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A B S T R A C T

Psoriatic arthritis (PsA) is a chronic inflammatory arthritis of unknown etiology, and currently the cellular and
molecular interactions that dictate its pathogenesis remain elusive. A role of the interleukin-23 (IL-23)/IL-23R
(IL-23 receptor) interaction in the development of psoriasis and PsA is well established. As IL-23 regulates the
differentiation and activation of innate and adaptive immunity, it pertains to a very complex pathophysiology
involving a plethora of effectors and transducers. In this review, we will discuss recent advances on the cellular
and molecular pathophysiological mechanisms that regulate the initiation and progression of PsA as well as new
therapeutic approaches for IL-23/IL-23R targeted therapeutics.

1. Introduction

In the United States, an estimated 294,000 children under the age of
18 are affected by arthritis, including psoriatic arthritis [1] and up to
15% of patients who have psoriasis also develop inflammatory arthritis
[2]. Psoriatic arthritis (PsA) is a systemic inflammatory disease, which
is characterized by inflammation of the skin and joints [3]. Epidermal
hyperplasia, synovial inflammation, and bone loss are hallmarks of PsA
[3]. Although there is no specific genetic marker for diagnosis of PsA,
the disease could be diagnosed through clinical and imaging features,
which include psoriasis, peripheral joint disease, axial disease, en-
thesitis, and dactylitis [2,4]. Neutralization of pro-inflammatory cyto-
kines of the IL-23/IL-17 axis has shown great promise in combating the
disease [5–7]. Ustekinumab (IL-23p40) and secukinumab (IL-17A) are
human monoclonal antibodies that specifically bind to and neutralize
IL-23p40 and IL-17A, respectively [6,7]. These antibodies have been in
clinical trials for the treatment of PsA and improved signs and symp-
toms of PsA, suggesting that IL-23/IL-17 has an important role in the
pathogenesis of PsA. We will describe the current understanding of
pathogenesis of PsA and ongoing therapeutic developments for treat-
ment of PsA.

2. Clinical and pathophysiological features of PsA

2.1. Clinical features

In human, skin is composed of three layers including the epidermis,
dermis, and hypodermis. The layer of the epidermis includes the
stratum corneum (the outermost layer), stratum granulosum, stratum
spinosum, and stratum basale. The dermis layer contains connective
tissue, hair follicles, and sweat glands whereas hypodermis is made of
fat and connective tissue. During pathogenesis of psoriasis and PsA,
each of these layers becomes altered which is one of major features for
the diseases include thinned suprapapillary plates, collections of neu-
trophils in the stratum corneum (Munro's microabscesses), psoriasiform
epithelial hyperplasia; elongation and edema of dermal papillae;
parakeratosis, retained nuclei in the stratum corneum [2,4]. In addi-
tion, bone and cartilage destruction with pathologic new bone forma-
tion is one of the most distinctive features of PsA [2]. Several clinical
features of PsA has been characterized by Moll and Wright such as distal
interphalangeal joints, arthritis mutilans, symmetric polyarthritis, an-
kylosing spondylitis, asymmetric distal interphalangeal joints [4].
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2.2. Cellular pathophysiology

Although the precise cellular mechanisms of PsA are not completely
understood, it is likely that genetic, immunologic, and environmental
factors are involved in the activation of multiple cell types including T
cells, neutrophils, keratinocytes, and osteoclasts (Fig. 1). In this part,
we will focus on the immunopathogenesis of PsA.

2.2.1. T cells
IL-23 has been implicated in the regulation of conventional (αβ) and

non-conventional (γδ) T cells and the production of IL-17. A number of
reports suggest that IL-23 is critical for differentiation, survival, and
expansion of Th17 and γδ T cells [8,9]. γδ T cells are significantly in-
creased in the dermis of psoriatic skin lesions and in peripheral blood
and synovium of PsA patients, compared with healthy control [10–12].
A number of different Th17 cell “flavors” have been described by the
literature and shown mainly by intracellular staining to produce a
number of cytokines as previously reviewed [13]. Th17 cells secreted
their signature cytokines such as IL-17, TNF, IL-22 (Fig. 1) [14,15] and
also produced RANKL [16] which have been shown to contribute to the
pathology observed in PsA [17]. In rheumatoid arthritis, IL-22 regulates
osteoclastogenesis by up-regulation of RANKL in human synovial fi-
broblasts [18] and recombinant IL-22 induced a significant increase in
expression of antimicrobial peptides (S100A8, S100A9, and defensin

