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ABSTRACT

Psoriasis is a frequent and chronic disease of the skin and less of-
ten of the joint that associates erythema, keratinizing troubles and
inflammatory phenomenon. Usually benign, it can severely impact
quality of life in patients suffering from severe forms. Appearing in
2005, biotherapies like Tumor Necrosis Factor alpha inhibitors have
permitted outstanding clinical response and brought patients the hope
of durable disease remission. Nevertheless, treatments efficacy tends
to decrease over time leading to symptoms relapsein many patients,
for which new treatment targets have been needed.Recent advances
in molecular biology, and genetics, have allowed the characterization
of a distinct subtype of T helper lymphocyte found as infiltrates sur-
rounding the capillaries in the dermis and the epidermis in psoriasis-
presenting patients. These Th17 helpers cells express and secrete a
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pro-inflammatory cytokine called interleukin 17, which play a key-
role in inflammation and psoriasis pathophysiology. Therefore, mol-
ecules interfering with this pathway have been studied intensively.
The purpose of this review is to report the results of such strategy.
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INTRODUCTION

Psoriasis is a chronicle inflammatory disease that affects mostly the
skin and sometimes the joints with a high frequency of 2 to 3% of
the population’. The most common clinical presentation comprises
erythema, squamous plaques and pruritus. These symptoms are
caused by keratinocytes proliferation, deregulation, inflammation
and blood vessels dilatation.

Psoriasis is usually non-life threatening but often associated with
an altered quality of life. The severity of the disease depends on
itsextension, resistance to therapies or unusualclinical presentations
(erythrodermia, pustulosis, and associated psoriatic rheumatism)™~.

Clinical signs usually appear after exposure to environmental
factors, like stress, traumatisms, infections, or medications™. Beside
progress in its understanding, the causes of the disease still need
tobe discovered. Heredity has an important role as demonstrated in
several population studies, and the incidence of psoriasis is greater
among first and second-degree relatives of patients™. This genetic
predisposal is complex, mainly based on variants of a chromosomal
locus called psoriasis susceptibility 1 (PSORS1)".

Some authors have hypothesized that the main cause is
autoimmunity, provoked by the development of self-reactive T
lymphocytes against unidentified epidermal antigens, while others
are in favor of an autoimmune origin caused by the production of



pro-inflammatory cytokines like Tumor Necrosing Factor alpha
(TNFa), interleukin 23 (IL-23) and interleukin 17 (IL-17).

Inflammation mechanisms in psoriasis are being better and better
understood, and depend on interactions between epithelial cells,
dendritic cells and T lymphocytes, it is creating a self-entertaining
loop responsible for the chronicity of the damages. The technical
advances in molecular biology and genetics have found a particular
subset of T helper lymphocytes called Th17 and its secreted cytokine
IL-17 both to be frequently infiltrated in the surroundings of
psoriatic patients’ blood vessels and to be of importance in psoriasis
pathophysiology. IL-17 has six isoforms, from IL-17A to IL-17F,
whose biological activity is mediated via the IL-17 receptor (IL-
17R) leading to the activation of cell signaling!®”. Several studies
have already reported significant clinical results of IL-17 pathway
targeting. We discuss here the rational of such a strategy.

HISTOLOGIC DESCRIPTION OF PSORIATIC
LESIONS

Psoriasis usually affects scalp, sacral region and extensor surfaces
of extremities and involvement of flexural and intertriginous
areas (inverse psoriasis) are less often. Approximately 5% of
patients will develop one of the five arthritis forms: peripheral
type, peripheral symmetric, polyarthritis, asymmetrical joint type,
spondyloarthropathy and mutilating peripheral type.

Classical forms associate at diverse degrees, hyperkeratosis,
parakeratosis, acanthosis, hypogranulation, hypervascularization,
superficial dermal lymphocytic infiltrate, and Munro-
Sabouraudmicroabcess.

In early stage, we observe blood vessels dilatation and elongation
in the papillary derma, associated with edema and lymphocytic
infiltrate called perivascular cuffing. In the lumen of the vessels,
which are dilated and serpentine, neutrophils and lymphocytes
can be found directing towards the epidermis. Rare extravasated
erythrocytes are also observed. At this stage, the epidermis is still
considered normal™.

Then, the epidermis thickens and begins to lose its layer of
granular cells. Dunes of parakeratosis form as a consequence
of shortened cellular turnover time. Keratinocyte proliferation
and maturation becomes too rapid and results in incomplete
differentiation. Intracellular abnormalities are visible such as intact
nuclei, extracellular lipid release when it should cement the adhesion
of corneocytes.

