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Abstract 

Rheumatoid arthritis (RA) is an autoimmune disorder characterized by chronic inflammation 

of multiple joints and organs. For many years RA has been recognized as a Th1 mediated 

disease, but recently Th17 cells appear to play a pivotal role in RA pathogenesis. Studies have 

revealed that IL-17 producing T cells are important cell types contributing to arthritis. 

Accordingly, plasticity between different Th1, Th17 and Treg cells has been described, 

indicating that differentiation of Th subsets is not entirely restricted to separate lineages.  

Therefore, this report will address these novel insights of pathogenecity and plasticity of 

different Th subsets in RA. 

 

 

 

 

Abbreviations 

 

RA  Rheumatoid Arthritis 

CIA  Collagen induced arthritis 

Th cells  T helper cells  

Treg cells Regulatory cells 

ROR  Retinoic acid-related orphan receptor 

TGF-β  Transforming growth factor- beta 

TNF-α  Tumor necrosis factor- alpha 

IFN-γ  Interferon-gamma   

CXCR  Chemokine receptor family 

CCR  Chemokine receptor 

RANKL  Receptor activator of NF-κB ligand
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Introduction 

Rheumatoid arthritis (RA) is a chronic disease characterized by autoimmunity and 

inflammation of multiple joints and organs. The disease is associated with remissions and 

relapses. From 60% of patients with arthritis the disease is self-limiting, while 40% develop a 

chronic form of arthritis from which 62% develops RA [1]. This indicates that RA is typically 

a progressive disorder which has the potential to destruct joints resulting in functional 

disability accompanied by symptoms such as pain, swelling and fatigue. RA affects 1-2% of 

the people worldwide with a man to woman ratio of 1:3, especially middle aged women [2]. 

The etiology of the disease is unknown, however pro inflammatory cytokines play crucial 

roles in RA. Moreover, synovial fibroblasts, osteoclasts and infiltrating inflammatory cells 

have been shown to be important in the disease. Osteoclasts are involved in bone resorption 

by producing various proteases and acids. In normal bone a balance between bone formation 

and bone resorption exists, however if osteoclasts over react bone destruction may occur. In 

addition, inflammatory cytokines such as TNF-α, IL-1 and IL-6 are increased in synovial 

fluids of RA patients. These cytokines have been shown to induce differentiation and 

activation of osteoclasts resulting in bone resorption [3]. Furthermore, synovial fibroblasts 

produce particularly IL-6 and MMPs, which are involved in degradation of intact cartilage 

matrix [4]. Next to the inflammatory cells mentioned before T cells represent a considered 

amount of invading cells into the synovial tissue. These activated T cells producing contribute 

to the progressive inflammation in RA patients by producing pro inflammatory cytokines. As 

RA is an autoimmune disorder the activation of T cells recognizing auto-antigens and/or the 

cytokine driven T cell stimulation is implicated in its pathogenesis [5].  

T helper subsets  

Upon stimulation naïve CD4+ T cells can differentiate into specific T helper (Th) subsets 

depending on the cytokine milieu (Figure 1). During the process of Th cell differentiation 

specific transcription factors are required. Differentiation of Th1 cells depends on specific 

transcription factors such as T-bet and STAT4, whereas the Th2- lineage related transcription 

factors are GATA3 and STAT6 [6]. Th1 cell differentiation occurs in the presence of IL-12 

via STAT4 and T-bet, resulting in up regulation of IFN-γ, which in turn acts as a positive 

feedback mechanism to enhance T-bet expression leading to a stabilization of Th1 
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differentiation [7]. Moreover, it has been shown that Th1 differentiation results in down 

regulation of IL-4 and IL-5 expressions. Considerable evidence has demonstrated that Th1 

cells are involved in host defense against intracellular infections by secreting IFN-γ, which 

can activate macrophages, natural killer cells and CD8
+ 

cells [8].  

Naïve CD4+ T cells can also differentiate into Th2 cells in the presence of IL-4. Moreover, 

these cells secrete IL-4, IL-5 and IL-13, which in turn play a key role in humoral immunity 

and in the control of parasite invasions. IL-4 has been shown to be crucial in Th2 

differentiation via activation of STAT6, resulting in the expression of GATA3 [7]. This 

transcription factor activates its own expression via a positive feedback mechanism and plays 

a role in the expression of Th2 related cytokines such as IL-4, IL-5 and IL-13. During Th2 

differentiation IFN-γ expression is inhibited, while the expression of IL-4 and IL-5 is 

promoted. Experiments have confirmed that transcription factors of Th1 and Th2 lineage,     

T-bet and GATA3, counteract Th2 and Th1 development respectively. For example T-bet 

represses Th2 development by interfering with GATA3 binding to DNA and GATA3 

suppresses Th1 development [9, 10]. These findings indicate that Th cell differentiation 

depends on lineage specific transcription factors which induce a lineage specific gene 

expression profile in combination with an inhibition of the development of other Th cell 

subsets.  

Next to the classical Th1 and Th2 subsets a new subset has been described during the last 

decade, named Th17 cells due to the secretion of IL-17A [11-13]. More importantly, 

differentiation of Th17 cells depends on RORγt and RORα [14-18]. Yang et al. have 

demonstrated that RORγt and RORα, two orphan nuclear receptors, have synergistic effects 

on differentiation of Th17 cells, although RORα has less effect on promoting Th17 

differentiation compared to RORγt [17]. Furthermore, STAT3 has been shown to be involved 

in the expression of the critical transcription factor RORγt [19]. Moreover, Th17 

differentiation is dependent on STAT3, which can directly bind to the IL-17 promoter and 

thereby inducing IL-17A production [20]. In the presence of IL-6/ TGF-β/ IL-23/IL-1β Th17 

cells differentiate and preferentially secrete IL-17A, IL-17F, IL-21 and IL-22. These 

cytokines target for example epithelial cells and fibroblasts. By this means anti-microbial 

peptides such as Defensin and Lipocalin are produced and therefore Th17 cells have been 

described to have a protective role in tissue immunity [8]. On the other hand, numerous 
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experimental studies on autoimmune diseases could not be explained by the Th1/Th2 

paradigm, but rather by Th17 cells and therefore these cells have been shown to play a role in 

autoimmunity [21, 22]. So, next to dealing with infectious agents, Th17 cells have been 

implicated in various autoimmune disorders and therefore the focus is now set on this 

relatively new Th subset. 

 

Figure 1 General scheme of T helper differentiation. Upon stimulation naïve T cells differentiate into Th1, Th2 

and Th17 cells, which promote specific immune responses against both bacterial and parasite infections [8].  

