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        Abstract



        
          Background:


          Systemic Lupus Erythematosus (SLE) is an incurable autoimmune disorder with complement activation playing a key role in the pathogenesis of immune-mediated tissue injury. While quantifying complement to monitor SLE disease activity has been the standard of care since the 1950s, decreased complement levels are not consistently associated with flares.

        


        
          Objective:


          We seek to clarify the SLE phenotype in which complement deficiency is causative, concomitant, or coincidental.

        


        
          Methods:


          A PUBMED literature review was conducted using key words 'complement,' 'SLE,’ and ‘SLE flares’ in English-only journals from 1972-2017. Relevant clinical studies and review articles were found that examined the measurement of complement levels in SLE, and more specifically, interpretation of low serum complement levels regardless of disease activity.

        


        
          Conclusion:


          Complement activation plays a key role in the pathophysiology of SLE and it is recommended to continue monitoring serum levels of C3 and C4 to assess for disease activity. However, it is important to note that decreased serum complement is not consistently associated with disease flares.


          It is clinically important to find novel ways to assess disease activity in SLE. Increased serum levels of cell-bound complement activation products may more accurately reflect disease activity than conventional serum C3 and C4 monitoring.
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      1. INTRODUCTION


      Systemic Lupus Erythematosus (SLE) is a heterogeneous incurable autoimmune disorder characterized by both B- and T-cell dysfunction that results in immune-mediated multi-system tissue damage. The associations of SLE with end-organ damage, its disproportionate involvement of young females and greater disease burden and severity in minority populations [1] emphasize the importance of timely diagnosis and intervention. The current diagnosis of SLE relies on a combination of history and physical examination findings as well as laboratory criteria [2]. Because of the heterogeneity of the disease and less than ideal sensitivity and specificity of immunologic testing, diagnosing individuals with SLE and then monitoring their disease activity have proven to be difficult.


      While standard laboratory testing for SLE includes antinuclear antibody (ANA) and anti-double-stranded DNA (anti-dsDNA) [3] among other autoantibodies, complement activation has proven pivotal in the pathogenesis of SLE-related immune complex damage [4] Fig. (1). For years, serum complement proteins, C3 and C4 specifically, have been used to gauge SLE disease activity (SLEDAI); so much so that recent recommendations have included reduced serum complement levels (C3, C4, CH50) in the classification criteria of SLE [2]. However, a confounding factor often encountered in monitoring serum complement levels to ascertain SLE disease activity lies within the subset of SLE patients with a primary complement deficiency. In this subset of patients, who may be asymptomatic, complement levels may indefinitely be low and thus result in misinterpretation of laboratory testing. To this effect, ongoing biomarker research has now also implicated monitoring cell-bound complement activation products (CB-CAPS) in place of serum complements with greater sensitivity in SLE diagnosis [5, 6]. In the present study, we seek to clarify the SLE phenotype in which complement deficiency is causative, concomitant, or coincidental to guide clinicians in providing timely and appropriate management.


      [image: ]
Fig. (1)

      Suggested roles for complement in the pathogenesis of SLE. Complement dysfunction (CD) is proposed to accelerate several steps in the pathogenic pathways. Ultraviolet (UV) light and viral infection are examples of environmental influence. IC, immune complex.
    


    
      2. METHODS


      We conducted a PUBMED literature review using key words ‘complement,’ ‘SLE,’ and ‘SLE flares in English only journals from 1972-2017. Relevant clinical studies and review articles were found that examined the measurement of serum complement levels in SLE. Of particular interest was the interpretation of low complement levels in patients irrespective of their individual disease activity.


      
        2.1. The Complement System and SLE


        The complement system is a complex pathway in the immune system composed of proteins and receptors that improve the ability of antibodies and phagocytes to remove microbes and damaged cells from an organism. In addition to its function in combating infectious diseases, it also plays a key role in the inflammatory response prompted by immune complex deposition in numerous autoimmune diseases, including SLE.


        Most complement proteins circulate in an inactive form and can be activated by three pathways: the classical pathway, the alternative pathway and the lectin pathway Fig. (2). Regardless of the pathway, cleavage of C3 and C5 ultimately occurs, producing C3a and C5a anaphylatoxins, C3b opsonins, and C5b for the creation of the membrane attack complex (MAC), which comprises fragments of C3b, iC3b and C3d that act as a bridge to phagocytic cells. There is also the production of chemotactic factors, inflammatory modulators [7-9] and antibody production, whereby antigens bind to C3d, which interacts with complement receptors and B cell receptors on B-type lymphocytes that activate, proliferate and produce antibodies [10]. The complement pathway then assists in clearance of immune complexes and cell lysis via the membrane attack complex and removal of apoptotic cells and debris via C1q, C4b and C3b, which enhance the ingestion of dead cells by phagocytes [11-13].


