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Role of IL-17 in the pathogenesis of psoriatic arthritis
and axial spondyloarthritis
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Abstract Th17 cells are a discrete subset of T cell subpopula-
tion, which produce IL-17 and certain other pro-inflammatory
cytokines. A regulatory role of Th17 cells have been proposed
in several autoimmune diseases including psoriasis, psoriatic
arthritis (PsA), ankylosing spondylitis (AS), rheumatoid arthri-
tis, inflammatory bowel disease, systemic lupus erythematosus,
and multiple sclerosis. Psoriatic disease is an autoimmune dis-
ease which mainly involves skin and joints. Until recently,
psoriasis and PsA were thought to be Th1 mediated disease,
but after the discovery of IL-17 and IL-17 knockout animal
studies as well as human experimental data indicate a crucial
role of the Th17 cells in the pathogenesis of psoriasis and
PsA. Our research group have not only found abundance
of CD4+IL-17+ T cells, mainly the memory phenotype
(CD4RO+CD45RA−CD11a+) in the synovial fluid, but also
have shown the existence of a functional IL-17 receptor in
synovial fibroblast of psoriatic arthritis patients. Similarly,
both animal and human studies indicate a regulatory role of
the Th17 cells in AS; most critical observations are that Th17
cytokines (IL-17 and IL-22) can contribute to bone erosion,
osteitis and new bone formation the hall mark skeletal features

associated with the pathophysiology of AS. In this review
article, we have discussed the contributing role of the IL-23/
IL-17 axis in the pathogenesis of PsA and AS.
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Introduction

Spondyloarthritis (SpA) represents a group of interrelated in-
flammatory autoimmune diseases with common clinical features
and a close association with HLA-B27. In SpA, ankylosing
spondylitis (AS) and psoriatic arthritis (PsA) are most frequent.
The hallmark of AS is acute and chronic spinal inflammation
initiating in the sacroiliac joints, often coupled with enthesitis,
presenting as chronic inflammation at the sites of ligamentous
and tendinous insertions into bone [1]. Peripheral joint synovitis
can be a prominent feature as well. PsA, often termed as
Bpsoriatic disease^ are autoimmune diseases which share certain
similar pathological events and clinical features [2–5]. PsA is a
heterogeneous disease characterized by involvement of skin,
nails, peripheral and axial joints, and entheses; PsA develops in
approximately 25 % of the psoriasis patients [6, 7].

Although considerable progress has been made in
deciphering the pathogenesis of both AS and PsA, the exact
cause still remains a mystery. The role of innate and adaptive
immune responses is now well established in their pathogen-
esis. Cytokines are the primary product of immune activation.
Various cytokines play a detrimental role in initiation and
progression of AS and PsA; however, understanding of their
role in the disease is still evolving. In a complex milieu, path-
ogenic T cell subpopulations (Th1, Th9, Th17, Th22) and
their signature cytokines (IFN-γ, TNF-α, IL-17, IL-22),
chemokines, adhesion molecules, growth factors like nerve
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growth factor (NGF) and neuropeptides act in an integrated
way through their corresponding receptors to determine the
pathological events and tissue responses associated with var-
ious autoimmune rheumatologic diseases [1, 8–14].

Avariety of genetic, immunological and environmental fac-
tors have been suggested to contribute to PsA pathogenesis [15,
16]. Single nucleotide polymorphisms in IL23A, IL23R as well
as TRAF3IP2 (Act1), a downstream target of the IL-17 receptor
(IL-17R), confer susceptibility to PsA, implying a central role
of the IL-23/IL-17 axis in PsA disease pathogenesis [17–19].
Similarly, in addition to strong association with the MHC, a
significant association has been confirmed between AS and
single nucleotide polyphormisms (SNPs) in IL23R at chromo-
some 1p23which indicates a major role for the interleukin (IL)-
23 induced cytokine pathways in disease susceptibility of AS
and has opened a novel outlook in the pathogenesis AS [20].

In a series of elegant experiments using mouse models
and human tissues, it has been demonstrated that IL-23 in-
duced Th17 cytokines (IL-17 and IL-22) can contribute to
all four pathologic events in psoriatic arthritis: development
of psoriatic plaque, pannus formation in the joint, joint ero-
sion, and new bone formation. IL-23 activates the Th17 cells
to produce Th17 cytokines such as IL-17 and IL-22. Th17
cell derived cytokines have more downstream effects such as
epidermal thickening, synovial inflammation, angiogenesis,
and cell trafficking [8, 12, 21, 22].

Considering the strong association of IL-23/IL-17 cytokine
pathways, IL-17 targeted therapy for PsA and AS has been
developed and preclinical and clinical trials so far have shown
very encouraging results (Table 1) [23–26]. In this review
article, we have discussed the contributing role of the IL-23/
IL-17 axis in the disease processes of AS and PsA.

