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Opinion statement

Th17 cells are one subset of T cells, which produce IL-17, a pro-inflammatory cytokine. A
regulatory role of T,17 cells has been proposed in several autoimmune diseases including
psoriasis, psoriatic arthritis, rheumatoid arthritis, inflammatory bowel disease, systemic lupus
erythematosus, and multiple sclerosis. Psoriatic disease is an autoimmune disease which mainly
involves skin and joints. Until recently, psoriasis and psoriatic arthritis 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 the crucial role of the T,17 cells in the pathogenesis of
psoriatic disease. Human studies have shown the presence of Ty17 cells in the psoriatic plaques
in excess. Moreover, our research group not only have found abundance of CD4*IL-17" T cells,
mainly the memory phenotype (CD4R0O'CD45RA"CD11a") in the synovial fluid, but also have
shown the existence of functional IL-17 receptor in synovial fibroblast of psoriatic arthritis
patients. In this review article, we have discussed the contributing role of the IL-23/IL-17 axis
in psoriatic arthritis (PsA) and the prospective of IL-17 targeted therapies in PsA.

Introduction

Psoriasis and psoriatic arthritis (PsA), often termed as share certain similar pathological events and clinical
“psoriatic disease,” are autoimmune diseases which features [1-3]. PsA is a heterogeneous disease
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characterized by involvement of the skin, nails, periph-
eral and axial joints, and entheses. PsA is a seronegative
autoimmune inflammatory joint disease that develops
in approximately 25 % of the psoriasis patients usually
within 10 years of start of skin manifestations. In ~10 %
of patients, the arthritis appears before the inception of
skin disease [4-6]. Apart from arthritis, psoriasis is also
associated with multiple physical and psychological co-
morbidities like hypertension, dyslipidemia, diabetes
mellitus, obesity, nonalcoholic fatty liver disease, meta-
bolic syndrome, anxiety, depression, and suicidal ten-
dency [3, 7-13]. The variety of affected organ systems
and the associated co-morbidities make the clinical di-
agnosis and management of PsA challenging.

Although considerable progress has been made in
deciphering the pathogenesis of psoriatic disease, the
exact cause still remains a mystery. Psoriatic disease is a
multifactorial disease involving a complex interaction of

genetic, immunologic, and environmental factors that
modify the function of lymphocytes, neutrophil epider-
mal keratinocytes, synovial cells (fibroblast-like synovial
cells (FLS)), and osteoclasts through important
cytokines/chemokines [2, 4, 7]. A variety of genetic, im-
munologic, and environmental factors have been sug-
gested to contribute to PsA pathogenesis [3, 4, 14-16].
Single nucleotide polymorphisms in 1L23A, 1L23R, as
well as TRAF3IP2 (Actl), a downstream target of the IL-
17 receptor (IL-17R), confer susceptibility to PsA, imply-
ing a central role of the IL-23/IL-17 axis in PsA disease
pathogenesis [17-19]. Considering the strong associa-
tion of IL-17 and psoriatic disease, IL-17 targeted therapy
for PsA has been developed and has shown promises in
preclinical and clinical trials. In this review article, we
have discussed the contribution of the IL-23/IL-17 axis in
PsA and summarized the therapeutic efficacy and safety
profile of different anti IL-17 therapeutic agents.

Immunopathogenesis of psoriatic disease

The inflammation associated with psoriasis is a sequel of multiple pathological
events. The disease is primarily characterized by hyperplasia of epidermal
keratinocytes, angiogenesis, and infiltration of immune cells in the affected

skin. The immunopathogenesis of psoriatic disease is complex and still evolv-
ing. In this complex milieu, pathogenic T cell subpopulations (T,,1, T 17, Tj,22)
and their signature cytokines (IFN-y, IL-1@, IL-6, TNF-o, IL-17, 1L-22),
chemokines, adhesion molecules, growth factors like nerve growth factor
(NGF), and neuropeptides act in an integrated way through their corresponding
receptors to evolve pathognomonic features of psoriasis and psoriatic arthritis
[3, 4, 16-21]. Cytokines are the primary products of immune activation.
Various cytokines play a detrimental role in the psoriasis pathogenesis; how-
ever, understanding of their role in the disease is still limited. The role of innate
and adaptive immune responses is now well established in its pathogenesis.
Psoriatic disease is strongly believed as a T cell-mediated autoimmune disease
of the skin and joints based upon the following observations: (i) CD4" T cell
targeted immunotherapy clears active plaques of psoriasis [22]; (ii)
transplanted nonlesional psoriatic skin converts to a psoriatic plaque subse-
quent to intradermal administration of T cells activated with an antigen cocktail
in SCID mice [23]; (iii) blocking of the T cell co-stimulatory molecule improves
psoriasis in the SCID mouse-psoriasis xenograft model [24]; (iv) T17 cell-
driven cytokines contribute to the pannus formation, osteoclast activation, and
new bone formation in PsA [17-19, 25-27].