        Numerous studies have demonstrated a decrease in complement proteins in patients with active SLE, for which quantifying complements have become a standard of care since the 1950s [14-16]. Inherited deficiencies of the complement system, however, demonstrate an independent predisposition of affected individuals to bacterial infections and SLE [17-19]. Complement deficiencies are said to comprise between 1 and 10% of all primary immune deficiencies [18], with an increased association of early complement pathway deficiencies (C1q, C2, C4) in autoimmune diseases [20, 21] like SLE and deficiencies in late complement pathway components (C5-C9) associated with infections, particularly pneumococcal, influenza, and Neisseria infections [22].


        It is the loss of self-tolerance that results in autoantibody production in SLE patients with impaired clearance of apoptotic debris. C1q and other proteins typically assist in the removal of apoptotic material, which may explain why C1q deficiency has specifically been associated with impaired immune complex and apoptotic cell clearance [23]. Anti-C1q antibodies also bear a direct association with renal involvement in SLE and potential predilection for renal flares. The central pathway for complement activation in SLE is the classical pathway when activated by immune complexes, which present decreased serum levels of C1q (90-93%), C1r/s (50-57%), C4 (75%), and C2 (10%) (14-17). A more recent review of C1q-deficient patients identified the SLE phenotype to include discoid rash, oral ulcers and anti-smith antibodies with an unusually negative anti-dsDNA and less frequent arthritis [24, 25], implicating potential utility in screening dsDNA-negative cutaneous lupus with serum C1q levels.


        While C3 may also be low in SLE, its levels tend to remain normal due to the inhibition of classical pathway activation by C4 binding protein [26]. Low levels of C3 are usually associated with low levels of Factor B, indicating an increased C3 turnover through involvement of the alternative pathway [27, 28].


        C4 protein is encoded by two genes (C4A and C4B), each with different functions and different genes on chromosome 6 [29]. Both components demonstrate differences in binding reactivity, with C4B binding twice as effectively as C4A to antibody-coated RBCs but C4A more avidly binding to the protein-antigen complexes. Complete or homozygous deficiency of C4 [missing both C4A genes, reflecting homozygosity for human leukocyte antigen [HLA-B8 (DR3)] is uncommon in the general population but is one of the strongest genetic risk factors for SLE and may result in lupus-like disease in up to 80% of known affected individuals [30-32]. Of note, the most consistent HLA associations with SLE include HLA-DRB1*03:01 (DR3) and HLA-DRB1*15:01 (DR2) and their respective extended haplotypes in European populations [33]. Though rarely done in SLE, genetic testing is required to determine C4 genetic deficiency; levels of C4 may be 0, 25, 50, or 75 percent of normal, depending upon whether the specific individual inherits four, three, two, or one non-expressed allele(s), respectively. In these individuals, the C4 level is at borderline being low throughout life and, if SLE develops, the level of C4 tends to decline more than the baseline levels. Furthermore, because these patients will continue to show low or low-normal total C4, even with effective treatment of disease, our tendency to rely on declining C4 as a surrogate for SLE flares becomes limited. There are two explanations for this picture:


        1. The disease is in remission and patient is C4A-deficient (i.e. lacks expressed C4A alleles) such that the patient will indefinitely have a low serum C4.


        2. There is ongoing classical pathway activation due to active disease (it is important in this scenario to repeat C4 to ensure that the levels are, in fact, low and not due to lab error). As noted, the interpretation of a low serum C4 in a patient with SLE can be complex because reduced levels may be due to the complement consumption or deficiency of one or more alleles or even both scenarios in one patient. In addition, while inherited deficiencies of the complement system are characterized by the static absence of a single complement component, in consumption (as in SLE), there is a fluctuation over time and a decrease in multiple components of complement i.e. low C2, C3, and C4. In the face of uncertainty, a blood sample may be sent to a commercial laboratory specializing in complement tests. To determine the number of C4 alleles at the DNA level, the sample would need to be sent to a research laboratory where HLA typing can determine if the patient carries the HLA-B8, DR3 haplotype. Definitive reviews have been published on determining the number of C4 genes in a large number of normal controls and SLE patients [34-36].


        The total hemolytic complement (THC or CH50) assesses the ability of serum to lyse sheep red blood cells sensitized with rabbit immunoglobulin M antibody. All components of the classical pathway are required to give a normal CH50, which makes it a useful tool for detecting a deficiency of the classical pathway. It does not assess the alternative pathway because factors B, D, and properdin are not required for the classical pathway. A very low or zero CH50 can result from a genetic deficiency of one or more complement proteins. Moderate reductions in CH50 are often seen in pathologic processes secondary to immune complex formation [37].


        While complement activation is a hallmark of the pathogenesis of SLE with decreases associated with hematologic and renal disease [38], decreased complement levels are not consistently associated with flares. In fact, drawbacks of measuring complement levels to assess disease activity include:


        1. Variations in complement protein levels due to the individual genetic polymorphisms.


        2. Production and breakdown of complement proteins vary with SLE disease activity and individual synthesis response variability. C3 and C4 are also acute phase reactants, implicating an increased synthesis rate in response to inflammatory stimuli. Similarly, this increased synthesis rate may compensate for the increased breakdown demonstrated in SLE due to complement activation [39].


