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Local and systemic effects of IL-17 in joint inflammation: a
historical perspective from discovery to targeting
Pierre Miossec 1

The role of IL-17 in many inflammatory and autoimmune diseases is now well established, with three currently registered anti-IL-17-
targeted therapies. This story has taken place over a period of 20 years and led to the demonstration that a T cell product could
regulate, and often amplify, the inflammatory response. The first results described the contribution of IL-17 to local features in
arthritis. Then, understanding was extended to its systemic effects, with a focus on cardiovascular aspects. This review provides a
historical perspective of these discoveries focused on arthritis, which started in 1995, followed 10 years later by the description of
Th17 cells. Today, IL-17 inhibitors for three chronic inflammatory diseases have been registered. More options are now being tested
in ongoing and future clinical trials. Inhibitors of IL-17 family members and Th17 cells ranging from antibodies to small molecules
are under active development. The identification of patients with IL-17-driven disease is a key target for the improved selection of
patients expected to have a strongly positive response.
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INTRODUCTION
Human IL-17, a proinflammatory cytokine identified in 1995 as a
product of activated T cells,1 is involved in the pathogenesis of
rheumatoid arthritis (RA)2 and many other autoimmune and
inflammatory diseases. In 2015, the first inhibitor of IL-17 was
approved for the treatment of one such disease.3 Over the past 20
years, research has shown the key inflammatory properties of IL-
17 in vitro and in vivo first in arthritis and then in many other
conditions. Key progress came from the identification of a new
subset of T cells that produce IL-17, thus named Th17 cells, which
are distinct from the Th1 and Th2 subsets.4,5 IL-17 is now the
target of various therapeutic options approved for psoriasis,
psoriatic arthritis, and ankylosing spondylitis.6

This review is focused on the contribution of IL-17 to the local
and systemic manifestations of arthritis. It first describes the
discovery of IL-17, its receptors, and its biological effects on
various local targets. The second section outlines the key
contribution of cell–cell interactions in the increased production
of IL-17 at the local site of inflammation. The following section
discusses the systemic effects of IL-17. Finally, different options for
targeting IL-17 are presented.

DISCOVERY AND LOCAL EFFECTS OF IL-17
IL-17 was discovered in 1993 as the product of a gene isolated first
in rodent cells as cytotoxic T lymphocyte associated-antigen 8
(CTLA-8)7 and then in human activated T cells.1 Its activity in
humans was first demonstrated through the use of several cell
types, including human foreskin fibroblasts1 and normal and RA
synoviocytes, in which CTLA-8 induced the production of IL-6 and

IL-8.2,8 Analysis of its structure and functions showed that this
protein was a new molecule with cytokine characteristics that was
then named IL-17.9 At the same time, the receptor for IL-17 was
identified and again shown to be a new molecule differing from
already known cytokine receptors.1 Further analysis of protein
sequences identified other proteins showing sequence similarity
with IL-17. Based on this homology, the concept of the IL-17 family
was introduced, and IL-17 was renamed IL-17A.10 Other members
range from high to low in terms of their sequence homology with
IL-17A include and IL-17F (with 50% homology), IL-17B, IL-17C, IL-
17D, and IL-17E, which shows the lowest sequence homology at
19 %. IL-17A and F have rather similar activities, but IL-17F is less
potent.11 Studies with synovium samples showed that IL-17F-
producing cells were more abundant that those producing IL-17A,
with more IL-17F produced than IL-17A.12 Whereas other IL-17
family members have proinflammatory effects, IL-17E, also known
as IL-25, has anti-inflammatory effects and reduces the effects of
IL-17A and IL-17F.11 In synoviocytes, IL-17 was found to first
induce the production of proinflammatory cytokines, such as IL-6
and IL-8, with IL-6 and IL-8 production plateauing after 5 days
when IL-25 starts to be produced.13

The key local effects of IL-17A in arthritis were identified by
these early studies (Fig. 1). They first showed that IL-17A used
alone had relatively modest effects on different cell types
compared to the activities of the key inflammatory cytokines
TNF and IL-1. However, it was quickly shown that when combined
with TNF or IL-1, IL-17A massively increased the production of IL-6
and IL-8.8 From these early studies, it was concluded that IL-17
increases the level of inflammation, as reflected by the production
of IL-6. It simultaneously activates neutrophils through its
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substantial effects on the production of IL-8, a key chemokine for
neutrophils during acute inflammation.
The first clinical application of IL-17 was in RA, with the

