
No FA= No fibrosing alveolitis group ACA= anti-centromere antibody IPAH= Isolated

pulmonary arterial hypertension

119



3.3,5. Discussion

This section describes the distribution of the T-1370G, +138 A I, E106E, 

K198N and endothelin polymorphisms in control subjects and in three main 

groups: RP, ARP and SSc. The distribution found in normal subjects was 

compared with the different patient groups, including the scleroderma clinical 

and serological subgroups. Specific association was found between the +138 A 

I polymorphism and the presence of ARA in SSc patients. There is also an 

association between the K198N GG genotype and SSc patients without 

fibrosing alveolitis.

3.3.5.1 EDN-1 (+138 A I) polymorphism

The polymorphism in the position 138 of the UTR of EDN-1 exon 1 has been 

the subject of two previous reports. One of them has found an association of 

the A insertion allele with the presence of higher levels of IgE in patients with 

atopic diseases (Holla et al., 2001). The second report of the 138 AI 

polymorphism in patients with RP found no association (Smyth et al., 1999). 

The data of this report is confirmed by the results of the present study that have 

also not found any association between this polymorphism and patients with 

RP or ARP.

In this study there was a strong association between the presence of the less 

frequent allele (A insertion) and the presence of ARA in patients with SSc 

when compared with control subjects. There is a well known correlation 

between the presence of ARA in patients with SSc and the existence of renal 

disease. However no connection between the A insertion allele with the RC 

group was found. The reason may be related to the presence of other auto 

antibodies in the patients with this particular clinical involvement. Association 

of this particular A Insertion allele were also found with the SSc patients 

without anti-T opoisomerase I antibody (ATA). An explanation for this 

association may be the fact that the specific auto-antibodies in SSc are 

exclusive. That means that no two major auto-antibodies specific of SSc are
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present in the same patient. Therefore the ATA negative group includes all the 

patients with anti RNA polymerase antibody (ARA) positive as described in 

Figure 9

No functional studies have been reported with respect to the 138 A insertion 

polymorphism, but the presence of an extra base in the UTR of exon 1 should 

not altered coding sequence, but may influence RNA splicing. However no 

change has been reported at the RNA level. A direct relationship between the 

endothelin polymorphism and the production of specific antibody seems 

unlikely, unless both biological entities are related not directly but through a 

common association with a third polymorphism. One such polymorphism 

could be situated within the HLA region, which is also located on the same 

chromosome (6).

3.3 5.2 EDN-1 (K198N) polymorphism

The T allele of the EDN-1 polymorphism K198N has been previously 

associated with altered vascular constriction (systemic hypertension) (Tiret et 

al., 1999) and appears to have a correlation with higher plasma levels of 

endothelin-1 (Barden et al., 2001) however, the potential connection of this 

allele with fibrosis has to date not been explored.

The proportion of the GG genotype within the SSc population that does not 

have fibrosing alveolitis (FA) was significantly elevated from 48% to 72% 

(Table 7.14 Appendix A) when compared with control subjects. At the same 

time, a decrease in these GT and TT genotypes (T phenotype) accompanied 

this increase. At first glance, it would seem that this GG subjects with SSc had 

a lower tendency to develop fibrosis in the lung parenchyma. However upon 

closer inspection, it seems that the decrease in the prevalence of the T allele is 

responsible for the apparent protective effect within SSc patients. There may be 

some supporting biological evidence for this theory. In a recent report (Barden 

et al., 2001) it was suggested that the T allele is associated with an increase of 

EDN-1 levels in hypertensive pregnant women. Other reports have 

demonstrated an increase of EDN-1 mRNA expression and higher levels of 

EDN-1 protein in fibrotic tissues taken from SSc patients (Kawaguchi et al..
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1994). It is therefore possible that a high incidence of the T allele contributes to 

an increase of EDN-1 in the lungs of SSc patients with FASSc whereas a 

decrease of the T allele in the SSc sub-groups of patients without FA or IPAFI 

(who also show a decrease of the T allele) leads to a decrease in the levels of 

EDN-1 in lung tissue and are less likely to develop fibrosis.

The amino acid change (lysine to asparagine) resulting from the polymorphism 

may confer different biochemical properties to the EDN-1 protein precursor 

that could potentially directly alter its production, turnover or clearance 

mechanisms. Subsequently this can lead to an increased level of circulating 

EDN-1 and EDN-1 found in fibrotic tissues. The clearance mechanisms of the 

EDN-1 are not fully understood, but current evidence shows that the EDNRB 

in lung may have an important role in this mechanism (Luscher and Barton, 

2000).

3.3.6. Conclusion

In this section the association between two EDN-1 polymorphisms with SSc 

features have been described. The +138 A insertion allele has been associated 

with the presence of ARA and the K198N T allele presented a negative 

association in SSc patients without lung fibrosis.

The relationship between EDN-1 polymorphisms with some SSc features 

support the potential role of the EDN-1 in the progression of the disease. 

However it is evident that the EDN-1 polymorphisms are not the only factors 

involved in the genetics of the disease.
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Figure 9 Auto-antibody distribution in the SSc group
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3.4 Endothelin receptor A and receptor B

3.4,1. Background

3.4.1.1 Endothelin receptors type A and B gene structure

Currently two different cell surface receptors for the endothelins, the 

endothelin receptor A (EDNRA) and endothelin receptor B (EDNRB) have 

been cloned. EDNRA has higher affinity for EDN-1 than for the other two 

isoforms and is mainly present on vascular smooth muscle cells where it 

mediates contraction, cell proliferation and matrix deposition. On the other 

hand, EDNRB which shows equal affinity for all the EDN isotypes is mainly 

present in the endothelium and activation via this receptor produces relaxation 

though NO or prostacyclin. The understanding of the EDNRB functions is still 

evolving but there is enough evidence to support a role in the clearance of 

endothelin-1 within the lung. (Sakurai et al., 1992) (Rubanyi and Botelho,

1991) (Levin, 1995) (Bauer et al., 2002).

The specific transcriptional regulation of the receptors and signal transduction 

pathways still a matter of intense research. Both receptor genes have potential 

SP-1 binding sites, four GATA motifs and acute-phase protein response 

elements (Hunley and Kon, 2001) indicating both ubiquitous and specific 

regulatory mechanisms in the control of gene expression.

The endothelin receptors exert their action through the activation of associated 

guanine nucleotide binding proteins (G proteins) that in turn stimulate 

phosphatidylinositol phosphate turnover and increase intracellular calcium. 

After this step, the endothelin receptors differ in their effects on the adenylate- 

cyclase-dependent pathway: EDNRA increases the cAMP formation whereas 

EDNRB attenuates the cAMP synthesis. Both receptors stimulate arachidonic 

acid release from phosphatidylinositol phosphate, via phospholipase A2 

activation and potently enhance mitogenic activity of many cell types (Aramori 

and Nakanishi, 1992) (Janakidevi et al., 1992). Whether these effects are
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indirectly produced by the increase in intracellular calcium levels and/or by 

modulation of cAMP formation or indeed if they are caused by direct 

activation of effector enzymes is presently unknown. There are however 

several reports of activation of both the mitogen-activated protein kinase 

(MAPK) and the c-Jun, Jun-terminal kinase (JNK) pathway by stimulation of 

the endothelin receptors (Yang et a l, 1999) (Shapiro et al., 1996) (Fei et al.,

2000) (Cramer et al., 2001).

3.4.12. Endothelin receptors polymorphisms

The ENDRA and EDNRB genes are localised to chromosome 4 and 13 and 

span regions of between 42 and 80 kb of genomic DNA respectively (Table 

3.23). Polymorphisms within the endothelin receptor genes have been the 

subject of great interest in the last years because of the increased evidence for a 

role of the endothelin and their receptors in the pathogenesis of several 

pathological processes such as systemic hypertension, renal failure, dilated 

cardiomyopathy and myocardial infarction (Herrmann et al., 2001) (Brown et 

al., 2000; Lajemi et al., 2001) (Nicaud et al., 1999). Other sources of interest 

are the potential implication of the genetic variation in the pathogenesis of 

human diseases and the variation in the response to therapy with respect to 

specific genetic backgrounds.

Table 3.23 Endothelin receptors type A and Type B gene characteristics.

Receptor Chromosome Size (kb) Exon GeneBank AN

EDNRA 4 41.9 8 NT029950

EDNRB 13 79.9 7 NT024495

GeneBank AN= Accession number of the Gene Bank NCBI

There are a number of studies that explore the association between 

polymorphisms in EDNRA and the presence of systemic hypertension, 

myocardial infarction and migraine (Brown et al., 2000) (Nicaud et al., 1999) 

(Tzourio et al., 2001). With respect to the polymorphism in EDNRB almost all
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the reports are concerned with a rare congenital disease, aganglionic 

megacolon (Hirschsprung disease) (Hofstra et al., 1997).

The reports of the EDNRA polymorphism association with systemic 

hypertension, found an association between the G allele of the 0-231A 

polymorphism and the presence of abnormal arterial parameters, that can 

influence the development of systemic hypertension (Lajemi et al., 2001). In 

another study, Nicaud et al explored the association between EDNRA and 

ENDRB polymorphisms, hypertension and myocardial infarction. These 

authors noted associations between the pulse pressure and the EX 8 1363 

polymorphism localised in 1363 position of the exon 8 3’ UTR region. The 

same study showed no correlation with myocardial infarction (Nicaud et al., 

1999). In another interesting study Tzourio el al described an association 

between the presence of the G allele of the G-231A (5’UTR region of exon 1) 

polymorphism of the EDNRA gene with the decreased prevalence of migraine 

in a cohort of 140 elderly individuals (Tzourio et ah, 2001). There is only one 

previous report of a EDNRA polymorphism in RP and this exanimation 

showed no correlation with the disease parameters (Smyth et ah, 1999).

Aganglionic megacolon (Hirschsprung disease) is a congenital disease that has 

been closely related to alteration(s) in the EDNRB as this receptor plays an 

essential role in the normal development of enteric ganglion neurons (Baynash 

et ah, 1994) (Puffenberger et ah, 1994). More than 30 mutations of EDNRB 

and EDN-3 have been associated to Hirschsprung’s disease, though almost all 

are restricted to small and specific group of patients, without repercussions 

within the general population (Tanaka et ah, 1998) (Auricchio et ah, 1996) 

(Kusaflika et ah, 1996) (Nakajima et ah, 2000). However, it is of interest that 

the mutation in the 276 codon (W276C) of the EDNRB, which has a cysteine 

residue in the 276 position instead of a tyrosine, has demonstrated altered 

function when compared with the wild type receptor (Imamura et ah, 2000; 

Puffenberger et ah, 1994).

The Table 3.24 shows a summary of the EDN polymorphism associations 

studies.
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Table 3.24 EDNRA and EDNRB polymorphism association studies

Polymorphism Allele Association Reference

-231 A/G G Puise wave velocity in women Lajemi, 2001

-231 A/G G Decrease prevalence o f migraine Tzourio, 2001

H323H T Shorter survival in idiopathic dilated Herrmann,2001
cardiomyopathy

EDNRA Exon 8 
1363 T Increased pulse pressure Nicaud, 1999

EDNRB 30G/A G Pulse wave velocity Lajemi, 2001

3.4,2. Research Objective
The objective of this study was to explore the presence of variations in the 

DNA sequence of the EDNRA and EDNRB genes within control, RP, APR 

and SSc groups. Once the polymorphisms presence was established, the 

possible association between these polymorphism and SSc itself or with 

specific clinical or serological manifestations was investigated.

3.4.3 Material and Methods

3.4.3.1 Identification of endothelin receptor polymorphisms

The potential polymorphisms to be studied were selected following the general 

procedure as outlined for CTGF and Figure 4. The probable polymorphisms 

were selected after a search in four major databases (described in section 

3.3.3.1) that contains information about the Endothelin receptors 

polymorphism. From more than 60 reported variations, 19 polymorphisms 

were selected. Nine corresponded to EDNRA and 10 to EDNRB. The
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polymorphisms were chosen on the basis of their reported frequency (>0.5%) 

localization in the gene’s regions (mainly those situated in coding/promoter 

region) or different activity such as W276C (Tabor et al., 2002). Table 3.25 

summarizes the characteristics of the polymorphisms studied. This initial set of 

polymorphisms was tested in 50 healthy controls to confirm their frequency by 

SSP-PCR with the conditions delineated in section 2.2.4.

Table 3.25 EDNRA and EDNRB polymorphism characteristics

Gene Total
Exon

Intron _
UTR

Flank
Syn Nsyn 5’ 3’

EDNRA 9 0 3 0 1 5 0

EDNRB 10 2 1 4 1 1 1

Syn= Synonymous Nsyn=No synonymous UTR= Untranslated region

The primers for the amplification of each polymorphism are specified in Tables 

8.7-8.8 (Appendix B). After SSP-PCR, polymorphisms that had frequency 

superior to 2% were assayed in the whole patient series with the SSP-PCR 

methodology described in section 2.2.4

4.4.3 2 Patients and control groups

This study included 3 main groups of patients to be studied plus a healthy 

control group. To the initial group of 50 healthy Caucasian subjects that were 

tested to confirm presence of the polymorphism and to have a preliminary 

approximation of the frequency, a subsequent 49 extra control samples were 

included as a part of the complete survey. The patients were included 

following the criteria delineated in section 2.1 and comprises 3 major groups: 

RP, ARP and SSc patients (divided in four different clinical subsets: FASSc, 

IP AH, SScRC and SSc, and 3 serological determined groups: ATA, ACA and 

ARA positive), whose clinical and serological characteristics has been
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previously described and defined in the section 3.1.2 

3 4.3.3. Statistical analysis

The genotype and allele frequencies were determined and compared by a 

contingency table of 2 x 2 or 3 x 3 test and the relative risk were calculated. 

The comparisons were done between the control group against the disease 

groups (RP, APR and SSc) to evaluate if any of the polymorphisms was in 

association with the disease. Comparisons were made between the subgroups 

with the subset of patients who were negative for the evaluated factor (i.e. 

FASSc vs. all the SSc patients without fibrosing alveolitis) to determine if the 

association(s) was with a specific organ or specific serological factor. The P 

values were corrected by Bonferroni method according to the formula Pcorr=l- 

(1-P)", where Pcorr is the corrected value, P is the uncorrected value and n is 

the number of loci. Pcorr < 0.05 was considered to be significant. The 

correction factor applied for EDNRA locus was 13 whereas the correction 

applied to the EDNRB was 12. The groups were tested for conformity to the 

Hardy-Weinberg equilibrium by 3 x 3 x  ̂test comparing observed and expected 

numbers.

3.4.4 Results

From the original series of 19 polymorphisms included for the first round of 

confirmatory SSP-PCR assays, only from 4 EDNRA and 3 from EDNRB had 

an initial frequency higher than 2% required to be included in the complete 

study. The polymorphisms of the EDNRA that were tested in all the studied 

population were localized in the Exon 1 UTR region (G-231A), two 

synonymous polymorphisms in the Exon 6 (H323H and E335E) and the last 

one in the UTR of Exon 8 (Table 3.26). All the EDNRB’s SNP were contained 

within the intron 2. They were the SNPs at 12037 (EDNRB-3), 11937 

(EDNRB-4) and 2841 (EDNRB-7) positions of the AL13900 sequence
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(GenaBank NCBI). With regard to the W276C polymorphism, which has been 

associated with altered cell response (Puffenberger et al., 1994), no mutated 

allele (T) was detected in 70 patient/control assays.

