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Abstract
The registration of the tumour necrosis factor-α inhibitor adalimumab in 2015 was
a major step forward in the treatment of hidradenitis suppurativa/acne inversa (HS).
However, it soon became evident that the effectiveness of adalimumab in daily
practice was highly variable. A significant unmet medical need of HS patients remained, and the search for novel therapeutic targets was intensified. During the 10th
European Hidradenitis Suppurativa Foundation (EHSF) e.V. Conference, reknown international HS investigators virtually presented and discussed the published data on
these potential target molecules for future HS treatment. This article addresses the
most promising molecules currently under investigation from a pathophysiological
and clinical point of view. With phase III trials ongoing, the anti- interleukin (IL)-17
biologics bimekizumab and secukinumab are in the most advanced stage of clinical
development showing promising results. In addition, targeting IL-1α with bermekimab
has shown encouraging results in two clinical trials. Directing treatment at neutrophil
recruitment and activation by targeting IL-36 with spesolimab fits well in the pathogenic concept of HS and clinical phase II trial results are pending. In contrast to in situ
evidence, Complement 5a (C5a) and C5a receptor blockade have only shown greater
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clinical benefit in patients with severe HS. Inhibition of Janus kinase (JAK) 1 signalling
in HS showed clinical efficacy only in the highest dosage, highlighting that careful surveillance of the balance between safety and efficacy of JAK inhibition is warranted.
Overall, clinical efficacies of all novel treatments reported so far are modest. To guide
drug development, more and better-defined translational data on the pathogenesis of
this severe and enigmatic inflammatory skin disease are required.
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recombinant human antagonist of the receptor of IL-1 and is able
to block both IL-1α and IL-1β. It is administered subcutaneously and

The rapidly increasing interest on hidradenitis suppurativa/acne in-

due to the short half-life it needs to be administered once daily.

versa (HS) and the ongoing elucidation of its pathogenesis1 intensify

Bermekimab is a fully humanized monoclonal antibody that selec-

the search for target molecules of future HS treatment, which still

tively inhibits IL-1α. Both drugs have been studied in small patient

remains though inconclusive. The total of 113 clinical studies cur-

populations and a synopsis of their efficacy is provided in Table 1.

rently documented in ClinicalTrials.gov indicates the wide range of

Their administration for 12 weeks led to the achievement of HS clini-

ongoing target search. 2 The use of new agents is likely to acceler-

cal response (HiSCR) in 60%–78% of the treated populations;13-15

ate our understanding as they present the opportunity to use clin-

drugs were equally effective in patients naïve to anti-TNF treatment

ical effectiveness to validate relevant patterns. On the other hand,

and patients refractory to previous anti-TNF treatment with primary

the urgent need for robust information from preclinical research is

or secondary failure. When patients originally allocated to placebo

undersigned by the last – due to diverse reasons – unsatisfactory

treatment were switched to treatment with bermekimab during the

efforts to provide therapeutic efficacy in clinical HS studies, such

open-label extension period, similar efficacy was found.16

the ones using complement (C)5a receptor and interleukin (IL)-23

One big advantage of the published randomized clinical trials is

as treatment targets. Competent models for preclinical research

that they provide evidence of the mechanism of action at the cell lev-

have already been published, namely three-dimensional skin culture

els. Anakinra treatment was accompanied by improved function for

systems,3,4 differential gene and protein expression studies5,6 and

the production of IL-22 by circulating peripheral blood mononuclear

7,8

Indeed, conducting inclusive, long-term,

cells,13 whereas bermekimab treatment modulated the influence of

controlled multi-centre clinical trials investigating different biolog-

chemotactic mediators on skin destruction.14 Patients treated with

ical agents or drugs with ancillary analyses of transcriptomes based

bermekimab experienced decrease of circulating IL-8, attenuated

on next-generation sequence studies will leap forward the HS pa-

capacity of the whole blood for IL-8 production, and decrease of the

tient journey. These will build the foundations to fully integrate our

thickness of the dermis infiltrated by the inflammatory procedure

HS transcriptome knowledge with clinical records, epidemiologic

of HS. The depth of dermal involvement assessed by ultrasound

and demographic factors9,10

was not associated with the capacity for the production of human

repurposing analyses.