β1) and inflammatory cytokines (IL-1α, IL-6, and TNF-α) and kerati-
nocyte hyperplasia in a mouse model of psoriasis-like skin inflamma-
tion [19]. RANKL secreted by Th17 cells also directly promotes osteo-
clastogenesis, while the effect of RANKL on the skin is been linked with
regulatory functions of peripheral CD4+CD25+ regulatory T cells
[16,20]. Undoubtedly the most investigated cytokine of the Th17 cells
is IL-17 itself, which is produced by both CD4+ T cells and γδ T cells. IL-
17 producing CD4+ T cells are elevated in the synovial fluid of both
psoriatic and PsA patients [17] and in a related animal model of IL-17
gene transfer in vivo it was shown that IL-17 induces bone loss and
epidermal hyperplasia associated with PsA [21]. In keeping with these
observations, it was also demonstrated that γδ T cells were increased in
human psoriatic skin lesions [10]. A recent study highlighted that
TRAV15N-1 (Vδ6.3) γδT cells were clonally expanded in mice and ex-
pressed specific cytokines, M-CSF, CCL5, CCL3 (Fig. 1), which are
known to act on myeloid cells, indicating that this γδ T cell subset might
have distinct functions in myelopoiesis [22]. We also observed that IL-
17 gene transfer induced epidermal hyperplasia was persistent in the
absence of conventional (αβ Th17 cells) and non-conventional (γδ) T
cells but dependent on the activation of neutrophils
(CD11b+Gr1highLy6G+), suggesting that IL-17 pathology may occur
independently of T cells [23] as discussed next.

Fig. 1. Cellular pathophysiology of PsA. In PsA, Th17, γδT cells, neutrophils, keratinocytes, and osteoclasts are involved in the initiation of the disease. 1) Th17 cells
are activated by STAT3 lead to the release of IL-17, IL-21, IL-22, TNF, IFNγ, and RANKL. 2) γδT cells are also activated by STAT3 to release of IL-17, M-CSF, CCL5,
and CCL3. 3) In neutrophils, IL-23 induces the expression of IL-23R, and a number of transcriptional activators including STAT3-dependent RORγt, NF-κB, aryl-
hydrocarbon receptor (AhR), mammalian target of rapamycin (mTOR) and Basic Leucine Zipper ATF-Like Transcription Factor (BATF) pathways that regulate IL-
17A, IL-17F, and IL-22. NETs, IL-1β, and IL-8 also contribute to neutrophil activity in psoriasis. 4) In keratinocytes, the transcription factor Nrf2 promotes pro-
liferation of keratinocyte through controlling expression of K6, K16, and K17. IL-23 induces directly and/or indirectly (IL-17/IL-22) the expression of K16/Ki67 or
S100A7–9 leads to induce proliferation of keratinocytes, hyperplasia, and skin inflammation. 5) In osteoclasts, IL-23 induces the expansion of osteoclast precursors
and activates NFATc1 leading to the expression of TRAP, CatK, and MMP9 that facilitate bone resorption.
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2.2.2. Neutrophils
Although IL-23 promotes the secretion of IL-17 by CD4+ T cells

[24], neutrophils, not T cells, are the predominant cells producing IL-17
in human skin [25]. Interestingly, other groups have identified that
neutrophils are the main source of IL-23 in the colon of patients with
inflammatory bowel disease [26]. Additionally, IL-23 induces the ex-
pression of IL-23R, IL-17, and IL-22 on neutrophils (Fig. 1) [27]. Fur-
thermore, neutrophil direct role in epidermal hyperplasia is supported
by the distinct presence of neutrophil exudates (Munro's micro-
abscesses) in the stratum corneum of the epidermis in psoriatic patients
[28,29], suggesting that myeloid cells (neutrophils and monocytes)
contribute directly to development of pathogenesis of psoriasis and PsA.
We and others have shown that neutrophil depletion reduces thickness
of epidermis and Munro's microabscess formation in mice [23,30].
Neutrophil extracellular traps (NETs) was increased in human psoriatic
skin, correlated with psoriasis disease severity, and induced the ex-
pression of β-defensin-2 [31]. β-defensin-2, a serum biomarker for
psoriasis, is strongly expressed in psoriatic epidermis [32]. Another
study also showed that neutrophil-derived proteases such as cathepsin
G, elastase, and proteinase-3 processed and activated IL-36 [33]. IL-36
and its receptor (IL-36R or IL-1RL2) are able to stimulate the expression
of inflammatory cytokines including IL-17, IL-23, TNF, IL-8, and IL-6 in
human psoriatic lesional skin [34,35]. However, many questions re-
main regarding the signaling pathway(s) involved and the interplay of
the IL-23/IL-17 axis with neutrophils.

