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Summary

The skin is one of the most important organs in the body, providing 
integrity and acting as a barrier to exclude microbes, allergens and chemi-
cals. However, chronic skin inflammation can result when barrier function 
is defective and immune responses are dysregulated or misdirected against 
harmless or self-antigens. During the last 15 years interleukin (IL)-17 cy-
tokines have emerged as key players in multiple inflammatory disorders, 
and they appear to be especially prominent in skin inflammation. IL-17 
cytokines produced by T cells and other cell types potently activate ke-
ratinocytes to promote inflammation in a feed-forward loop. Given this 
key pathogenic role of the IL-17 pathway in autoimmune and inflamma-
tory disease, it has been the focus of intense efforts to target therapeuti-
cally. The inflammatory effects of IL-17 can be targeted directly by blocking 
the cytokine or its receptor, or indirectly by blocking cytokines upstream 
of IL-17-producing cells. Psoriasis has been the major success story for 
anti-IL-17 drugs, where they have proven more effective than in other 
indications. Hidradenitis suppurativa (HS) is another inflammatory skin 
disease which, despite carrying a higher burden than psoriasis, is poorly 
recognized and under-diagnosed, and current treatment options are inad-
equate. Recently, a key role for the IL-17 pathway in the pathogenesis of 
HS has emerged, prompting clinical trials with a variety of IL-17 inhibi-
tors. In this review, we discuss the roles of IL-17A, IL-17F and IL-17C in 
psoriasis and HS and the strategies taken to target the IL-17 pathway 
therapeutically.
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IL-17

Interleukin (IL)-17A is a proinflammatory cytokine first 
cloned in 1993 [1,2]. Early studies indicated that T cell-
derived IL-17 could activate a variety of cells, including 
rheumatoid arthritis synoviocytes, fibroblasts and keratino-
cytes, to release cytokines and chemokines and promote 
inflammation [3,4]. More than a decade later IL-17A was 
identified as the signature cytokine of the newly described 
T helper type 17 (Th17) cell subset [5,6]. Interest in IL-17 
was amplified further during subsequent years, as it emerged 
that Th17 cells play a key pathogenic role in multiple 
autoimmune and inflammatory diseases. The IL-17 pathway 
is now an important therapeutic target, with a range of 

approved drugs that inhibit IL-17, both directly and indi-
rectly, as outlined below (Fig. 1). For a more comprehensive 
review on biologicals which target the Th17 pathway, 
beyond the role of biologicals in inflammatory skin disease, 
please refer to Balato et al. [7].

IL-17A is the prototypical member of the IL-17 family 
of cytokines, which consists of six members: IL-17A–F, 
of which IL-17A, C, E and F are best characterized (Table 
1). IL-17A, C and F are implicated in autoimmune inflam-
mation. IL-17A and IL-17F, which are often co-expressed, 
may be secreted not only by Th17 cells, but also by CD8 
T cells (Tc17) [8] as well as invariant natural killer (iNK) 
T cells [9], gamma delta (γδ) T cells [10,11] and type 3 
innate lymphoid cells (ILC3) [12]. There is also 
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controversial evidence regarding the ability of myeloid 
cells to express IL-17 family cytokines [13–15]. In contrast, 
IL-17C, which is emerging as a key player in skin inflam-
mation, is expressed primarily by epithelial cells and 
keratinocytes, in response to cytokine and Toll-like receptor 
(TLR) activation [16–19]. Meanwhile, IL-17E (IL-25), which 
is the most divergent of the IL-17 family, is produced by 
keratinocytes, but can also be secreted by endothelial cells, 
T cells, macrophages, myeloid cells and ILC [20]. IL-17E 
is best known for its role in promoting Th2 responses 
and allergy [20], although it has also been implicated in 
psoriatic inflammation [21]. The role of IL-17B is cur-
rently unclear; it has been shown to be pathogenic in 
inflammatory arthritis, lung fibrosis and some cancers 
[22,23], but protective in colitis and asthma via antagonism 
of IL-17E [24]. It is produced by neutrophils, B cells, 
neurons, stromal and epithelial cells, although not by 

activated T cells [22,23]. Similarly, IL-17D is poorly 
expressed by activated immune cells, but has been identi-
fied in tissue such as skeletal muscle, brain, adipose, heart 
and lung [22]. It has been shown to be both protective 
and pathogenic in the context of viral infection and patho-
genic in sepsis [22,25,26].