Table 3.26 Polymorphism within the EDNRA and EDNRB

EDNRA EDNRB

Polymorphism Localization Allele Polymorphism Localization Allele

0 2 3 1 A UTR Exon 1 G/A EDNRB-3 Intron 2 A/C

H323H Exon 6 C/T EDNRB-4 Intron 2 A/G

E335E Exon 6 A/G EDNRB-7 Intron 2 G/A

C+228G UTR Exon 8 C/G

UTR= Untranslated region H=Histidine E= Glutamic Acid

The patients included in this investigation were the same studied for the EDN-1 

polymorphism and consist of 110 controls, 110 RP, 26 ARP and 150 SSc 

patients. The scleroderma patients were divided in 3 major clinical subgroups 

(FASSc, IP AH, and SScRC). Eighty of the scleroderma patients had FASSc, 

38 IP AH and 27 SScRC. The summary of the clinical and serological 

characteristics of these patients had been extensively described in the section

3.1.2 (Tables 3.2-3.7)

The distribution of the genotype and allele distribution of the EDNRA and 

EDNRB polymorphisms in control subjects, and in patients with RP, ARP and 

SSc (including clinical and serological subgroups) are shown in Tables 7.16- 

7.36 of the Appendix A.

In this section only the associations that were found to be significant were 

considered.
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3.4.4.1 Endothelin Receptor Type A

There were no differences in the genotype distribution between the four main 

groups in the EDNRA polymorphisms studied, but when the results were 

analysed within the clinical and serological subgroups, some important 

differences were found.

3.4.4.1.1. EDNRA (G -231 A) polymorphism

The G-231A polymorphism is located in the 5’ UTR region of the EDNRA 

Exon 1. All the studied groups for this polymorphism were in Hardy-

Weinberg equilibrium, with no significant values comparing the observed 

and expected genotype frequencies. The allele frequency that has been 

previously reported was similar to the observed in the control group in this 

study (G 61% vs. 70% and A 39% vs. 30%) (http://genecanvas.idf.inserm.frA).

Association P P corr OR Cl (95%)

Allele frequency ACA+ vs. ACA- P=0.0004 0.005 0.35 0.19-0.64

GG ACA+ vs. ACA- P=0.002 0.025 0.11 0.02-0.58
Genotype ACA+ vs. ACA- P=0.003 0.038

Pcorr = P value corrected for multiple comparison RR= Relative risk CI= Confidence 
interval ACA= Anti-centromere antibody

Comparison of the allele frequency of the SSc patients with anti-centromere 

antibody (ACA) and with those SSc patients without this antibody revealed 

that the G allele is over-represented in the patients who are ACA positive (77% 

vs. 54% P=0.0004 Pcorr = 0.005) with a OR of 0.35 (CI=0.19-0.64). When 

the genotype was compared between ACA positive and the SSc patients 

without ACA the difference between them was significant, with an excess of 

GG genotype (59% vs. 32% P=0.002 Pcorr= 0.025) and with an OR of 0.11.
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3.4.4.1.2 EDNRA (H323H) polymorphism

EDNRA H323H polymorphism is a conservative polymorphism located 

within into the Exon 6. It is in linkage disequilibrium (LD) with E335E, The 

RP, APR and SSc groups were in Hardy-Weinberg equilibrium with no 

significant values comparing the observed and expected genotype 

frequencies, whereas the genotype of the control group showed significant 

differences with the expected values. However, the allele frequency found was 

similar to that previously reported (C 28% vs. 26% and T 72% vs. 74%) 

fhttp://genecanvas.idf.insenn.fr/). There were no differences in genotype and 

allele frequencies in the groups studied.

3.4.4.1.3 EDNRA (E335E) polymorphism

The E335E is a conservative polymorphism localised on the Exon 6. The 

groups that were analysed were all found to be in Hardy-Weinberg equilibrium, 

with no significant values comparing the observed and expected genotype 

frequencies. The allele frequency was similar to that previously reported (A 

28% vs. 26% and G 72% vs. 74%) f http ://genecanvas. idf. insenn. fr/). There 

were no statistically significant differences between the studied groups.

3.4.4.1.4. EDNRA (C+228G) polymorphism

The C+228G polymorphism is localised in the 3’UTR Exon 8, in the position 

70 after the stop codon. All the studied groups have a genotype distribution not 

different fi*om the expected value from the Hardy-Weinberg equation. The 

observed allele frequencies were similar to those reported by Halushka et al 

(Halushka et al., 1999). No significant differences were detected for this 

polymorphism between the studied groups after Bonferroni correction.
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3.4.4 2 Endothelin Receptor Type B

3.4.4.21. EDNRB-3 (C12037A) polymorphism

The EDNRB-3 polymorphism is located in the 12037 position in the intron 2 of 

the EDNRB gene. There are no previously reported frequencies for this 

polymorphism. It is in LD with EDNRB-4 and EDNRB-7. The RP and SSc 

group were found to be in Hardy-Weinberg equilibrium, but the control group 

had a genotype that was statistically different from the expected values. The 

genotype was confirmed by a second round of SSP-PCR that found no 

significant difference with the results obtained in the first round. There were no 

significant differences when the genotype of the control group was compared 

with the RP group.

Table 3.28 EDNRB-3 polymorphism associations with statistical

EDNRB-3 Association P P corr OR Cl
CC FASSc vs.Control 0.0003 0.003 3.16 1.68-6.0
CC ATA+ vs.Control 0.0005 0.006 4.28 1.8-10.1
Genotype FASSc vs.Control 0.0006 0.007
CC ACA- vs.Control 0.0007 0.008 2.62 1.49-4.63
CC ATA + vs. RP 0.001 0.011 3.76 1.59-8.88
Genotype ACA- vs. Control 0.001 0.011
Genotype ATA+ vs.Control 0.002 0.023
Allele frequency ATA+ vs.Control 0.002 0.023 2.25 1.34-3.7
Allele frequency ATA + vs. RP 0.002 0.023 2.23 1.33-3.7
Genotype SSc vs. Control 0.002 0.023
CC SSc vs. Control 0.002 0.023 2.2 1.32-3.68
CC ARA- vs. Control 0.004 0.047 2.15 1.2-3.67§

0R = odds ratio CI=confidence interval FASSc=fibrosing alveolitis 
ACA= anti-centromere antibody ARA=anti-RNA polymerase antibody

Analysis of this polymorphism showed a significant difference in the genotype
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of the SSc group when compared with the control subjects (P=0.002 

Pcorr=0.023).

When the genotype and allele frequencies were analysed the CC genotype was 

significantly different in the fibrosing alveolitis group when it was compared 

against the control group (25% vs. 51% respectively P=0.0003 Pcorr=0.003) 

with a OR 3.16 (Cl 95% = 1.66-36.0). This association with a decreased CC 

genotype was also found between the ATA positive SSc groups when 

compared with control subjects (27% vs. 51% P=0.0005 Pcorr=0.006 OR 4.28 

( Cl 95% =1.8-10.1). This lower proportion of homozygotes for the G allele 

was accompanied by an increase of the heterozygous group in all the cases 

(Tables 7.29-7.30 Appendix A). The same association with diminished 

proportion of CC genotype was found in the groups ACA negative, ARA 

negative, when they were compared with the controls (Table 3.28 ). The RP 

group showed the same tendency, with statistically significant lower proportion 

on CC genotype, and lower C allele, when compared with the ATA group 

(P=0.002 Pcorr=0.023 OR=2.2 Cl 95%=1.32-3.68). It is important to remark 

that the RP group was in Hardy-Weinberg equilibrium and that it was not 

different from the control group (Table 7.28 Appendix A).

3.4.4.2.2. ENDRB-4 (G 11937A) polymorphism

The EDNRB-4 polymorphism is localized in the 11937 position in the EDNRB 

intron 2. There is no previously reported frequency for this genetic variation. 

All the studied groups were found to be in Hardy-Weinberg equilibrium. The 

analysis of the genotype in the different disease groups showed a difference in 

the GG genotype between the ATA positive group and the control subjects 

with a diminished proportion of homozygous for this allele in the SSc subgroup 

(17% vs. 39% P=0.0008 Pcorr=0.009 OR 1.32 Cl 95% 1.09-1.57) (Table 

3.29 ).
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Table 3.29 EDNRB-4 polymorphism association with statistical

Association P P corr OR Cl
GG ATA+ vs. Control 0.0008 0.009 1.32 1.09-1.57

0R = odds ratio CI=confidence interval ATA= anti-topoisomerase antibody

3.4.4.2.3 EDNRB-7 (A 2841G) polymorphism

The EDNRB-7 polymorphism is located at the 2841 position within intron 2 of 

the EDNRB gene. As for the other EDNRB polymorphisms included in this 

study, this polymorphism has no previously reported frequency. The genotype 

of the control population was not in Hardy-Weinberg equilibrium, even after a 

second round of confirmatory SSP-PCR. However RP, ARP and SSc groups 

were in H-W equilibrium with no significant values comparing the observed 

and expected genotype frequencies. There were no significant differences 

between the studied groups with respect to this polymorphism.

3,4,5 Discussion

In this section the presence of polymorphisms within both endothelin receptors 

and the potential association with the SSc and particular aspects of this disease 

have been explored.

3.4.5.1 EDNRA (G-231A) polymorphism

In this study an association between the EDNRA (G-231A) polymorphism and 

the presence of ACA in patients with scleroderma was found. When the G- 

231A polymorphism was analyzed in control subjects and SSc groups, there 

was an excess of G allele in the group of patients who were ACA positive 

when compared with SSc patients without this antibody (77% vs. 54%). 

Previous publications on this polymorphism reported a relationship with

135



vascular dysfunction (Lajemi et ai., 2001) and migraine (Tzourio et aL, 2001). 

Interestingly there is evidence showing that the patients with migraine have a 

higher risk of developing RP (Smyth et al., 1999) suggesting the presence of a 

generalized vasospastic disorder. Systemic sclerosis is a disease characterized 

by major vascular alterations (Kahaleh and Leroy, 1999) (Leroy, 1996), that 

seem to precede the appearance of the fibrotic process (Harrison et al., 1991). 

The ACA is an autoantibody that is present almost exclusively in SSc subjects. 

It has been associated with the limited form of the disease and with more 

prominent vascular manifestations such as RP and digital ulcers (Wigley et al.,

1992). However no direct effect on vascular integrity or function has been 

described for ACA. Therefore it may not be totally unexpected to find an 

association between this polymorphism and the presence of ACA in SSc 

patients, as both have been associated with vascular derangement. The 

EDNRA is found principally on the endothelial cells and smooth muscle cells 

of the vessels and has been implicated in the vasoconstrictive response exerted 

by EDN-1 (Kedzierski and Yanagisawa, 2001). It is possible that alteration in 

quantity or quality of the EDN receptors may produce alterations in the 

vascular tone that in theory, can make the subject more prone to altered 

responses to stimuli such as hypoxia. In SSc there is experimental evidence of 

alteration in the EDN-1 receptors. It seems that the relative ratio between 

EDNRA and EDNRB is altered in SSc fibroblasts (Xu et al., 1998) (Shi-wen et 

al., 2001) and an increase in EDNRA expression has been reported in sclerotic 

tissue (Abraham et al., 1997).

The effects of the EDNRA (G-231A) polymorphism on the levels and the 

characteristics of EDNRA receptors are not yet known. This polymorphism is 

located 5’ UTR of exon 1 and as such does not change the coding sequence and 

therefore the protein structure. However it can potentially have effects on 

EDNRA production through the modification of the mRNA stability. It may 

also be a non-functional polymorphism in close association with a functional 

polymorphism nearby or be in linkage disequilibrium with another locus, a 

causal polymorphism that may be localised some distance away.
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3.4.5 2. EDNRB-3 and EDNRB-4 polymorphisms

The EDNRB-3 and EDNRB-4 polymorphisms are located only -200 bp apart 

within the large intron 2 of the EDNRB gene, and although they are 

documented in the SNP database of the NCBI there are no previous reports 

describing any study on these polymorphisms.

The genotype distributions in the control group of the EDNRB-3 and EDNRB- 

7 were not in Hardy-Weinberg equilibrium. In order to attempt to explain if 

this deviation is due to experimental error or to another factor such as 

population stratification or selection bias of the control group (Silverman and 

Palmer, 2000) the control samples were re-tested. No differences were obtained 

from the original results. With respect to population stratification or selection 

bias, the results from previous polymorphic analyses suggest that the chosen 

control group was valid. Therefore, it is important to stress that, as the 

genotype distribution in the control group is not in H-W equilibrium and the 

results obtained from the comparisons with this control group need to be 

assessed with this in mind. However, all possible checks were made to ensure 

that the control data were not erroneous and one can therefore only assume that 

the abnormal distribution is an inherent characteristic of this particular group. 

Although it is important to be aware of the discrepancy, I believe that as these 

polymorphisms have not been previously studied, it is of interest to report the 

findings of these analyses.

In the present study the EDNRB-3 polymorphism was found to be associated 

with the SSc group, especially with the presence of fibrosing alveolitis and 

ATA positive groups. The CC genotype proportion was diminished in the 

FASSc and ATA groups when compared with controls (25% and 20% vs. 51% 

Pcorr=0.003 and Pcorr=0.006 respectively) suggesting a possible protective 

influence. This association was also noted when the ATA positive group was 

compared with the RP group (20% vs. 45% Pcorr=0.011), although the 

difference was not as significant as the one obtained with the control group.
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The associations found between the groups o f  patients who were ACA negative 

and ARA negative with the control group require further analysis. The 

com m on factor between these groups is that they all contain the ATA positive 

subset, as the presence o f  the SSc specific auto-antibodies have been 

dem onstrated to be mutually exclusive by many authors (Fanning et al., 1998) 

(G ilchrist et al., 2001) (Harvey et al., 1999). This relationship is graphically 

explained in Figure 10. Based on this, it can be assum ed that the strong 

association for the ATA positive subset may be the m ajor contributor for the 

described differences o f  the ACA negative and ARA negative groups.

Figure 10 SSc population serologic groups relationship

A) B)

ATA+A C A -

ACA +
A RAT

ARA

ARA+

A CA +

A) Within the SSc population the group o f the patients ACA negative has to absolutely include 
the group o f  patients who were ATA positive and also the patients ARA positive. The group o f  
the patients with ATA positive may be the major contributor for the described differences in 
regard o f  the ACA negative group. The same stands for ARA negative group as shown in B).

The proportion o f  the GG genotype o f  the EDNRB-4 polym orphism  with the 

ATA positive patients, which is the most frequent within the population.
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decreased when compared with the control group. The control group, in this 

case, was in H-W equilibrium. These data are similar to the data obtained from 

the analysis of the EDNRB-3 polymorphism, that also showed a decrease in the 

most frequent genotype within the population (CC).

The localization of these variations in the middle of a large EDNRB intron 2 

makes it unlikely that they have a direct biological effect on the gene function 

or transcription. It would seem more likely that the described associations are 

related to another locus, not included in the present study and that this locus 

may be the major functional polymorphism responsible for the associations 

described for the EDNRB-3 and EDNRB-4 polymorphism.

