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ABSTRACT
Interleukin-17 (IL-17A) is a cytokine critical for the acute
defence against extracellular bacterial and fungal
infections. Excess production during chronic inflammation
has been associated with many inflammatory and
autoimmune disorders. The present review describes the
key molecules of the IL-17 pathway, which are or could
be targeted for treatment. Since targeting of IL-17A may
affect defence mechanisms, the pathogenesis of such
possible adverse events is analysed. Then the
contributions of IL-17 to bone changes in various forms
of arthritis are discussed. Finally, the results of current
inhibitors of the IL-17 pathway in clinical trials are
detailed. IL-17A inhibition has been first registered for the
treatment of psoriasis, psoriatic arthritis and ankylosing
spondylitis. Other therapeutic options are now tested in a
long list of diseases.

Interleukin-17 (IL-17, now IL-17A) is now a
recognised target in chronic inflammation.1

This cytokine was described in 1993–1995 and
its first inhibitor was registered in 2015. Previous
and ongoing research has identified a long list
of clinical conditions where IL-17A and related
molecules are important contributors. In paral-
lel, the number of options to target these cyto-
kines, their receptors, transcription factors and
signalling pathways is growing quickly.
The basis for such development has started

as early as two decades ago with in vitro
results identifying its contribution to inflam-
mation.2 At the same time, novelty resulted
from the discovery that both IL-17A and its
receptor were part of a novel family of
ligands and cytokine receptors. Identification
of patients with defects of the IL-17 pathway
provided reasons to address properly the risk
of adverse events during IL-17 targeting.
Over the years, a long list of publications

has associated IL-17A with many functions in
cell biology and its association as well as con-
tribution to an increasing number of dis-
eases.3 With clinical applications in mind,
this review will focus on some of these

aspects with direct clinical relevance. To do
so, we will focus on the function of the key
molecules of the IL-17 pathway, which are or
could be drug targets. Then we will analyse
the contribution of IL-17A to host defence to
understand and prevent the risk of specific
infections during its targeting. We will also
explain the heterogeneity of the effects of
lL-17A on bone matrix destruction and for-
mation to justify its inhibition in arthritis dis-
eases with opposite features affecting the
bone. Finally, we will conclude on its target-
ing today and tomorrow.

Key molecules from the IL-17 pathway as
current and future drug targets
IL-17A was first described in 1993 as the
product of the CTLA8 gene identified in the
mouse and human genomes.4 Its association

Key messages

What is already known about this subject?
▸ Previous studies have indicated the role of Il-17

in chronic inflammation. This is the basis for the
use of IL-17 inhibitors in arthritis.

What does this study add?
▸ The use of IL-17 inhibition in psoriatic arthritis

(PsA) is easy to understand because of the role
of IL-17 in bone destruction. However, the use
of the same inhibitors for the treatment of
ankylosing spondylitis (AS) implies another
understanding. In fact, IL-17 specifically in com-
bination with TNF, induces bone matrix forma-
tion by isolated osteoblasts. This is the case at
the site of ligaments insertion, where osteoclasts
are absent. Local bone formation leads to
syndesmophytes.

How might this impact on clinical practice?
▸ This new understanding justifies how inhibition

of IL-17 may be active in a bone destructive
disease, such as PsA, as well as in a disease
associated in some location with ectopic bone
formation, as in AS.
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with T cells provided a new understanding of the role of T
cells in some diseases such as rheumatoid arthritis (RA), at
a time when such contribution was still a debate.5

Although the start of the IL-17A discovery was difficult
since no effects on B and T cells were seen, the first results
linked IL-17A to inflammation by the demonstration of
the induction of IL-6 production by synoviocytes.2 6 At the
same time, its effect on neutrophil differentiation by indu-
cing granulocyte colony-stimulating factor and on neutro-
phil migration by inducing IL-8 established a firm
connection between IL-17A and neutrophil biology and
associated diseases.2 This will be further discussed later.
Based on sequence analysis of genes and proteins, the

family of IL-17A was next described and now includes six
members.7 The first IL-17 was renamed IL-17A. Among
the other family members, IL-17F and IL-17E are the
most important. IL-17F is the closest member to IL-17A
and shows a 50% sequence identity with IL-17A. IL-17F
alone is less active than IL-17A, but appears to be bio-
logically important. In a context of inflammation driven
by cytokines such as tumour necrosis factor (TNF),
there is a clear synergy between TNF and IL-17F, reach-
ing a level of proinflammatory gene signature not very
far from that induced by the combination of TNF and
IL-17A.8 9