To date, however, many molecules have been identified in histologic samples,11,12 but the sequence of the pattern and the key
initiators are still work in progress. In the meantime, the inhibition

β-defensin-2, as this was the case among placebo-treated patients.14

of tumour necrosis factor (TNF)-α , IL-1 and IL-17 has been validated

3

of the homonymous scientific symposium, which took place during

The rationale for selecting IL-17 as a target for therapy in HS is based

the 10th European Hidradenitis Suppurativa Foundation (EHSF)

on the central role of IL-17 in the pathophysiology of HS. Schlapbach

e.V. Conference, February 10–12, 2021, provides expert opinions

et al17 and Wolk et al18 already in 2011 demonstrated the high ex-

for target molecules for future HS treatment, which is a current hot

pression of IL-23 and IL-17A and the presence of IL-17 producing T

topic both for HS interested scientists and the industry.

cells in lesional skin of HS patients. At the molecular level, a clear

|
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in clinical trials as relevant.1 This article, which summarizes the data

IL-17 signature and dysregulation of T-helper type 17 cytokines in

2
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HS lesional skin was demonstrated.19 In addition, patients with HS
showed imbalances in the T-helper 17 cell axis that are similar to
those in patients with psoriasis.12,20,21 The pro-inflammatory iso-

Three published clinical trials demonstrate that blocking IL-1α may

forms IL-17A, IL-17C and IL-17F have been identified in lesions of

be a promising strategy for the management of moderate-to-severe

HS. 22 These compelling findings led to the first open-label and

HS. Studied drugs were anakinra and bermekimab. Anakinra is the

placebo-controlled trials targeting IL-17. 23,24 The results of the

10
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TA B L E 1 Synopsis of the efficacy of anakinra and bermekimab for the management of moderate-to-severe hidradenitis suppurativa
anti-TNF
failure (%)

References

Design

Groups of treatment (n)

13

RCT

Placebo qd sc × 12 wk
(n = 10)

30%

Anakinra qd sc × 12 wk
(n = 9)

44%

Placebo q2wk IV × 12 wk
(n = 10)

50%

Bermekimab q2wk IV 7.5 mg/
kg × 12 wk (n = 10)

70%

Bermekimab 400 mg sc qwk
(n = 42)

57%

14

15

RCT

ONRT

Primary endpoint

Secondary endpoints

Disease activity by wk 12: 20%
vs 78%

HiSCR by wk 12: 30% vs
78%
Prolongation of time to
first HS flare-up with
anakinra

HiSCR achievement by wk 12:
10% vs 60%

HiSCR by wk 24: 0% vs 40%
Improvement in at least two
PROs by wk 12: 40% vs
80%

HiSCR achievement by wk 12:
63% among anti-TNF previous
failures; 61% among anti-TNF
naive

Abbreviations: HiSCR, hidradenitis suppurativa/acne inversa clinical response; IV, intravenous; n, number of patients; ONRT, open label trial; PRO,
patient reported outcome; q2wk, one every other week; qd, once daily; qwk, once every week; RCT, randomized clinical trial; sc, subcutaneous; wk,
week.

phase II placebo-controlled trials have not yet been published, but

in the bimekizumab group (56.9%) compared to placebo (23.7%).

only presented at EHSF and SHSA meetings. Case reports and case

Bimekizumab achieved higher HiSCR75 and HiSCR90 scores than

series showed that secukinumab at 300 mg s.c. was able to induce

adalimumab. Both anti-IL-17 biologics are now the only ones in

a significant improvement in HS, even in patients who had failed

phase III, which means that the anti-IL-17s are the most advanced

other biologic therapies. In the largest case series by Casseres et al,

in clinical development for the treatment of HS. The clinical effi-

24

cacy so far looks promising, especially for bimekizumab. However,

On the other hand, in a multicentre retrospective study collecting 31

there is long way to go, because in psoriasis anti-IL-17 biologics

HS patients treated with secukinumab at the same dose, HiSCR was

are now involved in clinical trials with disease modification as goal

only achieved by 41% of patients at week 28. 25

(Figure 1).

secukinumab at 300 mg s.c resulted in >70% HiSCR achievement.