The IL-17 receptors are comprised of heterodimers 
of IL-17 receptor A (IL-17RA) together with ligand-
specific subunits (IL-17RB–E) and are ubiquitously 
expressed on epithelial cells [27]. Homodimers or het-
erodimers of IL-17A and IL-17F bind to a receptor 
composed of the RA and RC subunits, albeit with dif-
fering affinities [28]. In addition, IL-17RD partnered with 
IL-17RA was identified as an alternative receptor for 
IL-17A homodimers [29]. Recently, homodimers of IL-17F 
were shown to bind homodimeric IL-17RC, indicating 
the possibility of IL-17RA-independent IL-17 signalling 

Fig. 1. Cellular sources and targeting of interleukin (IL)-17. IL-17A and IL-17F are the signature cytokines of the T helper type 17 (Th17) cell subset. 
They may also be produced by CD8 T cells and innate-like lymphoid cells, including innate lymphoid cells (ILC), invariant natural killer T (iNKT) 
cells and γδ T cells. IL-17 expression by myeloid cells including neutrophils and mast cells is suggested but not universally accepted. Dimers of IL-17A, 
IL-17F or IL-17A/F bind to their IL-17 receptor (IL-17RA/RC), which is expressed on epithelial cells. IL-17C is produced by epithelial cells and binds 
to IL-17RA/RE. IL-17R signalling results in the expression of anti-microbial peptides, inflammatory cytokines and chemokines that promote 
inflammation via the recruitment of neutrophils and other immune cells. The inflammatory effects of IL-17 signalling have been targeted directly via 
monoclonal antibody blockade of IL-17A (secukinumab, ixekizumab), IL-17A/F (bimekizumab) or the IL-17 receptor IL-17RA (brodalumab). 
Alternatively, the pathway can be targeted upstream of Th17 cells by blocking IL-23 alone via its specific p19 subunit (guselkumab, tildrakizumab, 
risankizumab), or both IL-23 and IL-12 via the common p40 subunit (ustekinumab).
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[30]. IL-17C is recognized by a receptor consisting of 
RA and RE subunits, while IL-17E signalling is medi-
ated via a receptor of RA and RB subunits [27]. IL-17B 
signals through an unidentified receptor containing 
IL-17RB. The receptor for IL-17D currently remains 
unknown. All IL-17 receptors recruit actin 1 (Act1) as 
an adaptor molecule for downstream signalling via 
tumour necrosis factor receptor (TRAF6), mitogen-
activated protein kinase (MAPK) and nuclear factor 
kappa B (NF-κB) [31].

Human Th17 cells differentiate and expand from naive 
T cells activated under the influence of cytokines, includ-
ing IL-6, IL-1β and IL-23 [32]. IL-23 is a heterodimer 
of p19 and p40, with the p40 subunit shared with IL-12, 
the key driver of Th1 cells. Thus, Th17 cell development 
and maintenance can be targeted by monoclonal anti-
bodies inhibiting either IL-12/IL-23p40 or the specific 
IL-23p19 subunit (Fig. 1). The inflammatory effects of 
IL-17 can also be inhibited directly by therapies that 
bind to IL-17A, IL-17A and IL-17F or their common 
receptor chain IL-17RA (Fig. 1). These alternate blocking 
strategies exert different downstream effects. Targeting 
IL-17A alone still allows for IL-17F to signal through 
the IL-17RA/RC receptor, whereas dual inhibition of 
IL-17A and IL-17F results in full inhibition of signalling 
through the receptor. Conversely, blockade of IL-17RA 
inhibits the signalling induced by binding of IL-17A, 
IL-17F, IL-17C and IL-17E, as all these require the 
IL-17RA subunit (Fig. 1). Upstream blockade of p40 
inhibits differentiation of both Th1 and Th17 cells, whereas 
blocking IL-23p19 specifically inhibits Th17 cells. These 
drugs will therefore not only inhibit the production of 
interferon (IFN)-γ and IL-17 produced by Th1 and Th17 
cells, respectively, but also other inflammatory cytokines 
produced by these cells. In addition, more subtle dis-
tinctions in the action of some of these drugs are emerg-
ing; for example, anti-IL-17A therapy has been associated 
with exacerbation of inflammatory bowel disease [33], 
whereas this is not the case for anti-IL-23 [34]. It has 
been suggested that as IL-17A promotes barrier function 
in the gut, perturbing this promotes gut inflammation 
[35]. Conversely, blocking IL-23 inhibits Th17 cell-derived 
IL-17A but retains IL-17A production by innate-like 
cells to maintain gut barrier function [36]. IL-23 blockade 
also promotes regulatory T (Treg) cells, which may further 
explain its improved safety profile in the context of the 
gut [37].