Cytokines and regulation 

Th cells are important mediators in immune responses due to their ability to secrete cytokines 

in order to cope with other cellular processes of the immune system. Next to the classical Th 

subsets, the Th17 subset has been extensively studied. It has been demonstrated that IFN-γ 

and IL-4 negatively regulate the development of Th17 cells [23]. In addition, it has been 

demonstrated that enforced GATA3 expression inhibits both Th17 polarization in CD2-

GATA3-transgenic mice and RORγt expression in vitro and in vivo [24].  Several experiments 

have also shown that Th17 differentiation is induced by the synergistic activation of IL-6 and 

TGF-β both in vitro and in vivo [25-27]. In contrast, several studies have reported differences 
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in human versus mice Th17 cells e.g. human Th17 differentiation was reported to be 

independent of TGF-β. Instead, IL-1 together with IL-6 was shown to be important for 

mediating Th17 differentiation [28, 29]. As human and mice Th17 cells differ in various 

aspects the role of TGF-β in Th17 differentiation is still intensely debated [30, 31] (Figure 2). 

Beside these cytokines IL-23 has been shown to be critical for Th17 maintenance and 

pathogenecity [32, 33] e.g. IL-23 induces the proliferation of Th17 cells in vivo. Importantly, 

initiation of Th17 differentiation does not require IL-23, but this cytokine is required for 

proliferation and stabilization of Th17 cells in autoimmunity [34]. In addition, IL-23 promotes 

proliferation of memory CD4+ T cells but not of naïve T cells, as naïve T cells do not express 

IL-23R [35]. Moreover, IL-23 was shown to be involved in autoimmunity rather than IL-12, 

although these cytokines share the common subunit p40 [36]. Furthermore, IL-23 has been 

shown to promote IFN-γ by Th1 cells, probably by sharing overlapping STAT signaling 

pathways with IL-12. However, this function is not fully studied and requires further 

investigation [37].  

Markers associated with Th17 cells   

Th17 cells have been described as a separate lineage of Th cells and to make the difference 

more apparent studies have demonstrated the presence of chemokine receptors such as CCR6 

and CCR4 on human Th17 cells producing IL-17A, but not IFN-γ, whereas cells expressing 

CCR6 and CXCR3 secrete both IL-17 and IFN-γ (Th17/ Th1) or only IFN-γ (Th1) [38]. This 

shows that human T cells expressing CCR6 are able to produce IL-17 [15]. Moreover, an 

additional surface marker has been identified to be associated with human Th17 cells, CD161 

[39]. This marker is exclusively expressed by Th17 cells, not by Th1 or Th2 cells. 

Furthermore, Th17 cells have been shown to arise from CD161+CD4+ precursor cells.  
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Figure 2 Th17 differentiation in mouse and human. Th17 differentiation in mice occurs in the presence of TGF-

β and IL-6/ IL-21 and is maintained by IL-23 and IL-1β. In contrast, in human TGF-β and IL-6 alone are not 

sufficient to drive Th17 differentiation. However,  a cocktail of cytokines including IL-1β, IL-23, IL-6 and TGF-β 

induces a Th17 associated gene and cytokine expression profile [31] . 

Th17 related cytokines 

Upon activation Th17 cells secrete cytokines such as IL-17A, IL-17F, IL-21, IL-22 and in 

humans IL-26 [40] . Furthermore, Th17 cells also secrete the chemokine CCL20 that binds to 

CCR6, which controls the migration of inflammatory cells such as Th17 cells [41].  

IL-17A and IL-17F 

IL-17A is not only secreted by Th17 cells, but also by γδ T cells, NK cells and CD8+ cells 

[18, 42]. Studies have shown that IL-17A is involved in the pathogenesis of collagen- induced 

arthritis (CIA) and experimental autoimmune encephalomyelitis (EAE), animal models of 

RA, and Multiple Sclerosis respectively [2, 43]. This shows that IL-17A is involved in the 

autoimmunity. IL-17A binds IL17RA, the IL-17 receptor, with high affinity. Studies have 

shown that IL-17A is a homodimeric cytokine that shares similar biological functions with  

IL-17F [44]. IL-17F, another signature cytokine secreted by Th17 cells, is a homodimeric 

cytokine which plays a role in inflammatory bowel disease (IBD) and infection [17, 45].     

IL-17A and IL-17F mediate their biological functions via IL-17RA and IL-17RC, components 

of the IL-17 receptor, which are expressed on various tissue and cell types [46]. Albeit few 

studies have demonstrated that the biological functions of IL-17A and IL-17F differ [47]. 

Ishigame et al. have demonstrated that only IL-17F contributes to innate immune responses in 



Implications of novel insights of pathogenecity and plasticity of the different T helper subsets in RA 

 

8 

 

epithelial cells, whereas IL-17A is involved in both allergic and host defense responses [45]. 

Currently, it is unknown whether Th17 related cytokines have redundant functions in certain 

diseases. Although, studies have demonstrated that IL-17A deficient mice are resistant to 

CIA, which suggests a redundant role of IL-17F for IL-17A in the pathogenesis of CIA [48]. 

Recently, it was shown that activated human CD4+ T cells express heterodimeric IL-17A/IL-

17F cytokines.  Moreover, IL-17A/IL-17F was also expressed by murine differentiated Th17 

cells [49]. These cytokines are able to secrete chemokines in epithelial cells by signaling 

through the IL-17RA/IL-17RC receptor complex in humans, the same receptor complex as 

IL-17A and IL-17F.  

IL-21 

IL-21 is essential for Th17 differentiation and functions as an autocrine growth factor for 

Th17 cells [50]. Next to that, IL-21 has pleiotropic effects on CD8+ T cell, B cells, NK cells 

and dendritic cells.  Studies have shown that IL-21 in combination with TGF-β results in 

differentiation of Th17 cells, although IL-6 appears to be a more potent inducer than IL-21 

[51]. As IL-17 induces a positive feedback loop for IL-6 expression, it has also been 

suggested that IL-17 can amplify IL-21 production when present in the proper cytokine milieu 

[52]. In addition, IL-21 was shown to induce IL-23R expression on Th17 cells, indicating an 

indirect role of this cytokine in expansion of Th17 cells by IL-23 [46]. Conversely, a study 

described that Th17 independent IL-21 production can also occur by demonstrating that mice 

deficient in RORγt produced normal IL-21 levels [53].  Moreover, it was shown that IL-21 

producing Th17 cells do not always secrete IL-17A or IL-17F. These findings indicate that 

next to Th17 cells another cell type might produce IL-21 as well [53]. Young et al. have 

shown that IL-21 has a pathogenic role in animal models for RA by expanding pathogenic T 

cell proliferation [54]. In addition, IL-21 has been demonstrated to inhibit Th1 differentiation 

and down regulate IL-6 production in CIA, indicating that IL-21 contributes to IL-6 

production in CIA. 