Because of this loss of adherence, characteristic scales of psoriasis
desquamate. Early sign of Munro microabcess appear under the
form of scattered neutrophils amongst mounds of parakeratosis.

Later evolution leads to the condensation of the stratum spinosum
(acanthosis) and to epidermal psoriasiform hyperplasia consisting in
regular elongation of the rete ridges and thinning of suprapapillary
plates. The mitotic activity is important, and parakeratosis
progresses until a complete loss of granular layer. Neutrophils and
other inflammatory cells transmigrate through the epidermis towards
parakeratotic scale realizing collections in the cornea, which define
the Munro microabscesses”".

The same process takes place in the stratum spinosum and
defines “spongiform pustule of kogoj”. To note, when subcorneal
abscesses predominate the disease is named Pustular psoriasis. The
inflammatory infiltrate in the derma becomes heavier, recruiting
T lymphocytes, a few Langherhans cells and some neutrophils.
Beyond the basal lamina the presence of CD11c macrophages is
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detected. Beside neutrophils, numerous lymphocytes intertwine
with keratinocytes in the epidermis and bear CD8" markers. In the
derma, lymphocytes are rather a mixture of CD4" and CD8" with a

predominance of the earlier” "),

CHARACTERISTICS OF IL-17

There have been evidences of the role of T cells in psoriasis
since the observation of critical responses of patients treated with
immunosuppressors like cyclosporine, alefacept and abatacept! .
Also, there is a high expression of Thl7-secreted cytokines, IL-17
and IL-22, in psoriasis patients’ skin lesions, joints, and serum!".
The main sources of IL-17 production are Th17, but mast cells,
cytotoxic CD8" T cells, natural killer cells, neutrophils, and
macrophages also produce it.

IL-17 is a cytokine that helps host to defend himself against

[16

bacteria and fungus"®. French research teams played a key role in

its discovery. IL-17 was initially discovered and named CTLAS by

Rouvier and collaborators in 1993!"”

. A few years later, Yao et al
proposed the term IL-17 after cloning its sequence from a human
¢DNA library"". Fossiez et al in 1996, observed that synoviocytes
from patients presenting rheumatoid arthritis released 1L-17 that
stimulated epithelial, endothelial and fibroblastic cells to secrete
pro-inflammatory actors such as IL-6, IL-8, granulocyte-colony-
stimulating factor and prostaglandin E2. They also showed IL-17
could modulate the proliferation and the maturation of neutrophils"”.
To date, six members of the IL-17 family have been identified and
sequenced: IL-17A, IL-17B, IL-17C, IL-17D, IL-17E and IL-17F.
The primary Th17 cell effector cytokine is IL-17A, and is constituted
as a homodimeric, disulfide-linked glycoprotein containing 155
amino acids and has a molecular weight of 35Kd. There is a varying
homology between IL-17A and the other family members ranging
from 55% with IL-17F to 17% with IL-17E. IL-17A and F exist as
both homodimersand IL-17A/F heterodimers””. They share close
activities, yet the IL-17A seems more efficient at activating gene
expression than IL-17F and IL-17A/F?". Oppositely IL-17E (IL-
25), whichdisplaysthe lowest homology with IL-17A, acts as a
regulator of IL-17 functions probably via receptor competition, and

participates in the Th2 cell responses against parasites and allergy™.

THETH17 AXIS AND THE RECEPTOR FOR IL17

The IL-17 receptor family comprises 5 subunits named IL-17RA to
IL-17RE. Their sequences are different beside the facts that many
of their genes are clustered on chromosome 3. They each present
a single, 499-866 amino acids long, transmembrane domain. The
extracellular fibronectin-like and SEFIR domainsare conserved
between all subunits™”. Interaction between IL-17A and its receptor
IL-17RA happens with a high affinity and drives signaling via a
complex constituted of the association of the two subunits IL-17RA
and IL-17RC. At a lesser degree, IL-17RA also binds IL-17F, and
IL-17A/IL-17F and seems to be critical for their transduction™. A
recent study suggests that IL-17RA might also be a part of the IL-25
receptor complex since //17ra” miceare refractory to the effects of
IL-25.1L-17RA is used by multiple cytokines indicating that it could
be analogous to common cytokine receptor subunits such as gp130
in the IL-6 family”™. Downstream, the transcription factor nuclear
factor-kB (NFkB) is then activated and favours pro-inflammatory
gene expression”™. Despite the fact that IL-17RA is ubiquitous,
this subunithas been found to have a tissue-dependent expression.
Although macrophages and DCs are also responsive to IL17, IL-
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17RA is particularly found with high levels in haematopoietic
tissue”*", which can be surprising because the greatest activity of
IL-17A has been observed in epithelial, endothelial, and fibroblast