        3. Serum complement levels may vary when compared to the tissue levels as demonstrated previously with glomerular basement membrane deposition of complement [40, 41].


        4. Autoantibodies to C1q may activate complement in vivo and activate the complement system regardless of disease activity.


        Additional studies measuring complement activation products allow for a different, albeit controversial, approach to monitoring SLE disease activity. Elevated levels suggest that SLE (or other diseases in question) is active, while low levels imply that consumption is greater than synthesis [42]. While this is older literature, a functional assay was suggested at the time for all patients with SLE. Unfortunately, direct measurement of complement activation products is not routinely available, is short-lived and may also be affected by activation during the procurement and freeze thawing. Recent data, however, has identified serum cell-bound complement activation products (CB-CAPS) with half-lives as long as the hematopoietic cells with which C3d and C4d (erythrocytes EC4d, B-type lymphocytes BC4d) are bound [43]. These CB-CAPS are identified in most patients with SLE and have demonstrated greater sensitivity and specificity compared to the use of low serum complements for the diagnosis of SLE [6, 44]. Similar studies have demonstrated that elevated levels of complement split products, particularly those of the alternative and terminal pathway activation, may more accurately reflect disease activity than conventional monitoring of complement C3 and C4 in predicting an impending SLE flare [41, 45]. More studies are indicated to clarify this concept and are ongoing with CB-CAPS demonstrated to be quite specific (80-90%) for and present even in mild SLE [43, 44].


        The Avise Lupus test was developed in response to the limitations of current diagnostic tests for SLE [6]. It incorporates objective measurement of CB-CAPs and autoantibodies associated with connective tissue diseases. Validation studies have demonstrated that the test has high sensitivity and specificity, and even higher sensitivity than the American College of Rheumatology (ACR) score [6]. This supports earlier findings that CB-CAPs are valuable biomarkers of SLE and that the Avise Lupus test can be an effective supplement in the diagnosis of SLE when clinical and immunological features of SLE are insufficient [46, 47].

      

    


    
      CONCLUSION


      The SLE classification criteria was initially set forth in 1982 [48] by the ACR, which was revised in 1997 [49-52]. The Systemic Lupus Collaborating Clinics (SLICC) cohort published a new set of validated criteria in 2012, to include at least one clinical and one immunological criterion in 4 of 17 criteria (Table 1). One of these criteria includes low serum complement levels of C3, C4 and total complement (CH50), signifying the vital role of complement in SLE.


      Testing complement levels has been a standard component of laboratory evaluation to help assess disease activity when monitoring patients with SLE. Low complement levels often signify active lupus, especially lupus nephritis. However, it is difficult to ascertain whether low complement levels are due to consumption during inflammation or due to an inherent deficiency of one or more alleles. Even more obfuscating, the two scenarios may exist in one individual.


      
        Table 1 Classification criteria for systemic lupus erythematosus.


        
          
            
              	ACR Criteria for Classification of Systemic Lupus Erythematosus [48, 49]

              	SLICC Criteria for the Classification of Systemic Lupus Erythematous [50]
            

          

          
            
              	(4 of 11 criteria)*

              	(4 of 17 criteria, including at least one clinical criterion and one immunologic criterion; OR biopsy proven lupus nephritis) Δ
            


            
              	Criterion

              	Definition

              	Criterion

              	Definition
            


            
              	Clinical Criteria
            


            
              	Malar Rash

              	Fixed erythema, flat or raised, over the malar eminences, tending to spare the nasolabial folds

              	Acute Cutaneous Lupus

              	Lupus malar rash (do not count if malar discoid); bullous lupus; toxic epidermal necrolysis variant of SLE; maculopapular lupus rash; photosensitive lupus rash (in the absence of dermatomyositis); OR subacute cutaneous lupus (nonindurated psoriaform and/or annular polycyclic lesions that resolve without scarring, although occasionally with postinflammatory dyspigmentation or telangiectasias)
            


            
              	Photosensitivity

              	Skin rash as a result of unusual reaction to sunlight, by patient history or clinician observation

              	Chronic Cutaneous Lupus

              	Classic discoid rash; localized (above the neck); generalized (above and below the neck); hypertrophic (verrucous) lupus; lupus panniculitis (profundus); mucosal lupus; lupus erythematosus tumidus; chilblains lupus; OR discoid lupus/lichen planus overlap
            


            
              	Discoid Rash

              	Erythematosus raised patches with adherent keratotic scaling and follicular plugging; atrophic scarring may occur in older lesions

              	Nonscarring Alopecia

              	Diffuse thinning or hair fragility with visible broken hairs (in the absence of other causes, such as alopecia areata, drugs, iron deficiency, and androgenic alopecia)
            