IL-22 

 IL-22, preferentially secreted by Th17 cells, belongs to the IL-10 family of cytokines. This 

cytokine is also produced by CD8+ T cells and dendritic cells [55]. Receptors for IL-22 are 

expressed on epithelial cells and fibroblasts from where IL-22 can mediate its biological 
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effects [8]. Interestingly, it has been shown that IL-22 can also be produced by Th1 cells [56]. 

In addition, IL-22 is involved in mucosal immunity by producing anti-microbial peptides and 

therefore this cytokine has a protective effect against extracellular bacteria [8, 57]. A 

mechanism by which IL-22 exerts protective responses is through the induction of Reg family 

of microbial proteins in epithelial cells, which can directly kill bacteria [57]. However, IL-22 

has been linked to inflammatory functions in diseases such as dermal inflammation and IBD 

[16, 56, 58]. Moreover, IL-23 has been shown to directly induce IL-22 production from both 

human and murine naïve T cells [56].  Recently, it has been described that T cells from both 

psoriasis and atopic dermatitis (AD) patients could independently produce IL-22 although low 

levels of IL-17 were co-produced. IL-22 can be produced without co-expression of IL-17 or 

IFN-γ and might possibly be characterized as a different Th subset, Th22.  Furthermore, the 

new Th subset has been shown to be responsible for the increased levels of IL-22 in AD 

patients [58]. In addition, Geboes et al. have shown that IL-22 plays a role in CIA by 

promoting osteoclastogenesis and antibody production, although the mechanism by which  

IL-22 promotes antibody production needs to be elucidated [59]. Furthermore, IL-22 levels 

were shown to be increased in RA patients, which was associated with disease severity. 

Another study revealed that IL-22 was present during proliferation of synovial fibroblast 

derived from RA patients [60]. These findings indicate an apparent role of IL-22 in relation to 

RA pathogenecity, albeit further investigation is required to confirm this notion.  

Th17 cells and autoimmunity 

Several studies described in literature have linked Th17 related cytokines especially IL-22 and 

IL-17 to autoimmune diseases such as RA, psoriasis and IBD [16]. In experimental models 

some pathogens, notably mycobacteria are used to induce autoimmunity and particularly these 

pathogens are able to produce IL-17 e.g. dendritic cells exposed to zymosan were able to 

induce Th17 differentiation from CD4+ T cells [61]. Furthermore, SKG mice, a genetic model 

of RA, spontaneously developed Th17 cells causing arthritis, whereas this phenomenon did 

not occur in SPF mice, mice free of pathogens [62]. This indicates an apparent role of IL-17 

(Th17) and autoimmunity. Interestingly, co-expression of IL-17 and IFN-γ was detected in 

acute EAE, which was reduced when the disease became chronic [61]. As IFN-γ has an 

inhibitory effect on Th17 differentiation, it is remarkable that co-production of IL-17 and 

IFN-γ seems to be associated with pathogenecity. Therefore, there might be some cross-

regulation between Th1 and Th17 cells.  
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Regulatory T cells (Treg) are a subset of cells that differentiate from naïve CD4+ T cells and 

are involved in controlling immune responses and inflammation triggered by resident 

microflora. This indicates that Treg cells have a suppressive phenotype and exhibit a 

protective role against autoimmunity [41, 63]. As TGF-β is involved in Treg cell 

differentiation, mice lacking TGF-β developed early onset autoimmune disease, indicating an 

indispensable role for this growth hormone in light of autoimmunity. In contrast, mice with 

impaired TGF-β signaling in T cells still revealed functional Treg cells [64]. This notion may 

suggest that other mechanisms are involved in autoimmunity [16].  

T regulatory cells versus Th17 cells 

Interestingly, Th17 cells have been linked to the generation of induced Treg (iTreg) due to the 

shared cytokine TGF-β, but distinct transcription factors are required for differentiation of 

both cell types:  RORγt (Th17) and FoxP3 (Treg). TGF-β can induce FoxP3 expression, but in 

the presence of IL-6 and IL-21 TGF-β can exhibit Th17 differentiation [26], while 

suppressing Treg differentiation [63]. Consequently, these cells are not only antagonisms of 

each other, but a reciprocal regulation is induced by Th17 and Treg. Studies in mice have 

shown that low levels of TGF-β synergize with IL-6 and IL-21 to induce Th17 differentiation 

via IL-23R expression, whereas high concentrations of TGF-β result in development of 

FoxP3+ Treg by repressing IL-23R expression [63] . Moreover, it has been shown that Th17 

development is inhibited by FoxP3+ via interaction with both RORα and RORγt [65]. In 

addition, IL-2 has been described as a survival factor for Treg, whereas it inhibits IL-17A 

expression [66].  

RA: Th1 or Th17 mediated? 

In RA pro-inflammatory cytokines play an essential role in the pathogenesis of the disease 

e.g. IL-1, IL-6, TNF-α and IL-17 were elevated in synovial fluids of RA patients [3, 67, 68]. 

These cytokines can induce osteoclast differentiation resulting in bone resorption. 

Furthermore, it has been demonstrated that IL-17 acts on different cell types resulting in joint 

inflammation and bone destruction. For instance, IL-17 producing T cells play a role in   

TNF-α induced synthesis of IL-1β, IL-8 and IL-6 in synovial fibroblasts [69]. Moreover, 

synergism between IL-17 and TNF-α have been shown to induce IL-23p19 expression in 

fibroblast-like synoviocytes [70]. In addition, IL-23 has been shown to be critical for human 
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osteoclast differentiation via IL-17 [71]. IL-17A is also able to induce chronic destructive 

arthritis independent of TNF-α and IL-1 as was shown in mice [72]. In the early onset of RA 

Th17 cells were shown to be up regulated and therefore these cells might also contribute to 

inflammation [73].  

For quite some time RA has been recognized as a Th1 mediated disease [74]. However, recent 

findings have cast doubt on this proposition e.g. IFN-γ inhibits osteoclast differentiation, 

indicating that RA is not Th1 mediated [75]. In vitro human osteoclastogenesis by Th17 cells 

can occur via RANKL induction of osteoblasts via IL-17 signaling [76]. In contrast, one study 

reported that T cells producing IFN-γ were shown to induce osteoclastogenesis via expression 

of RANKL [77]. But, IL-2 and IFN-γ, Th1 related cytokines, were hardly detectable in joints 

of RA patients as reported, whereas IL-17 was reported to be elevated in synovial fluids of 

RA patients [68, 78]. In addition, mice lacking IFN-γ receptor were even more susceptible to 

CIA [79]. In vivo animal studies have revealed that CIA was partially suppressed in mice 

lacking IL-17 [48]. Moreover, it has been demonstrated that IL-17 is indispensable in both the 

early and progressive phase of arthritis [80]. IL-17R deficient mice revealed that synovial 

expression of IL-1 and matrix metalloproteinases is impaired leading to prevention of 

cartilage destruction in CIA [81]. These findings suggest that RA is not a Th1 mediated 

disease, but possibly a Th17 mediated disease.  

