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Clinical Commentary Review

The Pathogenesis of Chronic Spontaneous
Urticaria: The Role of Infiltrating Cells

Ana M. Giménez-Arnau, MD?, Laurence DeMontojoye, MD, PhD", Riccardo Asero, MD®, Massimo Cugno, MDY,
Kanokvalai Kulthanan, MD®, Yuhki Yanase, PhD’, Michihiro Hide, MD, PhD?, and Allen P. Kaplan, MD" Barcelona, Spain;
Louvain-la-Neuve, Belgium; Paderno Dugnano and Milano, Italy; Bangkok, Thailand; Hiroshima, Japan; and Charleston, SC

Chronic spontaneous urticaria is characterized by a perivascular
non-necrotizing cellular infiltrate around small venules of the
skin. It consists primarily of CD4(+) lymphocytes, a
prominence of the T helper (Th)2 subtype but also Thl cells,
with Th17 cell—derived cytokines elevated in plasma. There are
also neutrophils, eosinophils, basophils, and monocytes.
Chemokines derived from mast cells and activated endothelial
cells drive the process. Although the role of the cellular infiltrate
has not previously been addressed, each constituent contributes
to the overall pathogenesis and responsiveness to steroid; in
particular, we focus attention on its importance because short-
term steroids do not affect autoimmunity or degranulation of
mast cells, and act on margination of cells along the endothelium
and chemotaxis to enter the surrounding dermis. In this review,
we address each cell’s contribution to the overall inflammatory
response, as it is currently understood, with a view toward
development of therapeutic options that impede the function of
critical cells and/or their secretory products. © 2021 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2021;m:m-m)
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Neuroinflammation

The pathogenesis of chronic spontaneous urticaria (CSU)
typically focuses on mechanisms by which cutaneous mast cells
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(MCs) may be activated to initiate the process. So far there are
multiple possibilities; however, all have in common the pre-
sumption that the disorder is fundamentally autoimmune and
therefore is not driven by exposure to any exogenous agent. The
autoimmune process is viewed as serologic but leading to a
perivascular infiltration (cellular) about small venules in the skin.
IgG antibody may react with the IgE receptor (30%-45%) or IgE
itself (5%-10%), activate the MC, fix complement via the clas-
sical pathway, and achieve further MC activation by the inter-
action of C5a with the C5a receptor. Alternatively, IgE antibody
may react with a host of autoantigens (eg, interleukin [IL]-24)
although one associated with the MC surface is not yet
defined. Here too activation can occur that is more closely related
to a typical allergic reaction, that is, autoallergy.

These mechanisms have received much attention, and thera-
pies directed to this enhanced MC function are routinely used
and are effective. These would include omalizumab and
cyclosporine.

There is however another facet to this disease that is largely
unexplained yet may be no less pathogenically relevant, namely,
the particular cellular infilerate containing a mixture of T lym-
phocytes (a mixture of T helper [Th]1 and Th2 subtypes with
Th2 being the more prominent), monocytes, eosinophils, baso-
phils, variable numbers of neutrophils, and lymphoid subtypes
not yet well characterized. Migration of all of these cells from the
blood to the tissue requires a chemotactic response for each and
interaction with activated endothelial cells, the latter being a key
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Abbreviations used
AAb- Autoantibody
ASST- Autologous serum skin test
CGRP- Calcitonin gene-related protein
CIU- Chronic idiopathic urticaria
CSU- Chronic spontaneous urticaria
Flla- Factor lla
FXa- Factor Xa
HUVEC- Human umbilical vein endothelial cell
ICAM- Intercellular adhesion molecule
IFN-7- Interferon gamma
IL- Interleukin
LCN2- Lipocalin 2
LPR- Late-phase reaction
LPS- Lipopolysaccharide
MBP- Major basic protein
MC- Mast cell
MCP- Monocyte chemotactic protein
NK- Neurokinin
PAF- Platelet-activating factor
PAR- Protease-activated receptor
PBMC- Peripheral blood mononuclear cell
PECAM- Platelet endothelial cell adhesion molecule
RANTES- Regulated upon activation normal T-cell expressed and
secreted
SCF- Stem cell factor
SHIP- Src-homology-2 containing 5 inositol phosphatase
TF- Tissue factor
TGF-(3- Transforming growth factor beta
Th-T helper cell
TNF- Tumor necrosis factor
Treg- Regulatory T cell
VCAM- Vascular cell adhesion molecule
VEGF- Vascular endothelial growth factor

participant in the process. One piece of evidence that this process
is of particular importance is the response to corticosteroid, at
least acutely. Steroids appear to have no effect on any of the steps
in the autoimmune activation of MCs but do eliminate the
chemotactic response that produces the cellular infiltrate. Thus,
targeting the infiltrate can work as an effective therapy; however,
steroids are the only one that does so and are too toxic for sus-
tained use, and cyclosporine might downregulate this cellular
response but acts on MCs and basophils as well.

In this review, we will focus attention on each of the major
constituents of the cellular infiltrate, assess the potential contri-
bution of each (including endothelial cells) to the urticarial
process, and in addition, will address any role for the innervation
of the skin, particularly sensory neurons, to complete our
assessment of non-MC contributors to CSU.

LYMPHOCYTES AND INVOLVED CYTOKINES IN
CSU PATHOGENESIS
T-cell involvement in wheal pathogenesis

A wheal is the consequence of “actors” involved at different
times along its dynamic evolution. The pathogenic relevance of
lymphocytes per se has not been commonly addressed. In this
section, we review current knowledge of its role in the genesis of
the wheal.

Cytokine expression has been studied in patients with CSU, in
plasma, serum, peripheral blood mononuclear cells (PBMCs),
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and skin. Naive T cells can differentiate into Th1, Th2, Th17,
Th9, Th22, and regulatory T (Treg) cells depending on the
environment, cell interactions, and cytokines. The role of auto-
immunity is prominent, with disorders produced by Th1, Th17,
and Th22 cells. Because key effector cells in CSU are MCs and
basophils, the cytokines acting on them will be explored: either
cytokines implicated in cell maturation, or in the activation of
MCs and/or basophils. Finally, because IgE is implicated in
CSU, and more specifically, IgE autoantibodies (AAbs), cyto-
kines inducing class switching in B cells will also be reviewed.

The primary function of Thl, Th2, and Th17 cells is host
defense. Yet Thl cells and related cytokines can function as
proinflammatory effectors in autoimmune disorders." Th2 and
Th9 cells are mainly implicated in allergic diseases, such as
asthma and allergic contact dermatitis,”* and some Th2/Th9
cytokines are able to induce the switch of human B cells to
produce IgE or to promote MC, basophil, and eosinophil acti-
vation. A role for Th17 and Th22 cells in inflammatory and
autoimmune disease is well known.” IL-17 cells promote
recruitment of monocytes and neutrophils and lead to chronic
neutrophilic inflammation. Th22 cells can also play either a
protective or a detrimental role in autoimmune diseases,
depending on the disorder. Finally, Tregs, which produce
transforming growth factor beta (TGEF-B) and IL-10, are another
subset of effector T cells that modulate the immune response to
maintain tolerance against self-antigens and thus prevent devel-
opment of autoimmune diseases.”

Th17 cytokines

According to the hypothesis of an autoimmune pathogenesis,
Th17 would seem the most likely T helper cytokine profile
implicated. Maintenance, survival, and activation of Th17 cells
are dependent on IL-23.” Th17 cells produce many cytokines,
such as IL-17, IL-6, IL-8, IL-22, IL-23, and tumor necrosis
factor-o¢ (TNF-0). Among these cytokines, IL-6 is the most
commonly studied in CSU and higher IL-6 levels were found
both in blood and in skin biopsies of patients.