IL-17 and its receptor system

Following the discovery of the IL-17 encoding gene in a ro-
dent T cell library in the early 90s, its human homologue with
a cytokine-like activity was identified and labeled as IL-17
[27]. So far, IL-17A (commonly termed as IL-17) followed
by IL-17F have been extensively studied amongst the six IL-
17 family cytokines (IL-17A to IL-17F) [28]. IL-17A and IL-
17F has 55 % amino acid resemblance and exists as
homodimers sharing structural similarity having a disulfide

bond and a cysteine-knot fold and sometimes as heterodimers
IL-17A/F with inflammatory potential [29–31]. IL-17 recep-
tor (IL-17R) complex is also multimeric analogous to IL-17.
The earliest revealed subunit of IL-17R complex is IL-17RA,
soon after other subunits of this complex have been recog-
nized and termed as IL-17RB, IL-17RC, IL-17RD, and IL-
17RE [32, 33]. Activation of intracellular signaling occurs
through the binding of IL-17A and IL-17F to the receptor
complex formed by IL-17RA and IL-17RC [33, 34]. More-
over, IL-17A also signals through a receptor complex of IL-
17RA and IL-17RD [35]. Therefore, in the formation of func-
tional IL-17R complex, IL-17RA is playing the pivotal role
and might be a broad and thus a more potent therapeutic target
compared to other ligands of IL-17 family.

IL-17 in psoriatic disease

Studies of human psoriatic lesions support a role for IL-12 and
IL-23 in psoriasis. Several human studies have demonstrated
increased levels of IL12p40 (shared by IL-12 and IL-23) mes-
senger RNA (mRNA) in psoriatic lesions; further studies have
demonstrated enrichment of psoriasis plaques with IL-23 spe-
cific p19 subunit [36–39]. Multiple studies have demonstrated
increased expression of IL-17A, and IL-17F in psoriatic skin
in contrast to the nonlesional psoriatic skin, and the up-
regulation of IL-17A illustrated positive association with dis-
ease severity [40, 41]. Moreover, there is increased expres-
sion of the Th17 specific transcription factor (RORγt) and
Th17 inducing cytokines (IL-23, IL-6, IL-1β) in lesional pso-
riatic skin versus nonlesional skin and skin of healthy volun-
teers [42]. Evidences also show overexpression of Th17 spe-
cific CC chemokine receptor, CCR6 and its ligand CCL20 in
psoriatic skin lesions, and induction of CCL20 from
keratinocytes by IL-17 [43]. All of these reports reflect the
pivotal role of IL-17 in psoriasis. The major pathological
roles of IL-17 in psoriasis are as follows: recruiting neutro-
phils to the epidermis of psoriatic lesion by increasing neu-
trophil specific chemokines [44, 45]; employing additional
pathogenic Th17 cells by regulating CCL20 release from
keratinocytes [43, 44]; stimulating expression of significant
antimicrobial peptides of psoriasis like β-defensin, S100A7,
S100A8, and S100A9, which consecutively act as pro-
inflammatory stimulus [44, 46]; it also disrupts the skin bar-
rier by downregulating expression of filaggrin and adhesion
molecules in keratinocytes [47] and induces TNF-α release
from dendritic cells and macrophages [26, 44].

Results of our study suggest that synovium of psoriatic
arthritis is enriched with IL-17 producing CD4+ effector mem-
ory T cells and functionally active IL-17RA, the most well-
recognized receptor for IL-17 [48]. Several reports suggest
that IL-17 can influence bone and cartilage destruction in in-
flammatory arthritis [49, 50]. In animal arthritis model,

Table 1 Following IL-17 and its receptor targeted agents are going
through phase II and phase III clinical trial for psoriatic disease and
ankylosing spondylitis (References [23–26])

(1) Secukinumab, a fully human IL-17A monoclonal antibody

(2) Brodalumab, a fully human IL-17 receptor (IL-17RA)
monoclonal antibody

(3) Ixekizumab, a humanized anti-IL-17A monoclonal antibody

1020 Clin Rheumatol (2015) 34:1019–1023



disease severity is less in IL-17-deficient mice [51]. IL-17
receptor deficiency results in impaired synovial expression
of IL-1 and MMP-3, MMP-9, and MMP-13 and prevents
cartilage destruction during chronic reactivated streptococcal
cell wall-induced arthritis [52]. To understand the role of IL-
17 in the joint pathology of PsA, we examined the ability of
IL-17 to induce MMP3 and cytokines by fibroblast-like
synoviocytes (FLS) obtained from PsA synovium and have
observed that FLS in PsA are tuned to a robust response with
IL-17. There was a marked up-regulation of IL-6, IL-8, and
MMP-3 upon exposure to IL-17 in cultured FLS from PsA
patients [48]. IL-17 also promotes bone erosion through the
up-regulation of receptor activator of nuclear factor kappa-B
ligand (RANKL) [53, 54], a key regulator of osteoclastogen-
esis. Thus, the downstream effects of IL-17 are likely to influ-
ence all the major components of the pathologic events in skin
and joint tissues of psoriatic disease.

