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			Abstract

			Rheumatoid Arthritis (RA) is a systemic autoimmune chronic inflammatory disease. Progress in understanding the pathogenesis of RA processes increased the interest in studying the biomarkers involved in different stages of the disease. The current classification criteria for RA include two different types of biomarkers that represent inflammatory processes, such as C-reactive protein and erythrocyte sedimentation rate or immune processes that include autoantibodies, such as rheumatoid factor (FR) and antibodies against citrullinated proteins. (ACPA). In this article, we review both autoantibody methods for detection and utility in the diagnosis, prognosis and follow-up of RA.

		

		
			Introduction

			Rheumatoid arthritis (RA) is the most common cause of inflammatory arthritis, affecting about 1% of the general population. RA is a common autoimmune systemic disease characterized by synovial inflammation, which potentially leads to weak articulation and irreversible destruction. A combination of multiple factors, such as genetic, environmental and hormonal, leads to the development of certain auto induced processes and characteristic damage to the disease [1]. Progress in understanding the pathogenesis of RA processes increased the interest in studying the biomarkers involved in different stages of the disease. There are at least two distinct subsets of AR. The most common type is associated with certain HLA DRB1 haploptypes, the production of antibodies against citrullinated peptides and has a more aggressive course of disease [2,3]. The detection of autoantibodies such as rheumatoid factor (FR) and icitrulinated cyclic peptide antibodies (Anti-CCP) is part of the diagnostic criteria of the European League against Rheumatism / American College of Rheumatology (EULAR / ACR) [4] and it can guide the choice of treatments aimed at preventing or delaying the development of symptomatic RA [5].

			Early diagnosis and immediate effective therapy are crucial for the prevention of joint deterioration, functional disability and the unfavourable and even fatal outcome of the disease. The new concept „window of opportunity“ shows that the identification of RA in the early stages is essential to prevent erosion and to stop the progression of radiological changes. The 

optimal and current treatment of RA requires that appropriate therapy be initiated within 3 to 6 months after the onset of the disease. In this context, the attention given to the identification of biomarkers with a diagnostic role in the early stages of the disease continues to be a subject of great interest [6,7]. In this article the main biomarkers in AR will be reviewed.

			Rheumatoid Factor 

			The FR was discovered by Waaler in 1940 as an antibody directed against serum gamma globulins that promoted the agglutination of sheep red blood cells sensitized by subaglutinating doses of rabbit antibodies [8]. In 1952 Pike, Sulkin, and Coggeshale named this autoantibody „rheumatoid factor“ because of its association with rheumatoid arthritis (RA) disease. FRs are autoantibodies directed against epitopes located in the Fc fragment of IgG, at the junction of the CH2 and CH3 domains of the heavy gamma chain. They are usually IgM class antibodies, although there are IgG, IgA and IgE isotypes. The isotypic antigens bound by FR are IgG1, IgG2, IgG4 and a subset of IgG3 lacking the G3m (u) allotype.

			IgGs are the predominant serum immunoglobulins, particularly IgG1, followed by IgG2, G3 and G4. The availability of this protein at high concentration induces tolerance of T cells against the Fc fragment of IgG under physiological conditions. IgG3 have been found in higher levels in synovial fluid in patients with RA than in normal blood. In addition to the different subclasses, the modified IgG structure may also be involved in the triggering of FR production. It is known that chronic inflammation, which is a hallmark of RA, and subsequent oxidative stress, contribute to post-translational modifications.

			Detection Methods

			Agglutination

			The FR can be measured by different methods, the classical agglutination techniques were initially used due to the ability of the IgM to induce agglutination. The first screening test was based on the fact that the FR agglutinates red blood cells sensitized with rabbit IgG, which is the classic Waaler-Rose test. In addition, since the substrate used is a rabbit IgG, as compared to human IgG, the sensitivity is lower and the specificity for RA is higher. The agglutination with latex that detects in the presence of gamma-immunoglobulin or fraction II of Cohn adsorbed on an inert support of latex-polystyrene, this antigen binds to the FR producing an agglutination of the polystyrene latex particles, visible macroscopically [9]. The amount of FR IgM is usually expressed as the highest dilution of the serum that produces detectable agglutination. The concentration of FR IgM can be expressed in IU / mL based on the reference standards of the World Health Organization (WHO).