IL-6 is produced mainly by innate immune cells (macro-
phages, dendritic cells, and MCs), B cells, and to a lesser extent
by Th17 cells and eosinophils.” IL-6 is implicated in chronic
inflammatory or autoimmune diseases.” It promotes Th17 cell
lineage and maturation of B cells and plasmablasts and inhibits
the induction of Tregs.” IL-6 interacts with hepatocytes and
induces proteins involved in the acute phase of inflammation
such as CRP and fibrinogen. IL-6 is able to increase MC pro-
liferation and promote a more reactive phenotype of MC and
induce its chemotaxis.'*"”

IL-6 seems clearly elevated in the sera or plasma of patients
with CSU,"?** although not always confirmed.””*” Moreover,
IL-6 levels correlate with disease activity'”'” ">’ and has been
proposed as a biomarker.”*”’ However, no correlations were
seen with autologous serum skin test (ASST) resulgs! 1771920
(Table I).

Recently, mRNA microarray analyses showed an upregulation
of IL-6 expression in spontaneous urticarial wheals compared
with unaffected skin.’">* To date, no trials have been performed
to assess the effectiveness of anti—IL-6 therapy in CSU, for
example, with tocilizumab that can also effectively reduce im-
munoglobulins.”””” In systemic mastocytosis, a JAKI/JAK2
inhibitor, ruxolitinib (which inhibited the production of IL-6
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TABLE I. Summary of reports studying circulating cytokines in plasma or serum of patients with CSU compared with HCs

Patients with CSU vs HCs

Correlation with clinical activity/severity of CSU

Correlation with ASST

Increased  Increased No correlation
Cytokine Increase Decrease No difference Positive Negative No correlation in ASST+ in ASST— with ASST
IL-6 13-24 2527 13,17-21,25 14,27 14,17-19,26
TNE-q, 13,14,16,17,21,31,32 7,13,14 21,32 7 14
TSLP 33 25
IEN-y 14,15,34 35 14 14
IL-31 36 25 25,26,37
IL-10 16,21 14,33,38 14,21 14
TGE-B 14,31,39 38 39 14 14
IL-17 36,39,40 14,41 7,36,39,40 14 7,14
IL-23 14 7,14 7 14
IL-13 14 14 14
IL-4 35,42 33 14,31 14 14,43
-2 13 14 14
1L-5 14,35 14 )
IL-12p70 '*1© 14 4
IL-21 14 33 14 14
TNE-B 14 14 14
IL-1B 16 14,31 14 14
IL-22 14 14 14
IL-28A 14 14 14
IL-35 44
IL-9 45 25,31 31,45
IL-15 46 46
IL-8 47 47 47
IL-18 48 25,26 25,48 26,48
IL-33 36 25,31,39 36 25,39
IFNAL
IL-17A 36,39,40 31 36,39,40 14,38 36,39,40
IL-17F 14 14 14
GM-CSF 14 14 14
MIP3a 14 14 14
IL-24 50 50

Comparison was made for cytokine plasma/serum level between patients with CSU and HCs. For patients with CSU, correlation of cytokine plasma/serum level with disease
activity/severity, with ASST response, was investigated. Only statistically significant data with a P value of <.05 were included. If the difference between the 2 groups analyzed

was >.05, it was reported in “no difference.”

ASST, Autologous serum skin test; CSU, chronic spontaneous urticaria; GM-CSF, granulocyte-macrophage colony—stimulating factor; HC, healthy control; /FN, interferon; IL,
interleukin; MIP3a, XXX; TGF, transforming growth factor; TNF, tumor necrosis factor.

among other cytokines), showed a convincing decrease in MC-
related symptoms.**’

IL-17 mediates adverse effects in some autoimmune dis-
eases.’® Neutrophils are found in urticarial wheals, and IL-17
could contribute to this neutrophil infiltrate. Unfortunately, in
CSU, serum levels of IL-17 are not consistent”®>>* with pos-
itive or negativeM’38 correlation with disease activity. However,
in this instance, a positive correlation with ASST was shown.”*'4
Recently, increased Th17 and IL-17 expression in both CD4+ T
cells and MCs, residing in close proximity to each other, was
described in the skin of patients with severe CSU.”” In an open
study, all the patients (n = 8) treated with the anti—IL-17A
antibody, secukinumab, showed significant improvement in
CSU disease activity.”’

The upregulation of IL-beta (IL-13) mRNA expression in
skin samples of urticarial wheals deserves to be investigated
further. IL-1B is a multifunctional cytokine, primarily of the

innate immune system, and MCs are a source of IL—IB.
Dysfunction of IL-1B pathways is implicated in auto-
inflammatory disorders.® In CSU, data regarding IL-1P are
few’' and contradictory results were found concerning IL-1f
serum levels (Table I). IL-1B mRNA expression was observed
in skin biopsies of positive ASST tests but not in patients with
negative ASST and was also upregulated in the spontaneous
wheals and PBMCs from patients with CSU. IL-1f induces
neutrophil recruitment and extravasation, promotes expansion
of Thl and Thl17 cells, and induces a downregulation of
Tregs.””

IL-22 belongs to the IL-10 cytokine family and is expressed in
several chronic inflammatory or autoimmune diseases””*!
including psoriasis.””*® No difference between IL-22 serum
levels in patients with CSU versus normal controls was found,
whereas patients with CSU with a positive ASST tended toward
higher IL-22 serum levels."*
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TABLE Il. Summary of reports studying cytokine expression in (cultured) PBMCs of patients with CSU (including mRNA expression and

protein expression in supernatant) compared with HCs

Patients with CSU vs HCs

Correlation with ASST

Cytokine Increase Decrease No difference Increased in ASST + Increased in ASST — No correlation with ASST
IL-6 o8 68

TNF-o. “ “

IFN-y 35 69 16,43,70 43,70
IL-10 43,70 16 16,71 43,70
TGE-B 70 70
IL-17 16

1L-23 7,70 7 70
1L-4 35,70 69,71 16,43 70 14,43
L-2 16 71 43 43
IL-17A 70 70
IL-24 30

Comparison was made for cytokine expression between patients with CSU and HCs. For patients with CSU, correlation of cytokine with ASST response was investigated. Only
statistically significant data with a P value of <.05 were included. If the difference between the 2 groups analyzed was >.05, it was reported in “no difference.”
ASST, Autologous serum skin test; CSU, chronic spontaneous urticaria; HC, healthy control; /FN, interferon; /L, interleukin; PBMC, peripheral blood mononuclear cell; TGF,

transforming growth factor; TNF, tumor necrosis factor.

IL-23 induces polarization, maintenance, survival, and acti-
vation of Th17 cells and secretion of IL-17 by non—T cells.”*’
Even if data are scarce, it seems interestin; to further explore the
role of IL-23 in CSU (Tables I and I1).”"'*7° Interestingly, IL-23
serum levels were found to be higher in patients with Ccsu,” 4
supernatants of their PBMCs,””" and in those with a positive
ASST compared with a negative ASST.”

TNF-a is quickly released on activation because it is stored in
granules of MCs and induces neutrophil recruitment.”” Elevated
TNF-0, serum levels'®' >3 often correlate with disease ac-
tivity”''* although ASST correlation was variable”'* (Table I).
Conflicting results were found concerning levels of TNF-0 in
supernatants of cultured PBMCs'®* (Table II). TNF-o. has
been shown to be elevated in spontaneous wheals and uninvolved
skin of patients with CSU versus skin of normal controls.”” A
few case reports and small controlled studies showed the efficacy
of TNF-0, inhibitors in CSU.**7

Th1 cytokine

Thl cells mainly produce interferon gamma (IFN-y). In
CSU, data on detection of IFN-Y in serum are contradictory and
thus unconvincing (Table 1) 14153435 ] evels of IFN-Y in su-
pernatants  of  stimulated PBMCs are shown in
Table 11,'¢32436%70 [EN-y expression was found to be elevated
in spontaneous wheals versus control skin,”® with fewer numbers
of cells expressing IFN-Y as compared with cells expressing IL-4
or IL-5. Inconsistent results were also found when the nonle-
sional skin of patients with CSU was compared with spontaneous
wheals, or control skin.””