Treg in RA 

As described before Treg and Th17 cells have reciprocal developmental pathways and 

contradictory functions in the control of inflammation. Accordingly, it would be likely to 

assume that Treg cells are decreased in RA patients, although this does not account for self-

tolerance. In addition, large numbers of Treg cells are present inflamed joints in patients with 

a mild phenotype compared with patients with a more severe phenotype [82].  As studies have 

revealed that activated Treg are present in inflamed tissue, these cells however are not capable 

of suppressing inflammation, especially Th17 mediated immune responses [83]. It could be 

speculated that Treg cells, a component of pheripheral tolerance, in an early stage of RA are 

not responsive to Th17 mediated inflammation, which might be explained by escape of T cell 

selection in the thymus. If a precursor Treg cell escapes appropriate selection in the thymus, 

this cell possibly becomes non-tolerogenic, which can lead to autoimmunity.         

Experiments with Treg neither showed suppression of osteoclast differentiation, nor 
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stimulation of osteoclast differentiation [5]. Therefore the role of Treg in RA remains 

unresolved. 

Plasticity 

Remarkably, studies have shown that Treg cells seem to be related with Th17 cells mediated 

by TGF-β and RORγt. It has been demonstrated that Treg cells can be converted to IL-17 

producing T cells in both mice and human via up regulation of RORγt and CCR6 [36, 84].  

Next to plasticity between Treg and Th17 cells, a relation has been established between Th17 

and Th1 cells (Figure 3). In autoimmunity Th1 and Th17 cells develop simultaneously and 

can be co-localized [85]. It has been shown that IL-17 acts as a positive feedback cytokine 

that further attracts Th17 cells as well as Th1 cells. This suggests that a possible redundancy 

between these lineages in pathology of the disease. Studies have shown that fully polarized 

Th17 cells can be converted into cells producing IFN-γ via IL-12 and IL-23 signaling. 

Interestingly, Th17 cells maintained by long term TGF-β showed to be persistently responsive 

to IL-12. This resulted in an induction of a STAT 4 and T-bet dependent conversion marked 

by loss of RORs, IL-17A and IL-17F. In addition, Th1 related genes were induced upon IL-12 

stimulation in Th17 cells of reporter mice [6]. Moreover, in the absence of TGF-β it was 

shown that Th17 cells do no stably express IL-17 and Th17 cells give rise to Th1 like progeny 

[86]. These findings imply plasticity between Th17 and Th1 cells. In agreement with this 

notion, autoimmune myocarditis studied in mice have demonstrated that mice lacking T-bet, 

the master regulator of Th1, develop more severe disease and increased levels of IL-17 were 

observed [87]. This suggests that T-bet is a negative regulator of Th17 differentiation. In 

addition, an epigenetic role for regulation of T cell plasticity has been established for example 

T-bet is in active epigenetic state in both Treg and Th17 cells, indicating a potential role to up 

regulate this transcription factor and to differentiate into Th1 cells [88]. 

As IL-23 is essential for the maintenance of Th17 cells, the role of this cytokine in relation to 

late Th17 development has been investigated. As a result, IL-23 was not required for 

maintenance of IL-17 expression [6]. Instead, upon IL-23 stimulation in the absence of TGF-β 

the frequency of cells producing IFN-γ was increased without co-expression of IL-17A. This 

indicates an indispensable role of IL-23 in the transition of Th17 cells into Th1 cells together 

with extinction of IL-17 and increased expression of IFN-γ during late Th17 developmental 
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TGF-β/IL-6/IL-1β 

IL-4 

TGF-β 

IL-12 

plasticity. Therefore, IL-23 could be important for Th17 and Th1 responses. Importantly, fully 

committed Th1 cells are resistant to the conversion to Th17 cells under the proper conditions, 

accordingly there is only plasticity between Th17 and Th1 cells in this direction [6, 89].  

 

 

Figure 3 Plasticity between Th1, Th17 and Treg cells. Treg cells can be converted to IL-17 producing T cells in 

both mice and human via up regulation of RORγt. In addition, fully polarized Th17 cells can be converted into 

cells Th1 cells via expression of T-bet and STAT4. However, the opposite does not occur. Next to Th1 and Th17 

cells, a population has been described to express both IFN-γ and IL-17. 

Polymorphisms 

Many studies have suggested that RA is partially a genetic disorder which can be explained 

by the presence or absence of a shared epitope (SE) in various HLA-DR molecules [90]. 

Previous studies have shown an association between the presence of SE and RA onset at an 

earlier age [91, 92]. Next to correlations with HLA other genes are also involved in 

determining a risk for RA as genome wide association studies have provided evidence for 

various susceptibility loci on chromosomes [93]. For example associations have been 

established between RANK, RANKL, osteoprotegerin (OPG) and IL-17 genotypes and early 
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RA in Japanse patients [90]. These results are in agreement with previous studies in light of 

results wherein RANKL and IL-17 contribute to bone resorption in RA patients [76, 77].  

This indicates that SNPs in genes may be predictive for disease progression in RA patients 

with an early disease phenotype.  

Therapies 

Upon the discovery of new molecules and pathways new treatments are created in order to 

treat diseases such as RA. With other words targeting a range of molecules may have 

therapeutic potential for treatment of autoimmune diseases. Over the past years different 

therapeutic treatments have been considered and tested in RA patients and therefore the array 

of potential therapeutic targets is impressive. Many of these targets are at various stages of 

clinical development and these potential drugs can be categorized in different groups in light 

of cytokines and receptors, cell recruitment and intracellular pathways [94]. To treat RA 

common treatments such as anti-inflammatory drugs have been used, however disease-

modifying anti-rheumatic drug (DMARD) therapy is often used to prevent long-term damage 

[95]. Additionally, agents have been produced to block TNF-α (Etanercept), IL-1β 

(Canakinumab), IL-1 receptor antagonist (Anakinra) and IL-6 receptor (Tocilizumab). In 

addition, rituximab targets B cells (CD20) and CD28, a costimulatory molecule on T cells, is 

blocked by abatacept in RA patients [95]. Some of the experiments, such as Tocilizumab, are 

ongoing to test their efficacy in relation to the disease. Despite pivotal successes the therapies 

that are currently available are not effective in many RA patients and can have severe side 

effects. These notions emphasize the need for safer and more effective drugs.  

The largest focus now, regarding RA has been laid on anti-cytokine therapy, especially IL-17 

therapy. It has already been demonstrated that IL-17 blockade is very effective in CIA [80].  

