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Abstract

Background Scleroderma renal crisis (SRC) and scleroderma-associated pulmonary 

hypertension are life-threatening complications of scleroderma which may be related to 

abnormal endothelial cell function.

Objectives To explore whether endothelial cells are in a highly activated state in SRC, 

scleroderma-associated pulmonary hypertension, and scleroderma control patients, by 

measurement of soluble adhesion molecules shed by activated endothelial cells. To 

investigate the expression of thrombomodulin in scleroderma-associated pulmonary 

hypertension. To identify risk factors for SRC, and to investigate why some patients 

progress to end stage renal failure. To assess the effect of Iloprost on the outcome of 

SRC. To investigate the possibility that anti-endothelial cell antibodies contribute in 

the pathogenesis of SRC.

Findings Measurements of the soluble adhesion molecules sVCAM-1, sICAM-1, and 

sE-selectin show clear evidence of endothelial cell activation in SRC. In contrast 

scleroderma-associated pulmonary hypertension was seen to develop without such 

evidence of endothelial cell activation. Plasma soluble thrombomodulin concentration 

is elevated in scleroderma-associated pulmonary hypertension but not in scleroderma 

control plasma. Patients with early diffuse scleroderma, who are anti-RNA polymerase 

I & in  positive are at increased risk of SRC. Severity of renal impairment at 

presentation was the only factor clearly associated with a worse prognosis in 

scleroderma renal crisis. Iloprost therapy may improve outcome in SRC. Anti- 

endothelial cell antibodies do not appear to initiate vascular damage in SRC, but they 

may potentiate or prolong the period of vascular injury seen in this condition.
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Chapter 1 Introduction 

1.1 The Condition Scleroderma

Scleroderma is a connective tissue disease characterised by the deposition of excess 

collagen in skin and internal organs predominantly affecting young women (Black & 

Stephens 1993). Although there are references to hardening of the skin in the writings 

of Galen and Hippocrates the first accurate description of a case of scleroderma is 

attributed to Carlo Curzio of Naples in 1753 (Rodnan & Benedek 1962). The strong 

association between scleroderma and Raynaud’s phenomenon was noted by Maurice 

Raynaud in 1865. The first description of major visceral involvement appeared in 1863 

when Auspitz described a case of scleroderma with renal failure (Auspitz 1863) but a 

clear understanding of the systemic nature of the disease was not apparent until the 

middle of the twentieth century (Goetz 1945). More recent descriptions emphasise the 

potential for involvement of internal organs (Black 1993) and the ubiquitous nature of 

the vascular lesion associated with scleroderma (D’Angelo 1969). Various estimates 

of the incidence of scleroderma give a result of 4-12 per million per year (Medsger et 

al 1971) although hospital based studies may underestimate the true incidence of the 

condition, by failure to include mild cases cared for by general practitioners. A 

community based study of patients with symptoms of Raynaud’s phenomenon 

suggested that the prevalence of scleroderma lies between 1/2500 and 1/5000 of 

population (Maricq 1989). With regard to age, the peak incidence appears in the fourth 

and fifth decade and women outnumber men with the condition by a ratio of 3- 

4; 1 (Medsger et al 1971).
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Scleroderma patients form a heterogenous group with a very wide spectrum of disease 

severity. In the most mildly affected individuals Raynaud’s phenomenon and barely 

noticeable skin thickening may be the only manifestations of the disease At the 

opposite end of the disease spectrum are patients with total skin encasement and life- 

threatening pulmonary, cardiac or renal complications

Figure 1.1 Facial appearance in limited scleroderma showing microstomia and 

telangectasia

The American College of Rheumatology proposed a set of criteria for the diagnosis o f 

scleroderma The diagnosis is said to depend on the presence of one major criterion.
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the presence of skin thickening proximal to the metacarpophalangeal joints with at 

least two of the following minor criteria, sclerodactyly, pitting scars, loss of finger pad 

substance, bibasal pulmonary fibrosis (Subcommittee for Scleroderma Criteria of the 

American Rheumatism Association 1980).

Figure 1.2 Skin involvement in diffuse scleroderma

A pragmatic system of classification was proposed by a committee o f workers in the 

field of scleroderma (LeRoy et al 1988) The subsets of the condition were defined by 

the pattern of skin involvement Those with skin sclerosis distal to the elbow flexures 

and knees and facial involvement were defined as limited scleroderma, and those with 

more extensive skin sclerosis, involving skin proximal to the elbow and knee flexures 

or with involvement of the trunk, were defined as diffuse scleroderma.
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This classification system is simple to apply and has important implications for 

prognosis, risk o f internal organ involvement, and enrollment in clinical studies. 

Patients with diffuse skin involvement are at increased risk o f lung fibrosis and 

scleroderma renal crisis, whereas patients with limited scleroderma are predisposed to 

pulmonary vascular disease and severe oesophageal dysmotility.

Figure 1.3 Sclerodactyly and Raynaud’s phenomenon in limited scleroderma 

1.2 Scleroderma Pathogenesis

When the cause o f a disease is not known it is usual to see discussion of possible 

genetic factors and possible environmental factors responsible for the condition. 

Autoimmune mechanisms may act independently fi’om both genetics and environment 

as the immunoglobulin and T cell receptor genes are produced by a series o f gene 

rearrangements which are to a certain extent determined by chance alone. For this
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reason monozygotic twins cannot be said to be genetically identical with regard to the 

rearranged genes contained within each sibling’s B and T lymphocytes.

Female gender is often quoted as a strong genetic factor in the development of 

scleroderma with a disease prevalence in women around 3-4 times that seen in men. It 

cannot be asserted that the effect of gender is purely mediated by genetics as the 

influence of environmental factors may be quite different between the sexes, for 

example the application of cosmetics to the nails and skin of the face is only common 

practice among women. Where a disease has a strong genetic basis familial clustering 

of the condition is usually seen. Families where more than one individual is affected by 

the condition scleroderma are rarely reported, there being fewer than 20 such cases 

reported in the world literature (Stephens et al 1994). Only two pairs of monozygotic 

twins concordant for scleroderma appear in the world literature (Zorina & Zorin 1982, 

Cook et al 1993). The date of disease onset for related individuals shows clustering 

with regard to year of onset rather than age of onset suggesting that common 

environmental factors are of greater importance than genetics in the development of 

the familial form of the disease (Stephens et al 1994)

Families with more than one affected individual can be used to study co-segregation of 

disease phenotype with gene allotype. Where autoimmune mechanisms are implicated 

the genes of the major histocompatibility complex (MHC) are often studied as the 

molecules encoded in this region are involved in antigen presentation to T 

lymphocytes, and it is known to be a site of great genetic diversity. Analyses within 

scleroderma families show no evidence of a strong association between genes of the 

MHC and the development of scleroderma (Stephens et al 1994, Manolios et al 1995, 

de Juan et al 1994). A second way to investigate HLA associations in scleroderma is
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to compare MHC genotype between groups of affected and unaffected individuals. 

Among Mexican Mestizos the disease appears to be associated with HLA DR5 and 

this association depends on the DRBl * 1104 subtype (de Juan et al 1994). A study 

from Scotland suggests that the development of the anti-centromere antibody is 

associated with the HLA DRl haplotype and that HLA DR7 patients appear less likely 

to develop scleroderma (Thomson et al 1994). In Japanese patients HLA-DR2 was 

found to be increased in patients with difiuse disease when compared to patients Avith 

the limited form of scleroderma (Satoh et al 1994). HLA class II alleles were 

determined using the PCR-RFLP method in Japanese scleroderma patients with or 

without anti-Scl-70 antibodies. Either the DQB 1*0601 or *0301 allele was recognized 

in all anti-Scl 70 positive patients, compared with 44% of anti-Scl70 negative patients 

(Kuwana et al 1993). A more recent study using polymerase chain reaction analysis of 

the HLA-DR genes in Japanese patients shows an association between scleroderma 

and the haplotype DRB 1*1502-DRB5*0102. This association was strongest in anti- 

Scl 70 positive patients (Takeuchi et al 1994). By way of contrast a recent study of 

East German uranium miners affected by scleroderma showed alleles DRB 1*0300 

(DR3) and DQB 1*0201 (DQ2) were distinctly increased in the group of affected 

miners, especially in those with anti-Scl-70 positivity (Baur et al 1996).

As will be discussed below the anti-centromere antibody (ACA) is a disease specific 

autoantibody seen in around 20% of scleroderma patients and associated with limited 

cutaneous involvement (Kuwana et al 1994). A large study from the United States 

suggested that the development of ACA was associated with a polar amino acid 

residue at position 26 of the p i domain of the DQBl allele (Reveille et al 1992). The 

suggestion here was that a particular subset of scleroderma was associated with a
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shared epitope in a class II MHC gene, analogous to the shared epitope hypothesis for 

erosive rheumatoid arthritis. In rheumatoid arthritis this hypothesis can be 

substantiated by studies of individuals of diverse racial origins, but this cannot be 

demonstrated for anticentromere antibody-associated scleroderma. A Japanese study 

found an increased frequency of DQB 1*0501 in anti-centromere antibody positive 

scleroderma patients compared to controls but the association of ACA with a polar 

amino acid at position 26 in the DQBl beta 1 domain was not observed (Kuwana et al 

1995).

In summary, scleroderma has been associated with certain MHC class II antigens but in 

general these associations have been weak, not reproducible between referral centres, 

and varied with the racial distribution of the study group. More recent studies using 

PCR analysis of class II genes have shown the association of certain MHC class II 

allotypes with the development of disease specific autoantibodies. These antibody 

associated allotypes are in linkage disequilibrium with the genes expressing the HLA- 

DR allotypes previously described in association with scleroderma.

The association between certain disease specific autoantibodies and MHC class II 

allotypes suggests that the process of antigen presentation to T helper cells is central to 

their development, that is to say that their development is driven by antigen rather than 

by some primary defect of plasma cells. Such an antigen may be endogenous, an 

infectious agent, or may be produced by the action of an environmental toxin. Several 

lines of evidence implicate environmental agents in the pathogenesis of scleroderma. 

Geographical clusters of scleroderma have been described, for example a cluster of 

scleroderma and scleroderma-related illness was identified in a rural area in a province 

of Rome (Valesini et al 1993). Two patients with scleroderma, three with CREST
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syndrome and one with eosinophilic fasciitis were living in a village where the total 

population included 572 adults. No kindred relationships were demonstrable among 

the affected individuals. Clinical features of scleroderma such as bilateral hand edema, 

Raynaud’s phenomenon, and digital scars were detected in an additional 10 adults. A 

group of apparently healthy subjects with scleroderma-related serological abnormalities 

(circulating antinuclear and anticentromere autoantibodies) was identified in the 

village. HLA typing revealed no disease-associated HLA antigen common to the 

patients. A clustering of scleroderma cases amongst full-blooded Choctaw native 

Americans living in southeastern Oklahoma has been reported (Arnett et al 1996) and 

this community has the highest prevalence of SSc yet found in any population. The 

strongest risk factor for SSc in cases (100%) versus matched Choctaw controls (54%) 

was an HLA haplotype bearing the alleles B35, Cw4, DRBl * 1602 (DR2),

DQAl *0501, and DQBl *0301 (DQ7). HLA analysis of another group of Choctaws 

residing in another state revealed no cases of SSc despite a high frequency of the same 

HLA haplotype.

Thus there is evidence that the development of the disease scleroderma is associated 

with exposure to some yet to be identified environmental agent. The influence of 

genetic factors is less clear but genes of the MHC may predispose to the development 

of autoantibodies associated with particular disease subsets.

1.3 The Vascular Endothelium

The historical view of vascular endothelium has been that it forms an inert barrier 

between the circulating blood and the interstitium, and that its role in inflammatory
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lesions, dijSlision of solute, local regulation of blood flow, was thought to be entirely 

passive (Goldstein et al 1977). More recently it has proved possible to culture 

endothelial cells ex vivo and this has lead to a rapid expansion in the understanding of 

vascular biology (Petty & Pearson 1989). Now it appears that vascular endothelium 

plays a vital active role in physiology and that disruption of this role is central to the 

development of disease.

Endothelial cells produce a soluble factor which by relaxation of smooth muscle causes 

vasodilation (Furchgott & Zawadzki 1980, Furchhgott et al 1984). This factor is nitric 

oxide (Palmer et al 1987). The production of nitric oxide is important in vivo for the 

maintenance of normal vascular tone (Fostermann et al 1987, Kelm et al 1990). 

Furthermore endothelial cells can produce a vasoconstrictor polypeptide that is a 

functional antagonist to nitric oxide, called endothelin-1 (Yanagisawa et al 1988, Brain 

et al 1988, Clarke et al 1989, Luscher et al 1990). Thus the endothelium plays an 

active role in the regulation of local blood flow. Endothelial cells provide a selective 

barrier to the diflRision of water, ions, small soluble molecules, macromolecules and 

cells fi’om the blood to the interstitium. The relatively high hydrostatic pressure within 

the blood favors the passage of water, ions and small soluble molecules out into the 

interstitium. The endothelial surface is impermeable to the passage of macromolecules 

in health and the protein concentration in plasma is higher than in interstitial fluid. 

Therefore the oncotic pressure of plasma is higher than that of interstitial fluid and this 

has the effect of drawing water and solute back into the plasma compartment so that in 

health an equihbrium is attained with the correct volume and composition of interstitial 

fluid and plasma. Oedema occurs when this mechanism is disturbed, either by 

decreased plasma oncotic pressure, or by an excessive permeability of the endothelial
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membrane so that large quantities of protein and fluid leak into the interstitium. Local 

release of soluble mediators such as histamine (in urticaria) and bradykinin (in angio 

oedema) increases vascular permeability by a direct effect on endothelial receptors 

(Williams 1977). Mgration of neutrophils via post capillary venules also enhances 

oedema formation in areas of acute inflammation (Wedmore & Williams 1981).

