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Abstract

Rheumatoid arthritis (RA) is an autoimmune disease, resulting in a chronic, systemic inflammatory disorder. It may affect many tissues and organs, but it primarily affects the flexible joints. In clinical practice patient care generates many questions about diagnosis, prognosis, and treatment. It is challenging for health care specialists to keep up to date with the medical literature. This review summarizes the pathogenesis, the polymorphisms of interleukin and interleukin genes and the standard available and possible future immunologic targets for RA treatment. The identification of disease-associated interleukin and interleukin receptor genes can provide precious insight into the genetic variations prior to disease onset in order to identify the pathways important for RA pathogenesis. The knowledge of the complex genetic background may prove useful for developing novel therapies and making personalized medicine based on the individual’s genetics.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION

Rheumatoid arthritis

Rheumatoid arthritis (RA) is one of the most common systemic autoimmune diseases which affects approximately 1% of the population[1-3], which can lead to significant morbidity and mortality rates, and can shorten the lifespan by 10 years[4]. RA affects people all over the world, but it is more uncommon in Africa[5]. In contrast, its largest prevalence is registered among North-American Chippewa- and Pima-tribes[5]. Like in other autoimmune diseases females are more often affected than males.

RA is a severely disabling chronic inflammatory disease characterized by inflammation, persistent synovitis, progressive joint destruction, and systemic, extraarticular manifestations (e.g., pericarditis, episcleritis/scleritis, secondary Sjögren syndrome, Felty syndrome, cervical myelopathy, neuropathy, interstitial lung disease, rheumatoid nodules, and vasculitis)[5,6]. Accelerated atherosclerosis is the leading cause of death among patients with RA. The incidence of lymphoma increases twofold in RA patients which is thought to be caused by the underlying severity of the inflammatory process, and not a consequence of the medical treatment[7].

Patients with RA typically present with pain, stiffness in multiple joints, swollen peripheric joints, regional osteoporosis, narrowing of the synovial space and fibrous ankylosis. The wrists, proximal interphalangeal joints, and metacarpophalangeal joints are most commonly affected, however, the clinical appearance can be heterogenous[5,6]. In 2010 the American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR) developed a new classification criteria, aiming to support diagnosis and facilitate the early introduction of effective RA therapy[8]. The 2010 criteria include tender and swollen joint count, acute phase reactants [C-reactive protein levels (CRP) and erythrocyte sedimentation rate (ESR)], anti-citrullinated protein antibodies (ACPA) or rheumatoid factor (RF), and symptom duration[8]. RF is not specific for RA and it may be present in patients with other diseases, such as hepatitis C and in also healthy older persons. However, patients seropositive for RF are characterized by rapid and more severe course of the disease, and it is frequently coupled with extraarticular manifestations. ACPA is more specific to RA (97.1%)[9]. It is produced against citrullinated proteins which derive from an RA-specific dysregulation of the humoral immune response[10,11]. Likewise RF, the presence of ACPA contributes to a more severe and extended type of RA[10]. The simultaneous presence of these two serological factors predestinates the onset of RA at a 28.9 times higher risk, compared to the population negative for both autoantibodies[10].

RA is an inflammatory arthritis that results from a systemic autoimmune response stimulated by an as yet unidentified antigen. It is commonly believed that the generation of autoantibodies through interactions of the innate immune system (antigen-presenting cells) with the adaptive immune system (CD4+ T cells and B cells) is central to the pathogenesis[12]. Although the clear mechanisms of RA pathogenesis still remain to be defined, cytokines are considered to play an important role in the disease. The imbalance between pro- and anti-inflammatory cytokines promotes the induction of autoimmunity, inflammation and joint destruction. The synovial membrane in patients with RA is characterized by hyperplasia, proliferation, angiogenesis and an infiltrate of predominantly CD4+ T helper (Th) cells. The pro-inflammatory cytokines, especially tumor necrosis factor alpha (TNF-), and two interleukins (ILs), IL-1B and IL-6 are the key cytokines which drive inflammation and the destructive process[13]. However, it is likely that other cytokines such as IL-23, IL-17A and interferon gamma (IFN-) also play crucial roles in the pathogenesis of RA. IL-4 and IL-10, on the other hand, have been suggested to improve arthritis[14]. Joint damage results from the degradation of connective tissue by tissue-destroying matrix metalloproteinases (MMP) and the stimulation of osteoclastogenesis through the receptor activator of nuclear factor-kB ligand (RANKL). Activated CD4+ T cells also stimulate B cells to produce immunoglobulins, including RF[15].

Similarly to other autoimmune disorders, RA is a disease of multifactorial etiology. The genetic predisposition is responsible for approximately 60% of the whole disease risk, while environmental factors, such as infections by microbial agents[16], smoking[17,18], obesity, or schizophrenia of first-degree relatives[19,20], and abnormalities of the autoimmune processes also play a role. The association with the human leukocyte antigen (HLA)-DRB1 locus was the first to be described to confer risk for RA (50% of the overall genetic predisposition)[21]. Linkage and genome-wide association studies identified over 30 validated additional genetic loci associated with RA, example  HLA-DRB1, protein tyrosine phosphatase N22 (PTPN22), tumor necrosis factor alpha-induced protein 3 (TNFAIP3), TNF receptor-associated factor 1 (TRAF1), signal transducer and activator of transcription 4 (STAT4), chemokine (C-C motif) receptor 6 (CCR6), PX domain containing serine/threonine kinase (PXK)[22-24]. Further studies have revealed the importance of numerous other predisposing genes and their variants, including several pro-inflammatory and anti-inflammatory cytokine genes, especially interleukins (Figure 1).
research
We conducted a systematic review of the literature of the last 10 years on the polymorphisms of interleukin and interleukin genes associated with RA, and also standard available and possible future therapeutic possibilities of RA. PubMed was searched for papers and abstracts published in English-language journals, using the following terms and/or text words alone and in combination “rheumatoid arthritis”, “interleukins”, “interleukin receptors”, “polymorphisms” and “therapy”. No restrictions were placed on race, ethnicity, or geographic area. Extraction from each study was conducted independently by all authors, and consensus was achieved for all data.

INTERLEUKIN AND INTERLEUKIN RECEPTOR GENE POLYMORPHISMS

ILs are a large group of cytokines which are especially important in stimulating immune responses, such as inflammation. Once an IL has been produced, it proceeds to its target cell and binds to it via a receptor molecule on the cell surface. This interaction triggers a cascade of signals within the target cell which finally alters the behaviour of the cell. Different types of ILs are known. The nomenclature is based on sequence homology and receptor chain similarities or functional nature (www.genenames.org/genefamilies/IL) (Table 1)[25]. Within the interleukin families several IL and ILR gene polymorphisms have been investigated that are associated with RA (Table 2).

The IL-1 family

Members of the IL-1 family (IL-1A, IL-1B, IL-1RN, IL-18, IL-33, IL-36A, IL-36B, IL-36G, IL-36RN, IL-37 and IL-38) have similar gene structures and induce a complex network of pro-inflammatory cytokines. IL-1 family has also expanded to 9 distinct genes including coreceptors, decoy receptors, binding proteins and inhibitory receptors[26].

IL-1: IL-1 is a key mediator of inflammation which has an effect on cell proliferation and differentiation. It mediates many inflammatory diseases by initiating and potentiating immune and inflammatory responses[25]. IL-1 is involved in several systemic autoinflammatory syndromes and in juvenile RA. It also plays a pathogenic role in inflammation and tissue destruction[27,28]. The most studied IL-1 proteins are IL-1 and IL-1. IL-1A (OMIM 147760) encodes IL-1 which is cell-bound, and IL-1B (OMIM 147720) encodes IL-1, a secreted cytokine. The IL-1 receptor antagonist (IL-1RN) (OMIM 147679) is an anti-inflammatory protein which binds to IL-1 receptor type 1 (IL-1R1, OMIM 147810) without transducing signal[29,30]. 
Two SNPs, the -511 C/T (rs16944) in IL-1B gene promoter and +3953 C/T (rs1143634) in the exon 5 of IL-1B are thought to influence IL-1 expression[31,32]. Both loci may influence erosive damage in RA[33]. The rarer (-511) C-allele is associated with milder erosive disease in patients with a disease duration in excess of 20 years. In a Turkish cohort it was found that patients carrying the 2/2 (T/T) genotype of IL-1B +3953 gene are susceptible to RA. However, the 1/2 (C/T) genotype of IL-1B -511 has a protective role against RA[34]. In British Caucasian RA patients the IL-1B -1464 C/G (rs1143623) G allele showed the possibility to have protective effect in RA. Meta-analysis revealed that IL-1B -511 SNP is associated with increased susceptibility to RA[35]. 

