Internal Medicine and Care

Review Article

Oat

open access text

ISSN: 2515-1061

[1-17 and Its Role in Psoriasis, Hidradenitis Suppurativa

And Acne

Skroza N, Proietti I, Bernardini N, Aquila E, Balduzzi V, La Viola G, Mambrin A, Muscianese M, Tolino E, Zuber S, Potenza C Elena Sofia

Manca and Paolo Ferrazza

Department of Medical-Surgical Sciences and Biotechnologies, Faculty of Pharmacy and Medicine, Sapienza University of Rome-Polo Pontino, Rome, Italy

Introduction

IL-17 is a relatively recently identified cytokine involved in
different inflammatory pathways. It refers to a family of six cytokines,
from IL-17A to IL-17F, mainly produced by T helper 17 cells, a
distinct T helper subset. Th17 cells in addition also produce IL-21
and IL-22. IL-17 thanks to its ability in neutrophile recruitment, Th2
stimulation, macrophages production of IL-1p and TNF-a and matrix
metalloproteinases (MMPs) induction, plays a key role in immune
responses. Upregulation of IL-17 has been linked to the pathogenesis
of several chronic inflammatory and autoimmune diseases. Herein, we
review IL-17 role in inflammation, focusing on its involvement in three
common dermatologic diseases: psoriasis, hidradenitis suppurativa
and acne.

Objectives

The primary objective of this investigation was to review
existing research on the effect of IL-17 in chronic inflammatory and
autoimmune disease.

This involved investigating:
o [L-17 in psoriasis
o IL-17 in acne and hidradenitis suppurativa

Materials and methods

An extensive literature search was undertaken. The main reference
source was the site https://www.ncbi.nlm.nih.gov/pubmed/, which
provided access to the most recent publications.

The key words used for this research are: IL-17; Psoriasis, Acne,
Hidradenitis Suppurativa; IL-17 and inflammation, IL-17 and
autoimmune disease.

The information obtained from this literature search was
supplemented by personal discussions with key Department.

Finally, a workshop involving key Department staff was held.
The workshop discussed the reasons for collecting information on
public opinion, the current state of that information, and the future
information needs of the Department. These discussions identified
key areas for future research in this area, forming part of the
recommendations made in this report.

Qualitative and Quantitative methods

Qualitative method is the process of collecting qualitative and
mixed-method research data, and then writing conclusions regarding
the collective results of the research.
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Quantitative method is the process of collecting quantitative data
to explain, predict or control effect through specific analysis of the
collective results of the research.

To review the effect of IL-17 on Psoriasis, Acne and Hidradenitis
Suppurativa 125 publications have been collected.

87 publications have been collected as valid support for Quali/
Quantitative analysis.

38 publications have been collected as invalid support because
obsolete or repetitive.

COLLECTED VALID INVALID

KEY WORDS PUBLICATIONS | PUBLICATIONS | PUBLICATIONS

IL-17 and Psoriasis
IL-17 and Acne
Hidradenitis Suppurativa IL- 125 87 38
17 and inflammation, IL-17
and autoimmune disease

Il - 17 and its role in psoriasis and acne

IL-17 is a cytokine firstly described in 1993 in rodents and named
cytotoxic T lymphocyte-associated antigen (CTLAS) [1]. Subsequently,
CTLAS8 was discovered in human and named IL-17 [2]. In 1996 it has
been found that IL-17 can stimulate the production of IL-6 and IL-8
from synoviocytes in patients affected by rheumatoid arthritis and
since then IL-17 has been linked to inflammation through IL-6 and
neutrophil recruitment by IL-8 [3].

Further studies found out that he IL-17 family consists of six
members, from IL-17A to IL-17F [4] even if the term IL-17 usually
refers to IL-17A [5]. All the family members share some activities: IL-
17A, IL-17F and their heterodimers IL-17A/F have inflammatory effect
with different strength, IL-17B, IL-17C, IL-17D are proinflammatory
with unknown role [6]. The IL-17E cytokine, also named IL-25, is
involved in Th2 cells response [7].