The histology of acute inflammatory lesions is characterised by the presence of greatly 

increased numbers of neutrophils in the interstitial space. These do not arise through 

local proliferation, rather the neutrophils can be observed to pass from blood to 

interstitium by migration between the endothelial cells of postcapillary venules. The 

traditional view has been that they adhere tightly to endothelium adjacent to sites of 

inflammation and then migrate up gradients of chemoattractants produced for example 

by activation of the complement cascade in the interstitium, and that the endothelium 

plays a passive role in this process (Goldstein 1977). This model could not account for 

the localisation of leukocyte emigration to postcapillary venules. Furthermore 

molecules such as the inflammatory cytokine interleukin-1 (IL 1) could be shown to 

have a marked phlogistic effect but had no direct chemotactic effect on neutrophils. In 

1985 it was shown that IL-1 increased the adhesion of neutrophils to cultured 

endothelial cells (Bevilacqua et al 1985). This and subsequent observations led to a 

model of inflammation where the endothelial cells have a more central role.

Stimulation of endothelial cells by cytokines or bacterial endotoxin leads to enhanced 

adhesion molecule expression in the post capillary venules. Circulating leukocytes are 

trapped at these sites, are activated to adhere more tightly, and then migrate between 

endothelial cells to the abluminal surface and the interstitium (Messadi et al 1987). 

Therefore it appears that dynamic alterations in vascular endothelial cell function are
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essential for the development of an acute inflammatory response to invading micro

organisms and that similar mechanisms may be involved in the inflammatory lesions 

seen in autoimmune diseases.

1.4 The Role of the Vascular Endothelium in Scleroderma

A striking feature of the disease scleroderma is that almost 100% of affected 

individuals suffer Raynaud’s phenomenon, a transient disturbance of the peripheral 

circulation provoked by cold or emotional stress (Tuffanelli & Winkelmann 1961). In 

the limited form of the disease Raynaud’s phenomenon may precede the development 

of skin disease by years or decades, whereas in difiuse disease the development of 

Raynaud’s and skin thickening are often synchronous (Black & Stephens 1993). The 

attacks of Raynaud’s can be unusually severe and frequent, particularly in the limited 

form of the disease. Critical digital ischaemia is frequently seen in limited scleroderma 

patients but only rarely seen in patients with the primary form of Raynaud’s 

phenomenon (Stratton & Black 1997). Critical digital ischaemia may be the dominant 

feature of the disease in patients with limited scleroderma (Wigley 1993).

The nailfolds, where a thin layer of skin is reflected back over the nail growth plates, 

present a thin translucent layer of skin in which the microcirculation can be directly 

viewed. Patients with scleroderma have grossly abnormal nailfold capillaries when 

observed in this way (Lefford & Edwards 1986, Jacobs et al 1987).
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Figure 1.4 Digital gangrene due to severe Raynaud’s phenomenon in scleroderma

f

Figure 1.5 Nailfold capillary microscopy
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The nailfold capillaries appear dilated, broken, reduced in density, or may form 

enlarged loops. Such changes are not seen in healthy individuals and are unusual 

outside the context of scleroderma, but can be seen in patients with dermatomyositis or 

systemic lupus erythematosus, both conditions associated with immune mediated 

damage to the vascular endothelium. Patients with the primary form of Raynaud’s 

phenomenon may have mild abnormalities of nailfold capillaries but changes are usually 

limited to moderate dilation and the extreme changes associated with scleroderma are 

not seen. These observations provide indirect evidence of abnormal endothelial cell 

function in scleroderma and suggest that the endothelium may be abnormal well before 

the development of skin changes or internal organ involvement.

The measurement of circulating proteins released by damaged endothelial cells has 

been used to investigate further the role of endothelial damage in scleroderma. Von 

Willebrand factor is a procoagulant glycoprotein made by endothelial cells. Plasma 

levels of Von Willebrand factor are seen to increase in conditions where there is 

damage to the vascular endothelium, such as glomerulonephritis (Echberg et al 1981), 

toxaemia of pregnancy (Boneu et al 1977), and vasculitis (Nusinow et al 1984). A 

number of studies have found raised plasma Von Willebrand factor in the sera of 

patients with scleroderma (Kahaleh et al 1981, Gordon et al 1987, Drenk et al 1988, 

Yamane et al 1991). Data regarding Von Willebrand factor levels in subsets of the 

disease are conflicting, with one study showing higher levels in difiiise scleroderma 

(Yamane et al 1991) while a more recent study found levels equally raised in diffuse 

and limited subsets with the highest levels in patients with the major vascular 

complications of scleroderma; scleroderma renal crisis and pulmonary hypertension 

(Vancheeswaran et al 1994). Post mortem studies show thrombus formation in the
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pulmonary arteries of scleroderma patients with severe pulmonary hypertension 

(Young & Mark 1978). Microangiopathic haemolytic anaemia is seen in scleroderma 

renal crisis and is presumed due to fibrin deposition in renal arteries (Steen 1994).

Endothelial cell anticoagulant fimction may be impaired in scleroderma patients.

Release of tissue plasminogen activator in response to arginine vasopressin appears 

deficient in patients with scleroderma (Holland et al 1983).

A number of mechanisms have been proposed to account for the endothelial cell injury 

in scleroderma. Scleroderma sera have been shown to have a direct cytotoxic effect on 

endothelial cells in vitro (Kahaleh & LeRoy 1979, Kahaleh & LeRoy 1983). This effect 

appears to be due to functional deficiency of a plasma protease inhibitor. In one study 

sera fi*om around 40% of patients with scleroderma were found to be cytotoxic in vitro 

and this effect appeared to be mediated by a trypsin sensitive molecule of 67kDa 

(Cohen et al 1983). Cytotoxicity was not restricted to human umbilical vein 

endothelial cells (HUYEC) but was also seen with pulmonary arterial endothelial cells, 

fibroblasts and neurofibroma cells. It was subsequently found that the cytotoxicity of 

scleroderma sera develops after storage and is associated with an increase in lipid 

peroxidation (Blake et al 1991). Increased oxidised lipoprotein, as measured by 

thiobarbituric acid reactive substances, is found in scleroderma sera and in sera fî om 

patients with primary Raynaud’s (Blann et al 1993). A low molecular weight (<5kD) 

fraction of scleroderma sera had in vitro cytotoxicity for endothelial cells and when 

given to rabbits produced raised Von Willebrand fiictor and arterial endothelial cell 

proliferation (Drenk & Deicher 1988). Endothelial damage due to a toxic molecule in 

the serum would fit well with the widespread arterial lesions of limited scleroderma and
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might explain the subset of limited scleroderma patients with severe large vessel 

disease.

Further evidence of abnormal endothelial cell fimction comes from the development of 

renal crisis, and pulmonary vascular disease in the context of scleroderma. These life- 

threatening complications appear to be almost exclusively vascular disorders.

1.5 Major Vascular Complications of Scleroderma: Scleroderma 

Renal Crisis

Abnormal endothelial cell fimction plays a major role in the life-threatening 

complications of scleroderma. Scleroderma renal crisis (SRC) is characterised by an 

abrupt rise in the arterial blood pressure and a rapid deterioration in renal fimction. 

There may be hypertensive retinopathy, encephalopathy, microangiopathic haemolytic 

anaemia or heart failure (Rodnan & Benedek 1962, Shapiro & Medsger 1988, Steen 

1994). The most striking histological changes are seen in the renal cortical arterioles 

with intimai proliferation, obhteration of the lumen and fibrinoid necrosis (D’Angelo et 

al 1969, Cannon et al 1974).

Detailed morphometry of the renal arteries of SRC patients, diffuse scleroderma 

controls, limited scleroderma patients, and healthy controls, showed intimai 

proliferation and narrowing of the lumen in all groups (Trostle et al 1988). The most 

severe changes were seen in the small renal arteries (<200pm diameter) of SRC 

patients. Renal arteries of limited scleroderma patients were less severely affected than 

diffuse scleroderma patients.
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Figure 1.6 Renal biopsy in scleroderma renal crisis showing arteriole with 

intimai proliferation, and occlusion of the lumen by fibrin

A previous study found scleroderma renal crisis in 8% of scleroderma patients seen 

over a 25 year period (Traub et al 1983). Before the introduction of angiotensin 

converting enzyme (ACE) inhibitors the outcome was universally poor, with all 

patients progressing to end stage renal failure (Medsger et al 1971). A recent 

retrospective study showed the use of ACE inhibitors to have improved survival at 1 

year from 15% to 76% (Steen et al 1990). Even so 44% of those treated with ACE 

inhibitors went on to require dialysis. At present it is not possible to identify the sub

population of scleroderma patients at risk from SRC, although those patients with early 

diffrise disease and progressive skin involvement appear to be preferentially affected
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(Steen et al 1984). Symptoms may occur late in SRC so that patients continue to 

present with hypertensive encephalopathy or with advanced renal failure. Clear 

identification of the risk factors for SRC would aid early diagnosis of the condition. 

ACE inhibitors may prevent further deterioration of renal fimction in patients with 

chronic renal impairment due to scleroderma (Beckett et al 1985) but they have not 

been shown to protect against the development of SRC. A clearly defined subset of 

scleroderma patients at risk from SRC could form a cohort for a prospective placebo 

controlled trial of ACE inhibitor as prophylaxis against SRC.

A number of circulating autoantibodies have been found in serum from scleroderma 

patients (Steen et al 1988). Anti-centromere antibody is associated with limited 

cutaneous involvement and a low incidence of major internal organ involvement (Tan 

et al 1980, Steen et al 1988, Weiner et al 1988), whereas the anti-Scl 70 (anti- 

topoisomerase I) antibody appears to correlate with dififiise skin involvement and a 

high risk of lung fibrosis (Catagio et al 1983, Steen et al 1988). Antibodies to RNA 

polymerase I & HI appear specific for scleroderma (Reimer et al 1987, Okano et al 

1993, Kuwana et al 1993) whereas antibodies to RNA polymerase H lack specificity 

for scleroderma and are additionally found in sera from patients with SLE (Kuwana et 

al 1993, Satoh et al 1994). Previous studies of Japanese scleroderma patients have 

shown that renal involvement was more frequent in the anti-RNA polymerase antibody 

group than in scleroderma controls (Okano et al 1993, Kuwana et al 1994). The 

possible association between anti-RNA polymerase antibodies and the development of 

SRC merits further investigation.

Iloprost is a synthetic prostaglandin P G 1% analogue. In an animal model of 

hypertension the administration of intravenous PG I2 leads to renal vasodilation and
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increased renal blood flow (Chatziantoniou & Arendshorst 1992 & 1993). Iloprost 

prevents platelet thrombus formation in an animal model of thrombin-induced 

thrombosis (Shonberge et al 1995). Iloprost inflision appears to be safe and effective 

therapy for Raynaud’s phenomenon in scleroderma patients (Kyle et al 1992) and may 

be of benefit in severe pulmonary hypertension (de la Mata et al 1994). In scleroderma 

patients iloprost infusions were effective in reducing the resistive index of the renal 

interlobar and cortical arteries (Scorza et al 1997). When given as an infusion it leads 

to a gradual fall in blood pressure due to its vasodilator properties, and the optimum 

pressure can be maintained by titration of the infusion rate.

One aim of the work described in this thesis is to identify risk factors predicting the 

development of renal crisis in our scleroderma population. A secondary aim is to 

explore which clinical and laboratory characteristics correlate with a poor outcome in 

SRC, as this might shed light on its pathogenesis and optimum management. The role 

of Iloprost therapy will be examined by comparing outcome for those who received 

Iloprost with those who received conventional therapy.

1.6 Major Vascular Complications of Scleroderma: Pulmonary 

Hypertension in Scleroderma

In a post mortem study abnormalities of the pulmonary arteries were found in 17/58 

scleroderma patients compared to 1/58 controls (D’Angelo et al 1969). The majority 

of the scleroderma patients included in the study had no clinical evidence of pulmonary 

hypertension in life. Specifically, medial hypertrophy and concentric intimai 

proliferation with narrowing of the lumen appeared in scleroderma patients, but not in 

controls. These changes were not correlated with the presence of interstitial
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pulmonary fibrosis and therefore did not appear to be secondary to hypoxemia, 

destruction of lung architecture, or secondary activation of the vascular endothelium 

by soluble factors produced in the interstitium. The histological changes seen in the 

pulmonary arteries closely resembled those seen in the renal arteries of patients who 

died fi*om SRC. Scleroderma patients with severe renal artery involvement, and those 

with severe pulmonary artery involvement formed distinct subgroups with no overlap. 

The histological changes in pulmonary arteries were confirmed by a later study 

(Young & Mark 1978) where pulmonary artery abnormalities were found in 17/30 

scleroderma autopsies. The histologic abnormalities were combined intimai and medial 

hyperplasia. There were none of the plexiform endothelial cell lesions classically seen 

in the idiopathic form of primary pulmonary hypertension (Rubin 1993), and the 

pulmonary vascular lesions appeared independently of fibrosing alveolitis. At about 

the same time it was recognised that a subset of patients with limited scleroderma 

develop an illness with signs of rapidly progressive pulmonary hypertension 

culminating in right ventricular 6ilure and death (Salemi et al 1984, Stupi et al 1986). 

Patients included in these series had intimai and medial hyperplasia of the pulmonary 

arteries at post-mortem. A more detailed morphometric study showed increased cross- 

sectional area of the intima, media, and increased percent luminal occlusion of the 

pulmonary arteries of scleroderma patients when compared to controls (Al-Sabbagh et 

al 1989). The changes affected pulmonary arteries classified as small (<200|xm 

diameter), medium (200-350pm) or large (>350pm). The changes were more 

pronounced in limited scleroderma patients con^ared to diffuse scleroderma patients. 

Of particular interest the pulmonary artery measurements of 21 patients with diffuse 

scleroderma and scleroderma renal crisis did not differ fi-om control samples. Clinically
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overt pulmonary hypertension appears to afifect 5-10% of patients with limited 

scleroderma but only rarely complicates difiuse scleroderma (Salemi et al 1984, Stupi 

et al 1986). By use of Doppler echocardiography, a non invasive technique for 

measuring the mean pulmonary artery pressure, it has been shown that around 40% of 

limited scleroderma patients with no clinical evidence of pulmonary hypertension have 

raised mean pulmonary artery pressure (Battle et al 1996). This figure correlates well 

with the observed fi'equency of pulmonary artery changes at post mortem in 

scleroderma patients. In this study of subclinical pulmonary hypertension the estimated 

mean pulmonary artery pressure lay in the range 30-50 mm Hg for all but one patient. 

