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    Genome science has become essential in advancing knowledge in the wide field of biological and clinical research. The e-book 'Advances in Genome Science' is intended to provide the expert and non-expert community with a multidisciplinary and accessible view of some of the latest developments in the field, allowing readers to capture the essentiality and diversity of genomics. The second volume of the e-book reach out to studies at the intersection of genomics and cell molecular biology, which together with Volume 1, may provide a valuable reference and handbook for researchers and clinicians, as well as students and medical professionals interested in the impact of genome science on our understanding of biological processes.
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      Abstract




      Rheumatoid arthritis (RA), ankylosing spondylitis (AS) and psoriatic arthritis (PsA) are chronic and systemic diseases with an important inflammatory component and differing manifestations, all causing a significant decline in the quality of life of patients. RA produces bone and cartilage destruction, as well as a wide variety of extra-articular manifestations; AS mainly affects joints in the spine and sacroilium in the pelvis, and can cause eventual fusion of the spine; and PsA is an inflammatory arthritis associated with psoriasis.




      These diseases are characterized by an unknown aetiology as well as a strong genetic contribution, supported by evidence from family and twin studies, linkage studies and population-based association studies. Proinflammatory cytokines, such as tumour necrosis factor-α (TNF-α) and several interleukins (IL-1, IL-6, IL-12) mediate the pathogeneses of these diseases. The human leukocyte antigen (HLA) region has been consistently associated with autoimmune pathologies, with HLA-DR mainly associated with RA and HLA-B27 with both AS and PsA.




      These chronic inflammatory diseases are highly heterogeneous in all their aspects, including drug efficacy and toxicity in individual patients. A substantial proportion of patients do not respond efficiently to classical therapies and/or experience toxicity limiting further treatment, both of which lead to progression of inflammation. This high inter-individual variability in drug response and toxicity gives rise to the need to individualize and optimize therapy with anti-rheumatic agents, such as DMARDs [i.e., Methotrexate (MTX) and biological agents (i.e., anti-TNF agents)]. Studies in the field of pharmacogenetics are necessary to identify potential markers associated with clinical response. To date, many polymorphisms in genes associated not only with the diseases, but also with drug-metabolizing enzymes, drug targets and transporters, have been analysed, showing in some cases conflicting results. The aim of this review is to describe the state of the art of pharmacogenetics in three important chronic inflammatory diseases, RA, AS and PsA.
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      INTRODUCTION




      Rheumatoid arthritis (RA), ankylosing spondylitis (AS) and psoriatic arthritis (PsA) are chronic and systemic diseases with an important inflammatory component and differing manifestations, all causing a significant decline in the quality of life of patients. RA is a highly heterogeneous disease affecting 0.5-1% of the population worldwide [1], characterized by chronic inflammation of the synovial joints, which leads to bone and cartilage destruction, as well as several extra-articular manifestations. A wide variety of mediators, both inflammatory and non-inflammatory, contribute to the pathogenesis of RA, including Interleukin-1β (IL-1β), tumor necrosis factor-α (TNF-α), the metalloproteinases (MMPs), and B lymphocytes or macrophages. The heterogeneity of this disease is reflected by difficulty in making an early diagnosis and predicting individual responses to therapy, as well as its clinical manifestations. Studies of serological factors, such as the rheumatoid factor (RF), which is unique to RA, and the anti-citrullinated protein antibodies (ACPA), which are highly specific for RA [2], have led to sub-classifications of the phenotype of RA. For example, patients with ACPA-positive RA have a more aggressive clinical course of the disease compared to patients lacking ACPA [3].




      AS is a hyper-responsive joint disease associated with substantial bone and cartilage apposition, mainly affecting joints in the spine and sacroilium in the pelvis and causing eventual fusion of the spine. Low back pain is the earliest clinical manifestation for AS, indicating inflammation in the above-mentioned joints that can be identified by magnetic resonance imaging (MRI) [4].




      PsA was considered a subtype of RA that occurred in combination with skin psoriasis (PS) [5]; up to 30% of PS patients develop PsA. PsA patients suffer significant joint damage and disability over time and, like RA, PsA is an erosive disease that leads to resorption of cortical bone. This pathology also shows the formation of bony spurs along the insertion sites of the entheses (entesiophytes) [6].




      Sibling and twin pair studies demonstrated that genetic factors have a substantial impact on the severity of these diseases and, for RA, the genetic contribution ranges from 50% to 60% [7], while for AS the genetic factors contribute over 90% to overall susceptibility, the rest being due to random environmental effects [8]. Studies show that PsA also has a strong and complex genetic component.




      The efficacy of new drugs used to treat these diseases is variable, especially those that block TNF. The main focus of pharmacogenetics is the study of not only drug-metabolizing enzymes, but also polymorphisms in drug targets and transporters [9]. With this background in mind, the purpose of this review is to describe the current status of the clinical influences of the most important genetic polymorphisms, as well as their influence on the response to treatment for the major inflammatory joint diseases, RA, AS and PsA.


    




    

      RHEUMATOID ARTHRITIS




      

        Susceptibility Genes in RA




        Although the pathogenesis of RA is poorly understood, progress has been made in identifying genetic factors that contribute to the disease. To date, the most important genetic factor in RA is found in the HLA locus, the contribution of which to genetic variation in RA has been estimated to be 37% [10], particularly the HLA molecules that carry the “shared epitope” (SE), consisting of HLA-DRB1 alleles that encode a conserved sequence of amino acids at positions 70 to 74 in the DRβ1 chain [11]. The presence and dosage of alleles encoding the SE have been associated with more rapid development of erosions, presence of rheumatic nodules, and increased need for surgery [12]. More recent studies calculate the contribution of HLA alleles to the genetic variance as about 40% for ACPA-positive RA, but only 2% for ACPA-negative RA [13]. This indicates that, from the genetic perspective, ACPA-positive and ACPA-negative represent two forms of RA.




        Since the performance of genome-wide association studies (GWAS) led to powerful case control studies, an increased number of non-HLA genes have recently been associated with RA. The results of these studies revealed more than 30 gene regions associated with RA [2, 14, 15] (Fig. 1).




        
[image: ]


Figure 1)




        Different non-HLA gene regions associated mainly to RA have been described in the last years as a consequence of the powerful case control studies performed by means of GWAS.




        The first non-HLA gene clearly associated with RA was peptidylarginine deiminase type 4 (PADI4) in a Japanese population in 2003 [16]. This gene encodes the enzyme that changes arginine into citrulline, the target of ACPA [2]. This was followed by the discovery of the protein tyrosine phosphatase non-receptor type 22 gene (PTPN22) in 2004 [17] and cytotoxic T-lymphocyte antigen 4 (CTLA4) in 2005 [18], found during a candidate gene study.




        However, despite the rapidly expanding number of single nucleotide polymorphisms (SNPs) found to be associated with RA from GWAS studies, the odds ratios (ORs) of the associations with non-HLA loci are considerably lower than those of HLA [13].


      




      

        Pharmacogenetics of RA




        Therapy for RA is actually based on strict monitoring of disease activity and tight control treatment to prevent progression of joint damage and functional disability [19]. In current clinical practice, newly diagnosed RA patients are treated with traditional disease modifying anti-rheumatic drugs (DMARDs), such as methotrexate (MTX) [20]. In cases with low response to DMARDs or those who experience undesirable side effects or toxicity, a combination of MTX and biologicals is recommended [21]. However, 40-60% of RA patients fail to achieve a satisfactory response and 15-30% develop adverse drug events [21, 22], indicating a substantial number of unidentified SNPs influencing the treatment outcome of DMARDs and biological agents. This review will focus on the responses to MTX and TNF inhibitors.


      




      

        Pharmacogenetics of methotrexate in RA




        MTX is one of the most widely used drugs for treatment of RA and, although its exact mechanism of action is unclear, there are many enzymes important to its immunosuppressive effects [23]. The principal pharmacological effect of MTX is thought to be antagonism to folate. MTX enters the cell by the transporter-enzyme reduced folate carrier-1 (RFC1) and is converted intracellularly to MTX polyglutamates by the enzyme folypolyglutamate synthetase (FPGS). This situation can be reversed by gamma-glutamyl hydrolase (GGH). MTX can efflux the cell by ATP-binding cassette transporters (ABC) [24].




        Polyglutamated MTX inhibits several enzymes of the folate pathway directly, such as thymidylate synthase (TYMS), dehydrofolate reductase (DHFR) and the conversion of 5-aminoimidazole-4-carboxamide ribonucleotide (AICAR) to formyl-AICAR, facilitated by the enzyme AICAR transformylase (ATIC). The accumulation of AICAR inhibits other enzymes, such as adenosine monophosphate deaminase (AMPD1), leading to the release of adenosine, a potential anti-inflammatory agent [25]. Polyglutamated-MTX also indirectly inhibits methylenetetrahydrofolate reductase (MTHFR), a key enzyme in the folate pathway [23].




        To date, several SNPs in genes encoding enzymes involved in metabolic pathways and transport enzymes of MTX have been described (Table 1), however, their association with efficacy and/or toxicity has shown mixed results.