2.2.3. Keratinocytes
In the skin, uncontrolled hyperproliferation and differentiation of

keratinocytes results in epidermal hyperplasia associated with para-
keratosis, which is one of the most significant features in human PsA
[2,4]. Therefore, markers of keratinocyte differentiation and hyper-
proliferation such as keratin 16 (K16) and Ki67 have effectively been
used as biomarkers in psoriasis [36]. In psoriasis, the transcription
factor Nrf2 promotes proliferation of keratinocyte through controlling
expression of K6, K16, and K17 (Fig. 1) [37]. Inflammation of kerati-
nocyte induces synthesis of chemokines (CXCL9, CXCL10, and CXCL11)
that can recruit Th1 cells into the skin whereas CCL20, CXCL1, CXCL2,
and CXCL8/IL-8 recruit Th17 and neutrophils [12]. Moreover, S100A7-
S100A9, calcium-binding proteins, are specifically expressed in psor-
iasis and loss of S100A7-S100A9 improves symptoms of psoriasis-like
disease [38]. We and others have previously shown that IL-23 can in-
duce epidermal hyperplasia and stimulate the synthesis of leukotriene
B4 (LTB4), a biologically active lipid inflammatory mediator, important
in skin inflammation [39]. LTB4R1 is a high-affinity receptor for LTB4
predominantly expressed on neutrophils and macrophages [40] and it is
also involved in joint pathology [41]. The interplay between IL-23 and
the release of pro-inflammatory mediators in innate immunity is rela-
tively understudied, and remains an area of increased interest.

2.2.4. Osteoclasts
In addition to T cells and neutrophils, osteoclasts also play a crucial

role in the development of bone destruction [42]. Osteoclasts are
multinucleated cells that perform the unique function of bone resorp-
tion [42]. During physiological bone remodeling, macrophage colony-
stimulating factor (M-CSF) and receptor activator of nuclear factor
kappa-Β ligand (RANKL) regulate the differentiation of osteoclasts from
their precursors [43]. RANKL selectively induces expression of nuclear
factor of activated T cells cytoplasmic 1 (NFATc1) in the presence of M-
CSF; importantly, NFATc1-deficient embryonic stem cells fail to dif-
ferentiate into osteoclasts, and ectopic expression of NFATc1 causes
precursor cells to undergo efficient differentiation without RANKL
signaling indicating that NFATc1 is required for osteoclast differentia-
tion [44]. Osteoclasts also highly express cathepsin K, matrix metallo-
proteinases (MMPs) which contribute differently to activities of osteo-
clast [45]. Bone resorption results in the release of tartrate-resistant
acid phosphatase (TRAP) from osteoclasts, thus TRAP is considered as a

marker of osteoclast function [46]. These factors (cathepsin K, TRAP,
MMPs) mediate the activity of osteoclast and their increased expression
is associated with several bone diseases serve as effective biomarkers of
bone destruction. In psoriatic arthritis, expression of CD16 (FcRγIII)
was considered as a potential marker of osteoclast precursors [47]. In
addition, CD16high monocytes showed a higher activity of bone erosion
than CD16int and CD16low monocytes, supporting that the level of CD16
expression on monocytes/osteoclast correlated with the bone resorp-
tion activity of osteoclast in psoriatic arthritis [47]. Interestingly, we
recently showed that IL-23 induces NFATc1 in the absence of exo-
genous RANKL and stimulates the differentiation of MDL-1+/DAP12+

CD16+ cells corroborating the previous findings discussed herein
[48,49].