The efficacy of brodalumab, a biologic that targets the IL-17
receptor A, was investigated in 10 patients. 26 An impressive 100%
of patients achieved HiSCR and 80% achieved an International HS

4
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Severity Score System (IHS4) category change27 at week 12, and
also clear improvements were seen in pain, itch, quality of life and

In the absence of a detailed understanding of the complex patho-

depression. No significant events associated with the use of broda-

genesis of HS, new treatments are generally introduced following

lumab were reported up to week 24. The main limitations of both

clinical observations, for example, TNF blockade was introduced

studies were the open-label design, and thus the lack of a placebo

following a serendipitous observation in a patient who had both

arm. Placebo-controlled phase 2 trials with biologics targeting IL-

Crohn's disease and HS experienced that both diseases responded

17 have been conducted by Novartis (www.clinicaltrials.gov iden-

to infliximab treatment. 28 It may be speculated that co-m orbidities

tifier: NCT02421172) and UCB (www.clinicaltrials.gov identifier:

imply the existence of shared aetiology and/or significant path-

NCT03248531). The Novartis trial used CJM112, an anti-IL-17 anti-

ogenic steps. Psoriasis is a co-m orbidity of HS, and the inter-

body which is structurally closely related to secukinumab. At week

follicular epithelium of HS has psoriasis-like traits supporting an

16, thirty-t wo percent (32.3%) achieved a two-point improvement in

association. 29,30 Furthermore, a number of similarities exist in the

their baseline HS-Physician Global Assessment (PGA) score versus

currently described pathogenic mechanisms of HS and psoriasis,

12.5% of patients on placebo. The mean inflammatory lesion count

such as the prominent role of Th17 pathways, neutrophils and epi-

decreased 56.1% in the CJM112 group versus 30.2% in the placebo

dermal thickening. The clinical clustering of diseases, the patchy

group.

understanding of the exact disease mechanisms and serendipitous

The phase 2 UCB trial was conducted using bimekizumab.
Bimekizumab is a humanized IgG1 monoclonal antibody that

observations lead to the off-label use of psoriasis treatments in
HS.

neutralizes IL-17AA, IL-17AF and IL-17FF. The trial design was

One such treatment opportunity is to attack the IL-23 and IL-

unique in that adalimumab was used as an active comparator, and

36 pathways, as both are pro-inflammatory and affect neutrophil

that it was the first clinical trial utilizing the IHS4 as a second-

recruitment as well as activation. For psoriasis, there is increas-

ary outcome measure. The HiSCR 50 rate at week 12 was higher

ing evidence of a significant role for the IL-23/IL-17 cytokine axis:

|
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F I G U R E 1 Illustration of possible outcomes in hidradenitis suppurativa patients by disease modifying agents

IL-23 secreted by dendritic cells and monocytes/macrophages

Numerous small molecules target one or more JAK family mem-

promotes IL-17–p roducing T cells. These are, in turn, involved in

bers. JAK1 and JAK2 are involved in interferon (IFN)-γ signal-

recruitment and activation of neutrophils. IL-17 pathways also

ling, whereas JAK3 is involved in signalling from type I cytokine

seem affected in HS.17,19,31 Neutrophil recruitment and activation

receptors that use the common gamma chain (γc) including IL-2 ,

play a key role in both diseases. In addition, epidermal hyperplasia

IL-4, IL-7, IL-9, IL-15 and IL-21. 34-36 Although the JAK-S TAT path-

is induced.

