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Systemic Lupus Erythematosus

Definition:

  Systemic lupus erythematosus (SLE) is a systemic autoimmune disease characterized by chronic inflammatory tissue damage mediated at least in part by immune complexes, autoantibodies, and autoreactive lymphocytes.

Factors involved in the pathogenesis of SLE
  Although the pathogenesis of SLE is incompletely understood, research efforts have shed light into the complex genetic, environmental, hormonal, and immunoregulatory factors, which are believed to contribute invariably to the development of the disease.
1. Genetic Factors:
  SLE is a genetically heterogeneous disease as multiple genes confer susceptibility to the expression of the disease in a cumulative manner. Previous studies focused on the potential association of SLE with major histocompatibility complex (MHC) alleles or haplotypes. Strong associations have been reported between DR3, DQ2-containing, DR2, and DQ6-containing MHC class II haplotypes. Other genes found in the MHC complex (short arm of human chromosome 6) and comprise the MHC class III have also been associated with SLE.

  Hereditary deficiencies of early complement components have been associated with lupus. Genes for C2 and C4 map within the MHC, whereas C1q is encoded on chromosome 1. Complement receptor types 1 (CR1) and 2 (CR2) map also on the long arm of chromosome 1, and their expression in SLE red cells and B-lymphocytes, respectively, has been reported to be decreased. Certain polymorphisms of the promoter of the tumor necrosis factor-α (TNF-α) gene (also encoded within the MHC-III region) in HLA-DR2-positive patients with lupus nephritis are associated with decreased production of TNF-α
2. Hormonal Factors:
  In the prepubertal years, SLE affects boys and girls almost equally. During puberty though, lupus expresses its striking preference for females, an effect that remains steady throughout the reproductive years. There are no data regarding postmenopausal years.

    It is thus believed that female hormonal factors play at least a permissive role, whereas male hormonal factors play a protective one in the expression of SLE. This has been further supported by studies in murine strains. It has been clearly shown that estrogens have deleterious effects on lupus-prone experimental animals, whereas androgens are protective. 
  There is evidence that the metabolism of endogenous estrogens is abnormal. Patients with SLE and their relatives produce increased amounts of the potent estrogens estrone and estriol because of increased 16α- hydroxylation of estradiol and they also have decreased levels of androgens. Although most of our attention is focused on estrogens, other female hormones (e.g., progesterone, prolactin) may play a role. For example, hyperprolactinemia has been correlated with the appearance of such autoantibodies as anti-dsDNA, anti-Sm, and anti-Ro.
  Generally, estrogens act onto target cells after binding their cytoplasmic estrogen receptors (ER). The estrogen–ER complex acquires transcription factor activity, and following its entrance in the nucleus and its binding on specific estrogen-response elements found in the promoters of specific genes, it modulates the transcription of estrogen- dependent genes. Estrogens exert modulating effects on the immune system by altering the function and activity of T- and B-cells. Whether estrogens augment or inhibit immune cell function is a matter of debate, but in the immune cells of lupusprone mice, estrogens act clearly as autoimmunity enhancers. It was recently reported that immune cells possess functional ER. Nevertheless, there were no differences between the ER found in lupus immune cells and those found in normal T- and B-lymphocytes and monocytes. Estrogen receptors are found on the cell-surface membrane as well, and they mediate quite distinct functions compared to those of the classic endoplasmic ER. 
  In murine T-cells, membrane ER, upon binding to estradiol, mediate a rise in the concentration of intracellular calcium (Ca2+), which is a pivotal second messenger. Also, estrogenresponse elements are found in the promoters of the protooncogenes c-fos and c-jun. Estrogens thus affect the transcription of the fos and jun proteins that, when complexed, represent the transcription factor AP-1.
3. Environmental Factors:
   It is thought that various environmental factors influence a genetically susceptible host triggering the expression of SLE. Factors are  ultraviolet (UV) light, heavy metals, organic solvents, and infections such as Epstein–Barr virus (EBV).
4- Drugs And Lupus:
   Drug-induced lupus has great similarities but also important differences to the idiopathic SLE syndrome. Drugs that cause the SLE-like syndrome have been reported to induce DNA hypomethylation. Induced autoreactivity of previously non-autoreactive T-cells was first shown with the known DNA hypomethylator 5-azacytidine. Subsequently, it was found that the pharmaceutical agents most commonly associated with the drug-induced lupus, like procainamide and hydralazine, also bind to DNA and inhibit its methylation. The methylation status of a gene is one of the factors that determine the gene transcription rate in general. Thus, it can be assumed that changes in the methylation status of some autoreactivity-related genes contribute to the development of autoimmunity, but this hypothesis has not been substantiated yet.