In clinically overt idiopathic primary pulmonary hypertension mean pulmonary artery 

pressure was 61 ± 2  mm Hg in one study (Barst et al 1996). In another study of 

clinically overt disease the mean pulmonary artery pressure was 58 mmHg and only 

3/17 patients had mean pulmonary artery pressure of less than 45 mmHg and 9/17 had 

a mean pulmonary artery pressure of greater than 60 mmHg (Rich et al 1992). It 

appears that pulmonary hypertension is usually clinically silent when the mean 

pulmonary artery pressure is less than 45 mmHg and usually clinically overt as the 

mean pressure rises above 50 mmHg. Once clinical evidence of pulmonary 

hypertension develops the condition appears to progress rapidly and carries a high 

mortality.

There is no large case-control study of the management of pulmonary hypertension in 

scleroderma patients. Studies of idiopathic primary pulmonary hypertension suggest a 

benefit fi*om oral vasodilators and anticoagulation (Rich et al 1992). More recently it 

has been shown that continuous infusion of a PG h  analogue, epoprostinol, leads to 

reduced pulmonary vascular resistance and improved survival in idiopathic primary
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pulmonary hypertension (Barst et al 1996). Small series of case reports suggest a 

beneficial response of scleroderma-related pulmonary hypertension to ACE inhibition 

(Alpert et al 1992), and calcium channel blockade (Alpert et al 1991). Preliminary 

reports suggest a beneficial response of scleroderma-related pulmonary hypertension to 

intermittent intravenous PG 1% therapy (de La Mata et al 1994). Patients with severe 

life-threatening pulmonary hypertension appear to respond to continuous ambulatory 

PG L therapy (Black personal communication).

Thrombomodulin is an anticoagulant glycoprotein expressed by endothelial cells. 

Thrombomodulin binds thrombin and alters its substrate specificity, so that thrombin 

then activates protein C (Dittman & Majerus 1990). A soluble form of the molecule 

appears to be shed fi*om endothelial cells and can be measured in plasma and urine (Ishi 

& Majerus 1985). Thrombomodulin expression is of interest in scleroderma-associated 

pulmonary hypertension for a number of reasons. Thrombosis of pulmonary arteries is 

an important factor in the development of severe pulmonary hypertension (Eisenberg et 

al 1990, Chaouat et al 1996). Outside of the context of scleroderma plasma soluble 

thrombomodulin levels are decreased in patients with pulmonary hypertension, 

suggesting that deficient expression of the molecule by endothelial cells contributes to 

thrombus formation within the pulmonary arteries (Cacoub et al 1996, Welsh et al

1996). It is not known whether this observation extends to patients with scleroderma- 

associated pulmonary hypertension. Soluble thrombomodulin is a mark^ of 

endothelial cell damage (Mercie et al 1997). Damage to the endothelium plays an 

important role in the pathogenesis of scleroderma, and might be responsible for the 

development of major vascular complications of the condition (Pearson 1991).
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Therefore in the present study soluble thrombomodulin has been measured in plasma 

samples from patients with

scleroderma-associated pulmonary hypertension and comparison drawn against plasma 

from scleroderma control patients with no history of pulmonary hypertension, and 

plasma from a group of healthy individuals. Correlation was sought between soluble 

thrombomodulin concentration and severity of pulmonary hypertension as measured by 

Doppler echocardiogram.

1.7 Activated Endothelial Cells Express and Shed Adhesion Molecules

The adhesion of white blood cells to the vascular endothelium is an early step in a 

cascade of events leading to extravasation of cells and proteins into sites of 

inflammation (Springer 1990). Many of the molecules which mediate adhesion 

between leukocytes and endothelial cells have been characterised to the level of their 

gene sequence. Based on their predicted structure they can be resolved into three 

distinct groups; integrins, selectins, and members of the immunoglobulin supergene 

family (Springer 1990, Cronstein & Weissmann 1993). The selectin molecules are 

defined by the presence of three extracellular structural motifs; an amino-terminal lectin 

like domain, an epidermal growth factor like region, and a variable number of 

sequences related to complement regulatory protein domains. E-selectin (endothelial 

cell leukocyte adhesion molecule-1) was the first selectin molecule to be identified 

(Bevilacqua et al 1989). Two monoclonal antibodies raised against activated human 

endothelial cells were shown to inhibit the binding of neutrophils to endothelial cells. 

These antibodies were used to identify the clone expressing this adhesion molecule 

from a transcription library raised from activated endothelial cells. The cDNA clone so
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identified encodes a 78kDa protein with a lectin like amino terminal, an epidermal 

growth factor like extracellular motif, a complement receptor like region, a 

transmembrane region, and a short intracellular tail.

The presence of a lectin like domain at the amino terminal suggested that 

carbohydrate-containing molecules might be the natural ligands for E-selectin. It has 

been shown that E-selectin mediated adhesion of leukocytes correlates with the 

expression of the sialyl Lewis X tetrasaccharide on proteoglycans, and that this 

property could be transferred to COS cells by transfection with the enzyme responsible 

for the production of sialyl Lewis X (Lowe et al 1990).

Resting endothelial cells do not express E-selectin, but after exposure to inflammatory 

mediators such as ILl, TNF alpha, or endotoxin, E-selectin is made and expressed 

(Bevilacqua et al 1985, Bevilacqua et al 1987, Pober et al 1986). Expression is 

transient reaching a peak at 4 hours and disappearing by 24 hours and mediates the 

adhesion of neutrophils (Bevilacqua et al 1989), monocytes (Hakkert et al 1991), and 

resting memory T helper cells (Shimizu et al 1991, Picker et al 1991). Following a 

period of stimulation a soluble form of E-selectin (sE-selectin) appears in the 

supernatant of cultured endothelial cells (Pigott et al 1992). Analysis of sE-selectin 

shows a molecular weight of slightly less than the total extracellular portion of the 

molecule, and it appears to be produced by cleavage of the intact molecule at a site 

adjacent to the plasma membrane. The concentration of this soluble form of E-selectin 

can be determined by enzyme linked immunoassay. Low levels of sE-selectin are 

found in serum taken fi'om healthy individuals (Gearing et al 1992). Raised levels of 

sE-selectin have been found in serum from patients with vasculitides including those
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with Wegener’s granulomatosis, polyarteritis nodosa, and systemic lupus ( Boehme et 

al 1996, Gearing et al 1993).

A second group of molecules involved in cell-cell adhesion is the 

immunoglobulin supergene family of molecules. These molecules are defined by the 

presence of one or more immunoglobulin like domains in their extracellular portion. 

Intercellular adhesion molecule-1 (ICAM-1), a 55 kDa protein, was first defined by a 

monoclonal antibody raised against human lymphocytes deficient in the integrin LFA-1 

and screened for the ability to inhibit the aggregation of these abnormal cells (Rothlein 

et al 1986). Immunostaining of firozen sections and fluorescence activated cell sorter 

analysis showed the molecule to be expressed by vascular endothelium, thymic 

epithelial cells, renal tubular epithelial cells, tissue macrophages, mitogen stimulated T 

lymphocyte blasts, germinal centre dendritic cells, and dermal fibroblasts. The 

molecule is expressed in differing states of glycosylation depending on tissue type so 

that the molecular weight varies firom 73-114 kDa. Its ligands include the beta 2 

integrin LFA-1 expressed by leukocytes, and Mac-1 expressed by myeloid cells and 

large granular lymphocytes (Marlin et al 1987, Staunton et al 1988). ICAM-1 is the 

receptor for a subgroup of rhinoviruses known as the major group (Greve et al 1989). 

It is suggested that ICAM-1 has a role in the secondary activation-dependent phase of 

leukocyte adhesion to endothelial cells, and provides a co-stimulatory signal during T 

cell activation (van Seventer et al 1990). ICAM-1 is expressed by resting endothelial 

cells but levels of surface expression are increased by stimulation with cytokines 

(Dustin et al 1986). A soluble form of the molecule, sICAM-1, is also produced on 

cytokine stimulation of endothelial cells by a similar mechanism to that responsible for 

sE-selectin production (Pigott et al 1992) . sICAM-1 is found in the serum of healthy
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individuals (Rothlein et al 1991). Raised levels of sICAM-1 have been described in 

rheumatoid arthritis, vasculitis (Blann et al 1995) and melanoma (Haming et al 1991). 

The fonction of sICAM 1 is not known. sICAM-1 has been shown to abolish the 

cytopathic effect of rhinoviruses on HeLa cells in vitro ( Marlin et al 1990).

Vascular cell adhesion molecule-1 (VCAM-1) is a second member of the 

immunoglobulin gene family of intercellular adhesion molecules (Osborn et al 1989).

It may be expressed in two forms produced by alternate DNA splicing with 

respectively 6 or 7 extracellular immunoglobulin like domains (Cybulsky et al 1991, 

Hession et al 1991). The ligand for VCAM-1 is the integrin molecule, very late 

activation antigen 4 (VLA-4), expressed on the surface of T cells at a late stage of 

activation, monocytes, and eosinophils (Elices et al 1990). In addition to endothelial 

cells VCAM-1 expression has been described for stromal fibroblasts in bone marrow, 

lymphoid dendritic cells, and tissue macrophages. VCAM-1 appears to target T 

lymphocytes, eosinophils, and monocytes to sites of inflammation, to mediate the 

maturation of haematopoietic stem cells in the bone marrow, and has a role in the 

maturation of B lymphocytes at the germinal centres of lymph nodes (Ryan et al 1991). 

A soluble form of VCAM-1 (sVCAM-1) is produced by shedding firom endothelial 

cells in response to cytokine activation (Pigott et al 1992).

1.8 Studies of Adhesion Molecule Expression in Scleroderma

It is proposed that endothelial cells, leukocytes, and fibroblasts contribute to the 

development of scleroderma. In order to investigate forther their relative roles a 

number of studies of adhesion molecule expression in scleroderma have been
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performed (Claman et al 1991, SoUberg et al 1992, Sfikakis et al 1993, Shi-Wen et al 

1994, Blann et al 1995, Gruschwitz et al 1995, Jones et al 1996, Gruschwitz & Vieth

1997). Skin biopsies taken from affected skin in patients during the first twelve 

months of difiuse scleroderma show evidence of activation of the vascular 

endothehum, with expression of the adhesion molecule E-selectin in 5 of 8 lesional 

skin biopsies compared to none out of 4 control biopsies from healthy individuals 

(Solberg et al 1992). Endothelial expression of ICAM-1, VCAM-1 and E-selectin is 

increased in skin biopsy specimens from patients with early progressive scleroderma, in 

contrast to biopsies from stable sclerotic skin where endothelial adhesion molecule 

expression is limited to moderate ICAM-1 expression (Gruschwitz et al 1995). A 

recent study which included lesional skin biopsies from difiuse scleroderma patients 

showed enhanced expression of E-selectin, ICAM-1, and VCAM-1 by endothelial 

cells, and enhanced ICAM-1 expression by fibroblasts (Jones et al 1996). Fibroblasts 

from scleroderma patients show enhanced expression and shedding of ICAM-1 in vitro 

when compared to control fibroblasts (Shi-Wen et al 1994). A recent study showed 

expression of ICAM-1 by fibroblasts in early progressive scleroderma lesions but no 

expression of ICAM-1 by fibroblasts from chronic stable scleroderma lesions nor by 

fibroblasts from healthy controls (Gruschwitz & Vieth 1997). The ICAM-1 positive 

fibroblasts were located in perivascular areas at sites of infiltration by T helper 

lymphocytes expressing messenger RNA for IFNy and TNFa. Endothelial cells in the 

same areas showed increased expression of ICAM-1.

Soluble ICAM-1 levels are raised in sera from scleroderma patients and the highest 

levels are see in patients with progressive diffise disease (Sfikakis et al 1993). sE- 

selectin, sICAM-1, and sVCAM-1 levels are raised in sera from patients with early
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progressive scleroderma when compared to patients with stable fibrotic skin 

involvement (Gruschwitz et al 1995). The serum levels appear to correlate well with 

the expression of these molecules by vascular endothelium in lesional skin (Gruschwitz 

et al 1995), In that study endothelial adhesion molecule expression occurred in areas 

of perivascular lymphocyte accumulation. VCAM-1 and E-selectin were not found at 

other sites in the dermis but dermal fibroblasts fi'om early lesional skin expressed 

ICAM-1.

In summary sVCAM-1, sE-selectin, and sICAM-1 levels are raised in sera fi'om 

patients with early progressive scleroderma, but not in sera fi'om patients with stable 

fibrotic skin lesions. Cytokine-mediated activation of microvascular endothelium by 

local T helper lymphocytes spears to promote expression of these molecules and 

would be predicted to cause shedding of soluble forms into the blood. As already 

described normal endothelial cells would be expected to respond to cytokine 

stimulation in the same way. The evidence is against a primary role for endothelial 

cells in the early active skin lesions of scleroderma. If activation of microvascular 

endothelial cells by anti-endothelial cell antibodies or other soluble factors in the blood 

were driving the development of the skin lesions one would expect generalised 

activation of endothelial cells in lesional biopsies, whereas endothelial adhesion 

molecule expression appears only at sites of lymphocyte accumulation and cytokine 

production. Therefore it is reasonable to conclude that the soluble endothelial cell 

products measured in sera fi'om early progressive scleroderma patients represent 

activation of normal endothelial cells by an inflammatory process in the dermal 

interstitium.
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The m^or vascular complications of scleroderma are associated with a characteristic 

change in the endothelial cells of arteries and arterioles, with intimai proliferation and 

narrowing of the lumen. While the scleroderma renal crisis predominantly affects 

patients with early progressive skin involvement, pulmonary arterial disease and digital 

arterial disease are more commonly seen in patients with mild, longstanding, non

progressive skin disease. The studies outlined above show normal levels of soluble 

adhesion molecules in sera from patients with non-progressive skin involvement. 