way does not directly suppress IL-17 signalling (thought to be the

The literature on IL-36 in inflammatory skin disorders is smaller.

major pathway contributing to inflammation in HS), it works indi-

IL-36 belongs to the IL-1 family and includes three agonists (IL-36α,

rectly through other STAT-d ependent cytokines (e.g. IL-23), which

IL-36β and IL-36γ) and an antagonist (IL-36Ra). It is present in kera-

directly influence IL-17 levels 36-3 8 and subsequent cellular activity.

tinocytes and other epithelia and has been implicated in the patho-

There is a plethora of theoretical basis for assessing the role of

genesis of inflammatory bowel disease, psoriasis, acne and HS,

JAK-S TAT blockade in reducing inflammation in HS given associa-

where IL-36 cytokines have been linked to inflammation, recruit-

tions with not only Th17 cells, but also neutrophil chemotaxis, 38,39

IL-36 appears to be

B cell migration and activation, 39 as well as prominent comorbidi-

elevated in HS lesions supporting its role as an involved IL-1 family

ties such as iron deficiency anaemia 40 given the role of JAKs in

ment of neutrophils and epidermal hyperplasia.
member participating in the pathogenesis.

32

33

haematopoesis.

A number of drugs are being developed to target these mol-

Janus kinases inhibition has been demonstrated histologically

ecules in other contexts. It is possible that they will prove useful

in psoriatic skin to decrease epidermal thickness, number of pro-

in HS, although experience suggests that dosing will often have

liferating epidermal cells (measured by Ki67 staining), number of

to be increased. IL-23 is targeted in different ways, for example

dermal CD3+ T cells, and number of CD11c+ dendritic cells. It is

by ustekinumab, risankizumab and guselkumab, while IL-36 is cur-

assumed that similar effects will be seen in the setting of HS al-

rently targeted by spesolimab. Evidence is as yet mostly at the

though no published data are available to date. It should be noted

level of cases and case series, but several studies are planned.

that given our increasing understanding of the complexity of in-

While waiting for these, two strategies are tempting. Either the

flammation in HS, it is likely that the effect of any clinically signif-

waiting time can be spent on a better understanding of the patho-

icant disease improvement in the setting of JAK-S TAT blockade

genesis to provide actual translational data to guide development,

will be due to effect upon multiple cell types and inflammatory

or the continued collection of larger, unbiased (to include treat-

pathways.41

ment failures) open case series. While both are alluring, the latter

Case reports of the use of tofacitinib in HS have been pre-

approach also provides data that can help to inform the design of

sented,42 however, this has been used in combination with other

the necessary phase 2 studies that are the immediate next step for

therapeutics, including cyclosporine A. Results from a phase 2 study

any of the new molecules.

of JAK1 inhibition43 demonstrated efficacy above the level of placebo only with the highest dosage, and as expected, the adverse

5

|

event profile was significantly elevated at this dose.43 This indicates

JA N U S K I N A S E S

that further investigation into the balance between safety and efficacy profiles of clinically significant effects of JAK inhibition is

The Janus kinases (JAK) family is composed of four tyrosine ki-

warranted. Further results are currently expected from other clinical

nases (JAK1, JAK2, JAK3 and TYK2) that have essential roles as

trials including upadacitinib,44 topical ruxolitinib 45 and oral tofaci-

signal transducers downstream of activated cytokine receptors.