In the same way, the receptor family consists of five subunits,
from IL-17RA to IL-17RE [7]. All these members have a single
transmembrane domain and an extracellular binding domain [6].
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The interaction between the ligand and the receptor activates
different pathways: TNF receptor-associated factor (TRAF)6-
dependent and TRAF6-independent. The TRAF6-dependent
downstream signal leads to activation of NF-kB and to transcription of
pro-inflammatory genes [6].

Production of IL-17 is mainly operated by Th17, a T cells subset
different from Thl and Th2 cells subset, firstly described in mouse
in 2005 [8]. CD8+ T cells, gd T cells, invariant natural killer T cells
(iNKT), natural killer (NK) cells, natural Th17 cells, lymphoid tissue
inducer (LTi) cells, and group 3 innate lymphoid (ILC3) cells can also
release IL-17 [9].

AJF

IL-17 exerts many physiological functions including: neutrophil
recruitment, Th2 stimulation to provide an effective response
against extracellular organisms (fungal and bacterial), macrophages
production of IL-1p and TNF-a and inflammatory mediators matrix
metalloproteinases (MMPs) induction [9]. Despite of the important
role of IL-17 cytokine, Th17 and other IL-17 secreting cells in regulating
adaptive and innate immune systems [10], its overproduction could be
involved in several chronic inflammatory diseases.

nflammatory effect
Pre-inflammatery effect

Promotes Th2 cell response

In recent years, different studies have tried to associate the IL-17
pathway to an increasing number of inflammatory diseases: asthma,
chronic obstructive pulmonary disease (COPD), lupus, polymyalgia
rheumatica, giant cell arteritis, Behcet disease, dry-eye syndrome, and
Sjogren’s syndrome, Crohn’s disease, Multiple sclerosis. However, the
role of IL-17 in this pathology’s list in still unclear [11].

Contrarily, the role of IL-17 in psoriasis is well know and different
trials for IL-17 and IL-17R inhibitors have been carried out or still
ongoing [12]. In the attempt to contribute to the description of the
relationship between IL-17 pathways and the most frequent or emergent
disabling dermatological disease, we report the state of the art about the
IL-17 role in the psoriasis, acne and hidradenitis suppurativa pathways.

I1-17 and psoriasis

Psoriasis is a common chronic immune-mediated inflammatory
skin disease with a prevalence ranging from 0,5% to 3 % worldwide
[13] Chronic plaque-type is the widespread type of psoriasis and it
is characterized by the presence of localized and well demarcated
erythema and scaling in characteristics body areas associated to
epidermal hyperplasia [14].

The aetiology is multifactorial with genetic factors as well as
extrinsic factors playing important roles. Despite in the past psoriasis
was counted among the intrinsic keratinocytes abnormalities [15] and
treated with methotrexate [16], in the last 40 years this statement has
been revisited. In fact, the evidence of beneficial effects of cyclosporine
and denileukin diftitox (toxical agent for T lymphocytes) on
psoriasis and psoriatic arthritis has led to the hypothesis of psoriasis
as immunological disease [17]. In 1990s the attention shifted from
T lymphocytes to TNF- a and, as a consequence, TNF- a blocking
medications were found to be very useful [18]. In recent years, Th17
cells and their most important secreted cytokine IL-17 has gained the
attention of scientific communities [19].

The latest hypothesized pathogenic cascade requires the activation
of dendritic cells by cutaneous pathogens and/or by DNA or RNA
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from damaged keratinocytes complexes with LL37 which leads to IL-
23 secretion from dendritic cells itself. The increase of IL-23 promotes
the proliferation of Th17 which release high amounts of IL-17, IL-21
and IL-23 and the secretion of IL-17 from other tissue resident cell
type (ILC3, NKT and y8T). The IL-17 binding to its receptor (IL-17R)
expressed by keratinocytes promoting the aberrant differentiation and
proliferation of keratinocytes, the expression of chemokines (CXCLI,
CXCL2 and CCL20) which enhance recruitment of Th17 and dendritic
cells to the skin, the expression of antimicrobial peptides including p-
defensins and S100A family and reducing expression of cell adhesion
molecules, results in disruption of skin barrier function [5].