demonstration of increased levels of IL-17 in RA synovial fluid.14 At
the same time, the presence of bioactive IL-17 in the supernatants
of cultures from samples of the inflamed RA synovium was
shown.15 An antibody targeting IL-17A reduced the production of
IL-6 by synoviocytes induced by these supernatants by two-
thirds.15 This confirmed that IL-17A was present and functional.
There was an important difference in activity between its modest
effects on synoviocytes when used alone and the more substantial
effects inferred when its function was inhibited in supernatants.
This discrepancy indicated that IL-17 in fact interacts with many
other cytokines, including TNF and IL-1 but also GM-CSF and IFNγ,
often in a synergistic manner.16 Staining of synovium samples
showed that IL-17-positive cells were indeed present at low
numbers and the probable source of bioactive IL-17.15 Further
studies of RA synovium sections stained with an anti-IL-17
antibody showed that IL-17-positive cells had a large size with a
large cytoplasmic area and remote nucleus, resembling plasma
cells.17 In vitro studies with activated PBMC showed that cells
positive for IL-17 by intracellular staining were indeed CD4 T cells
that had lost TCR and CD3 during activation and differentiation
into cytokine-producing cells, most likely becoming insensitive to
an antigen-driven activation at that stage.17

The discovery of receptors for IL-17 evolved in parallel.
Following the identification of the first receptor in 1995, sequence
studies similar to those carried out with the IL-17 protein were
performed with IL-17R. The first described receptor for IL-17 was
also found to be the first member of a new family of cytokine
receptors.1 It was then discovered that the receptor for IL-17A
consists of two chains: the first chain, IL-17-R, which was renamed
IL-17RA, and a new chain, IL-17RC.18 The IL-17RA/RC complex
was shown to be the receptor complex for IL-17A and IL-17F.18,19

IL-17E/IL-25 uses the IL-17RA chain but does so in association with
the IL-17RB receptor chain.20 This could allow both IL-17A and IL-
17F to compete with IL-17E/IL-25 for the IL-17RA chain. Such use
of two different receptors could explain why IL-17A and IL-17F,
compared to IL-17E/IL-25, have opposite pro- and anti-
inflammatory effects, respectively. IL-17RA is essential for IL-17A,
IL-17F, and IL-17E/IL-25 signaling19 and may act as a shared
receptor for the IL-17 family, as observed for gp130 with the IL-6
cytokine family.21 Compared to its affinity for IL-17A, which is high,
IL-17RA has a 100-fold weaker affinity for IL-17F and much weaker
affinity for IL-17E/IL-25.19,21

Discoveries related to the IL-17 proteins and receptors have led
to a better understanding of the interactions between the
proinflammatory cytokines TNF and IL-1 with IL-17A or IL-17F. To
obtain a synergistic effect with IL-17 and TNF in combination, a
particular order is needed; IL-17 acts first, increasing the expression
of TNF receptors, specifically type II TNFR.22 This increased
expression of type II TNFR then amplifies the response to TNF, as
reflected by a massive increase in the downstream production of
cytokines including IL-6, IL-8, G- and GM-CSF, LIF, and CCL-20.16,23

This synergy is not observed if TNF acts first followed by IL-17.22

This amplification can also occur through an increase in mRNA
half-life, resulting in increased and more sustained protein
production. The Il-17 receptor-associated adaptor molecule Act1
was found to have a direct effect on mRNA stabilization, leading to
increased signaling and inflammation.24 Recent results have further
demonstrated that these effects on amplification act as a cascade
at the level of transcription factor activation.25,26

The function of IL-17 is regulated at the local and systemic
levels by the positive and negative effects of many soluble factors.
TNF, IL-1, GM-CSF, and IFNγ have additive or synergistic effects
with IL-17A, whereas IL-25/IL-17E, anti-IL-17 autoantibodies and
soluble IL-17R inhibit IL-17A function.27 As an example, compared
to those without anti-IL-17 autoantibodies, RA patients with anti-
IL-17 autoantibodies exhibit decreased joint destruction, suggest-
ing the protective effect of these antibodies.28 Together, these
results indicate the importance of considering the bioactivity of IL-
17 and not just its protein concentration.
Extensive profiling of different cell types to understand the net

effect of these cytokines acting together at an inflammatory site
has shown that these cytokines act in the defined order described
above. The synergy between IL-17 and TNF occurs only when IL-17
acts before TNF and not when TNF acts first.22 Various options
related to gene regulation to overcome this have been observed.
One such option is amplifying the responses of genes already
induced by each cytokine alone. Another option is the induction of
genes induced only when a combination of cytokines is present.
For example, in synoviocytes, if IL-17A alone induces 100 genes
and TNF alone 1000 genes, in combination, they induce 10,000
genes.12 This concept is important when applied to clinical
conditions, such as arthritis in which there is no need for large
amounts of cytokines because of these synergistic interactions.
Locally, this is further amplified by cell–cell interactions, specifically
those between T cells and stromal cells, such as synoviocytes.29