        

          Table 1 Pharmacogenetics of methotrexate (MTX) in Rheumatoid Arthritis (RA)




          

            

              

                	Gene Symbol



                	Polymorphism



                	Effect of Polymorphism/Function



                	Pharmacogenetics

              


            



            

              

                	MTHFR



                	677C>T



                	Thermolabile variant of MTHFR enzyme with decreased enzyme activity



                	Increased gastrointestinal side effects and increased hepatic toxicity [26]; TT associated with poor response [29]; CC associated with good response [30, 31]; No effects on toxicity or efficacy [27, 28]

              




              

                	1298A>C



                	Decreased MTHFR activity



                	C allele associated with Increased MTX efficacy [32, 33] and toxicity [29, 34, 35]; AA genotype associated with decrease in DAS score [30]

              




              

                	MTHFD1



                	1958G>A



                	Affects enzymatic activity



                	Inefficacy to MTX [35]

              




              

                	SHMT1



                	1420C>T



                	Affects enzymatic activity



                	CC genotype associated with increased response to MTX [29] and with alopecia and central nervous system side effects [36]

              




              

                	TYMS



                	3´UTR 6bp deletion



                	Decreased mRNA stability and expression



                	Increased MTX efficacy [27]

              




              

                	DHFR



                	-473G>A



                	Direct target of MTX. Involved in the synthesis of purines



                	No effects on efficacy or toxicity [30]

              




              

                	3589G>A



                	Direct target of MTX. Involved in the synthesis of purines



                	No effects on efficacy and toxicity [30]

              




              

                	ATIC



                	347C>G



                	AICAR accumulation and increased adenosine



                	GG genotype associated with improved DAS score and increased toxicity [30]

              




              

                	RFC1



                	80G>A



                	Increased MTX entry into cell



                	AA associates with increased response [37]

              




              

                	ABCB1



                	C3435T



                	Involved in MTX transport



                	TT associated with efficacy [38, 39] and toxicity [40]; TT associated with poor response to treatment [41]

              




              

                	ABCC2



                	1249G>A



                	Involved in MTX transport



                	Increased gastrointestinal toxicity in African Americans [42]

              




              

                	1058G>A



                	Involved in MTX transport



                	Increased hepatotoxicity in African Americans [42]

              




              

                	Gene Symbol



                	Polymorphism



                	Effect of Polymorphism/Function



                	Pharmacogenetics

              




              

                	FPGS



                	114G>A



                	MTX polyglutamation



                	No associations with efficacy and toxicity [43]

              




              

                	1994A>G



                	MTX polyglutamation



                	No associations with efficacy and toxicity [43]

              




              

                	GGH



                	16C>T



                	MTX polyglutamation



                	Non-TT associated with liver dysfunction in Japanese [44]

              




              

                	452C>T



                	MTX polyglutamation



                	No significant influence in efficacy and toxicity [43]

              




              

                	-401C>T



                	MTX polyglutamation



                	No significant influence in efficacy and toxicity [43]

              


            

          




          

            MTHFR: methylenetetrahydrofolate reductase; MTHFD1: methylenetetrahydrofolate dehydrogenase; SHMT1: methylenetetrahydrofolate; TYMS: thymidylate synthase; DHFR: dehydrofolate reductase; ATIC: aminoimidazole carboxamide ribonucleotide transformylase; RFC1 = reduced folate carrier 1; ABCB1; adenosine triphospate-binding cassette B1; ABCC2: adenosine triphosphate-binding cassette C2; FPGS: folypolyglutamate synthetase; GGH: gammaglutamyl hydrolase; bp: basepair


          




        




        Best-studied polymorphisms influencing the metabolic pathways of MTX include SNPs at positions 677C>T and 1298A>C within the gene encoding for MTHFR. The association of these two SNPs with both treatment outcome and toxicity has been reported. Both 677T and 1298C variants associate with decreased enzyme activity [26] and, eventually, could influence the gastrointestinal tract in RA patients receiving MTX therapy [26]. However, contradictory results are shown in the literature; some studies found no association with toxicity and efficacy [27, 28], while other reports show that carriers of the MTHFR 677TT genotype are less likely to respond to MTX therapy than those with alternate genotypes [29], and patients genotyped for MTHFR 677CC were associated with a better response [30, 31]. For RA patients carrying allele C at position 1298, some studies exhibit increased MTX efficacy [32, 33] and increased risk of toxicity [29, 34, 35], although one report found an association between the MTHFR 1298AA genotype and a decrease in the DAS score [30].




        In addition to MTHFR, there are other enzymes indirectly influenced by polyglutamated MTX, such as methylenetetrahydrofolate dehydrogenase (MTHFD1) and methylenetetrahydrofolate (SHMT1) [23]. The 1958G>A polymorphism in the gene encoding for MTHFD1 was correlated with inefficacy of MTX treatment [35]. For SHMT1, the SNP 1420C>T affects enzymatic activity and an association between the 1420CC genotype and increased efficacy has been reported [29]. Some authors report no association with toxicity [29, 36], while others report an association of the 1420CC genotype with alopecia and central nervous system side effects [36].




        TYMS, DHFR and ATIC are direct targets of MTX. One study reported an association of one polymorphism of TYMS, a 6 bp deletion at nucleotide 1494 in the 3´-UTR of the gene, with increased MTX efficacy [27]. TYMS is an enzyme that converts deoxyuridine monophosphate (dUMP) to deoxythymidine monophosphate (dTMP). DHFR is an enzyme that catalyzes the reduction of dihydrofolic acid (DHF) to tetrahydrofolic acid (THF), which is required for the de novo synthesis of purines. Two SNPs of DHFR have been described, -473G>A and 3589G>A, both having no effect on efficacy or toxicity [30]. For ATIC, one SNP has been described, 347C>G, reported to be associated with improvement in the DAS score, but the 347GG genotype is associated with toxicity [30].




        Associations of polymorphisms in the transport enzyme genes RFC1, ABCB1 and ABCC2 have been reported, with contradictory results. Individuals carrying the RFC1 80AA genotype have a greater response to MTX than patients with the wild type genotype 80GG [37]. In contrast, studies of ABCB1 3435C>T reported that genotype 3435TT was associated with efficacy [38, 39], toxicity [40] and worse response to MTX [41]. In addition, for ABCC2, 1249G>A was associated with gastrointestinal toxicity and 1058G>A with hepatotoxicity in African Americans [42].




        FPGS and GGH are enzymes involved in MTX polyglutamation. Two SNPs have been described in the gene encoding FPGS, 114G>A and 1994A>G, although no association with efficacy and toxicity [43] was found. The non-TT genotype at 16C>T of GGH was associated with a high risk of liver dysfunction in Japanese patients [44]. Two other SNPs for GGH have been reported, 452C>T and -401C>T, both with no significant influence on efficacy or toxicity [43].


      




      

        Pharmacogenetics of Biological Agents in RA




        The introduction of biological agents has dramatically improved the treatment of RA. Controlled trials with the three anti-TNF agents currently approved for use in daily clinical practice for treatment of RA, Etanercept (Enbrel), Infliximab (Remicade) and Adalimumab (Humira), have been found to reduce the symptoms and signs of the disease, and even slow down radiographic progression [45]. The therapeutic effect of these biological agents is achieved by blocking the interaction of TNF-α with the accessory TNF cell surface receptors. However, there is consistent evidence that 25-30% of RA patients do not respond to these therapies [46], which means that, given their expense, the early identification of patients who respond positively to these drugs would greatly help to establish a cost-effective treatment profile for the use of these molecules [47].




        Most studies of genetic predictors of anti-TNF response have focused on candidate genes that play a role in susceptibility to RA, like the HLA-DRB1 SE [48]. Other studies have investigated TNF itself and its signalling pathway [49-51], as well as other cytokines [52]. Contradictory results have been reported about some SNPs of these genes (Table 2).




        The genetic polymorphism in the promoter region of TNF (TNF -308 G>A) has been the most widely studied SNP. Again, contradictory results with response to Infliximab, Etanercept or Adalimumab have been shown. A meta-analysis carried out by O´Rielly, which included a total of 692 RA patients from nine studies that met the inclusion criteria, concluded that the less common allele -308A is associated with a poor response to any TNF-α inhibitor [53]. Other SNPs in this gene that have been analyzed include -238G>A and 857C>T. The haplotypes -238G,-308G, and -857C were associated with inefficacy to treatment with Adalimumab [54], and the allele T of the SNP -857C>T was reported to be associated with good response to Etanercept [55].




        SNPs in genes encoding the two TNF-α receptors (TNFRSF1A and TNFRSF1B) have been associated with clinical response in several reports. The SNP TNFRSF1B 196TT has been correlated with higher response to anti-TNF therapy over 24 weeks [56], and the allele G of SNP 676T>G has been correlated with inefficacy to Infliximab and Etanercept [57], while other studies found no significant associations [58]. None of the three SNPs described for the gene TNFRSF1A at positions -609, -580 and -383 had an effect on efficacy to etanercept [48].