Th2 cytokines

Th2 cells produce many cytokines, mainly IL-4, IL-5, and IL-
13, but also IL-9, IL-24, IL-31, and IL-33. Th2 cells are mainly
implicated in allergic diseases, stimulating IgE production and
MC, basophil, and eosinophil activation.

IL-4 is produced by Th2 cells and also by basophils and
MCs.**7® IL-4 contributes to IgE synthesis induced by activated
CD4+ or CD8+ T cells.”” TL-4 also upregulates the expression
of high-affinity IgE receptors (FceRI).*” Circulating L4, as well

as IL-4 produced by PBMCs, does not seem elevated in the
majority of patients with CSU and here too results are conflicting
(Tables T and 11).*?%2%%7! Byrchermore, no correlation with
disease activity or ASST could be made.'**> Nevertheless, [L-4
was elevated in skin biopsies of spontaneous wheals compared
with control skin.”® Like IL-4, IL-13 induces class switch of B
cells to IgE,">*" but IL-13 serum levels in patients with CSU do
not correlate with disease activity.'* Recently, the efficacy of
dupilumab (monoclonal antibody blocking IL-4 and IL-13) was
reported in 6 patients with CSU.*” A phase 2a multicenter
(NCT03749135) and a phase III study, CUPID, are ongoing in
CSU.

IL-5 primes the eosinophil responses to chemokines and is
important for their development and survival. IL-5 produced by
MC:s has autocrine effects by promoting MC proliferation in the
presence of stem cell factor (SCF) and increasing cytokine pro-
duction.” TL-5 serum levels in patients with CSU are conflict-
ingm‘ss (Table I); however, IL-5 expression is increased in wheals
compared with nonlesional skin and control skin”® (Table I11).

IL-24 belongs to the IL-10 cytokine family involved in
autoimmune diseases and skin inflammation.”**>#>%% The
IL-24 gene and protein expression are increased in PBMCs of a
subset of patients with CSU. It is detected in spontaneous ur-
ticarial wheals, but not those induced by autologous serum in-
jection (ASST).”” Interestingly, Schmetzer et al®” detected IgE
against IL-24 in the sera of patients with CSU and correlated this
directly with CSU activity. They also showed that, in wvitro,
exogenous 1L-24 induced histamine release from human MCs
sensitized by IgE against IL-24 from patients with CSU, but not
with IgE from normal controls.”

IL-31 is produced by Th2 cells and MCs. IL-31 induces
basophil recruitment and secretion of IL-4 and IL-13. IL-31 also
stimulates eosinophils to produced proinflammatory cytokines
such as IL-6, and chemokines,®® and it is a mediator of pruritus
apart from that seen with histamine. Table I shows IL-31 to be
higher in CSU.”® IL-31 can be modulated by omalizumab
treatment.”’

IL-33 is a member of the IL-1 superfamily.*® IL-33 induces
CD4+ T cells, MCs, eosinophils, and basophils to produce type
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2 cytokines. IL-33 could be produced by MCs and causes their
activation as well as their maturation. IL-33 therefore regulates
IgE-dependent inflammation. Existing data with regard to IL-33
blood levels in CSU are variable>>*"*%4° (Table T). However,
Kay et al”’ found higher IL-33+, IL-25+, and TSLP+ cells in
spontaneous wheals than in uninvolved skin and normal
controls.

Th9 cytokines

IL-9 is produced by Th9 cells, eosinophils, neutrophils, and
MCs. IL-9 is a stimulus for recruitment of MCs.* Experimental
models in mice suggest that IL-9 and IL-10 contribute to CSU
development via activation of the JAK/STAT signaling
pathway.”” One study found elevated IL-9 levels in patients with
CSU* (Table 1).

Regulatory cytokines

Tregs produce mainly IL-10 and TGF-B. In CSU, circulating
Tregs (CD4+CD254+FOXP3+) seem reduced and/or defective
compared with normals.”’ The reduced frequency of Tregs is
consistent with an autoimmune hypothesis for CSU.”*”* TL-10
also has inhibitory effects on eosinophil survival. Yet in CSU, IL-
10 expression is not clearly reduced. Data concerning the IL-10
expression in patients with CSU versus controls or mRNA levels
in PBMCs have no consistent [)zattern14’1(”21")’5’?’8’4‘2”’70’71
(Tables T and II).

TGF-B1 in skin could act as an anti-inflammatory cytokine by
reducing the expression of FceRI on the MCs. In studies
investigating the role of TGF-B1 in CSU, findings are interesting
but not sufficient to evaluate its role in CSU
pathogenesism”“’38’39’70 (Table I).

To conclude, new studies are in progress regarding the role of
T cells and cytokines in the wheal pathogenesis. Recently, IL-6
and IL-1 mRNA expression was increased in skin biopsies of
positive ASST versus negative ASST in patients with CSU. IL-6
and IL-1B mRNA expression was upregulated in spontaneous
wheals and PBMCs from patients with CSU.® Cytokines such
as TNF-a, IL-4, or IL-5 are involved in wheal pathogenesis. Data
concerning others cytokines, for instance, IL-8,* TL-13, IL-15,%
IL-21,% IL-22, 1L-23, IL-24,>° and IL-35,* are insufficient to
allow conclusions, but they deserve to be investigated. This
knowledge may lead to the development of future biotherapies.

Basophils

The basophil is thought to have an important role in the
pathogenesis of CSU given its similarities to the MC as a major
source of histamine and expression of the high-affinity receptor
for IgE. Developmentally, however, they differ substantially.
Basophils, as a granulocyte, shares a common precursor with the
eosinophil”” whose final stages of differentiation are dependent
on IL-3 and IL-5, respectively, whereas the precursor of the MC
is derived from fetal tissue (connective tissue MCs including
those of skin) and within the bone marrow (inducible mucosal
MCs) as separate lineages,”® more closely related to the mono-
cyte. Their development is dependent on the interaction of SCF
with c-kit as well as TGF-P. Final differentiation of all MC
subtypes occurs within the tissue to which they migrate, so that
cutaneous MCs differ in many respects from MCs elsewhere.

Basophils account for approximately 1% of circulatory leu-
cocytes and are not normally found in tissues unless they migrate
there, a process dependent on cytokines and chemokines
(chemotactic cytokines). Here there is considerable overlap with
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TABLE lll. Summary of reports studying cytokines in wheals of
patients with CSU

vs HC skin vs uninvolved skin (CSU)

IL-4 T7(> ND’¢
TNF-0. 17 17
IL—S T76 T76
IFN-y 170 ND’°
IL-17 1°

IL-3 173 173
IL-13 ND’° ND’°
1L-33 176,77 17677
IL-25 IL-24 17 17

I TS()

Only statistically significant data with a P value of <.05 were included. If the dif-
ference between the 2 groups analyzed was >.05, it was reported in “no difference.”
CSU, Chronic spontaneous urticaria; HC, healthy control; IFN, interferon; IL,
interleukin; TNF, tumor necrosis factor.

those factors causing eosinophil migration. Among those are

VLA expression for binding to endothelial cell vascular cell o

adhesion molecule (VCAM)-1°" and responsiveness to chemo-
kines monocyte chemotactic protein (MCP)-1, MCP-3, MCP-4,
regulated upon activation normal T-cell expressed and secreted
(RANTES), the eotaxins, the prostaglandin D2 receptor CRTH-
2, and the anaphylatoxin C5a.”®""’

