
Interleukin-23: as a drug target for autoimmune inflammatory
diseases

Introduction

Interleukin-23 (IL-23), a member of the IL-12 cytokine

family, is a heterodimeric cytokine composed of the

IL-12p40 subunit, and with a novel p19 subunit.1 Inter-

leukin-23 is mainly secreted by activated macrophages

and dendritic cells (DCs) located in peripheral tissues

(skin, intestinal mucosa and lung)2 as a disulphide-linked

complex with the polypeptide p19 binding protein p40.3,4

Interleukin-23 has been implicated in several autoim-

mune inflammatory disorders such as colitis, gastritis,

psoriasis and arthritis, 5–7 and as a novel pro-inflamma-

tory cytokine, with close resemblance to IL-12.5 Although

similar to IL-12 both structurally and in the ability of

memory T cells to increase interferon-c (IFN-c) produc-

tion and proliferation, the ability of IL-23 to induce IL-17

provides a unique role compared with that of IL-12 in

both the development and the maintenance of autoim-

mune inflammation.5,8 The balance of IL-12 and IL-23

production by DCs was controlled by prostaglandin E2,

which promotes inflammatory responses.9,10 However, in

contrast to IL-12, which is important for the differentia-

tion of naive CD4+ T cells,11 whereas it is crucial for the

proliferation and development of CD4+ CD45RO+ mem-

ory T cells in humans and CD4+ CD45RBlow in mice,5

IL-23 amplifies and stabilizes the proliferation of IL-17-

secreting CD4+ memory T cells [T helper type 17 (Th17

cells)],12–14 which produce IL-17, a pro-inflammatory

cytokine that stimulates the production of molecules such

as IL-1, IL-6, tumour necrosis factor-a (TNF-a), nitric

oixide synthase-2 and chemokines responsible for inflam-

mation,2,15–18 whereas IL-12 induce Th1 cell differentia-

tion, which has protective effects on autoimmune

responses in certain conditions.19–22 Consequently,

although IL-12 and IL-23, members of IL-12 family, have

similar structure, the roles of these two cytokines in the

differentiation of Th cells are totally different.23,24 The

production of both IL-12 and IL-23 requires nuclear fac-

tor-jB (NF-jB) achieved by different signalling to pro-

duce two cytokines, reflecting that these two cytokines

initially trigger immune responses leading to Th1 or Th17

cell-mediated immunity.25 The Th17 cells differentiate in

the mouse from naive T cells under the influence of trans-

forming growth factor-b and IL-6,26 and are maintained
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Summary

Interleukin-23 (IL-23) is a member of the IL-12 family of cytokines with

pro-inflammatory properties. Its ability to potently enhance the expansion

of T helper type 17 (Th17) cells indicates the responsibility for many of

the inflammatory autoimmune responses. Emerging data demonstrate that

IL-23 is a key participant in central regulation of the cellular mechanisms

involved in inflammation. Both IL-23 and IL-17 form a new axis through

Th17 cells, which has evolved in response to human diseases associated

with immunoactivation and immunopathogeny, including bacterial or

viral infections and chronic inflammation. Targeting of IL-23 or the IL-23

receptor or IL-23 axis is a potential therapeutic approach for autoimmune

diseases including psoriasis, inflammatory bowel disease, rheumatoid

arthritis and multiple sclerosis. The current review focuses on the immu-

nobiology of IL-23 and summarizes the most recent findings on the role

of IL-23 in the pre-clinical and ongoing clinical studies.
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and expanded primarily by IL-23. An enormous increase

in IL-23 release and Th17 priming by human DCs has

been identified,27 which are vital mediators of autoim-

mune28 and inflammatory pathology.15

Research has demonstrated that IL-1b and IL-23 stimu-

late IL-17 production and expression.29 Moreover, an

enhancing effect of IL-17 on TNF-a is mediated IL-23

p19 expression.30

Recent data indicate that IL-23, not IL-12, is a domi-

nant cytokine controlling inflammation in peripheral tis-

sues and joints, based on the finding of p19 and p40,

but not p35 mRNA.31,32 Some findings are consistent

with the abundant expression of p19 protein in rheuma-

toid arthritis tissues, despite the apparent absence of

heterodimeric IL-23.30,33 The possibility exists that addi-

tional by-products of the inflammatory milieu may be

required for the generation and secretion of bioactive

IL-23. The expressed p19 protein may be playing an

independent role in modulating inflammation and may

be up-regulated in a human disease.30,31 Interestingly,

while p40 over-expression promotes IL-23 formation, a

secreted p40 is able to inhibit IL-23-mediated immune

responses,34,35 which means that p40 could be another

novel target.

IL-23 structure, receptor and signalling pathways

Interleukin-23 is a heterodimer with a 19 000 molecular

weight fourfold helical core a subunit (IL-23p19), disul-

phide linked to an additional 40 000 molecular weight

distinct b subunit (IL-12p40). The p19 expression is pro-

duced by antigen-presenting cells as well as by T cells and

endothelial cells. The p40 is primarily restricted to anti-

gen-presenting cells such as monocytes, macrophages and

DCs. The formation of biologically active IL-23 requires

the synthesis of both subunits p40 and p19 within the

same cell.36,37 Both IL-12 and IL-23 bind to the b1 recep-

tor of T cells and natural killer (NK) cells via their shared

p40 subunit. 38

The p19 subunit is composed of four exons and three

introns; its gene is located on chromosome 12q13.2.