        

          Table 2 Pharmacogenetics of Anti-TNF Agents in Rheumatoid Arthritis (RA), Ankylosing Spondylitis (AS) and Psoriatic Arthritis (PsA)




          

            

              

                	Gene Symbol



                	Polymorphism



                	Effect of Polymorphism/Function



                	Pharmacogenetics

              


            



            

              

                	TNF-α



                	-308G>A



                	TNF-α production and regulation



                	A allele associated with poor response to treatment [53]

              




              

                	-238G>A



                	TNF-α production and regulation



                	No effect on response to treatment [48]; haplotype -308G/-238G/-857C associated with inefficacy to Adalimumab [54]

              




              

                	-857C>T



                	TNF-α production and regulation



                	T allele associated with good response to treatment [55]

              




              

                	TNFRSF1B



                	196T>G



                	TNF-α soluble receptor type 1



                	TT associated with increased response to treatment after 24 weeks [56]

              




              

                	676T>G



                	G allele associated with inefficacy to Infliximab and Etanercept [57]; no significant association with response to treatment [58]

              




              

                	TNFRSF1A



                	-609



                	TNF-α soluble receptor type 2



                	No effect on efficacy of treatment [48]

              




              

                	-580

              




              

                	-383

              




              

                	IL-10



                	-1082G>A



                	Influence IL-10 production and regulation



                	GG associated with increased response to etanercept in combination with TNF-α -308GG [52]

              




              

                	-819T>C



                	Patients with lower inflammatory haplotype are better etanercept responders [52]

              




              

                	-592A>C

              




              

                	IL-1β



                	3954C>T



                	Altered production of IL-1β



                	No association with efficacy of treatment [59, 97]

              




              

                	HLA



                	Specific SE alleles (HLA-DR)



                	Increased susceptibility to and severity of RA



                	Specific SE alleles associated with increased response to etanercept [48]; no association with response to treatment [60-62]

              




              

                	EYA4



                	rs17301249 (G>C)



                	Stimulates the expression of interferon-β in response to undigested DNA of apoptotic cells (Okabe et al. 2009)



                	The minor allele C associated with increased response to treatment [63]

              




              

                	PDZD2



                	rs1532269 (G>C)



                	Influence the secretion of insulin (Tsang et al. 2010)



                	The minor allele C associated with poor response to treatment [63]

              


            

          




          

            TNF-α: Tumor necrosis factor alpha; TNFRSF1B: TNF-α soluble receptor type 1; TNFRSF1A: TNF-α soluble receptor type 2; IL.10: Interleukin-10; IL-1β: Interleukin-1 beta; HLA; Human leukocyte antigen; EYA4: Eyes absent homolog 4; PDZD2: PDZ domain-containing protein 2; SE: Shared epitope.


          




        




        Genetic polymorphisms in the gene encoding for IL-10 also described are -1082G>A, -819T>C and -592A>C. An interesting association between the haplotype IL10 -1082GG and TNF -308GG (which reduces inflammatory response) is reported to produce a good response to Etanercept [52]. The genetic polymorphism 3954C>T in the gene encoding for IL-1β did not show any association with the efficacy of Infliximab [59].




        Since the HLA region has been widely associated with susceptibility to RA, several studies have been performed to assess the influence of the SE with response to anti-TNF therapy. Only one report showed that RA patients with two copies of the HLA-DR SE alleles had an improved response to Etanercept [48], while other studies did not find any association with response to treatment [60-62].




        A recent GWAS carried out by Plant and co-workers in 566 anti-TNF-treated RA patients identified the association of seven genetic loci with response to anti-TNF therapy [63]. The strongest effect was at the EYA4 gene (rs17301249) with the minor allele C conferring improved response to treatment. In contrast, the minor allele C of the PDZD2 gene (rs1532269) was associated with a reduced treatment response. The EYA4 gene has been found to stimulate the expression of interferon-β (IFN-β) in response to undigested DNA of apoptotic cells [64]; and in fact, cross-talk between type I IFN and TNF has recently been investigated in patients with RA [65]. Interestingly, the PDZD2 gene has been reported to influence the secretion of insulin in an animal model [66], and an elevated insulin level is a feature of severe disease in early RA [67].




        Other biological agents are used for the treatment of RA, but little or no pharmacogenetic data are available. These treatments are Anakinra, an IL-1 blocker; Tozilizumab, an IL-6 receptor inhibitor; Certolizumab, a new TNF blocker; Abatacept, an inhibitor of the co-stimulation of T cells; and Rituximab, which destroys B cells that have CD-20 on their surfaces.


      


    




    

      ANKYLOSING SPONDYLITIS




      

        Susceptibility Genes in AS




        The recurrence risk ratio for AS in siblings of probands with AS ranges from 50 to 80 and the heritability from twin studies is estimated to be over 90% [8]. A list of the genes described below is shown in Table 3.




        

          Table 3 Susceptibility Genes in Ankylosing Spondylitis (AS)




          

            

              

                	Gene Symbol



                	Polymorphism/Gene Region



                	Incidence/Comment

              


            



            

              

                	HLA



                	HLA-B27



                	Increased susceptibility to AS. The most significant association with AS [68]

              




              

                	HLA-B60



                	The second most notable association with AS [71]

              




              

                	IL-23R



                	rs11209026 (G>A)



                	The minor allele A associated with decreased risk of AS [73, 78], probably due to a reduction in cellular response to IL-23 [75]

              




              

                	ERAP1



                	Haplotypes including both SNPs rs30187 (C>T) and/or rs27044 (C>G)



                	Downregulation of the signalling of inflammatory cytokines [81]

              




              

                	IL-1R2



                	rs2310173 (G>T)



                	Impedes the binding of IL-1 to IL-R1. Modest incidence in AS [74]

              




              

                	ANTXR2



                	rs4333130 (T>C)



                	Binds to collagen IV and lamimin. Modest effect on AS [74]

              


            

          




          

            HLA: Human leukocyte antigen; IL-23R: Interleukin-23 receptor; ERAP1: Endoplasmic reticulum aminopeptidase 1; IL-1R2: Interleukin-1 receptor 2 ; ANTXR2: Anthraxin receptor 2.


          




        




        As found for RA, the major histocompatibility complex (MHC) region, which is characterized by extreme linkage disequilibrium, is associated with susceptibility to AS. Specifically, HLA-B27 forms the most significant association with AS, noted since the early 1970s [68]. HLA-B27 is present in over 90% of patients with AS; however, less than 5% of HLA-B27-positive individuals develop AS. Over 69 subtypes of HLA-B27 are currently recognised [69]; these subtypes evolved from the parent and predominant B27 allele B*2705. In Western European Caucasians, HLA-B*2705 comprises about 90% of the population, and HLA-B*2702 about 19% [70].




        HLA-B27 is not the only susceptibility factor within the MHC region. The entire genetic contribution of the MHC region to AS is estimated to be 33%, of which HLA-B27 accounts for about 16% [68]. However, among the several association studies performed, the most notable is HLA-B60 [71]. Other associations have not been widely replicated [72].




        GWAS have led to the identification of other non-HLA related genes, the two most important associations being the Interleukin 23 receptor (IL-23R) and endoplasmic reticulum aminopeptidase (ERAP1).




        In several studies, IL-23R is consistently associated as a susceptibility locus for AS. The most significant association is with the SNP rs11209026 [73, 74]. This SNP was associated as part of an extended haplotype and the association has been subsequently confirmed in studies from Canada, Spain, Portugal and Hungary [75-77].




        ERAP1 was identified as a candidate gene for AS in a GWAS performed in 1500 Caucasian controls and 1000 AS patients [78]. ERAP 1 is the strongest non-HLA gene associated with AS, with a genetic contribution of about 26%. This association has also been found in other Caucasian populations [79]. The two major functions of this gene are (i) to trim peptide antigens to optimal length for binding to MHC class I molecules [80], and (ii) to cleave cell surface receptors for the inflammatory cytokines, IL-1 (IL-1R2), IL-6 (IL-6Rα) and TNF (TNFR1), thereby downregulating their signalling [81].




        Other candidate genes with more modest evidence for association with AS include the IL-1 gene cluster family [82], particularly IL-1R2 [74], a decoy receptor impeding the binding of IL-1 to IL-R1 [83], and anthraxin receptor 2 (ANTXR2) that binds to collagen type IV and laminin. These genes, however, are not differentially expressed in AS, and their association may reflect linkage with another nearby gene region. Other SNPs have been found, but do not achieve genome-wide significance and/or have not been replicated in other cohorts


      


    




    

      PSORIATIC ARTHRITIS




      

        Susceptibility Genes in PsA




        The prevalence of psoriasis is much higher among first-degree of probands with PsA than in the general population. The genetic factors underlying susceptibility to PsA are closely intertwined with those of cutaneous psoriasis; almost all patients diagnosed with PsA have either a personal or family history of psoriasis. While the heritability of PsA is higher than that of psoriasis, but not as high as that of AS [84], the genetics of PsA is not well defined, probably due to phenotypic heterogeneity and case ascertainment, although associations with HLA class I alleles have consistently been reported [70]. A list of the most representative genes is shown in Table 4.