            
              	Oral Ulcers

              	Oral or nasopharyngeal ulceration, usually painless, observed by a clinician

              	Oral or Nasal Ulcers

              	Palate, buccal, tongue, OR nasal ulcers (in the absence of other causes, such as vasculitis, Behçet's disease, infection [herpesvirus], inflammatory bowel disease, reactive arthritis, and acidic foods)
            


            
              	Arthritis

              	Nonerosive arthritis involving two or more peripheral joints, characterized by tenderness, swelling, or effusion

              	Joint Disease

              	Synovitis involving two or more joints, characterized by swelling or effusion OR

              Tenderness in two or more joints and at least 30 minutes of morning stiffness
            


            
              	Serositis

              	Pleuritis – Convincing history of pleuritic pain or rubbing heard by a clinician or evidence of pleural effusion OR

              	Serositis

              	Typical pleurisy for more than one day, pleural effusions, or pleural rub, OR
            


            
              	Pericarditis – Documented by ECG, rub, or evidence of pericardial effusion

              	Typical pericardial pain (pain with recumbency improved by sitting forward) for more than one day, pericardial effusion, pericardial rub, or pericarditis by electrocardiography in the absence of other causes, such as infection, uremia, and Dressler's syndrome
            


            
              	Renal Disorder

              	Persistent proteinuria greater than 500 mg/24 hours or greater than 3+ if quantitation not performed OR

              	Renal

              	Urine protein-to-creatinine ratio (or 24-hour urine protein) representing 500 mg protein/24 hours, OR
            


            
              	Cellular casts – May be red cell, hemoglobin, granular, tubular, or mixed

              	Red blood cell casts
            


            
              	Neurologic Disorder

              	Seizures OR psychosis – In the absence of offending drugs or known metabolic derangements (uremia, ketoacidosis, or electrolyte imbalance)

              	Neurologic

              	Seizures; psychosis; mononeuritis multiplex (in the absence of other known causes, such as primary vasculitis); myelitis; peripheral or cranial neuropathy (in the absence of other known causes, such as primary vasculitis, infection, and diabetes mellitus); OR acute confusional state (in the absence of other causes, including toxic/metabolic, uremia, drugs)
            


            
              	Hematologic Disorder

              	Hemolytic anemia – With reticulocytosis OR

              Leukopenia – Less than 4000/mm3 total on two or more occasions OR

              Lymphopenia – Less than 1500/mm3 on two or more occasions OR

              Thrombocytopenia – Less than 100,000/mm3 (in the absence of offending drugs)

              	Hemolytic Anemia

              	Hemolytic anemia
            


            
              	Leukopenia or Lymphopenia

              	Leukopenia (<4000/mm3 at least once) (in the absence of other known causes, such as Felty's syndrome, drugs, and portal hypertension), OR
            


            
              	Lymphopenia (<1000/mm3 at least once) (in the absence of other known causes, such as glucocorticoids, drugs, and infection)
            


            
              	Thrombocyto-penia

              	Thrombocytopenia (<100,000/mm3) at least once in the absence of other known causes, such as drugs, portal hypertension, and thrombotic thrombocytopenic purpura
            


            
              	Immunologic Criteria
            


            
              	ANA

              	An abnormal titer of ANA by immunofluorescence or an equivalent assay at any point in time and in the absence of drugs known to be associated with “drug-induced lupus” syndrome

              	ANA

              	ANA level above laboratory reference range
            


            
              	Immunologic Disorders

              	Anti-DNA – Antibody to native DNA in abnormal titer OR

              Anti-Sm – Presence of antibody to Sm nuclear antigen OR

              Positive finding of antiphospholipid antibody based on an abnormal serum level of IgG or IgM anticardiolipin antibodies, on a positive test result for lupus anticoagulant using a standard method, or on a false-positive serologic test for syphilis known to be positive for at least six months and confirmed by Treponema pallidum immobilization or fluorescent treponemal antibody absorption test

              	Anti-dsDNA

              	Anti-dsDNA antibody level above laboratory reference range (or >twofold the reference range if tested by ELISA)
            


            
              	Anti-Sm

              	Presence of antibody to Sm nuclear antigen
            


            
              	Antiphospholipid

              	Antiphospholipid antibody positivity as determined by any of the following: Positive test result for lupus anticoagulant; false-positive test result for rapid plasma reagin; medium- or high-titer anticardiolipin antibody level (IgA, IgG, or IgM); or positive test result for anti-beta 2-glycoprotein I (IgA, IgG, or IgM)
            


            
              	

              	Low Complement

              	Low C3; low C4; OR low CH50
            


            
              	Direct Coombs’ Test

              	Direct Coombs' test in the absence of hemolytic anemia
            

          
        