Variable number of tandem repeat (VNTR) + 2018 (rs419598) SNP of IL-1RN gene were investigated in Black South Africans where no significant differences were found in genotype and allele frequencies between RA group and healthy controls. Within the RA group, the IL1RN*2 (two repeats of an 86bp tandem repeat) at the VNTR locus was independently associated with higher Larsen radiologic damage scores (LDS), corrected for disease duration. Furthermore the IL1RN*2 and + 2018 C allele defined haplotype was associated with significantly higher LDS on average 15 points higher, compared to the base haplotype of IL1RN*long (three or more repeats) and + 2018 T allele. The authors concluded that IL1RN*2 is a marker of erosive joint damage in Black South Africans RA  patients[36]. With respect to IL1R1 loci, negative findings were reported in Indian, Swedish and Chinese RA patients[37-39]. In an Algerian population IL-1B (-511), IL-1 (+3953), and IL-1RN VNTR polymorphisms were examined, where no significant differences were observed in the three polymorphisms in genotype, allele and haplotype frequencies between the RA group and the healthy controls. However, the TT genotype of IL-1B-511 is more frequent in the patients’ cohort with positive ACPA compared with negative ACPA group. The IL-1RN*1/IL-1B-511T/IL-1B + 3953C haplotype was more frequent in the positive ACPA group. The association between IL-1RN allele 1 of VNTR, IL-1B-511 T allele and IL-1B + 3953 C allele seems to predispose to the synthesis of ACPA and therefore to the occurrence of ACPA positive RA[40].

Meta-analysis of 10 European, 7 Asian, and 1 Latin American RA population showed that the IL-1B + 3953 polymorphism was associated with the development of RA only in the Asian RA cohort[41]. Similarly to these results the genotype and allele distributions of IL-1B + 3953 showed significantly increased risks in a RA cohort from Northwest China compared to controls[42].

IL-18: The main function of IL-18 (OMIM 600953) is to promote the production of IFN- from T and natural killer (NK) cells, in particular the presence of IL12p70. IL-18 binds to its ligand binding chain, to the interleukin 18 receptor 1 (IL-18R1, OMIM 604494). It also recruits its co-receptor, the IL-18 receptor accessory protein (IL-18RAP, OMIM 604509). With these reactions IL-18 virtually initiates the activation of nuclear factor kappa-light-chain-enhancer of activated B cells/mitogen activated protein 8 (NF-B/MAPK8)[43]. IL-18 is an important proinflammatory cytokine and plays a potential pathological role in RA[44]. It is highly expressed in sera, synovial fluids and synovial tissues of RA patients; furthermore, elevated IL-18 levels are correlated with RA disease activity, indicating an important role of IL-18 in the pathogenesis of RA[45]. 
Several studies examined the association of IL-18 gene polymorphisms with RA, but these studies showed inconclusive and controversial results. In an Egyptian population the -607 C/A (rs1946518) and -137 G/C (rs187238) were analysed in the promoter region. The frequency of -137CC genotype was significantly lower in RA patients compared to controls. As IL-18 -137CC and  IL-18 -607 were negatively associated with RA, they may not be risk factors for RA in the Egyptian patients[46].The same polymorphisms were analysed in a Chinese Han population. The genotype and allele frequency of -607 of the IL-18 gene showed significant differences between RA patients and controls. There was no statistical significance in the distribution of genotype frequencies of -137. Significance was found in the data on statistical basis only on allele frequency levels[47]. The controls had significantly higher AA genotype frequency in the Chinese population at position-607 compared to RA patients. At position-137 no significant differences were observed in the distribution of either allelic or genotypic frequencies. Furthermore there was no association between the examined genotypes and the presence of rheumatoid factors. In the Chinese population only the AA genotype at position-607 is associated with a protective effect against development of RA. Meta-analysis was conducted on the associations between these promoter polymorphisms and RA in the Asian population. They found significant differences in genotype and allele frequencies only in the Chinese population which the previous study has also demonstrated[44].

Another polymorphism, the 105 A/C (rs549908) was analysed in a Chinese population living in Taiwan. There were significant differences in the genotype distribution of this polymorphism between patients and controls. The distribution of the AA homozygote in the RA patients was higher compared to the control group. The allele frequency also differed significantly between RA patients and controls[48]. 

In a Japanese study three haplotype tag SNP, rs1946518 A/C, rs360718 T/G, and rs360722 T/C, spanning from the 5’UTR region to intron 1 were genotyped using allelic discrimination with use of specific TaqMan probes, and three haplotypes (ATT, CTC and AGC). Among these polymorphisms, the T allele frequency of rs360722 which tags the ATT haplotype, was significantly lower in the RA cohort compared with the normal subjects. Having the TT genotype further increased the significance. The presence of the T allele and TT genotype at rs360722 reduces the susceptibility of Japanese people to RA[49].

The IL-2 family

The members of the IL-2 cytokine family are: IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21. This family includes a group of ILs which share a common receptor subunit, the “common  chain”. This acts in unison with a subtype specific -chain to initiate the signaling cascade. These ILs act mainly as growth and proliferation factors for progenitors and mature cells, and they also have a role in lineage-specific cell differentiation[25].

IL-4: IL-4 (OMIM 147780) is a major stimulus of Th2-cell development which regulates allergic conditions and the protective immune response against helminthes and other extracellular parasites[50].
The -590 C/T (rs2243250) promoter polymorphism of the IL-4 gene was tested in an Egyptian population with RA. In RA patients, the frequencies of TT genotype and T allele were significantly increased compared to controls. Subjects with TT genotype and carriers of T allele were significantly more likely to develop RA. In non-erosive RA patients, the frequencies of TT genotype were significantly increased compared to controls. CT and TT genotypes were significantly increased in erosive RA patients compared to control group. Carriers of T allele had significantly increased risk to develop erosive RA as compared to the control group. The frequencies of -590 CT and TT genotypes were significantly increased in erosive RA patients. RA patients carrying CT, TT genotypes were significantly more likely to have erosive arthropathy. In RA patients with positive anti-CPP, the frequencies of CT and TT genotypes were significantly increased compared to anti-CCP group. Carriers of T allele were significantly more likely to have positive anti-CCP[51]. The same polymorphism was tested in a Polish RA population, where no significant differences were observed in the genotype and allele frequencies of controls vs RA patients[52]. Meta-analysis showed that the -590 C/T polymorphism is a risk factor for RA among Europeans[53].

Two functional polymorphisms in the IL-4 receptor gene rs1801275 (Q551R) and rs1805010 (I50V) were analysed in African American RA patients. They found that patients positive for HLA-DRB1 shared epitope (SE) and autoantibodies had a higher risk of developing rheumatoid nodules in the presence of rs1801275 AA and AG alleles, while patients positive for the HLA-DRB1 SE and RF alone had a higher risk of developing rheumatoid nodules in presence of rs1801275 AA and AG alleles and rs1805010 AA allele[54]. These variants were examined in an Egyptian population as well. In RA patients, the IV genotype frequency was significantly increased compared to controls. Subjects with IV genotype were significantly more potential to have the disease. In patients with erosive RA, the VV genotype frequency was significantly increased compared to patients with non-erosive RA. Subjects with VV genotype were significantly more susceptible to erosive arthropathy. The QR genotype frequency was significantly decreased in patients with erosive RA compared to patients with non-erosive RA. Carriers of V allele and Q allele were significantly more potential to be RF-positive, respectively and consequently develop severe RA[55]. 