IL-23 and IL-17 in the pathogenesis of AS

Ankylosing spondylitis (AS) is the prototypic feature of SpA.
Ankylosing spondylitis is characterized by inflammation and
progressive ankylosis of sacroiliac joints and the spine and is
frequently associated with inflammation of the enthesis.
TNF-α is considered to play a major role in driving inflam-
mation in patients with AS, and TNF-α blocking agents pro-
vide marked improvement of pain/stiffness in AS patients.
However, with time, it appears that TNF inhibition is not
adequate to prevent the structural progression of AS. These
clinical observations suggest regulatory role of other growth
factors or inflammatory in the disease process of AS.

Knowledge of the involvement of the IL-23/Th17 pathway
in SpA comes from limited clinical investigations. It has been
reported that polymorphisms in the receptor for IL-23 are
associated with ankylosing spondylitis and thus IL-23 and
its receptor system likely to play a critical role in the disease
susceptibility and the pathogenic of AS [55].

Serum concentrations of IL-23 and IL-17 have been found
to be high in patients with AS [56]. Macrophages from pa-
tients with AS in response to lipopolysaccharide produce high
levels of IL-23 [57]. IL-17 positive cells in AS facet joints also
have been demonstrated [58]. In addition to AS and PsA, high
levels of IL-17 in the synovial fluid of patients with reactive
arthritis and undifferentiated SpA have been reported [59].

Simultaneous erosion and new bone formation
the pathognomonic joint manifestations
of spondyloartritis can be driven by cytokines
of IL-23/IL-17 system

Bone resorption mediated by osteoclasts and new bone for-
mation by osteoblasts is an integrated process in healthy
bones. An elevated RANKL/osteoprotegerin ratio favors
the differentiation of osteoclasts from monocytes and tips
the balance towards bone resorption. Any disease model
for AS and PsA remains incomplete if it does not provide
explanations for bone resorption and new bone formation
the hall mark features of bone changes in AS and PsA. Joint
and bone tissues obtained from surgical samples of AS and
PsA joints have demonstrated abundant osteoclasts at the
pannus and bone junction [1, 60]. Also marked expression
of RANKL and relatively faint staining of osteoprotegerin
have been observed in the inflamed PsA synovium [60]. IL-
17 promotes bone erosion through the up-regulation of
RANKL [53, 54] a key regulator of osteoclastogenesis.
Thus, IL-17 being a pro-inflammatory cytokine will act on
synovial tissue of the joints of the spine/peripheral joints to
induce the inflammatory/proliferatives cascades of pannus
formation and in addition will promote joint erosion by its
regulatory role on the osteoclasts.

Sherlock et al. in a passive transfer model of collagen-
induced arthritis have reported that with IL-23 antibody treat-
ment the development of pronounced axial and peripheral
inflammation at the site of tendon and ligament attachment

Fig. 1 Th17 in the pathogenesis of spondyloarthritis: Various external
and internal cues trigger secretion of cytokines IL-23 TGF-β, IL-6, and
IL-1 β during psoriatic disease and ankylosing spondylitis. These secreted
cytokines can in turn participate in the generation of Th17 cells. These

activated Th17 cells in the enthesis and in the synovial tissue can promote
local inflammation and bone remodeling through a variety of effector
mediators such as IL-17 and IL-22, which contribute to inflammation,
bone erosion, and bone fusion
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to bone could be ameliorated [61]. In this report, the investi-
gators have also observed that injection of IL-23 minicircle in
the B10.RIII mice could induce inflammation at regions adja-
cent to enthesis and also induced erosive arthritis along with
new bone formation. A unique population of CD3+, IL-23R+,
CD4−, CD8−, and RORγ T cells were identified in the
enthesis. The unique CD3+, CD4−, and CD8− T cell pheno-
type did not arise in mice treated with an antibody to IL-23
[61]. The investigators have substantiated that IL-23 secreted
by this unique CD3+, CD4−, and CD8− T cell subset was
associated with pannus formation and joint erosion, presum-
ably via up-regulation of TNF and IL-17; further, they dem-
onstrated that in this model IL-22 induced new bone forma-
tion and apparently, IL-23 regulated the induction of IL-22.

So far, the existence and functions of the CD3+, CD4−, and
CD8− resident T cell observed in mice remains unknown in
humans. This encouraged us to investigate the source and the
role of IL-22 in human spondyloarthritis. We observed that
activated synovial T cells of PsA patients produce significant-
lymore IL-22 compared to patients with OA; and PsA patients
have higher concentration of IL-22 in their synovial fluid [23].
Further in this study we have observed that IL-22 is function-
ally active in PsA joints. Thus, it can be concluded that IL-23
induced Th17 cytokines (IL-17 and IL-22) can contribute to
all four pathologic events in AS and PsA: development of
psoriatic plaque, pannus formation in the joint, joint erosion,
and new bone formation (Fig. 1) [21, 48, 61].

Disclaimer The views expressed in the article do not necessarily rep-
resent the views of the Department of Veterans Affairs or of the United
States Government.
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