  In idiopathic SLE T-cells, it was reported that DNA is hypomethylated and the activity of the methylation-inducing enzyme, DNA methyltransferase, is decreased. Non-T-cells from patients with SLE did not share this abnormality, which affected only half of the lupus patients tested, and, finally, this abnormality was not disease specific.
5. Anti-DNA Autoantibodies in SLE:
  Systemic lupus erythematosus is characterized by the production of a large and still growing list of antibodies against an array of non-organ-specific self constituents present principally in the cell nucleus, but also in the cytoplasm, in the cell-surface membrane or even in the circulation. Although in the past it was proposed that the immune response against self was a uniformly harmful event, we now understand that an immune response against self is commonly a part of the normal immune response. This “normal autoimmunity” is a limited and strictly regulated process. Immune cells with autoreactive potential are present in good numbers in the normal subject, and germline genes encoding for antigen receptors of autoreactive T- and B-cells are part of the normal gene repertoire.
   Therefore, not unexpectedly, antibodies to DNA are produced in the normal host. These are IgM antibodies that bind to single-stranded (denatured) DNA; they have low affinity for DNA and broad crossreactivity with a variety of other self antigens. The production of these natural anti-DNA antibodies is tightly regulated. They do not usually undergo isotype switching and are encoded by germline genes; affinity maturation by the process of somatic mutation does not occur. On the contrary, the anti-DNA antibodies encountered so characteristically in the sera of patients with SLE have quite different features. They have undergone isotype switching to IgG of the various subclasses, and germline genes do not usually encode them because new aminoacids are introduced into their variable regions to enhance their affinity (somatic mutations and hypermutations). Because DNA is a highly anionic macromolecule, positively charged amino acids are introduced into the autoantibody variable regions, particularly arginine, to enhance DNA binding. Lupus anti-DNA antibodies thus are usually charged, IgG high-affinity and relatively low crossreactivity antibodies that recognize double-stranded (native) DNA (dsDNA) as well; in fact, anti-DNA antibodies that recognize dsDNA exclusively are rather unusual. This is the profile of the antidsDNA autoantibodies that are encountered essentially only in patients with SLE. In fact, among the various antinuclear antibody (ANA) specificities encountered in the sera of at least 95% of lupus patients, it is only the anti-dsDNA and the anti-Sm autoantibodies that are virtually specific for SLE. 
   Anti-dsDNA antibodies are considered pathogenic and they have been shown to cause glomerulonephritis. Even though there are exceptions, pathogenicity of antidsDNA antibodies is associated with high complement-fixing capability, high affinity for DNA and other crossreactive antigens, and a highly cationic charge. Circulating DNA–anti-dsDNA immune complexes are trapped in the glomerular basement membrane and the inflammation that follows can cause nephritis. Alternatively, the immune complexes are formed in situ, because the cationic anti-dsDNA antibodies may bind either negatively charged constituents of the glomerular basement membrane itself (laminin, heparan sulfate) or DNA fragments predeposited passively there.

   Is DNA the autoantigen? Efforts to induce anti-dsDNA antibodies and glomerulonephritis by immunizations with mammalian, microbial, or viral DNA were not highly successful. Naked DNA is a poor immunogen. On the contrary, when the administered antigen is in the form of chromatin or nucleosomes, then the anti-DNA antibodies produced have an enhanced pathogenic potential. T-Cells from patients with SLE activated by nucleosomes provide help to lupus B-cells to produce anti-dsDNA of the IgG class. In a murine lupus model, the ability to respond to nucleosomes and generate antihistone and anti-DNA antibodies is genetically determined.
6. Immunoregulatory Factors:
  Multiple immune cell abnormalities encountered in SLE. Aberrations of the immune cells are believed to play a major role in lupus pathogenesis. Normally, the immune response takes place under strict regulatory control.
I-  Helper/Suppressor T-Cell Function Imbalance
   The disturbances involved in the production and maintenance of high levels of pathogenic autoantibodies in SLE could result from either increased help provided by specialized helper T-cell subsets, or decreased suppression, or both.
II-  Th1/Th2-Type Cytokine Imbalance in the form of :-
A- Decreased Production of Th1-Type Cytokines.
B-  Increased Production of Th2-Type Cytokines.
III- Antigen Receptor-Mediated Signal Transduction of Lymphocytes in SLE:-
   Aberrantly regulated and/or expressed costimulatory molecules on T cells and APC at different disease stages in patients with SLE may contribute to pathology. Interrupting the crosstalk of CD28 with CD80- and CD86- may be of clinical value.
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Figure shows schematic summary of the pathogenesis of lupus.

Conclusion
  The previous  Figure is a schematic summary of the pathogenesis of lupus. Notwithstanding its simplicity, it should be noted that multiple genetic, environmental, and hormonal factors instigate a number of cellular and cytokine abnormalities. These abnormalities lead to increased production of autoantibodies, which either directly or after forming complexes with autoantigens and activating complement deposit in tissues and initiate an inflammatory response. Immune complexes are formed in excessive amounts in lupus patients and are cleared a decreased rates because the numbers and or the function of Fc and complement receptors are decreased. In addition, activated T-cells may home inappropriately in tissues and cause pathology (vasculitis). It is imperative to identify the specific molecular defect(s) encountered in human lupus. This is the only way to design and use any novel and rational treatments, because currently treatment of lupus is largely empiric and more or less unsatisfactory. Novel treatments may include methods to restore immune tolerance , modulators of cytokine action , blocking of cell–cell crosstalk , blocking of calcium- dependent cytoplasmic events
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