IL-15: IL-15 (OMIM 600554) is a T cell activating factor which has pleiotropic and physiological activities in both the innate and acquired immune responses[56]. It plays an essential role in the differentiation, survival and activation of NK cells[56]. These functions are mediated through IL -15 receptor (IL-15R)[57]. IL-15 exerts pro-inflammatory effect in several diseases like allergy, transplant rejection and autoimmune disorders. Abnormalities in IL-15 expression may be involved in the pathogenesis of inflammatory autoimmune disorders like RA[56]. IL-15 may be implicated in the perpetuation of synovial inflammation in RA by generating positive-feedback loop, in which IL-15 synthesis by activated synovial macrophages or fibroblasts could induce a continuous T-cell recruitment[58].
Five SNPs in IL-15 gene (rs7667746, rs7665842, rs2322182, rs6821171 and rs4371699) were significantly associated with rate of joint destruction in North European RA patients[59]. Thirteen SNPs were screened within the IL-15 regulatory regions [promoter, 5’ and 3’ untranslated region (UTR) regions]. In addition, an association study of these SNPs was conducted in three independent case-control cohorts with Spanish Caucasian origin. The presence of the 13 selected IL-15 SNPs was confirmed and no new genetic variants were found. The distribution of the IL-15 selected SNPs in RA patients and controls showed no statistically significant difference in any studied populations. The haplotype analysis revealed that the three IL-15 haplotype blocks were not associated with RA susceptibility or severity in the analysed cohorts. It was suggested that the IL-15 gene polymorphisms may not play major role in RA genetic predisposition, and probably other molecules which are implicated in the IL-15 pathway might possibly be implicated in RA susceptibility[60]. These results are in accordance with two previous studies which analysed the contribution of IL-15 gene to the genetics of immunity-related diseases. There was no significant association observed in two different Caucasian populations for a number of IL-15 SNPs and allergic disorders[61].

IL-2/21: IL-2 (OMIM 147680) promotes proliferation and expansion of both antigen-specific clones of CD4+ and CD8+ T cells. The IL-2 receptor (CD25) susceptibility locus has recently been reported to be associated with RA[62]. IL-21 is involved in cell-mediated and humoral responses. It has pleiotropic effect on a variety of immune and nonimmune cells. In RA, the synovial fluid and tissue have enhanced inflammatory responses to IL-21 and elevated IL-21 receptor expression[63]. In Dutch RA patients was found that the IL-2RA locus may predispose to less destructive course of RA. The minor C allele of IL-2RA (rs2104286) was associated with less progression of joint destruction. The IL-2RA (rs2104286) protective genotype was associated with lower circulating levels of soluble interleukin-2 receptor A (sIL2RA). Lower sIL2RA levels were associated with a lower rate of joint destruction[64]. The SNP rs6822844 for IL-2/IL-21 was investigated for associations with the disease and for associations with autoantibody status in a Dutch RA cohort. IL-2/IL-21 rs6822844 showed a clear trend toward association with RA[65]. 
The KIAA1109-TENR-IL2-IL21 region has been associated with a wide variety of autoimmune diseases like type 1 diabetes (T1D)[66], ulcerative colitis[67], Crohn’s disease[68], celiac disease, Graves’ disease (GD)[66], systemic lupus erythematosus (SLE)[69], psoriatic arthritis[70], and juvenile idiopathic arthritis[71]. The rs6822844 within the KIAA1109-TENR-IL2-IL21 gene cluster has been linked to RA. Other variants within this cluster, for example rs17388568 is not in linkage disequilibrium (LD), but rs907715 is in moderate LD with rs6822844. The rs17388568 has been described to be in association with a number of autoimmune phenotypes, including T1D. Australasian RA patients and controls of European Caucasian ancestry were genotyped for rs6822844, rs17388568 and rs907715. No statistically significant difference was observed in the Australasian sample set for rs6822844or rs17388568 or rs907715. In a meta-analysis there was a genome-wide level of significance supporting association of rs6822844 with RA. Meta-analysis of rs17388568 showed no significant association with RA, while the meta-analysis of rs907715 only a trend towards association, but this was not independent of the association at rs6822844. The analysis of the KIAA1109-TENR-IL2-IL-21 gene cluster supported its association with RA and rs6822844 is the dominant association in this locus[72].

The IL-10 family

IL-10 cytokine family members (IL-10, IL-19, IL-20, IL-22, IL-24, IL-26, IL-28 and IL-29) are mainly linked through their similar intron-exon structure[73].

IL-10: IL-10 (OMIM 124092) is an anti-inflammatory cytokine produced by B cells, T cells, NK cells, monocytes, macrophages, and dendritic cells (DCs). It inhibits both antigen presentation and subsequent release of pro-inflammatory cytokines, so it attenuates the activated immune system[74]. IL-10 has been shown to suppress the inflammatory cytokines IL-1, IL-6, IL-8, IL-12, TNF-, hematopoietic growth factors and inhibit the synthesis of nitric oxide, gelatinase, and collagenase[75].
Three promoter polymorphisms of IL-10 rs1800896, rs1800871 and rs1800872 have been studied in some populations with controversial results. The rs1800896 polymorphism is localized within a putative E-twenty six (Ets) transcription factor binding site, while rs1800871 is located within the putative positive regulatory region[76-78]. The rs1800872 is localized within the putative STAT3 binding site and negative regulatory region. These polymorphisms are in strong LD and appear in three potential haplotypes: GCC, ACC and ATA. The production of IL-10 depends on the genotypes. The ACC/ACC, ACC/ATA, and ATA/ATA are correlated with low, ACC/GCC and ATA/GCC with intermediate, whereas GCC/GCC with high IL-10 production[79]. In a Malaysian population the distribution of the IL-10 genotypes did not differ significantly between RA patients and healthy controls. However, significant difference was found in the allele frequencies of rs1800896CT, rs1800871TT, rs1800872CA and AA between the RA patients and healthy subjects[80].

A Polish population study could not show association between IL-10 genotypes and age at disease diagnosis, disease activity in a physician’s global assessment, joint and extra-articular involvement. They found also no correlation between IL-10 polymorphisms and disease activity parameters (ESR and CRP), number of swollen and tender joints, and duration of morning stiffness. The frequency of GCC, ACC, and ATA haplotypes in RA patients did not differ from that in the control group. These results suggest that IL-10 promoter polymorphisms are not risk factors for RA activity[81].

In a Chinese population only rs1800872 was studied. The allele and genotype frequencies were significantly different between the RA patients and controls. In addition, significant differences of allelic and genotypic frequencies were also detected between the patients with or without anti-CCP. The CA genotype is the most frequently observed genotype in both patients and controls. However, the distributions of CC and AA genotype in patients and control were reverse. The AA genotype frequency was higher, whereas the CC genotype frequency was lower in patients than in controls. The A allele frequency showed increased level comparing the results to the controls. It showed decreased A allele frequency, but increased C allele frequency level[82]. 

In a meta-analysis related to rs1800896, 10 case–control studies were carried out with the result that G allele carriers (GG + GA) had 25% decreased risk of RA, compared to the homozygote AA. In the analysis of Europeans, significantly decreased risks were associated with G allele carriers. The results of this meta-analysis provided evidence for the association between rs1800896 polymorphism and the risk of RA[83].

The IL-12 family

The IL-12 family consists of IL-12, IL-23, IL-27, IL-30 and IL-35, which are important mediators of inflammatory disorders. The common part is the heterodimeric complex composed of two subunits, the expression of which is regulated independently and have very different biological activities[84].

IL-23: IL-23 (OMIM 605580) was first described as a member of the IL-6/IL-12 superfamily[85]. It is a heterodimeric cytokine composed of 2 subunits[86-90]. The -subunit is homologous to type I cytokines and -subunit is related to the extracellular domain of other hematopoietin receptor family members[91]. IL-23 is expressed by activated monocytes, macrophages, DCs, T cells, B cells and endothelial cells[85,92] which strongly correlate with the cellular responsiveness to IL-23. IL-23 binds to a heterodimeric receptor complex composed of IL12RB1 (OMIM 601604) and IL23R (OMIM 607562) subunits[93]. IL12RB1 is also part of the IL-12 receptor, while IL-23R is unique to the IL-23 receptor complex. 
The genetic variants of IL-23 and its receptor (IL-23R) were first examined in the context of inflammatory bowel diseases (IBDs) in non-Jewish subjects[94]. Previous studies using genetically deficient animals showed experimental evidence that a strong association exists not only between the carriage of certain IL-23R gene variants and IBDs, but the correlation also stands for collagen-induced arthritis as inactivation of the IL-23R gene resulting in disease resistance[95].