Basophil number and functional properties appear to be
altered in patients with CSU. Within the circulation, basophil
numbers are depleted in at least 50% of patients'’"'"* and may
relate to severity of disease.'”? Furthermore, when one checks
basophil function employing a stimulant that acts thru the IgE
receptor (rabbit anti-IgE receptor is often used), the basophils are
hyporesponsive'** as if they had been desensitized. Activation
thru some other receptor is normal, for example, histamine
release due to C5a interaction with the C5a receptor. The most
likely explanation for the basopenia is migration of basophils
from the circulation to the skin'’" where the basophils are likely
active because chemotactic factors are typically secretagogues.
Degranulated basophils within the circulation may also be
missed.'”” The hyporesponsiveness of circulating basophils ap-
pears due to increased levels of intracellular phosphatases
(particularly src-homology-2 containing 5 inositol phosphatase
[SHIP]-1 and SHIP-2) that remove phosphate residues from key
signal transduction molecules that are required for normal
responsiveness.'*° Decreased basophil CRTH2 receptors for
PGD, likely reflect internalization due to PGD, exposurem’7
consistent with increased expression of other markers associated
with basophil activation.'”” The cause of the increased phos-
phatases is unknown, but its importance is highlighted by the
changes observed during symptom reversal. Whether improve-
ment is spontaneous, that is, remission, or induced by therapy
such as use of omalizumab, the basopenia reverses and the ba-
sophils become more responsive to anti-IgE.'’>'"” Although
these changes are coincidental with improvement, it is perhaps
paradoxical that basophil histamine release (using circulating
basophils) increases at a time that urticarial lesions in the skin
quiet down. The functional basophil phenotypes (normal or
hyporesponsive) remain stable in symptomatic subjects and are
unrelated to the presence or absence of AAbs."'” Such basophils
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correlates with elevated IgE levels, and upregulation of respon-
siveness to various agonists if exposed to IL-3""5112 as reported
previously for basophils in general''” and did correlate with a
positive ASST'"" typically reflective of the presence of IgG AAb
to FceRlaL.

Basophil donors from normal subjects have typically served as
an indicator of the presence of antibodies to the high-affinity IgE
receptor'* that activate basophils as well as MCs."'*""” The
incidence of such antibodies varies within the literature from
25% to 45% in patients with CSU and an additional 5% to 10%
in those who have IgG ant-IgE. The antireceptor anti-
body—FceRIol interaction activates the classical complement
pathwayll(’ to liberate C5a,''” which substantially augments
histamine release when compared with the purified AAb. Most
patients have IgG; and/or IgGs subclasses of antireceptor anti-
body as expected.''® The second most common IgG subclass is
IgG,, which when isolated did not cause histamine release
although they were often positive by immunoblot versus the o
chain of the IgE receptor emphasizing the possibility of false-
positive binding results using ELISA methodology where the
incidence of such antibodies is reported as 55% to 65%."'" Of
particular note regarding specificity is the increased incidence of
such antibodies in a variety of autoimmune diseases''” all of
which were negative for histamine release, the sole exception
being positives for histamine release seen in patients with SLE in
a later study,'*” yet below the incidence seen in CSU. Basophils
can also be employed to verify the presence of IgE antibodies to
putative autoallergens (autoallergy) by passively sensitizing
normal basophils with patients’ IgE”” and adding antigen or
adding the putative autoantigen to patients’ basophils known to
have the requisite IgE antibody present. A cell surface auto-
antigen or skin autoantigen that can stimulate MCs or basophils
is not yet identified.

EOSINOPHILS IN CSU
Evidence for eosinophil involvement in CSU
Eosinophils are multifunctional leukocytes involved in the
host defense against infections as well as in repair of injured
tissue; however, eosinophils also play critical roles in the patho-
physiology of allergic and inflammatory diseases.”® Although
many allergic and inflammatory conditions are associated with a
peripheral blood eosinophilia, circulating eosinophil numbers are
only rarely increased in patients with CSU,'*" even if these cells
are always present in the perivascular cellular infiltrate that
characterizes the disease, particularly in lesional skin,'?1-122
Recent studies show that the recruitment of eosinophils in the
skin may lead to blood eosinopenia'** by a mechanism that
resembles very much the one leading to the much more frequent
basopenia. The recruitment of eosinophils in the skin is mediated
by a number of cytokines including IL-5, eotaxin 1, eotaxin 2,
MCP-3, chemokine C-C motif ligands 4, and RANTES, released
by several cell types, including Th2, type 2 innate lymphoid
cells-2, MCs, dermal fibroblasts, endothelial cells, and basophil
granulocytes.'”” Once migrated into the skin, eosinophils appear
all but an innocent bystander, and the more they are studied the
clearer it appears that they play an active role within the in-
flammatory network that characterizes chronic urticaria. In fact,
there is little doubt that in CSU, skin eosinophils are activated.
The eosinophil-derived major basic protein (MBP) can be

measured in urticarial lesions even when eosinophils cannot be
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detected.'** Interestingly, this seems the case mainly in patients
lacking IgG AAbs to the high-affinity IgE receptor (ie, those
patients who do not have a type IIb autoimmune urticaria after
the Gell-Coombs classification),'*" which we now know have in
several cases an IgE-mediated autoimmune disease (ie, a type I
autoimmune [autoallergic] urticaria). Interestingly, MBP has
been detected in ASST site biopsies, along with eosinophil
infiltration.'”’ Notably, the MBP is able to induce MC activa-
tion and degranulation,'”® thus representing one possible
mechanism for histamine release. The activation of eosinophils
appears to occur via different mechanisms in CSU. One is an
autoimmune mechanism mediated by circulating IgG AAbs
directed against the low-affinity IgE receptor expressed on the
surface of these cells. These AAbs have been detected in
approximately 65% of patients with chronic urticaria,'*” and
their presence was confirmed recently.'**

Eosinophil interactions with other cells in CSU

In addition, eosinophils may be recruited and activated by
several mediators and cytokines released by activated MCs. These
include IL-5, TNF-0, platelet-activating factor (PAF), and
eotaxin.'*”"?*" The MC/eosinophil cross-talk sustaining a recip-
rocal recruitment and activation is also shown by the secretion of
SCF, a growth and maturation factor for MCs, released by
activated eosinophils.

Although other cell types such as endothelial cells” and
peripheral monocytes'”* may also show this feature, eosinophils
are able to store tissue factor (TF) and to transfer it rapidly to the
cell membrane on activation.'” The potentially relevant role
played by these cells in the pathogenesis of CSU has been further
highlighted by the observation that patients with a severe disease
are characterized by an intense activation of the extrinsic pathway
of the coagulation cascade.'”*"*® Immunohistochemical experi-
ments using double staining showed that in CSU skin, TF
colocalizes with eosinophil cationic protein, a classic cell marker
of eosinophils.”” Notably, several activated coagulation factors
(eg, thrombin, and FVIIa/factor Xa FXa/TF complex) are able to
stimulate histamine release from MCs via the activation of
protease-activated receptor (PAR)-1 and PAR-2 receptors,
respectively.'”®'?” Activated coagulation factors can induce MC
and basophil degranulation by activating fraction 5 of comple-
ment.*’ Thrombin-induced inflammation is probably limited
by the MCs themselves via the secretion of protease 4 in a sort of
feedback mechanism.'*!

