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The interleukin-17 (IL-17) pathway plays a crucial role in the development of psoriasis. Briefly, naive T cells differentiate into helper T 
(Th17) cells through interaction with activated dendritic cells in the presence of IL-23, Th17 cells produce IL-17 cytokines, and keratino-
cytes stimulated by IL-17 ligands lead to aberrant differentiation and proliferation that promote production of proinflammatory chemo-
kines and further recruitment of inflammatory cells, setting up a positive feedback loop. Currently, 3 US Food and Drug Administration–
approved agents to treat psoriasis affect the IL-17 pathway: brodalumab, secukinumab, and ixekizumab. Brodalumab is a fully human 
IL-17 receptor A antagonist that blocks signaling of multiple downstream inflammatory cytokines involved in psoriasis. Secukinumab 
and ixekizumab selectively bind to and neutralize only IL-17A. Pharmacologic effects in patients with psoriasis include decreased kera-
tinocyte hyperproliferation, reduced epidermal thickening, decreased inflammatory markers, and resolution of histologic and genomic 
features of psoriasis. In clinical trials, therapeutic doses of brodalumab, secukinumab, and ixekizumab have demonstrated skin clear-
ance efficacy by psoriasis area and severity index and static physician’s global assessment scores at 12 weeks. The immunomodulation 
of these agents is associated with a favorable safety profile. Overall, the clinical improvement and normalization of genetic hallmarks 
of psoriasis provide a strong case for the unique role of IL-17 receptor blocking as a therapeutic mechanism of action to treat psoriasis. 
Understanding the unique mechanisms by which treatments interact with the IL-17 pathway to inhibit downstream proinflammatory 
signal cascade can help physicians make informed treatment decisions when selecting the appropriate medication for patients. 
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 ABSTRACT

 INTRODUCTION

Psoriasis is a chronic, inflammatory, immune-mediated 
systemic disease with an estimated prevalence of 3.2% 
in the United States among individuals >20 years of age.1 

It is characterized by abnormal proliferation of keratinocytes, 
increased dermal vascularity, and dermal infiltration of multiple 
inflammatory cells and by clinical presentation of erythema, in-
duration, and scaling.2,3 Psoriasis has multiple symptoms with a 
substantial effect on both physical and emotional health-related 
quality of life, as well as a number of comorbid conditions.4-6 

A complex series of immunologic events results in the forma-
tion of psoriatic plaques as well as the underlying systemic 
inflammation characteristic of psoriasis. Central to this process 
is the keratinocyte activation of dendritic cells. Inflammatory 
dendritic cells release interleukin-23 (IL-23) and IL-12 to activate 
helper T (Th17) cells,  Th1 cells, and Th22 cells, which in turn pro-
duce psoriatic cytokines, including IL-17, tumor necrosis factor 
α (TNFα), and IL-22.7-9  The initial causes (environmental and/or 

genetic) that trigger the aberrant immune response and result-
ing cascade of immunologic events in psoriasis pathology are 
still not completely defined.

The current understanding of the complex pathophysiology 
associated with psoriasis has spurred the development of a 
variety of important new therapeutic agents that selectively 
target proinflammatory cytokines (eg, IL-17, IL-23, TNFα) rather 
than suppressing the immune system in its entirety, resulting 
in favorable efficacy and safety profiles compared with those of 
less-selective immunosuppressive agents.3  This review focuses 
on the central role of the IL-17 pathway in psoriasis pathophysi-
ology and the clinical and molecular effects of the blockade of 
this pathway in the context of psoriasis treatment.

Overview of the Central Role of the IL-17 Pathway in Psoriasis
For many years, the Th1 pathway had been considered the 
primary driver in psoriasis.10 Research over the last decade, 
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synergistic actions are similar to those of IL-17A, and the specif-
ic IL-17 receptor it interacts with shares a subunit (IL-17 receptor 
A) in common with that of IL-17A, IL-17F, and IL-17A/F.14,15,17,19

Messenger RNA levels (Figure 1) and protein levels of IL-17A, 
IL-17F, and IL-17C are highly upregulated in psoriatic skin.20 Ad-
ditionally, IL-17E has been shown to be produced at elevated 
levels in keratinocytes located within psoriatic plaques, further 
supporting the role of IL-17 cytokines in the immunopathologic 
mechanisms of psoriasis.12 IL-17 receptor A expression, how-
ever, is no different among nonlesional and lesional psoriatic 
skin.20 Furthermore, increased levels of both Th17 cells and IL-17 
have been found in the blood as well as skin lesions in patients 
with psoriasis.21,22 A proposed pathobiologic model of psoria-
sis suggests that a self-sustaining feedback loop is established, 
in which production of IL-17 in psoriasis pathogenesis leads to 
aberrant skin cell differentiation and proliferation (Figure 2).11