On the basis of these findings, the possible associations between the functional variants of the IL-23R gene and RA were studied in the Hungarian population, and it was reported that some allelic variants represent an elevated risk for the disease, particularly in the RF- and/or anti-CCP-seropositive subsets of patients[96]. An increased prevalence of the homozygous rs10889677 AA genotype of the exon-3’-UTR 2370 C/A variant and the homozygous rs2201841 CC genotypes of the intronic SNP could be observed not only in Crohn’s disease, but also in the RA groups compared to the controls. 

In a Spanish population the examinations were expanded with genotyping of rs1004819, rs7517847, rs10489629, rs1343151, rs11209032 and rs1495965 SNPs, but none of the examined allelic variants and genotypes showed an increased prevalence in RA patients,  not even when patients were stratified according to their clinical and demographic features (gender, age at disease onset, presence of shared epitope, RF, rheumatic nodules and extra-articular disease)[97].

These findings were supported by a large cohort genotyping of Caucasian subjects for rs7530511 and rs11209026 variants of the IL-23R gene, but none of these SNPs proved to contribute to the predisposition to RA[98]. A Spanish study proved that the minor allele of the rs7517847 variant is responsible for a slightly elevated risk to RA[99] which is in accordance with the former findings[98]. Also the exonic rs11209026 contributes to the onset of the disease as well. The same variant was reported to be significantly less frequent in RA patients compared to controls[94].

Analyses of six IL-23R SNPs (rs11209026, rs1004819, rs7517847, rs10489629, rs2201841 and rs1343151) were analysed in a New Zealand Caucasian set of RA patients and extended by the reanalysis of the Wellcome Trust Case Control Consortium[62] and the previously published Spanish data set[97]. Unfortunately, the results emphasized the lack of association of the exonic rs11209026 with RA, but provided evidence for a weak allelic association of the rs1343151 variant with the disease. The study also tested LD relationships between 11 IL-23R markers. Results showed that several SNPs which were reported to confer risk for RA (rs1343151 in the same paper, and rs10889677 and rs2201841 in the Hungarian cohort) seemed to be independent risk factors[96,100], while others, such as rs7530511 in the North America Rheumatoid Arthritis Consortium (NARAC) and the Swedish Epidemiological Investigation of Rheumatoid Arthritis EIRA genome wide scan[101] seemed to confer risk only due to their weak LD with the markers associated in the Hungarian cohort[96]. Additionally, the NARAC plus EIRA data did not support the predisposing nature of the rs1343151 genetic variant which contradicted the results of a New Zealand study and a meta-analysis performed by a Chinese medical research group, who were able to replicate the association in a data set consisting of four European Caucasian populations[102].

As several studies have examined the association between IL-23R polymorphisms and RA but the results were contradictory. There was a high need for a carefully designed meta-analysis which can clarify the issue. In 2012, two papers summarized the observations published before February 2012[103,104]. In a meta-analyis, all relevant original papers gathered from electronic databases were selected by strict inclusion criteria[104]. Six studies involving more than 5000 European patients and controls were assessed. The C allele of the rs10489629 and the G allele of the rs7517847 proved susceptibility to RA. Interestingly, these alleles are protective factors in ankylosing spondylitis, but the same genetic variants may not share a common mechanism in different autoimmune diseases[105].
A meta-analysis evaluated the possible role of four other IL-23R polymorphisms in the etiology of RA (rs10489629, rs11209026, rs1004819 and rs2201841). It revealed significant association between the A allele of the rs134151 variant and RA in European subjects, and also confirmed the results of the previous meta-analysis on the predisposing feature of the rs10489629. A allele in the overall population[106]. Interestingly, no association was found between the rs7517847 polymorphism and RA, although this variant is in moderate LD with rs1343151. None of the other SNPs in the focus of this meta-analysis (rs11209026, rs1004819, rs2201841) showed association with the disease. Although three, possibly predisposing IL-23R variants after the meta-analyses have been convincingly identified; the exact functional significance of these polymorphisms remains unclear.

The IL-6-like cytokines

Members of this family (IL-6, IL-11, IL-27 and IL-31) signal through receptors containing gp130 which are commonly referred to as the IL-6-like or gp130 utilizing cytokines family[107].

IL-6: IL-6 (OMIM 147620) is one of those pro-inflammatory cytokines which are involved in the pathogenesis of RA. It acts as a major mediator of the acute phase response[108]. IL-6 signals through a cell-surface type Ⅰ cytokine receptor complex consisting of the ligand-binding IL-6R chain (OMIM 147880) and the shared signal-transducing component IL6ST (also called gp130; OMIM 600694)[109].
Conventional radiography is considered a well-established imaging technique for identifying progressive joint damage[110]. The IL-6 gene polymorphism-174 G/C (rs1800795) have been associated with RA susceptibility and radiographic severity of bone-erosive damage[111-115]. Significant association was observed between IL-6 -174 C allele and early disease onset of RA[116]. However no relationship was found between disease susceptibility and IL-6 -174 C allele in a Spanish study[117]. Another SNP, the -572 G/C (rs1800796) of IL-6 is associated with RA in a Chinese Han population[47] but with no association with RA in Taiwan[118]. Similarly to these studies no association was found between IL-6 -174, -572, -597 genotype distributions and allele frequencies in Turkish RA patients[34].

Elevated levels of IL-6 and soluble IL-6R (sIL6R) were found both in the serum and also in synovial fluid of joints in Han Chinese patients with RA[119]. IL-6R can be released in vivo in sIL6R through differential mRNA splicing and proteolytic rupture controlled by a disintegrin and metalloprotease domain (ADAM17, also called tumor necrosis factor--converting enzyme, TACE). This process is influenced by the SNP rs8192284 resulting in an aspartic acid to alanine substitution (D358A) at the proteolytic cleavage site. Trans-signalling extends the IL-6 range of action to cells lacking constitutive IL-6R[120]. It plays a key role in the pathophysiology of RA[121], where synoviocytes and chondrocytes react to IL-6 through this pathway. In a Spanish RA study was found that rs8192284 polymorphism determines the sIL6R plasma level. Furthermore, increased sIL6R plasma levels and expression of spliced isoform generating sIL6R are genotype dependent. 

Meta-analysis of different studies with different ethnicities found association between RA and IL-6-174 G/C polymorphism in the European population. An Asian study also revealed significant association between the same IL-6 polymorphism and RA. Regarding to the IL-6-572 G/C polymorphism, the ethnicity-specific analysis in the Asian study revealed an association between RA and the IL-6-572 G/C. However no association was found between the IL-6-174 G/C polymorphism and RA in the Iranian study[122].

The IL-17 family

This recently discovered interleukin family contains six cytokines (IL-17A, IL-17B, IL-17C, IL-17D, IL-17E and IL-17F). IL-17A was the first member and the others were discovered shortly after the first one by large-scale sequencing of the human genome[123-126]. Members of this family share the highest amino acid sequence homology and perform distinct biological functions[127].

IL-17: IL-17A (OMIM 603149) is a pro-inflammatory cytokine which was the first discovered member of this family in 1993[128]. It acts on a variety of cells involving the development of autoimmunity, inflammation, and tumors. IL-17A and IL-17F genes share the highest degree of homology of about 50%, while the others have only 16%-30% of identity at the primary sequence level[126,129-132]. IL-17F (OMIM 606496) is a novel pro-inflammatory cytokine which induces the expression of cytokines and chemokines. Furthermore, it may play a role in skeletal tissue destruction and inflammatory processes in RA. In arthritis, IL-17A and IL-17F induce significant cartilage matrix release, inhibit new cartilage matrix synthesis and directly regulate cartilage matrix turnover[130]. The IL-17 receptor (IL17R) family includes five members: IL-17RA (OMIM 605461), IL-17RB (OMIM 605458), IL-17RC (OMIM 610925), IL-17RD (OMIM 606807), and IL-17RE (OMIM 614995)[133]. 