3.4,6, Conclusions
These studies have noted an apparent association between the GG genotype of 

the EDNRA (G-231A) polymorphism with the presence ACA in patients with 

SSc.

Although the negative association between the CC genotype of the EDNRB-3 

polymorphism and the presence of FASSc and ATA is intriguing, these data 

must be taken with caution as the genotype distribution of the control group 

was not in H-W equilibrium.
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3.5
Polymorphism within the human collagen type I gene 
and upstream enhancer.

3,5,1 Background,

One of the characteristic hallmarks of SSc is the excessive deposition of ECM 

components, mainly collagen type I (Col I), in the skin and internal organs. The 

regulation of the ECM within connective tissues is dependent upon the correct 

balance between the synthesis and degradation of matrix components. The 

most studied ECM component in scleroderma is collagen type I and a number 

of reports by many groups have noted the elevated synthesis of this component 

in SSc (Leroy, 1974). With the increased understanding of the control of matrix 

homeostasis it has become apparent that not only the synthesis of collagen type 

I is altered, but also that the degradation is abnormal in scleroderma (Bou- 

Gharios et al., 1994) (Takeda et al., 1994) (Brady, 1975). The breakdown of 

collagen has been studied in detail and involves a complex sequence of events 

that are primarily controlled by a series of enzymes called the matrix 

metalloproteinases (MMP). Most importantly and perhaps one of the major 

regulating points is the initial cleavage of collagen type I by collagenase 1 

(MMP-1) (Shingleton et al., 1996). The turnover process is now known to be 

even more complicated as the MMP activity can be regulated by naturally 

occurring inhibitors called tissue inhibitors of metalloproteinases proteins 

(TIMP) (Brew et al., 2000). The role of MMP and TIMP in tissue homeostasis 

has been a subject of a number of extensive reviews that have been recently 

published (Cawston, 1998) (Brew et al., 2000; Murphy et al., 1992)

3.5.1.1 Collagen structure

Collagen is the most common protein in the body, accounting for almost one-
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third of the total amount of protein. In addition to the structural role as a 

fundamental element of the extracellular matrix, the different types of collagen 

have an important role in development, morphogenesis, tissue integrity and 

maintenance (Byers, 2000). Collagen type I, the major protein present in the 

connective tissues except cartilage, is primarily produced by fibroblasts, 

osteoblast, odontoblasts and smooth muscle cells. Collagen type I is composed 

of three alpha helix chains (two a l and one a2 chains) wrapped around each 

other in a rope like fashion. The al and a2 chains are encoded by separate 

genes located in different chromosomes, 17 and 7 respectively (Junien et al., 

1982) (Retief et al., 1985). The amino-acid sequence responsible for this 

characteristic folding pattern is a specific amino-acid triplet repetition, 

Glycine-X-Y where X and Y can be any amino acid, but are frequently proline 

and hyproxyproline. The a chains associate to form molecules with a unique 

triple-helical structure. This characteristic configuration is stabilized by 

hydrogen bonding involving hydroxyproline residues in different chains 

(Robins, 1988). The interstitial collagens are synthesized as larger precursor 

molecule, procollagen, that consists of an uninterrupted triple helix of 

approximately 30 nm in length and 1.5 nm in diameter flanked by short extra 

non-helical telopeptides. The telopeptides, which do not have repeating Gly-X- 

Y structure and do not adopt a triple-helical conformation are critical for fibril 

formation and are stabilized by disulphide bonds (Radier et al., 1996). 

Procollagen is secreted from cells and is converted into collagen by the 

removal of the telopeptides by specific proteinases. The collagen generated in 

the reaction spontaneously self-assembles into cross-striated fibrils that occur 

in the extracellular matrix of connective tissues. The fibrils are stabilized by 

covalent cross-linking which is initiated by oxidative determination of specific 

lysine and hydroxy lysine residues in collagen by lysyl oxidase (Radier et al., 

1996) resulting in the mature collagen fibers that give tissues strength and 

rigidity.
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3.51.2. Pro-a2(I) collagen gene regulation

Col I production is regulated by multiple coordinated steps, among them 

transcription plays a principal role, and in SSc increased transcriptional 

activation of type I collagen genes has been shown in lesional tissues 

(Herrmann et al., 1991) (Jimenez et al., 1986) (Kahari et al., 1987). Explanted 

cells from affected areas have been shown to retain this phenotype for several 

passages in vitro (Leroy, 1974). The regulation of the expression of the two 

collagen I components (the a l  and a2 chain) genes has been subject of intense 

research in recent years and several control elements have been described for 

both collagen I a  chain genes (Jimenez and Saitta, 1999).

It is of special interest that a potent fibroblast-specific enhancer element has 

been recently described in the murine proa2(l) collagen gene (Colla2) 

between -15 and -17 kb upstream of the transcription start-site. This region 

contains some DNasel-hypersensivity sites that have been demonstrated only 

in the collagen type 1 producing cells (Bou-Gharios et al., 1996) and this 

element has been referred to as the Far-upstream Proa2(l) enhancer element. 

This enhancer is capable of directing expression of the pro-a2(I) collagen in 

the majority of collagen I-producing cells during development (Bou-Gharios et 

al., 1996). Further experiments reveal that certain sequences within the 

hypersensitive sites are essential for both the functional integrity of the 

enhancer and tissue specific elements that direct expression in mesenchymal 

cells of internal tissues (De Val et al., 2002). Comparison of mouse/human 

sequences has lead to the identification of regions of high genomic homology 

between both species. In fact these segments termed MH-1, MH-2 and MH-3 

were shown to have 85%, 90% and 88% homology (Table 3.30) (Denton et al.,

2001) (AntoniV et al., 2001). Recently, it has also been demonstrated that the 

human Far-upstream region of C0L1A2 acts as a strong tissue-specific 

enhancer in concert with the proximal minimal promoter, and is required for 

full gene expression (Antoniv et al., 2001). Furthermore transgenic mouse 

experiments have indicated that the enhancer sequence is important in the skin 

thickening and fibrotic reaction in the tight skin mouse (Denton et al., 2001).
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Taking together these data demonstrate that the Far upstream enhancer element 

exerts significant influence on collagen production though the action on the 

C0L1A2 minimal promoter and has led to the interesting hypothesis of the 

potential role of this element in the genesis of fibrotic processes. In this context 

naturally occurring variants within the Far-upstream enhancer sequence would 

be expected to have a significant impact on collagen gene expression and a 

potential role in the modulation of gene expression in disease .

Table 3.30 Regions of high homology between mouse/human for the 
upstream collagen I enhancer.

Region
Location

Length Homology
Mouse Human

MH-1 -16.1/-16.0 -19.6/-19.4 180 bp 85%

MH-2 -16.6/-16.3 -20.1/-19.8 280 bp 90%

MH-3 -17.3/-17.1 20.7/20.5 200 bp 88%

Interestingly, the hypothesis is somewhat supported by a recent paper 

describing the presence of an association between specific microsatellite 

sequences in the promoter region of the collagen gene which confer increased 

stimulation of the transcription of the promoter. This report also found an 

association between specific dinucleotide-repeat haplotype homozygotes and 

male SSc patients who were ANA positive (Hata et al., 2000). This finding 

suggests that mutations within regulatory regions of collagen gene could be 

important in the regulation of gene expression.

3.5.1.3 Collagen degradation: MMP and TIMP

The matrix metalloproteinases (MMP) are the principal matrix-degrading
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proteinases and they play a key role in the ECM turnover. MMP are a family 

of zinc-dependent endopeptidases capable of degrading essentially all ECM 

components. They can be divided by structure and substrate specificity in 

different groups including collagenases, gelatinases, stromelysins and 

membrane-type MMP (Cawston, 1998). Collagenase-1 (MMP-1), neutrophil 

collagenase (MMP-8) and collagenase-3 (MMP-13) are the principal neutral 

proteinases capable of degrading fibrillar collagens of types I and III. MMP-1 

initiates the digestion of collagen by hydrolyzing the peptide bond following a 

glycine residue located at a distance of three-fourths of the collagen molecule 

length from the amino terminus (Figure 11), the remaining fragments are 

subsequently degraded by MMP-2 and MMP-9 (Li et al., 2000).

The MMP synthesis can be regulated by different factors such as hormones, 

growth factors (i.e. PDGF, FGF-2, TGF-P) and cytokines (i.e. IL-4, IE-10) 

(Cawston, 1998). The MMP are secreted as zymogens that can be activated 

by active MMP as well as other factors such as plasmin and reactive oxygen 

species (Murphy et al., 1992) (Saari et al., 1990). The active MMP can be 

inhibited by members of a specific family of naturally occurring inhibitors 

named the tissue inhibitors of metalloproteinases proteins (TIMP). There are 

currently four members of the TIMP family (TIMP 1-4) that exert inhibitory 

activity through direct interaction with the active MMP (Brew et al., 2000).

Data from a number of studies on MMP in scleroderma have provided 

contradictory results. Some of them have found no difference in the MMP-1 

expression/activity in SSc patients (Herrmann et al., 1991) (Uitto et al., 1979) 

(Young-Min et al., 2001) (Kuroda and Shinkai, 1997) whereas other studies 

have shown decreased levels of activity in patients with SSc (Takeda et al., 

1994) (Brady, 1975). Data from Johnson et al (Johnson et al., 2001) have also 

no association between MMP-1 promoter genotypes and clinical manifestations 

of SSc. Therefore it is currently unclear as to the role of MMP in SSc.
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Figure 11 COLlAlcollagenase-1 cleavage site, from DNA to protein
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In regard of the TIMP activity in SSc there is a general agreement between the 

results which have shown reported consistently elevated levels of TIMP 

expression/activity in patients with SSc (Kirk et ah, 1995) (Young-Min et al., 

2001) (Bou-Gharios et al., 1994) (Antoniv et al., 2001). Enhanced TIMP 

expression as have been shown in cultured fibroblast, would results in 

decreased functional activity of the MMP, including MMP-1 and reduced 

collagen degradation leading to the characteristic manifestation of the disease 

on increase skin thickness and fibrosis.

Interestingly, a mouse model with an engineered mutation within collagen type 

1 sequences, specifically in the collagenase cleavage site, rendered the collagen 

insensitive to degradation by MMP-1. These animals developed skin 

thickening and fibrosis over time (Liu et al., 1995), a pathological change 

resembling Scleroderma.

It could be speculated that a modification in the MMP-1 recognition site within 

SSc patients could prevent the enzyme cleavage of the collagen type I, with a 

consequent increase in the tissue amount of the protein leading to altered 

degradation.

Therefore I sought to examine if the presence of polymorphism(s) in the 

collagen cleavage site may underline aspects of SSc disease, such as IcSSc 

compared with dcSSc.

3.5.2, Research objective.

There are two major aims of this part of my study. Firstly, to investigate the 

presence of DNA variations within the collagen type I alpha 2 chain gene 

enhancer sequences and secondly polymorphism within the known MMP-1 

cleavage site in the collagen type 1 coding region. Thus two aspects of collagen 

homeostasis are been studied, the regulation of collagen synthesis at level of 

collagen gene transcription and the turnover or degradation of collagen protein 

by matrix metalloproteinases.
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3.5,3. Material and Methods

3.5.3.1 SSCP analysis of the Far Upstream Promoter Region of 
the COL1A2 Gene

For the detection of variation in the sequence of the Far-upstream promoter 

region of the COL1A2 gene the Single Strand Conformational Polymorphism 

(SSCP) was used with 50 DNA samples of controls and SSc patients.

The three regions of the Far-upstream promoter region of the COL1A2 gene 

that share high degree of homology with the mouse sequence were identified 

by DNA sequence. PCR primers for the replication of each region were 

designed following parameters as outlined on section 2.2.3 (Table 8.9, 

Appendix B). The optimal resolution of the SSCP with respect to DNA 

fragment length size and amplicons between 120 and 200 bp are the most 

appropriate size with which to detect changes in sequences. As the second 

region, MH2, was nearly 300 bp long , two overlapping fragments of around 

180 bp were generated, as shown in Figure 12. This maintained the best 

parameters for resolution by SSCP. Primers for the homologous regions in the 

mouse DNA were also designed, and used as internal controls for the SSCP 

based in the knowledge of the sequence differences (Table 8.10, Appendix B).

The PCR was performed following the procedure described in section 2.2.3. To 

asses the result of the PCR, 4 pi of the PCR product were added to 2 pi of 

orange G and loaded in a 1% agarose gel, and run 30 minutes at 100 v. Then 

the PCR product was visualised on a UV light. The remaining PCR reaction 

was used for the SSCP as described in section 2.2.5
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Figure 12 Far upstream enhancer region of the mouse Colla2 gene
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3.5.3 2. Collagen I collagenase-1 cleavage site polymorphism

The cleavage site of MMP-1 within the collagen type I gene has been 

previously identified as a sequence encoded within exon 41 of the COLlAl 

gene (Figure 11). In order to assess the presence of polymorphisms within the 

collagenase cleavage site exon 41 was amplified using PCR primers within 

introns 40 and 41. These PCR products were subcloned and sequenced by 

direct DNA sequencing. This part of the project was performed in collaboration 

with Dr. Steve Krane and Dr. M. Byrne of the Whitehead Institute for 

Biomedical Research in Cambridge, Massachusetts (USA).

3.5,4. Results.

3.S.3.2. Far upstream enhancer region of the COL1A2 gene

Table 4.31 shows the details of the control and patient groups used in the 

analysis of the far upstream enhancer region of the COLIA2 gene. Genomic 

DNA was prepare as described in the methods section and the homologous 

regions (MH-1, 2 and 3) were amplified using the primers are outlined in Table 

8.9, Appendix B. SSCP analysis of the amplified enhancer sequences (Figure 

13 A-D) showed no detectable change in the migration patterns of any of the 

DNA samples examined. Further 41 samples (50 in total. Table 3.31) were 

analyzed in the same manner and again no detectable changes in the migration 

pattern were observed.
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Table 3.31 Patients and control characteristics.

Group Total
Gender

Age
M F

Control 7 4 3 33-57

RP 3 1 2 23-77

IcSSc 10 2 5 50-69

dcSSc 30 9 21 17-74

RP= Raynaud’s phenomenon lcSSc= limited SSc dcSSc= diffuse SSc

In order to confirm that the SSCP analysis was sensitive enough to detect 

changes in DNA samples, mouse DNA samples were simultaneously analysed 

on the acrylamide gels. As shown in figure 13 (right hand side panels), the 

mouse sequences gave different and unique handing profiles confirming 

changes in sequences. Therefore using SSCP there appears to be no DNA 

variations within the far upstream enhancer regions of homology.

3.5.43 Collagen type I collagenase-1 cleavage site 
polymorphism

The hypothesis is that changes in the collagenase cleavage site of the collagen 

type 1 may be responsible for a decrease in the sensitivity of collagen to 

degradation, thus increasing deposition in SSc. This hypothesis was tested by 

directly sequencing the DNA encompassing the collagenase-1 cleavage site. 