ROLE OF CELL–CELL INTERACTIONS IN TH17 CELL ACTIVATION
AND IL-17 PRODUCTION
Interest in the IL-17 field greatly increased when it was shown that
IL-17 is produced by a new cell subset that was first named T helper
cells producing IL-17 and later renamed Th17 cells.4,5 Human IL-17
was first described in 1995, and the Th17 cell type was described in
only 2005, indicating that it took 10 years to move from a cell
product to the cell type responsible for its production. The first
indications that IL-17 is produced by T cells were found early using
T cell clones from the blood of patients with allergic contact
dermatitis30 and the synovium of arthritis patients.31 In experiments
with synovial T cells, IL-17 could be produced alone or with IFNγ but

Fig. 1 Local effects of IL-17 in combination with other proinflam-
matory cytokines. The key monocyte-derived cytokines TNF and IL-1
act on stromal cells to induce the production of IL-6 and
chemokines. This effect is amplified by IL-17, often through
synergistic interactions. The resulting effects act on vessels, inducing
pathogenic cell migration. This induces the activation of local
stromal cells and migrated pathogenic cells and increases their
survival. Consequently, these effects result in changes to the matrix
structure and metabolism. The net result depends on the tissue
involved and its anatomic localization. In whole bone, where
osteoclasts are in contact with osteoblasts, these cytokines induce
bone destruction. In tendons and ligaments, which lack osteoclasts,
the same cytokines induce stromal cell differentiation into
osteoblasts, resulting in ectopic bone formation. This figure is
focused on differences in the various presentations of arthritis. Most
of the effects can be applied to other chronic and acute conditions
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not with IL-4.31 It was later shown that pathogenic Th17 cells
express and produce both IL-17 and IFNγ. Full demonstration that
the Th17 pathway is distinct came from the identification of the
lineage-specific transcription factors Rorγt/Rorc, which differ from
Tbet and Gata3, markers of the Th1 and Th2 lineages, respectively.32

Additional studies showed that many other cell types, including
CD8+ T cells, γδ T cells, invariant natural killer T cells, and innate
lymphoid cells, produce IL-17.33 Furthermore, mast cells and
neutrophils in RA synovial sections stained positive for IL-17,
indicating that they engulf but do not produce IL-17.34,35

Conditions for the induction of Th17 differentiation were
established first when the role of the monocyte-derived inflam-
matory cytokines IL-1 and IL-6 as early drivers was shown.36

Understanding of the specificity of the new Th17 pathway led to
the discovery of IL-23, which is produced by dendritic cells.37–39 In
the context of a mouse disease model, IL-23 was found to have a
key effect in the induction of Th17 pathogenicity.40 As the
contribution of the Th17 pathway is further amplified in many
diseases, the role of defective regulation was established by
showing the importance of the strict balance between Th17 and
regulatory T cells.41 However, this balance is highly sensitive to
changes, and because of their plasticity, Th17 cells have the
capacity to convert into regulatory T cells.42

In regard to clinical understanding of the role of Th cell subsets in
disease, a key starting event is the migration of disease-associated
T cells (specifically in Fig. 1, synovium-associated T cells) to the
site of inflammation (Fig. 1).29 After migration, the T cells interact
with local stromal cells (specifically in Fig. 1, synoviocytes).29

Diseases like RA are associated with the massive proliferation,
defective apoptosis, and increased invasiveness of synoviocytes.
In vitro models have been established to study these

interactions.43 Contact between circulating human mononuclear
cells and RA synoviocytes alone is sufficient to induce IL-6 and IL-8
production, mostly by synoviocytes.43 This effect is strongly
reduced in a Transwell system that prevents cell contact.43 In
contrast, the induction of IL-17 production needs both TCR
activation and cell contact, the combination of which induces a
massive increase in the production of IL-17.43 The results obtained
with psoriasis skin-derived fibroblasts and synoviocytes are similar,
except for a key difference in the contribution of monocytes.44 In
both cases, such cytokine production is inhibited, as shown by the
50% reduction with an anti-podoplanin antibody. This indicates
the contribution of other molecules.
Although the combination of these cytokines with IL-17 often

