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Abstract: Chronic spontaneous urticaria (CSU) is considered to be an autoimmune disorder
(type I and type II) in 50% of all cases. However, autoreactive T cells and their proximity
with activated mast cells in the skin of CSU patients are believed to be the primary event in
mast cell degranulation. The finding of anti-FceRIo on mast cells or IgE autoantibodies
against thyroid antigens should be considered to be a consequence of the auto-reactive
T cells’ recognition of the above-mentioned antigens. Our recent finding of increased Th17
and IL-17 expression in both CD4+ T cells and mast cells in the skin of severe CSU patients
is supportive for the major role that T cells perform in the pathogenesis of CSU. Supporting
this are numerous previous reports in which increased serum IL-17 was found to be in
association with CSU disease severity. The beneficial effect of anti-IL-17A (secukinumab) in
CSU patients in whom high dose anti-histamines, recurrent course of steroids and omalizu-
mab fail to achieve a reasonable response should be investigated as a new therapeutic
strategy in future studies with a large cohort of patients.
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Introduction

Chronic spontaneous urticaria (CSU) is a common skin disorder, characterized by
recurrent episodes of mast cell-driven transient itchy hives, which are often asso-
ciated with attacks of angioedema. The clue to being an autoimmune disorder in
origin (at least in part) had already been reported four decades ago. This was
reflected by the finding of anti-thyroid antibodies and other antinuclear antibodies
in 15-20% of CSU patients." Antinuclear antibodies are continuously reported to be
common in CSU patients and also linked to their poor response to omalizumab
treatment.” Thyroid autoimmunity in euthyroid patients was reported to be asso-
ciated with chronic urticaria and the treatment with thyroxin resulted in clinical
remission in few of them.’ The report of a positive autologous serum skin test
(ASST) in half of CSU patients supported the concept that autoimmunity could be
involved in the pathogenesis of CSU. A marked neutrophil infiltrate was seen both
within and around small dermal blood vessels at the autologous serum injection site
in association with the urticaria activity score.* In another study, anti-thyroid anti-
body titer and B-cell percentage were found to be higher in patients with a positive
ASST than in those with negative results.” Subsequently, autoimmunity was further
established when histamine-releasing IgG autoantibodies against the alpha subunit
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of the high-affinity IgE receptors (FceRlIa) or IgE on mast
cells were described. IgG autoantibodies induced the
cross-linking of IgE receptors on mast cells, thereby indu-
cing their degranulation and histamine release.® This was
later classified to be type II autoimmunity in CSU. In
contrast to this, type I autoimmunity in CSU was charac-
terized by the finding of IgE autoantibodies against thyroid
antigens such as thyroid peroxidase (TPO) and/or auto-
allergens. Passive transfer of anti-TPO IgE from CSU
patient to the skin of control subjects without anti-TPO
IgE induced a positive skin reaction. This suggests that
IgE against TPO plays a pathogenic role in inducing
effector cell activation and skin exacerbation in some
patients with CSU.” Autoimmunity, of any type, is con-
sidered to be found in up to 50% of all CSU cases.®’ The
role of T cells, namely auto-reactive T cells in the auto-
immune scenario of CSU was also reported four decades
ago. This was evident by the discovery of increased infil-
tration of CD4+ T helper cells in the skin of CSU, most of
which co-expressed HLA-DR antigen.'® Uncontrolled
T-cell activation was further reported to be in peripheral
blood as well as in lesional and non-lesional skin of CSU
patients. In this context, 47% of the perivascular cellular
infiltrate were found to be T lymphocytes and 22% were
monocytes, suggesting that T cells are front players in the
pathogenesis of CSU."" In light of the abundant evidences
that chronic urticaria is an autoimmune disease, cellular
markers of autoimmunity on T lymphocytes were
assessed. CD40Ligand (CD40L) expression was found to
be significantly higher on activated T-cells from chronic
urticaria patients compared with that of contact dermatitis
and healthy individuals. Higher bcl-2 expression in T cells
of severe chronic urticaria patients was also documented
as compared with the control groups. These findings were
similar to those found in T cells of SLE patients, providing
an evidence that chronic urticaria could be an autoimmune
disease.'” In this respect, cyclosporine A (a drug that
inhibits T-cell proliferation, induces apoptosis of CD4+
T cells T-cell
inflammatory cytokines) was proven to be highly benefi-

and down-regulates mediated pro-
cial in the treatment of severe CSU, supporting the concept
that un-controlled T cells are indeed important in the
pathogenesis of CSU."? Blood autoreactive CD4+ T cell
proliferation to FceRla was detected in 27% of CSU
patients but not in any of the healthy individuals. IFN- y
responses to FceRlo were detected in 53% of patients, and
serum FceRla autoantibodies were detected in 43% of
CSU subjects. IFN-y and autoantibody responses to