34

tinib in HS patients with Down syndrome.46

12
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pathophysiological scenario of HS has been recently suggested.49
There are two ongoing trials in HS using IRAK degraders, which drive

The S100 family include 21 members, such as S100A7A (also known

the ubiquitination and destruction of disease-related proteins.53

as S100A15 or koebnerisin), S100A8/S100A9 (which combine to
form calprotectin) and S100A7 (psoriasin), which share significant
sequence homology. These proteins, in addition to having antimicro-

9

|

CO M PLE M E NT 5a (C 5a)

bial activity against gram-negative bacteria, regulate several cellular
processes, particularly proliferation, migration and differentiation,

The role of the complement in inflammation has been well estab-

and play important roles in a variety of neoplastic and inflamma-

lished in the last 50 years, and its relevance to HS has become in-

tory immune-mediated disorders.

47

S100A7 is highly increased in

creasingly clear in the last decade (Table 2). Complement proteins

psoriasis and atopic dermatitis, displaying a well-established role in

opsonize and lyse pathogens through formation of the membrane

the pathogenesis of both conditions.48 Genes encoding koebnerisin

attack complex (MAC), but equally important products of comple-

and calprotectin have been demonstrated to be upregulated in HS

ment activation are the anaphylatoxins C3a, C4a and C5a that fur-

lesional skin by means of microarray-based gene expression analy-

ther induce the immune response. Cleavage of C5 via the classical,

sis,5 suggesting a hyperactivation of the innate immunity leading to

alternative and lectin pathways results in production of the first

HS hyperinflammation.49 S100 antimicrobial peptides also behave as

component of the MAC, C5b, as well as the potent anaphylatoxin

damage-associated molecular pattern (DAMP) molecules triggering

C5a.54 C5a lies at the crossroads linking bacterial response pathways

the inflammasome activation and contributing to the autoinflamma-

to inflammation as it induces neutrophil chemotaxis and activation,

tory signalling in HS.1

NETosis, macrophage and mast cell degranulation, cutaneous remodelling and production of Th1/17 cytokines such as TNF-α , IL-1,

7
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IL-17, IL-23 and IL-8.41,54-57 Unsurprisingly, C5a and other compo-

C XC R EC E P TO R S

nents of the complement cascade have become therapeutic targets.
Eculizumab, a monoclonal antibody that targets and prevents cleav-

A number of CXC chemokines, such as CXCL1, CXCL3, CXCL5 and

age of C5, was approved by the US Food and Drug Administration in

IL-8, have been shown to be overexpressed in sporadic HS and its

2007 for the treatment of paroxysmal nocturnal haemoglobinuria. In

syndromic forms, such as pyoderma gangrenosum, acne and hi-

the last several years, more than a dozen complement antagonists,

dradenitis suppurativa (PASH) and pyogenic arthritis and pyoderma

mostly targeting C5a and its receptor, C5aR, have been evaluated

gangrenosum, acne and hidradenitis suppurativa (PAPASH).5,50 CXC

in clinical trials with a major focus on vasculitis, and more recently

ligands and their receptors (CXCR) increase the influx of neutrophils,

acutely ill COVID-19 patients.58 Clinically, HS mimics bacterial skin

dendritic cells and memory T and B cells into HS lesions, amplifying

infections so it is intuitive that the inflammatory mechanisms medi-

the inflammatory network.5

ating response to infection are implicated in HS pathogenesis. C5a is

Transcriptomic analysis showed a marked increase in the expres-

highly upregulated in both blood and lesional skin transcriptomes of

sion of CXCL13, which is dominant driver of memory B cell infiltra-

HS patients,59 while broad spectrum antibiotics, such as ertapenem,

tion into tissues, in HS lesional skin.51

profoundly improve HS temporarily through reduction or alteration
of the microbiome population.60,61

8
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A phase 2a study of vilobelumab (IFX-1), an intravenous C5a antagonist, for treatment of HS reported HiSCR responses in 10/12 patients after 134 days.62 A subsequent phase 2b study found HiSCR

IL-1 receptor-associated kinases (IRAK) are a family of kinases that

response rates of 38.7%–51.5% across four dosing regimens at week

sit at the intersection between IL-1 family receptors and Toll-Like

16, but it did not achieve superiority compared to the unusually

Receptor signalling, thus being key effectors of the innate immu-

high 47.1% placebo response rate. Only 36 patients were enrolled

nity.