As IL-17 is found in the synovial fluids and in synovial tissue of RA patients and enhances 

the production of cytokines by fibroblast-like synoviocytes, it is tempting to speculate that 

blockade of this cytokine in humans might be useful [68, 73]. IL-17 blockade can be 

established via monoclonal anti-IL-17A antibodies, which have been developed now and via 

soluble antagonists which can bind members of IL-17 [94]. Currently, AIN457, a biological 

against IL-17 (Novartis AG), is being tested in psoriatic arthritis patients to test its efficacy 

(ClinicalTrials.gov identifiers: NCT00809614). As the subunit p40 is shared with IL-23 and 
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IL-12 [32] currently, a trial is ongoing to analyze whether IL-23p40 inhibition is associated 

with reduction of inflammation in RA patients (ClinicalTrials.gov identifiers: 

NCT00642629). Although many targets are not listed in table1, it gives an overview of few 

therapies for RA. More target for RA are listed in the review by Waldburger et al. [94]. These 

new drugs, which are being tested in clinical trials, seem promising, but time will tell whether 

these targeted therapies are indeed useful. Although, targeting IL-23p40 would be a good 

target for RA, as IL-23p40 is involved in maintenance of Th17 cells and has been shown to 

promote Th1 cell differentiation. This speculation includes T cell plasticity, which makes it 

more likely to target IL-23p40 in RA patients.    

Target Representative molecules Representative clinical trials 

TNF-α Etanercept Phase IV 

IL-1β Canakinumab Phase II 

IL-1RA Anakinra Phase III 

IL-6R Tocilizumab Phase III 

B cells (CD20/CD28) Rituximab Phase II 

IL-17 AIN457 mAb Phase II 

IL-23p40 STA-5326 Mesylate Phase II 

 

Table 1 Examples of targeted therapies for RA (ClinicalTrials.gov) 

Next to mono-therapies, combination therapies for RA patients are also considered e.g. 

combination therapy of a targeted immune modulator and methotrexate has conferred the best 

results [96]. In contrast, much more side effects can occur in patients using the drugs as 

multiple targets are ‘attacked’. Therefore novel studies are needed to address these issues.  
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Conclusion 

Rheumatoid arthritis (RA) is an autoimmune disorder with an unknown etiology, 

characterized by chronic inflammation of multiple joints and organs [1]. For many years RA 

has been recognized as a Th1 mediated disease, but recently Th17 cells, a newly described Th 

subset, appear to play a pivotal role in RA pathogenesis as elevated IL-17 levels have been 

detected in the synovial fluids of RA patients [68, 73].  In the presence of IL-6/ TGF-β/ IL-

23/IL-1β Th17 cells differentiate and secrete cytokines such as IL-17A, IL-17F, IL-22, IL-21 

and IL-26 in humans [11-13, 40]. These novel T cells induce autoimmunity far more 

efficiently than Th1 cells in mice [2]. As IFN-γ has an inhibitory effect on Th17 

differentiation, it is remarkable that co-production of IL-17 and IFN-γ seems to be associated 

with pathogenecity. Therefore, there might be some cross-regulation between Th1 and Th17 

cells. Moreover, IL-23 could be important for Th17 and Th1 responses as this cytokine is 

important for maintaining Th17 cells and promoting IFN-γ by Th1 cells [35, 37]. Notably, 

studies have demonstrated plasticity between Th1, Th17 and Treg cells [6, 36, 84].  

Treg and Th17 cells have reciprocal developmental pathways and contradictory functions in 

controlling inflammation. Currently, experiments are conducted to investigate whether Treg 

cell administration could be useful to treat RA patients as Treg cells have suppressive 

functions. Notably, it should be considered that Treg cells can convert to Th17 cells and 

thereby side effects and worsening of the disease may occur. Therefore, the role of Treg in 

RA remains unresolved and further research is required.  

Currently, new and promising therapies are being tested in clinical trials such as anti-IL-17 

therapy [94]. However, one should take into account T- cell plasticity. Due to T-cell plasticity 

the effect on therapies for RA may need to be reconsidered as targets can be converted to 

other cell types i.e. Th17 cells can be transformed to Th1 cells. In addition, the efficacy of 

new drugs being developed should also be considered due to T-cell plasticity. Moreover, both 

side effects and safer therapeutic strategies have to be taken into consideration in order to treat 

RA patients. The Th17 pathway has been described thoroughly, however the effects on RA 

patients are still not clear, as clinical trials are being conducted. It could be speculated that the 

effects of targeting Th17 cells will be promising as depletion of Th17 cells would probably 

result in less IL-17 production and the ratio of Th17 cells converting to Th1 cells would 

possibly be lower, due to few Th17 cells available.  The effects of the other Th subsets will 
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theoretically result in more Th1 and Th2 cells compared to the numbers of Th17 cells. As 

IFN-γ (Th1) is able to repress Th17 differentiation, over expression of this cytokine would 

keep Th17 cells suppressed. If RA is indeed a Th17 mediated disease, targeting Th17 cells 

will be promising.  

Aware of these notions, the question which therapy is appropriate to treat RA patients is 

addressed: a therapy based on T cell targeting or a therapy based on targeting cytokines 

produced by Th17 cells. As Th17 cells are not the only source of Th17 related cytokines such 

as IL-17A, IL-21 and IL-22, it would probably be wise to target these cytokines. In addition, 

targeting IL-6 might be sensible as IL-6 is a potent inducer of Th17 differentiation [33, 51]. 

Moreover, targeting IL-23, specifically IL-23p40, might be reasonable as the p40 subunit is 

shared with IL-12. This indicates that both IL-12 and IL-23 are targeted and thereby the Th1 

and Th17 functions are diminished or completely abolished in the case of Th17 cells, because 

IL-23 is no longer available to maintain these cells.  Only time will tell whether blocking of 

the cytokines mentioned afore will be effective in RA patients in conjunction with 

determination of the side effects. 

From 60% of patients with arthritis the disease is self-limiting, while 40% develop a chronic 

form of arthritis from which 62% develops RA [1]. This could possibly be explained by 

polymorphisms of genes such as HLA, as studies have provided evidence that certain genes 

are involved in determining a risk for RA. These results were obtained from studies that 

provided evidence for various susceptibility loci on chromosomes [93].  It is more likely that 

Th17 cells are involved in RA, due to IL-17 genotype associations and early RA in Japanese 

patients [90]. This indicates that SNPs in genes may be predictive for disease progression in 

RA patients with an early disease phenotype.  

Albeit, predicting the development of RA using T cell profiles might not give a complete 

prediction of the disease, it might partially envisage the development of RA in patients. 

Overall, RA may be both a Th1 and Th17 mediated disease due to T- cell plasticity and 

remains unresolved. However, further investigation is required to confirm this hypothesis.  