Finally, a significant increase in vascular endothelial growth
factor (VEGF) has been detected in patients with CSU.'?
VEGF is the most potent regulator of angiogenesis presently
known and one major mediator of vascular permeability;
furthermore, it exerts a vasodilator effect through an increase of
nitric oxide production by endothelial cells."** Furthermore,
VEGF was found to stimulate the activation of the extrinsic
coagulation pathway, including modulation of TF expression'**
and intercellular gap formation on vascular endothelial cells, an
effect that was synergistically increased in the presence of TNE-o.
and lipopolysaccharide (LPS)."** In patients with CSU, the main
source of VEGF is eosinophils.'**

131

Clinical relevance

The activation of eosinophils in urticaria lesional skin and the
subsequent initiation of the coagulation cascade may have clinical
effects not only in eliciting wheal eruption, but also at the
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systemic level. However, patients with CSU are not reported to
have an increased risk for thrombotic events probably due to the
fact that the activation of coagulation occurs mostly locally (ie,
extravascularly' *°), where thrombin may contribute to increasing
vascular permeability and inducing MC degranulation. These
findings have provided the rationale of both controlled studies
and case series supporting the effectiveness of both oral
anticoagulants and heparin in some patients with refractory
CSU.M(’/MS

Another potential clinical implication of eosinophil involve-
ment in CSU may be related to the presence of AAbs of the IgG
class to the low-affinity IgE receptor that is expressed on eosin-
ophils'*”"** and AAbs of both IgG and IgE classes to TF in a
proportion of patients with CSU'*® that may influence the
clinical response to the anti-IgE therapy.

Finally, interestingly, mepolizumab (anti—IL-5) and benrali-
zumab (anti—IL-5 receptor), 2 monoclonal Abs leading to the
abolition of eosinophil activity by similar mechanisms, were
found to be highly effective in a proportion of patients with
severe, unremitting urticaria. With benralizumab, 5 of 12 pa-
tients were asymptomatic and 2 others markedly improved,
similar to early studies of omalizumab.'*’

In conclusion, there is ample evidence supporting the notion
that eosinophils are leading actors in the inflammatory processes
that underlie CSU.

THE ROLE OF NEUTROPHILS IN CSU
The evidence for PMN involvement in CSU

The presence of neutrophil infiltration in urticarial skin le-
sions of patients with CSU has been demonstrated by many
studies. Sdnchez and Benmamian'*" reported 3 histopathological
patterns in 36 patients with CU: neutrophilic, lymphocytic, and
mixed type, but there was no specific association with the clinical
presentation. Sugita et al'”' reported an apparent infiltration of
neutrophils in 94% of biopsied wheals from 35 patients with
chronic idiopathic urticaria (CIU). However, in only 5 patients
were neutrophils, the predominant cell, seen. In cases where
eosinophil infiltration predominates, neutrophils are still the
dominant leucocyte in blood and there was no eosinophilia.
Martins et al'** reported 2 histological groups: (1) predominance
of neutrophils or eosinophils (42.4%) and (2) predominance of
lymphocytes (57.6%) in 93 patients with CSU. There was no
significant correlation between histological group and laboratory
tests.

For autologous serum-induced wheals in chronic autoimmune
urticaria, Grattan et al'”” performed serial biopsies of ASST
wheals. Perivascular neutrophils and ecosinophils were seen as
early as 30 minutes, becoming more intense and diffuse over 2
hours. T lymphocyte numbers were increased by 2 hours. By 48
hours, the neutrophils were clearing, but eosinophils and lym-
phocytes persisted. The inflammation resembled the late phase of
IgE-mediated immediate hypersensitivity reactions. Caproni
et al"”* examined 28 patients with CU with positive ASST at
different evolutive stages, measuring expression of CD3, CD4,
CD8, tryptase, eosinophil cationic protein, myeloperoxidase,
basophil granular protein, IL-4, IL-5, IL-8, CCR3 and CXCR3,
intercellular adhesion molecule (ICAM)-1, VCAM, and ELAM.
ASST-induced wheals involve a prevalent role of lymphocytes,
with strong neutrophil infiltration and activity and involvement
of CXCR3 and CCR3 chemokines. For spontaneous wheals,

GIMENEZ-ARNAU ETAL 7

Sabroe et al'*’ studied biopsy specimens from wheals present for
less than 4 hours and greater than 12 hours in 22 patients with
CIU. Neutrophil and eosinophil accumulation occurred early in
the evolution of a wheal, but eosinophil activation might occur
later or be more persistent in patients without AAbs against
FceRI and/or IgE. Another study of 37 patients with CU who
were positive or negative for anti-IgE receptor antibodies had
neutrophil predominance in 28% and 47%, respectively.'””

Neutrophils accumulate in
reactions (LPRs)

A recent study suggested the role of neutrophils as antigen-
presenting cells in LPRs.'”® After a cutaneous allergen chal-
lenge, there were significant increases in the numbers of intra-
dermal CD3+, CD4+4, CDS8+, and CD25+ T cells,
eosinophils, neutrophils, basophils, and macrophages in patients
with CSU compared with nonatopic control subjects.”® The
profile of inflammatory infiltrate of CSU was similar to that of
allergen-induced skin LPR’® with a mixed T-cell subclass dis-
tribution of Th1 and Th2 cells as was also reported in biopsies of
ASST reactions.> Later, another study reported increased
expression of Th2-initiating cytokines (IL-33, IL-25, and thymic
stromal lymphopoietin) in the lesional skin of patients with
csu.”’

allergic late-phase

How are PMN recruited in the skin?

The major mediators involved in the recruitment of neutro-
phils to sites of active inflammation included bacterial compo-
nents, C3a and C5a, TNF-a, IL-17, CXCL8/IL-8, IL-36, IL-1,
lipocalin-2 (LCN2), leukotriene B4, PAF, plasma kallikrein,
matrix metalloproteinases, and myeloperoxidase inhibitors."”’
Lesional skin in CSU had significantly more CD31+ endothe-
lial cells, CD31+ blood vessels, neutrophils, and eosinophils
than uninvolved skin, suggesting a link between inflammatory
cells and vascular leakage.'”® Basophils and macrophages and
CD3+ T cells were also increased but less marked. This may
explain how in CSU, as with the LPR, MC activation leads to the
release of IL-8 and eotaxin, chemotactic factors for neutrophils
and eosinophils, respectively.'”®'®" Another study reported that
lesional skin in CSU contained significantly more calcitonin
gene-related protein (CGRP+) and VEGF+ cells than nonle-
sional skin.'®” CGRP was expressed mainly by neutrophils and
eosinophils. Increased expression of CGRP and VEGF was
detected only in lesional skin that indicated that they might have
a role in whealing and tissue edema.

The levels of neutrophil activation and related cytokines were
studied in 88 patients with ASA-intolerant CU. The serum levels
of myeloperoxidase and IL-18 were higher than normal con-
trols.'®> Another study reported mean levels of serum LCN2,
TNE-a, IL-6, and IL-10 that were signiﬁcantly higher in 191
patients with CU than in controls.'®* LCN2 levels decreased
significantly in refractory CU compared with patients who
responded to antihistamines. Increased serum LCN2 in patients
with CU was associated with a decrease in urticarial activity
scores.

What is the clinical relevance?

Elevation in the absolute neutrophil count and neutrophil/
lymphocyte ratio was reported to be associated with a poor
prognosis in childhood CSU, and the neutrophil/lymphocyte
count can be used as a remission marker.'®” A study of 74 pa-
tients with CSU receiving omalizumab 300 mg every 4 weeks for
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FIGURE 1. Skin biopsies representative of chronic spontaneous urticaria with a non-necrotizing perivascular infiltration of cells. A,
Predominance of T lymphocytes and monocytes. B, Mononuclear cells with prominence of eosinophils.

at least 1 year resulted in a substantially increased peripheral
blood basophil count and reduced peripheral blood neutrophil
especially in the first 3 months.'®® The authors proposed that the
alterations in peripheral blood cell ratios might contribute to or
reflect the therapeutic effect of omalizumab in CSU. In another
retrospective study of 74 patients with CSU receiving omalizu-
mab 300 mg every 4 weeks, the neutrophil count, the neutro-
phil/lymphocyte ratio, and the neutrophil/monocyte ratio
showed a statistically si(gniﬁcant reduction after 12 weeks of
omalizumab treatment.'®’

Taken together, the data suggest that neutrophils might
contribute to the pathogenesis of CSU, at least in a subgroup of
patients; however, mechanistic details are not yet known.