In healthy skin, IL-17 plays a crucial role in maintain-
ing barrier function and providing protection against 
extracellular bacteria and fungi by driving epithelial cell 
secretion of inflammatory cytokines, chemokines, matrix 
metalloproteinases and anti-microbial peptides [38]. The 
importance of IL-17 in fungal infection is highlighted by 

the fact that impaired IL-17 immunity predisposes patients 
to chronic candidiasis [39]. However, dysregulation of the 
IL-17 pathway perpetuates chronic inflammation in auto-
immune and inflammatory conditions, such as psoriasis 
and hidradenitis suppurativa (HS).

IL-17 in psoriasis

Background

Psoriasis is a chronic inflammatory skin condition affect-
ing 1–3% of the population [40]. The disease encompasses 
a spectrum of clinical manifestations, including the plaque, 
guttate, erythrodermic and pustular subtypes. It is char-
acterized by well-defined red, scaly plaques affecting the 
arms, legs, torso and scalp [40]. Psoriasis patients also 
have systemic manifestations, with an increased risk of 
developing metabolic syndrome, Crohn’s disease, psoriatic 
arthritis and cardiovascular disease, while the physical 
affliction poses a significant emotional and social burden, 
with stigmatization increasing the risk of depression [41]. 
While its aetiology has yet to be fully elucidated, it is 
likely to include multiple factors, such as genetic suscep-
tibility and environmental triggers. Clinical characteristics, 
including epidermal hyperplasia, led to psoriasis being 
initially regarded as a disorder of keratinocytes. However, 
further advances into its pathophysiology revealed an 
interplay between dysregulated keratinocyte function and 
aberrant immune responses.

Pathogenesis

Keratinocytes play a key role in the skin epidermis, where 
they provide a protective physical barrier at the skin 
surface. One of the hallmark features of psoriasis is epi-
dermal modification linked to hyperproliferation and 
abnormal keratinocyte differentiation, which result in the 
psoriatic plaques that are characteristic of the disease 
(Fig. 2). Psoriasis is thought to be triggered in geneti-
cally susceptible individuals upon loss of T cell tolerance 
to particular self-antigens. This may occur in the context 
of an environmental insult activating innate immune 
cells. For example, release of DNA from damaged cells, 
when complexed with the anti-microbial peptide LL-37, 
activates plasmacytoid dendritic cells (pDC) via TLR-9 
to produce IFN-α, and licenses DC to present LL-37 
autoantigens to T cells [42]. These T cells then differ-
entiate into Th1 and Th17 cell subsets under the influence 
of specific polarizing cytokines. Th17 cells produce IL-17A, 
IL-17F and IL-22 which, alone or together with TNF, 
potently activate keratinocytes. These keratinocytes then 
secrete anti-microbial peptides, cytokines and chemokines 
which recruit and activate immune cells, resulting in a 
feedback loop of persistent inflammation.
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IL-17 in psoriasis

Accumulating evidence of increased levels of Th17 
cytokines IL-17A and IL-22 in the sera of patients, as 
well as increased IL-17 mRNA levels in psoriatic lesions 
[43,44] has led to the speculation that IL-17 plays a central 
role in driving psoriasis pathophysiology. Further evidence 
was provided in a study by Lowes et al., which found an 
increased frequency of IL-17-producing T cells and IL-17 
mRNA in the dermis of psoriatic lesions [45]. Psoriasis 

is now understood to be driven by multiple pathogenic 
IL-17-producing cells.