This was archived by amplification of exon 41 and direct DNA sequencing of 

the resultant amplified fragments. Figure 11 outlines the approach taken. In 

total 38 samples were amplified (9 controls and 29 SSc patients. Table 3.32).
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Figure 3.13 SSCP for the COL 1A2 far upstream enhancer element
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The figure 3.13 shows the SSCP for the C0L1A2 Far upstream enhancer element. 
The left SSPC correspond to human DNA, 9 different control/SSC samples. The 
right line of samples corresponds to mouse DNA. A) MH-1 region, B and C) MH-2 
region, including the two overlapping subsets, D) MH-3 region.
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Table 3.32 Demographic characteristics

Group n
Gender Age o f SSc initiation 

X (range)F M

Control 9 7 2 na

SSc 29 29 0 48.2 (23-76)

IcSSc 13 13 0 52 (31-76)

dcSSc 16 16 0 44 (23-63)

lcSSc= limited cutaneous SSc dcSSc= diffuse cutaneous SSc

Of the patients 13 had limited disease and 16 were of the diffuse subtype with 

the age at SSc initiation slightly less in the diffuse group. All the SSc patients 

were female. Table 3.32 shows the clinical details for this patient group. Two 

groups of patients (limited and diffuse) were chosen in a very broad sense in an 

attempt to analyse early, rapidly progressive patients and more late stages, 

slower progressors. The precise description of the clinical characteristics are 

given in table 3.32, with the diffuse group main age of onset of 44 years of age 

(23-63) , whereas the limited group age of onset were in average 52 years old 

(31-76).

Table 3.33 Clinical characteristics of the SSc patients

SSc Organ Involvement
subgroup 0 FASSc Renal Muscle .Gut PAH Abs

Limited 13 11 1 6 2 1 0
AC A 12 
ANA 1

Diffuse 16 14 8 5 5 1 2

A T A 9  
RNAP 1 

PM-SCL 2 
ROLA 1 
ANA 3

0=oesophagus FASSc= Fibrosing alveolitis PAH=Pulmonary arterial hypertension
Abs= Autoantibody
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PCR products were assessed on agarose gels (Figure 11) and subsequently 

sequenced. Of the 38 samples analysed all had wild type DNA sequences, no 

DNA variations were observed. Control experiments were carried out with 

DNA from two already established cell lines from patients with osteogenesis 

imperfecta having mutations in the collagen gene sequences (Figure 13).

These studies showed no DNA polymorphism within the collagenase cleavage 

site in either limited or diffuse Scleroderma patients.

3.5.6 Discussion

Two complementary investigations were preformed in this section examining 

both transcriptional and degradative pathways in collagen type I deposition and 

accumulation. The notion that changes in the DNA sequences within the 

transcriptionally controlling enhancer and collagenase cleavage site presented 

as novel, interesting and potentially relevant avenues of investigation.

Initially investigation was focuses on the highly conserved regions of the 

enhancer. This region has been shown to be critical to both the tissue specific 

expression and level of expression of collagen type I. Surprisingly, analysis of 

these regions showed no significant changes in DNA sequences as judged by 

SSCP. One possible explanation could be that the SSCP was not enough 

sensitive to detect minor changes. However, the control mouse samples showed 

a different band pattern implying that the SSCP was capable of detect the 

variations in the DNA sequence. A further step in the investigation of the 

potential variations in the far upstream enhancer region maybe taken with the 

use of different technique, such as direct sequencing. Alternatively, other 

explanation for the absence of variation observed in this study may be the 

possibility that the region is highly conserved, supporting the possibility of a 

fundamental importance of this region in the collagen gene regulation and 

therefore with little if any variation in the DNA sequence.

No mutations were found within the exon 41 collagen cleavage site of the 

collagen type I therefore is unlikely that a failure in the collagenase cleavage is
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response for the enhance accumulation of collage in scleroderma. The patients 

of this study were selected to investigate the genetic variation in two groups, 

the fast progressors, with a rapidly progressive and more widespread and 

severe disease (dcSSc patients) more likely to present an alteration in the 

collagenase-1 activity, and the slow progressor, with a more chronic and 

restricted disease (IcSSc group). The results obtained in this study were 

supported by the positive detection of the controls with previously determined 

variations in nearby regions (right side panel in Figure 11). The presence of 

wild type sequence in all the samples investigated, overruled the role of a 

genetic variation in this region as responsible for altered collagenase-1 activity, 

but do not discard the possibility of alternative mechanisms operating at this 

level, such as other enzyme dysfunction or alteration in the enzyme active site. 

Moreover, the result of this study support the previous observations in the 

sense that MMP is not associated with the altered collagen turnover, which turn 

the attention to other component of the degradative process, TIMPs, important 

aspect that must be investigated.

In conclusion the remarkable absence of variation in the collagen 1A2 far 

upstream regulatory region observed in this study highlight the importance of 

this element in the regulation of the COL1A2 expression. And the stability in 

exon 41 of the collagen gene hints in the sense that MMP-1 does not appear to 

have a primary role in the pathogenesis of scleroderma.
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4. Discussion and summary
Systemic sclerosis is a multifactorial disease with a definitive genetic 

component. Evidence for genetic predisposition to SSc is provided by several 

observations, including increased risk of SSc in subjects with a family history 

of the disease, animal models and a growing number of reported associations 

between SSc and polymorphism in a wide variety of genes. Families with 

multiple cases, although rare, have been reported (Stephens et al., 1994) but in 

a recent study it was found that a positive family history of SSc appears to 

confer a risk between 10-16 fold higher than normal (Tan et al., 2001).

The TSKl mouse and UCD 200 chicken are two of the SSc animal models. 

The TSKl mouse possesses a duplication within the Fibrillin Igene that codes 

for an altered Fibrillin 1 protein, a major component in the microfibers of the 

elastic fibres of the ECM (Kielty et al., 1998). The UCD chicken model 

showed vascular apoptosis followed by perivascular infiltration of 

mononuclear cells and collagen deposition (Nguyen et al., 2000). These two 

animal models are one example of how different genetic conditions can result 

in a similar fibrotic phenotype.

Another piece of evidence supporting the genetic complexity of SSc, is 

provided by the case of the Choctaw American Indian population in Oklahoma. 

This isolated group exhibits an increased prevalence of SSc (469 cases/million 

population). The features of the SSc in this ethnic group are highly 

homogeneous with most of the cases exhibiting diffuse SSc, pulmonary 

fibrosis and anti-topoisomerase I. In the Choctaw Indians of Oklahoma, an 

extensive genomic survey is being carried out in which the DNAs of a 

substantial part of the population was collected and analysed using 

microsatellite markers. Results that already have been published from the 

survey show that there are association between some regions defined by 

specific microsatellites and the presence of SSc (Amett,1996) (Tan et al., 

1998). One of these regions contains the Fibrillin 1 gene that has been 

implicated as a cause of the SSc-like disease of the TSKl mouse. In this 

special cohort of patients no significant associations were found with 

polymorphisms in TGF-pl, latent TGF-pi binding protein, TGF-p receptors I
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and II, PDGF-a, PDGF p, PDGF receptor a, PDGF receptor p. It is obvious 

from these fragmented pieces of evidence that the genetic factors giving rise to 

SSc are very complex. It is more probable that the genetic component 

comprises of multiple gene variants, with variable effects, and whose 

interactions result in a similar fibrotic phenotype, collectively known as 

scleroderma.

The objective of the present study was to determine whether the presence of 

naturally occurring gene variants in a set of genes involved in the pathogenesis 

of the disease, are associated with particular features of the disease. Thus, these 

polymorphic associations can be then used as a basis for future investigations 

on the molecular levels of the disease.

4,1 Construction o f a high quality database and its 
importance in statistical analysis

Some aspects must be taken into consideration when designing and evaluating 

a study of genetic associations. Firstly, the collation of the database is one of 

the most important considerations of the study. The selection of the subjects to 

be included must be carried out with extreme care, in order to avoid the 

inclusion of cases that would add factors ultimately complicating the 

interpretation of the data. Such factors could include population stratification 

(i.e. ethnic differences) or individual patients with disease that have not been 

clinically well characterised. The resulting groups would be heterogeneous and 

any associations could be spurious. In addition, when the groups compared are 

heterogeneous the power for subsequent statistical analyses to identify specific 

associations is reduced. This problem was tackled in the present study by 

including only clinically well characterised patients according to veiy strict 

criteria. For example, only patients with renal biopsies showing occlusive 

vasculopathy and without immune complexes where included in the renal crisis 

group or only patients with right heart catheterisation measures of PAP above 

30 mmHg were incorporated into the study.

156



The second aspect to be considered in a genetic study is the assessment of 

Hardy-Weinberg equilibrium for each polymorphism investigated in the 

control group. The Hardy-Weinberg equation gives the expected allele 

frequency under normal conditions. Failure to demonstrate Hardy-Weinberg 

equilibrium in the control is an alert of potential complications or mistakes in 

the genotyping, genetic drift, or population stratification (Silverman and 

Palmer, 2000). This problem was faced when data of the EDNRB 

polymorphism were evaluated.

The third consideration when evaluating a study of genetic associations is 

making sure that the method of statistical analysis employed is appropriate for 

the specific data. In addition, suitable correction factors and threshold levels 

must be applied in order to distinguish between P values that represent an allele 

that confers genuine susceptibility to the disease (even if it is a weak 

association) and those that merely reflect random statistical fluctuation. In this 

study the conventional threshold value of P<0.05 was employed after the 

Bonferroni correction was applied to the data.

4.2 Genes and polymorphisms presented in this study

The aim of this study was to evaluate five specific genes (CTGF, collagen type 

I, endothelin-1, and endothelin receptors A and B) that are thought to be 

important in SSc pathogenesis. My objective was to look for polymorphisms in 

these genes and their associations with different groups within the disease 

cohort. These genes were selected for specific reasons: CTGF and Collagen 

type I have major roles in well established fibrotic pathways and are over

expressed in fibroblast from SSc patients in gene expression assays (Shi Wen 

X, 2000). The Endothelin axis represents a unique link between specific 

elements of the fibrotic process in SSc.

Endothelin expressed in the endothelial, vascular smooth muscle cells and
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fibroblasts, plays a major role in vascular contraction but also has the ability to 

activate fibroblasts in a pro-fibrotic manner (Shi-wen et al., 1998) (Cambrey et 

al., 1994; Rubanyi and Polokoff, 1994). Endothelin receptors, also expressed in 

fibroblasts, have their own part to play via signaling pathways in the activation 

of fibroblasts during fibrotic conditions. That implies that these molecules have 

the potential of affect many steps of the fibrosis found in scleroderma and 

therefore are good candidates for evaluation.

The objectives of this study were fulfilled and interesting associations were 

found between some polymorphisms and specific SSc features. Even the 

results of the collagen type I studies, although negative, gives us information 

that fills in some of the gaps in our knowledge of SSc pathogenesis. For 

example, the absence of polymorphisms with the collagenase-1 cleavage site 

on the collagen type I a2 gene implies that the variations in the collagen type I 

protein sequence are not important in the mechanism which leads to the 

decreased collagen degradation process observed in SSc. The diminished 

collagenase-1 activity that has been reported in this disease must have an 

alternative explanation, such as polymorphic variations in the collagenase-1 

gene itself, the bioavailability of the enzyme or even the presence of enzyme 

inhibitors.

4.3 Significance o f the CTGF polymorphisms

The G allele of CTGF polymorphism localised in the -743 position of the 

promoter region was associated with the presence of ATA in SSc patients and 

fibrotic alveolitis. In addition this polymorphism is situated over a region that 

has been identified as a potential transcription factor binding site. This 

observation is additional evidence for a functional role for this polymorphism. 

For example, if the polymorphism modifies a functional TF binding site, the 

alteration in the regulation of the CTGF expression can lead to an increased 

CTGF level than can promote pro-fibrotic pathways. There are previous reports 

in the literature of polymorphisms found in the promoter regions of genes that
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ultimately produce modifications in gene expression (Jain et al., 2002) 

(Udalova et al., 2000).

This could be the case with the C-743G polymorphism described here. 

Searches of the sequence which includes the polymorphism in a transcription 

factor binding site database, have revealed that the polymorphism may be 

disturbing a putative KLF binding site. KLF (Kruppel-like factors) are to a 

large family of zinc-finger proteins that have regions of high homology. There 

are many tissue specific family members including the gut enriched KLF and 

lung KLF. All family members bind very similar DNA binding sites (GT-box) 

(for reviews see (Turner and Crossley, 1999) (Bieker, 2001). The biological 

function of these transcription factors are varied and are characterised their 

induction by injury or cytokines and their stimulatory or antagonistic effects on 

the cell cycle, and their activation /repression of down-stream gene expression. 

L-KLF is expressed predominantly in the lung and is important in pulmonary 

development (Conkright et al., 2001) and as such, one could speculate that, it 

could be involved in the transcriptional regulation of sever genes in the lung 

including CTGF. L-KLF, like the rest of the family members has both 

inhibiting and activating domains (Bieker, 2001). It is possible that L-KLF 

binds to the CTGF promoter and leads to the repression of transcription of 

CTGF. The C-743G polymorphism may abolish the high affinity binding site 

which in turn may abolish or reduce L-KLF binding. The consequence could 

be a release from the inhibitory affect of L-KLF on CTGF transcription and 

ultimately could lead to and increase of CTGF gene expression in the lung. An 

up-regulation of CTGF in the lung is a hallmark of the pro-fibrotic profile 

characteristic of SSc. Although for the moment this is only speculation, it can 

be tested and could be the basis of further research efforts in the functionality 

of this polymorphism.

4.4 Significance o f the EDN-1 and EDN receptor 
polymorphisms
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Here I have looked at eleven polymorphisms collectively in the endothelin axis 

for associations in the scleroderma patient cohort. We have found that found an 

intriguing and consistent association between endothelin polymorphisms and 

the presence of various autoantibodies specifically found in SSc patients.

The problem is that there is, to date, no report of a direct functional or 

biological association between any of the endothelin axis genes and antibody 

production. It is accepted that autoantibody production is an antigen driven 

process, highly dependent on HLA specificity. There is a well known 

association between specific HLA alleles and the presence of particular auto 

antibodies specificities (Gilchrist et al., 2001) (Fanning et al., 1998).

One of the EDN-1 polymorphisms that have been investigated in the present 

study, 138 AI, shows a strong association with the presence of ARA. It may be 

significant that EDN-1 and the HLA region are located on the same 

chromosome (6). One may speculate that there is an indirect link between the 

endothelin and ARA via the HLA region.

The G-231A polymorphism also had strong association with an autoantibody, 

the ACA. In this case the EDNRA is located on chromosome 4 and although 

linkage associations have been observed between distant loci on the same 

chromosome and even on different chromosomes, these are far less likely.

A highly speculative and controversial idea, that may explain many of the 

results and the observations discussed so far, could be the existence of at least 

three distinct diseases, each one characterized by a specific autoantibody, under 

the umbrella of scleroderma. Each of these diseases has a specific genetic 

background that determines its clinical features and a HLA profile that may 

determine that immune response and autoantibody production. It would be a 

much more reliable way of classifying patients within these ‘hypothetical’ 

diseases using the autoantibodies associated with these diseases than by their 

different clinical features.
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5. FUTURE WORK

There are many ways by which the individual studies described in this thesis 

can be expanded and moved forward towards a clearer picture of the function 

of the polymorphisms within the context of scleroderma.