			ELISA (Enzyme Linked Immunosorbent Assay)

			Quantitative techniques, such as enzyme-linked immunosorbent assay (ELISA), have replaced the tests mentioned above, offering more reproducible results compared to semiquantitative tests. The ELISA has the ability to detect FR IgM, IgG and IgA isotypes [10].

			Nephelometry and Turbidimetry

			The latex particles coated with added human IgG serve as a capture agent in these methods [11]. The fixation of FR is determined by nephelometric or turbidimetric analysis based on precipitation. In recent years, these methods tend to replace latex tests [12]. Turbidimetry measures FR levels in human serum using heat inactivated human IgGs bound to latex particles. No difference between FR isotypes. Nephelometry is a latex particle agglutination test that uses polystyrene particles coated with IgG. The precipitation of aggregated IgG is measured by a nephelometer, usually a laser nephelometer based on the principle that a diluted suspension of small particles will scatter the light that passes through it [13].

			Multiple Tests

			Multiple assays are relatively new high-throughput techniques such as microarrays and flow cytometry for the quantitative detection of multiple analytes from a single biological sample [14]. Although they have not yet been standardized and validated, multiple trials can reduce analytical time and improve accuracy. FR in non-rheumatic diseases and healthy people FR can be detected in many non-rheumatic conditions and healthy people (Table 1). Infections and chronic diseases can be characterized by the presence of RFs, but unlike those detected in patients with RA, the RFs produced during infections are usually transient and not harmful. For example, in hepatitis C (76%), Epstein-Barr infection (20%), cytomegalovirus infection (20%) and subacute bacterial endocarditis (40%) [15,16], as well as in many inflammatory conditions and malignant neoplasms [17] The frequency of RF in other conditions limits its specificity in AR.

			Table 1: FR in non-rheumatic diseases and healthy people FR can be detected in many non-rheumatic conditions and healthy people.

			
				
					
				
				
					
							
							Diseases and conditions associated with rheumatoid factor

						
					

					
							
							Disease

						
					

					
							
							Rheumatoid arthritis 70% -90%

						
					

					
							
							Other autoimmune rheumatic conditions

						
					

					
							
							Primary Sjogren’s syndrome 75% -95%

						
					

					
							
							Systemic lupus erythematosus 15% -35%

						
					

					
							
							Systemic sclerosis 20% -35%

						
					

					
							
							Systemic vasculitis 5% -20%

						
					

					
							
							Infections

						
					

					
							
							Bacterial

						
					

					
							
							Infective endocarditis 40%

						
					

					
							
							Tuberculosis 15%

						
					

					
							
							Syphilis 8% -37%

						
					

					
							
							Viral

						
					

					
							
							Infection with CMV and EBV 20%

						
					

					
							
							Hepatitis B 25%

						
					

					
							
							Hepatitis C 76%

						
					

					
							
							Infection by human immunodeficiency virus 10% -20%

						
					

					
							
							Parasitic

						
					

					
							
							Chagas 15% -25%

						
					

					
							
							Malaria 15% -18%

						
					

					
							
							Other diseases

						
					

					
							
							Liver cirrhosis 25%

						
					

					
							
							Mixed cryoglobulinemia type II 100%

						
					

					
							
							Primary biliary cirrhosis 45% -75%

						
					

					
							
							Healthy People at 50 years 5%

						
					

					
							
							Healthy People at 70 years 10-25%

						
					

				
			

			CMV: Citomegalovirus EBV: Epstein Barr Virus. Adapted from [16].

			The positivity of FR has also been reported in the healthy population [18,19], and up to 4% of young Caucasians can be FR positive, with a similar distribution between the two genders. FRs found in healthy subjects are different from those present in patients with RA at low or moderate titers and are likely to be produced by B cells expressing CD5, low affinity, polyreactive IgM without any signs of affinity maturation [20].