The recurrence of psoriatic plaques to previously 
affected sites suggests the role of tissue-specific immu-
nological memory in disease flare-ups. This implicates 
tissue resident memory (Trm) cells, of note recently in 
chronic inflammatory disorders owing to their long-term 
survival capabilities and lack of migration from their 
given site [46]. It is believed that Trm cells can be rap-
idly reactivated to provide an early source of IL-17 and 

Fig. 2. Schematic representation of psoriasis pathogenesis. Psoriasis is triggered in genetically susceptible individuals by environmental factors and/or 
breakdown of tolerance to self-antigens. For example, release of self-DNA molecules together with the anti-microbial peptide LL-37 activates 
plasmacytoid dendritic cells (pDC) to produce interferon (IFN)-α. IFN-α, together with tumour necrosis factor (TNF) activates myeloid DC which 
present self-antigens to T cells, which then differentiate into T helper type 1 (Th1) and Th17 cells via IL-12/IFN-γ and IL-23/IL-1β/IL-6, respectively. 
Th17 cells migrate to the dermis via the keratinocyte-derived chemokines chemokine (C-C motif) ligand 20 (CCL20) and chemokine (C-X-C motif) 
ligand (CXCL) 9/10/11, where they secrete homodimers or heterodimers of IL-17A and IL-17F and IL-22. IL-17A/F and IL-22 bind to their receptors 
on both keratinocytes and fibroblasts and synergize with TNF to induce proliferation and expression of anti-microbial peptides, such as β-defensins 
and S100A7-9, and a range of cytokines and chemokines. Chemokines such as IL-8 and CXCL1/3/5/8 recruit neutrophils, whilst cytokines IL-17C and 
IL-36 induce further activation and proliferation of keratinocytes in an inflammatory loop. IL-1β and TNF production by keratinocytes induces 
fibroblasts to release keratinocyte growth factor (KGF) and epidermal growth factor (EGF) which act back on keratinocytes, further contributing to 
their activation and proliferation. Meanwhile, keratinocyte-derived IL-1β, IL-6 and IL-17C feedback to further activate DC and Th17 cells.
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contribute to the recurrence of psoriasiform lesions [8,47]. 
In addition, ILC3 cells are thought to be another early 
pool of IL-17 contributing to psoriasis pathogenesis [12].

IL-17A levels were found to be elevated in the lesional 
skin and sera of psoriasis patients [48,49]. Furthermore, 
genome-wide association studies (GWAS) have identified 
psoriasis-associated variants in genes involved in IL-17A 
signalling [50–52]. IL-17A is a principle culprit in epi-
dermal keratinocyte dysfunction and promotes their aber-
rant differentiation and proliferation [53]. IL-17A also 
stimulates keratinocytes to release proinflammatory media-
tors such as chemokine (C-C motif) ligand 20 (CCL20), 
IL-8 and anti-microbial peptides, thus promoting inflam-
mation by indirectly facilitating recruitment of neutrophils 
and Th17 cells [54–56]. Furthermore, IL-17A synergizes 
with other cytokines, including tumour necrosis factor 
(TNF) and IL-22. Together, they up-regulate levels of IL-36 
cytokines, members of the IL-1 family which, in addition 
to activating Th17 cells, have been linked to pustular 
psoriasis [57–59]. IL-17F is also elevated in sera and lesions 
of psoriasis patients [48,60]. Like IL-17A, IL-17F is pro-
moted by IL-23 [61], with evidence suggesting a key role 
for IL-17F in inducing IL-6 and IL-8 production in 
keratinocytes [62,63].

IL-17C, which is increased in psoriatic lesions [19], 
synergizes with TNF and induces proinflammatory 
cytokines and chemokines and secretion of anti-microbial 
peptides [16,19,64]. The levels of IL-17E are also elevated 
in psoriatic lesions, where it activates dermal macrophages 
to produce TNF and IL-8 [65]. Mice with keratinocyte-
specific deletion of IL-17E were resistant to imiquimod-
induced psoriasis, suggesting an important role for IL-17E 
in the pathogenesis of psoriasis [21].