        

          Table 4 Susceptibility Genes in Psoriatic Arthritis (PsA)




          

            

              

                	Gene Symbol



                	Polymorphism/Gene Region



                	Incidence/Comment

              


            



            

              

                	HLA



                	Cw*6



                	Associated with Psoriasis and PsA [85]

              




              

                	Cw*0602



                	Associated with earlier age of onset [86]

              




              

                	Homozygosity for HLA-Cw



                	Increased risk of developing PsA [86]

              




              

                	B7, B13, B16



                	Disease-susceptibility associations (Rahman et al. 2005)

              




              

                	B27



                	Associated with axial PsA [87]

              




              

                	B38, B39



                	Associated with peripheral polyarthritis [87]

              




              

                	SE alleles



                	Associated with radiographic erosions [88]

              




              

                	HLA-Cw*6 + HLA-DRB1*07



                	Less severe course of arthritis [89]

              




              

                	IL-23R



                	rs11209026 (G>A)



                	Same as AS [90]

              




              

                	IL-12B



                	rs3212227 (A>C)



                	Replicated polymorphism associated with PsA and psoriasis [92, 93]

              




              

                	rs6887695 (G>C)



                	Replicated polymorphism associated with PsA and psoriasis [92, 93]

              




              

                	TNF-α



                	-238G>A



                	Meta-analysis confirmed association with PsA [91,94]

              


            

          




          

            HLA: Human leukocyte antigen; SE: Shared epitope; IL-23R: Interleukin-23 receptor; IL-12B: Interleukin-12 B; TNF-α: Tumor necrosis factor alpha.


          




        




        HLA studies in PsA have revealed disease-susceptibility associations with HLA-B7, -B13, -B16 and -B27 [85]. However, the strongest association is with HLA-Cw*6, which is associated with psoriasis and PsA [85]. In addition, HLA-Cw*0602 associates with an earlier age of onset in PsA, and homozygosity for the HLA-Cw group is significantly associated with increased risk for development of PsA [86]. Other HLA alleles also appear to be important in disease expression, such as HLA-B27, which is associated with axial PsA, and –B38 and –B39, both associated with peripheral polyarthritis [87]. Also, the RA SE was found to be associated with radiographic erosions, while patients with PsA carrying the HLA-Cw*6 and HLA-DRB1*07 alleles have a less severe course of arthritis [88, 89].




        Association studies with PsA have primarily involved candidate gene studies because, unlike psoriasis, to date an adequately powered GWAS on PsA has not been performed, although multiple efforts are underway. Therefore, a meta-analysis of genome-wide scans and further studies must be performed.




        Replicated association studies identified other non-HLA genes in the PsA-like IL-1 gene cluster: Killer-cell immunoglobulin-like receptor (KIR) genes and IL-23R [86, 90, 91]. Specifically, the association between the SNP rs11209026 in the IL-23R gene and PsA have been confirmed [90], as well as two SNPs at the IL-12B gene (rs3212227 and rs6887695) [92, 93]. Genetic association studies with the TNF-α gene initially showed conflicting results, however, a subsequent meta-analysis confirmed an association between TNF-α -238 polymorphism and PsA [91, 94].


      


    




    

      PHARMACOGENETICS OF AS AND PSA




      There is accumulating evidence that anti-TNF therapy is highly effective in AS and PsA, being even more effective than in RA patients. Thus, TNF blockers are considered the first-line immunosuppressive agents in those patients with active AS and PsA for whom treatment with non-steroidal anti-inflammatory drugs and DMARDs for AS and PsA was not successful. However, there is much individual variation in drug efficacy and adverse drug events. There is also evidence that PsA patients treated with MTX suffer increased toxicity when compared with RA patients.




      Currently, pharmacogenetic studies in AS and PsA are lacking. After an extensive PubMed search, only one interesting review by Rahman and co-workers described possible effects of several SNPs in candidate genes on the response to anti-TNF treatment in PsA [95]. Most of these SNPs are the same as those for RA patients treated with the same therapy, such as IL-1, IL-10 and TNF-α (Table 2), and are the genetic polymorphisms of the promoter site of the TNF-α gene, which is the major association to response to anti-TNF therapy. A double-blind, randomized and controlled trial, demonstrated the therapeutic efficacy of an IL-12/23 monoclonal antibody in psoriasis [96]; however, no pharmacogenetic information is available regarding therapeutic response and IL-23 variants in psoriasis.




      In summary, convincing pharmacogenetic targets for both AS and PsA are currently lacking.


    


  




  

    

      CONFLICT OF INTEREST




      FJB has received Grants (Clinical Trials, conferences, advisor and publications) from: Abbvie, Amgen, Bioiberica, Bristol Mayer, Celgene, Celltrion, Cellerix, Grunenthal, Gebro Pharma, Lilly, MSD, Merck Serono, Pfizer, Pierre-Fabra, Roche, Sanofi, Servier, UCB. IRP, NOV, JCFL and JLFS declare they do not have any conflict of interest.


    




    ACKNOWLEDGEMENTS




    This work is dedicated to the memory of the author J.L. Fernández-Sueiro, M.D. This study was supported by grants from Fundacion Espanola de Reumatologia (programa GEN-SER) and from Fondo Investigacion Sanitaria (CIBERCB06/01/ 0040)-Spain, Fondo Investigacion Sanitaria-PI 08/2028, Ministerio Ciencia e Innovacion PLE2009-0144, with a contribution of funds from FEDER (European Community). IR-P was supported by Contrato Miguel Servet-Fondo Investigacion Sanitaria (CP12/03192).




    

      DISCLOSURE




      This is an updated report of an earlier review article by Ignacio Rego-Pérez, Mercedes Fernández-Moreno and Francisco J. Blanco. Curr. Genomics, 2008, 9: 381-393.


    




    REFERENCES




    

      

        	



        	

      




      

        	
[1]



        	Silman A.J., Pearson J.E.. Epidemiology and genetics of rheumatoid arthritis.Arthritis Res.20024Suppl. 3S265S272

      




      

        	
[2]



        	Bax M., van Heemst J., Huizinga T.W., Toes R.E.. Genetics of rheumatoid arthritis: what have we learned?Immunogenetics2011

      




      

        	
[3]



        	van Gaalen F.A., Linn-Rasker S.P., van Venrooij W.J., de Jong B.A., Breedveld F.C., Verweij C.L., Toes R.E., Huizinga T.W.. Autoantibodies to cyclic citrullinated peptides predict progression to rheumatoid arthritis in patients with undifferentiated arthritis: a prospective cohort study.Arthritis Rheum.200450709715

      




      

        	
[4]



        	Marzo-Ortega H., McGonagle D., O’Connor P., Hensor E.M., Bennett A.N., Green M.J., Emery P.. Baseline and 1-year magnetic resonance imaging of the sacroiliac joint and lumbar spine in very early inflammatory back pain. Relationship between symptoms, HLAB27 and disease extent and persistence. In Ann Rheum Dis, England, 2009; Vol. 68, pp 1721-7..

      




      

        	
[5]



        	Schett G., Coates L.C., Ash Z.R., Finzel S., Conaghan P.G.. Structural damage in rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis: traditional views, novel insights gained from TNF blockade, and concepts for the future. In Arthritis Res Ther, England, 2011; Vol. 13 Suppl 1, p S4..

      




      

        	
[6]



        	Finzel S., Englbrecht M., Engelke K., Stach C., Schett G.. A comparative study of periarticular bone lesions in rheumatoid arthritis and psoriatic arthritis. In Ann Rheum Dis, England, 2011; Vol. 70, pp 122-7..

      




      

        	
[7]



        	MacGregor A.J., Snieder H., Rigby A.S., Koskenvuo M., Kaprio J., Aho K., Silman A.J.. Characterizing the quantitative genetic contribution to rheumatoid arthritis using data from twins.Arthritis Rheum.2000433037

      




      

        	
[8]



        	Brown M.A., Kennedy L.G., MacGregor A.J., Darke C., Duncan E., Shatford J.L., Taylor A., Calin A., Wordsworth P.. Susceptibility to ankylosing spondylitis in twins: the role of genes, HLA, and the environment.Arthritis Rheum.19974018231828

      




      

        	
[9]



        	Evans W.E., Relling M.V.. Pharmacogenomics: translating functional genomics into rational therapeutics. In Science, United States, 1999; Vol. 286, pp 487-91..

      




      

        	
[10]



        	Deighton C.M., Walker D.J., Griffiths I.D., Roberts D.F.. The contribution of HLA to rheumatoid arthritis.Clin. Genet.198936178182

      




      

        	
[11]



        	Gregersen P.K., Silver J., Winchester R.J.. The shared epitope hypothesis. An approach to understanding the molecular genetics of susceptibility to rheumatoid arthritis.Arthritis Rheum.19873012051213

      




      

        	
[12]



        	Reveille J.D.. Genetic studies in the rheumatic diseases: present status and implications for the future. In J Rheumatol Suppl, Canada, 2005; Vol. 72, pp 10-3..