Through the proinflammatory feedback mechanisms described 
previously, chronic activation of IL-17 signaling ultimately leads 
to the signs and symptoms of psoriasis.16

Inhibition of the IL-17 Pathway in Psoriasis
The central role of IL-17 in the pathogenesis of psoriasis makes 
it an attractive therapeutic target, and there are multiple ap-
proaches to inhibition of IL-17–mediated signaling. Mechanisms 
of action involve direct antagonism of IL-17 as well as indirect, 
upstream approaches.23-25 Currently, 3 approved agents affect 
the IL-17 pathway directly, either by binding to the IL-17A ligand 
(secukinumab and ixekizumab) or by binding to IL-17 receptor 
A (brodalumab).21,26 Brodalumab is a fully human anti–IL-17 re-
ceptor A monoclonal antibody that binds IL-17 receptor A with 
high affinity and prevents the signaling of multiple cytokines in-
volved in psoriasis (IL-17A, IL-17F, IL-17A/F, and IL-17E [IL-25]).21,27 
Brodalumab undergoes selective, direct binding to IL-17 re-
ceptor A, resulting in inhibition of the induction of multiple 
downstream inflammatory factors (Figure 3).11,25,27,28 

In contrast to brodalumab, secukinumab and ixekizumab target 
IL-17A, an IL-17 cytokine isoform that propagates inflammation 

however, has demonstrated that pathogenic T cells producing 
high levels of IL-17 in response to IL-23 play a central role in 
the pathogenesis of psoriasis.10 Activation of native immune 
cells results in production of proinflammatory cytokines (eg, 
TNFα and interferon-α), which stimulate myeloid dermal den-
dritic cells to produce IL-12 and IL-23.3,9 These cytokines induce 
activation of T cells and differentiation into Th17 and Th1 cells, 
with greater differentiation into the Th17 lineage in the pres-
ence of IL-23.9,11 Th17 cells produce IL-17A, IL-17F, IL-21, IL-22, and 
TNFα.3 In addition to Th17-propagated cytokines, other ligands 
of the IL-17 receptor implicated in the proinflammatory cascade 
include IL-17C and IL-17E.11,12

Keratinocytes stimulated by IL-17 ligands result in aberrant dif-
ferentiation and proliferation that promote the production of 
proinflammatory chemokines, characterized by a self-ampli-
fying inflammatory response.13 IL-17A recruits immune cells 
to psoriatic lesions by enhancing keratinocyte chemokine ex-
pression, including chemokine (C-C motif) ligand 20 (which 
mediates recruitment of myeloid dendritic cells and Th17 cells) 
and chemokine (C-X-C motif) ligand 1 (CXCL1), CXCL3, CXCL5, 
CXCL6, and CXCL8 (which drive neutrophil recruitment), thus 
perpetuating the inflammatory process.14,15 IL-17A also down-
regulates the expression of filaggrin, which binds to keratin 
fibers in epithelial cells, supporting the disruption of skin barri-
er function.3 Neutrophils, mast cells, and Tc17 cells, all of which 
are found in psoriatic lesions, also produce IL-17A.16

IL-17C–stimulated endothelial cells lead to increased TNFα, and 
IL-17C/TNFα–stimulated keratinocytes have similar inflamma-
tory gene response patterns as those induced by IL-17A/TNFα, 
contributing to a positive proinflammatory feedback loop be-
tween endothelial cells and the epidermis.17 IL-17A, IL-17C, and 
TNFα additively and synergistically amplify the proinflamma-
tory effects of one another.11 IL-17E, also known as IL-25, signals 
via the IL-17 receptor A and IL-17 receptor B subunits and is over-
expressed in keratinocytes located within psoriatic plaques.12 
Keratinocyte-derived IL-17E  has been implicated in plaque for-
mation and hyperproliferation. IL-17E–mediated macrophage 
activation leads to enhanced inflammation through recruitment 
of immune cells, including monocytes and neutrophils.18 

