
Introduction

In 2010, a new association between the tumor necrosis 

factor receptor-associated factor 3-interacting protein 

2 (TRAF3IP2) gene and the immune-mediated diseases 

psoriatic arthritis (PsA) and psoriatic vulgaris (PsV) 

was identifi ed by a genome-wide association study 

(GWAS) [1]. Th e TRAF3IP2 gene encodes nuclear 

factor-kappa-B (NF-κB) activator 1 (Act1), an 

interleukin-17 receptor (IL-17R) adaptor protein. 

TRAF3IP2/Act1 is also known as CIKS; however, for 

the purposes of clarity in this review, the gene/protein 

will be referred to exclusively as Act1. Th e Act1 gene 

shows high evolu tion ary conser vation throughout the 

animal kingdom [1,2], and the protein has been found 

in a range of cell types both structural (for example, 

epithelial) and immuno logical, most notably B cells, T 

helper (Th ) cells [3,4], and innate immune cells such as 

neutrophils [5]. Th e sequence conservation of the gene, 

the presence of the Act1 protein in multiple cell types, 

and its function as an adaptor protein strongly suggest 

that Act1 plays an important role in immune cell 

signaling.

Here, the impact of the PsA-associated variants of 

Act1 on the molecular interactions of the protein and 

their known and potential eff ects on downstream 

signaling and gene expression are reviewed. Normally, 

the binding of interleukin-17 (IL-17) to IL-17R leads to 

Act1 engage ment and activation of the tumor necrosis 

factor receptor-associated factor (TRAF) 6 protein and

subsequent NF-κB-mediated release of pro-

infl ammatory cytokines. Recent studies suggest that 

PsA-associated modifi cations of the Act1 protein may 

result in a greater association of IL-17R activation with 

an alternative pathway of TRAF2/TRAF5-mediated 

signaling [1,6] and subsequent changes in the 

expression of chemokines such as CXCL1 [6]. 

Collectively, these observations suggest an alternative 

immunological role of IL-17 in PsA and provide a basis 

for defi ning future molecular and cellular studies to 

establish the normal and disease-associated roles of 

Act1.
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associated factor 6 (TRAF6) signaling pathways 

normally leads to nuclear factor-kappa-B-mediated 

infl ammation. However, the dominant PsA-associated 

TRAF3IP2 (Act1) gene single-nucleotide polymorphism 

(rs33980500) results in decreased binding of Act1 

to TRAF6. This key mutation in Act1 could lead to a 

greater association of the IL-17 receptor with TRAF2/

TRAF5 and this in turn suggests an alternative function 

for IL-17 in PsA. The recent observations described and 

discussed in this review raise the clinically signifi cant 

possibility of redefi ning the immunological role of IL-17 

in PsA and provide a basis for defi ning future studies to 

elucidate the molecular and cellular functions of Act1.

© 2010 BioMed Central Ltd

New insight into the functions of the 
interleukin-17 receptor adaptor protein Act1 in 
psoriatic arthritis
Matthew S Doyle1, Emily S Collins1, Oliver M FitzGerald1,2 and Stephen R Pennington*1

R E V I E W

*Correspondence: stephen.pennington@ucd.ie
1Conway Institute of Biomolecular and Biomedical Research, University College 

Dublin, Belfi eld, Dublin 4, Ireland

Full list of author information is available at the end of the article

Doyle et al. Arthritis Research & Therapy 2012, 14:226 
http://arthritis-research.com/content/14/5/226

© 2012 BioMed Central Ltd



Structure of Act1, an IL-17 receptor adaptor 

protein encoded by the TRAF3IP2 gene

Act1 is an IL-17R adaptor protein that consists of 574 

amino acids (Figure 1). Th e structure and function of the 

protein have been characterized by multiple groups [7,8]. 