Therapeutic targeting

Mild psoriasis is treated with phototherapy or topical 
agents; however, refractory or more severe psoriasis usu-
ally requires systemic therapy including methotrexate, 
dimethyl fumarate or biologicals. The anti-TNF therapies 
infliximab, etanercept, adalimumab, certolizumab pegol 
and golimumab, already approved for a range of inflam-
matory disorders [66], were found to improve disease 
scores in psoriasis patients [67–69]. Reported serious 
side effects include infection, lymphoma and congestive 
heart failure [70]. Aside from congestive heart failure, 
where anti-TNF therapy is contraindicated, it is gener-
ally considered to reduce cardiovascular risk in psoriasis 
patients [71].

The emerging role for IL-17A in psoriasis led to trials 
of the anti-IL-17A agent secukinumab in psoriasis and 
found a significant reduction in disease severity in 75% 
of patients. These patients had a reduction in epidermal 
hyperplasia and a marked reduction in IL-17A and IL-22 

gene expression [72]. Given its efficacy, speed of onset and 
a favourable benefit-risk ratio, secukinumab was the earliest 
biological to be approved as a first-line treatment for plaque 
psoriasis [73]. Another IL-17A inhibitor, ixekizumab, was 
subsequently approved to treat plaque psoriasis [74]. In 
addition, there have been positive results from a Phase IIb 
trial of the bi-specific anti-IL-17A+F, bimekizumab, in pso-
riasis with early reports of enhanced performance over 
adalimumab in the Phase III BE SURE trial [75].

Brodalumab blocks the IL-17RA subset of the IL-17 
receptor, thus inhibiting IL-17A, IL-17F, IL-17C and 
IL-17E, and so would be expected to have superior effi-
cacy compared to those that inhibit IL-17A alone. However, 
patients relapse soon after stopping brodalumab treatment, 
probably due to the persistence of active IL-17 cytokines 
[76]. Furthermore, brodalumab has been linked to cases 
of suicide and now carries a suicide warning [77,78].

Given its important role in Th17 cell and macrophage 
activation in psoriasis, targeting IL-23 upstream of IL-17 
is now of particular focus. Ustekinumab, which blocks 
the p40 subunit of IL-23, inhibits both IL-12 and IL-23, 
given its shared p40 subunit. However, while IL-23 is 
known to promote disease, IL-12 has a protective role 
in psoriasis, and so was collaterally neutralized by usteki-
numab [79]. Therefore, specific p19 subunit inhibitors 
such as tildrakizumab, risankizumab and guselkumab 
were subsequently developed to target only IL-23, while 
preserving the function of IL-12. These p19 inhibitors 
were found to have superior efficacy to TNF blockade, 
and showed clearance in a high proportion of patients 
[80–82]. Furthermore, these effects were not associated 
with adverse events such as those seen with IL-17 
antagonists [83].

It is now clear that a dysregulated IL-23/IL-17 axis is 
central to psoriasis pathophysiology. There is no doubt 
that targeting this axis has been extremely successful in 
treating psoriasis [84]; however, the results of head-to-head 
trials will be needed to determine the relative efficacy 
and side effects of each of the different approaches to 
blocking the IL-17 pathway.

IL-17 in HS

Background

HS, also known as acne inversa, is a relapsing follicular 
disease, affecting the apocrine gland-bearing skin in the 
axillae, perianal, perineal and inguinal regions [85]. Widely 
varying prevalence of 0·1–4% has been reported [86–88], 
although a recent large-scale US study found an overall 
prevalence of 0·1% for women and 0·058% for men [89]. 
This overall variability is probably due to differences in 
physicians’ awareness, as well as differing susceptibility to 
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the disease in distinct subpopulations. HS is pointedly 
under-recognized, with diagnosis taking significantly longer 
than that of psoriasis (7·2 versus 1·6 years) [90]. Symptoms 
typically manifest after puberty, and the increased risk of 
disease in females suggests a possible role of the endocrine 
system [91]. This chronic inflammatory disease is charac-
terized by the presence of painful nodules, abscesses and 
sinus tracts, which ultimately lead to fibrotic scar formation 
[85]. HS is associated with systemic inflammation and 
co-morbidities which include metabolic syndrome and 
Crohn’s disease [92]. It is also associated with significant 
disability, social isolation and a general decrease in quality 
of life, exceeding that of psoriasis [93]. Risk factors include 
a family history, with ~34% of first-degree relatives affected 
[94], in addition to smoking and obesity [92].