Cutaneous pathogens

DNA/RNA DENDRITICCELL — 1L=28 —— Thid? 1121
+ I:> ACTIVATION IL-23
17 b T ——(L47Ron kerstinocytes

profoting

Differentiation and proliferation of

keratinocytes

Reduction of cell adhesion molecules ¢——— Enhance recruitment of Th17 <:l Expression of chemokines

J \ (CXCLL - CXCL2-CCL20)

RISTRUPTION OF SKIN BARRER FUNCTION,

Liang et al. [20] support the emergent role of IL-17 in psoriasis
pathogenesis proving its effects on keratinocytes cultures to increase
the expression of antimicrobial peptides (e.g. S100) and chemokines
(e.g. CCL20) that activate and recruit neutrophils and T cells.

Despite racial differences, disease state and different measurement
techniques could explain controversial results in relationship between
IL-17 serum levels and psoriasis, [21] more recent data reported a
serum increase of IL- 17 in psoriatic patients [21] Zhang et al. [22]
in a recent work on a pediatric population reported a significantly
higher frequency of Th17 and its cytokines in psoriatic patients
blood compared with healthy controls; the authors, also, found no
correlation between serum levels of IL-17 and different pediatric ages
and pointed out a significantly positively relation between the increase
of Th17 blood frequency and patient PASI (Psorisis Area and Severity
Index). Likewise, Safen et al. [23] and Chiricozzi et al [24] in their
works reported a significant correlation between IL-17 serum levels
and disease severity and Yilmaz et al. [25] found a increase of IL-17 in
serum of patients with PASI>10 more than patients with PASI<10. In
recent years different authors have studied these data researching the
correlation between serum levels of IL-17 or its tissue expression and
the clinical subtype of psoriasis or disease state. Christophers [26] in
2008 reported the activation of Thl related cytokines in plaque type
psoriasis and the involvement of Th17 ones in more inflammatory
clinical subtypes such as guttate and pustular. Differently, Lee et al.
[27] found an increase tissue level of IL-17 in lesional skin biopsy
samples in plaque, pustular and palmoplantar clinical subtypes and
a normal concentration in biopsies from affected scalp and guttate
clinical subtype. Otherwise Rho et al. [28] reported no differences
between guttate and plaque clinical subtypes and the expression of
Thl or Th17 related cytokines. Only Kyriakou et al. [29] (focused on
IL-17 serum levels and nail psoriasis without finding any connection.
Fotiadou et al. [30] found out higher and increased IL-17A serum levels
in patients with recent onset psoriasis (< 1 month) or with a recent flare
(< 1 month) respect to stable patients, presenting lower levels of this
cytokine or its absence. Differences into IL-17 levels probably reflect
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the systemic inflammation which is well documented in psoriatic
patients in the form of metabolic syndrome or diabetes [31] or as an
increased prevalence of cardiovascular diseases [32]. Coimbra et al [33]
described reducing the length of remission after NB-UVB, PUVA and
topical therapy in psoriatic patients with both metabolic syndrome and
persistent high levels of IL-17.

In order to explain the role of IL-17 in increasing prevalence of
cardiovascular diseases, is usefull to highlight the work of Karbach et
al. This work shows that IL-17 overexpression at keratinocytes level
induces systemic vascular inflammation, endothelial dysfunction and
arterial hypertension leading to increased mortality in mice [34] On
the other hand, Torres et al. [35] have recently highlighted the dual
role of IL-17 in atherosclerosis. This cytokine has a pro-atherogenic
effect next to stabilizing the atherosclerotic plaque by increasing the
production of smooth muscle cells and collagen [36] and, also, has a
role in controlling the post infarct remodelling [37]. These protective
effects on the cardiovascular system could lead to avoiding IL-17
inhibitors but data about their safety are reassuring and increase of
cardiovascular events has not been reported in clinical trials [38].

In conclusion, thanks to all the data and the references given above,
describing and supporting the roles of IL-17 in psoriasis pathogenesis,
in its different clinical subtypes and also in the presence of its most
common comorbidities; the revolutionary effect of IL-17 [39] and anti
IL-17R [40] medication in treating psoriasis can be easily understood.