52

IRAK1 and IRAK4 activities have been linked with systemic

in the placebo arm, which made it highly susceptible to variability,

inflammatory immune-mediated conditions and their role in the

especially given the relatively high placebo response rates seen in

TA B L E 2 Downstream effects of
complement Complement C5a signalling

Neutrophils

Chemotaxis, activation, NETosis

Mast cells

Degranulation, histamine release → vasodilation, erythema,
oedema

Tissue remodelling

Matrix-metalloproteinases, tissue remodelling, scar

Th1/17 differentiation

Increased TNF-α , IL-1, IL-6, IL-8, IL-17, IL-23, IFNγ

Cutaneous sensitization

Increased Toll-like receptor expression, antimicrobial peptides,
C5aR expression

Tumorigenesis

Increased NFҡB, angiogenesis, proliferation

|
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most HS trials. Secondary analysis demonstrated dose-related im-
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provement in IHS4 and draining fistula counts, which improved further during the open-label extension.63 Avacopan, an oral inhibitor

Phosphodiesterase-4 (PDE4) is an intracellular enzyme that hydro-

of C5aR, recently reported significant improvement in HiSCR re-

lyses intracellular cyclic adenosine monophosphate (cAMP) into

sponses for Hurley stage III patients treated at 30 mg twice daily

non-cyclic AMP. cAMP is a second messenger molecule that is pro-

(42.6%) compared to placebo (22.4%) at week 16. No improvement

duced from ATP by adenylate cyclase upon cellular stimulation and

was found in patients with Hurley stage II disease or the full treat-

regulates multiple cellular processes, mainly by the interaction with

ment population at a dose of 10 or 30 mg twice daily.64 Both drugs

protein kinase A. The spatially and temporally coordinated degrada-

had excellent safety profiles, and further studies of larger popula-

tion of cAMP is essential to ensure the specificity of its action in the

tions, aggressive dosing strategies and reliable outcome measure-

cell. Encoded by four different genes (PDE4A, PDE4B, PDE4C and

ments will be critical to discovering the full potential of C5a/C5aR

PDE4D), PDE4 exists as at least 25 isotypes and is mainly expressed

antagonism in HS.

in immune cells, epithelial cells, myocytes and brain cells.81,82 The
presence of PDE4 in immune cells is of particular interest as this en-

10
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zyme counteracts cAMP's wide range of anti-inflammatory effects

H O R M O N E S A N D M E TFO R M I N

in these cells,81 making PDE4 an attractive target for inflammatory
conditions. In fact, PDE4 inhibition was shown to regulate the in-

Skin is considered steroidogenic factory, capable to produce most

flammatory responses of monocytes/macrophages, dendritic cells,

sex steroids de novo from cholesterol and catalyse more or less

neutrophils and T cells.81 In activated monocytic cells, for example,

potent steroids from their precursors, contributing to skin homeo-

PDE4 inhibition leads to reduced production of pro-inflammatory

stasis.65,66 Sex hormones were linked with HS: the documented

mediators like TNF-α and IL-12 and elevates production of anti-

increased prevalence in women, the manifestation of the disease

inflammatory mediators like IL-10 and HO-1.83,84 In line with all

immediately after puberty, its rare postmenopausal occurrence and

that, PDE4 inhibitors have been approved for inflammatory airway

the effect of pregnancy in disease flares indicate a role of hormones

disorders (roflumilast, oral application), psoriasis/psoriasis arthri-

for the pathogenesis of the disease.1 On the other hand, HS patients

tis (apremilast, oral application) and atopic dermatitis (crisaborole,

demonstrate an increased prevalence of components of the meta-

local application). Regarding HS, a phase 2 randomized clinical study

bolic syndrome,

67

diabetes mellitus type II

68

ment of disease severity after weight loss.