However, the p40 subunit consists of eight exons and

seven introns, coded by a gene present on 11q1.3. Human

p19 displays 70% structural homology with mouse p19,

and shows homology with the p35 subunit of IL-12. Both

p35 and p19 are most structurally related to IL-6 and

granulocyte colony-stimulating factor, making them

members of the gp130-class of long-chain cytokines.3,5

Moreover, the p40 subunit is composed of three domains,

D1, D2 and D3, where the D1 domain is an S-type lg-fold

and interacts with the D2 domain, and the D3 domain

together with other domains represents the canonical

cytokine binding homology region found in all class I

cytokine receptors, such as non-signalling a receptors for

IL-6 and ciliary neurotrophic factor.3,39,40

Interleukin-23 binds to IL-23 receptor (IL-23R) and IL-

12Rb1, but not to IL-12Rb2. The IL-23R, which binds to

IL-23p19, consisting of an extracellular N-terminal immu-

noglobulin-like domain and two cytokine receptor

domains, is a member of the haematopoietin receptor

family,41 whereas the IL-12Rb1 subunit contains three

membrane-proximal fibronectin type III domains and

two cytokine receptor domains that interact with IL-12/

23p40 (Fig. 1).36 The IL-23R chain is expressed mostly on

activated memory T cells as well as on NK cells and

monocytes/macrophage and DCs (at low levels), whereas

the IL-12Rb1 chain has been shown to be expressed on T

cells, NK cells and DCs. Additionally, it has now been

shown that the IL-12 p40 homodimer induced the pro-

duction of lymphotoxin-a in microglia and macrophages

via IL-12Rb1, but not IL-12Rb2.42 We hypothesize that

IL-12Rb1 is dominant in autoimmune inflammation

rather than IL-12Rb2. These facts suggest that IL-23 may

induce an autocrine loop within the innate immune sys-

tem, leading to the production of numerous mediators of

inflammation.43
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Figure 1. A schematic diagram of different components making up

the interleukin-23 (IL-23) and IL-12 receptors and the common sig-

nal transduction and activator of transcription 4 (STAT4) activation

pathway. IL-12 receptor b1 (IL-12Rb1) and IL-12Rb2 each consists

of three fibronectin type III (yellow) domains and two cytokine

receptor (green) domains with an additional immunoglobulin-like

domain (blue) on the latter. IL-23R closely resembles IL-12Rb2 but

without the fibronectin type III domains.
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The signalling pathway for IL-23 comprises two recep-

tor chains and signalling proteins: Janus kinase 2 (Jak2),

tyrosine kinase 2 (Tyk2), signal transducer and activator

of transcription 3 (STAT3) and STAT4. Interleukin-23

uses Jak kinases (Jak2 and Tyk2) to phosphorylate and

activate STAT3 and STAT4. Stimulation of the receptor

complex activates Jak2 and Tyk2, resulting in the phos-

phorylation of the receptor complex, and in the forma-

tion of docking sites for STATs.2,44,45 The STATs are

subsequently phosphorylated, dimerized and translocated

into the nucleus, and then activate target genes. The

phosphorylation of STAT4 is essential for increasing IFN-

c production and subsequent differentiation of Th1 cells,

whereas STAT3 phosphorylation is essential for the devel-

opment of Th17 cells.46,47 In particular, STAT3 is

required for the expression of IL-17A, IL-17F and the

transcription factor retinoid-related orphan receptor

(ROR) ct in Th17 cultures.48,49 On the other hand,

STAT4 is only partially required for the development of

IL-23-primed Th17 cells, but it is essential for IL-17

secretion in response to IL-23 plus IL-18 stimulation

(Fig. 2).48 Overall, this process organizes the cytokine cas-

cade, activating the necessary immune cells to participate

in the eradication of any pathogenic/antigenic challenge.

IL-23 in autoimmune inflammatory diseases

Interleukin-23 is a major cytokine bridging the innate

and adaptive arms of the immune response.37 It is essen-

tial for driving early local immune responses.2 Interleu-

kin-23 was also initially shown to induce the production

of IFN-c,5,28,50 which is important in Th1 responses and

cell-mediated immunity against intracellular pathogens.

Additionally, IL-23 plays a leading role in the activation

of NK cells, enhancement of T-cell proliferation and regu-

lation of antibody production.

Copious evidence supports the theory that increased

amounts of IL-23 are associated with several autoimmune

diseases including psoriasis, inflammatory bowel disease

(IBD), rheumatoid arthritis (RA) and multiple sclerosis

(MS). Meanwhile IL-23 was sufficiently indicated acting

as a maturation factor for Th17 cells, which had just been

discovered and identified as a main player in autoimmu-

nity.28 Furthermore, there is ample evidence showing a

protective role of IL-17 against bacterial infections,51,52

whereas IL-17 promotes angiogenesis leading to tumour

progression.53

IL-23 in the pathogenesis of psoriasis

Psoriasis is a common immune-mediated chronic epithe-

lial inflammatory type 1 cytokine-related skin disease,

characterized by abnormal keratinocyte proliferation and

differentiation and also characterized by infiltrates of acti-

vated memory T cells that have a high IFN-c expression.41

There are five types of psoriasis: plaque, guttate, inverse,

pustular and erythrodermic; the most common form is

plaque psoriasis. It is remarkable that the effect of anti-

human IL-23 monoclonal antibody (mAb) was as effica-

cious as anti-TNF mAb, which is currently the standard

therapy for psoriasis.54 A recent study further expands on
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Figure 2. T helper type 17 (Th17) cell differentiation. Following T-

cell receptor activation, naive CD4 T cells may differentiate into

either Th1 cells in the presence of interleukin-12 (IL-12), which up-

regulates interferon-c (IFN-c) synthesis via signal transduction and

activator of transcription 4 (STAT4) signalling, or Th2 cells in the

presence of IL-4. This stimulates STAT1 activation and T-bet tran-

scription factor expression, leading to a Th1 phenotype. Conversely,

IL-4 activates STAT6 signalling, which induces GATA3 transcription

factor expression and determines Th2 cell differentiation. The Th17

phenotype develops in response to IL-6, transforming growth factor-

b (TGF-b) and IL-23 via STAT3 and Smads signalling and the up-

regulation of the transcription factor retinoic acid-related orphan

receptor RORct (RORC2 in humans) expression. Interleukin-23

through its receptors induces tyrosine phosphorylation of Jak2 and

Tyk2. Jak2 next phosphorylates all STATs. STAT3/STAT4 alone and

STAT3 through RORct enhance Th17 differentiation. TGF-b acting

together with IL-6 up-regulates RORct and induces Th17 differentia-

tion. In addition, Th1 and Th2 cytokines potently inhibit Th17 dif-

ferentiation. Conversely, TGF-b inhibits the Th1 and Th2

differentiation both by inhibiting the IFN-c and IL-4 synthesis by

effector Th1 and Th2 cells and by blocking the IFN-c and IL-4 activ-

ity on naive T cells. APC, antigen-presenting cells; TLR, Toll-like

receptor; TNF-a, tumour necrosis factor-a;

114 � 2011 The Authors. Immunology � 2011 Blackwell Publishing Ltd, Immunology, 135, 112–124