Recent evidence indicates that interleukin 23 (IL-23) may be a master
cytokine in psoriasis. I11-23 activates the Ty, 17 cells to produce T,,17 cytokines
such as [L-17 and IL-22. T, 17 cell-derived cytokines will have more downstream
effects such as epidermal thickening, synovial inflammation, angiogenesis, and
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cell trafficking [25-28] (Fig. 1). Findings suggest that these cytokines are inter-
woven. We will illustrate the role of various cytokines in the pathogenesis of
psoriatic disease and the apparent inflammatory interplay between the cyto-
kines, epithelial tissues, endothelial cells, osteoclasts, and osteoblasts.

IL-17 and its receptor system
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Following the discovery of the IL-17 encoding gene in a rodent T cell library in
the early 1990s, its human homologue with a cytokine-like activity was iden-
tified and labeled as IL-17 [29]. So far, IL-17A (commonly termed as IL-17)
followed by IL-17F has been extensively studied amongst the six IL-17 family
cytokines (IL-17A to IL-17F) [30]. IL-17A and IL-17F have 55 % amino acid
resemblance and exist as homodimers sharing structural similarity having a di-
sulfide bond and a cystine knot fold and sometimes as heterodimers IL-17A/F
with inflammatory potential [31-33]. IL-17 receptor (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 recognized and
termed as IL-17RB, IL-17RC, IL-17RD, and IL-17RE [34, 35]. Activation of
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Fig. 1. IL-23/IL-17 signaling cascade in the pathogenesis psoriatic disease and the mechanism of actions of the various
pharmacological drugs for psoriasis/psoriatic arthritis acting through this signaling system.
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intracellular signaling occurs through the binding of IL-17A and IL-17F to the
receptor complex formed by IL-17RA and IL-17RC [35, 36]. Moreover, IL-17A
also signals through a receptor complex of IL-17RA and IL-17RD [37]. There-
fore, in the formation of functional 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 IL-
12p40 (shared by IL-12 and IL-23) messenger RNA (mRNA) in psoriatic le-
sions; further studies have demonstrated enrichment of psoriasis plaques with
IL-23 specific p19 subunit [38-41]. Multiple studies have demonstrated in-
creased expression of IL-17A and IL-17F in psoriatic skin in contrast to the
nonlesional psoriatic skin, and the upregulation of IL-17A illustrated positive
association with disease severity [42, 43]. Moreover, there is increased expres-
sion of the T},17 specific transcription factor (RORyt) and T},17 inducing
cytokines (IL-23, IL-6, IL-1B) in lesional psoriatic skin vs. nonlesional skin and
skin of healthy volunteers [44]. Evidences also show overexpression of T;,17
specific CC chemokine receptor, CCR6 and its ligand CCL20 in psoriatic skin
lesions, and induction of CCL20 from keratinocytes by IL-17 [45]. 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 neutrophils to the epidermis of
psoriatic lesion by increasing neutrophil-specific chemokines [46, 47];
employing additional pathogenic Ty, 17 cells by regulating CCL20 release from
keratinocytes [45, 46]; stimulating expression of significant antimicrobial pep-
tides of psoriasis like 3-defensin, SI00A7, S100A8, and S100A9, which con-
secutively act as pro-inflammatory stimulus [46, 48]; it also disrupts the skin
barrier by downregulating expression of filaggrin and adhesion molecules
in keratinocytes [49] and induces TNF-a release from dendritic cells and
macrophages [28, 46].