        
          ACR: American College of Rheumatology; SLICC: Systemic Lupus International Collaborating Clinics; SLE: systemic lupus erythematosus; ECG: electrocardiogram; ANA: antinuclear antibodies; Anti-Sm: anti-Smith antibody; IgG: immunoglobulin G; IgM: immunoglobulin M; Anti-dsDNA: anti-double-stranded DNA; ELISA: enzyme-linked immunosorbent assay; IgA: immunoglobulin A. * For the ACR criteria, no distinction is made between clinical and immunologic criteria in determining whether the required number has been met. The classification is based upon 11 criteria. For the purpose of identifying patients in clinical studies, a person is said to have SLE if any 4 or more of the 11 criteria are present, serially or simultaneously, during any interval of observation. ¶ For the SLICC criteria, criteria are cumulative and need not be presently concurrently. A patient is classified as having SLE if he or she satisfies four of the clinical and immunologic criteria used in the SLICC classification criteria, including at least one clinical criterion and one immunologic criterion. Δ Alternatively, according to the SLICC criteria, a patient is classified as having SLE if he or she has biopsy-proven nephritis compatible with SLE in the presence of ANAs or anti-dsDNA antibodies.
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Fig. (2)

      Complement activation through three distinct ’pathways’: the ‘classical pathway’; the ‘lectin pathway’ and the ‘alternative pathway.’ FB: Factor B, FD: Factor D, FP: Factor P (Properdin), FI: Factor I, RCA: Regulators of Complement Activation, MAC: Membrane Attack Complex

      Complement activation is an important component of SLE pathogenesis and it is still recommended to continue monitoring serum levels of C3 and C4 to assess for disease activity. However, decreased complement levels are not consistently associated with disease flares, and the disadvantages of measuring complement levels include variations in genetic polymorphisms, synthesis variability and autoantibodies that may activate complement in vivo irrespective of disease activity.


      It is clinically important to find novel ways to assess disease activity in SLE. With recent studies demonstrating that increased levels of serum cell-bound complement activation products may more accurately reflect disease activity than conventional complement C3 and C4 monitoring, we believe that this is an important area for future SLE research and look forward to further studies on research in the complement in SLE.

    

  


  
    
      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      Not applicable.

    


    
      HUMAN AND ANIMAL RIGHTS


      No Animals/Humans were used for studies that are base of this research.

    


    
      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    Declared none.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Danchenko N., Satia J.A., Anthony M.S.. Epidemiology of systemic lupus erythematosus: A comparison of worldwide disease burden.Lupus200615530831810.1191/0961203306lu2305xx16761508
      


      
        	[2]

        	Petri M., Orbai A.M., Alarcón G.S., Gordon C., Merrill J.T., Fortin P.R., Bruce I.N., Isenberg D., Wallace D.J., Nived O., Sturfelt G., Ramsey-Goldman R., Bae S.C., Hanly J.G., Sánchez-Guerrero J., Clarke A., Aranow C., Manzi S., Urowitz M., Gladman D., Kalunian K., Costner M., Werth V.P., Zoma A., Bernatsky S., Ruiz-Irastorza G., Khamashta M.A., Jacobsen S., Buyon J.P., Maddison P., Dooley M.A., van Vollenhoven R.F., Ginzler E., Stoll T., Peschken C., Jorizzo J.L., Callen J.P., Lim S.S., Fessler B.J., Inanc M., Kamen D.L., Rahman A., Steinsson K., Franks A.G. Jr, Sigler L., Hameed S., Fang H., Pham N., Brey R., Weisman M.H., McGwin G. Jr, Magder L.S.. Derivation and validation of the systemic lupus international collaborating clinics classification criteria for systemic lupus erythematosus.Arthritis Rheum.20126482677268610.1002/art.3447322553077
      


      
        	[3]

        	Egner W.. The use of laboratory tests in the diagnosis of SLE.J. Clin. Pathol.200053642443210.1136/jcp.53.6.42410911799
      


      
        	[4]

        	Manderson A.P., Botto M., Walport M.J.. The role of complement in the development of systemic lupus erythematosus.Annu. Rev. Immunol.20042243145610.1146/annurev.immunol.22.012703.10454915032584
      


      
        	[5]

        	Liu C.C., Manzi S., Kao A.H., Navratil J.S., Ahearn J.M.. Cell-bound complement biomarkers for systemic lupus erythematosus: From benchtop to bedside.Rheum. Dis. Clin. North Am.201036116117210.1016/j.rdc.2009.12.00320202597
      


      
        	[6]

        	Putterman C., Furie R., Ramsey-Goldman R., Askanase A., Buyon J., Kalunian K., Chatham W.W., Massarotti E., Kirou K., Jordan N., Blanco I., Weinstein A., Chitkara P., Manzi S., Ahearn J., O’Malley T., Conklin J., Ibarra C., Barken D., Dervieux T.. Cell-bound complement activation products in systemic lupus erythematosus: Comparison with anti-double-stranded DNA and standard complement measurements.Lupus Sci. Med.201411e00005610.1136/lupus-2014-00005625396070
      