Act1 has four domains: a C-terminal SEFIR (similar 

expression to fi broblast growth factor genes/IL-17R) 

domain, two TRAF-binding domains, and a helix-loop-

helix domain. Several TRAF proteins, includ ing TRAF 2, 

3, 5, and 6, have been shown to bind to Act1 and hence 

Act1 serves to connect the IL-17R to TRAFs and their 

downstream signaling pathways. Act1-defi cient cells fail 

to respond to IL-17 [3,9], confi rming that Act1 plays a 

key role in the downstream signaling of the IL-17R.

Single-nucleotide polymorphisms in the TRAF3IP2 

gene

Th e human genome sequencing project, completed in 

2003 [10], supported subsequent large-scale GWASs [11]. 

Diff erences in single-nucleotide polymorphism (SNP) 

frequencies between patients and controls have led to the 

identifi cation of new genetic loci being associated with 

diseases. Large numbers of patient samples are required 

for GWASs in order to distinguish common SNPs in a 

population from SNPs that can be associated with a 

disease. Once an SNP association has been made, further 

studies are required to identify the specifi c gene(s) 

aff ected and how the identifi ed genes might contribute to 

the disease [12]. GWASs have had a major impact on our 

understanding of a range of autoimmune diseases, 

including Crohn’s disease, psoriasis, infl ammatory bowel 

disease, celiac disease, and multiple sclerosis [13-16]. 

Here, we have reviewed current knowledge regarding the 

PsA-associated SNPs in the TRAF3IP2 (Act1) gene and 

their potential infl uence on the function of the Act1 

protein to give novel insights into potential alterations of 

IL-17 signaling in PsA.

Th e PsA GWAS was composed of 609 German patients 

with PsA and 990 controls which where replicated in six 

European cohorts. In total, 5,488 individuals were involved 

in the GWAS [1]. Previously, associations at two well-

known susceptibility loci (HLA-C and IL-12B) were repli-

cated, and four new associations at TRAF3IP2 were identi-

fi ed: two intronic variants (rs13196377 and rs13210247) 

and two coding variants (rs33980500 and rs13190932). 

Th is GWAS identifi ed a signifi cant association between 

the region coding for the TRAF3IP2 (Act1) gene with 

both PsA and PsV as compared with controls (Figure 2) 

[1]. Th e TRAF3IP2 association with psoriasis has been 

replicated in another GWAS, which involved 2,622 

patients with psoriasis and 5,667 controls [16]. Both of 

the studies suggest that the pathogenesis of psoriasis and 

PsA may be caused by TRAF3IP2 gene mutations that 

result in a deregulation of the immune system.

From their location alone, it appears that exonic SNPs 

may directly aff ect the function of the protein as they 

occur close to the N-terminal TRAF-binding motif of the 

Act1 protein. A mammalian-two-hybrid approach was 

used to measure the eff ects of PsA-associated SNPs on 

the binding between Act1 and TRAF6 [1]. Whereas the 

SNP rs33980500 (Table  1) [1,17] encodes aspartic acid 

instead of asparagine at position 10 (D10N), and this 

decreases Act1’s ability to bind TRAF6, the rs13190932 

SNP (Table  1), which encodes arginine at position 74 in 

the place of tryptophan (R74W), does not aff ect TRAF6 

bind ing [1]. As TRAF6 may play a key role in the 

downstream signaling pathways of the IL-17R, the 

association of the D10N mutation with PsA suggests that 

altered Act1-mediated IL-17R signaling may play a role in 

PsA. More recently, it was confi rmed that the rs33980500 

(p.D10N) mutation aff ects the binding of Act1 to TRAF6, 

and the importance of this mutation was revealed by the 

observation that other recently discovered SNPs in the 

TRAF3IP2 gene do not infl uence this interaction [18].

Figure 1. Structure of the Act1 adaptor protein. Act1 contains two TRAF-binding motifs (residues EESE (35 to 42) and EESE (333 to 337)), a 

helix-loop-helix (HLH) domain (residues 135 to 190), a SEFIR domain (residues 394 to 574), and a coil-coiled (C-C) domain (residues 470 to 500). The 

SNPs (SNP1 (D10N or Asp10Asn) = rs33980500 and SNP2 (R74W or Arg74Trp) = rs13190932) and the experimentally determined phosphorylation 

locations are shown above the Act1 domain structure. Act1, nuclear factor-kappa-B activator 1; SEFIR, similar expression to fi broblast growth factor 

genes/interleukin-17 receptor; SNP, single-nucleotide polymorphism; TRAF, tumor necrosis factor receptor-associated factor.