C. Tang et al.



the importance of blocking the IL-23 pathway on both

the epithelial as well as the immunological components of

psoriasis.55 While regarding IFN-c as one of the major

cytokines in psoriasis, IL-12 and IL-23 have also been

specifically implicated as having crucial roles in the path-

ogenesis of psoriasis secondary to their role in linking the

innate and adaptive immune responses.56 Functionally,

IL-12 induce and sustains Th1 immune responses, leading

to the secretion of IFN-a and the homing of T cells to

the skin. However, IL-23 functions to activate macro-

phages, and maintain chronic autoimmune inflammation

via the regulation of T memory cells and the induction of

IL-17.57–59

It has been suggested that the expression of IL-12

might play a pivotal role in certain inflammatory skin

diseases. Transgenic mice that over-express IL-12p40

developed an eczematous skin disease, characterized by

hyperkeratosis, focal epidermal spongiosis and an inflam-

matory infiltrate in keratinocytes.60 Because IL-12p40 is a

shared subunit of IL-12 and IL-23, either or both cyto-

kines could potentially be involved in the skin lesions that

develop in these mice. Accumulating data, however, show

the presence of IL-23 in psoriasis lesions. The p40 trans-

genic mice constitutively produced IL-23, but not IL-12,

in basal keratinocytes; furthermore, injections of recombi-

nant IL-23 in non-transgenic littermates contributed to

an inflammatory skin disease similar to that of p40 trans-

genic mice.7 Overall, these studies on transgenic p40 mice

clearly indicate that there may be a crucial role for IL-23

rather than IL-12 in psoriasis. Several human studies have

reported increased levels of IFN-c mRNA and IL12p40 in

psoriatic lesions.61–63 No significant differences in levels

were observed among different clinical types of psoriasis.

On the other hand, over-expression of p19 induces

inflammation in multiple organs and epithelial tissues,

including the skin, and premature death.31,64 These data

indicate that IL-23 is a dominant cytokine regulating

inflammation in peripheral tissues and epithelial tissues.

With IL-23 as one vital cytokine for the activation of

memory T cells to produce IFN-c, its increased expression

may promote the perpetuation of the inflammation process

in this disease. Interestingly, neither IFN-c nor IL-17 gene

expression showed any variation after anti-IL-23 treatment

in Tonel’s mouse model, whereas the Th17 cytokine IL-22

was expressed at low levels but showed a downward trend

with anti-IL-23 treatment,55 which is in agreement with

previous studies showing that IL-22 is particularly impor-

tant for IL-23-induced skin inflammation and acantho-

sis.65,66 Not the IL-12/Th1 axis but the IL-23/Th17 axis is

active in several immune-mediated inflammatory autoim-

mune diseases.15 Therefore, recent interest in psoriasis

research has focused on the functional, applied and poten-

tial therapeutic roles of the IL-23/Th17 axis.67

Serum level of IL-23 was negatively correlated with the

disease duration. Interleukin-23 was higher in the earlier

lesion. This might suggest that it could be an important

early mediator in the induction of psoriatic lesions.

It might also play a role in the stimulation of innate

immunity.

IL-23 in the pathogenesis of IBD

Inflammatory bowel diseases, which are chronic inflam-

matory disorders of the intestinal tract of unknown aeti-

ology, include Crohn’s disease and ulcerative colitis.

Environmental and genetic factors promote an autoim-

mune response leading to chronic inflammation. Crohn’s

disease is identified by its Th1 cytokine pattern, whereas

ulcerative colitis has a unique Th2 pathway.

Studies in mice and humans highlight IL-23 as a drug

target for the development of novel therapies for IBD.

Both IL-12 and IL-23 are increased in the intestine of

patients with Crohn’s disease. However, various animal

models of colitis suggest that IL-23 is more pathogenic

than IL-12 in the gut. For instance, administration of

anti-IL-23p19 antibodies was able to cure established

experimental colitis in mice.68 Moreover, activities that

were previously caused by IL-12 may have been mediated

via IL-23. Especially, the IL-12p40 mAb that neutralizes

IL-12 and IL-23 has shown clinical efficacy in patients

with moderate and severe Crohn’s disease,69,70 but the

therapeutic effect ascribed to the neutralization of IL-12

and/or IL-23 should still be fully defined. Maybe the best

opinion in terms of controlling the inflammatory pathway

is to block the activities of both IL-12 and IL-23. Addi-

tionally, IL-12-dependent responses such as Th1 and cyto-

toxic T-cell responses are crucial in host protective

immunity, and their blockade may leave patients defence-

less against infection and cancer. It was shown that anti-

CD40-induced systemic inflammation and elevation of

concentrations of pro-inflammatory cytokines in the

serum were dependent on IL-12, but the local intestinal

inflammation and production of IL-17 in the intestine

were controlled by IL-23.71 The selective profile of IL-23

in the mucosal inflammatory response makes it a hopeful

therapeutic target from the perspective of ablating intesti-

nal immune pathology while sparing systemic immunity.

Furthermore, the variants of the IL-23R gene are associ-

ated with IBD susceptibility.72 Genetic susceptibility

linked to the IL-23R is for generalized gastrointestinal

mucosal inflammation.73

The target population of IL-23 is a subset of CD4+ T

cells. Studies of experimental models of IBD and clinical

research indicate that CD4+ T cells play an important role

in initiating and shaping the immunopathological process

of IBD.74,75 CD4+ lymphocytes are activated and

increased in intestinal lamina propria in various colitis

models and in IBDs.76 Moreover, the function of CD4+

lymphocytes has been shown to lead a lethal inflamma-

tory colitis in a severe combined immune deficient mouse
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model.77 The production of distinct characteristics of

cytokines determines the ability of CD4+ lymphocytes to

modify the consequence of the intestinal tissue-lesion

inflammation.78 Externally, the stimulation of DCs with

toll-like receptor ligands induces the synthesis of cyto-

kines that promoted differentiation of IL-17-producing

CD4+ T cells.79 The ability of cytokines derived by Th17

to enhance the recruitment and facilitate the activation of

neutrophils and motivate the production of defensins by

epithelial cell is considered to be significant in the protec-

tion of the host particularly at mucosal surfaces.80

In accordance with these findings, studies from several

laboratories have led to the identification of more compli-

cated networks of cytokine interactions in IBD tissue,

shedding light on the role of Th17 cells in the pathogene-

sis of colitis.43,68,81 A great increase of Th17 cells and

IL-17-secreting macrophages was observed in lesions of

patients with Crohn’s disease compared with controls.43,47

Interleukin-17-producing T cells are higher in patients

with Crohn’s disease than in normal gut mucosa and

some of these cells also secret IFN-c.82 The Th17-related

cytokines can provoke several inflammatory responses

ascribed to their ability to enhance the synthesis of

inflammatory cytokines (e.g. IL-1, IL-6, TNF-a, granulo-

cyte–macrophage colony-stimulating factor), chemokines

(e.g. IL-8, CXCL1, CXCL8, monocyte chemoattractant

protein-1, monocyte-inhibitor protein-3a), cyclo-oxygen-

ase 2, and tissue-degrading matrix metalloproteinases.83,84

These cytokines are found at high levels in the inflamed

mucosa of patients with IBD.