Opposite to IL-17A and IL-17F, IL-17E, more com-
monly referred to as IL-25, shows the lowest homology
with IL-17A of only 19%. Whereas both IL-17A and
IL-17F induce an inflammatory response, IL-25 can
downregulate such effect.10 This regulation is of interest
to be understood. IL-17A, specifically when combined
with other proinflammatory cytokines, induces a rapid
inflammatory response, as detected for instance by the
production of IL-6 or IL-8. At a late stage, the produc-
tion of IL-25 starts, leading to an endogenous control of
the inflammatory response. When such control is in
place, it will lead to the cessation of the acute
IL-17A-driven response. Conversely, a defect in the
IL-17A/IL-25 balance in favour of IL-17A will lead to a
chronic situation where the amount of IL-25 is not large
enough to control the effect of IL-17A. Similar regula-
tion was described many years ago for IL-1 and its recep-
tor antagonist IL-1RA.
The receptor of IL-17A was identified in 1995 at the

same time IL-17A was discovered.11 12 It was first classi-
fied as the first member of a new cytokine receptor
family. As for the protein family, comparison of protein
sequences identified the IL-17 receptor family. The first
described IL-17R was renamed IL-17RA. The full func-
tional receptor combines the IL-17RA chain to the
IL-17RC chain. This receptor binds IL-17A and IL-17F.13

Thus, inhibition of the first IL-17R or IL-17RA will
inhibit the effects of IL-17A and IL-17F.
The receptor of IL-25, the natural inhibitor of IL-17A

and IL-17F, uses the same IL-17RA chain, which can thus
be defined as a common chain, and an IL-25 specific
chain, IL-17RB. In conclusion, these results now show
that the specific inhibition of the IL-17RA chain will have

the expected anti-inflammatory effects by blocking
IL-17A and IL-17F. At the same time, such inhibition
could also inhibit the binding of IL-25, thus possibly
reducing its anti-inflammatory effects. This may suggest a
clinical difference in efficacy and adverse events between
the anti-IL-17A antibodies and the anti-IL-17RA antibody.
IL-17A and IL-17F are produced by a large variety of

lymphocytes including the typical T helper 17 (Th17)
cells as well as the γδT cells, natural killer (NK) cells and
nNKT cells.14 This long list of producing cells recognises
the contribution of the IL-17 pathway to the innate and
acquired immunity. The differentiation of a naive T cell
or lymphocyte involves the expression of the lineage-
specific transcription factor Rorγt in the mouse, or Rorc
in the human system.15 Inhibition of Rorγt inhibits Th17
differentiation and the production of IL-17A and IL-17F,
as well as of the other Th17 cytokines IL-21 and IL-22.
Such an intracellular transcription factor can now be tar-
geted with small molecules.
Upstream, the differentiation of the Th17 and other

IL-17-producing cells is under the control of a series of
steps that involve different cytokines produced by
antigen presenting cells such as dendritic cells. Some of
these cytokines have rather extended and non-specific
inflammatory effects on multiple targets. IL-6 and IL-1,
classical markers of inflammation, are critical cytokines
for the differentiation of Th17 cells. Following early dif-
ferentiation and expression of Rorγt, the final step is
under the control of IL-23. IL-23 is a member of the
IL-12 family as it shares with IL-12 the p40 common
chain combined either with p19 to form IL-23, or p35 to
form IL-12.16 Thus, the specific inhibition of IL-23
cannot be achieved by blocking p40, which blocks both
IL-12 and IL-23. Instead, a specific inhibitor of p19 is
needed to reach that specificity. Inhibition of p19IL-23
affects the differentiation of T cells into Th17 cells, thus
reducing their cytokine production. This includes
clearly that of IL-17A and IL-17F and also that of the
other Th17 cytokines IL-21 and IL-22. Similar effects but
not identical results are seen with the inhibition of
Rorγt.
In parallel, there is a balance between effector Th17

cells and regulatory T cells.17 In patients with RA, the
loss of response to TNF inhibition appears to result
from a change in such balance in favour of the Th17
side.18