Doyle et al. Arthritis Research & Therapy 2012, 14:226 
http://arthritis-research.com/content/14/5/226

Page 2 of 9



Act1 binding to the IL-17 receptor complex

Th e IL-17 cytokine family is composed of six separate 

cytokines (IL-17A to IL-17F). Each of these cytokines has 

a similar protein structure that includes four highly 

conserved cysteine residues. In vertebrates, the IL-17R 

family contains fi ve (IL-17RA to IL-17RE) diff erent 

recep tor subunits [19], all of which are membrane-

spanning proteins. Th e IL-17R subunits diff er in their 

affi  nities for IL-17 cytokine family members. Th ere are 

also multiple cytokine/receptor interactions within the 

IL-17 and IL-17R family. For example, it is known that 

IL-17A exists in homo-dimeric and hetero-dimeric 

IL-17A/IL-17F forms which bind to a dimeric receptor 

complex composed of two IL-17RA subunits or a hetero-

geneous receptor of IL-17RA and IL-17RC subunits 

[20,21]. Th e similarity in IL-17A and IL-17F function is 

not surprising as they share high sequence homology 

[22].

Bioinformatic approaches have shown that, similar to 

Act1, the IL-17R subunits contain a SEFIR domain 

(Figure 3) [23]. It has been demonstrated experimentally, 

by using various cell lines and mouse models, that Act1 

binds to IL-17RA and IL-17RC through their SEFIR 

domains [24]. Furthermore, the IL-17R SEFIR domain 

has sequence and structural similarities to the Toll/IL-1R 

(TIR) domain [23], which is well characterized as 

providing specifi c binding sites for many adaptor proteins, 

including myeloid diff erentiation primary response gene 

88 (MyD88) and MyD88 associate ligand (Mal), which 

are crucial for Toll-like receptor (TLR) cell signaling [25].

IL-17 receptor and TLR4 signaling

Many proteins have been shown to be required for both 

IL-17R and TLR4 signaling. Th e relatively well-under-

stood functions of these proteins in TLR4 signaling 

pathways give potential insight into how the ‘equivalent’ 

proteins may function in IL-17R signaling (Figure  4). 

TLR4 is an innate immune receptor that is activated by 

lipo polysaccharides, resulting in an infl ammatory res-

ponse. Once TLR4 is activated, the adaptor proteins 

MyD88 and Mal bind to the receptor complex through a 

TIR-TIR interaction [26]. Prior to the interaction of Mal 

with the TLR, Mal is phosphorylated on tyrosine 86, 106,  

and 159 by Bruton’s tyrosine kinase (Btk) [27,28]. MyD88 

binds to the TLR4/Mal protein com plex and then itself 

binds to the interleukin receptor-associated kinase 4 

(IRAK4). IRAK4 catalyzes the phos phorylation of itself 

and IRAK1. IRAK1 subsequently phosphorylates 

pellino-1 to infl uence the protein’s E3 ubiquitin ligase 

activity [29]. Th e phosphorylation and E3 ubiquitin ligase 

activity of pellino-1 are critical for the formation of a 

TRAF6/transforming growth factor-beta-kinase 1 

(TRAF6-TAK1) complex [30]. Once activated, TRAF6, 

an E3 ubiquitin ligase, binds to the E2 ubiquitination 

enzyme complex (UBC13/UEV1A). From the binding of 

TRAF6 to the E2 complex (UBC13/UEV1A) onwards, the 

Figure 2. The structure (exon/intron) of the TRAF3IP2/Act1 gene and the location of single-nucleotide polymorphisms from the genome-

wide association study. The risk alleles are in bold. For each haplotype, odds ratios (ORs) (and 95% confi dence intervals) compare the occurrence 

of the haplotype versus all three other alleles. The single-nucleotide polymorphisms (rs33980500 and rs13190932) occur within the N-terminal 

region of TRAF3IP2 (Figure 1). Reproduced with permission from Huff meier and colleagues [1]. Act1, nuclear factor-kappa-B activator 1; TRAF3IP2, 

tumor necrosis factor receptor-associated factor 3-interacting protein 2.