In a recent study, it was shown that IL-23 presented in

large numbers in Crohn’s disease tissue and was produced

predominantly by a subset of cells expressing both macro-

phage and DCs,85 which induced lamina propria cells to

make IFN-c rather than IL-17 production through an

IL-23 and TNF-a-dependent mechanism.86 The expression

of IL-17 increased in the serum and intestinal mucosa of

both Crohn’s disease patients and ulcerative colitis

patients.87 In patients with active ulcerative colitis, the

IL-17-expressing cells are localized typically within the

lamina propria, whereas, in active Crohn’s disease, these

cells are distributed throughout the submucosa and musc-

ularis propria.

Even though the increased expression of these cytokines

is augmented in the intestinal mucosa of IBD patients

and animal colitis models, the role of IL-23 and IL-17 in

IBD pathogenesis remains to be ascertained.

IL-23 in the pathogenesis of RA

Rheumatoid arthritis is a chronic, systemic inflammatory

disease characterized by progressively destructive joint

inflammation, destruction of articular cartilage and bone

and synovial hyperplasia. It principally targets the syno-

vial membrane, cartilage and bone, but can affect many

other tissues and organs. The rheumatoid joints contain

several cell types, such as macrophages, monocytes, T

cells, fibroblast, DCs and plasma cells, which are involved

in chronic joint inflammation as well as progressive carti-

lage and bone destruction. Cytokines secreted by these

cells are not only implicated in the inflammatory and

immune processes, but also are associated with the patho-

genesis of RA. A number of cytokines are expressed and

functionally active in synovial tissues. Interleukin-1b,

TNF-a, IL-6, IL-10, IL-12 or IL-23 may serve as useful

prognostic factors of RA. Importantly, TNF is now tar-

geted in the standard treatment of patients with RA and

other cytokines are being tested as targets in the clinic,

with promising results.

Both IL-17 and IL-23 are present in the serum, synovial

fluid and synovial tissue of patients with RA, whereas

they are both absent in healthy joints and osteoarthri-

tis.33,88 The expression of IL-23p19 mRNA and protein,

which produces an inflammatory response in RA synovial

tissue and erodes bone by increased production of IL-6

and IL-8, is up-regulated by IL-1b and TNF-a in synovial

fibroblasts. A similar observation was made in p19 trans-

genic mice where the p40 subunits of IL-23 were not

detectable in serum and which had a high level of IL-1b
and TNF-a.33 The IL-17 correlates with the destruction of

collagen, increases bone desorption by inducing osteoclas-

togenesis, destroys human cartilage, and also activates

synovial fibroblasts to produce IL-6, IL-8 and vascular

growth factors.89–91

Additionally, IL-17 could contribute to up-regulate IL-

23p19 expression through the activation of phosphatidyl

inositol 3-kinase/AKt (protein kinase B), NF-jB and p38

mitogen-activated protein kinase (MAPK) in RA synovial

fibroblasts, which perpetuates synovial inflammation in

RA.92 It has been further confirmed that NF-jB and p38

MAPK signalling pathways have dominant roles in the

regulation of IL-23p19 production in human microglia,

which indicates that IL-23p19 may have an important

role in the pathogenesis of MS and experimental autoim-

mune encephalitis (EAE).93 However, high levels of IL-17

have been found correlated with disease severity in EAE

and in collagen-induced arthritis in mice. These data are

in line with findings concerning the IL-23p19/IL-17

immune axis in the pathogenesis of MS and RA. Impor-

tantly, IL-23 regulates the proliferation of Th17 cells and

induces IL-17 production from Th17 cells. Then IL-17

stimulates IL-1, TNF-a and receptor activator of NF-jB

ligand (RANKL) expression, leading to the aggravation of

the synovial inflammation, and joint destruction.94–96

Interleukin-17 alone and synergistically in combination

with other pro-inflammatory cytokines can induce carti-

lage proteoglycan degradation and collagen break-

down.97,98 Moreover, neutralizing or blocking IL-17

during reactivation of antigen-induced arthritis moderates

joint swelling, joint inflammation and bone erosion.91,99
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Serum and synovial fluid levels of IL-23 are correlated

positively not only with the IL-17 concentration, but also

with the IL-1b and TNF-a, implying that IL-23 is closely

linked to the production of other pro-inflammatory and

anti-inflammatory cytokines in the course of RA. Hence,

the IL-23p19/IL-17 axis is an essential inflammatory

mediator for the offensive and destructive phases of auto-

immune arthritis.

Therefore, these findings highlight the importance of

regulating the IL-23/IL-17 axis and emphasize the crucial

role of IL-23 in the development and maintenance of

chronic inflammatory autoimmune diseases.

IL-23 receptor antagonists in development

The level of interest in this target can be seen from the fact

that 15 IL-23 receptor antagonists are now reported to be

in clinical or pre-clinical development, from 12 different

companies. Some of the antagonists identified by the com-

pany compound code number are shown in Table 1.

All of the antagonists shown in Table 1 are being devel-

oped for the treatment of psoriasis, MS, IBD and RA.

Ustekinumab, developed by Centocor Ortho Biotech

(Horsham, PA), has reached the market; briakinumab,

developed by Abbott (Chicago, IL), has pre-registration

status. Schering-Plough (Merck & Co., Kenilworth, NJ)

has recently reported obtaining positive clinical data.

Other IL-23 inhibitors have progressed to pre-clinical

development, although for most of them there is no infor-

mation on the format nor is it indicated whether a devel-

opment candidate has been selected. The following will

discuss the development of compounds shown in Table 1.