The IL-17A pathway and the control of infections
Safety comes first when targeting a pathway involved in
the control of infections. T cells are critical for the
control of infections and the related primary immune
deficiencies are usually much more severe with patients
very sensitive to infections. The definition of subsets of
T cells has been associated with subsets of infectious
agents that they control. Patients with defects in the
interferon γ (IFNg) protein and receptor complex
develop intracellular bacterial infections, including
severe lethal diffuse infection when vaccinated with the
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attenuated but live BCG. This defines the protection
affected to the Th1 pathway. At a lower level, patients
with chronic arthritis also have a cell mediated immune
defect that affects specifically the β chain of the IL-12
receptor, leading to a reduction in the production of
IFNγ. This contributes to the risk of reactivation of
tuberculosis when blocking TNF.19 Conversely, parasitic
infections are under the control of the Th2 pathway
characterised by the production of IL-4 and IL-13, with
anti-inflammatory properties.
For many years until 2005, when the concept of the

Th17 pathway was discovered, no link was established
between a T-cell subset and extracellular bacterial infec-
tions. These very common infections are associated with
high neutrophil counts, and normal neutrophil func-
tions are critical for the control of these infections.
Regarding the primary deficiencies, patients with defects
in the Th17 pathway develop severe staphylococcus and
candida infections. Several defects have been isolated
such as the hyper IgE syndrome with a defect in the
Stat3 transcription factor and the chronic mucocuta-
neous candidiasis with either a reduced production of
IL-17A or IL-17F or their inhibition with anti-IL-17A
autoantibodies.20 Based on these observations, bacterial
and candida infections are to be expected when block-
ing the IL-17 pathway. However, their severity should be
reduced compared with that seen in patients with a
genetic defect. Conversely, the risk of tuberculosis
should not be affected.21

Effects of IL-17A on local and systemic inflammation
IL-17A and, to a lower extent, IL-17F induce an inflam-
matory signature in all mesenchymal cells with rather
minor differences related to the anatomical origin of
the cell. A high proportion of this signature is linked to
neutrophil formation, migration and activation. In add-
ition, activation of the chemokine CCL20 favours the
migration of immature dendritic cells and Th17 cells.22

This effect induces and perpetuates the formation of an
immune reaction at an ectopic lymphoid site.
Interaction between these migrating Th17 cells and the
local mesenchymal cells leads to a massive secretion of
IL-17 at this site.23

Although predominantly acting at the local site,
IL-17A can circulate in blood and thus may affect endo-
thelial cells. On these cells, IL-17A, specifically in com-
bination with TNF, induces a procoagulant state, which,
combined with an increased platelet aggregation,
induces local thrombosis.24 This could explain the IL-17
peak in the blood of patients with acute myocardial
infarction.25 The effect of IL-17A on muscle cells may
further contribute to cardiac dysfunction.26

Heterogeneous effects of IL-17A on bone
In the context of arthritis, the concept of targeting
inflammation and its cytokines is based on their contri-
bution to bone metabolism. The simplest understanding
is the destructive properties of cytokines on bone.

Transferred to the clinical situation, this explains the
destruction of bone in inflammatory destructive arthritic
such as RA, juvenile idiopathic arthritis psoriatic arthritis
(PsA). Similar understanding applies when inflamma-
tion is induced by infections, or exogenous particles as
in parotonditis, septic and aseptic joint prosthesis loos-
ening. Although it might be easier to understand
destruction because it is easily seen, this clinical destruc-
tion results in fact from a massive inhibition of repair.
This has led to the use of TNF inhibitors to control
destruction. Indeed, control of destruction can be
observed in the clinic but the induction of a repair activ-
ity is still missing.
Using samples of bone obtained from surgery, add-

ition of IL-17A, even more when combined with TNF
and IL-1, induced in vitro bone-destructive cytokine pro-
duction and bone resorption.27 Conversely, inhibition of
IL-17A resulted in an anti-inflammatory effect and lower
bone destruction. In addition, a better effect was
obtained when combining inhibitors of IL-17A, TNF
and IL-1 since some samples appear to be driven more
by one out of the three cytokines.28 These results are in
line with those in animal models and human trials.
The situation of bone in ankylosing spondylitis (AS) is