Although the extent of pulmonary vascular or digital vascular disease is not given for 

the patients included in these studies the prevalence of pulmonary vascular disease 

(around 40% of limited scleroderma patients) and digital arterial disease ( over 90% of 

limited scleroderma patients) is such that patients with arterial intimai proliferation 

would have been represented in the stable skin disease groups. It is thus apparent that 

in the arterial lesions associated with limited scleroderma, the endothelial cells are not 

in a highly activated state. The normal adhesion molecule levels in limited scleroderma 

patients suggest that endothelial cell activation by cytokine, or antibody-dependent 

cellular cytotoxicity, are not primary mechanisms in the progression of the arterial 

lesions. In this thesis the levels of the soluble forms of E-selectin, ICAM-1, and 

VCAM-1 will be measured in sera from limited scleroderma patients with stable mild 

skin involvement and severe vascular complications, to include pulmonary 

hypertension, and scleroderma renal crisis. Comparison is made with sera from 

patients with difruse skin involvement, difiuse skin involvement and pulmonary 

hypertension, difiuse skin involvement and scleroderma renal crisis, and from patients 

with primary Raynaud’s disease.
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1.9 Anti-£ndothelial Cell Antibodies in Scleroderma

It is widely believed that autoimmune mechanisms contribute to the development of 

scleroderma and a number of groups have studied antibody mediated vascular injury in 

the condition. Since their first description (Lindqvist & Osterland 1971) anti- 

endothelial cell antibodies (AEC A) have been described in a wide range of autoimmune 

and alloimmune conditions (Cervera et al 1993, Del Papa et al 1994). AEC A are 

found in the sera of 30-50% of scleroderma patients (Penning et al 1984, Hashemi et al

1987, Rosenbaum et al 1988, Holt et al 1989). In one study using a human umbilical 

vein endothelial cell based enzyme linked immunosorbent assay (Rosenbaum et al

1988,) it was shown that AEC A binding was Fab mediated and that AEC A appear to 

be distinct fi*om the classical autoantibodies associated with scleroderma. The AECA 

found in scleroderma sera do not appear to be directly cytotoxic to human endothelial 

cells, but peripheral blood mononuclear cells can kill cultured endothelial cells in the 

presence of serum fi-om a proportion of scleroderma patients, and this effect is 

dependent on the antibody fi-action of serum (Penning et al 1984, Marks et al 1988, 

Holt et al 1989) Pretreatment of HUVEC with AECA-positive sera fi-om scleroderma 

patients enhanced the binding of a human monocyte cell line (Carvalho et al 1996).

This effect was associated with increased expression of E-selectin, VCAM-1, and 

ICAM-1, and with the enhanced production of IL-1 by endothelial cells. AECA may 

thus promote adhesion of leukocytes to endothelium by the stimulation of IL-1 

production by endothelial cells. No study has compared the clinical features of AECA 

positive scleroderma patients with the clinical features of AECA negative patients. Of 

particular interest would be the incidence of the major vascular complications of 

scleroderma in these groups. As discussed previously vascular damage occurs early in
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the disease course, and therefore if the AECA are pathogenic the serum level should 

rise early in disease. Further evidence of pathogenicity could arise from comparison of 

AECA concentration with the concentration of soluble madcers of vascular endothelial 

cell activation such as sE-selectin, in serial samples from scleroderma patients. If 

raised AECA levels could be shown to precede a rise in soluble markers of vascular 

endothelial cell damage then this would be fiirther evidence of their pathogenicity in 

scleroderma.

The target antigen(s) for AECA are as yet poorly defined. AECA from patients with 

SLE have been shown to bind a variety of molecules with molecular weights ranging 

from 15 to 200 kDa (Van Der Zee et al 1991). In a similar study it was shown that 

AECA from patients with Wegener’s granulomatosis displayed a consistent 

immunoprécipitation pattern of five endothelial surface proteins ( 180, 155, 125, 68, 

and 25 kDa) whereas AECA from SLE patients bound a wider range of proteins 

ranging from 25 to 200 kDa (Del Papa et al 1994).

1.10 A Soluble Marker of Disease Activity

I have outlined that scleroderma is a disease with a highly variable outcome, which 

may be associated with serious life threatening complications. Effective treatment is 

available for these serious systemic manifestations and detection and treatment at an 

early stage would be expected to improve outcome. Screening for the development of 

complications has become standard practice in departments caring for patients with 

scleroderma. Patients attend at regular intervals for assessment of symptoms, physical 

examination, and investigation to look for evidence of major internal organ
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involvement. This approach has several limitations. The frequency of such follow up 

visits is limited by finite health care resources and major problems may develop in the 

interim between visits. It is well recognised that the symptoms and physical signs 

associated with pulmonary fibrosis secondary to scleroderma occur at an advanced 

state of disease. The same is true for the development of pulmonary hypertension. 

Scleroderma renal crisis appears to develop rapidly without preceding symptoms, and 

patients often present in extremis with hypertensive encephalopathy or in an advanced 

state of acute renal failure.

A soluble marker of scleroderma disease activity would help direct more efficient use 

of clinical resourses. Such a marker would be of value in trials of therapeutic agents in 

scleroderma, and might reduce the number of patients required and duration of 

treatment protocol. The acute phase response markers used to monitor disease activity 

in rheumatoid arthritis and other inflammatory disorders are not raised in active 

scleroderma, nor do the major complications of the disease provoke an acute phase 

response. The acute phase proteins cannot be used to assess the activity of the disease 

in the skin or elsewhere. Soluble adhesion molecules shed by activated endothelial 

cells hold promise as markers of disease activity in scleroderma. Hence the work 

carried out in this thesis sought to find correlations between serial adhesion molecule 

levels and disease activity, as measured by clinical assessment and laboratory 

measurement of internal organ involvement.
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1.11 Summary of Aims 

Scleroderma Renal Crisis

The aims of this retrospective study, based on the records and stored sera of patients 

with SRC are as follows; to test the suggestion that patients positive for anti-RNA 

polymerase I & HI are at increased risk from SRC, to identify clinical features 

associated with an increased risk of SRC, to identify clinical and laboratory parameters 

associated with a poor outcome in SRC, to compare outcome for patients who 

received conventional therapy plus intravenous Doprost during SRC with the outcome 

for those who received conventional therapy and no Iloprost.

Anti-£ndotbelial Cell Antibodies in Scleroderma Renal Crisis

The possibility that antiendothelial cells contribute in the pathogenesis of SRC will be 

explored by measurement of AECA in serum samples from patients with SRC and 

comparison made against healthy control sera and sera from patients with scleroderma 

and no history of SRC. Serial measurements of AECA will be made in stored sera 

from SRC patients to investigate whether AECA titre rises arround the time of SRC. 

Correlation will be made between AECA and the concentration of sE-selectin, a 

specific marker of endothelial cell activation.

Soluble Tbrombomodubn in Scleroderma-Associated Pulmonary 

Hypertension

To investigate the expression of thrombomodulin in scleroderma-associated pulmonary 

hypertension by measurement of soluble thrombomodulin in plasma. Comparison will

42



be drawn aganst plasma from healthy individuals and plasma from patients with 

scleroderma with no evidence of pulmonary hypertension.

Soluble Adhesion Molecule Concentration in Scleroderma and in 

Major Vascular Complications of the Condition

Abnormal endothelial cell function is implicated in the development of scleroderma, 

and in major life-threatening complications of the disease. The nature of the stimulus 

leading to abnormal endothelial cell function in scleroderma, scleroderma renal crisis, 

and scleroderma-associated pulmonary hypertension was investigated in the present 

study by measurement of soluble adhesion molecules shed by activated endothelial 

cells, in sera from patients with these conditions. The possibility that abnormal 

endothelial cell activation is an early event in the pathogenesis of these complications 

will be tested by analysis of stored serial samples taken during the evolution of the 

disease.
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CHAPTER 2 Patients and Methods 

2.1 The Royal Free Hospital Rheumatology and Connective Tissue 

Diseases Unit

The Royal Free Hospital Rheumatology and Connective Tissue Diseases Unit is a 

tertiary referral centre for patients with scleroderma, Raynaud’s phenomenon, and 

other forms of connective tissue disease. Patients with scleroderma -associated 

pulmonary fibrosis were assessed at the Royal Brompton Hospital.

2.2 Definitions: Raynaud’s Phenomenon

The diagnosis of Raynaud’s phenomenon was based on a history of triphasic colour 

change of the extremities in response to cold or emotional stress. Patients were 

diagnosed as suffering firom primary Raynaud’s when there was no clinical evidence of 

a connective tissue disease underlying the condition and a negative antinuclear factor 

test.

2.3 Definitions: Scleroderma and Subsets

Scleroderma was diagnosed according to published diagnostic criteria (Subcommittee 

for Scleroderma Criteria of the American Rheumatism Association 1980). All patients 

included had one major criterion, the presence of skin thickening proximal to the 

metacarpophalangeal joints, and at least two of the following minor criteria; 

sclerodactyly, pitting scars, loss of finger pad substance, bibasal pulmonary fibrosis. 

Patients with scleroderma were subdivided according to the pattern of skin sclerosis. 

Those with skin sclerosis proximal to the elbows or knees or with involvement of the
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trunk were classified as diffîise scleroderma whereas those with skin involvement 

restricted to the face and those areas distal to the elbows and knees, were classified as 

limited scleroderma (LeRoy et al 1988).

2.4 Definitioiis: Scleroderma Renal Crisis

Scleroderma renal crisis was defined as an acute deterioration in renal fimction over a 

period of one month. In cases where this could not be established two of the following 

three characteristics were required for the diagnosis.

1 Arterial hypertension greater than 160/90

2 Hypertensive retinopathy

3 Typical changes of SRC on renal biopsy

2.5 Definitions: Pulmonary Hypertension

Doppler echocardiography appears a reliable and reproducible means to estimate mean 

pulmonary artery pressure (Yock & Popp 1984, Currie et al 1985). Scleroderma 

patients were assessed annually for the development of pulmonary hypertension by 

Doppler echocardiogram. Pulmonary hypertension was defined as a systolic 

pulmonary artery pressure of greater than 30 mm Hg.

2.6 Retrospective Clinical Data Analysis

The case records of all patients included in this thesis were studied and the following 

data recorded; disease subset, skin score, haemoglobin, ESR, pulmonary fimction test 

result, echocardiogram result, Ritchie index, creatinine, creatinine clearance, and 

autoantibody profile.
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2.7 Scleroderma Skin Score

Skin involvement was assessed by scoring each of 20 areas as normai=0, possible 

thickening =1, definite thickening=2, or hidebound=3 to give a maximum score of 60 

(Clements et al 1990).

2.8 Immunoprécipitation of Anti-RNA Polymerase I & III

Scleroderma specific antibodies to RNA polymerase I & III were detected by 

immunoprécipitation of radiolabelled HeLa cell proteins (as described by Kuwana et al 

1993). This assay was performed by Dr C Bunn and the staff of the immunology 

department of the Royal Free Hospital. HeLa cells were cultured in the presence of 

[^^S]methionine (18.5 kfiq/ml) for 12 hours. The cells were washed with cold Tris- 

buffered saline (140mM NaCl, 40mM Tris-HCl, pH 7.4). The cells were resuspended 

in 2 ml of immunoprécipitation buffer, containing SOOmM NaCl, lOmM Tris-HCl, pH 

8.0,0.1% Nonidet-P-40, and supplemented with 2mM phenylmethylsulfonylfluoride to 

minimise proteolysis. The cells were sonicated 3 times, 40 seconds each time and 

centrifuged at 14,000 g for 15 minutes, and the supernatant used as source of antigen. 

10 pi samples of patient’s sera were added to 2mg of protein A-sepharose suspended 

in 500|il of immunoprécipitation buffer (see previous paragraph) for 12 h. Antibody 

bound beads were washed 3 times in immunoprécipitation buffer and resuspended in 

400 pi of immunoprécipitation buffer, and 100 pi of radiolabelled HeLa cell extract for 

2 hours. The immunoprecipitates were washed 5 times in immunoprécipitation buffer 

and then separated on polyacrylamide-SDS gel. The proteins so obtained were 

detected by autoradiography.
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2.9 Preparation of Human Umbilical Vein Endothelial Cells

Umbilical cords were provided by the obstetric units of King’s College Hospital and St 

Mary’s Hospital. Cords were collected in Hank’s salt media at 4°C.

Hank’s Salt Media

400ml Hank’s solution 

15ml4.4%NaHC03 

5 ml IM Hepes 

5 ml gentamycin solution

The umbilical veins were cannulated and the cord washed twice with phosphate 

buffered saline. The endothelial cells were removed by the action of coUagenase. The 

umbilcal vein was distended with 10-20 ml of M199 containing 0.25 mg/ml coUagenase 

(Type n  coUagenase Boehringer Mannheim) and kept at 37®C for 10 minutes.

Culture Media For HUVEC 

Standard M199

400 ml Ml 99 (Sigma M-0650 with Earles salts-Gln, NaHCOa)

20 ml 4.4% HCO3 with phenol red(Sigm S-5761+S-9137)

5 ml penicillin/streptomycin (Sigma P-3032+S-9137) to give a final concentration of 

penicUlin 100 pg/ml and streptomycin 100 U/ml.
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The cord was massaged to enhance shedding of endothelial cells. The endothelial cells 

were washed from the cord with phosphate buffered saline, and centrifuged at 1000 

rpm for 5 minutes. The cells were resuspended in 5 ml of M199 + serum.

M199 plus serum for primary culture

155 ml of standard M l99 as above 

5 ml glutamine (Sigma G-5763) final concentration 5mM 

20 ml foetal calf serum (Sigma)

20 ml new bom calf serum (Sigma)

The suspension of human umbilical vein endothelial cells (HUVEC) in Ml 99 + serum 

was transferred to a 25 ml tissue culture flask, primed with 1% gelatin solution. 