The role of vascular endothelial cells in CSU

Plasma leakage from skin microvessels in the dermis is crucial
to produce edema and the flare reaction, clinically recognized as
wheals of urticaria. The critical role of histamine released from
skin MCs and/or basophils for vascular permeability in the
pathogenesis of CSU has been proven by the effectiveness of H1
antihistamines. Besides histamine, other mediators, such as
VEGF, thrombin, bradykinin, and/or PAF, may induce plasma
leakage through gap formation of vascular endothelial cells via
specific receptors. 168 Moreover, an increase of leukocytes, such as
eosinophils, neutrophils, and basophils, is observed in the
lesional skin of CSU.'?17%169

To date, several reports suggest that the expression levels of
cell adhesion molecules, such as P-selectin, E-selectin, ICAM,
VCAM, and platelet endothelial cell adhesion molecule
(PECAM, CD31), are upregulated in the lesional skin of patients
with CSU."”®""*!"" Histamine and thrombin rapidly induce
surface expression of P-selectin stored in endothelial cells within
few minutes.'®> Moreover, inflammatory cytokines, such as

TNE-0. and IL-1B, contribute to the late phase (4-24 hours)
expression of P-selectin, E-selectin, ICAM, and VCAM on the
surface of endothelial cells.'”” Because P-selectins and E-selectins
are required for the rolling process, and ICAM, VCAM, and
PECAM are required for the firm adhesion process of leukocytes
and/or for passing through the blood vessel wall, it is feasible that
upregulation of cell adhesion molecules expressed on the vascular
endothelial cells contributes to the infiltration of leukocytes into
dermis in the pathogenesis of CSU. However, detailed roles of
adhesion molecules expressed on endothelial cells other than the
role in inflammatory cell infiltration as a consequence of MC
activation remained unknown.

As described in the sections above, a number of studies have
suggested the involvement of the blood coagulation/fibrinolysis
system, especially of the TEF-triggered extrinsic coagulation
pathway, in the pathogenesis of CSU. In patients with CSU,
plasma levels of prothrombin fragment 142 and D-dimer are
higher than those in normal controls and correlate with disease
severities.'®'”* Sakurai et al'” revealed the elevation of extrinsic
blood coagulation potential in the patients with CSU. Plasmin-
ogen activator and urokinase released from vascular endothelial
cells may contribute to the activation of the fibrinolysis process
that produces D-dimer.'”® Moreover, in vitro studies focused on
the role of vascular endothelial cells have unveiled a role of
vascular endothelial cells in the cascade of the blood coagulation
pathway triggered by histamine and inflammation in the path-
ogenesis of CSU."”""”” Both human umbilical vein endothelial
cells (HUVECs) and human dermal microvascular endothelial
cells express a large amount of TF on the surface of cells in
response to the combination of 2 categories of TF inducers: one
including histamine and VEGF, and the other including LPS,
TNEF-a, IL-33, and IL—IB.BI’M/' Moreover, TF expressed on
HUVECs induces activation of the extrinsic coagulation

FLA 5.6.0 DTD m JAIP3522_proof W 12 April 2021 W 7:52 am M ce

916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976



977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037

Q22

Q21

J ALLERGY CLIN IMMUNOL PRACT
VOLUME M, NUMBER B

GIMENEZ-ARNAU ETAL 9

Mast Cells

Cytokines (priming, receptor upregulation)

Chemokines (chemotaxis)

Basophils Eosinophils Neutrophils
1. Basopenia (blood) 1. Eosinopenia (blood) 1. Recruited by

and increased
eosinophils in skin
lesions.

Gradual cell 2.
activation and
secretion (relative to

and increased
basophils in skin
lesions.

2. Diminished response 2.
to agonists active
through the IgE

activation through factor to initiate local

reverse with therapy

chemotactic factors
released by mast cells,
endothelial cells.
Express CGRP and
VEGF; secrete IL 18
and myeloperoxidase

receptor (blood basophils and mast 3. Elevated absolute count CSU; Th 1, and Th types into the skin —

cells). cells). implies poor prognosis 17 cells also prominent examples are P-
3. Release in situ of 3. Mast cell activation in childhood CSU. present. selection, E-selection, [CAM

histamine, by granule proteins 4. Prominent neutrophil 3. IL-6 and IL-1B and VCAM.

leucotrienes, (MBP, ECP). infiltration into skin mRNA increased in 3. Tissue factor expression

cytokines, etc. due to 4. Release of tissue associated with skin biopsies of which may initiate the blood

resistance to therapy.

the IgE receptor or coagulation reflected 5. Neutrophil/Lymphocyte 4. Affected acutely by 4. Coagulation factors Xa and
C5a receptor. in blood chemistries ratio declines with corticosteroid and thrombin induce gap
4. Abnormalities (D-dimer). omalizumab therapy cyclosporine junctions (u-PAR-1)

T lymphocytes Endothelial Cells

1. Most predominant 1. Plasma leaks through gaps in
cell in skin endothelial cells in response
biopsies of CSU. to histamine, VEGF, PAF,

2. Predominance of and coagulation factors.
Th 2 type 2. Upregulation of cell
lymphocytes in adhesion molecules allows
skin lesions of transport of blood cells of all

ASST (+) patients. coagulation cascade.

facilitating plasma leakage.

or spontaneous
remission.

FIGURE 2. Functions of basophils, eosinophils, neutrophils, T lymphocytes, and endothelial cell in chronic spontaneous urticaria. ASST,
Autologous serum skin test; CGRP, calcitonin gene-related protein; CSU, chronic spontaneous urticaria; ECP, XXX; ICAM, intercellular
cell adhesion molecule; MBP, major basic protein; PAF, platelet-activating factor; VCAM, vascular cell adhesion molecule; VEGF, vascular

endothelial growth factor.

pathways and produces activated coagulation factors, such as FXa
and factor Ila (FIla). FXa and Flla then induce gap formation of
vascular endothelial cells via PAR-1 and leakage of plasma with
AAbs against IgE or FceRlI, and autoantigens for specific IgE on
MGCs in the skin, resulting in the activation of the MCs and
edema formation.">""'”” Thus, TF on endothelial cells may be a
good target to prevent TF-extrinsic coagulation pathway-plasma
leakage axis in the treatment of severe and refractory CSU.
However, patients with CSU do not usually show apparent
thrombosis, presumably due to homeostatic activation of fibri-
nolysis. The actual expression of TF on vascular endothelial cells
in the lesion of CSU remained to be confirmed in the patients.

NEUROINFLAMMATION AND THE AFFERENT
NERVOUS SYSTEM

A relationship between hives that persist and the “nervous
system” has been assumed once physicians/researchers began to
consider the possible cause of CSU. Although few believe that an
underlying psychogenic condition (eg, chronic anxiety) is the
cause, most are of the opinion that stress can exacerbate hives,
and all agree that urticaria is certainly a cause of stress. For those
who see no effect of stress on any objective manifestation of
urticaria, the interpretation is that tolerance for the discomfort,
including itch, is lessened by stress, leading to complaints of
“worsening.”

Anatomically, efferent nerve cells are in proximity to MGs,'”®
and we know that histamine stimulation of sensory nerves (type
C unmyelinated neurons) can initiate impulses migrating
through the dorsal root ganglion to the spinal cord that then
branch or interconnect in multiple ways. Some have connections
(prespinal cord) that meet adjacent nerves that conduct back to

the skin (antidromic conduction), which leads to the release of
neuropeptides, particularly substance P. This causes “reflex”
vasodilatation of arterioles and is responsible for the axon reflex,
the third element of the “triple response of Lewis.” The axon
reflex causes redness far beyond histamine diffusability. Sub-
stance P also has the ability to further activate cutaneous MCs if
sufficiently high levels are reached,'”” and blood levels are indeed
elevated in CSU'®” and produce a positive wheal and flare on
skin testing that is augmented in CSU.'"'