cells™®

! In lymphocytes, only a small numbers of IL-17A-induced
genes have been identified and they are different from those
induced in other cell types™. An example of a dynamic regulation
of IL-17RA as been reported in CD8" cells, where its synthesis
is upregulated by IL-15 and IL-21, whereas stimuli inducing the
phosphoinositide 3-kinase (PI3K) pathway limit its expression.
Unlike many cytokines receptors, high levels of IL-17RA are
required to effectively transduce signal, whose intensity correlates
to the density of IL-17RA at the surface of the cells"”
of IL-17RA is also observed in response to IL-17 binding due to an

. A decrease

internalization of the complex IL-17RA/IL-17A. The consequence is
a rapid drop of IL-17A concentration in the milieu™".

The composition of IL-17RA complexes is still debated.
Most authors say individual subunits are expressed at the surface
membrane as monomers. The fixation of the ligand causes subunit
oligomerization and the juxtaposition of kinases or adaptors related
to the receptor”™. Other studies showed that receptors could
exist as pre-associated, multi-subunit complexes such as TLRs,
TNF receptors (TNFRs) and erythropoietin receptor (EPOR)™.
Fluorescence Resonance Energy Transfer (FRET) studies showed
that among IL-17R subunits, IL-17RA can form ligand-independent
complexes™. Conversely, some data of immunoprecipitation are
in favor of a ligand-dependent binding of the complex IL-17RA/
IL-17RC", Further information is given by native gel analysis
where two IL-17RA subunits assemble with one IL-17RC subunit.
Like the EPOR, IL-17RA ligand binding provokes important
conformational changes in the subunits relative positions, which
allow intracytoplasmic signaling partners like JAKs to interact with
appropriate targets as shows FRET analysis. The explanation may
be that IL-17RA dimers submit dissociationand rearrange with IL-
17RC to form heterodimers. The other possibility could be the
recruitment of IL-17RC by IL-17RA to create a trimer or a larger

complex along cytoplasmic signaling molecules such as ACT1%",

TREATING PSORIASIS

The main score to quantitatively evaluate psoriasis severity is
the Psoriasis Area Severity Index (PASI) first introduced by
Frederickson and Peterson in 1978. The calculation of this index
takes into account for each body region the percentage area affected
and the intensity of redness, thickness and scaling from 0 (none) to
4 (severe)™. Modern treatments of psoriasis have greatly improved
the quality of life of patients, and the targeting of the IL-17 pathway
seems to keep its promises. Two major approaches have been
developed so far, one aiming at directly interfering with the ligand
IL-17A, and the other one focusing on the receptor preventing the
IL-17 transduction signal thereof.In recent trials, the success of the
treatments has been measured by indicating the proportion of people
achieving a “PASI 75, 90 or 100” which indicates the value of the
reduction of the PASI score from the start to the endpoint of the trial.

DIRECT TARGETING OF IL-17

Langley et al were the firsts to report 2 phase 3 trials about the
activity of Secukinumab (SK), a monoclonal IgG1lk antibody
used to target IL-17A in moderate to severe psoriasis™’’. The
ERASURE (Efficacy of Response and Safety of Two Fixed SK
Regimens in Psoriasis) trial randomized 738 patients between SK
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and placebo. The posology was 300 or 150 mg to be administered
once weekly for 5 weeks, then every 4 week. PASI 75 and PASI 90
were reached at week 12 by 81.6% and 59.2% of the 300 mg and
71.6% and 39.1% of the 150 mg cohort versus 4.5% and 1.2% in
the placebo group,respectively. Thesecond study, FIXTURE (Full
Year Investigative Examination of SKvsEtanercept Using Two
Fixed Secukinumab Regimens in Psoriasis) examined 1306 patients
treated with the two same modalities of SK or etanercept at a dose
of 50 mg twice weekly for 12 weeks then once weekly. There, at 12
weeks, PASI 75 and 90 were achieved by 77.1%/54.2% with 300
mg, 67.0%/41.9% with 150 mg of SK, and 44.0%/20.7% with 50mg
of etanercept, respectively. Of note, tolerance was remarkable and
no difference between secondary effects rate was observed between
groups. Infections were similar across all treatment arms and mild to
moderate candidiasis occurred in less than 5% in the SK arms, and
almost 1% of patients taking etanercept. Rare grade 3 neutropenia
were seen amongst patients undergoing SK therapy and none for
those taking etanercept. FUTURE 1, a phase 3 randomized study
included 606 patients suffering from psoriasis and psoriasis arthritis.
Higher dose of SK were tested, 10 mg/kg every 2 weeks during 4
weeks and then 150 mg or 75 mg every weeks from week 8 versus
placebo. To note, a third of the patients had received anti-TNF
treatments before the inclusion, and half of them had concomitant
methotrexate administration during the trial. The ACR 20, 50 and
70 at 24 weeks were respectively obtained by 50.0, 34.7 and 18.8%
of the participants having a 150 mg dose, versus 50.5, 30.7 and
16.8% for those having the 75 mg dose and only 17.3, 7.4 and 2.0%
for patients receiving the placebo. Skin disease measures were
statistically in favor of the treatment arms. FUTURE 2 reported
similar good results on 397 patients randomized between different
secukinumabdoses and placebo. Both studies described few serious
adverse events and no opportunistic infections"".