Table 1. TRAF3IP2 (Act1) gene chromosome 6q21 single-nucleotide polymorphisms associated with psoriatic arthritis

Single-nucleotide polymorphism Locus Allele Risk allele C6q21 position Exonic/Intronic Reference(s)

rs33980500 (p.D10N) TRAF3IP2 C T 111913262 Exonic [1,17]

rs13196377 TRAF3IP2 G A 112008531 Intronic [1]

rs13190932 (p.R74W) TRAF3IP2 G A 112019763 Exonic [1]

rs13210247 TRAF3IP2 A G 112029413 Intronic [1,17]

Act1, nuclear factor-kappa-B activator 1; TRAF3IP2, tumor necrosis factor receptor-associated factor 3-interacting protein 2.
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TLR4 and IL-17R signaling pathways are comparable. 

Th us, the proteins downstream of TRAF6 which lead to 

the activation of NF-κB, a master transcription factor 

responsible for the regulation of pro-infl ammatory gene 

expression, have been identifi ed in both the IL-17R 

[31,32] and TLR [33] signaling pathways.

Th e UBC-TRAF6 complex catalyzes the formation of 

Lys63-linked polyubiquitin chains on TRAF6 itself and 

on the IKK-γ protein (which is also known as the NF-κB 

essential modulator protein, or NEMO) [25]. Th e ubiqui-

tination of TRAF6 in this complex promotes association 

with the TAK complex [34], which is composed of TAK1 

and the TAK1-binding proteins (TAB2 and TAB3). TAB2 

and TAB3 bind to the polyubiquitination chains on 

IRAK1, which increases the stability of the overall com-

plex [29]. Th is complex in turn interacts with a number 

of downstream proteins, including IRF5, MEKK 2/3, and 

the IKK complex. Th e IKK complex is composed of two 

kinases (IKKα and IKKβ) and a regulatory subunit IKKγ 

(NEMO), and its activation results in the phosphorylation 

of specifi c serine residues in IkB proteins. Phosphorylated 

IkB proteins are subsequently polyubiquitinated and 

degraded by the 26S proteasome, allowing NF-κB to 

move into the nucleus, where it becomes active [35].

Although less is known defi nitively about IL-17R 

signaling, it seems likely that Act1 plays roles similar to 

those of the TLR4 adaptor and structural proteins. Th us, 

Act1 binds to the IL-17R SEFIR domain directly, and this 

is analogous to Mal’s capacity to bind to the TLR4 TIR 

domain. In the IL-17R and TLR4 signal ing pathways, 

Act1 and pellino-1 (respectively) are phos phorylated by 

IKKε, and this results in the formation of ubiquitin-

dependent complexes. Th e IKKε-mediated phos-

phorylation of Act1 and pellino-1 is likely to be required 

for the formation of these signaling complexes [6,7,36,37]. 

Th e phosphorylation of Act1 regulates its binding to 

TRAF 2, 5, and 6 [6], and it has been shown that, when 

Act1 binds to TRAF6, its novel E3 ubiquitin ligase 

activity [8] results in the ubiquitination of TRAF6 in a 

non-degradative way [37]. As in TLR4 signaling, TRAF6 

ubiquitination is required for the release of NF-κB 

through the TAK1 and IKK complexes.