Primary cultures were grown at 37°C in human tissue culture incubator, in 95% air and 

5% carbon dioxide. Cultures were fed every 2-3 days thereafter.

Trypsinisation of HUVEC

Cells were examined regularly by phase contrast microscopy. Preparations which had

reached confluence were trypsinised for secondary culture. Preparations which

appeared infected by bacteria or faded to reach confluence after 5 days were discarded.

Trypsin Solution

phosphate buffered saline A 188 ml

2.5% trypsin solution 8 ml

1% EDTA solution 4 ml

The trypsin solution was warmed to 37°C. The confluent cells were washed three 

times with warm phosphate buffered saline. 2 ml of trypsin solution was added to the
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25 ml culture flask and left at 37°C for 1 minute. The cells were dislodged by a sharp 

blow to the side of the flask, and resuspended in culture medium.

Ml99+serum+growth factor. Each primary culture was subcultured to a single 75 ml 

culture flask. The growth factor preparation was crude FGF prepared from porcine 

brain.

2.10 Enzyme Linked Immunosorbent Assay For Anti-Endothelial Cell 

Antibodies

Secondary cultures of HUVEC were grown for 48-72 hours untill confluent, then 

trypsinised and transferred in M199+serum+growth factor to 96 well microtitre plates 

pre-coated with gelatin. Cells were grown to confluence for 48-72 hours and then 

fixed in glutaraldehyde. Cells were washed gently 4 times in warm phosphate buffered 

saline. 200|jil of 0.1% glutaraldehyde in phosphate buffered saline (PBS) was added to 

each microtitre well and left at 4°C for 10 minutes. Fixed cells were washed 

vigorously 5 times in phosphate buffered saline and left to dry overnight. Fixed cells 

were examined for confluence by microscopy.and stored at 4°C.

Fixed HUVEC were used as target antigen for the assay. Non-specific protein binding 

was blocked with PBS 10% Marvel milk powder suspension. 200 pi of milk 

suspension was added to each well and left at room temperature for 15 minutes. This 

was repeated for 4 cycles.

Test sera were diluted 1/200 in 10% Marvel PBS. 50pl were added to each microtitre 

well in triplicate for each sample. The plates were left at room temperature for 1 hour 

and then washed 6 times with 10% Marvel PBS.
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Horse radish peroxidase conjugated rabbit anti-human IgG (DAKO number P0214) 

was added at a dilution of 1/500 in 10% Marvel PBS. SOpl of second layer antibody 

was added per well and left at room temperature for one hour.

Plates were then washed vigorously 5 times in PBS.

The bound horse radish peroxidase activity was assayed by colorimetric analysis of the 

peroxidation of ortho-phenylenediamine dihydrochloride at pH 5.

OPD Buffer

12.4g of Na2HPO4.12H20

350 ml water

adjust pH to 5

Substrate For Horse Radish Peroxidase Assay 

30 ml OPD buffer

10.8 mg ortho-phenylenediamine dihydrochloride 

7.2 pi of hydrogen peroxide 5M

lOOpl of substrate solution was added to each microtitre well and the optical density 

read at 450 nm with a Titertek plate reader. Plates were read at 5,10, and 15 minutes.

2.11 Control Values and Normal Range for Anti-Endothelial Cell 

Antibody Enzyme-Linked Immunosorbent Assay

All sera were tested in triplicate. Serum from a patient previously found to have a high 

titre of anti-endothelial cell antibody was used as positive control. Pooled sera from 15 

apparently healthy individuals was used as negative control. Normal range was 

determined by assay of 15 healthy control sera against these positive and negative
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controls. A blank value was determined for each plate using no first layer antibody. 

Binding was expressed as an ELISA ratio (ER).

ER=100(S-N)/(P-N) where S is the absorbance of the test sample, and N and P are 

the absorbances of the positive and negative control samples respectively.

2.12 Plasma and Seram Samples

Blood was taken at each follow up out patient appointment into plain tubes and tubes 

containing EDTA Samples were left at room temperature for one hour and then 

centrifuged at 1000 rpm for 5 minutes. Serum and plasma were stored at -20°C untill 

assayed.

2.13 Enzyme Linked Immunosorbent Assays For Soluble 

Thrombomodulin, Soluble E-selecdn, Soluble ICAM-1, and Soluble 

VCAM-1

Soluble thrombomodulin and soluble adhesion molecule concentration were 

determined using commercial sandwich ELISA kits (soluble thrombomodulin 

Asserachrom number 00445, soluble adhesion molecule ELISA kits from R&D 

Limited Oxford). The manufacturers provide microtitre plates coated with specific 

mouse monoclonal Fab. Standard curves were run with each assay plate using 

standard solutions of known concentration provided by the manufacturer. Samples 

were tested in duphcate.
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200 |xl diluted serum samples were added to each microtitre well and left at room 

temperature for 2 hours. Plates were washed 5 times.

Second layer immunoconjugate was added at 200 pi per well and left at room 

temperature for 2 hours. Again this was washed 5 times using washing buffer provided 

by the manufacturer.

Immediately after the washing procedure ortho-phenylenediamine dihydrochloride/urea 

peroxide 200pl was added per well and left to develop for 8 minutes. The plates were 

read at 490nm by an automated microtitre absorptiometer.

2.14 Manufacurer’s Normal Range For Soluble Adhesion Molecule 

Concentration in Sera

R & D  Limited Oxford give the following normal ranges based on sera from apparently 

healthy individuals; mean sICAM-1 211 ng/ml, standard deviation 48, mean sVCAM-1 

553 ng/ml, standard deviation 161, mean sE-selectin 46, standard deviation 17. These 

results were based on sera from 131 individuals for sICAM-1, 105 individuals for 

sVCAM-1, and 130 individuals for sE-selectin.

2.15 Statistical Methods

When drawing comparison between populations of scleroderma renal crisis patients, 

for example dialysis group versus no dialysis group continuous variables such as 

hamoglobin concentration, creatinine at presentation, were compared using Student's t 

test with unequal variance. Comparisons of non parametric data such as positive result 

for anti-RNA polymerase antibody was performed using the chi squared test.
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In the soluble adhesion molecule study, using the Microsoft Excel statistics add-in 

Astute, populations were compared against manufacturer’s normal range by Student’s 

t test with alternative data entry. This crude preliminary method should reveal any 

strong associations between soluble adhesion molecule concentration and the 

development of complications of scleroderma. Where this technique reveals unusually 

high levels of soluble adhesion molecule concentration in a disease subset correlation 

was sought between soluble adhesion molecule concentration and some parameter of 

severity in that complication. This approach is exemplified by the findings in the group 

of patients with diffuse scleroderma and pulmonary hypertension, where the initial 

screening revealed an unusually high level of sICAM-1, and it was suggested that this 

related to the development of pulmonary fibrosis in this subgroup. Therefore 

correlation was sought between sICAM-1 concentration and the pulmonary transfer 

factor, a marker of the severity of pulmonary fibrosis.

In the AECA study and sTM study where the mean values of three populations are 

compared, initially a one way analysis of variance was performed to determine whether 

any of the population means was significantly different from the others. Where a 

significant difference at the 5% level was detected by one way analysis of variance the 

Sheffe post hoc method was used to compare population means, one against each 

other.
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Chapter 3 Scleroderma Renal Crisis 

3.1 Epidemiology

Thirty five patients presented with scleroderma renal crisis between January 1984 and 

September 1997 out of 805 scleroderma patients seen. The diagnosis was established 

by typical histological changes at renal biopsy in 29 of these patients. There were 29 

SRC patients with diffuse disease and 6 with limited scleroderma. Five patients were 

male, twenty nine patients were female and one patient was male to female transexual. 

Thirty one patients were white European, 1 Afi-ocaribbean, 1 Japanese, 1 Iranian and 

1 Israeli. The average age at presentation was 48 years (50 years for the dialysis 

group, 46 years the no dialysis group (ns)). The mean disease duration pre renal crisis 

was 22 months (range 0-144 months).

3.2 Seasonal Variation.

Previous authors suggest a strong seasonal variation with a decreased presentation 

rate of SRC during the summer months (Steen et al 1984). In our series 5 patients 

presented fi*om June to August, 10 patients in the months September to November, 

compared to 10 patients from December to February, and 9 patients in the months 

March to May (Figure 3.1). There was no significant seasonal variation in presentation 

with SRC.

Figure 3.1 SRC onset by season

jun-aug 
5 pts mar-may 

9 Pts
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3.3 Outcome of SRC

Seventeen patients progressed to end stage renal failure, one of whom had progressive 

renal failure but was not a candidate for dialysis on the grounds of liver cirrhosis 

related to alcohol abuse and severe emphysema.. The latter patient is grouped together 

with those patients who required dialysis for the statistical analysis, as he died by 

direct consequence of the renal crisis. Sixteen patients went on to a dialysis program 

and five of these patients died during SRC. Eleven patients were established on long 

term dialysis. After a mean follow up period of 59 months 2 of these 11 patients 

recovered sufficient renal function for life independent of dialysis.

3.4 Prognostic Factors in SRC

Baseline clinical and laboratory parameters were compared between the dialysis group 

and the no dialysis group (Table 3.1).

Dialysis Group No Dialysis Group p value

number of patients n=17 ff=18

peak diastolic blood pressure/mmHg 115 123 ns

time to control hypertension/days 4.7 11.1 ns

haemoglobin g/dl 10.3 11.0 ns

fi-agmented red cells 7/17 3/18 ns

platelet count 10®/1 159 219 ns

ESR nun/hr 30 34 ns

creatinine at presentation pmol/1 264 185 0.04

peak creatinine pmol/1 675 283 0.0004

Table 3.1 Prognostic factors of patients grouped by outcome
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3.4a severity of cutaneous involvement

Mean skin score at presentation was 24. Mean skin score in the dialysis group was 27 

compared with 23 in the no dialysis group (ns). Scleroderma skin score one year pre 

crisis was available in 9 patients. In these patients mean skin score rose from 17 to 31 

(paired t test p<0.02). Scleroderma skin score one year post crisis was available in 

seven patients and in those patients mean skin score was 27 at the time of SRC and 24 

one year later (paired t test ns).

3.4b severity and duration of hypertension

19 patients had been diagnosed as hypertensive prior to their presentation with 

scleroderma renal crisis. 13 of these patients were taking an ACE inhibitor prior to 

presentation with SRC. The mean diastolic pressure at presentation was 106 mmHg. 

The mean peak diastolic blood pressure was 117.6. Patients who went on to require 

dialysis had a mean diastolic blood pressure of 100 at presentation peaking at 113, 

whereas the patients who did not require dialysis had corresponding values of 112 & 

123.0 (ns). The mean time to control blood pressure was 8.4 days (4.7 for dialysis 

group, 11.1 for no dialysis group (ns)). There were 14 patients who recorded 

symptomatic hypotensive episodes (7 from the dialysis group, 7 from the no dialysis 

group (ns)).

3.4c severity of microangiopathic haemoiytic anaemia

The mean haemoglobin at presentation was 10.3 g/dl in the dialysis group and 11.0 

g/dl no dialysis group (ns). Fragmented red blood cells were seen in the blood film of 

7 patients from the dialysis group and 3 from the no dialysis group(ns). 10 patients 

were thrombocytopenic at presentation (6 dialysis group, 4 no dialysis group). 3 

patients had a platelet count of less than 80xl0®/land all required dialysis. The mean
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platelet count at presentation was lower in the dialysis group 159x10 /̂1 compared to 

219x10®/l for the no dialysis group(ns).

3.4d The Acute Phase Response in SRC

The mean ESR at presentation was 30 mm/hr for the dialysis group and 34 mm/hr for 

the no dialysis group (ns).

3.4e Severity of Renal Impairment at Presentation With SRC

At presentation the mean creatinine was 264 pmol/l for the dialysis group and 185 

pmol/1 for the no dialysis group (p<0.04). The overall mean peak creatinine was 675 

jxmol/l in the dialysis group and 283 pmol/l no dialysis group( p<.0004). The highest 

creatinine recorded in a patient who improved without dialysis was 626 p.mol/1. Only 2 

patients who recovered without dialysis had a peak creatinine of greater than 

500|miol/l.

3.5 Autoantibody Profile of SRC Patients Versus Scleroderma 

Controls

The results of autoimmune serology wee compared between the SRC patients and 65 

control patients with difiuse scleroderma and no history of SRC (Table 3.2). Anti- 

RNA polymerase I and HI antibodies were found in 16 out of 35 SRC patients 

compared to 12 of 65 control patients (chi squared p<0.01). Four of the 35 SRC 

patients were positive for anti-Scl 70 antibody compared to 12 out of 65 control 

patients with difiuse scleroderma and normal renal fimction (ns). No patient from 

either group carried antibodies to both RNA polymerase and Scl70.
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SRC Patients Scleroderma Controls

number of patients n=35 n=65

anti-nuclear factor 35 64 (ns)

anti-RNA polymerase I & HI 16 12 (p<0.01)

anti-Scl 70 4 12 (ns)

Table 3.2 Autoantibody profile of SRC patients versus 65 control patients with diffuse 

scleroderma and no evidence of SRC 

3.6 Effect of Iloprost therapy

22 of the 35 patients received Iloprost by infusion during SRC Iloprost was 

commenced at 0.5 ng/kg/min and the dose increased to the maximum tolerated within 

the range 1-9 ng/kg/min. The Iloprost and no Iloprost groups were well matched for 

mean age, sex, disease duration, disease subgroup, and mean creatinine at presentation 

(Table 3.3). Of those who received iloprost 9 /22 entered the dialysis group compared 

to 8/13 who did not receive iloprost (chi squared ns). There was a lower mortality in 

the iloprost treated group with 3 /22 deaths during renal crisis compared to 3/13 in the 

no iloprost group (chi squared p< 0.09).