Acknowledgments 

I thank dr. J.P. van Hamburg and dr. E. Lubberts for critically reading this thesis. 



Implications of novel insights of pathogenecity and plasticity of the different T helper subsets in RA 

 

18 

 

References 

 

1. Lard, L.R., et al., Early versus delayed treatment in patients with recent-onset rheumatoid 
arthritis: comparison of two cohorts who received different treatment strategies. Am J Med, 
2001. 111(6): p. 446-51. 

2. Lubberts, E., IL-17/Th17 targeting: on the road to prevent chronic destructive arthritis? 
Cytokine, 2008. 41(2): p. 84-91. 

3. Kotake, S., et al., Interleukin-6 and soluble interleukin-6 receptors in the synovial fluids from 
rheumatoid arthritis patients are responsible for osteoclast-like cell formation. J Bone Miner 
Res, 1996. 11(1): p. 88-95. 

4. Pretzel, D., et al., In vitro model for the analysis of synovial fibroblast-mediated degradation 
of intact cartilage. Arthritis Res Ther, 2009. 11(1): p. R25. 

5. Sato, K., Th17 cells and rheumatoid arthritis--from the standpoint of osteoclast 
differentiation. Allergol Int, 2008. 57(2): p. 109-14. 

6. Lee, Y.K., et al., Late developmental plasticity in the T helper 17 lineage. Immunity, 2009. 
30(1): p. 92-107. 

7. Murphy, K.M. and S.L. Reiner, The lineage decisions of helper T cells. Nat Rev Immunol, 2002. 
2(12): p. 933-44. 

8. Ouyang, W., et al., Novel therapeutic targets along the Th17 pathway. Eur J Immunol, 2009. 
39(3): p. 670-5. 

9. Hwang, E.S., et al., T helper cell fate specified by kinase-mediated interaction of T-bet with 
GATA-3. Science, 2005. 307(5708): p. 430-3. 

10. Usui, T., et al., GATA-3 suppresses Th1 development by downregulation of Stat4 and not 
through effects on IL-12Rbeta2 chain or T-bet. Immunity, 2003. 18(3): p. 415-28. 

11. Dong, C., Regulation and pro-inflammatory function of interleukin-17 family cytokines. 
Immunol Rev, 2008. 226: p. 80-6. 

12. Gutcher, I. and B. Becher, APC-derived cytokines and T cell polarization in autoimmune 
inflammation. J Clin Invest, 2007. 117(5): p. 1119-27. 

13. Weaver, C.T., Th17: The ascent of a new effector T-cell subset. Preface. Eur J Immunol, 2009. 
39(3): p. 634-6. 

14. Dong, C., TH17 cells in development: an updated view of their molecular identity and genetic 
programming. Nat Rev Immunol, 2008. 8(5): p. 337-48. 

15. Singh, S.P., et al., Human T cells that are able to produce IL-17 express the chemokine 
receptor CCR6. J Immunol, 2008. 180(1): p. 214-21. 

16. Stockinger, B., M. Veldhoen, and B. Martin, Th17 T cells: linking innate and adaptive 
immunity. Semin Immunol, 2007. 19(6): p. 353-61. 

17. Yang, X.O., et al., T helper 17 lineage differentiation is programmed by orphan nuclear 
receptors ROR alpha and ROR gamma. Immunity, 2008. 28(1): p. 29-39. 

18. Ivanov, II, et al., The orphan nuclear receptor RORgammat directs the differentiation program 
of proinflammatory IL-17+ T helper cells. Cell, 2006. 126(6): p. 1121-33. 

19. Dong, C., Differentiation and function of pro-inflammatory Th17 cells. Microbes Infect, 2009. 
20. Chen, Z., et al., Selective regulatory function of Socs3 in the formation of IL-17-secreting T 

cells. Proc Natl Acad Sci U S A, 2006. 103(21): p. 8137-42. 
21. Basso, A.S., H. Cheroutre, and D. Mucida, More stories on Th17 cells. Cell Res, 2009. 19(4): p. 

399-411. 
22. Witowski, J., K. Ksiazek, and A. Jorres, Interleukin-17: a mediator of inflammatory responses. 

Cell Mol Life Sci, 2004. 61(5): p. 567-79. 



Implications of novel insights of pathogenecity and plasticity of the different T helper subsets in RA 

 

19 

 

23. Park, H., et al., A distinct lineage of CD4 T cells regulates tissue inflammation by producing 
interleukin 17. Nat Immunol, 2005. 6(11): p. 1133-41. 

24. van Hamburg, J.P., et al., GATA-3 protects against severe joint inflammation and bone erosion 
and reduces differentiation of Th17 cells during experimental arthritis. Arthritis Rheum, 2009. 
60(3): p. 750-9. 

25. Mangan, P.R., et al., Transforming growth factor-beta induces development of the T(H)17 
lineage. Nature, 2006. 441(7090): p. 231-4. 

26. Veldhoen, M., et al., TGFbeta in the context of an inflammatory cytokine milieu supports de 
novo differentiation of IL-17-producing T cells. Immunity, 2006. 24(2): p. 179-89. 

27. Yang, X.O., et al., STAT3 regulates cytokine-mediated generation of inflammatory helper T 
cells. J Biol Chem, 2007. 282(13): p. 9358-63. 

28. Acosta-Rodriguez, E.V., et al., Interleukins 1beta and 6 but not transforming growth factor-
beta are essential for the differentiation of interleukin 17-producing human T helper cells. Nat 
Immunol, 2007. 8(9): p. 942-9. 

29. Wilson, N.J., et al., Development, cytokine profile and function of human interleukin 17-
producing helper T cells. Nat Immunol, 2007. 8(9): p. 950-7. 

30. Annunziato, F., et al., Human Th17 cells: are they different from murine Th17 cells? Eur J 
Immunol, 2009. 39(3): p. 637-40. 

31. Boniface, K., et al., From interleukin-23 to T-helper 17 cells: human T-helper cell 
differentiation revisited. Immunol Rev, 2008. 226: p. 132-46. 

32. Langrish, C.L., et al., IL-23 drives a pathogenic T cell population that induces autoimmune 
inflammation. J Exp Med, 2005. 201(2): p. 233-40. 

33. McGeachy, M.J., et al., TGF-beta and IL-6 drive the production of IL-17 and IL-10 by T cells and 
restrain T(H)-17 cell-mediated pathology. Nat Immunol, 2007. 8(12): p. 1390-7. 

34. Weaver, C.T., et al., Th17: an effector CD4 T cell lineage with regulatory T cell ties. Immunity, 
2006. 24(6): p. 677-88. 