The IL-17F gene polymorphisms 7488 A⁄G (rs763780) and 7383 A⁄G (rs2397084) were investigated in Polish RA patients. The examined polymorphisms were not correlated with susceptibility to RA, but the 7488A⁄G (His161Arg) variant was associated with parameters of disease activity (number of tender joints), Health Assessment Questionnaire (HAQ) score or Disease Activity Score (DAS-28)-CRP. The authors supposed that the 7383 A⁄G (Glu126Gly) polymorphism may be correlated with longer disease duration in patients with RA. Probably these two SNPs directly regulate the IL-17F expression. They hypothesized that polymorphisms in IL-17 gene may cause redundant production of IL-1 and TNF- which can mediate inflammatory pathology in many autoimmune diseases, including RA[134].

In Norwegian patients with RA, five IL-17A SNPs were analysed. They found a weak but significant RA correlation with the IL-17A promoter polymorphism rs2275913[135]. A Japanese study concerning early RA examined the association between age at RA onset, radiographic progression and three SNPs (rs3804513, rs3748067, rs1974226) in the IL-17A gene. They described a weak association between the intronic rs3804513 and joint destruction (Larsen score), but found no association with the risk of developing RA[136].

Chemokines
This group contains only two ILs, IL-8 and IL-16.

IL-8: In a Taiwan population the 2767 A/G (rs112664) polymorphism in the 3’-UTR of the IL-8 gene were investigated and no significant differences were found in the genotype and allele frequencies between RA patients and controls. Clinical characteristics such as age at onset, RF positivity, joint erosion and extra-articular manifestations were compared among patients, and it was found that patients with IL-8 3’-UTR 2767AA genotype had a significantly younger age of onset of RA than patients without that genotype[118].
In caucasian RA patients and healthy controls the 781 C/T (2227306) SNP of IL-8 gene was examined with the result that CC genotype is associated with the early onset of RA[137].

CLINICAL IMPLICATIONS, TREATMENTS

Till the 1950s, aspirin and non-steroid anti-inflammatory drugs (NSAIDs) were the mainstay of RA therapy. Oral, intramuscular or intra-articular corticosteroids are recommended for controlling pain and inflammation. Ideally, NSAIDs and corticosteroids are used only for short-term management of RA. The development of disease-modifying anti-rheumatic drugs (DMARDs) has revolutionized the long-term therapeutic approach of the chronic inflammatory rheumatic diseases, particularly in patients resistant to standard treatment. 

In respect of the new nomenclature for DMARDs[138], the term conventional, synthetic DMARDs (csDMARDs) is used to subsume chemical agents such as methotrexate (MTX), sulfasalazine, leflunomide, hydroxychloroquine, minocycline (less commonly used: gold sodium, thiomalate, penicillamine, cyclophosphamide, cyclosporine, azathioprine); whereas tofacitinib, a new sDMARD specifically designed to target janus kinases (JAKs), will be designated as a targeted sDMARD (tsDMARD). Biologic agents (bDMARDs) include monoclonal antibodies (mAbs), soluble recombinant cytokine receptors and natural antagonists to block cytokines which promote the inflammatory cascade responsible for RA[139]. Biological originator (bo) DMARDs encompass the five currently available TNF- inhibitors (infliximab, etanercept, adalimumab, certolizumab pegol and golimumab), the T cell costimulation inhibitor abatacept, the anti-B cell agent rituximab, and the IL6R-blocking monoclonal antibody tocilizumab, as well as the IL-1 inhibitor anakinra. While biosimilars (bs), such as bs-infliximab, approved newly in the United States and/or Europe, will be named bsDMARDs[140].

The last set of ACR recommendations for the treatment of RA were published in 2008[141] with an update in 2012 for the use of DMARDs[142]. The 2010 EULAR guideline was renewed in 2013[140]. Goals of RA therapy include reaching a target of remission or low disease activity in every patient. The commonly used indices to depict clinical response to therapy in RA include the ACR response[143], HAQ score[144] and DAS[145]. DAS28 is derived by the number of swollen joints and tender joints using the 28-joint count, and measures the CRP and and the patient’s own assessment on a visual analogue scale[145].

Therapy with DMARDs should be started as soon as the diagnosis of RA is made[140]. Methotrexate is recommended as the first-line treatment in patients with active RA, unless contraindicated or not tolerated[138,141]. Leflunomide may be used as an alternative to methotrexate, although gastrointestinal adverse effects are more common. Sulfasalazine or hydroxychloroquine is recommended as monotherapy in patients with low disease activity or without poor prognostic features (e.g., seronegative, non-erosive RA)[141,146]. Low-dose glucocorticoids should be considered as part of the initial treatment strategy (in combination with one or more csDMARDs) for up to 6 mo, but should be tapered as rapidly as clinically feasible. Combination therapy with two or more DMARDs is more effective than monotherapy; however, adverse effects may also be greater[15]. If RA is not well controlled with a csDMARD, a biologic DMARD should be initiated with MTX[140,141,146]. Current practice would be to start a TNF inhibitor. If TNF inhibitors have failed, other biologic therapies can be considered (e.g., abatacept, rituximab or tocilizumab). Simultaneous use of more than one biological therapy (e.g., adalimumab with abatacept) is not recommended because of an unacceptable rate of adverse effects[141]. Tofacitinib, a new tsDMARD, may be considered after biological treatment has failed[138].

Although the precise etiology of RA still remains unknown, improved understanding of the pathogenesis of the disease DMARD treatment has undergone dramatic changes during the past decade. Biological DMARDs have the potential to inhibit the behaviour of cytokine, cellular activation, and inflammatory gene transcription by various means. Cardiovascular disease due to accelerated atherosclerosis is the major cause of excessive mortality in RA. Cytokine antagonists have shown a favourable response in endothelial cell dysfunction in these patients[147].

Because of the elevated levels of TNF, IL-1 and IL-6 in the synovial fluid of patients with RA, these three cytokines have been targeted at the beginning of RA therapy. Numerous other biological therapies are in various stages of development. We now review the main biological drugs classifing according to the targeted mechanism of action.

Tumor necrosis factor inhibitors

TNF is a pleiotropic, pro-inflammatory cytokine which plays a pivotal role in the origin and progression of RA. TNF is a 17-kD trimeric protein cytokine that is produced mainly by monocytes and macrophages. Newly synthesized TNF is inserted into the cell membrane. Subsequently, the TNF converting enzyme (TACE) cleaves this cell-bound TNF to release it into circulation[148]. Both soluble (sTNF) and membrane TNF (mTNF) are biologically active when interacting with either of two distinct receptors, TNF receptor 1 (TNFR1, p55) and TNFR2 (p75), expressed on a wide variety of target cells[149]. TNF receptor signalling occurs through two pathways: one arm has death-domain proteins which lead to apoptosis, the second and dominant signalling pathway goes through a series of kinases, leading to the activation of nuclear-factor kappa B (NF-B). 

The mechanism of action of TNF- antagonists is based on the neutralization of both sTNF and mTNF and has a more global effect on inflammation than the blockade of other cytokines. The interruption of the signal pathways mediated by TNF has numerous consequences, reflecting the pleiotropic effect of the cytokine: apoptosis, inhibition of pro-inflammatory cytokine and chemokine release, but also of chondrocyte, osteoclast, and endothelial cell activation, reduction of leukocyte accumulation and angiogenesis, increase of T reg cell number.

Currently, 5-TNF inhibitors are approved for use by the United States Food and Drug Administration. Infliximab (Remicade®) is a chimeric (75% human + 25% mouse) monoclonal full-length, bivalent IgG1 mAb[150]. Certolizumab Pegol (Cimzia®) is a humanized protein containing amino acid sequences derived from a mouse anti-TNF mAb and inserted into human domains; adalimumab (Humira®) and golimumab (Simponi®) are fully human mAbs[151]. Etanercept (Enbrel®) is a dimeric fusion protein consisting of soluble p75-TNFR2 and the Fc portion of human IgG1. The primary action of etanercept is to bind and inactivate soluble and cell-bound TNF- and lymphotoxin-.

Another way to block TNF- in biological fluids is to inhibit TACE, up to 95% reduction of the TNF production is attainable. TACE inhibitors are under development, but, even after more than a decade no single TACE inhibitor has passed the phase 2 clinical trials[152].

