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Introduction
   Systemic sclerosis (SSc) or scleroderma is an autoimmune connective tissue disease of as-yet unknown etiology. Clinically, SSc is one of a group of illnesses that represent a spectrum of inflammatory and fibrotic diseases with related features. These other disorders include eosinophilia myalgia syndrome, toxic oil syndrome, eosinophilic fasciitis, morphea, and linear scleroderma . SSc is now generally divided into two major clinical subsets: limited SSc and diffuse SSc, based on the extent of skin involvement. Diffuse SSc involves the skin proximal to the elbow or knee and frequently involves the trunk, whereas limited SSc involves skin of the hands, forearms, legs below the knees, and face. The course and prognosis are quite variable from patient to patient and are related to disease subset, with diffuse disease having a worse prognosis. The overall mortality of SSc is reported to be 50% at 10 yr. 
  The two major SSc clinical subsets differ significantly in clinical and laboratory features. For example, in limited SSc, Raynaud’s phenomenon usually antedates the onset of skin thickening by many years, often decades, whereas in diffuse SSc, the onset of Raynaud’s is usually within 1 yr of cutaneous changes and may occur after the onset of digital swelling or fibrosis. Pulmonary hypertension is a common late manifestation of limited SSc, whereas pulmonary interstitial fibrosis, scleroderma renal crisis, myocardial involvement, and tendon friction rubs occur more frequently in diffuse SSc patients . The constellation of cutaneous calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly, and telangiectases, once felt to define a more “benign” subset of SSc patients with limited cutaneous involvement (CREST), has proven less valuable in distinguishing SSc clinical subsets because of the similar frequency of these clinical findings over the course of the disease in patients with diffuse SSc . It is also important to note that a small group of patients develop internal organ involvement indistinguishable from SSc without clinical evidence of skin fibrosis

(referred to as systemic sclerosis sine scleroderma).
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Figure shows Major components in SSc pathogenesis.

     The presence of specific serum autoantibodies is also highly correlated with SSc clinical subsets . Diffuse SSc is frequently accompanied by serum antibodies directed against DNA topoisomerase I (also known as Scl-70), RNA polymerases I and III, or U3 RNP/ fibrillarin, whereas limited SSc patients most often have anticentromere antibodies. An interesting feature of the autoantibodies in SSc patients is that in contrast to other autoimmune diseases such as systemic lupus erythematosus (SLE), Sjِgren’s syndrome, and rheumatoid arthritis in which more than one autoantibody specificity is frequently encountered in the same patient, the autoantibodies in SSc are nearly always mutually exclusive.

Overview Of SSc Pathogenesis
  Clues to the pathogenesis of SSc arise from the unique characteristics of this multisystem disease. The hallmarks of SSc are vasculopathy, a systemic inflammatory process accompanied by autoimmune T- and B-cell responses directed against specific nuclear antigens, and widespread tissue fibrosis involving skin and internal organs. Because these three processes appear simultaneously in most SSc patients, it has been difficult to determine a causal pathogenetic relationship, if any, between these disease manifestations.

  The pathogenesis of SSc can be divided, therefore, into three main components: vascular, autoimmune, and fibrotic. Vascular changes, in particular endothelial cell activation, can result in increased leukocyte trafficking and activation in the skin and internal organs. Vasospasm, as occurs in Raynaud’s phenomenon, can lead to ischemia–reperfusion injury and may result in an exaggerated wound-healing response by fibroblasts leading to tissue fibrosis. Activated lymphocytes elaborate a variety of soluble mediators (cytokines) and upregulate surface ligands that can promote fibroblast matrix production and alter the properties of vascular endothelium and smooth muscle. Fibroblasts from SSc lesional skin produce excess matrix and, likewise, upregulate cytokine production and surface protein expression that can stimulate lymphocytes and vascular endothelium.
Vasculopathy In SSc
  One of the earliest histopathologic changes in SSc skin is the swelling of endothelial cells and perivascular mononuclear cell accumulation . This is frequently associated with vasospasm and vascular hyperreactivity manifested by Raynaud’s phenomenon. In many tissues, an obliterative vasculopathy ensues with myointimal cell proliferation and vascular fibrosis. The clinical manifestations of these vascular changes include Raynaud’s phenomenon, dermal edema, pulmonary hypertension, renal insufficiency (scleroderma renal crisis), and digital ischemic ulcers. Other vascular changes seen commonly in SSc, such as telangiectases and nailfold capillary abnormalities may be related to altered angiogenesis resulting from the obliterative vasculopathy.
  There is considerable evidence favoring a role for both endothelial cell injury and vascular hyperactivity in the pathogenesis of SSc . The basis for these processes in SSc, however, is not fully understood. Endothelial injury may result from circulating soluble mediators (cytokines such as tumor necrosis factor [TNF] or cytotoxic enzymes such as Granzyme A) that result from an immune response to altered (e.g., by a toxin) or possibly infected (e.g., viral) endothelium. Alternatively, the endothelium may not be the primary target of the immune response; rather, elevated serum levels of toxic mediators may secondarily affect the endothelium, resulting in damage and/or activation. The downstream effects of vascular hyperactivity, or vasospasm, include tissue ischemia, endothelial damage, thrombosis, fibrosis, and neovascularization.
  Increased serum levels of endothelial-derived factors, markers of endothelial injury and activation, have been reported in SSc patients:- 
1- Endothelin-1 has multiple effects including vasoconstriction, vascular smooth-muscle cell and fibroblast proliferation, and stimulation of collagen production by fibroblasts.