FceRlo were inversely related. Autoreactive T-cell
responses (IFN-y responses) were detected earlier than
autoantibodies, suggesting that both findings represent dif-
ferent stages in CSU course.'* This information supports
the notion that CSU is indeed a T-cell mediated, rather
than a humoral-mediated immune disorder, and that type
I and type II autoimmunity may develop as a consequence
of un-controlled activity of auto-reactive T-cells.
Depending on the cytokine milieu in CSU, CD4+T cells
can differentiate into pro-inflammatory T helper 1 (Thl),
anti-inflammatory Th2, pro-inflammatory Thl7 and
T regulatory (Treg) cells. Following the discovery of inter-
leukin (IL)-17 producing T helper (Th17) cells as
a distinct lineage derivation of CD4+ T helper cells; it
became clear that these cells play an important role in
many immune-mediated and autoimmune diseases.'> The
role of IL-17 in the pathogenesis of CSU was reported in
previous studies in which IL-17 was found to be highly
expressed in peripheral blood as well as in the skin of CSU
patients. In this review, we will try to cover all published
data on the emerging role of IL-17 in CSU and the possi-
ble benefit of targeting IL-17 in severe and refractory to
standard therapy CSU patient.

IL-17 in Peripheral Blood of CSU

Patients

In an early study, the level of circulating inflammatory
cytokines, namely T-cell induced secretion and cytokine
mRNA expression was assessed in patients suffering from
chronic urticaria. Pro-inflammatory cytokines such as IL-
6, TNF-o and IL-12 were found to be increased in chronic
urticaria patients in association with increased IL-2 and
IL-17 secretion following T-cell stimulation.'® The differ-
entiation of Thl7 cells is controlled by a transcription
factor, RORYT but they also express variable levels of
T-beta and Foxp3 transcription factors pointing to their
dual functional role in different autoimmune diseases.
The IL-17 family consists of IL-17A, IL-17B, IL-17C,
IL-17D, IL-17E and IL-17F, of which IL-17A is the most
studied.'” The involvement of IL-17-producing CD8+
T cells (Tcl7) in autoimmune diseases has been also
reported in both humans and mice models. Cytokines
such as IL-6, TGF-B and interferon regulatory factor
(IRF) 4 were reported to be important for Tcl7 cells
differentiation. Recent evidence ascertained a role for
playing
a functional role in mediating disease memory.'® Being

long-lived Tcl7 memory cell populations,
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implicated in autoimmune diseases, Th17 and Tcl7 were
analyzed for their possible role in CSU. Th17/Tcl7 and
Thl/Tcl cells were evaluated in CSU patients who were
ASST positive and compared with those who were ASST
negative. The frequency of Tc17 and Tcl was increased in
ASST positive CSU patients as compared with ASST
negative and healthy individuals. This is followed by
increased production of IL-17A, TNF-o and many subsets
of chemokines. These induce CCL20 which recruits CCR-
6-expressing cells such as Th17. All this strengthens the
concept of cytotoxic T cells, mainly Tcl and Tc17 subsets
being involved in the pathogenesis of CSU particularly in
the ASST positive group.'® Keeping all of the above in
mind, serum levels of IL-17, TNF-a, IL-23 and their
association with urticaria activity score and ASST were
examined in 75 CSU patients and compared with
30 healthy subjects. Serum concentration of IL-17, IL-23
and TNF-a were significantly higher in CSU patients as
compared with the control group. There was significant
positive correlation between these cytokines and CSU
disease activity as well as with ASST positivity.?
Interleukin-17 was demonstrated to be responsible (in
part) for stimulating C-reactive protein (CRP) expression
during immune-mediated responses. Therefore, the rela-
tionship between circulating concentrations of IL-17 and
CRP in CSU was determined. IL-17 and CRP concentra-
tions were significantly higher in CSU patients as com-
pared with the healthy control group. CRP did not
correlate significantly with IL-17 levels; however, the con-
centration of both was significantly higher in severe CSU
patients than that in mild-moderate patients. Increased
circulating IL-17 levels is therefore considered to be an
independent marker of T-cell mediated inflammatory
response in CSU, which is not related to an enhanced
CRP level in severe CSU.>' Aspiring to further establish
the role of IL-17 in the pathogenesis of CSU, plasma
IL-17, IL-31, and IL-33 levels were quantified, mainly to
examine their relationship with disease severity. The three
cytokine concentrations were significantly higher in CSU
patients when compared with those of healthy individuals.
IL-17 levels were significantly higher in severe CSU
patients than in moderate and mild CSU.** In a later
study, Thl, Th2 and Thl7 related cytokines were also
found to be significantly higher in CSU patients than in
healthy controls and in correlation with CSU disease
severity. Granulocyte/macrophage colony-stimulating fac-
tor (GM-CSF) and IL-17 were significantly enhanced in
ASST+ compared with that in ASST-CSU patients.”* CD4