The latest biotherapy, Ixekizumab is promising. The phase 2
study by Leonardi™ credits it for excellent results at a maximal
dose of 150 mg. PASI 75 rates were superior to 80% and PASI 100
was reached in almost 40% of patients with an observed efficiency
starting from the first week.

Professor Griffiths et al recently published the results of two
randomized, prospective, double blind multicenter phase 3 studies
UNCOVER-2 and UNCOVER-3"". The study included respectively
1224 and 1346 patients to be treated with Ixekizumab, etanercept
and placebo for chronic plaque psoriasis. PASI 75 was obtained in
4 weeks by 80.0 to 87.4% of the patients in the experimental arm
depending on the periodicity of the injections. The pooled adverse
events were around 2% and no death happened.

TARGETING THE IL-17R

As mentioned previously, different subunits assemble around IL-
17RA to form the receptor complex, explaining why blocking it with
antibodies has been foreseen for therapy.

Papp et al™” reported encouraging results of a 16 weeks phase 2
studies with brodalumab, a fully human mAb targeting IL-17RA.
One hundred ninety eight patients receiving 4 doses schemes were
evaluated: 70, 140, 210 and 280 mg subcutaneously. The mean
improvements in the PASI scores were 45.0%, 85.9%, 86.3% and
76.0% respectively for the experimental arms versus 16.0% in
the placebo group (p < 0.001). Besides, the clinical response was
rapid, as early as 2 weeks, and measures of the quality of life were
improved significantly by brodalumab treatments. The same author
confirmed these good results in an extension study at the doses of
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Secukinumab'™” Ixekizumab™' Brodalumab'!
Highest PASI 75 reported at 12 weeks (%) 81.6 89.7 83.3
Highest PASI 90 reported at 12 weeks (%) 59.2 70.7 70.3
Highest PASI 100 reported at 12 weeks (%) 28.6 405 419
Highest Grade = 3 adverse events rate reported at 12 weeks (%) 1.2 2 23

Comparison of the highest results reported by recent trials evaluating the efficacy of IL-17 pathway targeting therapies
based on the Psoriasis Area Severity Index (PASI). PASI 75/90/100 indicates the value of the treatment response and the
percentage of patients reaching it. References are indicated between brackets.

210 and 140 mg every two weeks. PASI 75, PASI 90 and PASI 100
responses rates were 86%, 70% and 51%, respectively. Tolerance
appeared satisfactory since the most frequently encountered adverse
events were nasopharyngitis (26.5%), upper respiratory tract
infections (19.9%), arthralgia (16.0%) and back pain (11.0%), while
13.3% patients developed grade 3 or more toxicity'™'. The following
randomized phase 3 double blind multicentre placebo controlled
trial*” confirmed brodalumab efficacy. The two most efficient doses
(140 and 210 mg) were compared. Of the 661 patients included, at
week 12 PASI 75 was obtained in 60% of 140 mg-group, 83.0%
of 210 mg-group and 3.0% placebo group. Static physician global
assessment was achieved by 54% (140 mg) and 76% (210 mg) vs
1% (placebo) for an acceptable safety profile (23% of adverse of
events of grade = 3).

CONCLUSION AND FORESIGHT

Undoubtedly, the last decade has seen tremendous improvements
in the management of psoriasis. The advances in immunology have
identified novel targets and the IL-17 pathway was proved to be
efficient with acceptable toxicity in randomized phase 3 trials (Table
1). Nevertheless, long-term surveillance is required to potentially
detect serious late side effects such as cancers'™. Future studies
will have to investigate the global strategy, what molecule to use
and when, and also to test associations to know whether interfering
at different key-steps and on different actors of the inflammatory
sequence of psoriasis can prove their usefulness.
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