Iloprost Group No Iloprost Group

mean age/years 49 49

disease duration/months 17 31

limited; diffuse 4:18 2:11

creatinine at presentation/pmol/1 292 213

need for dialysis % 41% 62%

mortality % 14% 23%

Table 3.3 Baseline characteristics and outcome in patients grouped by Iloprost therapy
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3.7 Discussion

In the present study SRC occurred in 4% of 805 scleroderma patients seen over a 

twelve year period. A previous large retrospective study found an incidence of around 

8% over a 25 year period from 1955 to 1981(Traub et al 1983). The lower incidence 

of SRC in the group studied in the present thesis may reflect improved screening for 

hypertension in our unit. The results of the present study emphasise that while the 

majority of patients suffering SRC have the diffuse form of scleroderma, SRC can 

occur in patients with the limited variant of the disease. On the whole cutaneous 

involvement appeared to be severe and progressive in the diffuse scleroderma patients 

at presentation with SRC, with subsequent stabilisation or improvement in those who 

survived.

Hypertension had been diagnosed prior to presentation with SRC in 19/35 patients. At 

presentation 13/35 of patients were already taking an ACE inhibitor, questioning the 

efficacy of these drugs as prophylactic agents in SRC. The absolute level of blood 

pressure at presentation and peak blood pressure did not correlate with progression to 

end stage renal failure, with higher mean diastolic pressure at presentation and higher 

mean peak diastolic pressure in those who recovered without the need for dialysis. 

Previous authors have stressed the importance of rapid control of the hypertension 

associated with SRC (Steen 1994). However we found that rapid control of 

hypertension was associated with a progression to end stage renal failure, with a mean 

time to control of 4.7 days in the dialysis group compared to 11.1 for the no dialysis 

group. In the setting of severe hypertension renal and cerebral autoregulation of blood 

flow are lost, so that a rapid reduction in blood pressure may promote fiirther 

ischaemic damage (Graham 1975, Ledingham & Rajagopalan 1979, Strandgaard et al
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1973). We now aim for gradual control of hypertension over a ten day period 

according to the following protocol: day 1 to day 3 aim for blood pressure <180/115 

and >160/100; day 4 to day 7 aim for <160/100 and >150/90; and day 8 to day 10 aim 

for <150/90 and >140/85. In the present study brief hypotensive episodes with systolic 

pressure less than 120 mm Hg were not associated with an adverse outcome. 

Microangiopathic haemoiytic anaemia is well described in SRC (Traub et al 1983,

Steen et al 1984, Steen et al 1990). Our patients were anaemic at presentation and 

10/35 patients had red cell fragments on blood film. Ten patients were 

thrombocytopenic at presentation and this was a more frequent finding in those Wio 

went on to require dialysis. Three patients had platelet counts of less than 80 at 

presentation and all required dialysis. Consumption of large numbers of platelets in 

the renal microcirculation in the most severely affected individuals would account for 

this association.

Baseline creatinine was significantly higher in the patients who went on to require 

dialysis. This implies that late presentation is associated with a poor outcome in SRC. 

Patients at increased risk from SRC should have frequent blood pressure and urinalysis 

measurements. Many patients would be able to perform these measurements at home. 

The majority of our patients received an ACE inhibitor and the group which did not 

receive such treatment was too small for statistical analysis. Therefore we caimot 

confirm the previous well-founded claim of a beneficial response to ACE inhibitors in 

SRC. Groups which did or did not receive Iloprost in our study were well matched for 

age, sex, disease subgroup, disease duration and creatinine at presentation. Those who 

received Iloprost were less likely to require dialysis and less hkely to die from SRC 

although the results did not reach statistical significance. We beheve that iloprost
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represents a safe and pragmatic means of lowering arterial blood pressure during SRC. 

Such treatment might be expected to improve renal plasma flow and reduce platelet 

aggregation.

Death in scleroderma has been attributed to the major internal organ involvement 

associated with the condition, with pulmonary, cardiac and renal involvement 

accounting for most of the premature deaths. Previous studies have shown a good 

correlation between the presence of certain autoantibodies and the pattern of internal 

organ involvement in scleroderma. The presence of anti-Scl70 antibody correlates 

with difiuse skin involvement and an increased risk of lung fibrosis (Steen et al 1988, 

Catagio et al 1983), whereas the anti-centromere antibody is associated with a better 

prognosis, limited cutaneous involvement and oesophageal disease (Steen et al 1988, 

Tan et al 1980, Weiner et al 1988). Studies in Japanese scleroderma patients suggest 

that the presence of anti-RNA polymerase antibodies may be associated with an 

increased risk of SRC (Kuwana et al 1994, Okana et al 1993). This has not been 

established for other populations. In the present thesis anti-RNA polymerase I & in  

antibodies were found in 46% of SRC patients compared to 19% of control patients 

with diffiise scleroderma and no history of SRC (p<0.004). Anti-Scl 70 antibodies 

were found in 11% of SRC patients compared to 19% of control patients with difiuse 

scleroderma (ns). Caucasian patients with anti-Scl 70 and anti-RNA polymerase I & 

m  appear to form non intersecting subgroups and in our series no patient carried both 

anti-Scl 70 and anti-RNA polymerase antibodies. Previous studies have shown that the 

presence of anti-Scl 70 antibody is associated with the HLA DQBl locus (Kuwana et 

al 1993, Reveille et al 1992) but any HLA association of anti-RNA polymerase I & III 

antibody is yet to be determined. Immune complex deposition is not found in the renal
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biopsies of these patients and neither circulating immune complexes nor reduced 

complement levels are found in SRC. Studies using immunofluorescence have shown 

deposits of IgM associated with the complement fi'action Clq in the renal vascular 

lesions of SRC, but these may represent non specific exudation of protein through the 

damaged endothelium (Lapenas et al 1978). Antibodies to RNA polymerase might 

cross react with some antigen on the renal vascular endothelium, but as with other 

disease specific antibodies in scleroderma, there is as yet no evidence of a direct 

pathogenic role for these antibodies in the disease.

The presence of anti-RNA polymerase I & m  is a major risk factor for SRC. Patients 

presenting with features of scleroderma should be screened for the presence of anti- 

RNA polymerase I & m , and those who test positive should be monitored for the 

development of hypertension or renal impairment. Diffuse disease, severe skin 

involvement, and short disease duration appear to be additional risk factors. SRC is a 

grave condition with a need for dialysis in 50% of patients and a mortality of 17% in 

our series. SRC should be treated with an ACE inhibitor and Iloprost infiision aiming 

for a gradual reduction in diastolic blood pressure. The efficacy of ACE inhibitors as 

prophylaxis against SRC could be established by a prospective placebo controlled trial, 

which should include preferentially patients with early diffiise scleroderma who are 

anti-RNA polymerase I & m  antibody positive.
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Chapter 4 Anti-Endothelial Cell Antibody Levels in Scleroderma 

Renal Crisis 

4.1 Normal Range For AECA

Sera from 15 healthy controls were tested in triplicate by endothelial cell based ELISA 

Pooled healthy control serum was used as negative control, and a serum of known high 

binding in AECA assays used as positive control in this and all subsequent AECA 

assays. Sera from healthy individuals gave a mean ELISA ratio of 1.8%, and a 

standard deviation of 7.1 % (range -6.9% to 13.2%). Therefore the upper limit of 

normal (mean phis 2 standard deviations) was taken as an ELISA ratio of 16% for all 

subsequent assays.

4.2 AECA in Scleroderma Sera

AECA ELISA ratio was measured in sera from 42 scleroderma patients (one sample 

from each) with no history of SRC and in sera from 12 patients with SRC (multiple 

samples from each to give 44 samples). Mean AECA ELISA ratio was 44.2% in 

scleroderma control sera and 33.4% in SRC sera. There was a significant difference 

between the mean AECA levels in the three groups studied (one way analysis of 

variance F=5.84, p<0.005). Mean AECA levels were raised in the scleroderma control 

group when compared to the healthy control group ( Sheffe post hoc analysis p<0.01) 

and in the SRC group when compared to the healthy control group (Sheffe post hoc 

analysis p<0.05). There was no significant difference between mean AECA levels in 

the SRC group and the scleroderma control group (Figure 4.1).
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4.3 Serial Measurements of AECA in Sera from SRC Patients

AECA titre did not increase around the time of SRC and the levels o f AECA did not 

appear predictive o f the development o f SRC (Figure 4.2). AECA levels did not 

correlate with disease duration (Pearson correlation coefficient R squared 0.046 p ns).

Figure 4.2 Serial M easurements of AECA in Patients with
SRC300 T
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Serial AECA measurements arranged relative to time of scleroderma renal crisis. Solid box=onset of 

scleroderma renal crisis, broken line=upper limit of normal (healthy control mean plus two standard 

deviations).
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4.4 Correlation Between AECA Levels and a Soluble Marker of 

Endothelial Cell Damage, sE-selectin

AECA ELISA ratio did not correlate with sE-selectin concentration (Figure 4.3, 

Pearson correlation coefficient R squared 0.0023 (p ns)). In 4 patients sera tested 

negative for AECA in early disease and becante strongly positive as the disease 

evolved. In 2 of these patients sE-selectin concentration was raised before the 

development of raised AECA suggesting that damage to the vascular endothelium 

occured before the development of AECA, whereas in the other 2 patients E-selectin 

increased to abnormal levels in parallel with rising titres of AECA.

Figure 4.3 AECA Level Against Serum sE-selectin 
Concentration in Patients with SRC
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4.5 Discussion

In scleroderma there is evidence of both autoimmunity and damage to the vascular 

endothelium. Therefore it has been suggested that antibodies recognising self antigens 

expressed by endothelial cells might contribute in the pathogenesis of the condition. 

Anti-endothelial cell antibodies (AECA) are present in the sera of patients with 

scleroderma but the target antigens and pathogenicity of these antibodies have not been 

defined. One possibility is that AECA develop at an early stage of disease and mediate 

damage to the vascular endothelium. This model would be supported by the presence 

of high levels of AECA at an early stage of disease, and by the presence of a high titre 

of AECA before other soluble markers of endothelial cell damage appear in the serum. 

Correlation between AECA titre and the development of major vascular complications 

of scleroderma would support a pathogenic role for AECA in vascular damage.

In the present thesis AECA in sera from SRC patients have been studied in 

order to investigate further the possible pathogenicity of these antibodies. AECA have 

been measured in serial samples from patients with scleroderma renal crisis (SRC) and 

comparison drawn against AECA levels in healthy control sera and in scleroderma 

control sera. Mean AECA levels were raised in plasma from patients with scleroderma 

when compared with healthy controls. The mean ELISA ratio of AECA in SRC sera 

did not differ from scleroderma control sera and the concentration of AECA did not 

rise around the time of SRC Furthermore AECA showed no correlation with disease 

duration, or with a soluble marker of endothehal cell activation, sE-selectin.

The data therefore do not provide strong evidence that AECA contribute in the 

pathogenesis of SRC. One possible explanation is that AECA are an epiphenomenon
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in scleroderma, appearing as a consequence of endothelial cell damage and 

modification of the antigen repertoire expressed. This model is inconsistent with the 

observed cytotoxicity of scleroderma serum for endothelial cells in vitro (Penning et al 

1984, Marks et al 1988, Holt et al 1989), and with the data showing enhanced 

leukocyte adhesion and adhesion molecule expression by endothelial cells in the 

presence of AECA purified from scleroderma sera (Carvalho et al 1996). Models 

where AECA play a pathogenic role in scleroderma-associated endothelial cell damage, 

and those where AECA appear secondary to endothelial cell damage are not mutually 

exclusive. It is possible that endothelial cell damage is initiated by some mechanism 

independent of AECA, and then the secondary production of AECA intensifies or 

propagates further endothelial cell damage in the disease. This should be explored 

fiirther. Viable circulating endothelial cells can now be purified firom blood samples 

albeit in small numbers (Solovey et al 1997). Therefore the pathogenicity of a 

scleroderma patient’s AECA can be tested against the patient’s own endothelial cells, 

overcoming the confounding influence of alloantigens expressed by endothelial cells. 

Progress in the identification of the target antigens for AECA may provide further 

insight into their pathogenic role.

SRC is a severe acute life threatening illness which occurs without prodromal 

symptoms or signs. A rising titre of pathogenic autoantibody could be used in clinical 

practice to forewarn of imminent SRC, analogous to the practice in lupus nephritis 

where a rising titre of antibodies against double stranded DNA is found to precede the 

development of a disease flare (Isenberg et al 1997). The results of the present thesis 

suggest that rising AECA titre could not be used to forewarn of the development of 

SRC, and at present the best recommendation is to perform fi-equent measurements of
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blood pressure and urinalysis in the at risk population, those with recent onset difiuse 

scleroderma.
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Chapter 5 Soluble Thrombomodulin in Scleroderma-Associated 

Pulmonary Hypertension

5.1 Soluble Thrombomodulin Measurements

Mean plasma soluble thrombomodulin (sTM) concentration was raised in plasma from 

patients with scleroderma-associated pulmonary hypertension when con^ared to 

scleroderma controls (mean sTM 63.4 ng/ml, versus 43.3 ng/ml, p<0.01) and when 

compared to healthy controls (mean sTM 38.1 ng/ml, p<0.05). sTM levels were not 

significantly different in plasma from scleroderma controls compared to healthy 

controls (Figure 5.1).