Pathogenesis of HS

The pathogenesis of HS is incompletely understood, 
although immune dysregulation appears to play a key 
role in disease aetiology (Fig. 3). An essential event in 
the development of HS lesions is hair follicle occlusion, 
induced by keratosis and follicular epithelium hyperplasia, 
which ultimately leads to cyst development [95]. Lesion 
development begins with follicular occlusion which may, 
in some cases, be driven by a genetic predisposition 
such as mutations in γ-secretase [96], and/or exogenous 
factors such as the microflora, smoking, obesity and/or 
mechanical stress. Inherent dysfunction of keratinocytes 
is implicated in the initiation of HS. Keratinocytes derived 
from the hair follicles of HS patients had a proinflam-
matory phenotype when compared with healthy controls 
[97]. This may relate to a dysregulated cell cycle in 
outer root sheath stem cells, from which these keratino-
cytes originate, leading to replicative stress and an accu-
mulation of cytosolic ssDNA that drives type I IFN 
synthesis to trigger inflammation [98]. In addition, the 
cutaneous microbiome in HS has been shown to be 
altered compared with that of healthy controls, and an 
imbalanced skin microbiome may precede the develop-
ment of HS lesions via the triggering of an aberrant 
cutaneous immune response [99,100].

Regardless of the initial cause of occlusion the follicle 
ultimately ruptures, releasing its contents intradermally, 
including keratin fibres, dermal detritus and multiple 
damage- and pathogen-associated molecular patterns 
(DAMP, PAMP). Inflammatory immune pathways such 
as the nucleotide-binding domain-like receptor protein 
3 (NLRP) inflammasome, TLRs and the IL-23/IL-17 
pathway are activated [101]. This subsequently invokes 
a diverse immune cell infiltrate leading to cyst and 
abscess formation. Immune cells, including activated T 
cells, B cells, neutrophils and mast cells, together with 
multiple proinflammatory cytokines, are significantly 
increased in HS lesional skin [102–105]. Activated 

keratinocytes and innate immune cells probably drive a 
strong Th17 response, which further activates the keratino-
cytes, and recruit neutrophils and other innate cells in 
an inflammatory loop. Recently, neutrophils in HS skin 
were shown to undergo NETosis, which was associated 
with activation of pDC to produce IFN-α [106]. This 
probably adds to the type I IFN signature in HS lesional 
skin and promotes innate and adaptive immune responses. 
B cell dysregulation has also been observed in HS [105], 
and recently B cells specific for citrullinated proteins 
were identified in HS patients [106]. Interestingly, smok-
ing, which is a risk factor for HS, can induce both 
citrullination of proteins and NETosis [107].

The final stage leading to severe HS is chronic inflam-
mation and sinus tract formation. Proliferating epithelial 
strands, along with fibrotic factors continuously propel 
the immune system leading to scarring and tunnelling. 
These cavities may join together or burrow to distal areas. 
Such tracts are very hospitable to infection and biofilms, 
resulting in suppurative, malodorous discharge.