IL-1 antagonism

IL-1 is implicated in the pathogenesis of RA, its level correlates with RA disease activity[153]. IL-1 type 2 receptor (IL-1R2) (OMIM 147811) is a decoy receptor which binds to circulating IL-1[154] and is not involved in signal transduction. An antagonist of these receptors has also been identified (IL1RN) which neutralizes the effects of IL-1, consequently, IL1RN acts as a physiological inhibitor of IL-1. Complete inhibition of IL-1 requires 10-fold to 100-fold molar excess of IL1RN over IL-1. The balance between IL-1 and IL1RN is important in maintaining the normal physiology of the joints and homeostasis of the immune system. 

Anakinra (Kinaret®) is a recombinant form of the naturally occurring IL1RN[155], approved in 2001 for the treatment of patients affected by RA. It should also be mentioned that anakinra, while effective in individual patients with RA, did not show a high level of clinical efficacy in clinical trials[156] and therefore has not been recommended as a major biological agent for use in RA[140].

Many IL-1 inhibiting agents are being developed and tested. These include a recombinant form IL-1R2, rilonacept, also known as IL1Trap (recombinant molecule consisting of IL1R1 and IL1RAP fused to human IgG1 Fc portion which acts as a soluble decoy receptor, trapping both IL-1A and IL-1B[155]). Canakinumab, a human anti-IL-1B mAb (currently investigated in phase 3 studies[157]), and an inhibitor of IL-1 converting enzyme[154,158].

IL-6 antagonism

Evidence has indicated that blocking the effects of IL-6 in RA is effective and safe, especially with the IL-6R inhibitor, tocilizumab[159]. Tocilizumab (Actemra®) is a humanized mAb of IgG1 class against IL-6R which prevents the formation of the IL-6/IL-6R complex and the activation of signal transduction cascade through JAKs and STATs. Over the next few years, new biological agents targeting the IL-6 receptor (sarilumab) or IL-6R (clazakizumab, sirukumab) may become available[160].
Co-stimulation signal blockade

There are several sets of T cell co-stimulatory molecules like CD40-CD40 ligand (CD40L) and CD28-CTLA4-B7. Blockade of some of these are under various stages of development[139]. Abatacept (Orencia®) is a biologic agent which blocks T cell activation through the inhibition of CD28-B7 mediated costimulation of the T cell. It has been approved for the treatment of RA[161]. Structurally, abatacept is a recombinant dimeric fusion protein consisting of the extracellular domain of CTLA-4 fused with the modified Fc portion of a human IgG1. Blocking anti-CD40 ligand antibody and anti-CD11a monoclonal antibody (efalizumab) could be also beneficial for the treatment of RA.
B-cell-depleting therapy

B cells behave as antigen presenting cells, stimulating the activation and proliferation of T cells. In addition, the synovium of patients with RA contains a large number of plasma cells producing RF. The easiest method to obtain a reduction in the number of B cells is to use mAbs directed against surface markers such as CD19, CD20, and CD22.

Rituximab (Rituxan®) is a chimeric mouse/human mAb which selectively depletes B cells bearing the CD20 surface marker. Widely used in the treatment of B-cell lymphomas, it has been shown to be surprisingly effective in RA. The rituximab/MTX combination represents a potential therapeutic option for moderate/severe RA patients, resistant or intolerant to at least one TNF antagonist[140]. Epratuzumab is a humanized mAb formed by an IgG1 directed against CD22.

Tumor necrosis family proteins (e.g., death receptors, anti-B lymphocyte stimulator antibodies) are the molecules of the immune system which take part in the negative feedback regulation to eliminate autoimmune cells. Excessive levels of the TNF family ligand B-lymphocyte stimulator (BLyS) have been demonstrated in RA synovial fluid. Approaches targeting the BLyS and other systems (like APRIL) to selectively eliminate the activated autoimmune lymphocytes in RA are under development[162]. Belimumab is a human recombinant IgG mAb which acts by binding BLyS protein and prevents the interaction with the B cell activating factor receptor. 

Atacicept is a recombinant fusion protein comprising the extracellular domain of the TACI (Transmembrane Activator and CAML Interactor) receptor joined to a human IgG1 Fc domain. Atacicept also inhibits the survival of long-lived plasmacells directly involved in the pathogenesis of RA and SLE.

Kinase inhibitors

In the case of RA, kinases play a central role in the aberrant immune system activation and hence have been targeted using small molecule inhibitors. Mitogen-activated phosphokinase p38 (MAPK), spleen tyrosine kinase (Syk), and JAKs have been studied extensively in clinical trials in RA[163]. Several p38 MAPK inhibitors proved inefficient in treating rheumatoid arthritis. 

The Syk inhibitor, fostamatinib, proved superior to placebo in Phase 2 trials and is currently under phase 3 investigation. Tofacitinib (Xeljanz®), a JAK1/3 inhibitor, was approved for the treatment of RA in the United States, Japan and Russia in April 2013[164]. This new tsDMARD may be considered for use after biological treatment has failed[138]. Ruxolitinib and baricitinib (JAK1/2 inhibitors) and pan-JAK inhibitors (JAKinibs) have also been studied in RA where preliminary results were promising in terms of efficacy and safety in a Phase 2a trial.

Upcoming therapies

IL-1 superfamily: IL-18 could be an interesting target in the treatment of RA and one opportunity for antibody-based biological therapies in RA. Blocking of IL-18 by the administration of a recombinant IL-18 binding protein (IL18BP, OMIM 604113) which has the ability to prevent binding of IL-18 to its receptor, or anti-IL-18 in mice with collagen-induced arthritis resulted in a clear reduction of the disease severity compared with placebo-treated mice[165].
IL-33 (OMIM 608678), a newly identified IL-1 family member cytokine, is a chemoattractant for Th2 cells and facilitates the production of Th2 cytokines. IL-33 binds to its receptor consisting of the orphan receptor ST2 (IL1RL1, OMIM 601203) and IL-1 receptor accessory protein (IL1RAP). The soluble ST2 (sST) acts as a decoy receptor of IL-33 and is a natural inhibitor of IL-33. Increased serum and synovial fluid levels of sST2 in RA patients reflect an active inflammatory state[166,167]. Furthermore, the inhibition of IL-33 receptor signaling with anti-ST2 antibodies or sST2-Fc fusion protein resulted in reduced severity of collagen-induced arthritis[166,168].

IL-2 superfamily: The role of IL-2 in the immunopathogenesis of RA is debated. IL-2 is hardly detectable in the synovial fluid, and only a low percentage of the intra-articular T cells express T cell activation markers (Tac antigen)[169]. IL2-directed therapy may have beneficial effects in RA patients[170]. The humanized monoclonal antibody daclizumab (Zenapax®) against the α-chain of the IL-2R (CD25) caused significant reduction of joint-inflammation and joint-erosion in collagen-induced arthritis in rhesus monkeys[171]. Antagonistic IL2RA mAbs (anti-Tac/daclizumab, basiliximab) are effective in preventing rejections of organ transplants.
IL-15 is a pro-inflammatory, innate response cytokine. In patients with RA,  innate response cytokine IL-15 is expressed in the synovial tissue and the serum levels of IL-15 have been reported to correlate with disease severity[172]. Anti-IL15 monoclonal antibodies are being examined for their anti-arthritic activity. Baslund and colleagues conducted a phase 1/2 clinical trial of a human IgG1 anti-IL15 monoclonal antibody, HuMax-IL15. This antibody could neutralize various biological effects of IL-15 in synovial tissue in vitro, and it caused significant improvement in disease activity at 12 wk after treatment initiation[56,173,174]. Clinical trials are underway evaluating the safety and efficacy of monoclonal antibody IL-15 (HuMax-IL15) and CD2 receptor (Alefacept).

IL-21 contributes to joint inflammation and synovial cellular infiltration in RA, as expected for a Th17-related cytokine[25,175]. Increased level of IL-21 has been reported in RA sera, and the concentration of IL-21 in serum and synovial fluid was higher in RA than osteoarthritis[175]. Treatment with IL21RFc chimeric protein in animal models of RA resulted in significantly reduced disease severity[176-178].