Ustekinumab

Centocor Ortho Biotech [a Johnson & Johnson (J&J) sub-

sidiary] has developed and launched ustekinumab

(CNTO-1275, Stelara�), an injectable (subcutaneous)

mAb against the IL-12/IL-23p40 subunit. The mAb is a

high-affinity IgG1j HumAb, which was originally isolated

using Medarex Inc.’s HumAb transgenic mouse technol-

ogy (Medarex Inc., Princeton, NJ). No details of this pro-

cess are available.

Ustekinumab prevents the interaction of IL-12/IL-23

with their receptor, thereby blocking subsequent signal-

ling, differentiation and cytokine production central to

inflammatory diseases. This candidate has been studied

for four indications: psoriasis, psoriatic arthritis, Crohn’s

disease and MS, although it is not effective in reducing

the number of MS lesions and it is assumed to have been

discontinued for this indication. In 2009, the drug had

been launched for chronic plaque psoriasis in Europe and

USA. In Japan, this product was additionally indicated

for the treatment of psoriatic arthritis in March 2011.

Psoriasis clinical studies

Integrated analysis and assessment that included data

from phase III ustekinumab trials including the pivotal

PHOENIX 1, PHOENIX 2 and ACCEPT studies were

Table 1. Identified interleukin-23 receptor (IL-23R) antagonists and their reported development status as of 2010

Drug Target Company Status Therapy area

Ustekinumab IL-12R; IL-23R Centocor Ortho Biotech Launched Plaque psoriasis

Phase III Psoriatic arthritis

Phase II/III Crohn’s disease

Discontinued Multiple sclerosis

Briakinumab IL-12R; IL-23R Abbott Pre-registration Psoriasis

Discontinued Crohn’s disease

Discontinued Multiple sclerosis

Anti-IL-23 therapeutic treatment IL-23R Schering-Plough Phase I Chronic inflammatory conditions

MP-196 IL-23R TcL Pharma Clinical Autoimmune disease

IL-12/IL-23 inhibitors IL-12R; IL-23R Synta Pharmaceuticals Discovery Crohn’s disease; rheumatoid arthritis;

multiple sclerosis

FM-202 IL-12R; IL-23R Femta Pharmaceuticals Discovery Psoriasis

FM-303 IL-23R Femta Pharmaceuticals Discovery Inflammatory bowel disease

IL-23 Adnectin IL-23R Bristol-Myers Squibb Discovery Immune disorder

IL-23 receptor antagonist IL-23R Oscotec Discovery Arthritis

Anti-IL-23 immunotherapy IL-23R Peptinov SAS Discovery Inflammatory disease

ADC-1012 IL-23R Alligator Bioscience AB Discontinued Inflammatory disease; cancer

Anti-IL-12p40/IL-23p40 HumAbs IL-12R; IL-23R Theraclone Sciences Discontinued Autoimmune disease

Anti-IL-23 HumAbs IL-23R Theraclone Sciences Discontinued Autoimmune disease

Apilimod IL-12R; IL-23R Synta Pharmaceuticals Discontinued Psoriasis; rheumatoid arthritis; common

immunodeficiency

LY-2525623 IL-23R Eli Lilly Discontinued Multiple sclerosis; psoriasis
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published.100–103 The proportion of patients with at least

75% improvement from baseline in the Psoriasis Area

and Severity Index score (PASI-75) was 74�2% for 90 mg

and 54�6% for 45 mg in heavier patients (> 100 kg), but

the proportion with a response of at least 75% improve-

ment from baseline in PASI score was similar between

doses (80�8% versus 76�9%) in lighter patients

(� 100 kg), and was only 3–4% in placebo-treated

patients at 12 weeks. Serum ustekinumab concentrations

were also affected by weight, with lower serum concentra-

tions observed in heavier patients at each dose.

In the PHOENIX 1 trial, 766 patients with moder-

ate-to-severe psoriasis were randomized to receive

ustekinumab 45 mg (n = 255) or 90 mg (n = 256) at

weeks 0 and 4 and then every 12 weeks; or placebo

(n = 255) at weeks 0 and 4, with subsequent cross-over

to ustekinumab at week 12. The primary end-point was

the proportion of subjects who achieve � 75% improve-

ment in their PASI from baseline at week 12. After two

doses, 67 and 66% of patients in the 45-mg and 90-mg

groups, respectively, achieved PASI-75 compared with 3%

of patients in the placebo group. A total of 42 and 37%

of patients in the 45-mg and the 90-mg arms achieved

PASI-90 or nearly complete clearance of psoriasis, respec-

tively, compared with 2% of placebo-treated patients. Of

those patients that continued ustekinumab treatment after

week 40, 87 and 90% of subjects in the 45-mg and 90-mg

groups had a sustained PASI-75 response, respectively,

compared with 64 and 62% of patients who switched to

placebo. Furthermore, 66 and 73% of patients achieved

PASI-90 after receiving 45 and 90 mg of ustekinumab,

respectively, and response rates were maintained until

week 52 with continued treatment.

In the PHOENIX 2 trial, 1230 patients with moderate-

to-severe plaque psoriasis in the USA and Canada were

randomly assigned to receive subcutaneous ustekinumab

(45 or 90 mg) or placebo at weeks 0 and 4, then every

12 weeks until week 52. The primary end-point was the

proportion of patients who achieved � 75% improvement

in PASI at week 12. At week 12, 67 and 76% of patients

in the 45-mg and 90-mg groups achieved a PASI-75

response, respectively, compared with 4% of placebo-trea-

ted patients. At the same time-point, 42 and 51% of

patients in the 45-mg and 90-mg groups achieved PASI-

90, compared with 1% of placebo-treated patients. A

number of patients who received an additional dose at

week 16 maintained a response through to week 28. In

addition, within 4 weeks of treatment, significant

improvements in quality-of-life measures were seen in us-

tekinumab-treated patients compared with placebo

patients. Dermatology Life Quality Index (DLQI) scores

of 6�0 were observed in both of the ustekinumab groups,

compared with a score of 1�0 in the placebo group. At

week 12, 72 and 77% of 45-mg-treated and 90-mg-treated

patients had a significant reduction in their DLQI score,

compared with 21% of placebo-treated patients. A total

of 49, 53 and 48% of placebo-treated, 45-mg-treated and

90-mg-treated patients, respectively, experienced adverse

events. Discontinuation for adverse events occurred in 0�2
and 1% of patients in the 45-mg and 90-mg groups, com-

pared with 2% of patients in the placebo group. In all,

2% and 1% of 45-mg-treated and 90-mg-treated patients

experienced at least one serious adverse event, compared

with 2% of placebo-treated patients.