IL-17 in HS

In recent years the cytokines IL-1, IL-23 and IL-17 were 
found to be elevated in HS lesions, suggesting a role for 
Th17 cells in disease pathogenesis. A 30-fold increase in 
IL-17A gene expression in HS patients’ lesional skin was 
observed compared with healthy control skin [108]. Another 
study found that mRNA expression of IL-1β was up-
regulated by 115-fold and IL-17A by 149-fold in HS lesional 
skin compared with healthy control skin [109]. Gene array 
analysis showed that both IL-17 and IFN receptor signal-
ling were significantly up-regulated in HS lesions [97]. 
IL-17 signalling enhances the expression of proinflamma-
tory mediators such as anti-microbial peptides S100A8, 
S100A9 and human-β-defensin-2 and chemokines 
chemokine (C-X-C motif) ligand 1 (CXCL1) and IL-8, 
all of which are significantly up-regulated in HS lesions 
[97]. It has been suggested that dysregulation of IL-26, a 
Th17-associated cytokine which exerts direct anti-microbial 
activity, may contribute towards a defective anti-microbial 
response in HS [110]. There is a significant infiltration 
of immune cells in HS lesional skin compared with unin-
volved skin, and polyfunctional Th17 cells were highly 
enriched [104]. CD8 T cells have also been shown to be 
a source of IL-17 in HS lesional skin, albeit at a much 
lower level than CD4 T cells [104]. In the same study, 
anti-TNF therapy significantly reduced the number of 
IL-17-producing CD4 T cells in HS lesional skin compared 
with anti-TNF naive HS patients, indicating synergy 
between TNF and IL-17. To date, there are no reports of 
innate-like IL-17-producing lymphocytes such as γδ T cells 
or ILC in HS skin. Neutrophils have been reported as 
the dominant IL-17-producing cells in HS lesional skin 
[102]. However, as neutrophils express large amounts of 
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Fig. 3. Schematic representation of hidradenitis suppurativa (HS) pathogenesis. Follicular obstruction is an essential event for the development of HS, 
followed by cyst formation which may rupture and trigger a potent immune response and ongoing inflammation. Genetic aberrations and/or 
dysfunctional keratinocyte stem cells, dysregulated microbiome, smoking, obesity and mechanical stress are thought to promote follicular occlusion 
and inflammation. Nucleotide-binding domain-like receptor protein 3 (NLRP3) activation and interleukin (IL)-1β production are key features and 
may be driven by smoking, a dysregulated microbiome or damage-associated molecular patterns (DAMP) released upon cyst rupture. Activated 
dendritic cells (DC) drive the differentiation of CD4 T cells into T helper type 1 (Th1) and Th17 subsets. Th1 cells can activate neutrophils to undergo 
NETosis, releasing proinflammatory cytokines and activating the NLRP3 inflammasome. Th17 cells, driven by IL-1β and IL-23, produce IL-17A and 
IL-17F, which potently activate keratinocytes. Activated keratinocytes release anti-microbial peptides and chemokines such as IL-8, which recruit 
neutrophils. In addition, cytokines, including IL-17C and IL-36 secreted by the keraitnocytes act in an autocrine manner to further potentiate their 
activation and proliferation. Smoking and inflammation cause citrullination of proteins which may be the target of a B cell response and production of 
anti-citrullinated protein antibodies (ACPA) that contribute to the inflammatory response. In the later stages, keratinocytes tunnel to form sinus tracts 
which are susceptible to infection and can exacerbate inflammation.
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IL-17RA, it is possible that neutrophils sequester extracel-
lular IL-17 via their receptors rather than being IL-17 
secretors [15] .

In HS, keratinocytes constitutively demonstrate an 
inflammatory profile, suggesting that they are primarily 
dysfunctional in HS, and rather than enhancing a tissue 
protective response, contribute to chronic inflammation 
[97]. In other IL-17-mediated diseases, such as psoriasis, 
keratinocytes are a primary target for IL-17. Similarly, in 
HS, an inflammatory loop involving IL-17 stimulation of 
keratinocytes induces chemokines, anti-microbial peptides 
and cytokines, including IL-1β.

Recently, IL-17C has been implicated in the patho-
genesis of HS, and HS patients have significantly elevated 
IL-17C mRNA compared with healthy controls; these 
are comparable to levels seen in psoriasis [111]. IL-17C 
is produced by keratinocytes upon stimulation with 
IL-17A/F, TNF, bacterial stimulation or TLR agonists 
[16] and induces the production of IL-1β, IL-8, CXCL1 
and IL-36γ, as well as elevating IL-17A and IL-17F pro-
duction by Th17 cells. This creates a feedback loop, 
driving inflammation [112].