Besides the aforementioned branch points, synapses within
the spinal cord then project to the brain and lead to the
perception of itch. For years, it was assumed that fibers mediating
pruritus and pain were identical, and that the differing extent of
stimulation might be responsible for different sensations. We
have recently discovered that there are separate nerve fibers
mediating itch that travel along with fibers mediating pain within
the lateral spinothalamic tract.'®”

Neuropeptides released from nerve endings that could
contribute to the pathogenesis of CSU are many, and further
work is needed to delineate specific contributions of each
assuming that many are relevant. These include substance P,
neurokinin A, and CGRP.

Substance P and neurokinin A are derived by alternative
splicing from the same preprotachykinin A gene and interact
with the same neurokinin (NK)-1 receptor. Inhibitors of the
NK-1 receptor are being developed, which is most likely relevant
to histamine-dependent pruritis."®" There is also a receptor on
skin MCs, termed MRGPRX2, that is responsive to substance P
as well as other neuropeptides.’™’

Because the pruritis of CSU is as responsive to therapy as are
the urticarial lesions,'®* the mediators downstream are ulti-
mately dependent on MC activation. In this respect, the
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circumstance may differ from other causes of pruritis that are
chronic (eg, kidney disease, liver disease, lymphoma, or pru-
rigo nodularis) and that may include atopic dermatitis in which
normal appearing (but often dry) skin can be pruritic and
antihistamine resistance is the norm. A role for other receptors,
such as opioid and cannabinoid receptors, PAR receptors or
receptors for cytokines such as IL-31, IL-4, and IL-13 appears
likely."®

CONCLUDING COMMENTS

The presence or absence of any significant cellular infiltrate
within the dermis differentiates many types of chronic urticaria.
Most inducible urticarias lack such an infiltrate perhaps because
the stimulus is fleeting, even if repetitive. These would include
cold urticaria, symptomatic dermatographism, cholinergic urti-
caria, solar urticaria, local heat urticaria, aquagenic urticaria, and
vibratory urticaria/angioedema. On the other hand, CSU has a
prominent cellular infiltrate'®® with features similar to the
allergic LPR."”? Perhaps a sustained stimulus leads to this result.
The one inducible urticaria that has a significant cellular infiltrate
is delayed pressure urticaria.'®” Although the lesion appears
hours after the stimulus, the initiating stimulus is typically sus-
tained (walking or being seated a long time) or repetitive
(hammering) relative to the other inducible urticaria where
stimuli ranging from a few seconds to a few minutes suffice.

The cellular infiltration seen in patients with CSU involves all
the cellular elements of blood many of which have been
considered in this review (Figure 1). We have not discussed
monocytes, in particular, although they are plentiful when cells
within skin biopsies are counted,'® and have enhanced TF
expression. ”” By definition, MCP 1-4 may be responsible for
their accumulation along with the other cell types. Lymphocyte
subtypes that have not been considered include NK cells and
NKT cells. We have not considered B lymphocytes because they
are not seen within the urticarial lesions although they certainly
have a systemic role in the production of the AAbs described
above.

Although methods such as immunohistochemistry’® can
certainly shed light on the function of cells within the perivenular
infiltrate, their contribution iz vive can perhaps best be inferred
from clinical studies of the efficacy of drugs that target particular
cells or their products. Rituximab is reported to be effective (case
reports)' °* presumably by preventing AAb synthesis although it
is not generally recommended. Corticosteroids inhibit the
function of T lymphocytes and eosinophils, and prevent egress of
virtually all cell types from the blood stream into tissues,
including skin. The latter effect certainly includes T lympho-
cytes, basophils, and eosinophils, and possibly monocytes.
Neutrophil egress and function, as is seen in asthma, may be
more resistant to steroid effects.

For the future, we envision studies of drugs with increasing
specificity to determine the effect on the clinical course of CSU.
We can target IL-17 (secukinumab), Th2-dependent cytokines,
IL-4 and IL-13 (dupilumab), Th2- and eosinophil-dependent
cytokines, IL-5 and its receptor (mepolizumab, reslizumab, and
benralizumab), complement C5a receptor (avdoralimab), and
MC and eosinophil cell surface Siglec-8 (lirentelimab) to name
some being studied at present. This has been recently

. 185
reviewed.

J ALLERGY CLIN IMMUNOL PRACT
MONTH 2021

UNCITED REFERENCE AND FIGURE
172. Figure 2.

REFERENCES

1. Pollard KM, Cauvi DM, Toomey CB, Morris KV, Kono DH. Interferon-y and
systemic autoimmunity. Discov Med 2013;16:123-31.

2. Baeck M, Herman A, de Montjoye L, Hendrick E, Cheou P, Cochez P, et al.
Increased expression of interleukin-9 in patients with allergic contact derma-
titis caused by p-phenylenediamine. Contact Dermatitis 2018;79:346-55.

3. JiaL, Wang Y, LiJ, Li S, Zhang Y, Shen J, et al. Detection of IL-9 producing
T cells in the PBMCs of allergic asthmatic patients. BMC Immunol 2017;18:
38.

4. Clark RA, Schlapbach C. T(H)9 cells in skin disorders. Semin Immunopathol
2017;39:47-54.

5. Tabarkiewicz J, Pogoda K, Karczmarczyk A, Pozarowski P, Giannopoulos K.
The role of IL-17 and Th17 lymphocytes in autoimmune diseases. Arch
Immunol Ther Exp (Warsz) 2015;63:435-49.

6. Spence A, Klementowicz JE, Bluestone JA, Tang Q. Targeting Treg signaling
for the treatment of autoimmune diseases. Curr Opin Immunol 2015;37:11-20.

7. Atwa MA, Emara AS, Youssef N, Bayoumy NM. Serum concentration of IL-
17, IL-23 and TNF-o. among patients with chronic spontaneous urticaria: as-
sociation with disease activity and autologous serum skin test. J Eur Acad
Dermatol Venereol 2014;28:469-74.

8. Davoine F, Lacy P. Eosinophil cytokines, chemokines, and growth factors:
emerging roles in immunity. Front Immunol 2014;5:570.

9. Jones BE, Maerz MD, Buckner JH. IL-6: a cytokine at the crossroads of
autoimmunity. Curr Opin Immunol 2018;55:9-14.

10. Desai A, Jung MY, Olivera A, Gilfillan A, Prussin C, Kirshenbaum A, et al.
IL-6 promotes an increase in human mast cell numbers and reactivity through
suppression of suppressor of cytokine signaling 3. J Allergy Clin Immunol
2016;137:1863-1871.¢6.

11. Halova I, Draberova L, Draber P. Mast cell chemotaxis—chemoattractants and
signaling pathways. Front Immunol 2012;3:119.

12. Cop N, Ebo DG, Bridts CH, Elst J. Influence of IL-6, IL-33, and TNF-alpha on
human mast cell activation: lessons from single cell analysis by flow cytom-
etry. Cytometry B Clin Cytom 2018;94:405-11.

13. Maged Amin M, Rushdy M. Hyperlipidemia in association with pro-
inflammatory cytokines among chronic spontaneous urticaria: case-control
study. Eur Ann Allergy Clin Immunol 2018;50:254-61.

14. Chen Q, Zhong H, Chen W, Zhai Z, Shou Z, Song Z, et al. Different
expression patterns of plasma Thl-, Th2-, Th17-, and Th22-related cytokines
correlate with serum autoreactivity and allergen sensitivity in chronic spon-
taneous urticaria. J Eur Acad Dermatol Venereol 2018;32:441-8.

15. Alasandagutti ML, Ponnana M, Sivangala R, Thada S, Joshi L, Hussain H,
et al. Role of IFN-gamma and IL-6 cytokines and their association in deter-
mining susceptibility to chronic idiopathic urticaria. Genet Test Mol Bio-
markers 2014;18:804-9.