I1-17 and hidradenitis suppurativa

Hidradenitis suppurativa (HS), also known as acne inversa, is
a recurrent devastating skin disease with a prevalence of about 1%
in general population [41], affecting sites rich in apocrine glands.
Hidradenitis suppurativa appears with tender subcutaneous nodules
and abscesses usually restricted to the intertriginous areas [42]. Disease
progression is characterized by follicular occlusion, inflammation and
rupture of the pilosebaceous unit, followed by a profound inflammatory
response [43,44] The pathogenesis of HS is not completely understood.
Recent research focused on the inflammatory mechanisms involved in
HS suggesting a key role for immune dysregulation in disease etiology.
TGEFp, IL-6, IL-21, and IL-23 [45,46] mediate the differentiation and
expansion of a subset of CD4+ T helper (Th) cells termed Th17 cells,
which play a role in various inflammatory diseases including psoriasis,
autoimmune uveitis, juvenile diabetes and multiple sclerosis [47,48].
However, it is not clear if other elements drive the differentiation
of Th17 cells. Th17 are distinct from Th1l and Th2 cells, in fact both
IFNy and IL-4, that are involved in Thl and Th2 differentiation,
negatively regulate the differentiation into Th17. These cells produce
mainly interleukin 17 (IL-17A) and promote other proinflammatory
cytokine and chemokine expression (such as IL-22 and IL-21 [47] IL-
6, GCSF, GMCSF, IL-1f, TGFB, and TNFa) by keratinocytes [48].
Other cell types such as neutrophils and mast cells are also capable
of producing IL-17A [49] Th17 cells may be partly responsible for
the excessive neutrophilic inflammation and purulent drainage seen
in primary and secondary lesions of HS [50]. IL-17 exerts a variety
of pro-inflammatory effects on the skin, including the chemotaxis of
monocytes and neutrophils, the recruitment of Th17 and myeloid cells,
and further increase IL-17 production and immune-cell infiltrations
in HS lesions [51]. IL-22 is described in literature for its effects
on keratinocytes, stimulating their hyperproliferation, epidermal
acanthosis and further enhancing the antimicrobial peptides expression
[52]. Several studies described alterations of the innate immune system
in HS; other research postulated functional defects of neutrophils and
monocytes in patients with hidradenitis suppurativa instead [53,54]
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Interleukin (IL)-17 and IL- 1B are upregulated in the lesional skin of
patients with HS. Schlapbach et al. [51]. investigated the expression
and cellular source of IL-12, IL-23, and IL-17 in lesional skin of HS by
semiquantitative real-time polymerase chain reaction (RT-PCR) and
immunohistochemistry. They reported that IL-23 was highly expressed
in HS lesions and plays a central role in the regulation of Th17 cells,
as well as IL-17 was significantly induced in lesional skin compared to
normal skin. On the other hand, the immunohistochemical analysis
of serial tissue sections of lesional and healthy skin showed a clear
infiltration by IL-17 producing cells in lesional skin if compared with
healthy one, in both papillary (P\.0001) and reticular dermis (P\.0001)
confirming the PCR results.