2.3. Molecular pathophysiology

2.3.1. IL-23/IL-23R
In 2000, Oppmann and colleagues discovered that IL-23 (p19/p40)

is a novel heterodimeric cytokine of the IL-12 family and is pre-
dominantly produced by dendritic cells and macrophages [50]. IL-23
and IL-12 have a mutual p40 subunit whereas p19 is a unique for IL-23
and p35 for IL-12. IL-23 binds specifically to and signals through its
heterodimeric receptor assembly which is composed of IL-12Rβ1 and
IL-23R subunits [51].

IL-23 signals via its cognate receptor IL-23R and the shared receptor
IL-12Rβ1 and is thought to mediate a stoichiometric ternary complex
with the ectodomains of the two receptors. While IL-12Rβ1 orthologues
consistently display five extracellular domains, mammalian IL-23R
consist of just three extracellular domains compared to evolutionarily
more distant vertebrates, which have two to three additional mem-
brane-proximal fibronectin type III (FnIII) domains. Current models for
the assembly of cell-surface complexes mediated by IL-12 family cyto-
kines have been largely based on the structural principles derived from
the interleukin-6 (IL-6) complex with interleukin-6 receptor subunit
alpha (IL-6Rα) and glycoprotein 130 (gp130) and other gp130 com-
plexes [52,53].

The structure of IL-23 in complex with its cognate receptor IL23R
has been recently determined [54] providing unprecedented insights
into the assembly principles underlying cytokine-receptor complexes of
IL-12 family. IL-23 deploys only its IL-23p19 subunit to contact IL-23R
at its N-terminal Ig-like domain, which in turn reaches out via its
terminal peptide to grab onto the IL-23 scaffold (Fig. 2A). The struc-
tural and functional hotspot of this interaction partially restructures the
helical IL-23p19 subunit of IL-23 and leads to restraining of its IL-12p40
subunit to enable cooperative binding of the shared receptor IL-12Rβ1
with high affinity. The IL-23p19 is likely not involved in binding IL-
12Rβ1 at all, so the low-affinity interaction between IL-23 and IL-
12Rβ1 is exclusively mediated by the p40 subunit (Fig. 2B). Moreover,
the experimental evidence supports a sequential model of assembly
mechanism, in which a stable binary IL-23:IL-23R complex is the me-
chanistic prerequisite for the recruitment of the shared receptor IL-
12Rβ1 to complete the ternary cytokine-receptor complex [54]. Fur-
thermore, the dimeric disulfide-linked form of the IL-12p40 subunit, IL-
12p80, which was shown to have both agonistic signaling properties as
well as antagonistic behavior over a range of activities such as macro-
phage chemotaxis, inflammatory responses, and protective activity in a
mycobacterial model, binds IL-12Rβ1 while lacking an α-helical sub-
unit [55].

Using IL-23RGFP+/+ reporter mice, other studies showed that IL-
23R is expressed in Th17, natural killer T (NKT) cells, γδT cells, group 3
innate lymphoid cells (ILC), dendritic cells, macrophages, and recently
neutrophils [56,57].

2.3.2. IL-23 signaling
Although the cytoplasmic domain of IL-23R does not have kinase

activity, it has seven tyrosine residues [51]. Three of these tyrosines are
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potential candidates for phosphorylation and binding-sites for Src
homology 2 domain [51]. Upon engagement with IL-23, the IL-23 re-
ceptor assembly will recruit and associate with Jak2/Tyk2 leading to
activation of Jak2/Tyk2 and STAT3 [58]. Moreover, NF-κB and PI3K/
Akt pathways are activated by IL-23 in T cells, leading to phosphor-
ylation of STAT3 by PI3K/Akt which have an important role in reg-
ulation of IL-17 gene expression [58]. In Th17 cells, retinoid-related
orphan receptor (ROR) γT, RORα, and signal transducer and activator
of transcription (STAT3) are crucial transcription factors which bind the
IL-17 promoter and activate gene expression cascades [59]. In addition,
interaction of IL-23 with IL-23R also induces activation of nuclear
factor of kappa light chain enhancer of activated B cells (NF-κB) and
translocation of NF-κB into nucleus through regulation of inhibitory
subunit of nuclear factor kappa B alpha (IκBα) [60]. Activation of NF-
κB will induce expression of several inflammatory genes such as TNF,
IL-1β, IL-6, and CXCLs [61].