In the IL-17R signaling pathway, Act1 binds directly to 

the IKK complex. Th is has been confi rmed in vitro and 

by co-immunoprecipitation from cells, including non-

transfected cells [38]. Th e Act1 protein is thought to 

mainly interact with NEMO/IKKγ in the IKK complex; 

how ever, other observations suggest that it may also 

Figure 3. The IL-17R/Act1/TRAF protein complex. The extracellular IL-17R binds the IL-17 cytokines. Act1 proteins bind to the intra-cellular SEFIR 

motif, which is present on both of the receptors. The Act1 adaptor proteins contain TRAF motifs, which bind diff erent TRAF proteins. Downstream 

progression leads to activation of pro-infl ammatory genes. Act1, nuclear factor-kappa-B activator 1; IKK, IkB kinase; IL-17, interleukin-17; IL-17R, 

interleukin-17 receptor; NF-κB, nuclear factor-kappa-B; SEFIR, similar expression to fi broblast growth factor genes/interleukin-17 receptor; TAB, 

transforming growth factor-beta-activated kinase 1 (TAK1)-binding protein; TAK1, transforming growth factor-beta-activated kinase 1; TRAF, tumor 

necrosis factor receptor-associated factor.
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interact with IKKα and IKKβ [38]. Th e co-immuno-

precipitation experiments used mutated and wild-type 

Act1 proteins to show that the amino acids 274 to 374 

(on Act1) are required for the binding of Act1 to each of 

the proteins within the IKK complex (NEMO, IKKα, and 

IKKβ) [38]. Th e phosphorylation of IKKα and IKKβ at 

two serine residues in their T-Loop and the ubiqui ti na-

tion and occasionally the phosphorylation of NEMO/

IKKγ have been shown to be required for the activation 

of the IKK complex and the subsequent release of 

transcription factor NF-κB [39]. Th e key role of Act1 has 

been confi rmed by downregulation of the Act1 

expression, which results in a decrease in the release of 

the NF-κB into the nucleus [40].

In conclusion, it is apparent that relatively few Act1 

protein interactions and altered post-translational 

modifi cations have been characterized and so our overall 

view of the IL-17R signaling pathway is more simplistic 

when compared with that of the TLR4 signaling pathway. 

Th is is not surprising as to date the TLR pathway has 

received much greater scrutiny, and, of course, it remains 

possible that future investigations will reveal greater 

complexities in IL-17R signaling pathways and, more 

specifi cally, Act1’s role in these pathways.

Function of IL-17 in psoriatic arthritis

Th ere are multiple cell types that express IL-17 in both 

the innate and adaptive immune systems. Innate immune 

cells such as macrophages, mast cells, and neutrophils 

express higher levels of IL-17 in spondyloarthritis, a 

family of infl ammatory rheumatic diseases which includes 

PsA [5,41]. Th e main adaptive immune cell associated 

with the expression of IL-17 is a T-cell subset known as 

Th 17. Increased levels of Th 17 cells have been observed 

in blood, synovial tissue/fl uid, and skin samples [42,43] of 

patients with PsA. Production of the Th -cell subset Th 17 

is driven by a complex set of diff erent cytokines: IL-

1/21/6 and transforming growth factor-beta [20]. Th 17 

cells produce and release IL-17 (A-F), which binds to and 

activates the IL-17Rs. Th e main function of IL-17 is to 

coordinate local tissue infl ammation by upregulating 

pro-infl ammatory and neutrophil-mobilizing chemokines 

and cytokines. Th ese include IL-6, granulocyte-macro-

phage colony-stimulating factor, tumor necrosis factor 

(TNF), IL-1, CXCL1, CXCL2, CCL7, CCL2, and CCL20 

[6]. IL-17Rs are present and functional on epithelial cells 

in infl amed tissue [21,39].