35. Aggarwal, S., et al., Interleukin-23 promotes a distinct CD4 T cell activation state 
characterized by the production of interleukin-17. J Biol Chem, 2003. 278(3): p. 1910-4. 

36. Murphy, C.A., et al., Divergent pro- and antiinflammatory roles for IL-23 and IL-12 in joint 
autoimmune inflammation. J Exp Med, 2003. 198(12): p. 1951-7. 

37. Luger, D., et al., Either a Th17 or a Th1 effector response can drive autoimmunity: conditions 
of disease induction affect dominant effector category. J Exp Med, 2008. 205(4): p. 799-810. 

38. Acosta-Rodriguez, E.V., et al., Surface phenotype and antigenic specificity of human 
interleukin 17-producing T helper memory cells. Nat Immunol, 2007. 8(6): p. 639-46. 

39. Cosmi, L., et al., Human interleukin 17-producing cells originate from a CD161+CD4+ T cell 
precursor. J Exp Med, 2008. 205(8): p. 1903-16. 

40. McGeachy, M.J. and D.J. Cua, Th17 cell differentiation: the long and winding road. Immunity, 
2008. 28(4): p. 445-53. 

41. Yamazaki, T., et al., CCR6 regulates the migration of inflammatory and regulatory T cells. J 
Immunol, 2008. 181(12): p. 8391-401. 

42. Shibata, K., et al., Resident Vdelta1+ gammadelta T cells control early infiltration of 
neutrophils after Escherichia coli infection via IL-17 production. J Immunol, 2007. 178(7): p. 
4466-72. 

43. Bettelli, E., M. Oukka, and V.K. Kuchroo, T(H)-17 cells in the circle of immunity and 
autoimmunity. Nat Immunol, 2007. 8(4): p. 345-50. 

44. Numasaki, M., et al., IL-17 and IL-17F modulate GM-CSF production by lung microvascular 
endothelial cells stimulated with IL-1beta and/or TNF-alpha. Immunol Lett, 2004. 95(2): p. 
175-84. 



Implications of novel insights of pathogenecity and plasticity of the different T helper subsets in RA 

 

20 

 

45. Ishigame, H., et al., Differential roles of interleukin-17A and -17F in host defense against 
mucoepithelial bacterial infection and allergic responses. Immunity, 2009. 30(1): p. 108-19. 

46. Spolski, R. and W.J. Leonard, Cytokine mediators of Th17 function. Eur J Immunol, 2009. 
39(3): p. 658-61. 

47. Yang, X.O., et al., Regulation of inflammatory responses by IL-17F. J Exp Med, 2008. 205(5): p. 
1063-75. 

48. Nakae, S., et al., Suppression of immune induction of collagen-induced arthritis in IL-17-
deficient mice. J Immunol, 2003. 171(11): p. 6173-7. 

49. Wright, J.F., et al., The human IL-17F/IL-17A heterodimeric cytokine signals through the IL-
17RA/IL-17RC receptor complex. J Immunol, 2008. 181(4): p. 2799-805. 

50. Zhou, L., et al., IL-6 programs T(H)-17 cell differentiation by promoting sequential 
engagement of the IL-21 and IL-23 pathways. Nat Immunol, 2007. 8(9): p. 967-74. 

51. Sonderegger, I., et al., IL-21 and IL-21R are not required for development of Th17 cells and 
autoimmunity in vivo. Eur J Immunol, 2008. 38(7): p. 1833-8. 

52. Ogura, H., et al., Interleukin-17 promotes autoimmunity by triggering a positive-feedback 
loop via interleukin-6 induction. Immunity, 2008. 29(4): p. 628-36. 

53. Vogelzang, A., et al., A fundamental role for interleukin-21 in the generation of T follicular 
helper cells. Immunity, 2008. 29(1): p. 127-37. 

54. Young, D.A., et al., Blockade of the interleukin-21/interleukin-21 receptor pathway 
ameliorates disease in animal models of rheumatoid arthritis. Arthritis Rheum, 2007. 56(4): p. 
1152-63. 

55. Cella, M., et al., A human natural killer cell subset provides an innate source of IL-22 for 
mucosal immunity. Nature, 2009. 457(7230): p. 722-5. 

56. Zheng, Y., et al., Interleukin-22, a T(H)17 cytokine, mediates IL-23-induced dermal 
inflammation and acanthosis. Nature, 2007. 445(7128): p. 648-51. 

57. Zheng, Y., et al., Interleukin-22 mediates early host defense against attaching and effacing 
bacterial pathogens. Nat Med, 2008. 14(3): p. 282-9. 

58. Nograles, K.E., et al., IL-22-producing "T22" T cells account for upregulated IL-22 in atopic 
dermatitis despite reduced IL-17-producing T(H)17 T cells. J Allergy Clin Immunol, 2009. 

59. Geboes, L., et al., Proinflammatory role of the Th17 cytokine interleukin-22 in collagen-
induced arthritis in C57BL/6 mice. Arthritis Rheum, 2009. 60(2): p. 390-5. 

60. Ikeuchi, H., et al., Expression of interleukin-22 in rheumatoid arthritis: potential role as a 
proinflammatory cytokine. Arthritis Rheum, 2005. 52(4): p. 1037-46. 

61. Veldhoen, M., et al., Signals mediated by transforming growth factor-beta initiate 
autoimmune encephalomyelitis, but chronic inflammation is needed to sustain disease. Nat 
Immunol, 2006. 7(11): p. 1151-6. 

62. Hirota, K., et al., T cell self-reactivity forms a cytokine milieu for spontaneous development of 
IL-17+ Th cells that cause autoimmune arthritis. J Exp Med, 2007. 204(1): p. 41-7. 

63. Zhou, L., et al., TGF-beta-induced Foxp3 inhibits T(H)17 cell differentiation by antagonizing 
RORgammat function. Nature, 2008. 453(7192): p. 236-40. 

64. Fahlen, L., et al., T cells that cannot respond to TGF-beta escape control by CD4(+)CD25(+) 
regulatory T cells. J Exp Med, 2005. 201(5): p. 737-46. 

65. Yang, X.O., et al., Molecular antagonism and plasticity of regulatory and inflammatory T cell 
programs. Immunity, 2008. 29(1): p. 44-56. 

66. Fontenot, J.D., et al., A function for interleukin 2 in Foxp3-expressing regulatory T cells. Nat 
Immunol, 2005. 6(11): p. 1142-51. 

67. Steiner, G., et al., Cytokine production by synovial T cells in rheumatoid arthritis. 
Rheumatology (Oxford), 1999. 38(3): p. 202-13. 



Implications of novel insights of pathogenecity and plasticity of the different T helper subsets in RA 

 

21 

 

68. Ziolkowska, M., et al., High levels of IL-17 in rheumatoid arthritis patients: IL-15 triggers in 
vitro IL-17 production via cyclosporin A-sensitive mechanism. J Immunol, 2000. 164(5): p. 
2832-8. 