      
        	[7]

        	Coulthard L.G., Woodruff T.M.. Is the complement activation product C3a a proinflammatory molecule? Re-evaluating the evidence and the myth.J. Immunol.201519483542354810.4049/jimmunol.140306825848071
      


      
        	[8]

        	Da Silva W.D., Eisele J.W., Lepow I.H.. Complement as a mediator of inflammation. 3. Purification of the activity with anaphylatoxin properties generated by interaction of the first four components of complement and its identification as a cleavage product of C’3.J. Exp. Med.196712661027104810.1084/jem.126.6.10276069927
      


      
        	[9]

        	Osler A.G., Randall H.G., Hill B.M., Ovary Z.. Studies on the mechanism of hypersensitivity phenomena. III. The participation of complement in the formation of anaphylatoxin.J. Exp. Med.1959110231133910.1084/jem.110.2.31113673141
      


      
        	[10]

        	Dempsey P.W., Allison M.E., Akkaraju S., Goodnow C.C., Fearon D.T.. C3d of complement as a molecular adjuvant: Bridging innate and acquired immunity.Science1996271524734835010.1126/science.271.5247.3488553069
      


      
        	[11]

        	Korb L.C., Ahearn J.M.. C1q binds directly and specifically to surface blebs of apoptotic human keratinocytes: complement deficiency and systemic lupus erythematosus revisited.J. Immunol.199715810452545289144462
      


      
        	[12]

        	Taylor P.R., Carugati A., Fadok V.A., Cook H.T., Andrews M., Carroll M.C., Savill J.S., Henson P.M., Botto M., Walport M.J.. A hierarchical role for classical pathway complement proteins in the clearance of apoptotic cells in vivo.J. Exp. Med.2000192335936610.1084/jem.192.3.35910934224
      


      
        	[13]

        	Navratil J.S., Korb L.C., Ahearn J.M.. Systemic lupus erythematosus and complement deficiency: Clues to a novel role for the classical complement pathway in the maintenance of immune tolerance.Immunopharmacology1999421-3475210.1016/S0162-3109(99)00018-110408365
      


      
        	[14]

        	Botto M., Kirschfink M., Macor P., Pickering M.C., Würzner R., Tedesco F.. Complement in human diseases: Lessons from complement deficiencies.Mol. Immunol.200946142774278310.1016/j.molimm.2009.04.02919481265
      


      
        	[15]

        	Grumach A.S., Kirschfink M.. Are complement deficiencies really rare? Overview on prevalence, clinical importance and modern diagnostic approach.Mol. Immunol.201461211011710.1016/j.molimm.2014.06.03025037634
      


      
        	[16]

        	Pettigrew H.D., Teuber S.S., Gershwin M.E.. Clinical significance of complement deficiencies. Annals of the New York academy of science.Shoenfeld Y., Gershwin M.E.BostonBlackwell Publishing2009108
      


      
        	[17]

        	Bryan A.R., Wu E.Y.. Complement deficiencies in systemic lupus erythematosus.Curr. Allergy Asthma Rep.201414744810.1007/s11882-014-0448-224816552
      


      
        	[18]

        	Figueroa J.E., Densen P.. Infectious diseases associated with complement deficiencies.Clin. Microbiol. Rev.19914335939510.1128/CMR.4.3.3591889047
      


      
        	[19]

        	Elliott J.A. Jr, Mathieson D.R.. Complement in disseminated (systemic) lupus erythematosus.AMA Arch. Derm. Syphilol.195368211912810.1001/archderm.1953.0154008000300113064837
      


      
        	[20]

        	Schur P.H.. Complement testing in the diagnosis of immune and autoimmune diseases.Am. J. Clin. Pathol.1977685Suppl.647659335876
      


      
        	[21]

        	Perrin L.H., Lambert P.H., Miescher P.A.. Complement breakdown products in plasma from patients with systemic lupus erythematosus and patients with membranoproliferative or other glomerulonephritis.J. Clin. Invest.197556116517610.1172/JCI1080651141431
      


      
        	[22]

        	Morrow W.J., Williams D.J., Ferec C., Casburn-Budd R., Isenberg D.A., Paice E., Snaith M.L., Youinou P., Le Goff P.. The use of C3d as a means of monitoring clinical activity in systemic lupus erythematosus and rheumatoid arthritis.Ann. Rheum. Dis.198342666867110.1136/ard.42.6.6686606402
      


      
        	[23]

        	Roumenina L.T., Sène D., Radanova M., Blouin J., Halbwachs-Mecarelli L., Dragon-Durey M.A., Fridman W.H., Fremeaux-Bacchi V.. Functional complement C1q abnormality leads to impaired immune complexes and apoptotic cell clearance.J. Immunol.201118784369437310.4049/jimmunol.110174921930969
      


      
        	[24]