Results of our study suggest that synovium of psoriatic arthritis is enriched
with IL-17 producing CD4+ effector memory T cells and functionally active IL-
17RA, the most well-recognized receptor for IL-17 [50ee]. Several reports sug-
gest that IL-17 can influence bone and cartilage destruction in inflammatory
arthritis [51, 52]. In animal arthritis model, disease severity is less in IL-17-
deficient mice [53]. IL-17 receptor deficiency results in impaired synovial
expression of IL-1, MMP-3, MMP-9, and MMP-13 and prevents cartilage de-
struction during chronic reactivated streptococcal cell wall-induced arthritis
[54]. To understand the role of IL-17 in the joint pathology of PsA, we examined
the ability of IL-17 to induce MMP-3 and cytokines by 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 upregulation of IL-6, IL-8, and MMP-3 upon
exposure to IL-17 in cultured FLS from PsA patients [50ee]. IL-17 also promotes
bone erosion through the upregulation of RANKL [55, 56] a key regulator of
osteoclast neogenesis. Thus, the downstream effects of IL-17 are likely to
influence all the major components of the pathologic events in skin and joint
tissues of psoriatic disease.
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IL-12/23 inhibition: ustekinumab

Ustekinumab is an anti-IL-12/23 monoclonal antibody that binds to the com-
mon p40 subunit of IL-12 and IL-23, thus has the potential to inhibit the pro-
inflammatory cytokines from Tj,1 and T,17 cells. Ustekinumab is approved by
the FDA for the treatment of psoriasis and PsA.

Ustekinumab has been reported to be therapeutically effective in
psoriasis in two phase 3 trials, and further, it has been found to be
superior to etanercept [57, 58]. With regard to PsA, a randomized, dou-
ble-blind, placebo-controlled crossover trial of ustekinumab in PsA
showed improvement in the American College of Rheumatology (ACR)
response rates and significant improvement in skin disease, enthesitis,
dactylitis, and physical functioning but required a higher dose than that
used for treating psoriasis [59]. Analogous results were again reported
with ustekinumab in a randomized, placebo-controlled, phase III clinical
trial in PsA patients who had received anti-TNF and DMARD treatment
[60e]. PSUMMIT 1 was a randomized control trial (n=615) where PsA
patients received either ustekinumab 45 mg/ustekinumab 90 mg or pla-
cebo at weeks 0 and 4 and then every 12 weeks. At week 24, ACR20
responses were achieved by 42.4, 49.5, and 22.8 % of patients, respec-
tively [60e]. Improvements were also seen in dactylitis, enthesitis, and
HAQ [61]. A similar ACR20 response for ustekinumab was seen in the
PSUMMIT 2 trial in 312 patients with PsA [62].

Anti-IL-17 agents

Secukinumab

IL-17 is a pro-inflammatory cytokine that has a crucial role in the pathogenesis
of psoriasis and PsA. Till date, it has been the object of immense drug devel-
opment research, and numerous biologic agents targeting this molecule are
being explored in clinical studies of psoriasis and PsA. Following IL-17 and its
receptor, targeted agents are going through phase II and phase III clinical trial
for psoriatic disease:

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

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

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

Secukinumab is a human monoclonal IgG1k antibody that targets IL-17A.
Several drug trial studies have repotted marked improvement of plaque
psoriasis following treatment with subcutaneous injection of
secukinumab. In a recent phase 3, randomized, double-blind, placebo-
controlled 52-week trial (Efficacy of Response and Safety of Two Fixed
Secukinumab Regimens in Psoriasis (ERASURE)), subcutaneous
secukinumab was administered at a dose of 300 mg or 150 mg (admin-
istered once weekly for 5 weeks, then every 4 weeks). In this study, at
week 12, the Psoriasis Area Severity Index (PASI) 75 rates were 81.6 %
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with 300 mg of secukinumab, 71.6 % with 150 mg of secukinumab, and
4.5 % with the placebo [63e].

Currently, phase III trials of secukinumab for psoriasis and PsA are going
on. At the American College of Rheumatology (ACR) (Boston, 2014), the
results of two phase 3 trials in PsA were reported [64, 65]. In the FUTURE 1
randomized placebo-controlled study (1n=606), patients received
secukinumab intravenous loading dose of 10 mg/kg at baseline, weeks 2
and 4, and then either 150 or 75 mg every 4 weeks from week 8. At
24 weeks, the ACR20 responses in 150 mg dose arm, 75 mg dose arm, and
in the placebo group were 50.0, 50.5, and 17.3, respectively. Higher re-
sponses were seen in subjects naive to anti-TNF therapy. In the FUTURE 2
(n=397) study [66], patients received subcutaneous secukinumab 300 mg,
150 mg, 75 mg, and placebo at weeks 1, 2, 3, 4, and every 4 weeks
thereafter. In this study, statistically significant improvement was noticed in
ACR20 response, enthesitis, dactylitis, skin, function, and quality of life
measures. At week 24, ACR20 responses were significantly greater with
secukinumab: 54.0, 51.0, and 29.3 % vs. 15.3 %, with secukinumab 300,
150, and 75 mg vs. PBO, respectively. In both the studies, serious adverse
events were few and comparable with the placebo groups during the 16-
week study period.