Th e upregulation of Th 17 cells or increased IL-17 pro-

duc tion is generally thought to be pro-infl ammatory, 

Figure 4. Comparison of the dual roles of TRAF6 in the TLR and IL-17R signaling pathways. Downstream signaling interactions and post 

translational modifi cations of proteins involved in the TLR/IL-17R signaling pathways. TRAF6 is a key signaling protein in infl ammation. See ‘IL-

17 receptor and TLR4 signaling’ section of text for details. Act1, nuclear factor-kappa-B activator 1; AP-1, activator protein 1; IKK, IkB kinase; IL-17, 

interleukin-17; IL-17R, interleukin-17 receptor; IRAK4, interleukin receptor associated kinase 4; IRF5, interferon regulatory factor 5; JNK, c-Jun 

N-terminal kinases; LPS, lipopolysaccharide; Mal, MyD88 associate ligand; MEKK, MAP kinase/ERK kinase kinase; MyD88, myeloid diff erentiation 

primary response gene; NEMO, nuclear factor-kappa-B essential modulator protein; NF-κB, nuclear factor-kappa-B; TAB, transforming growth factor-

beta-activated kinase 1 (TAK1)-binding protein; TAK1, transforming growth factor-beta-activated kinase 1; TLR, Toll-like receptor; TRAF6, tumor 

necrosis factor receptor-associated factor 6.
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particularly in the context of the pathogenesis in auto-

immune diseases [44]. Th is could be associated with the 

main functions of IL-17 (A/F) in infl ammation or alterna-

tively with the functions of IL-17C-IL-17RE. A model for 

the binding of IL-17C to the IL-17RE receptor was 

designed to show how this signaling pathway could regu-

late the functions of Th 17 cells in infl amed tissues [45]. 

Act1 has been associated with the IL-17RE receptor and 

other receptors such as CD40/BAFF (CD40/B cell-

activat ing factor of TNF family) receptors expressed by B 

cells. So any alteration in protein interactions caused by 

the presence of PsA-associated SNPs could potentially 

modify the functions of many diff erent innate and 

adaptive immune cells in infl amed tissues [4,45]. Specifi c 

to PsA, IL-17 could have a regulatory role on fi broblast-

like synoviocytes, osteo blasts, and chondrocytes, impact-

ing both synovial in fl am mation and joint destruction 

[43,46,47]. While the pro-infl am matory eff ects of IL-17 

are considerably weaker than those of TNF or IL-1, it has 

been shown that IL-17 can act synergistically with both 

proteins to increase signifi cantly the expression of pro-

infl ammatory genes [37,48,49]. Th e synergy between IL-

17 and TNF suggests that Act1 has functions that are 

independent of TRAF6-mediated activation of NF-κB.

Role of the TRAF2/5 signaling pathway

Multiple research groups have shown that Act1 interacts 

with other TRAF proteins (for example, TRAF5 and 

TRAF2) [6,37,50]. Th e TRAF2 and TRAF5 proteins are 

known to play multiple signaling roles in the IL-17R and 

TNF receptor signaling pathways [51]. TNF inhibitors 

such as infl iximab are widely used as a treatment for PsA 

[52,53]. In IL-17R and TNF signaling, both proteins seem 

to have redundant functions, as the downstream eff ects 

observed when cells are treated with IL-17/TNF were 

repressed only if both of the proteins were inhibited 

[54,55]. Th e TRAF2/5 pathway is associated with the 

down stream activation of MAPK, p38, Erk, and mRNA 

stability of CXCL1 and CXCL2 [6]. CXCL1 is a chemo-

kine expressed by epithelial cells, macrophages, and 

neutrophils. Th e main function of CXCL1 is to attract 

neutro phils, which is a feature found in the skin and 

syno vial tissue in PsA [56]. Th e inhibition of IKKε, which 

modifi es Act1 to increase TRAF2/5 binding, causes a 

decrease in the production of pro-infl ammatory cyto-

kines/chemokines associated with the synergy between 

IL-17 and TNF [6]. Pro-infl ammatory chemokine mRNA 

instability is promoted by the protein RNA–splicing-

regulatory factor SF2 (alternative splicing factor, or ASF), 

which is associated with the IL-17 TRAF2/5 signaling 

pathway (Figure 5). ASF promotes chemokine instability 

in a sequence-specifi c way, and the inhibition of ASF 

prolongs CXCL1 mRNA half-life [50]. For target mRNA, 

this could be a regulatory mechanism used by cells to 

prevent overexpression of specifi c chemokine proteins 

[50]. ASF is very abundant within cells, but the majority 

of the protein is located within the nucleus. Th e 

TRAF2/5-dependent binding of ASF within the 

cytoplasm interrupts the selectively enhanced decay of 

target mRNA. Th us, increased ASF inhibition should 

cause a larger pro-infl ammatory response of epithelial 

cells to IL-17 [44,45].