The first approach should be the confirmation of the associations using an 

independent cohort of patients. Next, an expanded set of polymorphisms that 

are located in the proximity of the ones investigated in this thesis showed be 

looked at using the same patient database that was used in this study. The 

intention for this is to find a functional polymorphism, if there is one. The 

natural step is then to characterise each group for HLA genotype. This could 

explain if there is an indirect link between autoantibodies and polymorphisms.

The second approach should be to investigate further on a more molecular level 

the CTGF promoter region in which the C-743G polymorphism was found to 

have a strong and possibly a functional association with fibrosing alveolitis in 

SSc.

The first experiment should be the confirmation the polymorphism disturbs a 

functional transcription factor binding site and determine the identity of the 

transcription factor involved. A mechanism of action for this transcription 

factor and the way that the polymorphism alters this can be determined. It 

would be interesting for example, to see whether L-KLF is involved and how it 

regulates the expression of CTGF in the lung.

As more candidate genes are emerging from molecular studies that are 

associated with possible disease mechanisms for different aspects of SSc, small 

pieces are constantly added to the over-all puzzle. On the whole, there is a very 

interesting future ahead for the study of genetic variance within groups of 

patients associated with a multifactorial disease such as scleroderma.
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7. Appendix A (Result tables)

7.1 CTGF Polymorphism results

Table 7.1 CTGF polymorphism genotype distribution by clinical groups

Polymorphism Group
Genotype Phenotype Allele

1 (§) 12 (§) 2 (§) p 1 (§) 2 (§) P 1 2 P Total

Promoter SSc 30 0.22 71 0.53 33 0.25 101 0.75 104 0.78 0.49 0.51 134
C-743G Control 23 0.23 58 0.59 18 0.18 81 0.82 76 0.77 0.53 0.47 99

RP 16 0.25 33 0.52 15 0.23 NS 49 0.77 48 0.75 NS 0.51 0.49 NS 64

Promoter SSc 1 0.01 0 0.00 82 0.99 1 0.01 82 0.99 0.01 0.99 83
C-642A Control 0 0.00 1 0.01 81 0.99 1 0.01 82 1.00 0.01 0.99 82

RP 0 0.00 0 0.00 10 1.00 NS 0 0.00 10 1.00 NS 0.00 1.00 NS 10

Promoter SSc 2 0.02 11 0.12 77 0.86 13 0.14 88 0.98 0.08 0.92 90
G-448C Control 0 0.00 8 0.11 66 0.89 8 0.11 74 1.00 0.05 0.95 74

RP 0 0.00 0 0.00 9 1.00 NS 0 0.00 9 1.00 NS 0.00 1.00 NS 9

I262I SSc 95 0.98 1 0.01 1 0.01 96 0.99 2 0.02 0.98 0.02 97
Exon 5 Control 81 0.98 2 0.02 0 0.00 83 1.00 2 0.02 0.99 0.01 83
C/T RP 9 1.00 0 0.00 0 0.00 NS 9 1.00 0 0.00 NS 1.00 0.00 NS 9

G1137A SSc 0 0.00 2 0.02 82 0.98 2 0.02 84 1.00 0.01 0.99 84
U T R E xonS Control 0 0.00 1 0.01 72 0.99 1 0.01 73 1.00 0.01 0.99 73

RP 0 0.00 0 0.00 10 1.00 NS 0 0.00 10 1.00 NS 0.00 1.00 NS 10
§= Proportion SSc = Systemic sclerosis RP= Raynaud’s phenomenon N S= No significant
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Table 7.2 CTGF (C-743G) genotype and allele frequency distribution by clinical groups
Control FASSc NO FA IPAH NO PAH RC NO RC
(n=99) (n=57) (n=61) (n=31) (n=74) (n=25) (n=85)

§ n § n § n § n § n § n §
Genotype

CC 0.23 11 0.19* 14 0.23 5 0.16 19 0.26 7 0.28 16 0.13
CO 0.59 26 0.46 38 0.62 23 0.74 39 0.53 14 0.56 47 0.39
GG 0.18 20 0.35 9 0.15 3 0.10 16 0.22 4 0.16 22 0.18

Allele
C 0.53 48 0.42 66 0.54 33 0.53 77 0.52 28 0.56 79 0.46
G 0.47 66 0.58 56 0.46 29 0.47 71 0.48 22 0.44 91 0.54

§= Proportion FASSc= Fibrosing alveolitis NO FA= SSc patients without FA IPAH= Idiopathic pulmonary arterial hypertension 
No PAH= SSc patients without IPAH RC= Renal crisis No RC= SSc Patients without RC

Table 7.3 CTGF (C-743G) genotype and allele frequency of SSc serological subgroups
Control ATA+ ATA- ACA+ ACA- ARA+ ARA-
(N=99) (n=38) (n=94) (n=34) (n=96) (n=22) (n= 110)

§ n § N § n § n § n § n §
Genotype

CC 0.23 10® 0.26^ 20 0.21 6 0.18 24 0.25 4 0.18 26 0.24
CG 0.59 13 0.34 58 0.62 23 0.68 46 0.48 13 0.59 58 0.53
GG 0.18 15*̂ 0.39 16 0.17 5 0.15 26 0.27 5 0.23 26 0.24

Phenotype
C 0.82 23® 0.61 78 0.83 29 0.85 70 0.73 17 0.77 84 0.76
G 0.77 28 0.74 74 0.79 28 0.82 72 0.75 18 0.82 84 0.76

Allele
C 0.53 33 0.43 98 0.52 35 0.51 94 0.49 21 0.48 110 0.50
G 0.47 43 0.57 90 0.48 33 0.49 98 0.51 23 0.52 110 0.50

§= Proportion ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody

A= FASSc vs. No FA P=0.03
D= C Phenotype ATA+ vs ATA- P=0.005

B= Genotype ATA+ vs ATA - P= 0.007 
E= ATA (+) vs. Control P= 0.01

C= GO ATA vs. ATA- P=0.005
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7.2 EDN-1 polymorphisms results

Table 7.4 EDN-1 (+138 A I) genotype distribution clinical groups.

+ 1381/D
Control
(N=110) (N

RP
=109)

ARP
(N=26)

SSc
(N=150)

N § N § N § N §
Genotype

3A 69 0.63 60 0.55 17 0.65 73 0.49^
3A4A 33 0.30 44 0.40 7 0.27 56 0.37
4A4A 8 0.07 5 0.05 2 0.08 21 0.14

Phenotype
3A 102 0.93 104 0.95 24 0.92 129 0.86
4A 41 0.37 49 0.45 9 0.35 77 0.51

Allele
0.67®3A 171 0.78 164 0.75 41 0.79 202

4A 49 0.22 54 0.25 11 0.21 98 0.33

H-W Yes Yes Yes Yes
RP= Raynaud’s Phenomenon APR= Autoimmune Raynaud’s Phenomenon

H-W = Hardy-Weinberg equation §= Proportion
SSc= Systemic Sclerosis
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Table 7.5 EDN-1 (+ 138 AI) genotype and allele frequency of SSc clinical subgroups

Control FASSc NO FA IPAH NO PAH RC N O R C
(n=110) (n=80) (n=67) (n=38) (n=77) (n=27) (n=95)

§ N § N § N § N § N § N §
Genotype

3A 0.63 41 0.51 29 0.43^*^ 16 0.42'" 40 0.52 12 0.44 45 0.47"
3 A4 A 0.30 28 0.35 28 0.42 16 0.42 26 0.34 11 0.41 37 0.39
4A4A 0.07 11 0.14 10 0.15 6 0.16 11 0.14 4 0.15 13 0.14

Allele
3A 0.78 110 0.69 86 0.64^ 48 0.63° 106 0.69 35 0.65 127 0.67’
4A 0.22 50 0.31 48 0.36 28 0.37 48 0.31 19 0.35 63 0.33

FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis 1PAH= Idiopathic pulmonary hypertension
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis §== Proportion

Table 7.6 EDN-1 (+ 138 A I) genotype and allele frequency of SSc serological subgroups

Control ATA+ A T A - ACA+ A C A - ARA+ ARA-
(n=110) (n=43) (n=]105) (n=39) (n=109) (n=22) (n= 126)

§ n § n § n § n § n § n §
Genotype

3A 0.62 27 0.63^ 44 0.42^^ 18 0.46 53 0.49 6 0.27’’° 65 0.52^
3A4A 0.30 12 0.28 44 0.42 17 0.44 39 0.36 10 0.45 46 0.37
4A4A 0.07 4 0.09 17 0.16 4 0.10 17 0.16 6 15 0.12

Allele
3A 0.78 66 0.77^ 132 0.63^ 53 0.68 145 0.67° 22 0.50^ 176 0.70°
4A 0.22 20 0.23 78 0.37 25 0.32 73 0.33 22 0.50 76 0.30

ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody §= Proportion
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EDN-1 (+138 A I )  polymorphism associations with statistical significance

A= 3A3A SSc vs Controls P=0.02
B= Allele frequency SSc vs Controls p= 0.01
C= Genotype No FA vs Control P=0.02
D= 3 A3 A No FA vs Control P=0.01
E= Allele frequency No FA vs. Control P= 0.006
F= 3A3A IPAH vs Control p= 0.02
G= Allele frequency IPAH vs Controls P=0.01
H= 3A3A No RC vs. Control p= 0.03
1= Allele frequency No RC vs. Control P=0.01
J= 3A3A ATA+ vs ATA- P=0.02
K= Allele frequency ATA+ vs ATA- P=0.02
L= Genotype ATA -  vs. Control P=0.007
M= 3A3A ATA- vs Control P=0.002
N= Allele frequency ATA- vs. Control P=0.0008
0= Allele frequency ACA- vs. Control P=0.01
P= Genotype ARA+ vs. Control P=0.002
Q= 3A3A ARA+ vs Control P=0.002
R= 4A4A ARA+ vs. Control P=0.0
S= Allele frequency ARA+ vs. Control = 0.0001
T= 3A3A ARA+ vs. ARA- P=0.03
U= Allele frequency ARA+ vs ARA- P=0.009
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Table 7.7 EDN-1 (T-1370G) genotype distribution by clinical groups.

T 1 "xic\r^ Control RP ARP SSc1-1J /u o
(n= 103) (n=108) (n=21) = 148)

n § n § n § n §
Genotype
GG 10 0.10 16 0.15 3 0.14 13 0.09
GT 39 0.38 36 0.33 9 0.43 44 0.30
TT 54 0.52 56 0.52 9 0.43 91 0.61

Phenotype
G 49 0.48 52 0.48 12 0.57 57 0.39
T 93 0.90 92 0.85 18 0.86 135 0.91

Allele
G 59 0.29 68 0.31 15 0.36 70 0.24
T 147 0.71 148 0.69 27 0.64 226 0.76

H-W Yes No Yes No
RP = Raynaud’s phenomenon ARP = Autoimmune RP SSc = Systemic Sclerosis H-W == Hardy-Weinberg equation §= Proportion

Table 7.8 EDN-1 (T-1730G) genotype and allele frequency of SSc clinical subgroups.

T-1370G Control FASSc (n=79) NO FA (n=66) IPAH (n=37) NO PAH (n=77) RC (n=27) NO RC (n=93)

§ n § n § n § n § n § n §

Genotype
GG 0.10 8 0.10 4 0.06 1 0.03 9 0.12 4 0.15 8 0.09
GT 0.38 27 0.34 17 0.26 10 0.27 23 0.30 8 0.30 32 0.34
TT 0.52 44 0.56 45 0.68 26 0.70 45 0.58 15 0.56 53 0.57

Allele
G 0.29 43 0.27 25 0.19 12 0.16 41 0.27 16 0.30 48 0.26
T 0.71 115 0.73 107 0.81 62 0.84 113 0.73 38 0.70 138 0.74

FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertension 
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis §= Proportion
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Table 7.9 EDN-1 (T-1370G) genotype and allele frequency of SSc serological subgroups

T-1370G
Control
(n=103)

ATA+
(n=42)

A T A -
(n=103)

ACA+
(n=38)

A C A -
(n=108)

ARA+
(n=22)

ARA-
(n=124)

§ n § n § n § n § n § n §
Genotype

GG 0.10 5 0.12 10 0.10 1 0.03 12 0.11 0 0.00 13 0.10
GT 0.38 14 0.33 39 0.38 12 0.32 31 0.29 5 0.23 38 0.31
TT 0.52 23 0.55 54 0.52 25 0.66 65 0.60 17 0.77^ 73 0.59

Allele
G 0.29 24 0.29 59 0.29 14 0.18 55 0.25 5 0.11® 64 0.26
T 0.71 60 0.71 147 0.71 62 0.82 161 0.75 39 0.89 184 0.74

ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody §= Proportion

T-1370G Polymorphism associations with statistical significance

A= TT ARA+ vs Control P= 0.03
B= Allele frequency ARA+ vs. Control P= 0.017
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Table 7.10 EDN-1 (E 106E) genotype distribution by clinical groups
Control RP ARP SSc
(n= 101) (n==110) (n=26) (n=146)

n § n § n § n §
Genotype

AA 3 0.03 2 0.02 0 0.00 3 0.02
GA 17 0.17 26 0.24 7 0.27 33 0.23
GG 81 0.80 82 0.75 19 0.73 110 0.75

Phenotype
A 20 0.20 28 0.25 7 0.27 36 0.25
G 98 0.97 108 0.98 26 1.00 143 0.98

Allele
A 23 0.11 30 0.14 7 0.13 39 0.13
G 179 0.89 190 0.86 45 0.87 253 0.87

H-W Yes Yes Yes Yes
§= Proportion RP = Raynaud’s phenomenon ARP = Autoimmune RP SSc = Systemic Sclerosis H-W = Hardy-Weinberg equilibrium

Table 7.11 EDN-1 (E 106E) genotype and allele frequency of SSc clinical subgroups
Control FASSc NO FA IPAH NO PAH RC NORC
(n=101) (n=76) (n=67) (n=38) (n=76) (n=27) (n=110)

§ n § n § n § n § n § n §
Genotype

AA 0.03 2 0.03 1 0.01 0 0.00 3 0.04 0 0.00 2 0.02
GA 0.17 19 0.25 14 0.21 9 0.24 16 0.21 4 0.15 26 0.24
GG 0.80 55 0.72 52 0.78 29 0.76 57 0.75 23 0.85 82 0.75

Allele
A 0.11 23 0.15 16 0.12 9 0.12 22 0.14 4 0.07 30 0.14
G 0.89 129 0.85 118 0.88 67 0.88 130 0.86 50 0.93 190 0.86

§= Proportion FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertension 
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis
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Table 7.12 EDN-1 (E106E) genotype and allele frequency of SSc serological subgroups

Control ATA+ A T A - ACA+ ACA- ARA+ ARA-
(n=1 0 1 ) (n=42) (n=1 0 2 ) (n=39) (n=105) (n=2 2 ) (n=125)

§ n § n § n § n § n § n §
Genotype

AA 0.03 0 0 . 0 0 3 0.03 1 0.03 2  0 . 0 2 1 0.05 2  0 . 0 2

GA 0.17 7 0.17 26 0.25 8 0 . 2 1 25 0.24 7 0.32 26 0 . 2 1

GG 0.80 35 0.83 73 0.72 30 0.77 78 0.74 14 0.64 94 0.75
Allele

A 0 . 1 1 7 0.08 32 0.16 1 0 0.13 29 0.14 9 0 . 2 0 30 0.12
G 0.89 77 0.92 172 0.84 6 8 0.87 181 0 . 8 6 35 0.80 214 0.88