The IL-12 family: IL-12 and IL-23 bind to the IL12RB1 of T cells and NK cells via their shared p40 subunit. Evidence shows that IL-23 plays a key role in the development of pathogenic Th17 cells producing IL-17, which further induces the production of several pro-inflammatory cytokines, such as TNF and IL-6, chemokines, which cause the aggravation of synovial inflammation and osteoclast differentiation leading to joint destruction in patients with RA[179,180]. In addition, the serum level of IL-23 in patients with RA correlates with the number of swollen joints, the DAS28 joints. Studies have shown that IL-23 induces receptor activator of RANKL expression on CD4+ T cells and promotes osteoclastogenesis in an autoimmune arthritis[181]. Thus anti-IL23 therapy could be a therapeutic target not only of inflammation but also bone erosion in RA. The level of interest in this target can be seen from the fact that 15 different IL23R antagonists are now reported to be in clinical or pre-clinical development[182] .
Recent clinical studies associated with IL-23 inhibition in arthritis include the use of apilimod mesylate, an orally administered inhibitor of IL-12/IL-23 in RA[183]. Ustekinumab and briakinumab, fully human mAbs directed against the p40, are currently in phase 2 trials. However, due to the common p40 subunit and IL12RB1 chain, the major drawback of anti-IL23 treatment may be the simultaneous inhibition of IL-12 and a possible shutdown of the immune system. Nevertheless, it would be much more useful to design drugs that target the IL23p19 or IL23RA itself, thus inhibiting IL-23 without modifying the effects of IL-12 (e.g., MP-196, FM-303, IL-23 Adnectin)[182].

The IL-17 family: Increased levels of IL-17A have been found in sera, synovial fluid, and in the T cell-rich area of the synovium in patients with RA[184,185] and these levels are predictive of a more severe joint damage progression[186]. Besides the enhancement of inflammation commonly observed in arthritis, IL-17A also mediates bone and cartilage destruction through the stimulation of fibroblast-like synoviocytes to produce pro-inflammatory cytokines, IL-6 and IL-8, as well as matrix-degrading enzymes, matrix metalloproteinases. In addition, IL-17 upregulates the receptor activator of RANK on osteoclast precursors causing increased sensitivity to RANK signaling. 
Treatment of RA patients with a humanized anti–IL-17 antibody (LY2439821) given intravenously is shown to improve the signs and symptoms of the disease[187]. In another study on RA, treatment with AIN457 (anti-IL17) induced clinically relevant responses, although of variable magnitude[188]. The IL-17 blockers secukinumab (anti-IL-17A), ixekizumab (anti-IL17A), and brodalumab (anti-IL17RA) have shown efficacy in phase 2 trials in RA. The results of the ongoing phase 3 trials should help to shed light on whether IL-17A is truly a viable therapeutic target in RA. The effect of blocking other IL-17 family members including IL-17F has yet to be evaluated in human diseases.
Agents blocking the chemokines and adhesion molecules: Agents blocking the chemokines and adhesion molecules are also under trial. These include antibodies to IL-18[165], humanized anti-integrin avb3 monoclonal antibody (MEDI-522) and anti-VCAM antibodies. Suppression of new wessel formation could also be an interesting target in the future treatment of RA.
Anti-inflammatory cytokines in RA: IL-10 and IL-4 are cytokines with counter-regulatory mechanism that down-regulates pro-inflammatory responses. Some anti-inflammatory effects are also naturally provided by the presence of IL-1RN, IL-1R2 decoy receptor and soluble TNF receptor. In vitro, IL-10 and IL-4 inhibit the production of inflammatory cytokines including IL-1, IL-6 and TNF- RA[189,190], furthermore IL-10 has been shown to reverse the cartilage degradation seen in RA[189]. In vivo, however, they are inherently weak and proved inadequate.

IL-27 (OMIM 605816) is an IL-12 superfamily cytokine that plays a role in the immune effector responses in autoimmune diseases, including arthritis. The role of IL-27 as a pro-versus an anti-inflammatory cytokine has not yet been fully resolved. In collagen-induced arthritis, treatment of mice with IL-27 reduced the severity of arthritis, as well as the levels of IL-6, IL-17[87]. Another mechanism of IL-27-mediated protection against arthritis involves the inhibition of osteoclastogenesis[191].

It has recently been shown that human Tregs express IL-35 and require this cytokine for their optimal suppressive effect[192]. These findings reinforce a potential mechanism (e.g., suppression of Th17 response) that Tregs can be used to control pathogenic T cell responses in RA. Treatment of mice with IL-35 reduced disease severity which was associated with reduction in IL-17, IFN-, and an increase in IL-10 production[193].
Small molecular inhibitors of intracellular signalling: Small molecular inhibitors of intracellular signalling (e.g., NF-B and associated activator molecules) are in focus of numerous clinical and preclinical research and have shown promising results in animal models[194,195].

RANKL inhibition : Denosumab, a human anti-RANKL mAb is approved in the United States for the treatment of postmenopausal osteoporosis but is not currently indicated for the treatment of RA (phase 2).
CONCLUSION

RA is the most common chronic inflammatory disease of the joints and is characterized by a complex genetic architecture. In our review, we discussed the pathogenesis, the polymorphisms of IL and IL genes and also the standard available and possible future immunologic targets for RA treatment. The identification of disease-associated interleukin and interleukin receptor genes could provide precious insight into the genetic variations prior to disease onset in order to identify the pathways important for RA pathogenesis. From the discussed interleukins the IL-1, the IL-6, and the IL-23 were the most investigated.

IL-1 is very important, because it mediates many inflammatory diseases by initiating and potentiating immune and inflammatory responses. Several studies have dealed with the association of IL-1 gene polymorphisms with RA. The IL-1 expression is influenced by two variants of the IL-1B (-511 T/C and +3953 C/T). Carrying the TT genotype of IL-1B +3953 gene is susceptible to RA in a Turkish cohort, while the CT genotype of IL-1B -511 has a protective role against RA. In a British Caucasian RA patients the G allele of IL-1B -1464 C/G was found to possibly have protective effect in RA. In the Asian populations +3953 C/T SNP of the IL-1B polymorphism was associated with the development of RA.

IL-6 is the main pro-inflammatory cytokine which is involved in the pathogenesis of RA. Several SNPs of the IL-6 gene were investigated (promoter polymorphisms: -174, 572, -597, exonic polymorphisms: 869), but with controversial results. In a Spanish, Turkish and Iranian cohort the IL-6-174 G/C is not a risk factor for RA, but meta-analyses with different ethnicities showed an association between RA and these SNP in other European population. An Asian study also revealed a significant association between the same SNP and RA. The -572 G/C SNP is associated with RA in a Han Chinese population, while no correlation could be detected in a Taiwan population. Ethnicity-specific analysis in an Asian study revealed an association between RA and IL-6 -572 G/C polymorphism. 

IL-23 is the most extensively studied cytokine. IL-23 is very important in innate and adaptive immunity. The IL-23R gene was identified first as a CD susceptibility gene in North American non-Jewish subjects but the studied were extended to RA. Association between independent functional SNPs in the gene and its neighboring region and RA were investigated (rs10889677, rs11209032, rs1495965, rs2201841, rs1004819, rs11209026, rs7517847, rs10489629, rs1343151) in numerous studies. Several SNPs are susceptible, others are protective to the disease but the predisposition was population dependent.

In the lack of knowing genetic variants that influences the development of RA and in default of adequate therapy, the patient’s way of life continuously declines, even permanent disability might arise. However, conventional DMARD therapy of RA has several limitations like slow onset of action and induction of partial remission. By targeting molecules that are directly involved in pathogenesis pathways, blocking biologic activity of pro-inflammatory cytokines and their receptors may be more specific, more efficacious, and less toxic in the short-term than current treatment modalities. Because biologics are relatively new, evidence is insufficient to determine their long-term benefits and risks, including the risk of lymphoma and malignancies.