      




      

        	
[13]



        	de Vries R.. Genetics of rheumatoid arthritis: time for a change!Curr. Opin. Rheumatol.201123227232

      




      

        	
[14]



        	Gregersen P.K.. Susceptibility genes for rheumatoid arthritis - a rapidly expanding harvest.Bull. NYU Hosp. Jt. Dis.201068179182

      




      

        	
[15]



        	Stahl E.A., Raychaudhuri S., Remmers E.F., Xie G., Eyre S., Thomson B.P., Li Y., Kurreeman F.A., Zhernakova A., Hinks A., Guiducci C., Chen R., Alfredsson L., Amos C.I., Ardlie K.G., Barton A., Bowes J., Brouwer E., Burtt N.P., Catanese J.J., Coblyn J., Coenen M.J., Costenbader K.H., Criswell L.A., Crusius J.B., Cui J., de Bakker P.I., De Jager P.L., Ding B., Emery P., Flynn E., Harrison P., Hocking L.J., Huizinga T.W., Kastner D.L., Ke X., Lee A.T., Liu X., Martin P., Morgan A.W., Padyukov L., Posthumus M.D., Radstake T.R., Reid D.M., Seielstad M., Seldin M.F., Shadick N.A., Steer S., Tak P.P., Thomson W., van der Helm-van Mil A.H., van der Horst-Bruinsma I.E., van der Schoot C.E., van Riel P.L., Weinblatt M.E., Wilson A.G., Wolbink G.J., Wordsworth B.P., Wijmenga C., Karlson E.W., Toes R.E., de Vries N., Begovich A.B., Worthington J., Siminovitch K.A., Gregersen P.K., Klareskog L., Plenge R.M.. Genome-wide association study meta-analysis identifies seven new rheumatoid arthritis risk loci. In Nat Genet, United States, 2010; Vol. 42, pp 508-14..

      




      

        	
[16]



        	Suzuki A., Yamada R., Chang X., Tokuhiro S., Sawada T., Suzuki M., Nagasaki M., Nakayama-Hamada M., Kawaida R., Ono M., Ohtsuki M., Furukawa H., Yoshino S., Yukioka M., Tohma S., Matsubara T., Wakitani S., Teshima R., Nishioka Y., Sekine A., Iida A., Takahashi A., Tsunoda T., Nakamura Y., Yamamoto K.. Functional haplotypes of PADI4, encoding citrullinating enzyme peptidylarginine deiminase 4, are associated with rheumatoid arthritis. In Nat Genet, United States, 2003; Vol. 34, pp 395- 402..

      




      

        	
[17]



        	Begovich A.B., Carlton V.E., Honigberg L.A., Schrodi S.J., Chokkalingam A.P., Alexander H.C., Ardlie K.G., Huang Q., Smith A.M., Spoerke J.M., Conn M.T., Chang M., Chang S.Y., Saiki R.K., Catanese J.J., Leong D.U., Garcia V.E., McAllister L.B., Jeffery D.A., Lee A.T., Batliwalla F., Remmers E., Criswell L.A., Seldin M.F., Kastner D.L., Amos C.I., Sninsky J.J., Gregersen P.K.. A missense single-nucleotide polymorphism in a gene encoding a protein tyrosine phosphatase (PTPN22) is associated with rheumatoid arthritis. In Am J Hum Genet, United States, 2004; Vol. 75, pp 330-7..

      




      

        	
[18]



        	Plenge R.M., Padyukov L., Remmers E.F., Purcell S., Lee A.T., Karlson E.W., Wolfe F., Kastner D.L., Alfredsson L., Altshuler D., Gregersen P.K., Klareskog L., Rioux J.D.. Replication of putative candidate-gene associations with rheumatoid arthritis in >4,000 samples from North America and Sweden: association of susceptibility with PTPN22, CTLA4, and PADI4. In Am J Hum Genet, United States, 2005; Vol. 77, pp 1044- 60..

      




      

        	
[19]



        	Vencovsky J., Huizinga T.W.. Rheumatoid arthritis: the goal rather than the health-care provider is key.EnglandLancet2006Vol. 367450452

      




      

        	
[20]



        	Pincus T., Yazici Y., Sokka T., Aletaha D., Smolen J.S.. Methotrexate as the “anchor drug” for the treatment of early rheumatoid arthritis.Clin. Exp. Rheumatol.200321S179S185

      




      

        	
[21]



        	Klareskog L., van der Heijde D., de Jager J.P., Gough A., Kalden J., Malaise M., Martin Mola E., Pavelka K., Sany J., Settas L., Wajdula J., Pedersen R., Fatenejad S., Sanda M.. Therapeutic effect of the combination of etanercept and methotrexate compared with each treatment alone in patients with rheumatoid arthritis: double-blind randomised controlled trial.EnglandLancet2004Vol. 363675681

      




      

        	
[22]



        	Breedveld F.C., Weisman M.H., Kavanaugh A.F., Cohen S.B., Pavelka K., van Vollenhoven R., Sharp J., Perez J.L., Spencer-Green G.T.. The PREMIER study: A multicenter, randomized, double-blind clinical trial of combination therapy with adalimumab plus methotrexate versus methotrexate alone or adalimumab alone in patients with early, aggressive rheumatoid arthritis who had not had previous methotrexate treatment.Arthritis Rheum.2006542637

      




      

        	
[23]



        	Chan E.S., Cronstein B.N.. Molecular action of methotrexate in inflammatory diseases.Arthritis Res.20024266273

      




      

        	
[24]



        	Norris M.D., De Graaf D., Haber M., Kavallaris M., Madafiglio J., Gilbert J., Kwan E., Stewart B.W., Mechetner E.B., Gudkov A.V., Roninson I.B.. Involvement of MDR1 P-glycoprotein in multifactorial resistance to methotrexate. In Int J Cancer, United States, 1996; Vol. 65, pp 613-9..

      




      

        	
[25]



        	Cronstein B.N.. Low-dose methotrexate: a mainstay in the treatment of rheumatoid arthritis. In Pharmacol Rev, United States, 2005; Vol. 57, pp 163-72..

      




      

        	
[26]



        	Haagsma C.J., Blom H.J., van Riel P.L., van’t Hof M.A., Giesendorf B.A., van Oppenraaij-Emmerzaal D., van de Putte L.B.. Influence of sulphasalazine, methotrexate, and the combination of both on plasma homocysteine concentrations in patients with rheumatoid arthritis.Ann. Rheum. Dis.1999587984

      




      

        	
[27]



        	Kumagai K., Hiyama K., Oyama T., Maeda H., Kohno N.. Polymorphisms in the thymidylate synthase and methylenetetrahydrofolate reductase genes and sensitivity to the low-dose methotrexate therapy in patients with rheumatoid arthritis.Int. J. Mol. Med.200311593600

      




      

        	
[28]



        	Berkun Y., Levartovsky D., Rubinow A., Orbach H., Aamar S., Grenader T., Abou Atta I., Mevorach D., Friedman G., Ben-Yehuda A.. Methotrexate related adverse effects in patients with rheumatoid arthritis are associated with the A1298C polymorphism of the MTHFR gene. In Ann Rheum Dis, England, 2004; Vol. 63, pp 1227-31..

      




      

        	
[29]



        	Dervieux T., Greenstein N., Kremer J.. Pharmacogenomic and metabolic biomarkers in the folate pathway and their association with methotrexate effects during dosage escalation in rheumatoid arthritis.Arthritis Rheum.20065430953103

      




      

        	
[30]



        	Wessels J.A., de Vries-Bouwstra J.K., Heijmans B.T., Slagboom P.E., Goekoop-Ruiterman Y.P., Allaart C.F., Kerstens P.J., van Zeben D., Breedveld F.C., Dijkmans B.A., Huizinga T.W., Guchelaar H.J.. Efficacy and toxicity of methotrexate in early rheumatoid arthritis are associated with single-nucleotide polymorphisms in genes coding for folate pathway enzymes.Arthritis Rheum.20065410871095

      




      

        	
[31]



        	Kurzawski M., Pawlik A., Safranow K., Herczynska M., Drozdzik M.. 677C>T and 1298A>C MTHFR polymorphisms affect methotrexate treatment outcome in rheumatoid arthritis.Pharmacogenomics2007815511559

      




      

        	
[32]



        	Urano W., Taniguchi A., Yamanaka H., Tanaka E., Nakajima H., Matsuda Y., Akama H., Kitamura Y., Kamatani N.. Polymorphisms in the methylenetetrahydrofolate reductase gene were associated with both the efficacy and the toxicity of methotrexate used for the treatment of rheumatoid arthritis, as evidenced by single locus and haplotype analyses.Pharmacogenetics200212183190

      




      

        	
[33]



        	Taniguchi A., Urano W., Tanaka E., Furihata S., Kamitsuji S., Inoue E., Yamanaka M., Yamanaka H., Kamatani N.. Validation of the associations between single nucleotide polymorphisms or haplotypes and responses to disease-modifying antirheumatic drugs in patients with rheumatoid arthritis: a proposal for prospective pharmacogenomic study in clinical practice. In Pharmacogenet Genomics, United States, 2007; Vol. 17, pp 383-90..

      




      

        	
[34]



        	Herrlinger K.R., Cummings J.R., Barnardo M.C., Schwab M., Ahmad T., Jewell D.P.. The pharmacogenetics of methotrexate in inflammatory bowel disease. In Pharmacogenet Genomics, United States, 2005; Vol. 15, pp 705-11..