			FR in Autoimmune Diseases

			Frequently FRs are detected in patients with systemic autoimmune diseases, such as systemic lupus erythematosus, mixed connective tissue disease, polymyositis, and dermatomyositis. High titers of RF are associated more frequently with RA, Sjögren‘s syndrome (SS) and mixed cryoglobulinemia of type II and III (CM), generally related to HCV.

			FR in Rheumatoid Arthritis

			Studies conducted during the last decade have indicated that it can have a diagnostic, prognostic and therapeutic value The FR is part of the diagnostic criteria of the European League against Rheumatism / American College of Rheumatology (EULAR / ACR) [4]. The positivity of FR supports the diagnosis of RA (seropositive patients), while a negative RF test does not exclude the diagnosis (seronegative patients). The IgM FR are the isotype detected most frequently, but IgG, IgA, IgE and IgD FR can also be observed [21]. A combined increase in the titers of both IgM and IgA FR is almost exclusively present in patients with RA [22,23]. It has been shown that three isotypes of FR IgM, IgA and IgG are detected in up to 52% of patients with RA, but in less than 5% of patients with other connective tissue diseases. In addition, the presence of IgA and IgG FR isotypes in the absence of IgM-FR is more prevalent in patients with connective tissue diseases than in patients with RA. The specificity of IgM-FR increases considerably in high titers [24]. FR is found in the serum of 70-80% of patients with RA. On the other hand, up to 30% of patients with RA are seronegative for RF, and this proportion can exceed 50% in the early phase of the disease [25]. However, there is some evidence that individuals without arthritis may also present with RF seropositivity [26].

			The specificity of FR varies from 70% to 90%. The specificity of IgM-FR increases considerably in high titers. The FR show a low positive predictive value (20-30%), but a high negative predictive value (NPV) (93-95%). The sensitivity FR is much lower in juvenile idiopathic arthritis (JIA) than in RA; no more than 5% of patients are positive, which makes their detection not very useful as a diagnostic tool in JIA [22]. In addition to its role in the diagnosis of RA, it also seems to have a prognostic role. The highest levels of RF are associated with the presence of aggressive disease, rheumatoid nodules and extra-articular manifestations [27]. It has been reported that persistently high IgM-FR titers or the presence of the IgA-FR isotype are strongly associated with a more rapid progression of the disease, with extra-articular manifestations such as rheumatoid nodules and vasculitis, and a worse outcome. Several studies have shown that the treatment of patients with RA can reduce RF levels. The detection of FR IgM is also useful as a prognostic index, and some studies have shown that immunosuppressive therapy with infliximab, etanercep, adalimumab, rituximab, and abatacept and tocilizumab can lower serum FR levels. However, the clinical utility of RFs in the control of disease activity [28] and the response to treatment is limited [29].

			Anti-Peptide Cyclic Citrus (Anti-Ccp)

			Before the importance of citrullinated protein epitopes in RA was discovered, three autoantibodies were already known, which were later discovered to be members of the family of antibodies against citrullinated proteins (ACPA). These were the anti-perinuclear factor (APF), anti-keratin (AKA) and anti-Sa antibodies. APF was described in 1964. It targets the keratohyalin granules around the nuclei of the epithelial cells of the buccal mucosa [30]. AKA, described in 1979, reacts with the stratum corneum epithelial cells of the rat esophagus [31]. The specificities of both markers are similar (90% or more), and the sensitivities are also in the same range (35-70%). Both autoantibodies can serve as early diagnostic markers, since they are detectable before classic clinical symptoms appear [32]. In 1995, it was shown that AKA and APF recognize to a large extent the same autoantigens, filaggrin (filament aggregate protein) or pro-filaggrin [33], and three years later, it was revealed that the target epitopes were all citrullinated [34] Anti-Sa is a specific autoantibody of RA discovered in 1994, which recognized a 50 kDa protein in immunoblots of spleen and placental extracts. The diagnostic sensitivity was only 43%, but the specificity was 99%. A decade after its discovery, it was shown that anti-Sa was directed to citrullinated vimentin [35].