2.3.3. IL-23 in the skin
In murine model of IL-23-mediated psoriasis-like epidermal hyper-

plasia, IL-23 treatment induced a dermal infiltration of T cells, dendritic
cells (CD11c+), macrophages (F4/80+), and neutrophils (Gr1+LY6G+)
[62]. Moreover, IL-23 regulates and stabilizes the Th17 phenotype and
secretion of IL-17, IL-21 and IL-22 by Th17 cells (Fig. 1), which mediate
the epidermal hyperplasia, keratinocyte differentiation in psoriasis
[63]. Injection of IL-23 induced the expression of CCR6 (a CCL20 re-
ceptor, expressed by Th17 cells and activated neutrophils), in the epi-
dermis layer and Ccr6−/− mice did not develop IL-23-induced psor-
iasis-like inflammation, indicating that IL-23 induced psoriasis-like
inflammation is dependent on CCR6 [64]. Moreover, CCL20-derived
antagonists block Th17 cell homing and prevents the signs of psoriasis
in a mouse model [65].

As previously mentioned IL-23 expansion of γδ T cells in the dermis
layer is a key component in the pathogenesis of psoriasis [10]. CD69 is
an activation marker of skin γδ T cells, and controls the aryl hydro-
carbon receptor (AhR)-dependent secretion of interleukin 22 (IL-22) by
γδ T cells, which contributes to the development of psoriasis induced by
IL-23 [66]. Indeed, CD69-deficient mice had lower expression of epi-
dermal IL-22 and STAT3 and attenuated skin inflammation induced by
IL-23, compared with wild-type mice, suggesting that CD69 is a key
mediator of psoriasis pathogenesis [66].

IL-23 regulates not only T cells but also NK cell populations in
murine psoriasis-like disease [63]. Depletion of macrophages sig-
nificantly reduced the skin inflammation and inflammatory cytokines in
IL-23 mediated psoriasiform skin inflammation [67]. Moreover, IL-23
regulates granulopoiesis and homeostasis of neutrophil in mice [68]. In
mouse model, injection of IL-23 is able to stimulate keratinocytes
proliferation and induce epidermal hyperplasia [69].

It has been showed that IL-23 induced accumulation and differ-
entiation of Langerhans cells which may be an important mechanism in
regulation of cutaneous immune responses [70]. LIM-domain only
protein 4 (LMO4), a transcription factor, regulates differentiation and
proliferation of keratinocyte during embryogenesis. IL-23 increased the
expression of LMO4 through Jak2/Akt/STAT3 pathway and knockdown
of LMO4 using shRNA had negative effects on differentiation and pro-
liferation of keratinocytes in the ears of IL-23-injected mice [71]. Bio-
markers of keratinocytes proliferation and differentiation such as Ki67
and K16, respectively as well as skin inflammatory markers (S100A7-
S100A9, TNF-α, IL-19) was induced by IL-23 in mouse skin [72].

2.3.4. IL-23 in the joint
In joint autoimmune inflammation, IL-23 induced and prolonged

expression of inflammatory cytokines including IL-1β, IL-6, IL-17, and
TNF and IL-23 deficient mice (p19−/−) did not exhibit any clinical
symptoms of disease and were resistant to the development of joint
inflammation [24]. Our group has shown that overexpression of IL-23
using in vivo gene delivery induced chronic arthritis, severe bone loss,
and myelopoiesis in the bone marrow and spleen, which resulted in
increased osteoclast differentiation and systemic bone loss [73]. IL-23
activates the synthesis and production of leukotriene B4 (LTB4) that
exacerbates synovial inflammation in vivo and bone resorption in vitro,
suggesting IL-23 might induce synovial inflammation through leuko-
triene B4 [39,41]. In human PBMCs, IL-23 induces osteoclast differ-
entiation through activation of DNAX activating protein of 12 kDa and
its ITAMs [48] and up-regulates activation of osteoclast-associated
genes (TRAP, CalCR, MMP9) through osteoclast transcription factor
NFATc1 [48] (Fig. 1). Although our group could not replicate the re-
sults others have shown that IL-23 increased expression of receptor
activator of NF-kappa B (RANK) in primary murine bone marrow
macrophages and promoted RANKL mediated osteoclast differentiation
[74].