Current treatments for HS

Treatment of HS comprises topical and systemic medica-
tions and adjuvant treatments. In some cases surgical 
intervention is required, aimed at excision of nodules or 
opening sinus tracts [113]. Antibiotics and retinoids, includ-
ing tetracycline, clindamycin, rifampicin and acitretin, are 
systemic options, which may act on commensal bacteria 
and reduce secondary infection as well as possibly exert-
ing anti-inflammatory effects [114]. TNF-targeting bio-
logicals have a proven efficacy, with adalimumab the only 
Food and Drug Administration (FDA)-approved biological 
for the treatment of moderate-severe HS [115]. The 
PIONEER trials, where HS patients received adalimumab 
or placebo for 12  weeks, showed clinical efficacy with 
50% of adalimumab-treated HS patients maintaining a 
positive clinical response beyond 3  years [116]. However, 
at ~50% efficacy, this is far less successful than other 
adalimumab-treated dermatological conditions, and 6·5% 
of patients generated anti-adalimumab antibodies. Hence, 
there is a clear need for more effective therapies.

Targeting the IL-17 pathway in HS

Given the accumulating evidence of a key role of the 
IL-17 pathway in HS pathogenesis, there is considerable 
interest in therapeutic targeting of IL-17. Indeed, the safety 
and efficacy of various IL-17 inhibitors, including CJM-
112, secukinumab, bimekizumab, brodalumab and 
guselkumab, are currently under investigation in HS.

Secukinumab treatment in HS has been encouraging, 
with positive results from a series of case studies and an 

open-label trial [117], and a Phase III trial (NCT03713632) 
is under way.

CJM-112, a fully human monoclonal antibody targeting 
IL-17A, demonstrated a significantly superior response rate 
compared with placebo, and was well tolerated in early 
proof-of-concept studies. CJM112 reduced the number of 
inflammatory lesions in HS patients, while also reducing 
C-reactive protein levels in serum, demonstrating a reduced 
inflammatory burden [118]. Alternative strategies under 
investigation include dual inhibition of IL-17A/F (bime-
kizumab; Phase II clinical trial NCT03248531) and IL-17RA 
blockade (brodalumab; Phase II clinical trial NCT03910803); 
however, results are not yet available.

Despite the early promise of IL-17 inhibition in HS, 
the potential adverse effects must be considered. Previously, 
in Phase II/III clinical trials of secukinumab in ankylosing 
spondylitis patients, five new cases of Crohn’s disease were 
reported [119]. Given the association between HS and 
Crohn’s disease [120], IL-17A inhibition in HS may be 
problematic. It is possible that inhibiting the pathway 
upstream of IL-17 could avoid this potential risk. For 
example, blocking IL-23 using guselkumab has been effec-
tive in severe psoriasis, and is not shown to be associated 
with increased risk of Crohn’s disease. This suggests promise 
for the current Phase II clinical trial of guselkumab in 
HS (NCT03628924).

In addition, IL-1β, which drives IL-17 production by 
innate and Th17 cells, has been shown to be pathogenic 
in HS and represents another potential target [121]. 
However, results from case reports and small studies test-
ing the IL-1β antagonist (anakinra), anti-IL-1β (canaki-
numab) and anti-IL-1β receptor (MEDI8968) in HS have 
been mixed or negative [122]. Targeting IL-1α appears to 
be more promising, with the anti-IL-1α monoclonal anti-
body bermekimab resulting in a positive clinical end-point 
(HS clinical response) in 60% of moderate to severe HS 
patients, with no adverse events [123].

Discussion

Psoriasis and HS, both chronic inflammatory diseases of 
the skin, manifest differently yet share a number of patho-
genic features, including dysregulation of keratinocyte 
function, a type I IFN signature and over-activation of 
the IL-17 pathway. A large body of research into the 
pathogenesis of psoriasis has led to the identification of 
IL-17 as a therapeutic target, and the striking success of 
this strategy has underscored the importance of IL-17 in 
the pathogenesis of the disease. In contrast, under-recog-
nition of HS and lack of research into its pathogenesis 
has hampered the development of new treatments for this 
very debilitating disease. In recent years, however, the 
discovery of a role for the IL-17 pathway in HS has shed 
more light on the disease, and the success of anti-IL-17 
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therapies in psoriasis have paved the way for clinical trials 
which are currently under way. The results of these trials 
are eagerly awaited, and will hopefully provide better 
options for HS patients. In psoriasis, the results of head-
to-head trials will provide important information regarding 
the risks and benefits of the various strategies to target 
the IL-17 pathway.
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