Van der Zee et al. [43] in en vivo and ex vivo study compared the
cytokine levels released by lesional HS skin biopsies after 24 h of culture
with that of healthy skin from controls. This comparison showed that
levels of IL-1B, TNF-a IL-6 and IL-17 were elevated in HS lesions.
Although several studies have proved the presence of IL-17 and Th17
cells in HS lesions, many of these have been restricted only to lesional
skin. Kelly et al. [51] reported the cytokines expression in lesional
skin and non lesional skin instead. They showed that the mRNA
expression of IL17A, IL1B, TNFa and IL10 is enhanced in hidradenitis
suppurativa. The expression of both IL1p and IL17A was significantly
enhanced in perilesional skin from HS patients compared with healthy
control skin. In addition, they showed a significant enhancement of
IL17A in uninvolved skin of patients with HS 10 cm away from any
lesional activity. Based on these data, the abnormal expression of IL-
17 and its associated cytokine such as TNFa and IL1{, IL6 and IL23
detected in lesional skin and both in perilesional and uninvolved
skin, suggested that subclinical inflammation is present in HS skin
prior to the formation of active lesions and support the idea that Th17
may participate in lesion development. In the same study the authors
also examined the cellular derivation of IL- 17 in HS lesions by flow
cytometry and identified classic CD4+ T cells as the source of IL-17,
instead CD11c+ CDla-CD14+ inflammatory dermal dendritic cells
were involved in IL-1b production . Similarly to this study, Lima et
al. [55] investigated the distribution and cellular source of IL-17 in
HS analysing the in situ expression of this cytokine in lesional and
perilesional skin. Additionally, to evaluate differences between early
and late stages of the disease, they studied infiltrating leucocyte subsets
in perifollicular and deep cells infiltrates by immunohistochemistry.
They demonstrate that the number of interleukin-17+ cells is
significantly increased in lesional and perilesional skin with
homogeneously distribution in the papillary dermis. In particular,
in the perifollicular region single cells showed a strong positivity for
IL-17 while the deep infiltrate was characterized by numerous weakly
positive cells. To confirm and to clarify these evidences they performed
an immunofluorescence microscopy with double labelling for IL-17
and either CD4 or myeloperoxidase (as markers for lymphocytes or
neutrophils, respectively). The cells with strong immunolabelling for
IL-17 located in perifollicular papillary dermis could be classified as
Th17 cells, while deep cells infiltrations turned out to be neutrophils.
Considering the high number of neutrophils in deep dermal infiltrate
of HS skin, especially in later stages of the disorder; hidradenitis
suppurativa may be included in the group of neutrophilic dermatoses
[56,57]. In literature, the cytokine pattern has been studied in lesional
and non lesional HS skin, as discussed above, and in lesional secretions
too. In fact Kanni et al. [58] have shown that pus derived from lesions
of patients with HS contains high concentrations of pro-inflammatory
cytokines (IL-17,TNFa, IL-1B, IL-la,) and of anti-inflammatory
cytokines (IL-10 and IL-1ra). The profile of these cytokines differs
considerably from patients to patients.
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In conclusion, such studies strongly support a primary role
for immune dysregulation in HS and they are fundamental for the
discovery of new therapeutic targets and pathways in HS. In particular
the evidences of IL- 17, IL-1P,and IL-23 roles [50] and their respective
receptors provide a rationale for a new therapeutic approach in HS
with modern antibodies and other target therapies.