Like TRAF6, the TRAF2/5 proteins are activated by the 

E3 ligase activity of Act1 [57]. However, TAK proteins do 

not interact with TRAF5, and this suggests that TRAF5 

does not activate NF-κB by the formation of the TRAF-

TAK complex [50]. None theless, it is important to note 

that within TNF signal ing the TRAF2/5 proteins have 

been associated with the release/activation of NF-κB 

[55]. In the TNF signal ing pathway, TRAF5/6 interacts 

with a wide variety of proteins (NF-κB-inducing kinase 

(NIK), MAP kinase/ERK kinase kinase 1 (MEKK1), 

transforming growth factor, atypical protein kinase C, or 

factor β-activated kinase), and this interaction phos-

phory lates the IKK complex, leading to the downstream 

release of NF-κB.

TRAF3IP2 SNP (rs33980500) and the TRAF2/5 IL-17 

signaling pathway

IL-17 has multiple functions in an immune response. 

Some of these functions are mediated through TRAF2 

and TRAF5 proteins that are independent of the TRAF6 

signaling pathway. Th e IkB kinase IKKε is required for 

the forma tion of an Act1-TRAF2 and TRAF5 complex 

[6]. In IKKε-defi cient cells, the genes associated with the 

TRAF2 and TRAF5 pathway are not upregulated in 

response to IL-17, while the TRAF6-dependent signaling 

pathway is retained [6]. It has been demonstrated in mice 

that IKKε phosphorylates Act1 on a specifi c serine 

(Ser311) located near the TRAF-binding motif (Figure 1) 

[6]. Phosphorylation of Act1 induced by IL-17 could be a 

means of regulating the TRAF2/5 signaling pathway. 

Computer modeling has been used to analyze how the 

phosphorylation of serine 311 could aff ect the inter-

actions between the Act1 and TRAF2/5/6. It was pre-

dicted that the phosphorylation of serine 311 could cause 

the formation of a salt bridge to increase the attraction 

between the TRAF-binding domains of Act1 and 

TRAF2/5 [6]. Th ough not confi rmed experimentally, this 

suggests that phosphorylation plays a role in the balance 

of TRAF protein interactions with Act1. Mouse models 

have shown that IKKε is required for IL-17-induced 

expression of genes encoding infl ammatory molecules 

(Cxcl1, Cxcl2, TNF, IL-6, and Csf3) in epithelial cells. 

Th is suggests that IKKε has a function in the infl am-

matory response to IL-17 [6]. Th e study also demon-

strated that the inhibition of IKKε aff ected the synergy 

between IL-17 and TNF. Th e SNP (rs33980500) decreases 
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the binding between Act1 and TRAF6 and this could also 

alter TRAF2 and TRAF5 protein interactions within the 

IL-17R signaling pathway (Figure 5).

Because Act1-binding motifs have been associated with 

multiple TRAF proteins, the inhibi tion of the TRAF6 

pathway could upregulate the TRAF2/5 pathway, leading 

to increased neutrophil chemo taxis and an enhanced 

immune response. Further study is required in order to 

obtain a clearer under standing of how the signaling 

pathways function in epithelial cells, in both controls and 

those with PsA-associated SNPs.

Conclusions

In summary, it is well established that there are multiple 

IL-17 ligands and receptors, and although each of the 

proteins is unique, they share some homology and have 

redundant functions. Act1 is the main adaptor protein 

that has been associated with IL-17Rs, and there is good 

evidence to suggest that Act1 plays an important role in 

immune cell signaling. Th e structure of the Act1 adaptor 

protein includes a SEFIR domain, a domain also found on 

each of the IL-17Rs and through which Act1 is thought to 

interact. Th is suggests a functional connection between 

Act1 and each of the IL-17Rs.