more complex. Clearly the same systemic bone loss is
obvious in these patients with the extreme frailty of ver-
tebral bone. In sharp contrast is the situation in the syn-
desmophytes in AS. There the opposite is seen with
ectopic new bone formation. In that case, excessive
bone formation is the issue, resulting in the clinical
spinal stiffness. In this context of AS, if, as discussed
above, cytokines induce bone destruction, how can we
justify the use of TNF inhibitors if inhibition of destruc-
tion and even induction of repair is the consequence of
such treatment? Either there should be a contraindica-
tion or short-term use, unless there is another explan-
ation. Inhibition of TNF has been registered for AS and
PsA and this has been extended to IL-17A inhibition.
A simple understanding would imply that IL-17A and

the other cytokines would then inhibit osteoblast differen-
tiation and function. This is indeed seen when looking at
whole AS bone.29 30 However, the effect is opposite when
mesenchymal cells from different origin are incubated
with the bone differentiation medium in the presence of
IL-17A, alone and combined with TNF. Surprisingly, this
leads to the formation of extracellular calcified bone
matrix with an increase in alkaline phosphatase activa-
tion.31 TNF alone has such an effect, but this effect is syn-
ergistically increased when TNF and IL-17A are combined.
Looking at the various genes involved in osteoblast dif-

ferentiation, the Schnurri3 gene was found to be of inter-
est. This gene has been recently studied since deficient
mice show an increased bone mass.32 Schurri3 function
induces a bridge through which osteoblasts and osteo-
clasts communicate and its expression is synergistically
increased when TNF and IL-17A are combined.33 When
osteoblasts and osteoclasts interact physically as in whole
bone, this results in an activation of osteoclasts leading to
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bone resorption and lack of repair. However, when such a
bridge is not present, the very same cytokines will now
induce new bone formation.31 In normal bone repair,
this effect is seen in the periosteum to induce, for
instance, fracture repair. In an abnormal situation, such
as in the syndesmophytes when mesenchymal cells from
vertebral ligaments are inflamed in the physical absence
of osteoclasts, this will induce new bone formation.
If these observations are translated to the clinic, inhib-

ition of IL-17A should reduce bone destruction in PsA
and systemic AS bone. In contrast, the opposite effect
should be seen in syndesmophyte formation. It is too
early to predict if this can still be seen once the disease
is fully established. This implies that the best results will
be seen if such treatment is given early.

Current applications of IL-17 pathway targeting
The concepts and therapeutic options which are already
in place are based on discoveries and patents from 1995
to 1996. This includes only the targeting of IL-17, now
IL-A, and of IL-17R, now IL-17RA.34

Secukinumab has been approved for the treatment of
psoriasis by the European Medicines Agency (EMA) and
the Food and Drug Administration (FDA) in early 2015,
based on very impressive results on skin lesions.35 These
effects are described by the dermatologists as never seen
before. Indeed, and for the first time, the 90 even 100%
disappearance of the skin lesions could be achieved. In
early 2016, Ixekizumab got the same approval with the
same impressive results in psoriasis.36 Finally, brodalu-
mab in the process of getting approval got similar clin-
ical results through the targeting of the IL17RA chain of
the IL-17 receptor.37

Secukinumab has later been approved for the treat-
ment of PsA and AS at the end of 2015 by the EMA and
the beginning of 2016 by the FDA.38 Ixekizumab will be
applying for approval for the same indications.39