      




      

        	
[35]



        	Wessels J.A., van der Kooij S.M., le Cessie S., Kievit W., Barerra P., Allaart C.F., Huizinga T.W., Guchelaar H.J.. A clinical pharmacogenetic model to predict the efficacy of methotrexate monotherapy in recent-onset rheumatoid arthritis.Arthritis Rheum.20075617651775

      




      

        	
[36]



        	Weisman M.H., Furst D.E., Park G.S., Kremer J.M., Smith K.M., Wallace D.J., Caldwell J.R., Dervieux T.. Risk genotypes in folate-dependent enzymes and their association with methotrexate-related side effects in rheumatoid arthritis.Arthritis Rheum.200654607612

      




      

        	
[37]



        	Dervieux T., Furst D., Lein D.O., Capps R., Smith K., Walsh M., Kremer J.. Polyglutamation of methotrexate with common polymorphisms in reduced folate carrier, aminoimidazole carboxamide ribonucleotide transformylase, and thymidylate synthase are associated with methotrexate effects in rheumatoid arthritis.Arthritis Rheum.20045027662774

      




      

        	
[38]



        	Pawlik A., Wrzesniewska J., Fiedorowicz-Fabrycy I., Gawronska-Szklarz B.. The MDR1 3435 polymorphism in patients with rheumatoid arthritis.Int. J. Clin. Pharmacol. Ther.200442496503

      




      

        	
[39]



        	Drozdzik M., Rudas T., Pawlik A., Kurzawski M., Czerny B., Gornik W., Herczynska M.. The effect of 3435C>T MDR1 gene polymorphism on rheumatoid arthritis treatment with disease-modifying antirheumatic drugs.Eur. J. Clin. Pharmacol.200662933937

      




      

        	
[40]



        	Bohanec Grabar P., Logar D., Lestan B., Dolzan V.. Genetic determinants of methotrexate toxicity in rheumatoid arthritis patients: a study of polymorphisms affecting methotrexate transport and folate metabolism.Eur. J. Clin. Pharmacol.20086410571068

      




      

        	
[41]



        	Takatori R., Takahashi K.A., Tokunaga D., Hojo T., Fujioka M., Asano T., Hirata T., Kawahito Y., Satomi Y., Nishino H., Tanaka T., Hirota Y., Kubo T.. ABCB1 C3435T polymorphism influences methotrexate sensitivity in rheumatoid arthritis patients. In Clin Exp Rheumatol, Italy, 2006; Vol. 24, pp 546-54..

      




      

        	
[42]



        	Ranganathan P., Culverhouse R., Marsh S., Mody A., Scott-Horton T.J., Brasington R., Joseph A., Reddy V., Eisen S., McLeod H.L.. Methotrexate (MTX) pathway gene polymorphisms and their effects on MTX toxicity in Caucasian and African American patients with rheumatoid arthritis. In J Rheumatol, Canada, 2008; Vol. 35, pp 572-9..

      




      

        	
[43]



        	van der Straaten R.J., Wessels J.A., de Vries-Bouwstra J.K., Goekoop-Ruiterman Y.P., Allaart C.F., Bogaartz J., Tiller M., Huizinga T.W., Guchelaar H.J.. Exploratory analysis of four polymorphisms in human GGH and FPGS genes and their effect in methotrexate-treated rheumatoid arthritis patients.Pharmacogenomics20078141150

      




      

        	
[44]



        	Yanagimachi M., Naruto T., Hara T., Kikuchi M., Hara R., Miyamae T., Imagawa T., Mori M., Kaneko T., Morita S., Goto H., Yokota S.. Influence of polymorphisms within the methotrexate pathway genes on the toxicity and efficacy of methotrexate in patients with juvenile idiopathic arthritis.Br. J. Clin. Pharmacol.201171237243

      




      

        	
[45]



        	Genovese M.C., Bathon J.M., Martin R.W., Fleischmann R.M., Tesser J.R., Schiff M.H., Keystone E.C., Wasko M.C., Moreland L.W., Weaver A.L., Markenson J., Cannon G.W., Spencer-Green G., Finck B.K.. Etanercept versus methotrexate in patients with early rheumatoid arthritis: two-year radiographic and clinical outcomes.Arthritis Rheum.20024614431450

      




      

        	
[46]



        	Furst D.E., Breedveld F.C., Kalden J.R., Smolen J.S., Burmester G.R., Bijlsma J.W., Dougados M., Emery P., Keystone E.C., Klareskog L., Mease P.J.. Updated consensus statement on biological agents, specifically tumour necrosis factor {alpha} (TNF{alpha}) blocking agents and interleukin-1 receptor antagonist (IL-1ra), for the treatment of rheumatic diseases, 2005. In Ann Rheum Dis, England, 2005; Vol. 64 Suppl 4, pp iv2-14..

      




      

        	
[47]



        	Ferraccioli G.. The possible clinical application of pharmacogenetics in rheumatology. In J Rheumatol, Canada, 2003; Vol. 30, pp 2517-20..

      




      

        	
[48]



        	Criswell L.A., Lum R.F., Turner K.N., Woehl B., Zhu Y., Wang J., Tiwari H.K., Edberg J.C., Kimberly R.P., Moreland L.W., Seldin M.F., Bridges S.L. Jr. The influence of genetic variation in the HLA-DRB1 and LTA-TNF regions on the response to treatment of early rheumatoid arthritis with methotrexate or etanercept.Arthritis Rheum.20045027502756

      




      

        	
[49]



        	Mugnier B., Balandraud N., Darque A., Roudier C., Roudier J., Reviron D.. Polymorphism at position -308 of the tumor necrosis factor alpha gene influences outcome of infliximab therapy in rheumatoid arthritis.Arthritis Rheum.20034818491852

      




      

        	
[50]



        	Cuchacovich M., Ferreira L., Aliste M., Soto L., Cuenca J., Cruzat A., Gatica H., Schiattino I., Perez C., Aguirre A., Salazar-Onfray F., Aguillon J.C.. Tumour necrosis factor-alpha (TNF-alpha) levels and influence of -308 TNF-alpha promoter polymorphism on the responsiveness to infliximab in patients with rheumatoid arthritis. In Scand J Rheumatol, Norway, 2004; Vol. 33, pp 228-32..

      




      

        	
[51]



        	Fabris M., Di Poi E., D’Elia A., Damante G., Sinigaglia L., Ferraccioli G.. Tumor necrosis factor-alpha gene polymorphism in severe and mild-moderate rheumatoid arthritis.J. Rheumatol.2002292933

      




      

        	
[52]



        	Padyukov L., Lampa J., Heimburger M., Ernestam S., Cederholm T., Lundkvist I., Andersson P., Hermansson Y., Harju A., Klareskog L., Bratt J.. Genetic markers for the efficacy of tumour necrosis factor blocking therapy in rheumatoid arthritis.Ann. Rheum. Dis.200362526529

      




      

        	
[53]



        	O’Rielly D.D., Roslin N.M., Beyene J., Pope A., Rahman P.. TNF-alpha-308 G/A polymorphism and responsiveness to TNF-alpha blockade therapy in moderate to severe rheumatoid arthritis: a systematic review and meta-analysis. In Pharmacogenomics J, United States, 2009; Vol. 9, pp 161-7..

      




      

        	
[54]



        	Miceli-Richard C., Comets E., Verstuyft C., Tamouza R., Loiseau P., Ravaud P., Kupper H., Becquemont L., Charron D., Mariette X.. A single tumour necrosis factor haplotype influences the response to adalimumab in rheumatoid arthritis. In Ann Rheum Dis, England, 2008; Vol. 67, pp 478-84..

      




      

        	
[55]



        	Kang C.P., Lee K.W., Yoo D.H., Kang C., Bae S.C.. The influence of a polymorphism at position -857 of the tumour necrosis factor alpha gene on clinical response to etanercept therapy in rheumatoid arthritis. In Rheumatology (Oxford), England, 2005; Vol. 44, pp 547-52..

      




      

        	
[56]



        	Fabris M., Tolusso B., Di Poi E., Assaloni R., Sinigaglia L., Ferraccioli G.. Tumor necrosis factor-alpha receptor II polymorphism in patients from southern Europe with mild-moderate and severe rheumatoid arthritis.J. Rheumatol.20022918471850

      




      

        	
[57]



        	Ongaro A., De Mattei M., Pellati A., Caruso A., Ferretti S., Masieri F.F., Fotinidi M., Farina I., Trotta F., Padovan M.. Can tumor necrosis factor receptor II gene 676T>G polymorphism predict the response grading to anti-TNFalpha therapy in rheumatoid arthritis?Rheumatol. Int.200828901908

      




      

        	
[58]



        	Toonen E.J., Coenen M.J., Kievit W., Fransen J., Eijsbouts A.M., Scheffer H., Radstake T.R., Creemers M.C., de Rooij D.J., van Riel P.L., Franke B., Barrera P.. The tumour necrosis factor receptor superfamily member 1b 676T>G polymorphism in relation to response to infliximab and adalimumab treatment and disease severity in rheumatoid arthritis. In Ann Rheum Dis, England, 2008; Vol. 67, pp 1174-7..