+CD25+ T-regulatory cells play important role in
maintaining peripheral self-tolerance and preventing auto-
immunity. Thus, the finding of a significant decrease in
of circulating CD4+CD25+FoxP3+

T regulatory cells in patients with CSU was further proof

the percentage

suggesting that T cell auto-reactivity is a principal player
in CSU autoimmunity.?* Once again, this highlights the
functional role of T cells, specifically Th17 in the entire
scenario of autoimmunity in CSU.

IL-17 in the Skin

IL-17A plays a central role in the pathogenesis of psor-
iasis. This was shown in several studies with the success-
ful use of inhibiting antibodies [11]. It acts on non-
hematopoietic cells, particularly epithelial cells, and
plays an essential role in the immune response in neigh-
boring organs. In the skin, IL-17A leads to increased
proliferation and changed differentiation of keratinocytes,
and induces antimicrobial peptides and IL-17A plays
a central role in the pathogenesis of psoriasis.

This was shown in several studies with the successful
[11].

hematopoietic cells, particularly epithelial cells, and plays

use of inhibiting antibodies It acts on non-
an essential role in the immune response in neighboring
organs. In the skin, IL-17A leads to increased proliferation
and changed differentiation of keratinocytes, and induces
antimicrobial peptides and IL-17A was found to act mainly
on non-hematopoietic cells, such as epithelial cells and
keratinocytes, and play pivotal role in protective immunity
at boundary tissues. In the skin, it was shown that IL-17A
drives to the increased proliferation and aberrant differentia-
tion of keratinocytes” thus contributing to skin barrier
disruption. This functional disruption is mainly due to
downregulation of the expression of molecules involved in
keratinocyte differentiation, such as filaggrin.>® On the other
hand, it was shown that IL-17A participates in the inflam-
matory skin network by promoting the release of antimi-
crobial peptides and pro-inflammatory cytokines,?’** which
induce the activation of a neutrophil/Th17 cell-dependent
These include IL-8, G-CSF and
CCL20, which increase Th17 cell recruitment and the cyto-
kines; IL-1B and IL-6. Furthermore, IL-17A directly con-
tributes to skin remodeling by enhancing the secretion of

immune response.

metalloproteases. In psoriatic plaques, it was demonstrated
that TNFa and IL-17A synergistically upregulate other pro-
inflammatory cytokines in keratinocytes, such as IL36,
which in turn was found to augment the function of Th17
cytokines.?” Thus, according to the above findings, it seems
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that IL-17 is an important player in skin immunity in gen-
eral and in skin immune mediated diseases in particular.*
As was suggested in several studies, IL-17 promotes the
expression and secretion of anti-microbial peptides
mediated by the activation of NFkB, MAPKs and C/
EBPs.*! In atopic dermatitis (AD), it was found that at the
acute and chronic phases of the inflammation, IL-17 and the
expression of innate defense genes are reduced [(eg, lipo-
calin 2 (LCN2)]. This is presumably one of the main causes
for the relatively high incidence of skin infections in AD
patients. Therefore, it seems that the relative lack of expres-
sion of IL-17 in the skin of AD is a partial player in the
pathogenesis of AD.>* Drug eruption and Drug-induced
hypersensitivity syndrome (DIHS) — are other diseases
where Thl7 cells are involved in the pathogenesis. The
percentage of circulating Thl7 cells was increased in these
groups of patients, especially in the erythema multiforme
(EM) and Stevens-Johnson syndrome (SJS), as compared
with the controls. It was also shown that the percentage of
Th17 cells was decreased as the disease activity declined.*
These findings suggest that Th17 cells are involved in both
Thl and Th2 cutaneous disorder and fluctuate in parallel
with the disease activities.