§= Proportion ATA= Anti-topoisomerase I antibody A C A =  Anti-centromere antibody ARA= Anti-RNA polymerase antibody

No association was found with statistical significance
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Table 7.13 EDN-1 (K198N) polymorphism genotype distribution of the clinical groups.
V 1 ooxT Control RP ARP SSc

(n==109) (n=109) (n=26) (n=147)
n § n § n § n §

Genotype
GG 52 0.48 60 0.55 15 0.58 8 8 0.60
GT 48 0.44 39 0.36 8 0.31 45 0.31
TT 9 0.08 10 0.09 3 0 . 1 2 14 0 . 1 0

Phenotype
G 1 0 0 0.92 99 0.91 23 0 . 8 8 133 0.90
T 57 0.52 49 0.45 11 0.42 59 0.40

Allele
G 152 0.70 159 0.73 38 0.73 2 2 1 0.75
T 6 6 0.30 59 0.27 14 0.27 73 0.25

H-W Yes Yes Yes No
§= Proportion RP = Raynaud’s phenomenon ARP = Autoimmune RP SSc = Systemic Sclerosis H-W = Hardy-Weinberg equation

Table 7.14 EDN-1 (K198N) genotype and allele frequency of SSc clinical subgroups.
Control FASSc NO FA IPAH NO PAH RC NO RC
(n=109) (n=77) (n=67) (n=38) (n=77) (n=27) (n=92)

§ n § n § n § n § n § n §
Genotype

GO 0.48 3 8 ^  0.49 48%̂  0.72 27 0.71" 42 0.55 17 0.63 52 0.57
GT 0.44 30 0.39 14° 0.21 7 0.18^ 27 0.35 9 0.33 27 0.29
TT 0.08 9^ 0 . 1 2 5 0.07 4 0 . 1 1 8 0 . 1 0 1 0.04 13 0.14

Allele
G 0.70 106° 0.69 n o "  0.82 61 0.80 1 11 0.72 43 0.80 131 0.71
T 0.30 48 0.31 24 0.24 15 0 . 2 0 43 0.28 11 0 . 2 0 53 0.29

§= Proportion FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertension
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis
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Table 7.15 EDN-1 (K198N) genotype and allele frequency of SSc serological subgroups

K198N
Control
(n=109)

ATA+
(n=42)

ATA-
(n=103)

ACA+
(n=39)

ACA-
(n=106)

ARA+
(n=2 2 )

ARA-
(n=123)

§ n § n § n § n § n § n §
Genotype

GG 0.48 2 2 0.52 6 5 LM 0.63 2 7 OP 0.69 60 0.57 15 0 . 6 8 72 0.59
GT 0.44 18 0.43 27^ 0.26 7 Q 0.18 38 0.36 7 0.32 38 0.31
TT 0.08 2 0.05 11 0 . 1 1 5 0.13 8 0.08 0 0 . 0 0 13 0.11

Allele
G 0.70 62 0.74 157 0.76 61 0.78 158 0.75 37 0.84 182 0.74
T 0.30 2 2 0.26 49 0.24 17 0 . 2 2 54 0.25 7 0.16 64 0.26

§= Proportion ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody

K198N polymorphism associations with statistical significance

A= Genotype FASSc vs. No FA Chi = 7.47 P=0.02 
B= 0 0  FASSC vs. No FA Chi=7.4 P= 0.006 
C= TT FASSC vs No FA Chi=5.51 P=0.01 
D= Allele frequency FASSc vs. No FA P=0.009 
E= Genotype No Fa vs. Control Chi= 10.52 P= 0.005 
F= GO No Fa vs. Control Chi=6.6 P=0.001 
0= GT No Fa vs. Control P=0.001 
H= Allele frequency No Fa vs. Control P=0.009 
1= Genotype IPAH vs Control Chi=7.96 P=0.01 
J= GG IPAH vs. Control Chi= 6.18 P=0.01 
K= GT IPAH vs. Control Chi=7.9 P=0.004 
L= Genotype AT A- vs Control Chi=7.36 P=0.02 
M= GG AT A- vs Control P=0.02 
N= GT ATA- vs Control P=0.006

0= Genotype ACA+ vs Control P=0.02 
P= GG ACA+ vs Control P=0.02 
Q= GT ACA+ vs Control P=0.003
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7,3 EDNRA results

Table 7.16 EDNRA (G-231A) genotype distribution by clinical groups.
Control RP ARP SSc
(n= 1 1 1 ) (n= 1 1 0 ) (n=2 2 ) (n=148)

n § n § n § n §
Genotype

AA 16 0.14 17 0.15 2 0.09 27 0.18
AG 54 0.49 49 0.45 1 0 0.45 62 0.42
GG 41 0.37 44 0.40 10 0.45 59 0.40

Phenotype
A 70 0.63 6 6 0.60 1 2 0.55 89 0.60
G 95 0 . 8 6 93 0.85 2 0 0.91 12 1 0.82

Allele
A 8 6 0.39 83 0.38 14 0.32 116 0.39
G 136 0.61 137 0.62 30 0 . 6 8 180 0.61

H-W Yes Yes Yes Yes
§= Proportion RP = Raynaud’s phenomenon ARP = Autoimmune RP SSc = Systemic Sclerosis H-W = Hardy-Weinberg equation
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Table 7.17 EDNRA (G-231A) genotype and allele frequency of SSc clinical subgroups
Control FASSc NO FA IPAH NO PAH RC NORC
(n = ll l) (n=78) (n=67) (n=38) (n=77) (n=27) (n=93)

§ n § n § n § n § n § n §
Genotype

AA 0.14 I7A 0.22 10 0.15 4 0.11 14 0.18 7 0.26 16 0.17
AG 0.49 37 0.47 23 0.34 15 0.39 35 0.45 10 0.37 39 0.42
GG 0.37 24® 0.31 34 0.51 19 0.50 28 0.36 10 0.37 38 0.41

Allele
A 0.39 71*̂ 0.46 43 0.32 23 0.30 63 0.41 24 0.44 71 0.38
G 0.61 85 0.54 91 0.68 53 0.70 91 0.59 30 0.56 115 0.62

§= Proportion FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertension 
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis

Table 7.18 EDNRA (G-231A) genotype and allele frequency of SSc serological subgroups

Control ATA+ ATA- ACA+ ACA- ARA+ ARA-
(n = ll l) (n=42) (n= 104) (n=39) (n=107) (N=22) (n=124)

§ n § n § n § n § n § n §
Genotype

AA 0.14 9 0.21 18 0.17 2D 0.05 25° 0.23 5 0.23 22 0.18
AG 0.49 21 0.50 41 0 3 9 14 0.36 48 0.45 9 0.41 53 0.43
GG 0.37 12 0.29 45 0:43 23® 0.59 3 4 " 0.32 8 0.36 49 0.40

Allele
A 0.39 39 0.46 77 0.37 18® 0.23 98' 0.46 19 0.43 97 0.39
G 0.61 45 0.54 131 0.63 60 0.77 116 0.54 25 0.57 151 0.61

§= Proportion ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody
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A-231G Associations with statistical significance:

A= Genotype FASSC vs. No FA P=0.49
B=GG FASSC vs. No FA p=0.014
C= Allele frequency P= 0.019
D= Genotype ACA+ vs. Control Chi=6.39 P=0.04
E= GG ACA+vs. Control Chi=5.73 P=0.016
F= Allele frequency Chi= 6.25 P=0.01
G= Genotype AC A+vs. AC A- Chi=ll.l P=0.003
H= GG ACA+ vs. ACA- Chi=8.88 P=0.002
1= Allele frequency ACA+vs. ACA- Chi=12.32 P=0.0004
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Table 7.19 EDNRA (H323H) polymorphism genotype distribution by clinical groups
Control RP ARP SSc

H323H (n=109) (n=1 1 0 ) (n=23) (n= 146)
n § n § n § n §

Genotype
CC 13 0 . 1 2 13 0 . 1 2 1 0.04 16 0 . 1 1

CT 36 0.33 53 0.48 1 0 0.43 62 0.42
TT 60 0.55 4 4 A 0.40 1 0 0.43 6 8 0.47

Phenotype
C 49 0.45 6 6 0.60 11 0.48 78 0.53
T 96 0 . 8 8 97 0 . 8 8 2 2 0.96 130 0.89

Allele
C 62 0.28 79 0.36 12 0.26 94 0.32
T 156 0.72 141 0.64 34 0.74 198 0 . 6 8

H-W No Yes Yes Yes
§= Proportion RP = Raynaud’s phenomenon ARP ^ Autoimmune RP SSc = Systemic Sclerosis H-W = Hardy-Weinberg equation

Table 7.20 EDNRA (H323H) genotype and allele frequency distribution by clinical subgroups.
Control FASSc NO FA IPAH NO PAH RC NORC
(n=109) (n=77) (n=6 6 ) (n=37) (n=77) (n=27) (n=92)

§ n § n § n § n § n § n §
Genotype
CC 0 . 1 2 9 0 . 1 2 6 0.09 1 0.03 1 0 0.13 5 0.19 9 0.10
GT 0.33 33 0.43 29 0.44 17 0.46 34 0.44 13 0.48 38 0.41
TT 0.55 35 0.45 31 0.47 19 0.51 33 0.43 9 B 0.33 45 0.49

Allele
C 0.28 51 0.33 41 0.31 19 0.26 54 0.35 23^ 0.30 56 0.30
T 0.72 103 0.67 91 0.69 55 0.74 1 0 0 0.65 54 0.70 128 0.70

§= Proportion FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertension
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis
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Table 7.21 EDNRA (H323H) genotype and allele frequency of SSc serological subgroups

Control ATA+ A T A - ACA+ ACA- ARA+ ARA-
(n=109) (n=42) (n=1 0 2 ) (n=39) (n=105) (N=22) (N=122)

§ n § n § n § n § n § §
Genotype

CC 0 . 1 2 7 0.17 8  0.08 1 0.03 14 0.13 2 0.09 13 0.11
CT 0.33 2 1 0.50 41 0.40 15 0.38 47 0.45 13° 0.59 49 0.40
TT 0.55 1 0 ° 0.24 53 0.52 23 0.59 44 0.42 7 0.32 60 0.49

Allele
C 0.28 35^ 0.42 57^ 0.28 \1^ 0 . 2 2 75 0.36 17 0.39 75 0.31
T 0.72 49 0.58 147 0.72 61 0.78 135 0.64 27 0.61 169 0.69

§= Proportion ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody

H323H Polymorphism associations with statistical significance

A= TT Control vs. RP P=0.02
B= TT RC vs. Control P=0.04
C= Allele frequency RC vs. Control P= 0.04
E= TT ATA + vs. Control Chi=5.72 P=0.01
F= Allele frequency ATA+ vs. Control Chi=4.87 P=0.02
G= Allele frequency ACA+ vs. ACA- P=0.02
H= CT ARA+ vs. ARA- P= 0.02
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Table 7.22 EDNRA (E335E) genotype distribution by clinical groups
Control RP ARP SSc
(n=109) (n==1 1 0 ) (n=24) (148)

n § n § n § n §
Genotype

AA 11 0 . 1 0 13 0 . 1 2 0 0 . 0 0 14 0.09
AG 38 0.35 50 0.45 1 0 0.42 57 0.39
GG 60 0.55 47 0.43 14 0.58 77 0.52

Phenotype
A 49 0.45 63 0.57 1 0 0.42 71 0.48
G 93 0.85 97 0 . 8 8 24 1 . 0 0 134 0.91

Allele
A 60 0.28 76 0.35 10 0 . 2 1 85 0.29
G 158 0.72 144 0.65 38 0.79 211 0.71

H-W Yes Yes Yes Yes
§= Proportion RP = Raynaud’s phenomenon ARP == Autoimmune RP SSc = Systemic Sclerosis H-W = Hardy-Weinberg equation

Table 7.23 EDNRA (E335E) genotype and allele frequency distribution of the SSc clinical subgroups
Control FASSc NO FA IPAH NO PAH RC NO RC
(n=109) (n=78) (n=67) (n=38) (77) (n=27) (n=93)

§ n § n § n § n § n § n §
Genotype
AA 0 . 1 0 7 0.09 6 0.09 1 0.03 9 0.12 5 0.19 7 0.08
AG 0.35 31 0.40 26 0.39 14 0.37 32 0.42 13 0.48 34 0.37
GG 0.55 40 0.51 35 0.52 23 0.61 36 0.47 9"̂  0.33 52 0.56
Allele
A 0.28 45 0.29 38 0.28 16 0 . 2 1 50 0.32 23® 0.43 48 0.26
G 0.72 1 1 1 0.71 96 0.72 60 0.79 104 0.68 31 0.57 138 0.74

§= Proportion FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertension
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis
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Table 7.24 EDNRA (E335E) genotype and allele frequency of SSc serological subgroups

Control ATA+ A T A - ACA+ ACA- ARA+ ARA-
(n=109) (n=43) (n=104) (n=39) (n=107) (n=2 2 ) (n=124)

§ n § n § n § n § n § n §
Genotype

AA 0 . 1 0 7^ 0.17 6  0.06 1 0.03 1 2  0 . 1 1 2 0.09 11 0.09
AG 0.35 19 0.45 38 0.37 13 0.33 44 0.41 13" 0.59 44" 0.35
GG 0.55 16 0.38 60 0.58 25 0.64 51 0.48 7° 0.32 69' 0.56

Allele
A 0.28 33° 0.39 50 0.24 15" 0.19 6 8  0.32 17 0.39 6 6  0.27
G 0.72 51 0.61 158 0.76 63 0.81 146 0.68 27 0.61 182 0.73

§= Proportion ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody

E335E polymorphism associations with statistical significance

A= GG RC vs. No RC P=0.03
B=Allele frequency RC vs. No RC P=0.01
C= Genotype ATA+ vs. ATA- P=0.03
D= Allele frequency ATA+ vs. ATA- P=0.008
E= Allele frequency ACA+ vs. ACA- P=0.03
F= AG ARA+ vs. ARA- P=0.03
G= GG ARA+ vs. ARA- P=0.04
H= GA ARA+ vs. ARA- P=0.03
1= GG ARA+ vs. ARA- P=0.04
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Table 7.25 EDNRA (C+228G) Genotype distribution by clinical groups
Control RP SSc
(n= 107) (n=89) (n=136)

n § n § n §
Genotype

CC 19 0.18 14 0.16 25 0.18
CO 45 0.42 39 0.44 45 0.33
GG 43 0.40 36 0.40 6 6 0.49

Phenotype
C 64 0.60 53 0.60 70 0.51
G 8 8 0.82 75 0.84 11 1 0.82

Allele
C 83 0.39 67 0.38 95 0.35
G 131 0.61 III 0.62 177 0.65

H-W Yes Yes No
§= Proportion RP = Raynaud’s phenomenon SSc = Systemic Sclerosis H-W = Hardy-Weinberg equation

Control FASSc NO FA IPAH NO PAH RC NORC
(n=I07) (n==73) (n=56) (n=29) (n=740 (n=26) (n=87)

§ n § n § n § n § n § n §
Genotype

CC 0.18 16 0 . 2 1 9 0.16 4 0.14 19 0.26 4 0.15 16 0.18
CG 0.42 2 1 0.27 24 0.43 14 0.48 2 0 0.27 13 0.50 27 0.31
GG 0.40 41 0.53 23 0.41 11 0.38 35 0.47 9 0.35 44 0.51

Allele
C 0.39 53 0.34 42 0.38 2 2 0.38 58 0.39 21 0.40 59 0.34
G 0.61 103 0 . 6 6 70 0.63 36 0.62 90 0.61 31 0.60 115 0 . 6 6

§= Proportion FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertension
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis
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Table 7.27 EDNRA (C+228G) genotype and allele frequency of SSc serological subgroups.