Fig. 2. Schematic representation of the assembly mechanism of the IL-23-mediated receptor complex. (A) The signaling complex mediated by IL-23 proceeds via the
sequential recruitment of the two cognate receptors and involves conformational selection and restructuring of IL-23 (blue and green) by IL-23R (orange) to recruit
IL-12Rβ1 (black and white) with high affinity (Bloch et al., 2018, modified). (B) Cartoon representation of the crystal structure of the IL-23:IL-23R complex (PDB
5mzv). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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3. IL-23/IL-23R blockade in PsA

Currently, several antibodies against IL-23 are being developed for
the treatment of psoriasis and PsA such as ustekinumab, briakinumab,
tildrakizumab, guselkumab, and risankizumab (Table 1). Although
clinical trials of IL-23p40 antibodies has been done and approved ear-
lier than IL-23p19, IL-23p40 antibodies are not only inhibiting IL-23
signaling but also the IL-12 pathway, which is not required to achieve
efficacy in these patients. In fact, inhibition of IL-12 is not necessary in
the treatment of psoriasis and may even have negative effects and po-
tential risks in tumor immune surveillance and in host defense against
infectious diseases [75]. On the other hand, inhibition of IL-23p19 does
not increase the risks of cancer development as well as bacterial/
parasite infection [76]. Therefore, targeting IL-23p19 alone may be a
promising treatment approach in PsA patients, by achieving a selective
down-regulation of Th17 and Th22 cell responses. In this part, we will
discuss about human monoclonal antibodies, which have been ap-
proved and/or are under clinical trial for PsA treatment. In contrast to
antibody-based therapeutics, non-IgG based scaffolds [77] are an at-
tractive alternative to IgG-based antibodies and at least five non-IgG
based scaffolds have been developed to target IL-23: Adnectins [78],
Albumin-binding domains [79,80], Alphabodies [81], Atrimers [82]
and Nanobodies [83](Fig. 3).

Ustekinumab (Stelara; Janssen Biotech, Inc.) is a human IgG1κ
monoclonal antibody that binds to the common p40 subunit of IL-12
and IL-23. Ustekinumab was approved in 2009 by the US Food and
Drug Administration (FDA) and the European Medicines Agency (EMA)
for the treatment of moderate-to-severe psoriasis in adult patients. In
fact, the initial studies with ustekinumab were designed for the treat-
ment of psoriasis and later studies evaluated efficacy and safety of us-
tekinumab for PsA treatment. Ustekinumab is subcutaneously injected
into PsA patients (45 or 90mg to ≤100 kg or > 100 kg, respectively)
at week 0 and week 4, and thereafter every 12 weeks [84]. Phase II
clinical trial studies showed that ustekinumab significantly reduced
signs and symptoms of PsA and diminished skin lesions compared with
placebo [7]. In a phase III PSUMMIT 2 trial, ustekinumab significantly
improved active PsA in a diverse population of patients with active PsA,
including anti-TNF-experienced PsA patients [84,85]. In 2013, FDA
approved ustekinumab in the treatment of active PsA. Thus, anti-p40
antibody ustekinumab is considered effective for the treatment of
psoriasis and PsA.

Briakinumab (ABT-874; Abbott Laboratories) is another human
IgG1λmonoclonal antibody that targets the shared p40 subunit of IL-12
and IL-23. Briakinumab is designed for the treatment of autoimmune
diseases including psoriasis [75]. However, no study has been done to
evaluate efficacy and safety of briakinumab for PsA treatment. Thus, we
will summary the results on efficacy and safety of briakinumab for
psoriasis because psoriasis and PsA have several mutual clinical and
pathological features. The clinical trial study compared efficacy and
safety of briakinumab with methotrexate, a traditional systemic agent,
in patients with psoriasis [75]. The results showed that briakinumab

has a higher efficacy than methotrexate in reducing the signs and
symptoms of moderate-to-severe psoriasis. However, patients in the
briakinumab group have developed serious infections and cancers [75].
Thus, this could be one of reasons leading to withdraw from application
with the FDA due to safety concerns [86].