2- Another important endotheliumderived mediator is nitric oxide (NO), also known as endothelium-derived relaxing factor (EDRF). Nitric oxide is an essential modulator of vascular smooth-muscle tone and its production by endothelial cells is regulated by a complex interplay of mechanical forces, neuropeptide mediators, and other endothelial activators derived from platelets and the coagulation cascade.  Increased levels of NO have been reported in SSc patients, although whether this is the result of chronic endothelial injury or inflammation remains to be elucidated.

  The endothelial surface is also modified in SSc to promote inflammation and coagulation. The endothelium plays an important role in leukocyte trafficking via the upregulation of adhesion molecules such as endothelial leukocyte adhesion molecule-1 (ELAM-1, E-selectin, CD62E) and intercellular adhesion molecule-1 (ICAM-1, CD54). Increased levels of circulating soluble forms of ICAM-1 and ELAM-1, reflective of endothelial activation, have been observed in SSc . It is likely that the increased expression of adhesion molecules is responsible for the perivascular accumulation of lymphocytes and monocytes seen in early SSc lesions
Autoimmunity In SSc
   One of the features that relates SSc to the other autoimmune connective-tissue diseases is the presence of serum antibodies directed against self proteins. Although a direct role for these autoantibodies in the pathogenesis of SSc is unclear, there is growing evidence that the generation of these autoantibodies is dependent on self-reactive T-lymphocytes . The stimulation of autoreactive T-cells by as-yet unknown mechanisms may be responsible for the production of soluble and cell-surface mediators that result in fibroblast and endothelial cell activation. The autoantibodies, therefore, serve as markers of this ongoing autoimmune stimulation. Approximately 95% of SSc patients have defined serum autoantibodies. The specificity of these antibodies has important correlations with disease subset and organ system involvement.
Table showing Major Autoantibody Specificities in SSc
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  For example, as shown in the previous Table, the diffuse disease subset of SSc is associated with anti-DNA topoisomerase I, anti-RNA polymerase, and anti-U3 RNP/fibrillarin autoantibodies, whereas the limited SSc subset is associated with the presence of serum antibodies specific for centromere proteins and the nucleolar ribonuclear protein complex Th RNP, which is identical to the mitochondrial RNA   processing enzyme designated RNase MRP . When SSc patients have prominent clinical features characteristic of other connective tissue diseases (overlap) such as myositis or systemic lupus erythematosus, this is associated with anti-PM-Scl (myositis), U3 RNP (myositis), or U1 RNP (systemic lupus erythematosus) antibodies . With rare exception, the presence of serum autoantibodies in SSc is mutually exclusive. Clearly, the specificity of these autoantibodies for SSc and their correlation with distinct clinical subsets and internal organ involvement indicates that the process responsible for their production is likely to be important in disease pathogenesis. An interesting feature of the proteins targeted by the autoantibodies in SSc is their presence within the nucleolus of the cell.
Table showing Cytokines Implicated in the Fibrosis of SSc
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Mechanisms of Tissue Fibrosis
   The pathologic feature that distinguishes SSc from the other autoimmune rheumatic diseases is the development of extensive tissue fibrosis. Studies on the histopathologic changes in SSc skin and in vitro analysis of fibroblasts from SSc patients have demonstrated increases in numerous matrix components including types I, III, V, VI, and VII collagens, fibronectin, tenascin, osteonectin/SPARC, fibrillin, and glycosaminoglycan. The fibrosis that occurs in SSc can involve many tissues, including the dermis, myocardium, skeletal muscle, lungs, tendon sheaths, and gastrointestinal tract. There is now a general consensus that the fibrotic response follows an insidious low-grade inflammation in these tissues comprised primarily of a mononuclear cell inflammatory infiltrate. Studies of skin lesions in SSc have demonstrated the presence of CD4+ T-cells and increased numbers of degranulated mast cells . Both T-cells and mast cells are known to produce a variety of soluble mediators capable of stimulating fibroblast proliferation and increased matrix protein production. Most notable among these factors are the cytokines IL-4, IL-6, and TGF-B, which are secreted by activated T-cells and mast cells, and the mast cell products histamine and tryptase.
    Two autocrine/paracrine pathways have been described in SSc fibroblasts that may contribute to tissue fibrosis. The first pathway involves TGF-B, which may be produced by infiltrating T-cells and activated macrophages in SSc lesional skin. TGF-B can stimulate its own production in fibroblasts and also stimulates connective tissue growth factor (CTGF) and platelet-derived growth factor (PDGF) synthesis.
   The second autocrine/paracrine pathway includes IL-1, IL-6, and PDGF The expression of IL-1 alpha  in SSc fibroblasts, which is not normally expressed in quiescent dermal fibroblasts, was correlated with increased expression of the downstream cytokines IL-6 and PDGF. The relationship between these cytokines was investigated using antisense IL-1alpha  oligonucleotides to treat cultured SSc lesional fibroblasts. 

Conclusion

    The pathogenesis of SSc is highly complex and involves the interaction of three primary disease processes: vasculopathy, autoimmunity, and tissue fibrosis. The crosstalk between these processes is the result of a network of cellular interactions mediated by soluble (e.g., cytokines) and cell surface (e.g., adhesion molecules) factors. The initiating event leading to the disease phenotype we refer to as SSc remains elusive; however, clues abound in our current knowledge of the three main pathogenetic mechanisms. The expanding information about the pathogenesis of SSc offers new possibilities for therapeutic intervention in the near future.
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