Rationale for Targeting the IL-17 Pathway in Psoriasis 
The IL-17 family of cytokines interact with the transmembrane 
receptors (IL-17 receptors A, B, C, D, and E).14  These IL-17 re-
ceptors are expressed on keratinocytes, dendritic cells, and a 
variety of immune cells and mediate response to IL-17 cyto-
kines.15 IL-17A, IL-17F, and the IL-17A/F heterodimer share the 
same IL-17 receptor for signaling, resulting in downstream gene 
activation and proinflammatory activity.16,19 IL-17C is also pres-
ent in psoriatic lesions, localizing in keratinocytes, endothelial 
cells, and leukocytes, and is the most abundant IL-17 cytokine 
in psoriatic skin.17 The effects of IL-17C on TNFα production and 

FIGURE 1. Expression of interleukin-17 (IL-17) isoforms in psoriatic 
skin.20 *P<0.01 for lesional versus nonlesional skin. mRNA, messenger 
RNA.
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Pharmacologic Effects of IL-17 Pathway Inhibition in Psoriasis
In early-phase human studies, brodalumab normalized psori-
atic gene expression profiles and led to significantly decreased 
keratinocyte hyperproliferation, reduced epidermal thickening, 
and fewer numbers of infiltrating T cells in the skin of patients 
with psoriasis.28,33 Within 1 week, expression of IL-23 and IL-12 
subunit genes was reduced, indicating that brodalumab may 
reduce inflammatory markers upstream of IL-17 receptor A.28,34 

Within 2 weeks, IL-17A, IL-17C, and IL-17F were downregulated 
in a dose-dependent manner.28 In a punch biopsy subset of pa-
tients enrolled in three phase 3 clinical trials of brodalumab, 
extensive improvement in clinical features of psoriasis was 
accompanied by near-complete resolution of histologic and 
genomic features of psoriasis, including a transcriptome of le-
sional skin that resembled nonlesional skin after brodalumab 
treatment.34 

In an early study of secukinumab that included patients with 
plaque psoriasis, reductions in clinical disease activity were 
associated with reductions of histomorphologic signs of 
acanthosis and epidermal hyperplasia and changes in gene ex-
pression of IL-17A pathway markers.35 For example, expression of  
IL-17A and IL-22 was markedly reduced after secukinumab ther-
apy, as was the area occupied by dermal IL17A+CD3+ T cells.35

Skin lesions from patients with psoriasis in a phase 1 study of 
ixekizumab demonstrated significant dose-dependent reduc-
tions from baseline in keratinocyte proliferation, hyperplasia, 
epidermal thickness, and dermal and epidermal infiltration by  T 
cells and dendritic cells.36  These changes were accompanied by 
decreased expression of cytokines from multiple T-cell subsets, 
including interferon-γ, IL-17A/F, and IL-22 and the dendritic cell 
cytokine IL-23.36

via the IL-17 receptor.15,26,29 Ixekizumab is a humanized monoclo-
nal antibody that selectively binds with IL-17A and inhibits its 
interaction with the IL-17 receptor.26,30 Secukinumab is a high-
affinity, fully human monoclonal antibody that selectively binds 
and neutralizes IL-17A.29 Fully human monoclonal antibodies, 
such as brodalumab and secukinumab, have no murine se-
quence, whereas humanized monoclonal antibodies contain 
murine sequence–derived complementarity-determining re-
gions engrafted into human-derived V regions.31 Of note, fully 
human monoclonal antibodies may have a lower potential for 
immunogenicity than humanized monoclonal antibodies.32

FIGURE 2. Proposed model for the role of IL-17 in psoriasis pathogenesis11 and IL-23/Th17–mediated effects on epidermal keratinocytes in psoriatic 
skin. The broad downstream effects of increased IL-23 and IL-17 signaling on various immune cell populations and keratinocyte biology are 
shown.10 Blocking ligand interaction with IL-17 receptor A has been shown to reduce inflammatory markers upstream of the IL-17 signal cascade, 
including IL-23 and an IL-12 subunit, indicating the potential for a negative feedback loop within the IL-17 signal cascade.28,34 CCL, chemokine (C-C 
motif) ligand; IFN-γ, interferon-γ; IL, interleukin; Tc, cytotoxic T cell; Th, helper T cell; TNF, tumor necrosis factor.

FIGURE 3. Inhibition of downstream inflammatory processes due to 
brodalumab blockade of IL-17 receptor A.11,25,27,28 IL, interleukin.