Tildrakizumab (MK-3222, Sun Pharma and Merck & Co. Inc.) is a
high-affinity, humanized, IgG1κ monoclonal antibody targeting IL-
23p19 and designed to selectively block the IL-23 signaling pathway
and it has no affinity for IL-12 [87,88] (Fig. 3). Among IL-23p19 in-
hibitors, tildrakizumab is the first one to show positive results in phase-
3 clinical trials for the treatment of moderate-to-severe plaque psor-
iasis. Phase 3 trials showed that tildrakizumab (100mg and 200mg)
has a higher efficiency in treatment of moderate-to-severe plaque
psoriasis, compared with placebo and etanercept (a TNF inhibitor)
[87]. Tildrakizumab was generally safe and well tolerated, suggesting
that IL-23p19 is a crucial target for inhibition of psoriasis [88]. In 2017,
tildrakizumab was approved to treat patients with moderate-to-severe
plaque psoriasis.

Guselkumab (CNTO 1959, Janssen) is a fully human IgG1λ
monoclonal antibody that targets the unique IL-23p19 subunit, thus
inhibiting IL-23–specific intracellular and downstream signaling [89].
In 2017, Guselkumab was approved by FDA for treatment of moderate
to severe plaque psoriasis in adults [90]. Guselkumab (100mg) is ad-
ministrated through a subcutaneous injection into the patients every
eight weeks (except for the second dose, which is given four weeks after
the first dose) [91]. However, efficacy of guselkumab for the treatment
of PsA is currently being determined in clinical trials.

Risankizumab (BI-655066 Boehringer Ingelheim, currently ABBV-
066 AbbVie) is a fully human IgG1 mAb specific for the IL-23 p19
subunit [76]. Single doses of risankizumab reduced hyperkeratosis with
parakeratosis, epidermal acanthosis, and inflammation in the dermis
and epidermis [76]. Moreover, treatment with risankizumab decreased
expression of biomarkers associated with skin inflammation and IL-23/
IL-17 signaling pathways such as K16, Ki67, β-defensin 2, and S100A7
as well as reduction of dermal infiltration by neutrophils, T cells, and
dendritic cells [76]. Phase II trials showed that specific blockade of IL-
23 with risankizumab had superior clinical responses in patients with
moderate-to-severe plaque psoriasis, compared with ustekinumab (an
IL-12 and IL-23p40 antibody) [92]. Moreover, there were no serious
side effects in the 180-mg risankizumab group whereas two basal-cell
carcinomas and one major cardiovascular adverse event were observed
in ustekinumab group [92]. The results of phase III trials on risanki-
zumab have not yet been reported.

4. Insights and conclusions

Psoriatic arthritis is a type of chronic inflammatory arthritis that
occurs in patients with psoriasis. Neutrophils and T cells play necessary
roles in the development as well as the resolution of inflammation and
hence can evoke and/or subside the pathological features that are ob-
served in PsA patients. IL-23 activates neutrophils and T cells which in

Table 1
IL-23/IL-23R targeted therapeutics for psoriasis and PsA.

Drug name (Reference) Sponsor Target Type Dose (mg) Side effects Clinical development
status

Ustekinumab [84] Janssen Biotech IL-23p40 Fully human IgG1κ monoclonal
antibody

45 High risks infection and
cancer

FDA approval (2009)
90

Briakinumab [75] Abbott Laboratories IL-23p40 Fully human IgG1 monoclonal
antibody

100,200 Serious infection and
cancer

FDA withdraw (2017)

Tildrakizumab [87] Sun Pharma and Merck & Co.
Inc

IL-23p19 Humanized, IgG1κ mono antibody 100,200 Non reported FDA approval (2017)

Guselkumab [91] Janssen IL-23p19 Fully human IgG1λ monoclonal
antibody

100 Non reported FDA approval (2017)

Risankizumab [92] AbbVie Inc IL-23p19 Fully human IgG1 monoclonal
antibody

90 Non reported Phase III Clinical trial
180
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turn interplay with other immune cells to evoke PsA pathologies in skin
and bone. IL-23 is also involved in regulation of IL-17 producing cells,
which have effects directly/indirectly on keratinocyte proliferation,
skin inflammation, and bone loss during development of PsA. We are
very hopeful that future studies will shed more light on the pathogenic
mechanisms relevant to human inflammatory PsA disease and further
understanding of T cells and neutrophils participation in PsA will open
new avenues of treatment for PsA patients.
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