Act1 binds to and activates TRAF6. In the context of 

TLR4 signaling, the structure, function, and protein 

interaction partners of TRAF6 have been well charac ter-

ized. A comparison of the TLR4 and IL-17R pathways 

(Figure 4) indicates that many proteins are involved in 

both of the pathways and suggests that they may have 

similar functions. Notably, TRAF6 has a key role in both 

signaling pathways, resulting in the release of NF-κB and 

a pro-infl ammatory response. Hence, it is logical to 

suggest that IL-17R signaling and, in particular, TRAF6 

could contribute to the infl amma tion observed in both 

skin and synovial tissue in PsA.

However, recent GWASs have identifi ed an SNP 

(rs33980500) that is in the Act1 gene region and that is 

associated with PsA but that decreases the binding of 

TRAF6 to Act1. A decrease in the binding of TRAF6 to 

Act1 would result in a decreased phosphorylation and 

ubiquitination of the NF-κB inhibitor protein IkB, 

reduced NF-κB acti vation, and a more limited pro-

infl ammatory response. Th is is contradictory to the 

infl am matory role that the IL-17 signaling pathway 

apparently plays in PsA. An alternative signaling pathway 

may explain the discrepancy. Here, we suggest that the 

Act1 SNPs change the balance of the IL-17R signaling 

through TRAF proteins to increase the role of TRAF2 

and TRAF5 (Figure 5) and this could redefi ne the way in 

which IL-17 signals in PsA.

It is important to note that, although the Act1 SNPs 

have been associated with PsA by GWASs, the percentage 

of patients who express the SNP is low (12%). Th is raises 

the important question of whether in PsA there is altered 

TRAF2/5-mediated signaling only in patients who 

express the Act1 SNP (rs33980500). It remains an 

intriguing possibility that in PsA there are mutations/

alterations in other components of IL-17R signaling path-

ways that change the balance of TRAF6 versus TRAF2/5 

in response to IL-17. Regardless of this possibility, the 

GWASs suggest that IL-17R signaling is signifi cant in the 

development of PsA. We suggest that additional studies 

focus on the relative roles of the TRAF proteins in IL-17R 

signaling. Detailed investigation of Act1 and TRAF 

expression, protein interactions, and post-translational 

Figure 5. TRAF6 and TRAF2/5 signaling pathways. (a) The endogenous TRAF6 and TRAF2/5 signaling pathways and post-translational 

modifi cations. (b) The presence of the psoriatic arthritis-associated single-nucleotide polymorphism (SNP) (rs33980500) could aff ect the proteins 

downstream of Act1. The decrease in TRAF6 binding could result in an increase in the TRAF2/5 signaling pathway and this in turn may lead to 

increased CXCL1 mRNA and protein expression. Act1, nuclear factor-kappa-B activator 1; ASF, alternative splicing factor; IKK, IkB kinase; IL-17, 

interleukin-17; IL-17R, interleukin-17 receptor; NF-κB, nuclear factor-kappa-B; TAB, transforming growth factor-beta-activated kinase 1 (TAK1)-

binding protein; TAK1, transforming growth factor-beta-activated kinase 1; TRAF6, tumor necrosis factor receptor-associated factor 6.
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modifi cations may reveal key information on the mecha-

nisms and pathogenesis of PsA. It is apparent, from 

clinical and pharmaceutical perspectives, that Act1 and 

the specifi c TRAF proteins involved in IL-17R signaling 

could be targets for therapeutic intervention. Although 

we have emphasized the key role the IL-17R pathway has 

in infl ammatory responses in PsA, other cytokines, 

receptors, and signaling pathways also contribute to the 

infl ammatory responses in the disease. Future studies to 

investigate how PsA-associated SNPs infl uence Act1’s 

protein interactions and their associated post-trans-

lational modifi cations (including phosphorylation and 

ubiquitination) should provide a greater insight into pro-

infl ammatory signaling pathways.
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