To order reprints or e-prints of JDD articles please contact sales@jddonline.com

This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD). 
No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD. 
If you feel you have obtained this copy illegally, please contact JDD immediately at support@jddonline.com

JO00220

Do Not Copy
Penalties Apply



141

Journal of Drugs in Dermatology
February 2020  •  Volume 19  •  Issue 2

L. Green, J.M. Weinberg, A. Menter, et al

Clinical Efficacy of IL-17 Pathway Blockade in Psoriasis
In clinical trials, therapeutic doses of brodalumab, secukinum-
ab, and ixekizumab have all demonstrated substantial skin 
clearance efficacy following 12 weeks of treatment by psoriasis 
area and severity index (PASI) and static physician’s global as-
sessment (sPGA) scores (Table 1).26,29,37-40 During the long-term 
extension phases (range, 52-60 weeks) in many of these trials, 
efficacy was maintained in large percentages of patients. For 
example, in AMAGINE-1, among those receiving brodalumab 
210 mg every 2 weeks who had PASI 90% improvement re-
sponse (PASI 90) and PASI 100 at week 12, 78.3% and 67.5% 
achieved PASI 90 and PASI 100, respectively, at week 52.39 In 
AMAGINE-2 and AMAGINE-3, PASI 75, PASI 90, and PASI 100 
rates at week 52 among those receiving brodalumab 210 mg 
every 2 weeks were 80%, 75%, and 56%, respectively, in AMAG-
INE-2 and 80%, 73%, and 53%, respectively, in AMAGINE-3.38 

Maintenance of response to ixekizumab was demonstrated in 
UNCOVER-3; PASI 75, PASI 90, and PASI 100 rates were 80%, 
71%, and 52%, respectively, at week 60.37 The 52-week efficacy 
rates for secukinumab ranged from approximately 75% to 80% 
and 60% to 65% for PASI 75 and PASI 90, respectively, and the 
52-week efficacy rate for PASI 100 was ~40% in the ERASURE
and FIXTURE trials.29

The efficacy results for brodalumab, secukinumab, and ixeki-
zumab, all of which act within the IL-17 pathway cascade (by 
binding to the IL-17 receptor A [brodalumab] or the IL-17A li-
gand [secukinumab and ixekizumab]), compare very favorably 
with those of other biologics that target different pathways in 

the pathogenesis of psoriasis. For example, among the TNFα-
blocking agents, efficacy rates by PASI 75 in phase 3 studies 
(range, 10-16 weeks) were 49%, 71%, and 80% for etanercept, 
adalimumab, and infliximab, respectively.41-43 Interestingly, af-
ter 50 weeks of therapy in a phase 3 clinical trial of infliximab, 
the efficacy rate by PASI 75 was reduced to 61%.43 Of note, both 
secukinumab and ixekizumab were superior to etanercept in 
terms of sPGA or modified PGA, PASI 75, PASI 90, and PASI 
100 in their respective phase 3 trials that included an etan-
ercept arm.29,40 In the AMAGINE-2 and AMAGINE-3 studies, 
brodalumab 210 mg was superior to ustekinumab, a mono-
clonal antibody against IL-12 and IL-23, in terms of sPGA score 
of 0 or 1 response, PASI 75, and PASI 100.38 Furthermore, in 
a study evaluating time to achieve clinically meaningful out-
comes (defined as time for 25% of patients to achieve PASI 
75), brodalumab exhibited the most rapid onset of efficacy (2.1 
weeks), followed by the other IL-17 inhibitors ixekizumab (2.4 
weeks) and secukinumab (3.0 weeks), whereas adalimumab, 
ustekinumab, and etanercept achieved onset of efficacy at 4.6, 
4.6, and 6.6 weeks, respectively.44 

Safety Overview of IL-17 Pathway Blockade in Psoriasis
As summarized in the updated 2019 joint American Academy 
of Dermatology and National Psoriasis Foundation guidelines 
of care for the management and treatment of psoriasis with 
biologics, the safety profile of IL-17 inhibitors is well established 
and understood.45 IL-17 inhibitors are associated with an in-
creased risk of infection and are not recommended in patients 
with a history of inflammatory bowel disease (IBD) but are not 

TABLE 1.