Brodalumab
]

Brodalumab is a humanized monoclonal antibody that binds with high
affinity to human IL-17 receptor (IL-17RA) and blocks the biologic activity of
IL-17. A phase II study of brodalumab administered subcutaneously
established its efficacy in patients with moderate to severe plaque psoriasis
[67]. In this study, like in secukinumab, the PASI response on week 12 was
also ~80 %. This study encouraged to investigate the efficacy of brodalumab
in PsA. In a phase II RCT, 168 PsA patients were randomized to brodalumab
(140 or 280 mg) or placebo for 12 weeks. Participants in this study received
brodalumab (140 or 280 mg subcutaneously) or placebo on day 1 and at
weeks 1, 2, 4, 6, 8, and 10 [68ee]. At week 12, the ACR20 responses in
brodalumab 140 mg, brodalumab 280 mg, and placebo arms were 37, 39,
and 18 %, respectively. Additional improvements in ACR20 and other mea-
sures (ACR50/70, DAS 28, HAQ-DI, dactylitis, and skin scores) were dem-
onstrated at week 24 of the open-label extension. In patients with 140 and
280 mg arms at 24 weeks, ACR20 responses were observed in 51 and 64 %,
respectively. The effects were similar in patients who received anti-TNF as well
as those who did not. Currently, phase III trials for brodalumab in patients
with psoriasis are undergoing,

Ixekizumab

Ixekizumab is a fully human anti-IL-17A monoclonal antibody, which is
injected subcutaneously. Results of one phase Il study demonstrated that
ixekizumab improved clinical symptoms in patients with moderate to severe



216 Spondyloarthritis and Psoriatic Arthritis (A Deodhar, Section Editor)

psoriasis [69]. Phase III studies of ixekizumab in psoriasis and PsA are
under way.

Other IL-23/IL-17 antagonists for psoriatic disease
- 0000000000000

Two IL-23 inhibitors targeting the p19 subunit of IL-23 have been prepared and
currently going through clinical trials to evaluate their therapeutic efficacy in
psoriasis—guselkumab is a human monoclonal antibody (mAb) directed
against the p19 subunit of IL-23 [70].

Tildrakizumab is a humanized mAb targeting the p19 subunit of IL-23 [71].

Apart from developing new biologics targeting the surface molecules of T;,17
cells or IL-17, an alternative approach is to target the signaling pathways
associated with the T,,17 cells. We have shown that IL-17 and IL-22 exert their
mitogenic effect on keratinocytes (key effector cells in psoriasis) and synovial
fibroblasts (key effector cells in psoriatic arthritis) through PI3K/Akt/mTOR
cascade which suggests the therapeutic potential for development of small
organic molecules by targeting these key mTOR kinases [72, 73].

Potential risks of blocking the IL-23/IL-17 cytokine system

Conclusion

T,L17 cells play a critical role in both innate and acquired immune responses
and thus important for host defense. In human genetics, defectin IL-17RA or IL-
17F makes prone to chronic mucocutaneous candidiasis; patients with this
condition develop recurrent or persistent skin, nail, and mucosal infections
caused by Candida albicans and to a lesser extent by Staphylococcus aureus [74].
So, theoretically, patients treated with I1-23/IL-17 antagonists may have in-
creased risks for chronic mucocutaneous candidal infections and other
infections.

Currently, extensive clinical research including multiple clinical trials is
going on; a careful evaluation of these studies will be helpful to identify whether
specific serious infection or any other major safety concern including cardio-
vascular risks are associated with these group of medications. Like in other
biologics, IL-17A antagonists discussed here had also certain adverse events. The
most commonly reported adverse events were nasopharyngitis, upper respira-
tory tract infection, arthralgia, and erythema at the injection site [67, 68e®]. Rare
episodes of neutropenia and leukopenia have been observed during treatment
with anti-interleukin-17 biologic therapies [67, 68ee, 75].

Compared to RA, patients with psoriatic arthritis who fail anti-TNF agents or
where anti-TNF is contraindicated do not have much treatment options. Here
we have reviewed the significance of IL-23/IL-17 cytokine network in the
pathogenesis of PsA and the novel drugs formulated for treatment of psoriatic
disease by targeting this pathway. Ustekinumab is already FDA approved for
PsA, and it is expected that the other preparations targeted against the IL-23/IL-
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17 cytokine system will be soon available for treatment of PsA and other

autoimmune diseases.
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