Evidence suggests that although biologics are relative expensive, they remain cost-effective because of the major clinical benefits that patients may experience. Currently, data is available for one biosimilar product (infliximab) which shows similar efficiancy and safety profiles to the original biological agent. It has been estimated that the price for biosimilar products will be 65%-85% of their originators. Nevertheless, combinations of biological agents targeting different disease processes may allow more promising results in future. The knowledge of the complex genetic background may prove to be greatly useful for developing novel therapies and producing personalized medicine based on the individual’s genetics.
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Figure 1  Schematic representation of the interleukin families and receptors involved in the pathogenesis of rheumatoid arthritis. Only those interleukins and interleukin (IL) receptors are shown where studies have demonstrated positive association between genes/SNPs and disease phenotype. Interleukins are assigned to each family based on sequence homology and receptor chain similarities or functional properties, considerable overlap between these families exists. Polymorphisms in genes encoding ILs and ILRs have been found to be involved in rheumatoid arthritis. Ligand binding initiates intracellular phosphorylation cascades that are mediated by kinases [i.e., interleukin 1 receptor associated kinase (IRAK); mitogen-activated protein kinase (MAPK); Janus kinase (JAK) and tumor necrosis factor (TNF) receptor associated factor, TRAF], resulting in signal transduction through certain transcription factors [including signal transducers and activators of transcription (STAT); nuclear factor kappa-light-chain-enhancer of activated B cells (NF-B)]. These transcription factors stimulate the expression of a number of pro-inflammatory and anti-inflammatory cytokine genes involved in the pathogenesis of rheumatoid arthritis.
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Table 2  The examined interleukin and interleukin receptor gene polymorphisms that are associated with rheumatoid arthritis


  Gene


�
Polymorphism


�
Population


�
Ref.


�
�
  IL-1B


�
rs16944 


�
Algerian, British, Turkish


�
[34,35,40] 


�
�
�
rs1143623


�
British


�
[35]


�
�
�
rs1143634


�
Algerian, Asian, Turkish 


�
[34,40-42]


�
�
  IL1-RN 


�
rs419598


�
Black South Africans 


�
[36]


�
�
  IL-2/IL-21


�
rs907715


�
Australasian


�
[72]


�
�
�
rs6822844


�
Australasian, Dutch


�
[65,72]


�
�
�
rs17388568


�
Australasian


�
[72]


�
�
  IL-2RA


�
rs2104286


�
Dutch


�
[64]


�
�
  IL-4


�
rs2243250


�
Egyptian, Polish


�
[51,52]


�
�
  IL-4R


�
rs1801275


�
African American, Egyptian


�
[54,55]


�
�
�
rs1805010


�
African American, Egyptian


�
[54,55]


�
�
  IL-6


�
rs1800795


�
Iranian, United Kingdom, Spain, Spanish, Turkish


�
[34,114,116,


117,122]�
�
�
rs1800796


�
Han Chinese, Taiwan, Turkish


�
[34,43,47,118]


�
�
  IL-8


�
 rs112664


�
Taiwan


�
[118]


�
�
�
rs2227306


�
Caucasian


�
[137]


�
�
  IL-10


�
rs1800871


�
Malaysian, Polish


�
[80,81]


�
�
�
rs1800872


�
Chinese, Malaysian, Polish


�
[80-82]


�
�
�
rs1800896


�
Malaysian, Polish


�
[80,81]


�
�
  IL-15


�
rs2322182


�
North European


�
[59]


�
�
�
rs4371699


�
North European


�
[59]


�
�
�
rs6821171


�
North European


�
[59]


�
�
�
rs7665842


�
North European


�
[59]


�
�
�
rs7667746


�
North European


�
[59]


�
�
  IL-17A


�
rs1974226


�
Japanese


�
[136]


�
�
�
rs2275913


�
Norwegian


�
[135]


�
�
�
rs3748067


�
Japanese


�
[136]


�
�
�
rs3804513


�
Japanese


�
[136]


�
�
  IL-17F


�
rs763780


�
Polish


�
[134]


�
�
�
rs2397084


�
Polish


�
[134]


�
�
  IL-18


�
rs187238


�
Chinese, Egyptian


�
[46,47]


�
�
�
rs549908


�
Taiwan


�
[48]


�
�
�
rs360718


�
Japanese


�
[49]


�
�
�
rs360722


�
Japanese


�
[49]


�
�
�
rs1946518


�
Chinese, Egyptian, Japanese


�
[46,47,49]


�
�
  IL-23R


�
rs1004819


�
European, New Zealand, Spanish


�
[97,100,106]


�
�
�
rs1343151


�
European, New Zealand, Spanish


�
[97,100,106]


�
�
�
rs1495965


�
Spanish


�
[97]


�
�
�
rs2201841


�
European, New Zealand, Hungarian


�
[96,97,100,106]


�
�
�
rs7517847


�
European, New Zealand, Spanish


�
[97,100,106]


�
�
�
rs7530511


�
Caucasian


�
[98]


�
�
�
 rs10889677


�
Hungarian


�
[96]


�
�
�
rs11209026


�
European, Caucasian, New Zealand


�
[98,100,106]


�
�
�
rs11209032


�
Spanish


�
[97]


�
�
�
rs10489629


�
Europan, New Zealand, Spanish


�
[97,100,106]


�
�






Table 1  Characteristics of cytokines in rheumatoid arthritis 


  Family


�
Cytokine


�
Cytogenetic location


�
Molecular weight


�
Receptor


�
Cell source


�
�
  IL-1


�
IL-1B


�
2q14


�
17 kD


�
IL-1R1


�
Macrophages, monocytes, lymphocytes, keratinocytes, microglia, megakaryocytes, neutrophils, fibroblasts and synovial lining cells


�
�
�
(IL-1F2)


�
�
�
IL-1R2


�
�
�
�
IL-1RN


�
2q14.2


�
16.1-20 kD


�
IL-1R1


�
Monocytes, macrophages, fibroblasts, neutrophils, epithelial cells and keratinocytes


�
�
�
(IL-1F3)


�
�
�
IL-1R2


�
�
�
�
IL-18


�
11q22.2-q22.3


�
22.3 kD


�
IL-18R1


�
Macrophages, Kupffer cells, keratinocytes, osteoblasts, astrocytes, and DCs


�
�
�
(IL-1F4)


�
�
�
IL-18RAP


�
�
�
  IL-2


�
IL-2


�
4q26-q27


�
15.5 kD


�
IL-2R


�
CD4+, CD8+ activated T cells, DCs, NK and NKT cells


�
�
�
IL-2RA


�
10p15-p14


�
30.8 kD


�
IL-2R


�
Activated T and B cells, thymocytes, myeloid precursors and olygodendrocytes


�
�
�
IL-4


�
5q23-q31


�
15 kD


�
IL-4R1


�
Th2 cells, basophils, eosinophils, mast cells, NKT and / T cells


�
�
�
�
�
�
IL-4R2


�
�
�
�
IL-15


�
4q31


�
14-15 kD


�
IL-15R


�
Monocytes, activated CD4+ T cells, keratinocytes, skeletal muscle cells


�
�
�
IL-21


�
4q26-q27


�
15 kD


�
IL-21R


�
T and NKT cells


�
�
  IL-10


�
IL-10


�
1q31-q32


�
18.6 kD


�
IL-10RA/IL-10RB


�
T and B cells, monocytes, macrophages and DCs


�
�
  IL-12


�
IL-23


�
12q13.13


�
19 kD


�
IL-12RB1/IL-23R


�
Macrophages and activated DCs


�
�
  IL-6-like cytokines


�
IL-6


�
7p21-p15


�
19-26 kD


�
IL-6R/IL-6ST


�
Endothelial cells, fibroblasts, monocytes/ macrophages


�
�
  IL-17


�
IL-17A


�
6p12


�
35 kD


�
IL-17RA/IL-17RC


�
Th17, CD8+ T cells, NK cells, NKT cells, / T cells and neutrophils


�
�
�
IL-17F


�
6p12


�
44 kD


�
IL-17RA/IL-17RC


�
Th17, CD8+ T cells, NK cells, NKT cells, / T ells and neutrophils


�
�
  Chemokines


�
IL-8


�
4q13-q21


�
16 kD


�
IL-8RA/IL-8RB


�
Monocytes, macrophages, neutrophils, lymphocytes, endothelial cells, epithelial cells, fibroblasts, keratinocytes, chondrocytes, synovial cells, and hepatocytes


�
�
NK: Natural killer cells, NKT: Natural killer T cells, DCs: Dendritic cells; IL: Interleukin.