Efficacy and Safety Profile of IL-17 Receptor Inhibitors at 12 Weeks of Treatment in Patients With Psoriasis

Drug Study Dose
sPGA 0/1,

n (%)
PASI 75,

n (%)
PASI 100,

n (%)

Serious Adverse 
Events,
n (%)

Brodalumab AMAGINE-139 210 mg Q2W
(n=222)

168 (75.7) 185 (83.3) 93 (41.9) 4 (1.8)

Brodalumab AMAGINE-238 210 mg Q2W
(n=612)

481 (78.6) 528 (86.3) 272 (44.4) 6 (1.0)

Brodalumab AMAGINE-338 210 mg Q2W
(n=624)

497 (79.6) 531 (85.1) 229 (36.7) 9 (1.4)

Ixekizumab UNCOVER-137 80 mg Q2W
(n=433)

354 (81.8) 386 (89.1) 153 (35.3) 20 (1.7)

Ixekizumab UNCOVER-240 80 mg Q2W
(n=351)

292 (83.2) 315 (89.7) 142 (40.5) --

Ixekizumab UNCOVER-337 80 mg Q2W
(n=385)

310 (80.5) 336 (87.3) 145 (37.7) --

Secukinumab ERASURE29 300 mg Q4Wa
(n=245)

160 (65.3) 200 (81.6) 70 (28.6) --

Secukinumab FIXTURE29

300 mg Q4Wa
(n=323) 202 (62.5) 249 (77.1) 78 (24.1) 4 (1.2)

PASI 75 and 100, psoriasis area severity index 75% and 100% improvement; Q2W, every 2 weeks; Q4W, every 4 weeks; sPGA 0/1, static physician’s global assessment 
score of 0 or 1.
aAfter once-weekly dosing for 5 weeks. 
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associated with an increased risk of malignancy and may be 
used in patients with hepatitis B or C infections.45 As shown 
in Table 1, the rates of serious adverse events with brodalum-
ab, secukinumab, and ixekizumab ranged from 1.0% to 1.8%, 
comparable to the rates reported with placebo.29,37-40 The most 
common adverse events reported with these agents included 
nasopharyngitis, upper respiratory tract infection, headache, 
and arthralgia.29,37,38 

In a systematic review of clinical trials of patients with pso-
riasis or psoriatic arthritis, Candida infections were reported 
in 4.0% of patients treated with brodalumab, 1.7% of patients 
treated with secukinumab, and 3.3% of patients treated with 
ixekizumab compared with 0.3%, 2.3%, and 0.8% in those re-
ceiving placebo, ustekinumab, or etanercept, respectively.46  

The majority of Candida infections in anti–IL-17 biologic clinical 
trials occurred in the oral cavity and were of mild severity.47 
Exacerbation of IBD has also been reported in trials of anti–
IL-17 agents in psoriasis, including 1 case of Crohn disease 
with brodalumab.48 In a study of ixekizumab, incidence rates 
of Crohn disease and ulcerative colitis were 0.10 and 0.20 per 
100 patient-years, respectively, and were 0.11 and 0.15 per 100 
patient-years, respectively, in a study of secukinumab.48 On the 
basis of these observations, caution should be used in patients 
with possible or diagnosed IBD.48

 SUMMARY
The IL-17 pathway plays a crucial role in the immunopathogene-
sis and development of psoriasis. Currently, 3 US Food and Drug 
Administration–approved agents affect this pathway for treat-
ment of psoriasis (brodalumab, secukinumab, and ixekizumab) 
with others in development (bimekizumab).49 Brodalumab is 
a highly selective IL-17 receptor A antagonist that blocks mul-
tiple downstream inflammatory cytokines that are elevated in 
psoriasis, including IL-17C and IL-17E, which may correlate with 
the observed efficacy of brodalumab. Secukinumab and ixeki-
zumab selectively bind to and neutralize only IL-17A. Inhibition 
of the IL-17 pathway with these agents results in improvements 
in clinical, histologic, and genetic characteristics of psoriasis. 
The immunomodulation produced by these agents has been 
associated with a favorable safety profile. Overall, the clinical im-
provement and normalization of genetic hallmarks of psoriasis 
provide a strong case for the unique role of IL-17 receptor block-
ing as an important therapeutic mechanism of action in treating 
psoriasis. Understanding the unique mechanisms by which 
each of these biologics interacts with the IL-17 pathway to inhibit 
downstream proinflammatory signal cascade will be of bene-
fit to dermatologists in making informed treatment decisions. 
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