The ACCEPT study is a randomized 12-week phase III

clinical trial comparing ustekinumab with etanercept.103

The trial randomized 903 subjects into one of three groups:

ustekinumab 45 mg dosed at weeks 0 and 4, ustekinumab

90 mg at weeks 0 and 4, or etanercept 50 mg twice weekly.

The primary end-point, PASI-75 at week 12, was achieved

by 74% of the ustekinumab 90-mg group, 68% of the

ustekinumab 45-mg group, and 57% of the etanercept

group. Treatment for the 90-mg ustekinumab group was

significantly more efficacious compared with that for the

etanercept group (P < 0�001). In general, patients given

ustekinumab had better physician global assessment

compared with the etanercept group.

Psoriatic arthritis clinical studies

A multi-centre, randomized, double-blind, placebo-con-

trolled phase II trial was initiated in 146 patients with

psoriatic arthritis.104 Patients received subcutaneous

ustekinumab (90/63 mg) at weeks 0, 1, 2 and 3 and placebo

at weeks 12 and 16, or placebo at weeks 0, 1, 2 and 3 and

ustekinumab at weeks 12 and 16. The primary end-point

was a � 20% improvement from baseline in the American

College of Rheumatology arthritis scores (ACR20) at week

12. The proportion of patients reaching the primary end-

point (ACR20) was significantly higher in the ustekinumab

group (42�1%) compared with the placebo group (14�3%).

ACR50 and ACR70 were also achieved by a higher propor-

tion of patients in the ustekinumab group (25 and 10�5%,

respectively), compared with the placebo group (7�1 and

0%). A significantly greater decrease from baseline to week

12 in the Health Assessment Questionnaire Disability Index

was also observed in ustekinumab-treated patients (mean

change: )0�31) compared with placebo recipients (mean

change: )0�04). Furthermore, 52�4% of patients in the us-

tekinumab group achieved a PASI-75 compared with 5�5%

of placebo recipients. The proportion of patients who expe-

rienced an adverse event was similar in both groups. How-

ever, 3�9% of patients in the placebo group experienced a

serious adverse event compared with 0% of patients in the

ustekinumab group.

Crohn’s disease clinical studies

A phase II randomized, double-blind, placebo-controlled,

cross-over trial of the clinical effects of ustekinumab was
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performed in 104 patients with moderate to severe Cro-

hn’s disease of at least 6 weeks duration.105 Patients were

randomized to one of four dose groups: subcutaneous

placebo at weeks 0–3, then ustekinumab at weeks 8–11;

subcutaneous ustekinumab at weeks 0–3, then placebo at

weeks 8–11; intravenous placebo at week 0, then

ustekinumab at week 8; or intravenous ustekinumab at

week 0, then placebo at week 8. The primary end-point

was clinical response [defined as a reduction in Crohn’

disease activity index (CDAI) score of 25% and 70

points]. At the week 8 end-point, 49% of the

ustekinumab patients had achieved a complete response,

compared with 39�6% of the placebo population. A sec-

ond population composed entirely of non-responders to

infliximab were given ustekinumab, either subcutaneously

(90 mg; n = 14) at weeks 0, 1, 2 and 3, or intravenously

(4�5 mg/kg; n = 13) at week 0. The rates for complete

response for these patients at 8 weeks were 42�9 and

53�8%, respectively. No serious infections occurred in the

first population but two were reported in the second pop-

ulation (disseminated histoplasmosis and food poison-

ing). Three patients developed injection-site reactions in

both the placebo and ustekinumab groups. Ustekinumab

demonstrated efficacy with the greatest response occurring

in patients with a history of infliximab use.

Multiple sclerosis clinical studies

A phase I double-blind, placebo-controlled, sequential

dose escalation trial enrolled 20 patients with remitting–

relapsing MS.106 Four cohorts of five patients each were

randomized to receive a single subcutaneous injection of

ustekinumab or placebo at doses of 0�3, 0�75, 1�5 and

3�0 mg/kg. One subject was diagnosed with breast cancer

21 days after IL-12/23 antibody administration, whereas,

another developed a rash 3 days after administration of

the drug, which resolved within 3 days. In the phase II

study in MS, adverse events occurred in 78% of the pla-

cebo-treated patients compared with 85% of those treated

with ustekinumab, one (2%) of which was serious in the

placebo arm compared with six (3%) in those receiving

treatment.107 There was a dose-dependent increase in the

number of patients who had injection-site reactions.

Briakinumab

Abbott, under license from Cambridge Antibody Technol-

ogy (Cambridge, UK), is developing briakinumab (ABT-

874, J-695), a recombinant, fully human, IgG1 mAb

designed to target the shared p40 subunit of IL-12 and

IL-23, for the potential subcutaneous treatment of psoriasis.57

Regulatory applications were submitted in the USA and

Europe for the treatment of psoriasis in the third quarter

of 2010. Briakinumab was previously developed as the

agent for RA; however, no further development in this

indication had been reported. The drug was also under

development for Crohn’s disease and MS, but these two

indications had been terminated separately.

Briakinumab structure is similar to that of normal

human IgGk antibodies, only differing at the IL-12 p40-

specific antigen binding region. Briakinumab binds to the

soluble forms of IL-12 and IL-23, preventing binding of

these interleukins with T cells and NK cells.108 Bria-

kinumab was developed with a completely human protein

sequence for the purpose of avoiding human reactions to

foreign proteins.109 It was initially isolated by screening

three separate single-chain variable fragment phage dis-

play libraries generated from human lymphoid cells for

the purpose of selecting therapeutic antibodies to IL-12.

Target affinity was improved by mutagenesis of the com-

plementarity-determining regions (CDRs) simultaneously

in both the heavy (H) and light (L) chains. The resulting

V regions were classified and further modified by individ-

ually mutating specific contact positions.

Pre-clinical and clinical studies demonstrated that bria-

kinumab significantly inhibited the production of pro-

inflammatory cytokines, including IL-12, IFN-c, TNF-a,

IL-6, IL-23 and IL-17, but not IL-10 and IL-18. The mag-

nitude of change in cytokine secretion did not correlate

with the dose or regimen of briakinumab, but bria-

kinumab dose-dependently inhibited IFN-c production.