leads to amplification, this is not always the case. One example is
the opposite effects of these cytokines on bone cells with their
direct application to different arthritis diseases. The net result
depends on the structure of the tissue and its anatomic
localization. On whole-bone explants, where osteoclasts are in
contact with osteoblasts, these cytokines induce bone
destruction.14,45 Inhibition of IL-17 protects against bone destruc-
tion, and the combination of inhibitors of IL-17, IL-1, and TNF is
more potent than the individual inhibitors alone46. Conversely, in
tendons and ligaments, which lack osteoclasts, the same cytokines
induce ectopic bone formation from stromal cell differentiation
into osteoblasts.47 The effects observed in whole bone are found
in RA and psoriatic arthritis, in which destruction predominates.
The other effects are found in ankylosing spondylitis in the spine,
in which inflammation leads to ectopic bone formation with the
ossification of ligaments. This explains why the same IL-17
inhibitors are used in psoriatic arthritis, in which bone destruction
is dominant in the peripheral joints, and in ankylosing spondylitis,
which is characterized by spinal bone formation.

SYSTEMIC EFFECTS OF IL-17
These first studies investigated the effects of IL-17 on different
targets involved in the local manifestations of diseases (Fig. 1). The

studies on these local effects have been based on targeting IL-1,
TNF, IL-6, and now IL-17 through biological therapies.6,48 More
recently, the same chronic diseases were discovered to share an
increased risk of cardiovascular events.49

As for other inflammatory cytokines, studies on IL-17 have
focused on these new but rather forgotten targets.50 Regarding
the local features described above, it is important to consider that
cytokines interact as a team in blood and tissues (Fig. 2).
Effects on vessels cells are obviously of major importance. On

endothelial cells, the inflammatory effects of IL-17 are the same
with IL-6 and IL-8 induction.51 Here, synergy between TNF or IL-1
and IL-17 against massively increases these effects. Cell specificity
is linked to specific vascular functions. For instance, TNF and IL-17
in combination strongly increase procoagulation activity in
endothelial cells, with a synergistic increase in tissue factor,
leading to activation of the coagulation cascade.51 At the same
time, the same conditions induce the inhibition of protective
antithrombotic factors, such as thrombomodulin.51 The impor-
tance of these cytokines in clinical thrombosis is further supported
by the demonstration of peak IL-17 bioactivity in the circulation of
patients with acute myocardial infarction.52

The liver is another important target of systemic inflammation. On
hepatocytes, the combination of TNF and IL-17 induces the massive
release of IL-6.22 In turn, IL-6 induces a large increase in C reactive
protein (CRP). Such an increase in CRP was fully inhibited in vitro and
in vivo with an anti-IL-6R Ab.22 This confirms that IL-6 is a key
molecule in the liver inflammation cascade, induced by TNF and IL-
17.22 In turn, CRP is a key marker for an increased risk of
cardiovascular events.53 However, IL-6 is not the only critical
cytokine in liver inflammation. Again, the combination of IL-17
and TNF induces IL-8 secretion by hepatocytes, but this was not
inhibited by an antibody against IL-6R.22 The same conclusion

Fig. 2 Systemic effects of IL-17 in combination with other
proinflammatory cytokines. Regarding local effects, the key
monocyte-derived cytokines TNF and IL-1 act on stromal cells to
induce the production of IL-6 and chemokines. This effect is
amplified by IL-17, often through synergistic interactions. These
effects act on the brain, bone marrow, vessels, liver, and muscles.
This figure depicts the overall clinical picture for many chronic and
acute conditions, including the cytokine storm in COVID-19
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applies to other chemokines in monocytes, dendritic cells, and Th17
cells involved in the migration of these cells to the liver, such as
MCP1 and CCL-20.22 Such migration induces hepatitis and liver
damage.
Muscles are an important target of these cytokines. In the other

cell types described above, in combination with IL-1 or TNF, IL-17
specifically increases the production of IL-6, leading to myocyte
inflammation, and in combination with IL-8 or CCL-20, IL-17 leads
to neutrophil or Th17 cell migration, respectively.54 These effects
on heart muscle or the myocardium have obvious importance.
Combination of the same cytokines induces defects in cardio-
myocyte contractility.54 In addition, proinflammatory cytokines,
specifically in combination with IL-17, affect cardiac rhythm,
leading to arrhythmia and possibly sudden death.55