Although these new drugs add to the choice that for a
long time was limited to TNF inhibitors, the results on
arthritis are not as impressive as on the skin. One simple
explanation is that the skin lesions are just related to
inflammation and cell proliferation, without destruction.
The situation is more complex when bone matrix
changes are affected. It is still difficult to expect an
induction of a repair activity of a destroyed joint as in
PsA. Even more difficult is to expect an effect on already
established syndesmophytes. New trials will be needed in
patients with early disease to prove that blocking IL-17A
can prevent destruction in PsA and ectopic bone forma-
tion in AS. Based on the preclinical understanding dis-
cussed above, it is plausible to expect an effect with a
single drug acting on two opposite targets.
Adverse events for the three drugs were as expected,

including bacterial infections and localised candida
infections, which were easily controlled. With brodalu-
mab but not with the two antibodies, suicides and sui-
cidal ideations were observed, leading to a caution in
the labelling of the marketing authorisation.40 No

explanation has been provided for this adverse event. It
is still unclear whether the difference between the two
modes of inhibition is real. The specificity of the inhib-
ition of the IL-17RA versus IL-17A suggests a differential
ligand receptor interaction. One option suggests the
contribution of IL-25 with anti-inflammatory effects,
which is inhibited with an anti-IL-17RA antibody. This
could be tested in samples from these patients, but
unfortunately, access to those appears difficult.

Future applications of IL-17 pathway targeting
Based on the description of the key molecules of the
IL-17 pathway, many tools are now tested in the same
and different conditions.
Owing to the structural similarities between IL-17A and

IL-17F, the targeting of both is tested with antibodies tar-
geting common epitopes on IL-17A and IL-17F.
Increased efficacy can be expected. It is unclear if the
overall good safety profile of IL-17A inhibition will be
modified.34 41 Targeting of IL-17A and IL-17F with a bis-
pecific antibody is based on the contribution of both
cytokines to increase the proinflammatory effects of TNF
and similar cytokines, often in a synergistic manner.8

Although the effect of IL-17F is lower than that of IL-17A,
the number of IL-17F-producing cells and the resulting
local and systemic levels are higher.8 In addition, block-
ing IL-17A and IL-17F appears more potent than block-
ing IL-17A alone to reduce the inflammatory properties
of supernatants of Th17 clones.42 This could provide a
better effect in the clinic to control more fully the inflam-
mation driven by bioactive IL-17A and IL-17F.
Furthermore, this could reduce the heterogeneity of
response seen with to inhibition of IL-17A alone.43 The
lack of such response may result from the persistence of
IL-17F contribution and/or that of high levels of IL-25.
Bispecific antibodies targeting both IL-17A and TNF

are now tested in trials. Based on the synergistic interac-
tions described above, increased efficacy could be
expected.34 At the same time, the situation is more
complex than was first thought. Specifically, the synergis-
tic interaction between TNF and IL-17A is seen if and
only if, IL-17A acts first, then followed by TNF but not
the other way around. It is unclear how a bispecific anti-
body recognising with one arm TNF and with the other
IL-17A would act in vivo at the disease site. The next
question is the advantages and limits of using two inhibi-
tors versus a single bispecific molecule.
As with the use of small molecules targeting the Jak/Stat

pathway versus biologics, the Rorγt/Rorc transcription
factor is the target of small molecules developed by many
companies. It is too early to tell how they will compare
with the inhibition with biologics of IL-17 molecules.
The list of diseases where IL-17A could be targeted is

growing quickly. This includes diseases where preclinical
results have shown that IL-17A is present at the site and
can reproduce in vitro the disease features. This list
includes autoimmune diseases such as myositis, lupus
and scleroderma.26 44 The list also includes diseases
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where neutrophils are key contributors to pathogenesis
such as neutrophilic skin diseases.
An important issue that will be critical for long-term use

is a better understanding of patient heterogeneity, to
define patients with an IL-17-driven disease. Indeed, it is
easier to expect a positive response to IL-17A inhibition in
those patients. Detection of circulating bioactive IL-17A
has shown that not all patients with RA have detectable
levels at a given time.45 Such heterogeneity in IL-17A con-
tribution to disease may explain in part the heterogeneous
response to IL-17A inhibition in patients with RA.43 Since
IL-17A has a priming effect on the response to TNF, acting
early may be the way to select to reduce the risk of induc-
tion of chronic disease with time.46

CONCLUSION
Drug development is complex and takes time. It took
20 years between the discovery of IL-17A in 1995 and
the registration of the first IL-17A inhibitor in 2015!
This story of IL-17 discovery to IL-17 targeting is a nice
example of translational medicine. Some of the clinical
results are as anticipated, while others are not as simple.
New pathways and molecules have been discovered
during these years. More is to come soon and later.
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