Briakinumab has been studied in murine and primate

animal models. Intravenous administration of bria-

kinumab to monkeys resulted in minimal complement

fixation and activation. No antibody-dependent cytotoxic-

ity has been demonstrated, and in all experimental

models briakinumab has been able to reduce the

inflammatory reaction. In clinical trials, briakinumab was

generally effective and well tolerated, with the most com-

mon adverse events being injection-site reactions and

nasopharyngitis. Patients with psoriasis treated with bria-

kinumab had higher clinical response rates compared

with patients receiving placebo.

Psoriasis clinical studies

A phase III randomized, double-blind, double-dummy,

multi-centre 12-week study in patients with moderate to

severe psoriasis (n = 347), compared the efficacy and

safety of treatment with briakinumab to etanercept.

Patients were randomized to receive briakinumab 200 mg

at weeks 0 and 4, then 100 mg at week 8; etanercept

50 mg twice weekly; or placebo. The primary end-point

was proportion of patients achieving a physician global

assessment score of 0 or 1 and proportion of patients

achieving PASI-75 at week 12. Briakinumab was statisti-

cally superior to both etanercept and placebo on both

primary end-point measures, with 71% of briakinumab-

treated patients achieving a physician global assessment

score of 0 or 1 (39�7% with etanercept versus 2�9% with

� 2011 The Authors. Immunology � 2011 Blackwell Publishing Ltd, Immunology, 135, 112–124 119

IL-23 in autoimmune inflammatory diseases



placebo) and 81�9% of briakinumab-treated patients

achieved PASI-75 (56% with etanercept versus 7�4% with

placebo).

A 12-week, randomized, double-blind, placebo-con-

trolled, multi-centre, post-hoc phase III study involved a

total of 180 adult psoriasis patients with at least 10%

body surface area (BSA) involvement and a PASI score

equal to or above 12. Patients were randomized to receive

six cohorts: single dose of 200 mg briakinumab at week 0;

100 mg briakinumab once every 2 weeks for 12 weeks;

200 mg briakinumab every week for 4 weeks; 200 mg

once every 2 weeks for 12 weeks; 200 mg briakinumab

every week for 12 weeks; or placebo. The percentage of

patients weighting � 100 kg who achieved a PASI-75

response at week 12 was 71�7% (73% for patients over

100 kg). A PASI-75 response was likewise similar between

patients with and without a history of psoriatic arthritis,

at 83�7 and 86�9%, respectively. Similar response rates

were also observed regardless of baseline PASI scores:

87�0% of patients with baseline PASI scores of � 20

achieved PASI-75 at week 12 and 84�0% of patients with

baseline PASI scores > 20 achieved a PASI-75 response at

week 12. Previous psoriasis treatment (e.g. topical agents,

phototherapy, systemic agents and other biological

agents) had a minimal effect on the efficacy of bria-

kinumab and did not appear to affect PASI-75 response

rates.

A worldwide, randomized, double-blind phase III trial

evaluated safety and efficacy, comparing briakinumab with

methotrexate in subjects with moderate to severe plaque

psoriasis. Patients (n = 317) were to receive briakinumab

200 mg at week 0, 4 and 100 mg at week 8 and every

4 weeks thereafter administered as a subcutaneous injec-

tion; or methotrexate 5�0–25 mg weekly. The primary end-

point included the proportion of subjects achieving a

PASI-75 response relative to baseline and a physician global

assessment score of 0/1 at 24 and 52 weeks, respectively. At

24 weeks, 81�8% of briakinumab-treated patients achieved

PASI-75 clearance, compared with 39�9% of those taking

methotrexate. PASI-90 clearance was achieved by 63�6% of

briakinumab-treated patients, versus 22�7% in patients

treated with methotrexate. PASI-100 was achieved by

42�2% of briakinumab-treated patients, versus 8�6% of

methotrexate-treated patients. At 52 weeks, 66�2% of bria-

kinumab-treated patients achieved PASI-75 clearance com-

pared with 23�9% with methotrexate. PASI-90 clearance

was achieved by 59�7% of briakinumab-treated patients

versus 17�8% of those taking methotrexate. PASI-100 was

achieved by 45�5% of briakinumab-treated patients, versus

9�2% of methotrexate-treated patients.

Crohn’s disease clinical studies

In a double-blind, placebo-controlled international trial,

79 patients (16 given placebo and 63 briakinumab-trea-

ted) with active Crohn’s disease were given 1 or 3 mg/kg

briakinumab subcutaneously weekly for 7 weeks. Cohort

1 was given a 4-week interval between the first and sec-

ond injections and the second cohort received the seven

weekly injections with no interruption. At the 18-week

follow-up, briakinumab was found to be safe and well tol-

erated. Adverse events included nausea, abdominal pain,

headache and fever, but were not significantly different

from those of placebo (except for mild injection-site reac-

tions). Clinical responses of patients treated in cohort 1

at 3 mg/kg were consistently higher than placebo rates,

but this was not significant. Patients in cohort 2 receiving

3 mg/kg responded well to treatment. Clinical responses

following the 3 mg/kg dose were 75% and 69% at the

end of treatment and after 12 weeks follow-up, respec-

tively, compared with placebo at 25% and 13%. After

12 weeks of follow-up, briakinumab produced remission

in 38% and 50% of patients, respectively. The effects were

durable throughout the 18 weeks of follow-up. In a sub-

group study, briakinumab decreased lamina propria

mononuclear cell Th1 cytokine production in patients

achieving a clinical response. At the end of treatment,

mean IL-12, IFN-c and TNF-a levels were reduced from

153 to 2�8, 9835 to 1078, and 3486 to 1062 pg/ml, respec-

tively. The 1 mg/kg dose did not exert a significant thera-

peutic effect.

In November 2007, a worldwide, multi-centre random-

ized, double-blind phase IIb study was initiated to evalu-

ate safety, efficacy and pharmacokinetics of briakinumab

compared with placebo in patients with moderate-to-

severe active Crohn’s disease. Patients (n = 246) were to

receive briakinumab (400 or 700 mg) or placebo every

4 weeks. The primary end-point included the proportion

of subjects achieving clinical remission, defined as a CDAI

score of lower than 150. However, the study had been ter-

minated by July 2010.