IL-17 production, Th17 differentiation, and the Th17/Treg
balance are influenced by many factors, which may contribute
to the appearance and severity of chronic inflammatory diseases,
including arthritis. One such factor is the microbiota. Segmented
filamentous bacteria was found to induce IL-17-driven arthritis in
mouse models.56 Another factor is a high-salt diet due to its direct
cardiovascular effects. A high-salt diet alone was found to shift the
balance towards Th17 cells in mouse models.57 The same concept
was later applied to human RA, in which a high-salt diet was found
to increase the effect of smoking on RA incidence and severity.58

IL-17-TARGETED THERAPIES
The contributions of IL-17 and Th17 cells to many diseases are the
basis of their clinical targeting.6 Many options are possible, and
products involving some are already on the market (Fig. 3). The
most direct method to target IL-17 is the use of antibodies against
IL-17A, such as secukinumab and ixekizumab.3 The other option is
to block IL-17RA, which is also part of the IL-17E receptor, with
brodalumab. Bispecific antibodies against IL-17A and IL-17F, such
as bimekizumab, and against IL-17A and TNFα are under clinical
development.59

Secukinumab and ixekizumab are registered for the treatment
of psoriasis, psoriatic arthritis, and ankylosing spondylitis, and
brodalumab is registered for the treatment of psoriasis.60 These
drugs are not registered for RA, as trials showed a high
heterogeneity in the degree of responses, in part explained by
different genetic backgrounds.61

Some products that indirectly target IL-17 are already on the
market, while others are in progress. These include affecting Th17

cell differentiation with inhibitors of IL-6, IL-1, or IL-23. Targeting
RORc with small molecules or the administration of IL-2 are other
possibilities for restoring the Th17/Treg balance.41

These treatments have been rather well tolerated so far. Since
IL-17 and Th17 cells are critical for host protection against
extracellular bacterial and fungal pathogens, an increased
frequency of these infections was observed, but this effect did
not reach the severity seen in patients with genetic defects in the
IL-17 pathway.62 A lack of control of Candida has been proposed
to explain increased pathogenic activity in Crohn’s disease
following IL-17 inhibition.63

In addition to psoriasis, psoriatic arthritis, and ankylosing
spondylitis, clinical trials are ongoing or planned in other diseases,
including skin diseases such atopic dermatitis, discoid lupus,
pyoderma gangrenosum, and hidradenitis suppurativa and
systemic diseases, such as giant cell arteritis, lupus nephritis,
non-alcoholic fatty liver disease, type 1 diabetes, and very recently
COVID-19.
A key question is the selection of patients with IL-17-driven

disease.27 As for any treatment, highly heterogeneous responses are
observed.60,61 As IL-17 acts more as a regulatory cytokine, its
circulating protein levels are very low compared to those of, for
instance, IL-6.64 In addition, IL-17 acts as an amplification factor for
other inflammatory cytokines. As discussed above, the function of
IL-17 results from the combination of its positive effects with those
of IL-1, TNF, and other cytokines, and inhibitory effects with those of
IL-25, autoantibodies, and soluble receptors.28 The use of bioassays
may be a more reliable way to evaluate the function of circulating
IL-17.64 Such an assay showed a link between RA activity and joint
destruction at the early phase of myocardial infarction.52 Other
options to manipulate the contributions of IL-17 and Th17 cells
include changing the microbiota or a low-salt diet.57,58

CONCLUSION
Over the last 25 years, IL-17 has moved from a newly discovered
cytokine to a newly registered treatment for inflammatory
diseases.6 Our understanding of IL-17 has expanded from its local
to its systemic effects. As seen from its clinical expression in acute
and chronic diseases, the role of IL-17 is regulated through
interactions between soluble factors and cells. A key issue that
remains to be clarified for improved targeting is an understanding
of its heterogeneous contribution to diseases.61 This is critical for
selecting patients with IL-17-driven disease.64 Such personalized

Fig. 3 Options for directly and indirectly targeting IL-17. Direct options to target IL-17 include targeting the IL-17A homodimer and IF-17A/F
heterodimer with an anti-IL-17A monoclonal Ab and targeting the IL-17RA chain of the IL-17 receptor with a monoclonal anti-IL-17RA Ab.
Another option is targeting both IL-17A and IL-17F with a bispecific Ab. Indirect options to target IL-17 include the use of inhibitors of Th17
cell differentiation with anti-IL-1, anti-IL-6, and anti-IL-23 Abs. Another option is the use of small molecules to target Rorγt/Rorc
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medicine may lead to an improved response to IL-17-targeted
treatment.60 New methods to increase these options with
different modes of action are under development.

ADDITIONAL INFORMATION
Conference: This review is based on a talk given during the 17th International
Congress of Immunology that took place on 19-23 October 2019 in Beijing, China.
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