        	Marto M, Bertolaccini ML, Calabuig E, Hughes GRV, Khamashta MA. Anti-C1q antibodies in nephritis: Correlation between titres and renal disease activity and positive predictive value in systemic lupus erythematosus.Ann Rehum Dis2005643444448
      


      
        	[25]

        	Stegert M., Bock M., Trendelenburg M.. Clinical presentation of human C1q deficiency: How much of a lupus?.Mol. Immunol.201567131110.1016/j.molimm.2015.03.00725846716
      


      
        	[26]

        	Daha M.R., Hazevoet H.M., Hermans J., Van Es L.A., Cats A.. Relative importance of C4 binding protein in the modulation of the classical pathway C3 convertase in patients with systemic lupus erythematosus.Clin. Exp. Immunol.19835412482526604610
      


      
        	[27]

        	Perrin L.H., Lambert P.H., Nydegger U.E., Miescher P.A.. Quantitation of C3PA (properdin factor B) and other complement components in diseases associated with a low C3 level.Clin. Immunol. Immunopathol.197321162710.1016/0090-1229(73)90032-94204416
      


      
        	[28]

        	Mayes J.T., Schreiber R.D., Cooper N.R.. Development and application of an enzyme-linked immunosorbent assay for the quantitation of alternative complement pathway activation in human serum.J. Clin. Invest.198473116017010.1172/JCI1111876418767
      


      
        	[29]

        	Law S.K., Dodds A.W., Porter R.R.. A comparison of the properties of two classes, C4A and C4B, of the human complement component C4.EMBO J.198438181918236332733
      


      
        	[30]

        	Wu Y.L., Hauptmann G., Viguier M., Yu C.Y.. Molecular basis of complete complement C4 deficiency in two North-African families with systemic lupus erythematosus.Genes Immun.200910543344510.1038/gene.2009.1019279649
      


      
        	[31]

        	Yang Y., Chung E.K., Zhou B., Lhotta K., Hebert L.A., Birmingham D.J., Rovin B.H., Yu C.Y.. The intricate role of complement component C4 in human systemic lupus erythematosus.Curr. Dir. Autoimmun.200479813210.1159/00007568914719377
      


      
        	[32]

        	Pickering M.C., Botto M., Taylor P.R., Lachmann P.J., Walport M.J.. Systemic lupus erythematosus, complement deficiency, and apoptosis.Adv. Immunol.20007622732410.1016/S0065-2776(01)76021-X11079100
      


      
        	[33]

        	Fernando M.M., Stevens C.R., Walsh E.C., De Jager P.L., Goyette P., Plenge R.M., Vyse T.J., Rioux J.D.. Defining the role of the MHC in autoimmunity: A review and pooled analysis.PLoS Genet.200844e100002410.1371/journal.pgen.100002418437207
      


      
        	[34]

        	Wu Y.L., Yang Y., Chung E.K., Zhou B., Kitzmiller K.J., Savelli S.L., Nagaraja H.N., Birmingham D.J., Tsao B.P., Rovin B.H., Hebert L.A., Yu C.Y.. Phenotypes, genotypes and disease susceptibility associated with gene copy number variations: Complement C4 CNVs in European American healthy subjects and those with systemic lupus erythematosus.Cytogenet. Genome Res.20081231-413114110.1159/00018470019287147
      


      
        	[35]

        	Wouters D., Van Schouwenburg P., Van Der Horst A., de Boer M., Schooneman D., Kuijpers T.W., Aarden L.A., Hamann D.. High-throughput analysis of the C4 polymorphism by a combination of MLPA and isotype-specific ELISA’s.Mol. Immunol.200946459260010.1016/j.molimm.2008.07.02819062096
      


      
        	[36]

        	Margery-Muir A.A., Wetherall J.D., Castley A.S., Hew M., Whidborne R.S., Mallon D.F., Martinez P., Witt C.S.. Establishment of gene copy number-specific normal ranges for serum C4 and its utility for interpretation in patients with chronically low serum C4 concentrations.Arthritis Rheumatol.20146692512252010.1002/art.3868024757030
      


      
        	[37]

        	Tsukamoto H., Horiuchi T.. [Clinical aspects of the complement system].Rinsho Byori200654775776216913667
      


      
        	[38]

        	Ho A., Barr S.G., Magder L.S., Petri M.. A decrease in complement is associated with increased renal and hematologic activity in patients with systemic lupus erythematosus.Arthritis Rheum.200144102350235710.1002/1529-0131(200110)44:10<2350::AID-ART398>3.0.CO;2-A11665976
      


      
        	[39]

        	Sturfelt G., Sjöholm A.G.. Complement components, complement activation, and acute phase response in systemic lupus erythematosus.Int. Arch. Allergy Appl. Immunol.1984751758310.1159/0002335936086533
      


      
        	[40]

        	Couser W.G.. Glomerulonephritis.Lancet199935391631509151510.1016/S0140-6736(98)06195-910232333
      