			Protein Citrullination in AR Post-translational modifications are chemical changes that proteins undergo after being synthesized. One of these modifications is citrullination, which is the conversion of the arginine residue to citrulline. The modification of proteins can generate new epitopes, different from those to which the immune system is tolerant, which leads to a possible immune reaction against the citrullinated antigens. The citrulinacion which is catalysed by Ca2 + dependent enzymes called peptidil arginine deiminase (PAD), from which 5 isoforms of PAD have been identified with differential expression in tissues and organs. PAD1 is predominantly expressed in the epidermis and uterus; PAD2 is the most ubiquitous member of the family and is expressed in skeletal muscle, spleen, brain, salivary glands, uterus, etc; PAD3 is expressed in follicles; PAD4 is expressed in neutrophils and eosinophils, whereas PAD6 has been detected in ovaries, testes and peripheral blood leukocytes.

			Citrullination participates in various processes, both physiological and pathological. Within the physiological processes, it includes the terminal differentiation of epithelial cells, the regulation of gene expression and apoptosis. In inflammatory processes, when there is cell death, there is a flow of calcium from the interior to the outside of the cell, activating the PAD. PAD4 contributes to genetic regulation through the citrullination of histones and, what is more important, this isoform is responsible for the generation of new autoantigens in RA. When the system of depuration of apoptotic cells by macrophages or active cells is inadequate, the citrullinated proteins can be exposed to the immune system. During synovial inflammation, when many cells die by apoptosis, it is possible to detect these proteins. Their presence does not necessarily lead to the generation of ACPA but depends on the genetic susceptibility of each individual. ACPA are produced locally in RA joints, where proteins are citrullinated during the inflammatory process [36]. It was found that the main citrullinated protein in the joint is fibrin [37] In addition, several other synovial and non-synovial proteins (Type II collagen, vimentin, nuclear proteins and stress proteins) have been shown to be targets of citrullination in vivo [38]. Recently, it was shown that the formation of immune complexes between ACPA and citrulline proteins and the subsequent fixation of complement occur in RA synovitis and it is believed that they perpetuate the synovial inflammation of RA, causing a vicious circle [39].

			Detection Methods

			The difficulties of working with proteins as a substrate for high performance assays, including the cost and the presence of antibodies in the non-citrullated regions, have led many researchers to work with ELISA based on immunodominant peptides of these citrullinated autoantigens. Several commercial tests using citrullinated specific antigens are available to determine ACPA positivity. First generation citrullinated cyclic proteins (CCP-1) detect antibodies against peptides derived from the prophylagrin/filaggrin protein. The second-generation citrulline cyclic proteins (CCP2) are the most widely used substrates in these tests. They were selected from a selection of citrullinated peptides for their strong reactivity with sera from patients with RA. In addition to anti-CCP2, a third generation anti-CCP test (anti-CCP3) designed from peptides with multiple antigenic epitopes with determined conformational structure has been developed. Thus, a better exposure and antigenicity of citrulline was obtained, which managed to increase the sensitivity a little more. The latter still maintain high specificity (95-98%), higher than that of RF, and a sensitivity comparable to that of the latter (67-81%). Additionally, a commercial house adds CCP3.1; the antigen used is the same as that of CCP3 but contains a conjugate that allows the detection of anti-CCP3 IgA class antibodies in addition to the usual anti-CCP3 IgG antibodies.

			Clinical Utility

			ACPA are undoubtedly the most specific serological markers of RA, with a specificity of 98-99% in some studies (Table 2). It should be noted, however, that these high specificities are obtained when the population with RA is compared with a healthy population; that is, only 1-2% of healthy individuals have ACPA. However, the specificity, although very high, is somewhat lower when compared with patients with other rheumatic diseases that can be considered in the differential diagnosis of RA, as is the case of psoriatic arthritis, systemic lupus erythematosus (SLE). Sjogren’s syndrome and other systemic diseases.

			Table 2: Comparison FR and ACPA.