      




      

        	
[59]



        	Marotte H., Pallot-Prades B., Grange L., Tebib J., Gaudin P., Alexandre C., Blond J.L., Cazalis M.A., Mougin B., Miossec P.. The shared epitope is a marker of severity associated with selection for, but not with response to, infliximab in a large rheumatoid arthritis population. In Ann Rheum Dis, England, 2006; Vol. 65, pp 342-7..

      




      

        	
[60]



        	Martinez A., Salido M., Bonilla G., Pascual-Salcedo D., Fernandez-Arquero M., de Miguel S., Balsa A., de la Concha E.G., Fernandez-Gutierrez B.. Association of the major histocompatibility complex with response to infliximab therapy in rheumatoid arthritis patients.Arthritis Rheum.20045010771082

      




      

        	
[61]



        	Pinto J.A., Rego I., Rodriguez-Gomez M., Canete J.D., Fernandez-Lopez C., Freire M., Fernandez-Sueiro J.L., Sanmarti R., Blanco F.J.. Polymorphisms in genes encoding tumor necrosis factor-alpha and HLA-DRB1 are not associated with response to infliximab in patients with rheumatoid arthritis.J. Rheumatol.200835177178

      




      

        	
[62]



        	Potter C., Hyrich K.L., Tracey A., Lunt M., Plant D., Symmons D.P., Thomson W., Worthington J., Emery P., Morgan A.W., Wilson A.G., Isaacs J., Barton A.. Association of rheumatoid factor and anti-cyclic citrullinated peptide positivity, but not carriage of shared epitope or PTPN22 susceptibility variants, with anti-tumour necrosis factor response in rheumatoid arthritis. In Ann Rheum Dis, England, 2009; Vol. 68, pp 69- 74..

      




      

        	
[63]



        	Plant D., Bowes J., Potter C., Hyrich K.L., Morgan A.W., Wilson A.G., Isaacs J.D., Barton A.. Genome-wide association study of genetic predictors of anti-tumor necrosis factor treatment efficacy in rheumatoid arthritis identifies associations with polymorphisms at seven loci.Arthritis Rheum.201163645653

      




      

        	
[64]



        	Okabe Y., Sano T., Nagata S.. Regulation of the innate immune response by threonine-phosphatase of Eyes absent.EnglandNature2009Vol. 460520524

      




      

        	
[65]



        	van Baarsen L.G., Wijbrandts C.A., Rustenburg F., Cantaert T., van der Pouw Kraan T.C., Baeten D.L., Dijkmans B.A., Tak P.P., Verweij C.L.. Regulation of IFN response gene activity during infliximab treatment in rheumatoid arthritis is associated with clinical response to treatment. In Arthritis Res Ther, England, 2010; Vol. 12, p R11..

      




      

        	
[66]



        	Tsang S.W., Shao D., Cheah K.S., Okuse K., Leung P.S., Yao K.M.. Increased basal insulin secretion in Pdzd2-deficient mice.Mol Cell Endocrinol.IrelandElsevier Ireland Ltd2010Vol. 2009263270

      




      

        	
[67]



        	Shahin D., Eltoraby E., Mesbah A., Houssen M.. Insulin resistance in early untreated rheumatoid arthritis patients.Clin Biochem.United StatesPublished by Elsevier Inc2010Vol. 43661665

      




      

        	
[68]



        	Brown M.A., Crane A.M., Wordsworth B.P.. Genetic aspects of susceptibility, severity, and clinical expression in ankylosing spondylitis.Curr. Opin. Rheumatol.200214354360

      




      

        	
[69]



        	Reveille J.D., Maganti R.M.. Subtypes of HLA-B27: history and implications in the pathogenesis of ankylosing spondylitis.Adv. Exp. Med. Biol.2009649159176

      




      

        	
[70]



        	Reveille J.D.. The genetic basis of spondyloarthritis. In Ann Rheum Dis, England, 2011; Vol. 70 Suppl 1, pp i44-50..

      




      

        	
[71]



        	Wei J.C., Tsai W.C., Lin H.S., Tsai C.Y., Chou C.T.. HLA-B60 and B61 are strongly associated with ankylosing spondylitis in HLA-B27-negative Taiwan Chinese patients. In Rheumatology (Oxford), England, 2004; Vol. 43, pp 839-42..

      




      

        	
[72]



        	Ward M.M., Hendrey M.R., Malley J.D., Learch T.J., Davis J.C. Jr, Reveille J.D., Weisman M.H.. Clinical and immunogenetic prognostic factors for radiographic severity in ankylosing spondylitis.Arthritis Rheum.200961859866

      




      

        	
[73]



        	Duerr R.H., Taylor K.D., Brant S.R., Rioux J.D., Silverberg M.S., Daly M.J., Steinhart A.H., Abraham C., Regueiro M., Griffiths A., Dassopoulos T., Bitton A., Yang H., Targan S., Datta L.W., Kistner E.O., Schumm L.P., Lee A.T., Gregersen P.K., Barmada M.M., Rotter J.I., Nicolae D.L., Cho J.H.. A genome-wide association study identifies IL23R as an inflammatory bowel disease gene.United StatesScience2006Vol. 31414611463

      




      

        	
[74]



        	Reveille J.D., Sims A.M., Danoy P., Evans D.M., Leo P., Pointon J.J., Jin R., Zhou X., Bradbury L.A., Appleton L.H., Davis J.C., Diekman L., Doan T., Dowling A., Duan R., Duncan E.L., Farrar C., Hadler J., Harvey D., Karaderi T., Mogg R., Pomeroy E., Pryce K., Taylor J., Savage L., Deloukas P., Kumanduri V., Peltonen L., Ring S.M., Whittaker P., Glazov E., Thomas G.P., Maksymowych W.P., Inman R.D., Ward M.M., Stone M.A., Weisman M.H., Wordsworth B.P., Brown M.A.. Genome-wide association study of ankylosing spondylitis identifies non-MHC susceptibility loci. In Nat Genet, United States, 2010; Vol. 42, pp 123-7..

      




      

        	
[75]



        	Rueda B., Orozco G., Raya E., Fernandez-Sueiro J.L., Mulero J., Blanco F.J., Vilches C., Gonzalez-Gay M.A., Martin J.. The IL23R Arg381Gln non-synonymous polymorphism confers susceptibility to ankylosing spondylitis. In Ann Rheum Dis, England, 2008; Vol. 67, pp 1451-4..

      




      

        	
[76]



        	Pimentel-Santos F.M., Ligeiro D., Matos M., Mourao A.F., Sousa E., Pinto P., Ribeiro A., Sousa M., Barcelos A., Godinho F., Cruz M., Fonseca J.E., Guedes-Pinto H., Trindade H., Evans D.M., Brown M.A., Branco J.C.. Association of IL23R and ERAP1 genes with ankylosing spondylitis in a Portuguese population. In Clin Exp Rheumatol, Italy, 2009; Vol. 27, pp 800-6..

      




      

        	
[77]



        	Karaderi T., Harvey D., Farrar C., Appleton L.H., Stone M.A., Sturrock R.D., Brown M.A., Wordsworth P., Pointon J.J.. Association between the interleukin 23 receptor and ankylosing spondylitis is confirmed by a new UK case-control study and meta-analysis of published series. In Rheumatology (Oxford), England, 2009; Vol. 48, pp 386-9..

      




      

        	
[78]