69. Katz, Y., O. Nadiv, and Y. Beer, Interleukin-17 enhances tumor necrosis factor alpha-induced 
synthesis of interleukins 1,6, and 8 in skin and synovial fibroblasts: a possible role as a "fine-
tuning cytokine" in inflammation processes. Arthritis Rheum, 2001. 44(9): p. 2176-84. 

70. Goldberg, M., et al., Synergism between tumor necrosis factor alpha and interleukin-17 to 
induce IL-23 p19 expression in fibroblast-like synoviocytes. Mol Immunol, 2009. 46(8-9): p. 
1854-9. 

71. Yago, T., et al., IL-23 induces human osteoclastogenesis via IL-17 in vitro, and anti-IL-23 
antibody attenuates collagen-induced arthritis in rats. Arthritis Res Ther, 2007. 9(5): p. R96. 

72. Koenders, M.I., et al., Interleukin-17 acts independently of TNF-alpha under arthritic 
conditions. J Immunol, 2006. 176(10): p. 6262-9. 

73. Raza, K., et al., Synovial fluid leukocyte apoptosis is inhibited in patients with very early 
rheumatoid arthritis. Arthritis Res Ther, 2006. 8(4): p. R120. 

74. Smolen, J.S., et al., The role of T-lymphocytes and cytokines in rheumatoid arthritis. Scand J 
Rheumatol, 1996. 25(1): p. 1-4. 

75. Takayanagi, H., et al., T-cell-mediated regulation of osteoclastogenesis by signalling cross-talk 
between RANKL and IFN-gamma. Nature, 2000. 408(6812): p. 600-5. 

76. Kotake, S., et al., IL-17 in synovial fluids from patients with rheumatoid arthritis is a potent 
stimulator of osteoclastogenesis. J Clin Invest, 1999. 103(9): p. 1345-52. 

77. Kotake, S., et al., IFN-gamma-producing human T cells directly induce osteoclastogenesis 
from human monocytes via the expression of RANKL. Eur J Immunol, 2005. 35(11): p. 3353-
63. 

78. Husby, G. and R.C. Williams, Jr., Immunohistochemical studies of interleukin-2 and gamma-
interferon in rheumatoid arthritis. Arthritis Rheum, 1985. 28(2): p. 174-81. 

79. Manoury-Schwartz, B., et al., High susceptibility to collagen-induced arthritis in mice lacking 
IFN-gamma receptors. J Immunol, 1997. 158(11): p. 5501-6. 

80. Lubberts, E., et al., Treatment with a neutralizing anti-murine interleukin-17 antibody after 
the onset of collagen-induced arthritis reduces joint inflammation, cartilage destruction, and 
bone erosion. Arthritis Rheum, 2004. 50(2): p. 650-9. 

81. Koenders, M.I., et al., Interleukin-17 receptor deficiency results in impaired synovial 
expression of interleukin-1 and matrix metalloproteinases 3, 9, and 13 and prevents cartilage 
destruction during chronic reactivated streptococcal cell wall-induced arthritis. Arthritis 
Rheum, 2005. 52(10): p. 3239-47. 

82. Ruprecht, C.R., et al., Coexpression of CD25 and CD27 identifies FoxP3+ regulatory T cells in 
inflamed synovia. J Exp Med, 2005. 201(11): p. 1793-803. 

83. van Amelsfort, J.M., et al., Proinflammatory mediator-induced reversal of CD4+,CD25+ 
regulatory T cell-mediated suppression in rheumatoid arthritis. Arthritis Rheum, 2007. 56(3): 
p. 732-42. 

84. Xu, L., et al., Cutting edge: regulatory T cells induce CD4+CD25-Foxp3- T cells or are self-
induced to become Th17 cells in the absence of exogenous TGF-beta. J Immunol, 2007. 
178(11): p. 6725-9. 

85. Pene, J., et al., Chronically inflamed human tissues are infiltrated by highly differentiated 
Th17 lymphocytes. J Immunol, 2008. 180(11): p. 7423-30. 

86. Nurieva, R., et al., Cutting edge: in vitro generated Th17 cells maintain their cytokine 
expression program in normal but not lymphopenic hosts. J Immunol, 2009. 182(5): p. 2565-
8. 



Implications of novel insights of pathogenecity and plasticity of the different T helper subsets in RA 

 

22 

 

87. Rangachari, M., et al., T-bet negatively regulates autoimmune myocarditis by suppressing 
local production of interleukin 17. J Exp Med, 2006. 203(8): p. 2009-19. 

88. Wei, G., et al., Global mapping of H3K4me3 and H3K27me3 reveals specificity and plasticity in 
lineage fate determination of differentiating CD4+ T cells. Immunity, 2009. 30(1): p. 155-67. 

89. Harrington, L.E., et al., Interleukin 17-producing CD4+ effector T cells develop via a lineage 
distinct from the T helper type 1 and 2 lineages. Nat Immunol, 2005. 6(11): p. 1123-32. 

90. Furuya, T., et al., Associations between HLA-DRB1, RANK, RANKL, OPG, and IL-17 genotypes 
and disease severity phenotypes in Japanese patients with early rheumatoid arthritis. Clin 
Rheumatol, 2007. 26(12): p. 2137-41. 

91. Wu, H., et al., Interaction between RANKL and HLA-DRB1 genotypes may contribute to 
younger age at onset of seropositive rheumatoid arthritis in an inception cohort. Arthritis 
Rheum, 2004. 50(10): p. 3093-103. 

92. Gonzalez-Gay, M.A., et al., Seronegative rheumatoid arthritis in elderly and polymyalgia 
rheumatica have similar patterns of HLA association. J Rheumatol, 2001. 28(1): p. 122-5. 

93. Cornelis, F., et al., New susceptibility locus for rheumatoid arthritis suggested by a genome-
wide linkage study. Proc Natl Acad Sci U S A, 1998. 95(18): p. 10746-50. 

94. Waldburger, J.M. and G.S. Firestein, Garden of therapeutic delights: new targets in rheumatic 
diseases. Arthritis Res Ther, 2009. 11(1): p. 206. 

95. Cornelissen, F., J.P. van Hamburg, and E. Lubberts, The IL-12/IL-23 axis and its role in Th17 
cell development, pathology and plasticity in arthritis. Curr Opin Investig Drugs, 2009. 10(5): 
p. 452-62. 

96. Weaver, A.L., et al., Real-world effectiveness of select biologic and DMARD monotherapy and 
combination therapy in the treatment of rheumatoid arthritis: results from the RADIUS 
observational registry. Curr Med Res Opin, 2006. 22(1): p. 185-98. 

 
 

 