Multiple sclerosis clinical studies

A phase II trial in MS sponsored by Cambridge Antibody

Technology was initiated in 2004. Patients were to be ran-

domized in parallel groups to receive briakinumab dosed

weekly or every other week or placebo for 24 weeks,

which would be followed by a 24-week open-label exten-

sion phase. The primary outcome was to be the comparison

over 24 weeks of the cumulative gadolinium-enhanced

(T1-weighted) lesions. However, in 2007, Cambridge

Antibody Technology reported that further development

for this indication had ceased.

Anti-IL-23 (chronic inflammation) therapeutic
treatment

Schering-Plough is presumed to be developing a mAb

against IL-23 for the potential treatment of chronic
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inflammatory conditions. However, the company com-

pound number or research code is unknown.

Pre-clinical data were published on testing of anti-

IL-23p19-specific antibodies in the EAE animal model of

human MS.110 Anti-IL-23p19 mAbs were compared with

anti-p40 mAbs: anti-IL-23p19 treatment effectively

blocked both acute disease and EAE relapse, and consis-

tent with previous reports, anti-p40 treatment was also

remarkably effective. Anti-IL-23p19 therapeutic treatment

reduced the serum level of IL-17 as well as central ner-

vous system expression of IFN-c, IP-10, IL-17, IL-6, and

TNF mRNA. The research has demonstrated that admin-

istration of anti-IL-19 mAbs blocked the invasion of

inflammatory cells into the central nervous system and

prevented EAE. In addition, therapeutic treatment with

anti-IL-23p19 during active disease inhibited proteolipid

protein epitope spreading and prevented subsequent dis-

ease relapse, which means that targeting IL-23 can sup-

press and reverse ongoing disease.

Pre-clinical observations on mice treated with an anti-

mouse IL-23 antibody and then challenged with various

pathogens showed that the anti-IL-23 mAbs did not

increase the risk of infection as much as an anti-mouse

p40-subunit mAb. In addition, cancer risk was decreased

with the IL-23 antibody in different murine tumour mod-

els (unlike the anti-p40 antibody, which increased risk).

The phase I clinical trial for chronic inflammatory condi-

tions is ongoing, but the details are unavailable.

Other drugs in development status

TcL Pharma (now known as Effimune; Nantes, France) is

developing MP-196, a mAb that selectively blocks the p19

subunit of IL-23, for the potential treatment of autoim-

mune diseases including rheumatoid arthritis and Crohn’s

disease. By September 2010, clinical proof-of-concept

studies were ongoing.

Synta (Lexington, MA) has also recently started to pur-

sue the development of a series of small molecule, IL-12/

IL-23 dual inhibitors, for the potential oral/topical treat-

ment of inflammatory and autoimmune diseases. The IL-

12/23 inhibitors had shown substantial efficacy in animal

models of Crohn’s disease, RA and MS but no candidate

can currently be provided.

Femta Pharmaceuticals (San Diego, CA) is developing a

series of humanized mAbs, including FM-202 and FM-

303, created using ATLAb antibody engineering platform

licensed from BioAtla (San Diego, CA). FM-202 targets

IL-12/IL-23 for the potential treatment of psoriasis,

whereas FM-303, targeting IL-23 selectively, is used to

treat IBD. The ATLAb antibody engineering platform

provides rapid humanization of non-human antibodies

and significant improvement in antibody characteristics

including affinity, specificity, effector function, stability

and solubility.

Bristol-Myers Squibb (Uxbridge, UK) is investigating

IL-23 Adnectin, a fusion protein antagonist of IL-23 iso-

lated using Adnexus’ Adnectin technology (Adnexus,

Waltham, MA), for the potential treatment of immune

disorders. At December 2010, IL-23 Adnectin was still in

the company’s pipeline.

Alligator Bioscience (Lund, Sweden) is investigating

ADC-1012, a recombinant protein IL-23 antagonist, cre-

ated using Alligator’s FIND (Fragment Induced Diversity)

optimization technology, for the potential treatment of

inflammation. Previously, the company was investigating

the drug for use in cancer. However, by June 2010, this

indication was no longer listed as under investigation on

the company’s pipeline. Proteins were created using Alli-

gator’s FIND optimization technology, a rapid in vitro

evolution technology that mimics the natural process of

creating protein diversity through recombination.

Oscotec Inc. (Chungnam, Korea) appears to be fairly

active in seeking a series of small molecule IL-23 antago-

nists, which inhibit differentiation of Th17 cells, for the

potential oral treatment of arthritis. In December 2009,

the company planned to initiate pre-clinical studies in

2012 and a phase I trial in 2013; in April 2010, the pro-

gramme was listed as being in hit identification.

Peptinov SAS (Paris, France) is investigating an immu-

notherapy, which selectively inhibits cytokine IL-23, for

the potential treatment of inflammatory diseases includ-

ing psoriasis and RA. Proof-of-concept studies had dem-

onstrated that the therapy showed efficacy in animals by

protecting mice against collagen-induced arthritis.

Conclusion

Interleukin-23 is a member of an intriguing family of

cytokines, which has both pro-inflammatory and anti-

inflammatory effects on the development of autoimmune

pathology. Emerging evidence suggests that IL-23 is the

dominant cytokine for many immunological functions.

Expression of IL-23 exhibits great importance in the

inflammatory reaction in psoriasis, RA and IBD, in terms

of its biological activity, which elicits the activation of

Th17 cells.

Therapeutically, much experience has been gained

through pre-clinical and clinical studies of IL-12/IL-23

antibodies for the treatment of autoimmune inflamma-

tory diseases. We have reviewed the IL-23 or IL-23R or

IL-23/IL-17 axis novel target, which is important for

chronic inflammation and autoimmunity, as well as a

subset of the technological advances in the therapy for

autoimmune inflammatory diseases. Interleukin-23 can be

blocked by a human monoclonal recombinant antibody

against IL-12/IL-23p40, such as ustekinumab and bria-

kinumab. Similarly, numerous drugs, for instance,

MP-196, FM-303, IL-23 Adnectin, etc. can block IL-23

specifically.
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In conclusion, the inhibition of IL-23 might be a novel

and promising therapeutic strategy, especially in the ther-

apy of autoimmune inflammatory diseases like psoriasis,

for which therapeutic effectiveness and safety data from

ustekinumab are positive. Interleukin-23 can be targeted

by using an antibody against IL-12/IL-23; nevertheless, it

would be much more useful to design drugs that target

the IL-23p19 or IL-23 receptor, so inhibiting IL-23 with-

out modifying the effects of IL-12.
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