Control ATA+
(n=42)

A T A -
(n=92)

ACA+
(n=30)

A C A -
(n=104)

ARA+
(n=2 1 )

ARA-
(n=113)

§ n § n § n § n § n § n §
Genotype
CC 0.18 9 A 0 . 2 1 16° 0.17 3 0 . 1 0 2 2 0 . 2 1 1 0.05 24 0 . 2 1

CG 0.42 ?B 0.17 37 0.40 15 0.50 29 0.28 11 0.52 33 0.29
GG 0.40 26^ 0.62 39^ 0.42 1 2 0.40 53 0.51 9 0.43 56 0.50
Allele
C 0.39 25 0.30 69 0.38 2 1 0.35 73 0.35 13 0.31 81 0.36
G 0.61 59 0.70 115 0.63 39 0.65 135 0.65 29 0.69 145 0.64
§= Proportion ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody

C+228G Polymorphism associations with statistical significance

A= Genotype ATA + vs Control Chi 8.86 P=0.01 
B= CG ATA+ vs Control Chi=8.59 P=0.003 
C= GG ATA+ vs Control P=0.01 
D=Genotype ATA+ vs ATA - Chi=7.39 P=0.02 
E= CG ATA+ vs. ATA- Chi= 7.25 P= 0.007

OBSERVATION: Patients with FASSc+/ATA+ have more heterocygotes than FASSc+/ATA- and Control groups (P=0.02 and 0.006 
respectively)
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7,4 EDNRB polymorphisms results

Table 7.28 EDNRB-3 (C +12037A) genotype distribution by clinical subgroups
Control RP ARP SSc
(n= 108) =109) (n=2 1 ) (n=147)

n § n § n § n ......... §.
Genotype

AA 18 0.17 15 0.14 2 ^ 0 . 1 0 2 2 ® 0.15®
AC 35 0.32 42 0.39 5 0.24 78^ 0.53°
CC 55 0.51 52 0.48 14 0.67 47® 0.32"

Phenotype
A 53 0.49 57 0.52 7 0.33 1 0 0 0 . 6 8

C 90 0.83 94 0 . 8 6 19 0.90 125 0.85
Allele

A 71 0.33 72 0.33 9 0 . 2 1 1 2 2 ® 0.41
C 145 0.67 146 0.67 33 0.79 172 0.59

H-W No Yes Yes Yes
§= Proportion RP = Raynaud’s phenomenon ARP = Autoimmune RP SSc = Systemic Sclerosis H-W = Hardy-Weinberg equilibrium
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Table 7. 29 EDNRB-3 (C +12037A) allele frequency of SSc clinical subgroups
Control FASSc NO FA IPAH NO PAH RC NORC
(n=108) (n=77) (n=67) (n=38) (n=76) (n=27) (n=92)

§ n § n § n § n § n § n §

Genotype
AA 0.17 13' 0.17^ 9 0.13 5° 0.13 10° 0.13 4 0.15 1 1 '̂  0 . 1 2

AC 0.32 45' 0.58 30 0.45 18 0.47 41'’ 0.54 14 0.52 50  ̂ 0.54
CC 0.51 19™ 0.25 28 0.42 15 0.39 25° 0.33 9 0.33 3 T  0.34

Allele
A 0.33 71'' 0.46 48 0.36 28 0.37 61 0.40 22 0.41 72 0.39
C 0.67 83 0.54 8 6 0.64 48 0.63 91 0.60 32 0.59 1 1 2  0.61

§= Proportion FASSc== Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertension
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis

Table 7.30 EDNRB-3 (C +12037A) genotype and allele frequency of SSc serological subgroups

Control ATA+ A T A - ACA+ A C A - ARA+ ARA-
(n=108) (n=41) (n= 104) (n=39) (n=106) (n=2 2 ) (n=123)

§ n § n § n § n § n § n §
Genotype

AA 0.17 lO'' 0.24 1 2 ^ 0 . 1 2 4 0 . 1 0 18(3 0.17 3 0.14 19(|) 0.15
AC 0.32 23^ 0.56 54^ 0.52 19 0.49 58% 0.55 13 0.59 64% 0.52
CC 0.51 8 ^ 0 . 2 0 38 0.37 16 0.41 306 0.28 6  0.27 40p 0.33

Allele
A 0.33 43̂  ̂ 0.52 78 0.38 27 0.35 94s 0.44 19 0.43 102 0.41
C 0.67 39 0.48 130 0.63 51 0.65 118 0.56 25 0.57 144 0.59

§= Proportion ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody
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EDNRB-3 Polymorphism associations with statistical significance

A= Genotype SSc vs ARP P=0.008
B= Genotype SSc vs. Control P=0.002
C=AC SSc vs Control P= 0.001
D= CC SSc vs. Control P=0.002
E= Allele frequency SSc Vs Control P= 0.047
F= Genotype SSc vs. RP P=0.03
G= AC SSc vs RP P= 0.02
H=CC SSc vs RP P= 0.01
1= Genotype FASSc vs. Control P=0.0006
J= AC FASSc vs Control P= 0.0004
K= CC FASSc vs. Control P=0.0003
L= Allele frequency FASSc vs. Control P=0.0009
M= Genotype FASSc vs. RP P=0.005
N= CC FASSc vss. NO FA P=0.02
0= Genotype No IPAH vs. Control P=0.01
P= AC No IPAH vs. Control P=0.003
Q= CC No IPAH vs. Control P=0.01
R= Genotype No RC vs. Control P= 0.007
S= AC No RC vs. Control P=0.001
T= CC No RC vs. Control P=0.01
V= AC ATA+ vs. Control P=0. 008
W= CC ATA+ vs. Control P= 0. 0005
X= Allele frequency ATA+ vs. Control P=0.001
Y= Genotype ATA- vs. Control P=0.01
Z= AC ATA - vs Control P=0.003

(3= Genotype ACA- vs. Control P=0.001 
AC ACA- vs. Control P=0.0009 

5= CC ACA- vs. Control P=0.0007 
s = Allele frequency ACA- vs. Control P=0.01 
(j)= Genotype ARA- vs. Control P=0.006 
Y= AC ARA- vs. Control P=.002 
T|= CC ARA- vs. Control P=0.004

Genotype ATA+ vs. RP P=0.006
CC ATA+vs. RP P=0.001
Allele frequency ATA+ vs. RP P=0.002
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Table 7.31 EDNRB-4 (A+11937G) polymorphism distribution by clinical groups
Control RP ARP SSc
(n= 1 1 0 ) (n̂ =1 1 0 ) (n=23) (n==148)
n § n § n § n §

Genotype
AA 16 0.15 16 0.15 1 0.04 2 1 0.14
AG 51 0.46 61 0.55 11 0.48 83 0.56
GG 43 0.39 33 0.30 11 0.48 44 0.30

Phenotype
A 67 0.61 77 0.70 1 2 0.52 104 0.70
G 94 0.85 94 0.85 2 2 0.96 127 0 . 8 6

Allele
A 83 0.38 93 0.42 13 0.28 125 0.42
G 137 0.62 127 0.58 33 0.72 171 0.58

H-W Yes Yes Yes Yes
§= Proportion RP = Raynaud’s phenomenon ARP = Autoimmune RP SSc = Systemic Sclerosis H-W = Hardy-Weinberg equation

Table 7.32 EDNRB-4 (A+11937G) polymorphism distribution by SSc clinical groups.
Control FASSc NO FA IPAH NO PAH RC NORC
(n=1 1 0 ) (n==78) (n=67) (n=38) (n=77) (n=27) (n=93)

§ n § n § n § n § n § n §
Genotype

AA 0.15 1 2 0.15 9 0.13 5 0.13 11 0.14 4 0.15 11 0 . 1 2

AG 0.46 48 0.62 33 0.49 19 0.50 44 0.57 1 2 0.44 55 0.59
GG 0.39 18^ 0.23 25 0.37 14 0.37 22 0.29 11 0.41 27 0.29

Allele
A 0.38 72 0.46 51 0.38 29 0.38 6 6  0.43 2 0 0.37 77 0.41
G 0.62 84 0.54 83 0.62 47 0.62 8 8  0.57 34 0.63 109 0.59

\= Proportion FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertensioi
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis
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Table 7.33 EDNRB-4 (A+11937G) genotype and allele frequency of SSc serological subgroups

Control ATA+ A T A - ACA+ A C A - ARA+ ARA-
(n=1 1 0 ) (n=42) (n=104) (n=39) (n= 107) (n=2 2 ) (n=125)

§ n § n § n § n § n § n §
Genotype

1 0 ® 1 1 ®̂AA 0.15 0.24 0 . 1 1 4 0 . 1 0 17 0.16 3 0.14 18 0.14
AG 0.46 25 0.60 57 0.55 2 0 0.51 62 0.58 13 0.59 69 0.55
GG 0.39 ?c 0.17 36° 0.35 15 0.38 28 0.26 6 0.27 37 0.30

Allele
A 0.38 45^ 0.54 79" 0.38 28 0.36 96 0.45 19 0.43 105 0.42

G 0.62 39 0.46 129 0.62 50 0.64 118 0.55 25 0.57 143 0.58

§= Proportion ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody

EDNRB-4 (A+11937G) associations with statistical significance

A= GG FASSC vs. Control P=0.02
B= Genotype ATA+ vs Control P=0.02
C= GG ATA+ vs Control P=0,0008
D= Allele frequency ATA+ vs. Control P=0.01
E= Genotype ATA+ vs. ATA- P=0.02
F= AA ATA+ vs. ATA- P=0.03
G=GG ATA+vs ATA- P=0.03
H= Allele frequency ATA+vs. ATA- P=0.01
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Table 7.34 EDNRB-7 (A +2841G) genotype distribution by clinical groups
Control RP ARP SSc
(n==109) (n= 106) (n=25) (n= 147)
n § n § n § n §

Genotype
AA 42 0.39 37 0.35 15^ 0.60 46® 0.31
AG 42 0.39 46 0.43 9 0.36 72 0.49
GG 25 0.23 23 0 . 2 2 1 0.04 29 0 . 2 0

Phenotype
A 84 0.77 83 0.78 24 0.96 118 0.80
G 67 0.61 69 0.65 1 0 0.40 1 0 1 0.69

Allele
A 126 0.58 1 2 0 0.57 39 0.78 164 0.56
G 92 0.42 92 0.43 11 0 . 2 2 130 0.44

H-W No Yes Yes Yes
§= Proportion RP = Raynaud’s phenomenon ARP = Autoimmune RP SSc = Systemic Sclerosis

H-W = Hardy-Weinberg equation

Table 7.35 EDNRB-7 (A +284IG) genotype and frequency distribution by SSc clinical groups
Control FASSc NO FA IPAH NO PAH RC NORC
(n=109) (n==77) (n=67) (n=38) (n=76) (n=27) (n=92)

§ n § n § n § n § n § n §
Genotype

AA 0.39 2 0 0.26 26 0.39 15 0.39 24 0.32 11 0.41 30 0.33
AG 0.39 38 0.49 31 0.46 17 0.45 38 0.50 1 2 0.44 43 0.47
GG 0.23 19 0.25 1 0 0.15 6 0.16 14 0.18 4 0.15 19 0 . 2 1

Allele
A 0.58 78 0.51 83 0.62 47 0.62 8 6 0.57 34 0.63 103 0.56
B 0.42 76 0.49 51 0.38 29 0.38 6 6 0.43 2 0 0.37 81 0.44

§= Proportion FASSc= Fibrosing alveolitis NO FA= SSc patients without fibrosing alveolitis IPAH= Idiopathic pulmonary hypertension
NO IPAH = SSc patients without IPAH RC= Renal crisis NO RC = SSc patients without renal crisis
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Table 7.36 EDNRB-7 (A +2841G) genotype and allele frequency of SSc serological subgroups

Control ATA+ ATA- ACA+ A C A - ARA+ ARA-
(n=109) (n=41) (n=104) (n=39) (n=106) (n=2 2 ) (n=123)

§ n § n § n § n § n § nr §
Genotype

AA 0.39 9 0 . 2 2 36 0.35 16 0.41 29 0.27 6 0.27 39 0.32
AG 0.39 19 0.46 52 0.50 18 0.46 53 0.50 1 2 0.55 59 0.48
GG 0.23 13^ 0.32 16 0.15 5 0.13 24 0.23 4 0.18 25 0.20

Allele
A 0.58 37° 0.45 124 0.60 50 0.64 111 0.52 24 0.55 137 0.56
G 0.42 45 0.55 84 0.40 28 0.36 101 0.48 2 0 0.45 109 0.44
§= Proportion ATA= Anti-topoisomerase I antibody ACA= Anti-centromere antibody ARA= Anti-RNA polymerase antibody

EDNRB-7 (A +284IG) associations with statistical significance

A= Genotype ARP vs. Control P=0.04 
B= Genotype ARP vs SSc P=0.01 
C= GG ATA= vs ATA- P=0.02 
D= Allele frequency ATA + vs ATA - P=0,02
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8. Appendix B (Primer sequences)

8.1 CTGF primers

Table 8.1 CTGF Promoter region primers for the SSC? assay

Primer ID Primer direction Sequence

B0939 Forward GACTCACTATAGGGCGTCGA
A2 Reverse CATTTGTCACTTGAGGTAACG
A1 Forward CGTTACCTCAAGTGACAAATG
B1232 Reverse GCCCTGTTCTGTCCACTGAC
B1231 Forward GTCAGTGGACAGGAACAGGGC
A4 Reverse CTGCCTCATCAACTCACAC
A3 Forward GTGTGAGTTGATGAGGCA
BOl Reverse GTGTGAGTTTGGGGCGGC

All the primers have a product with an approximated length of 200 bp.
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Table 8.2 SSP-PCR specific primer sequence for the CTGF polymorphisms within the promoter region

Localization Polymorphism Allele
Annealing Position 

A1354866
Primer Sequence 

5’^ 3 ’
Product Size 

(bp)