      
        	[41]

        	Cavallo T.. Membranous nephropathy. Insights from Heymann nephritis.Am. J. Pathol.199414446516588160766
      


      
        	[42]

        	Walport M.J.. Complement and systemic lupus erythematosus.Arthritis Res.20024Suppl. 3S279S29310.1186/ar58612110148
      


      
        	[43]

        	Liu C.C., Manzi S., Kao A.H., Navratil J.S., Ahearn J.M.. Cell-bound complement biomarkers for systemic lupus erythematosus: from benchtop to bedside.Rheum. Dis. Clin. North Am.201036116117210.1016/j.rdc.2009.12.00320202597
      


      
        	[44]

        	Kalunian K.C., Chatham W.W., Massarotti E.M., Reyes-Thomas J., Harris C., Furie R.A., Chitkara P., Putterman C., Gross R.L., Somers E.C., Kirou K.A., Ramsey-Goldman R., Hsieh C., Buyon J.P., Dervieux T., Weinstein A.. Measurement of cell-bound complement activation products enhances diagnostic performance in systemic lupus erythematosus.Arthritis Rheum.201264124040404710.1002/art.3466922932861
      


      
        	[45]

        	Buyon J.P., Tamerius J., Belmont H.M., Abramson S.B.. Assessment of disease activity and impending flare in patients with systemic lupus erythematosus. Comparison of the use of complement split products and conventional measurements of complement.Arthritis Rheum.19923591028103710.1002/art.17803509071418018
      


      
        	[46]

        	Askanase A, Hui-Yuen J, Conklin J, et al. Cell-Bound complement activation products have high sensitivity and specificity in childhood-onset systemic lupus erythematosus and juvenile idiopathic arthritis [abstract].Arthritis Rheumatol.201567Suppl 10
      


      
        	[47]

        	Mossell J., Goldman J.A., Barken D., Alexander R.V.. The avise lupus test and cell-bound complement activation products aid the diagnosis of systemic lupus erythematosus.Open Rheumatol. J.201610718010.2174/187431290161001007127867431
      


      
        	[48]

        	Tan E.M., Cohen A.S., Fries J.F., Masi A.T., McShane D.J., Rothfield N.F., Schaller J.G., Talal N., Winchester R.J.. The 1982 revised criteria for the classification of systemic lupus erythematosus.Arthritis Rheum.198225111271127710.1002/art.17802511017138600
      


      
        	[49]

        	Hochberg M.C.. Updating the American college of rheumatology revised criteria for the classification of systemic lupus erythematosus.Arthritis Rheum.1997409172510.1002/art.17804009289324032
      


      
        	[50]

        	Petri M., Orbai A.M., Alarcón G.S., Gordon C., Merrill J.T., Fortin P.R., Bruce I.N., Isenberg D., Wallace D.J., Nived O., Sturfelt G., Ramsey-Goldman R., Bae S.C., Hanly J.G., Sánchez-Guerrero J., Clarke A., Aranow C., Manzi S., Urowitz M., Gladman D., Kalunian K., Costner M., Werth V.P., Zoma A., Bernatsky S., Ruiz-Irastorza G., Khamashta M.A., Jacobsen S., Buyon J.P., Maddison P., Dooley M.A., van Vollenhoven R.F., Ginzler E., Stoll T., Peschken C., Jorizzo J.L., Callen J.P., Lim S.S., Fessler B.J., Inanc M., Kamen D.L., Rahman A., Steinsson K., Franks A.G. Jr, Sigler L., Hameed S., Fang H., Pham N., Brey R., Weisman M.H., McGwin G. Jr, Magder L.S.. Derivation and validation of the systemic lupus international collaborating clinics classification criteria for systemic lupus erythematosus.Arthritis Rheum.20126482677268610.1002/art.3447322553077
      


      
        	[51]

        	Sturfelt G., Truedsson L.. Complement and its breakdown products in SLE.Rheumatology (Oxford)200544101227123210.1093/rheumatology/keh71915972354
      


      
        	[52]

        	Ricklin D., Reis E.S., Lambris J.D.. Complement in disease: A defence system turning offensive.Nat. Rev. Nephrol.201612738340110.1038/nrneph.2016.7027211870
      

    

  


  

OEBPS/Images/cover.jpg
ISSN: 1874-3129

The Open
Rheumatology
Journal

SLE and Serum Complement: Causative, Concomitant
or Coincidental?

‘H VIEW ARTICLES ON
PUBMED CENTRAL

V
BENTHAM OPEN





OEBPS/Images/TORJ-11-113_F1.jpg
B/T cell
activation|

Loss of tolerance

IC/Autoantibodies





OEBPS/Images/TORJ-11-113_F2.jpg
Classical Pathway Lectin Pathway Alternative Pathway
B cL1 G @)

(o) Extrinsic
oz Proteases

oo