			
				
					
					
					
				
				
					
							
							        

						
							
							Rheumatoid Factor (FR)

						
							
							Antibodies against Citrullinated Proteins (ACPA)

						
					

					
							
							Sensitivity         

						
							
							70-80%

						
							
							67-81%

						
					

					
							
							Specificity

						
							
							70-90%

						
							
							98-99%

						
					

					
							
							Antigen

						
							
							Fragment Fc of IgG

						
							
							Antigen product of enzymatic modification

						
					

					
							
							Detection methods

						
							
							Agglutination, nephelometry, turbidimetry, ELISA and multiple tests.

						
							
							ELISA, chemiluminescence

						
					

					
							
							Clinical Association

						
							
							More aggressive forms of the disease, rheumatoid nodules and extra-articular manifestations

						
							
							Associated with poor radiographic progression, erosive disease, worse prognosis.

						
					

					
							
							Response to Treatment

						
							
							Decreased title has been associated with good response to treatment

						
							
							No

						
					

				
			

			ELISA: Enzyme-Linked Immunosorbent Assay; Ig: Immunoglobulin

			ACPA levels can also be important. This is clearly reflected in the new criteria of the RA (ACR / EULAR 2010), where it is considered that the high levels of FR and ACPA weigh more (3 points) than the low levels (2 points) [4]. ACPAs have an important prognostic importance, their production may precede the onset of the symptoms of RA for several years [40]. People with ACPA positive with initial and undifferentiated arthritis have a higher risk of subsequently developing RA.

			In patients with RA, the presence of positive ACPA develop more bone erosions and experience a more severe progression of the disease, so ACPA has an important prognostic role during the progression of RA and is associated with pronounced radiographic progression [41]. The production of ACPA has been associated with several genetic predisposing factors, including the HLA-DRB1 and PTPN22 1858T alleles, as well as with environmental and lifestyle factors, mainly smoking, periodontitis and possibly the use of oral contraceptives and the use of oral contraceptives. excessive use of caffeine [42]. Therefore, the evaluation of ACPA, in addition to the clinical, radiographic and genetic outcome measures, can be important to evaluate the prognosis of the disease and help design effective early therapeutic strategies. Based on the clinical and laboratory findings, the distribution of the ACPA isotype does not expand during disease progression from the undifferentiated arthritis stage to RA, and is relatively stable over time; In addition, the basal profile of the ACPA isotype is an important predictor of the severity of the disease, with more isotypes indicating an increased risk of radiographic damage [43]. The observations that inform the association between the presence of ACPA and joint damage, as well as the extra-articular manifestations suggest that ACPA are probably pathogenic autoantibodies in RA. The high level of ACPA (anti-CCP) predicts good clinical response to certain biologics (rituximab, abatacept), so evaluating this factor in clinical practice can help with personalized medicine and select the best candidates for drug treatment biological [44].

			The exact functions of ACPA in the pathogenesis of RA are not known, in vitro studies showed that ACPA induce TNF-α production by macrophages, osteoclastogenesis and complement activation [45]. The mutated citrullinated anti-vimentin (anti-MCV) is a key autoantibody of the ACPA family, where vimentin is secreted and citrullinated by macrophages in response to apoptosis, or by proinflammatory cytokines, such as tumor necrosis factor -α [46]. The appearance of anti-MCV is between 21-43% in RA, while in other systemic autoimmune diseases only 1%, which makes the autoantibody have low sensitivity, but a very high specificity. The determination of anti-MCV seems to be useful as a second-line test in patients with suspected RA but negative for both RF and anti-CCP.

			Conclusion

			FR and ACPA are the two most remarkable autoantibodies in RA and provide different clinical and pathophysiological information. In general, ACPAs are a better diagnostic guide than RF due to their greater sensitivity and specificity for RA. Both RF and ACPA are factors of poor prognosis for joint destruction, while RF is also associated with extra-articular manifestations. RF in patients with RA are of high affinity and high titer, which indicates that FR can contribute to the perpetuation of the disease by enhancing the formation of immune complexes and complement fixation. The responses of these two antibodies to treatment vary, reflecting their different mechanisms of participation in the pathogenesis of RA.
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