        	Burton P.R., Clayton D.G., Cardon L.R., Craddock N., Deloukas P., Duncanson A., Kwiatkowski D.P., McCarthy M.I., Ouwehand W.H., Samani N.J., Todd J.A., Donnelly P., Barrett J.C., Davison D., Easton D., Evans D.M., Leung H.T., Marchini J.L., Morris A.P., Spencer C.C., Tobin M.D., Attwood A.P., Boorman J.P., Cant B., Everson U., Hussey J.M., Jolley J.D., Knight A.S., Koch K., Meech E., Nutland S., Prowse C.V., Stevens H.E., Taylor N.C., Walters G.R., Walker N.M., Watkins N.A., Winzer T., Jones R.W., McArdle W.L., Ring S.M., Strachan D.P., Pembrey M., Breen G., St Clair D., Caesar S., Gordon-Smith K., Jones L., Fraser C., Green E.K., Grozeva D., Hamshere M.L., Holmans P.A., Jones I.R., Kirov G., Moskivina V., Nikolov I., O’Donovan M.C., Owen M.J., Collier D.A., Elkin A., Farmer A., Williamson R., McGuffin P., Young A.H., Ferrier I.N., Ball S.G., Balmforth A.J., Barrett J.H., Bishop T.D., Iles M.M., Maqbool A., Yuldasheva N., Hall A.S., Braund P.S., Dixon R.J., Mangino M., Stevens S., Thompson J.R., Bredin F., Tremelling M., Parkes M., Drummond H., Lees C.W., Nimmo E.R., Satsangi J., Fisher S.A., Forbes A., Lewis C.M., Onnie C.M., Prescott N.J., Sanderson J., Matthew C.G., Barbour J., Mohiuddin M.K., Todhunter C.E., Mansfield J.C., Ahmad T., Cummings F.R., Jewell D.P., Webster J., Brown M.J., Lathrop M.G., Connell J., Dominiczak A., Marcano C.A., Burke B., Dobson R., Gungadoo J., Lee K.L., Munroe P.B., Newhouse S.J., Onipinla A., Wallace C., Xue M., Caulfield M., Farrall M., Barton A., Bruce I.N., Donovan H., Eyre S., Gilbert P.D., Hilder S.L., Hinks A.M., John S.L., Potter C., Silman A.J., Symmons D.P., Thomson W., Worthington J., Dunger D.B., Widmer B., Frayling T.M., Freathy R.M., Lango H., Perry J.R., Shields B.M., Weedon M.N., Hattersley A.T., Hitman G.A., Walker M., Elliott K.S., Groves C.J., Lindgren C.M., Rayner N.W., Timpson N.J., Zeggini E., Newport M., Sirugo G., Lyons E., Vannberg F., Hill A.V., Bradbury L.A., Farrar C., Pointon J.J., Wordsworth P., Brown M.A., Franklyn J.A., Heward J.M., Simmonds M.J., Gough S.C., Seal S., Stratton M.R., Rahman N., Ban M., Goris A., Sawcer S.J., Compston A., Conway D., Jallow M., Rockett K.A., Bumpstead S.J., Chaney A., Downes K., Ghori M.J., Gwilliam R., Hunt S.E., Inouye M., Keniry A., King E., McGinnis R., Potter S., Ravindrarajah R., Whittaker P., Widden C., Withers D., Cardin N.J., Ferreira T., Pereira-Gale J., Hallgrimsdo’ttir I.B., Howie B.N., Su Z., Teo Y.Y., Vukcevic D., Bentley D., Mitchell S.L., Newby P.R., Brand O.J., Carr-Smith J., Pearce S.H., Reveille J.D., Zhou X., Sims A.M., Dowling A., Taylor J., Doan T., Davis J.C., Savage L., Ward M.M., Learch T.L., Weisman M.H., Brown M.. Association scan of 14,500 nonsynonymous SNPs in four diseases identifies autoimmunity variants. In Nat Genet, United States, 2007; Vol. 39, pp 1329-37..

      




      

        	
[79]



        	Maksymowych W.P., Inman R.D., Gladman D.D., Reeve J.P., Pope A., Rahman P.. Association of a specific ERAP1/ARTS1 haplotype with disease susceptibility in ankylosing spondylitis.Arthritis Rheum.20096013171323

      




      

        	
[80]



        	Saveanu L., Carroll O., Lindo V., Del Val M., Lopez D., Lepelletier Y., Greer F., Schomburg L., Fruci D., Niedermann G., van Endert P.M.. Concerted peptide trimming by human ERAP1 and ERAP2 aminopeptidase complexes in the endoplasmic reticulum. In Nat Immunol, United States, 2005; Vol. 6, pp 689-97..

      




      

        	
[81]



        	Cui X., Hawari F., Alsaaty S., Lawrence M., Combs C.A., Geng W., Rouhani F.N., Miskinis D., Levine S.J.. Identification of ARTS-1 as a novel TNFR1-binding protein that promotes TNFR1 ectodomain shedding.J. Clin. Invest.2002110515526

      




      

        	
[82]



        	Timms A.E., Crane A.M., Sims A.M., Cordell H.J., Bradbury L.A., Abbott A., Coyne M.R., Beynon O., Herzberg I., Duff G.W., Calin A., Cardon L.R., Wordsworth B.P., Brown M.A.. The interleukin 1 gene cluster contains a major susceptibility locus for ankylosing spondylitis. In Am J Hum Genet, United States, 2004; Vol. 75, pp 587-95..

      




      

        	
[83]



        	Brown M.A.. Genetics of ankylosing spondylitis.Curr. Opin. Rheumatol.201022126132

      




      

        	
[84]



        	Chandran V., Rahman P.. Update on the genetics of spondyloarthritis--ankylosing spondylitis and psoriatic arthritis.Best Pract Res Clin Rheumatol.NetherlandsElsevier Ltd2010Vol. 24579588

      




      

        	
[85]



        	Rahman P., Elder J.T.. Genetic epidemiology of psoriasis and psoriatic arthritis. In Ann Rheum Dis, England, 2005; Vol. 64 Suppl 2, pp ii37-9; discussion ii40-1..

      




      

        	
[86]



        	Nelson G.W., Martin M.P., Gladman D., Wade J., Trowsdale J., Carrington M.. Cutting edge: heterozygote advantage in autoimmune disease: hierarchy of protection/susceptibility conferred by HLA and killer Ig-like receptor combinations in psoriatic arthritis. In J Immunol, United States, 2004; Vol. 173, pp 4273-6..

      




      

        	
[87]



        	Gladman D.D., Anhorn K.A., Schachter R.K., Mervart H.. HLA antigens in psoriatic arthritis.J. Rheumatol.198613586592

      




      

        	
[88]



        	Korendowych E., Dixey J., Cox B., Jones S., McHugh N.. The Influence of the HLADRB1 rheumatoid arthritis shared epitope on the clinical characteristics and radiological outcome of psoriatic arthritis. In J Rheumatol, Canada, 2003; Vol. 30, pp 96-101..

      




      

        	
[89]



        	Ho P.Y., Barton A., Worthington J., Thomson W., Silman A.J., Bruce I.N.. HLACw6 and HLA-DRB1*07 together are associated with less severe joint disease in psoriatic arthritis. In Ann Rheum Dis, England, 2007; Vol. 66, pp 807-11..

      




      

        	
[90]



        	Rahman P., Inman R.D., Maksymowych W.P., Reeve J.P., Peddle L., Gladman D.D.. Association of interleukin 23 receptor variants with psoriatic arthritis. In J Rheumatol, Canada, 2009; Vol. 36, pp 137-40..

      




      

        	
[91]



        	Rahman P., Siannis F., Butt C., Farewell V., Peddle L., Pellett F., Gladman D.. TNFalpha polymorphisms and risk of psoriatic arthritis. In Ann Rheum Dis, England, 2006; Vol. 65, pp 919-23..

      




      

        	
[92]



        	Filer C., Ho P., Smith R.L., Griffiths C., Young H.S., Worthington J., Bruce I.N., Barton A.. Investigation of association of the IL12B and IL23R genes with psoriatic arthritis.Arthritis Rheum.20085837053709

      




      

        	
[93]



        	Liu Y., Helms C., Liao W., Zaba L.C., Duan S., Gardner J., Wise C., Miner A., Malloy M.J., Pullinger C.R., Kane J.P., Saccone S., Worthington J., Bruce I., Kwok P.Y., Menter A., Krueger J., Barton A., Saccone N.L., Bowcock A.M.. A genome-wide association study of psoriasis and psoriatic arthritis identifies new disease loci.PLoS Genet.20084e1000041

      




      

        	
[94]



        	Reich K., Huffmeier U., Konig I.R., Lascorz J., Lohmann J., Wendler J., Traupe H., Mossner R., Reis A., Burkhardt H.. TNF polymorphisms in psoriasis: association of psoriatic arthritis with the promoter polymorphism TNF*-857 independent of the PSORS1 risk allele.Arthritis Rheum.20075620562064

      




      

        	
[95]



        	Rahman P., O’Rielly D.D.. Psoriatic arthritis: genetic susceptibility and pharmacogenetics.Pharmacogenomics20089195205

      




      

        	
[96]



        	Krueger G.G., Langley R.G., Leonardi C., Yeilding N., Guzzo C., Wang Y., Dooley L.T., Lebwohl M.. A human interleukin-12/23 monoclonal antibody for the treatment of psoriasis.N Engl J Med.United StatesMassachusetts Medical Society2007Vol. 356580592

      




      

        	
[97]



        	Tolusso B., Pietrapertosa D., Morelli A., De Santis M., Gremese E., Farina G., Carniello S.G., Del Frate M., Ferraccioli G.. IL-1B and IL-1RN gene polymorphisms in rheumatoid arthritis: relationship with protein plasma levels and response to therapy.Pharmacogenomics20067683695

      


    


  

OEBPS/Images/9781608057566-C1_F1.jpg
ANKRDSS, 1L6ST
KIFSA, PIPAK2C CSorf13, GINT
TNFRSF14

PROMT  SPRED?
ccior co2cosscoms
PRKCO  FOGRA  AFFS
PO TRAFUGS DI PTPRC rFs
HADROTOS  PTPNZZ  STATS  IL2RA ReL P Tacap
Sealdes  CTLAG  TNEAPS  IL2RB Bk RePS ooXs
RAgenes @} } | { | }
et 20032005 2007 2008 2008 2011
ro7sae7s 1980 1906 199097 20022003 20072000 2010
ASIPsA genes @} } } | | } b
HIAB27  HLACWS  HLAB3S  HLABSO HLASEalolos HLA-1ZE(Psh) ANTXRZ
HAB® TP 1128 (Psonasiy)  L20R IL-1R2
KR gonss

ErAPT






OEBPS/Images/bentham_logo.jpg





OEBPS/Images/Cover.jpg
ISSN: 221
elSBN: 97

i}

Advances in GenoiiERSIAEN C €

Probing Intfacelular
Regulation v

Editor: —
Christian Neri Bentham g Books