I1-17 and ACNE

Acne is a common skin disorder characterized by a multifactorial
pathogenesis based on four basic steps: hyper keratinization of the
pilosebaceous follicles, increased sebum production, microbial
intrafollicular colonization by Propionibacterium acnes (P. acnes)
and inflammation [59]. The hyperkeratinization is caused by different
factors including androgen stimulation, decreased linoleic acid and
increased IL-1a activity [60]. In particular, the evidence of the presence
of inflammatory factors in the very earliest stages of acne lesion prior to
hyper proliferation of the follicular epithelium, raises questions on the
primary key role of inflammation in acne pathogenesis. Hypothesis that
IL-1a increased activity may be the pivotal cause of hyper proliferation
of follicular keratinocytes, is supported by both its presence around
uninvolved follicles preceding acne lesion development and its ability
in activating the keratinocyte activation cycle [61]. Interestingly,
examination of 6, 24 and 72 h old acne lesions, revealed that CD4+
lymphocytes and CD68+ macrophages are the earliest cells that
infiltrate acne lesions, while neutrophils were predominant at 24
and 72 h in association with the disruption of the duct, when lesions
clinically correspond to pustules. Only later CD8+ cells infiltrate
appears in the lesions [62]. These finding are consistent with the
hypothesis that inflammation plays the key role in acne pathogenesis,
in contrast to the previous view of inflammation following the disease
development. The innate and adaptive Thl cell immune responses
have long been linked to acne inflammation. The involvement of Th1l
cells in acne lesions is mainly due to P. acnes that can stimulate IL-
12 activity via Toll Like Receptor (TLR)-2, leading to the Thl-cell
response activation [63]. This involvement is testified by the presence
in acne lesion of high levels of Thl polarizing transcription factor
T-bet, Thl effector cytokine IFN-¥ and Thl type chemokine receptor
CXCR [64]. Recently Th17, a subset of pro-inflammatory T helper cells
defined by their production of IL-17, have been studied with increasing
interest too. These cells induce tissue inflammation playing a role in
the protection against bacterial infections and have been related to
the pathogenesis of several autoimmune diseases and inflammatory
conditions ([65,66]. Their role in acne lesions is under investigation
too. Examination of inflammatory changes in early acne lesions in
two separate patient cohorts from Germany and Finland, revealed a
significantly overexpression of IL-23, TGF-p and IL-6, IL17A, IL-22,
IL-26, TNF-a, CSF2 and CCL20, which are the cytokines involved in
Th17 pathways [64]. These data are consistent with the involvement of
Th17/IL-17 pathway together to the already known Th1 pathway in acne
pathogenesis. Agak et al. [67] confirmed these findings demonstrating
the ability of P. acnes in inducing both Th-17 and Th-1 responses
as measured respectively by IL-17 and INF-¥ in human peripheral
blood mononuclear cells (PBMCs) in vitro, as well as the expression
of key Th17 differentiation markers including RORa, RORc, and IL-
17RA and IL-17RC. Moreover at immunohistochemical examination,
IL-17 expressing cells were detectable only in the epidermis of acne
patients contrary to healthy skin biopsies where these cells were absent.
Interestingly CD4+CD25+Foxp3+ regulatory Tcells (Tregs) cells are
also significantly increased in acne lesions. This population is closely
linked to Th-17 cells, indeed TGF-p may stimulate the differentiation
of both Th-17 cells and Tregs depending on the cytokines present in
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the environment. In particular IL-6 plays a critical role in the balance
between Tregs and Th17 cells thanks to its ability in inhibiting the TGF-
B-driven induction of Foxp3, thus Tregs, and in stimulating the TGF-
B-driven development of Th17 cells from naive T cells. Consequently,
the overproduction of IL-6 leads to diseases in which Th17 cells are
considered to be responsible. Intuitively, an active role in stimulating
inflammation in acne lesions via multiple pathways is played by the
gram-positive commensal P. acnes that colonize the pilosebaceous
follicles. It stimulates both the innate and adaptive immune responses
respectively via TLR-2 and inducing Th-17 and Th-1 differentiation. It
can also stimulate antibody formation leading to the activation of the
complement cascade; Moreover it produces lipases, hyaluronidases,
matrix metalloproteinases and chemiotactic factors [63] P.acnes
enhances Th-1 response via TLR2 inducing proinflammatory cytokines
including IL-8, IL-12, IL-1b, IL12p40, IL-6, and TNF-a while the
mechanism by which it influences Th17 is not completely understood.
In response to P. acnes IL-1P, IL-6 and TGF-P are the three critical
cytokines for triggering the differentiation programs of naive CD4+ T
cells to Th-17 cells, that are elicitated. The major hypothesis expected
that inflammation in acne can be initiated by a P. acnes-specific CD4+ T
cell response [67-69]. It has been suggested that immunogenic P. acnes
proteins released into the follicle by Langerhans cells after processing,
could, in turn present these antigens to activated naive CD4+ T cells in
local lymph nodes with subsequent migration of Th17 back to skin [70].
Finally different studies have demonstrated that retinoic acid (RA), the
active metabolite of vitamin A, successfully used in the treatment of
severe acne forms, induces Tregs and downregulates the expression of
genes required for Th17 cells development and differentiation such as
IL-17, RORa and RORc [71,72].

In conclusion all the data and the references given above describe
and support the roles of IL-17 with increased activity in the hyper
proliferation of follicular keratinocytes that causes Acne.

Conclusions

Despite IL-17 and its role in inflammatory diseases is still under
study and large-scale studies are needed, recent data support the theory
of the important role of IL-17 in the pathogenesis of most common
and debilitating inflammatory skin diseases such as psoriasis, acne and
hidradenitis suppurativa. Moreover, given the good clinical response
to anti interleukins drugs in psoriasis treatment, investigations on IL-
17 could represent the starting point in new therapeutic approach for
revolutionary treatment of both severe forms of acne and hidradenitis
suppurativa.

On the basis of these studies it would be interesting to perform more
researches passing through a meta-analysis of all the present literature
which would combine data from multiple studies thus generating a
single conclusive data and, considering also anti IL-17 therapies, would
create a solid starting point for the development of clinical trials.
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