IL-17 in the Skin of CSU Patients

Mast cells and T cells are pivotal players in the pathogen-
esis of CSU. As such, efforts were made in order to
explore mast cells\T cells interactions and the effects of
several pro-inflammatory cytokines on mast cell’s activa-
tion\degranulation during CSU. It was demonstrated in
previous studies that there is a close physical proximity
between mast cells and T cells in cell-mediated inflamma-
tory diseases. Micro-particles released from activated
T cells were shown to activate these mast cells.** Some
debate exists regarding the issue of IL-17 being produced
by activated mast cells or whether mast cells actively
uptake IL-17 Whether

through up-take or production, IL-17 promotes mast

into intracellular granules.*
cell’s proliferation by triggering stem cell factor in
keratinocytes.®® In concurrence with the concept that
CSU is a disease driven by both activated mast cells and
activated CD4+ T cells, we recently generated a study
aimed at exploring the involvement of IL-17 in the patho-
genesis of CSU. In this study, we showed a high intense
expression of IL-17A in the skin of CSU patients — both in
lesional or non-lesional skin biopsies compared with nor-
mal skin. Furthermore, we demonstrated the intense infil-
tration of IL-17A expressing CD4+ T cells in the skin of

CSU patients; however, the primary importance of our
finding was that for the first time, we presented evidence
of increased IL-17A expression in skin mast cells in
CSU.*7 Looking at these biopsies it appears that IL-17A
expressing CD4+ cells and mast cells are located in close
proximity (Figure 1), suggesting that this finding is of
mechanistic importance. Whether produced by CD4+
T cells and/or is truly produced by mast cells, IL-17A
seems to play a major role in increasing the instability
\degranulation activity of skin mast cells in CSU.
Additional studies are still needed in order to define
these mechanistic issues (Figure 2). In addition, increased
IL-17A expression could be due to an epiphenomenon.
Our other finding in this study was that in both lesional
or non-lesional skin biopsies from CSU patients there was
a high level of expression of IL17A in CD4+T cells and
mast cells but this was not the case in normal skin. This
finding is in conformity with the hypothesis that in severe
CSU, the skin is infiltrated with immune cells. It is thought
that following irritation by pro-inflammatory cytokines,
including IL17, they induce a transient short-lasting mast
cell’s degranulation which may then resolve. Once CD4 +
T cells and activated mast cells get closer to each other
again, they induce new flares. This hypothesis might be
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Figure | Increased expression of IL-17A in both CD4+ T cells (arrows No.2) and
mast cells (arrows No.l). In addition, the figure shows a closed proximity between
T and mast cells.

Note: Reprinted with permission from Sabag DA, Matanes L, Bejar ], et al.
Interleukin-17 is a potentialplayer and treatment target in severe chronic sponta-
neous urticaria.Clin Exp Allergy. 2020;50(7):799-804. Copyright 2020, John Wiley
and Sons.*’
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In the skin:

Micro-
particles

IL-17 release

Figure 2 The possible mechanisms of the interaction between activated CD4
T cells and mast cells in the skin of CSU.

one of the explanations for the episodic\transient nature of
the clinical attacks of hives in CSU.*’

New Targeted Therapies in Severe

CsSuU

The concept of targeting T cells, by applying cyclosporine
A (CsA) in CSU had already been introduced in the early
nineties, which assumed CD4+ T cells to be a major player in
the pathogenesis of CSU.*® Later on, low-dose cyclosporine
A (CsA) was also proven to be highly beneficial in severe
CSU, including in some double-blind-placebo studies.*
Although associated with mild but transient side effects and
in some patients, even intolerable, CsA induced complete
remission in 40% of severe CSU patients and even considered
to have curable abilities.*>*! The adverse effect profile (blood
pressure and renal function) and (though un-proven), the fear
of malignancy, prevented the extensive use of CsA in many
countries. However, since it is considered a drug with a high
evidence of efficacy in CSU, it is still recommended as an add-
on treatment by the EAACI/GA2LEN/EDE/WAO CSU
guidelines, in patients with an inadequate response to high-
dose HI anti-histamines.*> The extensive and widely pub-
lished interest in defining type I and type II autoimmunity in
the pathogenesis of CSU was followed by the swift FDA
approval of the anti-IgE mAb (omalizumab) and its broad
application in severe CSU. Omalizumab has been found to
be considerably effective in Phase 2 and Phase 3 trials in CSU
patients resistant to high-dose antihistamines and those requir-
ing many short courses of steroids. Though considered an
excellent option for severe CSU patients life-experience stu-
dies have shown that omalizumab has a beneficial response
rate of 65%, but only 40% of patients were completely free of