Figure 5.1 Soluble Thrombomodulin in Scleroderma-Associated Pulmonary
Hypertension
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There was no correlation between sTM concentration and severity of pulmonary 

hypertension as measured by Doppler echocardiogram (Pearson correlation coefficient 

R^=0.0092 not significant) (Figure 5.2).
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5.2 Discussion

In the present study we have shown that sTM is raised in the plasma of patients with 

scleroderma-associated pulmonary hypertension. TM is predominantly expressed by 

vascular endothelial cells, but also appears on serosal membranes, syncytiotrophoblast, 

tumour cells, and under certain conditions on arterial smooth muscle cells (Maruyama 

et al 1985, BoflFa et al 1987, Tolney et al 1997). sTM appears in the supernatant of 

cultured endothelial cells and is increased by damage to endothelial cells in direct 

proportion to cell death (Ishii et al 1991). Hypoxemia and elevated shear stress, both 

factors in pulmonary hypertension, have been shown to decrease TM expression by 

endothelial cells (Malek et al 1994, Shreeniwas et al 1991). Plasma sTM is cleared by 

the renal route and therefore in the present study patients with renal impairment were 

excluded (Aso et al 1998). Plasma sTM has been used as a marker of endothelial cell 

injury and is raised in conditions associated with endothelial damage (Boehme et al 

1996, Gando et al 1995). Endothelial cell damage is an important mechanism in the 

development of scleroderma (Pearson 1991). Accelerated pulmonary artery 

endothelial cell death is one possible explaination for the elevated sTM in scleroderma- 

associated pulmonary hypertension observed in the present study. The vascular lesions 

of scleroderma-associated pulmonary hypertension resemble the remodelling of the 

artery wall seen in animal models of vascular injury. The neointimal smooth muscle 

cells seen after mechanical injury to the artery wall express thrombomodulin whereas 

normal resting arterial smooth muscle cells do not (Fink et al 1993). It is possible that 

similar cells are responsible for the elevation of plasma sTM in scleroderma-associated 

pulmonary hypertension. TM is expressed by neoplastic and dysplastic human cells 

(Tolney et al 1997, Zhang et al 1998). A further possibility is that overexpression of
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thrombomodulin by pulmonary artery intimai cells is the result of permanently altered 

growth characteristics, and is not a response to continuing endothelial cell injury.

In the present study mean sTM was not raised in plasma from scleroderma patients 

without pulmonary hypertension. This is at variance with a number of previous studies 

which report raised sTM in the plasma of scleroderma patients (Kadono et al 1995, 

Mizutani et al 1996, Salojin et al 1997). In these studies it is not clear whether the 

patients included had been screened for the development of pulmonary hypertension. 

Subclinical pulmonary hypertension is a common finding in scleroderma. When 

screened by echocardiogram around 40% of limited scleroderma patients with no 

clinical evidence of pulmonary hypertension have raised mean pulmonary artery 

pressure(Battle et al 1996). Post mortem studies support this finding with evidence of 

pulmonary artery disease in 30% of unselected scleroderma patients in one study 

(D’Angelo et al 1969), and 57% of cases in another (Young & Mark 1978). Therefore 

it is possible that the raised sTM found in previous studies is due to the inclusion of 

patients with subclinical pulmonary hypertension.

Studies in primary pulmonary hypertension stress the importance of a procoagulant 

tendency in the development and progression of the condition, and anticoagulant 

therapy is routinely prescribed (Chaouat et al 1996). The pathogenesis and therapy of 

scleroderma-associated pulmonary hypertension is less well established, and clinicians 

have previously relied on extrapolation of data from studies of primary pulmonary 

hypertension. The finding of raised plasma sTM in scleroderma-associated pulmonary 

hypertension contrasts with previous studies of idiopathic primary pulmonary 

hypertension where plasma sTM concentration is reduced (Cacoub et al 1996, Welsh 

et al 1996). Therefore the disturbance of endotheUal cell fimction in scleroderma-
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associated pulmonary hypertension may be quite different from that seen in primary 

pulmonary hypertension.
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Chapter 6 Soluble Adhesion Molecule Concentration in Scleroderma 

and in Major Vascular Complications of the Condition

6.1 Patients Included

A total of 57 patients were studied, with multiple serum samples from each giving 254 

samples for analysis in the following groups: primary Raynaud’s disease, 12 patients 

(51 samples); limited scleroderma without vascular complication, 6 patients (32 

samples); limited scleroderma with pulmonary hypertension, 10 patients (32 samples); 

limited scleroderma with scleroderma renal crisis, 4 patients (16 samples); difruse 

scleroderma without vascular complication, 8 patients (32 samples); difruse 

scleroderma with pulmonary hypertension, 6 patients (24 samples); diflfiise scleroderma 

with scleroderma renal crisis, 11 patients (57 samples).
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6.2 Soluble Ë-selectin

Mean sE-selectin levels were not raised in patients with primary Raynaud’s disease, or 

limited scleroderma with pulmonary hypertension (Fig 6.1), but were significantly 

higher in patients with limited scleroderma with no vascular complications, and limited 

scleroderma complicated by renal crisis. Mean sE-selectin levels were raised in all 

diffuse scleroderma groups. Therefore it was suggested that sE-selectin might be a 

marker for severity of cutaneous disease. However sE-selectin did not correlate with 

skin score (Figure 6.2, Pearson correlation coefficient R squared 0.025, ns).

Figure 6.1 Soluble E-selectin by Disease Subset
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Figure 6.2 Correlation Between Skin Score and
sE^electin in Diffuse Scleroderma Patients
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6.3 Soluble VCAM-1

Mean sVCAM-1 levels were raised (nearly twice normal) in both limited and dififiise 

subsets with scleroderma renal crisis (Figure 6.3). Therefore correlation was sought 

between sVCAM-1 concentration and severity of renal impairment as measured by 

plasma creatinine (Fig 6.4), but no significant correlation was found (Pearson 

correlation coefQcient R squared 0.002, ns). sVCAM-1 levels were also raised in 

limited scleroderma with no major vascular complication, but in all other subsets tested 

the mean values of sVCAM-1 were within the normal range for healthy individuals.

Figure 6.3 Soluble VCAM-1 by Disease Subset
3000

2500

2000

o>c
7 1500

i
1000  -

500

0

i

I
I

7
#
#
#

■ t
! T I

RP LSSc LPHT LSRC DSSc DPHT DSRC

Serum VC AM-1 concentration against patient subgroup, RP primary Raynaud’s disease, LSSc limited 

scleroderma with no vascular complications, LPHT limited scleroderma with pulmonary hypertension, 

LSRC limited scleroderma with scleroderma renal crisis, DSSc diSuse scleroderma, DPHT Difiuse 

scleroderma with pulmonary hypertension, DSRC difiuse scleroderma with scleroderma renal crisis, * 

p<0.05, **p<0.001, ***p<0.0001 versus healthy controls, broken line=upper limit of normal (healthy 

control mean plus two standard deviations).

78



Figure 6.4 Correlation Between sVCAM-1 and Plasma Creatinine in SRC
Patients
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6.4 Soluble ICAM-1

Mean sICAM-1 levels were raised in all groups of patients studied (Figure 6.5). In the 

primary Raynaud’s group the increase in mean sICAM-1 level was modest (< 25% 

above normal range) in comparison to the other groups studied.

The highest levels of sICAM-1 were seen in patients with difiuse scleroderma 

complicated by pulmonary hypertension. sICAM-1 concentration in this group showed 

a strong correlation with pulmonary transfer factor for carbon monoxide (TLCO) 

(Figure 6.6, Pearson correlation coefficient R squared 0.72, p<0.0001)

Fig 6.5 Soluble ICAM-1 Concentration by Disease Subset
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Figure 6.6 Correlation Between slCAM-1 and Lung Transfer in 
Diffuse Scleroderma With Pulmonary Hypertension
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6.5 Serial Measurement of Soluble Adhesion Molecule Concentration

Serial adhesion molecule concentration was plotted against time for patients from each 

subgroup (Figures 6.7-6.27). In general there was no clear trend in adhesion molecule 

level with time. Adhesion molecule concentration did not appear to rise at the time of 

scleroderma renal crisis, or with the development or progression of scleroderma- 

associated pulmonary hypertension. It was apparent however that those with raised 

soluble adhesion molecule concentration tend to have persistently raised levels, for 

example patient 1 with limited scleroderma and no major vascular complications, 

patient 2 with limited scleroderma and pulmonary hypertension, patient 3 with limited 

scleroderma and SRC, patient 5 with diffuse scleroderma and no major vascular 

complications, patient 6 with difhise scleroderma and pulmonary hypertension, and 

patient 9 with diffuse scleroderma and SRC. In the majority of these patients all three 

adhesion molecules studied were persistently raised ( all except patient 2 with limited 

scleroderma and pulmonary hypertension).

82



Figure 6.7 Serial Measurements of sE-selectin in Patients
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Figure 6.10 Serial Measurements of sE-selectin in
Patients with Limited Scleroderma and no Major

Vascular Complications140
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Figure 6,12 Serial Measurements of slCAM-1 in Patients
with Limited Scleroderma and no Major Vascular
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Figure 6.13 Serial Measurements of sE-selectin in Patients
with Limited Scleroderm a and PHT160 T
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Figure 6.14 Serial M easurem ents of sVCAM-1 in Patients
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Figure 6.16 Serial Measurements of s E-selectin in
Patients with Limited Scleroderma and SRC
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Figure 6.18 Serial Measurements of siCAM-1 in Patients
with Limited Scleroderma and SRC
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Figure 6.19 Serial Measurements of sE-sefectin in
Patients with Diffuse Scleroderma and no Major

Vascular Complications250
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Figure 6.20 Serial M easurements of sVCAM-1 in Patients
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Figure 6.21 Serial M easurem ents of slCAM-1 in Patients 
with Diffuse Scleroderm a and no Major Vascular

Complications
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Serial adhesion molecule concentration against sample number in patients with diffuse scleroderma 

and no history of major vascular complications. Samples taken at 6-12 month intervals. Broken line 

upper limit of normal ( normal control population mean plus two standard deviations).
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Figure 6.22 Serial Measurements of sE-selectin in
Patients with Diffuse Scleroderma and PHT
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Figure 6.23 Serial M easurements of sVCAM-1 in Patients 
with Diffuse Scleroderm a and PHT
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Figure 6.24 Serial Measurements of slCAM-1 in Patients
with Diffuse scleroderma and PHT
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and pulmonary hypertension. Samples taken at 6-12 month intervals. Broken line upper limit of 

normal ( normal control population mean plus two standard deviations).
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Figure 6.25 Serial M easurement of sE -selectin  in Diffuse 
Scleroderm a Patients with SRC
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Figure 6.26 Serial M easurem ents of sVCAM-1 in Diffuse
Scleroderm a Patients with SRC
SRC 1— 1

3500

3000

2500 -

c  2000

<  1500

1000

500

0 2 4 6 8 10 12 14

patient 1 
patient 2 
patient 3 

patient 4 
patient 5 

— patient 6  
—I— patient 7
 patient 8
 patient 9

patient 10 
patient 11

sam p le number

95



Figure 6.27 Serial Measurement of slCAM-1 in Diffuse
Scleroderma Patients with SRC
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two standard deviations).
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6.6 Discussion

Serious life-threatening complications of the connective tissue disease scleroderma 

appear to be near pure vascular disorders related to abnormal endothelial cell function 

( Kahaleh 1990, Pearson 1991, Black & Stephens 1993). Post-mortem histopathology 

studies show arterial lesions characterised by intimai cell proliferation and narrowing of 

the lumen (D’Angelo et al 1969) but the pathogenesis of these lesions is not 

understood. Possible mechanisms include persistent endothelial cell damage caused by 

some soluble factor present in the blood or exposure to some environmental agent 

years before the development of clinically overt disease, which leads to a permanent 

change in the growth characteristics of arterial intimai cells. One approach to resolve 

these alternatives is to look for evidence of persistent endothelial cell activation in the 

vascular lesions of scleroderma, which if found would support the former model.

In vitro unstimulated endothelial cells express the adhesion molecule ICAM-1, 

and at low levels, VCAM-1. When endothelial cells are activated by IL-1 or TNFa the 

expression of ICAM-1 and VCAM-1 is enhanced and E-selectin appears on the cell 

surface (Springer 1990). Endothelial cells activated in this way have been shown in 

vitro to shed soluble forms of these molecules from the cell surface (Pigott et al 1992), 

and raised serum concentration of these soluble forms are seen in conditions where 

there is activation of endothelium (Gearing & Newman 1993). In the present thesis the 

nature of the stimulus leading to endothelial cell dysfunction in major vascular 

complications of scleroderma has been studied by measurement of soluble adhesion 

molecule concentration in sera from patients with vascular complications of the
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condition, and comparison drawn against sera from patients with uncomplicated 

scleroderma, and sera from patients with primary Raynaud’s disease.

Of the adhesins studied sE-selectin has the greatest specificity for cytokine- 

activated endothelial cells (Bevilaqua et al 1989). Mean sE-selectin concentration was 

not raised in sera from patients with primary Raynaud’s disease. The mean sE-selectin 

concentration was moderately raised ( around 25% above normal) in sera from patients 

with limited scleroderma and no evidence of major vascular complications. Of 

particular interest is the finding of normal mean sE-selectin in the sera from patients 

with limited scleroderma and pulmonary hypertension, suggesting that in the 

pulmonary vascular lesions of scleroderma-associated pulmonary hypertension, the 

endothelial cell phenotype does not resemble that of cytokine-activated cells. By way 

of contrast sE-selectin levels were raised (approximately twice normal) in sera from 

patients with limited scleroderma complicated by SRC. Possible explanations for the 

disparity between limited scleroderma with pulmonary hypertension and limited 

scleroderma with SRC include; 1) a mechanism driving the development of the renal 

vascular lesions distinct from that which leads to pulmonary vascular lesions, 2) an 

effect due to the greater hydrostatic pressure in the renal arterioles when compared to 

pulmonary arterioles, 3) impaired clearance of sE-selectin in patients with SRC. It 

seems unlikely that the vascular lesions of SRC and scleroderma-associated pulmonary 

hypertension arise via completely unrelated mechanisms, but there may be subtle 

differences which affect the way local endothelial cell function is disturbed. The 

hydrostatic pressure within renal arterioles during SRC would be much greater than the 

hydrostatic pressure within pulmonary arterioles in pulmonary hypertension, and this 

elevated hydrostatic pressure might account for increased expression and shedding of
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adhesion molecules by already abnormal endothelial cells. The mechanisms by which 

soluble adhesion molecules are cleared from the blood are not clearly understood. In 

one study which included 30 healthy controls and 49 recipients of renal allografts none 

of the controls or patients excreted sE-selectin in detectable amounts in the urine 

(Bechtel et al 1994), whereas both sICAM-1 and sVCAM-1 were found in urine 

samples. Therefore the raised sE-selectin measured in sera from SRC patients is not 

simply due to impaired renal clearance of the molecule. Urinary sICAM-1 is derived 

from glomerular filtration and has a mean value of around 4pg/24 hours in healthy 

individuals (Lhotta et al 1997). Both sVCAM-1 and slCAM-1 are raised in sera from 

patients with chronic renal failure (Rabb et al 1996). Therefore the data regarding 

sVCAM-1 and slCAM-1 should be interpreted with caution in SRC patients as a raised 

serum concentration may simply reflect impaired renal clearance of these molecules.