Promoter -743 C/G C/G 34018-34038
34722-34745

R- TAT ATA GGC AAG GAC AAG GGA C/G 
F- GCT CTG AAG CAT CAA CAA CTT AAA

727

Promoter -642 C/A C/A 33916-33938
34722-34745

R- GGA CAA GAA AGA GAA CAA AGA CG/T 
F- GCT CTG AAG CAT CAA CAA CTT AAA

829

Promoter -448 G/C G/C 33726-33744
34883-34305

R- GAA AAG GTT TCT CCC CCC C/G 
F- CAC TGC TCT TGT AAT GGA ATC AG

579

Promoter -199 C/T C/T 33477-33495
34067-34088

R- (G)CT GGC ACA CTC CAG CTCG/ A 
F- CTC TGA TAG AAC AAT GGA TCC C

428

Promoter -179 T/C T/C 33455-33474

34067-34088
R- (T)CA GCA TTC CTC CGT CTG AAA G/A 
F- CTC TGA TAG AAC AAT GGA TCC C

633

Promoter -132 C/G C/G 33430-33449
33868-33896

F- CAA GGG GTC AGG ATC AAT CC/G 
R- ACT GGC TGT CTC CTC TCA G

466

Promoter -79-81 ATA DEL ATA I/D 33754-33777
33754-33777
34283-34305

RW- CAA TGA TTT GCG TTT TAG AGG CTA 
RM- CAAT GAT TTG CGT TTT AGA GGC A 
F- CAC TGC TCT TGT AAT GGA ATC AG

645

F= Forward R= Reverse RW= Reverse wild type RM= Reverse mutated bp=base pair

The control primers for these reactions were AFC 210 -  AFC 211 Table (A2. )
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Table 8.3 SSP-PCR specific primer sequence for the CTGF polymorphisms within the coding region

Polymorphism Localization Position Alleles
Annealing Position 

AL354866
Primer Sequence 

5’ - ^ 3 ’
Product size

CTGF-1 Exon 5 UTR +1137 G/A 30327-30345
31147-31170

R- (C)AAG GAC ACT GAT GCC TCC C/T 
F- GAC ATT AAC TCA TTA GAC TGG AAC

843

CTGF-2 Exon 5 UTR +472 A/T 30990-31010
31612-31635

R- CTT CAA ACC AGT GTC TGG GGT/A 
F- GAC ATA GCA AAT GAG ACT CAA ACT

625

CTGF-3 Exon 5 UTR +471 A/T 31011-31034
30303-30325

F- CCA TGT CAA ACA AAT AGT CTA TCA/T 
R- CTA CCT AGA AAT CAG CCT GC

731

H296Y Exon 5 +132 C/T 31333-31350
32326-32344

R- (G)CAG GGT GGT GGT TCT GTG/A 
F- CAG CAT GGA CGT TCG TCT G

1 0 1 1

I262I Exon 5 + 32 T/C 31428-31449
32173-32192

R- GCT CAA ACT TGA TAG GCT TGG AA 
F- GTC AGG GTC GTG ATT CTC TC

764

D83H Exon 2 Codon 83 G/C 32719-32734
33651-33672

R- CCG GGG AGC CGA AGT G/C 
F- AGG ATG TAT GTC AGT GGA CAG A

953

L80L Exon 2 Codon 80 C/A 32742-32757
32030-32051

F- (G)ACC CGC ACA AGG GCC TC/A 
R- GTT GGC TCT AAT CAT AGT TGG G

727

P73P Exon 2 Codon 73 C/A 32745-32762
33651-33672

R- (C)CCT TGT GCG GGT CGC AG/T 
AGG ATG TAT GTC AGT GGA CAG A

927

F= Forward primer R= reverse primer bp=base pair

The control primers for these reactions were AFC 210 -  AFC 211 Table (A2. )
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8.2 Endothelin primers
Table 8.4 SSP-PCR specific primer sequence for the EDN-3 polymorphisms

Name Localization Position Allele Sequence ID Annealing
Primer sequence 

5’ - > 3 ’
Product size 

(bp)

EDN3-1 Exon 2 138 G/A Utah-EDN3*
Utah-EDN3

10927-10940
10011-10030

R-(A)TGT CGG GGC CAC AGT CC/A 
F-CTC TGA AAG TTT ATG ACC GCC

810

EDN3-2 Exon 1 247 G/A Utah-EDN3
Utah-EDN3

10237-10243
11047-11070

F-(C)AGT GAC CTC CGC CGC AG/A 
GCA ATA GTA GAC ACA CTC CTT G

747

University o f Utah Genome Center ('http://www.genome.utah.edn/genesnps/genes/frame.cgi?gene^EDN3') bp=base pair F= Forward primer R= reverse primer

Table 8.5 SSP-PCR specific primer sequence for the EDN-2 polymorphisms

Name Localization Position Allele Sequence ID Annealing
Primer sequence 

5’ ^ 3 ’
Product size 

(bp)

EDN2-1 5' Flank 4998 G/A Utah-EDN2*- 4498-4478 R-(C)CAC CTC ACC CAG GAA ATG C/A 678

Utah-EDN2 3710-3730 F-CCA AGG ACA AAG GAG CTG CT
EDN2-2 Exon 4 47 C/T Utah-EDN2 8612-8628 F-(AA)GT CCC CTG CAG ACG TGC/T 1109

Utah-EDN2 9821-9801 R-GGA ACC CTC AGT GAC AGA AG
EDN2-3 Intron 4 9534 T/C Utah-EDN2 9514-9528 F-(C)AG GAG AAA AGG CAG GAT GGT/G 782

Utah-EDN2 10291-10310 R-GTC GCT TGG CAA AGA GGC T
EDN2-4 Intron 4 9544 A/G Utah-EDN2 9544-9566 R-(T)TCC TAA GTA TAT GTT GGG TCC C/T 855

Utah-EDN2 8711-8741 F-CAT TGG GCA GCA AAG AGA ACT
EDN2-5 Intron 4 9868 C/T Utah-EDN2 9868-9892 T-(C)TG CTA CAA TTC TAC TCA TTC TTC A/G 1 0 0 0

Utah-EDN2 8771-8791 F-GTG CCT CAG TGT GAG TCA GA
EDN2-6 Exon 5 73 G/A Utah-EDN2 10336-10355 R-(C)TCC ACC TGG AAT GTG TGG AC/T 758

Utah-EDN2 9581-9597 F-CTG AGA ATG AAA AAT ATG AGT ACA AG
University o f Utah Genome Center (http://www.genome.utah.edu/genesnps/genes/frame.cgi?gene=EDN2) bp=base pair F= Forward primer R= reverse primer
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Table 8.6 SSP-PCR specific primer sequence for the EDN-1 polymorphisms

Name Localization Position Allele Genebank ID Annealing
Primer sequences 

5’ - ^ 3 ’
Product size 

(bp)

EDNl-1 Exon 1 UTR +138 3A/4A Z98050 154389-154401
153265-153286

R- TTC AGC CCA AGT GCC CTT TA/T 
F- GTG CAT TCC TCC TTC CTA TGT T

1136

EDNl-2 5UTR -1370 G/T Z98050 152873-152896
152096-152117

R- AGA ATT TTT GTT TGT TCT CCA CCA C/A 
F- GTC AGT GTT TGG TCA AAG TTG C

800

E106E Exon 3 +114 G/A Z98050 157892-157910
158649-158670

F- (A)CAA AGG CAA CAG ACC GTG AG/A 
R- ATG TCC GCT CCC CAA AAT GAT T

778

K198N Exon 5 +90 G/T Z98050 159908-159926
159196-159217

R- (C)ATA ACG CTC TCT GGA GGG C/A 
F- CTT CAC ACC TGC TTA TGA GAG T

730

EDNl-5 Intron 2 37 T/C Utah-EDNl* 13608 - 13630 
12861 - 12873

R-(AA)A GAG AGA AAG AAA CTA TAT TAG TGTG/A 
F-CAC TAG TTC ATC ATC TGT CGG A

747

University of Utah Genome Center (http://www.genome.utah.edu/genesnps/genes/frame.cgi?gene=EDN2) bp=base pair F= Forward primer R= reverse primer

The control primers for all the Endothelin primers are AFC 210-AFC 211 (Table 8.11)
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8.3 EDNRA primers

Table 8.7 SSP-PCR specific primer sequence for the EDNRA polymorphisms

Name Localization Position Allele ID Annealinag Primer sequence 
5 '-> 3 '

Product size 
(bp)

EDNRA Exon 1 231 G/A Utah-EDNRA
Utah-EDNRA

4733-4802
5511-5534

R-(C)TTC CCC GGC TTC AGA AAA CC/T 
F-GTG CAC TGA AGG ACT CCA AG

732

H323H Exon 6 8 8 C/T Utah-EDNRA
Utah-EDNRA

39832-39842
40631-40554

F-CTT TGC TGG TTC CCT CTT CAC/T 
R-TGG TTG TCT AAA TAG GAA CTG CTT

712

E335E Exon 6 124 A/G Utah-EDNRA
Utah-EDNRA

39888-39911
39081-39102

R-(AA)T TCA CAT CGG TTC TTG TCC ATC/T 
F-CTG CTG ATA ATC CTT TAC CCT C

820

ENDRA-4 Exon 8 288 C/G Utah-EDNRA
Utah-EDNRA

42633-42656
41593-41612

R-CAG AGA AGA GAT TCC CGG AG/C 
GAG GAA AAA CAC AGT AAC GAC C

1063

ENDRA-5 Exon 8 622 G/A Utah-EDNRA
Utah-EDNRA

43032-43052
43920-43896

F-(G)CCA AAC ACA ATA TGG GCT CAG/A 
R-CAG TCT GTA AAC ATC TGG GAA AAT

8 6 8

ENDRA- 6 Exon 8 788 A/G Utah-EDNRA
Utah-EDNRA

43218-43246
42525-42545

R-(ATT) TGT TGT AGC TTT AGA ATT TGT GTT TC/T 
F-CAT GAA CGG AAC AAG CAT CCA

701

ENDRA-7 Exon 8 1157 G/A Utah-EDNRA
Utah-EDNRA

43587-43614
42720-42740

R-(C)TAT TAC AAA TAC CTG AAT GAA AAT TTC C/T 
F-CCA AAA CCG CAA GGG TAG AC

874

ENDRA- 8 Exon 8 1380 C/T Utah-EDNRA
Utah-EDNRA

43786-43808
44514-44535

F-(C)CA GAA CTT ACG ATT CTT CAC TTC/T 
R-TTC AAG CAA CTG GAA CCT GAT G

727

ENDRA-9 Exon 8 1687 A/G Utah-EDNRA
Utah-EDNRA

44117-44140
43224-43262

R-(AA)T CAC CTA GAT TTT ACT CAG ACT AC/T 
F-GCA CAG TCT GAT GAC ACA TTT G

878

ID= Sequence identification number University o f Utah Genome Center fhttp://www.genome.utah.edu/gencsnps/genes/frame.cgi?gene=EDNRA') 
bp=base pair F= Forward primer R= reverse primer

The control primers for EDNRA and EDNRB primers are AFC 210-AFC 211 (Table 8.11)
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8.4 EDNRB primers

Table 8.8 SSP-PCR specific primer sequence for the EDNRB polymorphisms

Name Localization Position Allele Genebank ID Annealinag
Primer sequence 

5 ’ - > 3 ’
Product size 

(bp)
L277L Exon 5 79278 C/T Utah-EDNRB

Utah-EDNRB
79278-79300

78244-78266
R-(G)GCA AGC AGA AAT AGA AAC TGA AC/T 
F-GAT AGA AGT CAC CCT GAT ATG G

1054

W276C Exon 5 79275 G/T Utah-EDNRB
Utah-EDNRB

79250-79275
80070-80090

F-(TA)CAA GAC AGC AAA AGA TTG GTG G/T 
R-CT CTC AAC AGG ACC TCA GA

715

EDNRB-3 Intron 2 +12037 A/C A L 139002 

AL139002
142836-142857

141914-141935
F-(C)TG TGA GTG TCC TGA CTT CCC/A 

R-GCT GCT AGT AGA CAT CAC ATA C

943

ENDRB-4 Intron 2 +11937 A/G AL 139002 
AL 139002

142715-142735
143433-143451

R-(A)GA ACT AGT GGT GAG CTG GAC/T 
F-GAG TGG CTT AGT TGG GTG G

736

EDNRB-5 Intron 2 67928 C/T Utah-EDNRB
Utah-EDNRB

67928-67932
68627-68641

F-GGC TTT TTC CAC TCA TAT TTT TAC C/T 
R-CTA AGG TAT ACC CAC ACA CCA

706

ENDRB-6 Exon 1/5 8 61921 C/T Utah-EDNRB
Utah-EDNRB

61902-61921
62704-62726

F-AGA GAG GCT TCC CGC CC 
R-CAA ATT ACT GTG CTC CAC TCC A

805

61921 C/T Utah-EDNRB
Utah-EDNRB

61921-61910
61238-61260

R-GCG GAG TGG CCC TGT CA 
F-CAG CGG TTT CCA AGT TCC TG

683

ENDRB-7 Intron 2 +2841 G/A AL 13 9002 

AL 139002
98672-98692
97911-97932

F-(C)TG TAG TGT GTA ATA TCA GTG GAA G/A 
R-GTT GGT GTT GTG TAA TGT AGG C

781

ENDRB-8 5'UTR/Exon 2 -37 G/C Utah-EDNRB
Utah-EDNRB

61826-61846
62704-62726

F-TCT AGG CTC TGA AAC TGC GG/C 
R-CAA ATT ACT GTG CTC CAC TCC A

880

ENDRB-9 5’UTR /Exon2 61846 G/A Utah-EDNRB
Utah-EDNRB

61846-61870

62445-62466

R-(A)GAG TTT AAG CTA CGA TAG TGA AAG/A  
F-CAG TGG GAA TTA AGA AAG CCT C

599

University o f  Utah Genome Center (http://ww\v.genome.ütah .edu/aenesnps/aenes/frame.cgi?tîene^ËDNRA) bp=base pair F= Forward primer R= reverse primer
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8.5 COL1A2 Far upstream enhancer element

Table 8.9 Col 1A2 primers for SSCP (Human)

Region Primer
Sequence 
5 ' - + 3 '

M H l M H l-A F- GCT TCC TTT GCT TGC TGC TG
M H l-B R -G G A  A T G C A T T C A  TAG TGT TGT G

MH2 MH2-1A F- CTC TCC TTC CTG ATT GCT AC
MH2-1B R- CTG AAT GCG ACT TAG AGT AGA
MH2-2A F- CAA GCT AAG TGA GTT ATT ATG CT
MH2-2B R- GAG AGC CTG AGT TAG AAC TG

MH3 M H 3-A F- GTT GCT TGT GAA ATG AGG AG
M H 3-B G- GAA GGC GTC TGT CAC CCT

Table 8.10 Col 1A2 primers for SSCP (Mouse)

Region Primer
Sequence 
5 ' - + 3 '

M H l M l-A
M I-B

F- GCT GTC TTT GTT TAG AC AGA T 
R- GGA ATT TAG TGT GTG TGT ATG

MH2 M2-1A
M2-1B

M2-2A*

F- CTC 
R-CTG  
F- AAC

TGT TCC TGA CTG CTA TT 
AGA AAG GGA GAG TA 
CTA AGT GGT TAT TAT GCT G

MH3 M 3 -A  
M 3-B

F- GAA 
R-G GA

GAG GGG AGA GAG TAA GA 
GGC TGA GGA AGA GCT T

Reverse MH2-B (human)
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8.6 SSP-PCR Control primers

Table 8.11 APC 210-211 control primers

Name Primer Sequence (5 ’-> 3 ’)
Product Size 

(bp)

APC-210

APC-211

ATGATGTTGACCTTTCCAGGG

TTCTGTAACTTTTCATCAGTTGC

256

bp= base pair
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