urticaria attacks as long as omalizumab was continued.** In
one of the real-life experiences of 280 CSU patients treated
with omalizumab, more than half the patients achieved
a complete response, but very few patients were able to stop
taking omalizumab and remain free from symptoms.**
Moreover, 15-20% of CSU patients remain totally unrespon-
sive to omalizumab and therefore they require other optional
therapeutic strategies.*> Looking into the last decade, omali-
zumab has markedly improved the quality of life of CSU
patients. However, there is still a group of patients who do
not benefit from existing therapies and therefore require addi-
tional effective treatment. In this respect, novel investigational
drugs are currently undergoing clinical trials aiming to assess
their potential role in treating refractory CSU patients. Off-
licence uses of currently available drugs include rituximab
and TNF inhibitors. Ligelizumab (ant-IgE), Canakinumab
(anti-IL-1), AZD1981 (a PGD2 receptor antagonist) and
GSK 2,646,264 (a selective Syk inhibitor) are also currently
in clinical trials for CSU treatment. Other potential drugs for
the treatment of CSU are anti-IL4, anti-IL-5 and anti-IL13 all

of which are examined in clinical trials.*®*’

The High Beneficial Effect of
Targeting IL-17 in Patients with
Severe CSU

When severe and refractory CSU patients fail treatment
with both omalizumab and CsA, and in order to spare the
continuous usage of steroids, one should consider other
off-label therapies. In this case, many other non-biological,
non-antihistamine treatment options including methotrex-
ate, colchicine, intravenous immunoglobulin (IVIG), plas-
mapheresis, dapsone and others have been widely assessed
over many years, however, none of them gained sufficient
evidence and have not been shown to have efficacy
beyond the placebo effect and therefore non were included
in CSU guidelines for classification and management.*® At
this stage, it is more than clear that new drugs are required
for CSU patients that are resistant to existing treatments.
The reason for not focusing on targeting T cells as pre-
viously performed by CsA was due to the insufficient on-
going assessment of the role of T cells in CSU. Our recent
study, in which IL-17 expression in both CD4+ T cells and
mast cells was shown to be impressively increased in the
skin of CSU patients, encouraged us to re-evaluate the
strategy of targeting T cells, mainly IL-17 in severe and
resistant CSU. We treated eight anti-histamine and omali-
CsA-resistant with anti-IL-17A

zumab or patients
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(secukinumab); 150 mg once a week for four consecutive
weeks and then 150 mg every 2 weeks afterward, which
achieved a significant improvement of their symptoms.
After 30 days, disease activity as assessed by UAS7 was
improved by 55% from baseline. At this stage, omalizu-
mab, CsA and steroids were discontinued completely.
After 3 months, UAS7 was reduced by 82%, mentioning
only a few episodes of hives, only requiring anti-
histamines when needed. All patients were then main-
tained on secukinumab, remaining almost in full remis-
sion. Patients mentioned only local irritation at the site of
injection. Remission was maintained as long as treatment
was continued. When treatment was stopped (after 6-8
months) CSU was relapsed, suggesting that anti-IL-17 is
required for longer periods.’” In fact, old friends such as
the above-mentioned CsA was previously shown to inhibit
IL-17 production by CD4+ T cells, possibly mediated by
IL-15-activated NF-kappa B pathway in CD4+ T cells.*’
In another earlier study, desloratadine citrate disodium (a
non-sedative anti-histamine) reduced the level of serum
IL-17 and chemokines in patients suffering from CSU,
suggesting that targeting IL-17 is indeed very relevant.>
Further convincing evidences were published recently,
thereby strengthening the concept that T cells are
a proper candidate to be targeted in CSU. Drugs such as
anti-IL-4
(Dupilumab) and anti-IL1 (Canakinumab) are currently

anti-IL5 (benralizumab and mepolizumab),

under development for the treatment of CSU.”'-

Final Comments

Autoimmunity in CSU is complex. It involves both
humoral and cellular responses defined by the finding of
autoantibodies and auto-reactive T cells. The involvement
of IL-17 in the pathogenesis of CSU and the beneficial
response to anti-IL-17A treatment in severe CSU should
encourage focusing on both the role of T cells and target-
ing T cells in CSU.
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