and showed improve-

69

Obesity is known to

with apremilast has recently been published.85 In this study, patients
with moderate disease received either apremilast (n = 15) or placebo

promote a proinflammatory state, which facilitates the manifesta-

(n = 5) for 16 weeks. With 53% of patients fulfiling the HiSCR in the

tion of inflammatory skin diseases.70 In contrast, inflammatory skin

apremilast group compared to 0% in the placebo group, the overall

diseases, such as imiquimod-induced psoriasis-like lesions in mice,

response to apremilast was moderate. The mean values of further

can induce reactions in pancreatic beta islet cells mimicking a pre-

parameters including pain and itch were also moderately decreased

diabetic phenotype.71 In this context, the first-line antidiabetic bi-

in the apremilast group compared to baseline, while being mostly in-

guanide metformin appears as a model-drug in HS treatment72,73,

creased in the placebo group. Of note, there was a decrease in the

affecting various indirect and direct pathways of inflammation or

overall therapy response over the 16 weeks of treatment;85 nonethe-

74

steroid receptor signalling, both in immune and epithelial cells.

less, a few study responders showed a sustained therapy response in

Metformin reduces the expression of IL-1β, TNF-α and IL-6 in mac-

a 1–2 years follow-up study.86 While decreasing the cutaneous pro-

rophages direct through inhibition of NFκB activation,

increases

inflammatory cytokine production is a clearly reasonable approach

interacts with the mechanism of re-

for HS, the parallel inducing effect of PDE4 inhibitors on IL-10, a cy-

epithelization or fibrosis through the TGF-β/SMAD2/3 pathway in

tokine which per se is highly abundant in HS skin, should be viewed

75

76

the Treg/Th17 ratio in mice,

fibroblasts and inhibits through the MAPK signalling pathway the
77

keratinocyte proliferation.

Moreover, it regulates inflammation

critically.18,87 In a chronic inflammatory setting, IL-10 exerts many
beneficial effects on monocytic immune cells, including reduction of

and apoptosis through the SIRT1/LKB1/AMPK pathway in bovine

pro-inflammatory cytokine production and antigen-presentation and

retinal capillary endothelial cells and the retina of diabetic mice by

enhancement of phagocytosis of bacteria and apoptotic cells.88,89

inhibiting the reactive oxygen species/PARP signalling.78 Metformin

However, at the same time, IL-10 seems to contribute to HS patho-

attenuates the overexpression of the steroidogenic enzyme

genesis by inhibiting T-cellular IL-22 production, a cytokine known

11β-hydroxysteroid dehydrogenase-1 caused through cytokine-

for its epithelial protection and induction of anti-microbial defense.18

79

mediated inflammation.

HS was also correlated with dysregulation

of adipokines, with leptin and resistin showing an increase and the
anti-inflammatory adiponectin showing a decrease in serum of HS
patients.

80

Further research with molecules acting on more than

12 | G R A N U LO C Y TE- C O LO N Y-
S TI M U L ATI N G FAC TO R R EC E P TO R

one pathophysiologic aspect of the disease might offer the rationale for repurposing of known drugs in order to achieve long-term

The receptor for granulocyte-colony-stimulating factor (G-C SF)

remission.7

is a transmembrane complex composed of two receptor subunits

14

|

ZOUBOULIS et al.

(G-C SF-R), which is mainly expressed on neutrophils and its precur-
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sor cells. Ligand binding induces several signalling events in these
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way.90,91 Since the G-C SF/G-C SF-R system is known to be central to
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the biology of neutrophils, it may represent a potential target for the

are health care providers of the European Reference Network for

therapy of HS, a disease with signs of neutrophil-driven pathomech-
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anisms.92 That is also clearly supported by recently published data
about HS.93 This study demonstrates strong expression of both the
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G-C SF receptor and its ligand in lesional skin of these patients. Here,
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sibilities and opportunities for HS, the probably most severe and still
enigmatic inflammatory skin disease.1
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