Raised mean sE-selectin was found in all groups with difRise scleroderma, and 

this confirms the findings of a previous study where raised serum sE-selectin 

concentration was attributed to activation of microvascular endothelial cells in lesional 

skin (Gruschwitz et al 1995). Therefore it was felt that sE-selectin could be a useful 

marker of cutaneous involvement and correlation was sought between scleroderma 

skin score and sE-selectin concentration. In the present study there was no correlation 

between skin score and sE-selectin (Figure 6.2). The highest mean sE-selectin level 

(more than three times normal) was seen in the sera of patients with diftuse 

scleroderma and pulmonary hypertension. The results in this group were skewed due 

to one patient with extremely high levels of sE-selectin (Figure 6.22) but even when 

data from this patient are excluded the mean sE-selectin level still exceeds twice 

normal values. The diftuse scleroderma patients with pulmonary hypertension all had
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evidence of fibrosing alveolitis (vital capacity of less than 85% predicted or evidence of 

fibrosing alveolitis on thoracic CT scan). One possible explanation for the high sE- 

selectin seen in this subgroup is that alveolitis leads to activation of the endothelial cells 

of the pulmonary micro-circulation and leads to increased expression and shedding of 

sE-selectin, analogous to increased production in lesional skin.

Fibroblasts fi’om patients with scleroderma exhibit enhanced expression and 

shedding of ICAM-1 (Shi-Wen et al 1994, Dm et al 1997). Peripheral blood 

mononuclear cells fi’om scleroderma patients release increased quantities of sICAM-1 

in vitro (Dm et al 1997). Previous authors describe elevated sICAM-1 concentration in 

patients with scleroderma (Dm et al 1994, Keiner et al 1994, Blann et al 1995) and this 

was confirmed in the present thesis where mean sICAM-1 was increased in sera fi’om 

all groups of scleroderma patients. In the present thesis sICAM-1 was raised to 

approximately the same level in difiuse and limited scleroderma sera in contrast to a 

previous study where levels were higher in patients with diffuse disease (Dm et al 

1997). Furthermore in the present thesis mean sICAM-I was no higher in patients 

with major vascular complications of scleroderma, with the exception of the diffuse 

scleroderma pulmonary hypertension group where the mean levels of sICAM-1 were 

much higher (more than twice normal). A previous study showed enhanced expression 

of ICAM-1 by pulmonary epithelial ceUs in lung biopsy material fi’om patients with 

fibrosing alveolitis, and a similar mechanism may be responsible for the high sICAM-1 

found in sera fi’om the group with diffuse scleroderma and pulmonary hypertension 

where all the patients included had evidence of fibrosing alveolitis. Therefore it was 

felt that sic AM-1 might be a marker of severity of fibrosing alveolitis in scleroderma 

and correlation was sought between severity of lung fibrosis and sICAM-1
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concentration. In this group sICAM-1 concentration correlated with severity of lung 

fibrosis as measured by carbon monoxide transfer factor (Figure 6.6). Therefore 

sic AM-1 holds some promise as a soluble marker of the severity of fibrosing alveolitis 

in scleroderma.

Mean sVCAM-1 concentration was normal in sera from patients with 

scleroderma-associated pulmonary hypertension or diffuse scleroderma with no major 

vascular complications. Mean sVCAM-1 levels were raised in sera from patients with 

SRC from both diflhise and limited subsets of scleroderma but did not correlate with 

severity of renal impairment (Figure 6.4). Levels of sVCAM-1 were raised in sera 

from the limited scleroderma and no major vascular complication group. In addition to 

endothelial cells VCAM-1 expression has been described for stromal fibroblasts in 

bone marrow, lymphoid dendritic cells, and tissue macrophages (Ryan et al 1991) and 

therefore it may be that only a fraction of serum sVCAM-1 is produced by the vascular 

endothelial cells. This might explain the lack of concordance between the 

measurements of sVCAM-1 and sE-selectin, which has a greater specificity for 

endothelial cells.

In general the results suggest that in scleroderma, pulmonary vascular disease 

can develop without activation of pulmonary endothelial cells, as exemplified by the 

normal concentration of sE-selectin and VCAM-1 in sera from patients with limited 

scleroderma and pulmonary hypertension. In contrast raised levels of all three soluble 

adhesion molecules studied were found in sera from scleroderma renal crisis patients, 

irrespective of the pattern of cutaneous involvement. Therefore in SRC the phenotype 

of renal artery endothelial cells may resemble that of cytokine stimulated cells, and this 

abnormality may develop some time before the onset of renal failure.
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Previous authors have suggested that measurement of soluble adhesion 

molecule levels may be of use in the management of scleroderma patients, so that rising 

serum concentration of markers of endothelial cell damage could be used to predict the 

development of complications of the condition. In the present study serial 

measurements of sVCAM-1, sICAM-1, and sE-selectin did not show clear trends with 

evolution of disease. With the exception of sICAM-1 which appears to correlate with 

severity of lung fibrosis, the molecules studied do not appear promising markers of the 

activity of skin disease or internal organ involvement.

The scope of the present study is limited by a number of factors including; lack 

of organ specificity for the soluble factors studied, lack of detailed knowledge 

regarding the fate or clearance mechanism of the adhesion molecules, and the small 

numbers of patients and samples available for some disease subsets (for example 

limited scleroderma with SRC where only 4 patients were studied). It would be 

difficult to study directly the expression of these adhesion molecules in the vascular 

comphcations of scleroderma as lung biopsy cannot safely be performed in patients 

with pulmonary hypertension, and in SRC renal biopsy cannot be performed until 

good blood pressure control has been established and any coagulopathy resolved, often 

a week or more after onset of SRC. Future studies could include the study of adhesion 

molecule expression by circulating endothelial cells isolated fi*om blood samples 

(Solovey et al 1997), and in vivo use of radiolabelled monoclonals against molecules 

expressed by endothelial cells (Jamar et al 1997).

Endothelial cell function is disturbed in scleroderma, and in major vascular 

complications of the condition. The stimulus leading to the abnormalities of the
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pulmonary arteries may be distinct from that affecting the renal vessels in scleroderma, 

where the endothelial cells appear to be in a highly activated state.
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Chapter? Conclusions

Scleroderma is a disfiguring life-threatening condition which predominantly affects 

young women. An empirical approach to treatment of scleroderma using 

immunosuppressive or disease modifying drugs used in other rheumatic diseases has 

failed to produce effective treatment for the skin fibrosis in scleroderma. Placebo- 

controlled trials in scleroderma would depend on the recruitment of large numbers of 

patients and a prolonged study period, so that only a small number of agents can be 

studied. The selection of suitable agents depends on an improved understanding of the 

condition and therefore studies of the pathogenesis of scleroderma are justified. 

Although scleroderma is unusual, conditions in which fibrosis is the main pathological 

change are common, for example cirrhosis of the liver, congestive cardiac failure, and 

chronic transplant rejection. Scleroderma is a paradigm of fibrosis and innovations in 

scleroderma might extend to the treatment of other more common conditions.

The present thesis concerns the pathogenesis of major vascular complications 

of scleroderma, and the role of abnormal endothelial cell function in these 

complications. It was shown that despite care in a tertiary referral centre with 

expertise in the management of scleroderma renal crisis (SRC) this complication carries 

a mortality of 20%, and nearly 50% of patients go on to require dialysis. One 

important question about SRC is why do some patients stabilise and recover renal 

function while others proceed to end stage renal fimction despite apparently optimum 

treatment. It was shown that in those who recovered without dialysis creatinine at 

presentation was lower than in those who went on to require dialysis. Therefore it is 

suggested that one way to improve outcome in SRC is to detect the condition at the 

earliest possible stage. Patients at risk of developing SRC should have a once a week
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check of blood pressure and urinalysis. Those most at risk of developing SRC appear 

to be patients in the early stages of difilise scleroderma who are positive for RNA 

polymerase I & HI. One possible further study would be a placebo controlled study of 

ACE inhibitor in patients with these characteristics to investigate the efficacy of these 

agents as prophylaxis against SRC. In a number of the SRC patients included in the 

present thesis intravenous Iloprost was given during SRC to help control hypertension. 

In the Iloprost treated group fewer patients went on to require dialysis and fewer 

patients died, although neither result reached statistical significance. An argument 

could be made to design a placebo controlled study of Iloprost in the management of 

SRC patients. However we know that intravenous Iloprost is a safe and pragmatic 

treatment in scleroderma patients as so many of the patients have received Iloprost for 

Raynaud’s phenomenon. ACE inhibitors alone do not often provide adequate blood 

pressure control during SRC The nursing and junior medical staff of the Royal Free 

Hospital Connective Tissue Diseases Unit are well acquainted with the use of 

intravenous Iloprost. Therefore intravenous Iloprost should continue to be used as an 

adjunct to an ACE inhibitor for the treatment of SRC and patients suffering SRC 

should be transferred to this unit at the earliest opportunity.

The second results chapter of this thesis concerns the development of anti- 

endothelial cell antibodies (AECA) in patients with SRC. It was suggested that AECA 

contribute in the development of SRC by mediating damage to the endothelium of 

renal arterioles. The majority of SRC patients were found to be positive for AECA, 

although the prevalence and titre of AECA were no higher in SRC patients than in 

scleroderma controls. Titre of AECA does not necessarily correlate with toxicity for 

endothelial cells and one possible fiiture study would be to compare the serum of SRC
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patients with scleroderma controls in an assay of antibody-mediated cytotoxicity for 

cultured endothelial cells. AECA titre was not seen to rise around the time of SRC 

and therefore routine measurement of AECA does not appear to be useful in 

monitoring for the development of SRC. As a whole the results do not support a 

model where AECA initiate vascular damage in SRC. A more attractive model is one 

where AECA are produced secondary to endothehal cell damage in scleroderma but 

then exacerbate and prolong the period of endothelial cell damage. DifiBculties in this 

field of research stem from the inabihty so far to clearly define the antigens bound by 

AECA, and that the target cells used in the AECA assay are derived from a different 

individual than the serum tested, raising the possibihty that some alloantigen is being 

recognised. Possible future studies could test pathogenicity of an individual’s AECA 

against their own endothelial cells purified from a peripheral blood sample or possibly 

cultured from a skin biopsy.

In the present thesis the possibihty that endothehal cell activation is important 

in the development of major vascular comphcations of scleroderma was tested by 

measuring soluble adhesion molecule concentration in sera from patients with SRC and 

those with scleroderma-associated pulmonary hypertension. In fact different patterns 

emerge for patients with SRC and those with scleroderma-associated pulmonary 

hypertension. In SRC the results consistently show evidence for endothehal ceU 

activation with raised levels of each of the soluble adhesion molecules studied. By way 

of contrast soluble adhesion molecule concentration was not consistently raised in sera 

from patients with scleroderma-associated pulmonary hypertension suggesting that in 

this comphcation the endothehal ceU phenotype does not resemble that of cytokine- 

activated ceUs.
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It was hoped that measurement of soluble adhesion molecule concentration 

would prove useful in the clinical setting as measures of disease activity in 

scleroderma. In a group of patients with diffuse scleroderma and pulmonary 

hypertension, all of whom had pulmonary fibrosis, sICAM-1 was found to correlate 

inversely with lung difihision capacity. It is suggested that sICAM-1 would be useful 

as a marker for the activity of fibrosing alveolitis in scleroderma. At present activity of 

lung fibrosis in scleroderma is determined by a radionucleotide hmg scan which 

measures the clearance of an inhaled lipophilic radiolabelled molecule, DTP A, fi*om the 

lung fields. The presence of an accelerated radionucleotide clearance indicates active 

pulmonary fibrosis. One possible fiiture study would be to compare serum sICAM-1 

for groups with or without accelerated DTPA clearance. For those with accelerated 

DTP A clearance further comparison could be drawn against sICAM-1 in serum taken 

after a period of immunosuppressive therapy.

When serial measurements of soluble adhesion molecule concentration were 

analysed it was found that certain patients had persistent elevation of soluble adhesion 

molecule concentration, and in the majority of such patients all three soluble adhesion 

molecules studied were persistently raised. One possibility is that there is an unusually 

severe form of vascular injury in this group, and further investigation of these patients 

is warranted, to include nailfold capillaroscopy, measurement of AECA, clinical and 

laboratory examination for evidence of vasculitis (including anti-neutrophil cytoplasmic 

antibody titre), cytotoxicity of sera to endothelial cells, and measurement of serum 

oxidised lipoprotein.

Plasma soluble thrombomodulin (sTM) was shown to be raised in scleroderma- 

associated pulmonary hypertension, but not in scleroderma control patients without
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pulmonary hypertension. This is a novel finding of the present thesis. Possible 

explanations include increased endothelial cell death in the pulmonary arteries of 

patients with scleroderma-associated pulmonary hypertension, an abnormal phenotype 

of these endothelial cells, or production of sTM by pulmonary artery intimai smooth 

muscle cells in the pulmonary artery lesions. The finding is in contrast with the results 

of studies in pulmonary hypertension outside of the context of scleroderma where 

reduced plasma sTM is found. Therefore the results of the present thesis reinforce the 

view that the pathogenesis of scleroderma-associated pulmonary hypertension is quite 

different fi-om that of other forms of pulmonary vascular disease.

One weakness of the work in this thesis is that it relies on a collection of 

observations to test the various hypotheses, rather than testing them by controlled 

experiment. Also in part the observations are indirect, for example measuring soluble 

factors released by endothelial into the blood. A more direct ^proach would be to 

study the effector cells in scleroderma, endothelial cells and fibroblasts grown fi-om 

patients with scleroderma and associated conditions.
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