16. dos Santos JC, Azor MH, Nojima VY, Lourenco FD, Prearo E, Maruta CW,
et al. Increased circulating pro-inflammatory cytokines and imbalanced regu-
latory T-cell cytokines production in chronic idiopathic urticaria. Int Immu-
nopharmacol 2008;8:1433-40.

17. Kasperska-Zajac A, Grzanka A, Damasiewicz-Bodzek A. IL-6 transsignaling
in patients with chronic spontaneous urticaria. PLoS One 2015;10:e0145751.

18. Kasperska-Zajac A, Sztylc J, Machura E, Jop G. Plasma IL-6 concentration
correlates with clinical disease activity and serum C-reactive protein concen-
tration in chronic urticaria patients. Clin Exp Allergy 2011;41:1386-91.

19. Ucmak D, Akkurt M, Toprak G, Yesilova Y, Turan E, Yildiz I. Determination
of dermatology life quality index, and serum C-reactive protein and plasma
interleukin-6 levels in patients with chronic urticaria. Postepy Dermatol
Alergol 2013;30:146-51.

20. Grzanka R, Damasiewicz-Bodzek A, Kasperska-Zajac A. Interplay between
acute phase response and coagulation/fibrinolysis in chronic spontaneous ur-
ticaria. Allergy Asthma Clin Immunol 2018;14:27.

21. Trinh H, Pham D, Ban G, Lee H, Park H, Ye Y. Altered systemic adipokines in
patients with chronic urticaria. Int Arch Allergy Immunol 2016;171:102-10.

22. Grzanka A, Machura E, Misiolek M, Polaniak R, Kasperski J, Kasperska-
Zajac A. Systemic inflammatory response and calcification markers in patients
with long lasting moderate-severe chronic spontaneous urticaria. Eur J Der-
matol 2015;25:26-8.

23. Rajappa M, Chandrashekar L, Sundar I, Munisamy M, Ananthanarayanan P,
Thappa DM, et al. Platelet oxidative stress and systemic inflammation in
chronic spontaneous urticaria. Clin Chem Lab Med 2013;51:1789-94.

FLA 5.6.0 DTD m JAIP3522_proof W 12 April 2021 ® 7:53 am M ce

Q4

1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220



1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281

J ALLERGY CLIN IMMUNOL PRACT
VOLUME M, NUMBER B

24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

35.

36.

37.

40.

41.

42.

43.

44.

45.

46.

47.

Kasperska-Zajac A, Brzoza Z, Rogala B. Plasma concentration of interleukin 6
(IL-6), and its relationship with circulating concentration of dehydroepian-
drosterone sulfate (DHEA-S) in patients with chronic idiopathic urticaria.
Cytokine 2007;39:142-6.

Metz M, Krull C, Maurer M. Histamine, TNF, C5a, IL-6, -9, -18, -31, -33,
TSLP, neopterin, and VEGF are not elevated in chronic spontaneous urticaria.
J Dermatol Sci 2013;70:222-5.

Rasool R, Ashiq I, Shera IA, Yousuf Q, Shah ZA. Study of serum interleukin
(IL) 18 and IL-6 levels in relation with the clinical disease severity in chronic
idiopathic urticaria patients of Kashmir (North India). Asia Pac Allergy 2014;
4:206-11.

Tedeschi A, Lorini M, Suli C, Asero R. Serum interleukin-18 in patients with
chronic ordinary urticaria: association with disease activity. Clin Exp Dermatol
2007;32:568-70.

Deza G, Ricketti PA, Gimenez-Arnau AM, Casale TB. Emerging biomarkers
and therapeutic pipelines for chronic spontaneous urticaria. J Allergy Clin
Immunol Pract 2018;6:1108-17.

Folci M, Heffler E, Canonica GW, Furlan R, Brunetta E. Cutting edge: bio-
markers for chronic spontaneous urticaria. J Immunol Res 2018;2018:
5615109.

Kolkhir P, Andre F, Church MK, Maurer M, Metz M. Potential blood bio-
markers in chronic spontaneous urticaria. Clin Exp Allergy 2016;47:19-36.
Zheng R, Qian L, Yu J, Li M, Qian Q. Analysis of the changes in Th9 cells and
related cytokines in the peripheral blood of spontaneous urticaria patients.
Biomed Rep 2017;6:633-9.

Grzanka R, Damasiewicz-Bodzek A, Kasperska-Zajac A. Tumor necrosis
factor-alpha and Fas/Fas ligand signaling pathways in chronic spontaneous
urticaria. Allergy Asthma Clin Immunol 2019;15:15.

. Sand F, Thomsen S. TNF-alpha inhibitors for chronic urticaria: experience in

20 patients. J Allergy 2013:130905.

Wang SF, Gao XQ, Xu YN, Li DN, Wang HY, He SH. Elevated plasma level
of interferon-lambdal in chronic spontaneous urticaria: upregulated expression
in CD8(+) and epithelial cells and induction of inflammatory cell accumula-
tion. Mediators Inflamm 2016;2016:5032051.

Ferrer M, Luquin E, Sanchez-Ibarrola A, Moreno C, Sanz ML, Kaplan AP.
Secretion of cytokines, histamine and leukotrienes in chronic urticaria. Int
Arch Allergy Immunol 2002;129:254-60.

Lin W, Zhou Q, Liu C, Ying M, Xu S. Increased plasma IL-17, IL-31, and IL-
33 levels in chronic spontaneous urticaria. Sci Rep 2017;7:17797.

Ochi H, De Jesus NH, Hsieh FH, Austen KF, Boyce JA. IL-4 and -5 prime
human mast cells for different profiles of IgE-dependent cytokine production.
Proc Natl Acad Sci USA 2000;97:10509-13.

. Arshi S, Babaie D, Nabavi M, Tebianian M, Ghalehbaghi B, Jalali F, et al.

Circulating level of CD4+ CD25+ FOXP3+ T cells in patients with chronic
urticaria. Int J Dermatol 2014;53:e561-6.

. Chandrashekar L, Rajappa M, Munisamy M, Ananthanarayanan PH,

Thappa DM, Arumugam B. 25-Hydroxy vitamin D levels in chronic urticaria
and its correlation with disease severity from a tertiary care centre in South
India. Clin Chem Lab Med 2014;52:e115-8.

Grzanka A, Damasiewicz-Bodzek A, Kasperska-Zajac A. The relationship
between circulating concentrations of interleukin 17 and C reactive protein
in chronic spontaneous urticaria. Allergy Asthma Clin Immunol 2017;13:
25.

Hermans MAW, Schrijver B, van Holten-Neelen C, van Wijk R, van Hagen P,
van Daele P, et al. The JAK1/JAK2-inhibitor ruxolitinib inhibits mast cell
degranulation and cytokine release. Clin Exp Allergy 2018;48:1412-20.
Mohamed RW, Fathy A, el-Sayed AE. Increased circulating FcepsilonRII-
bearing blymphocytes and serum levels of IL-4 in non-autoreactive chronic
idiopathic urticaria. Egypt J Immunol 2003;10:9-18.

Piconi S, Trabattoni D, Iemoli E, Fusi M, Villa M, Milazzo F, et al. Inmune
profiles of patients with chronic idiopathic urticaria. Int Arch Allergy Immunol
2002;128:59-66.

Chen T, Fu LX, Sun QM, Zhou PM, Guo ZP. Decreased interleukin-35 serum
levels in patients with chronic spontaneous urticaria. Ann Allergy Asthma
Immunol 2018;121:503-4.

Ciprandi G, De Amici M, Legoratto S, Giunta V, Vignini M, Borroni G. Serum
IL-9 levels in patients with spontaneous urticaria: a preliminary study.
J Investig Allergol Clin Immunol 2012;22:232-4.

Huilan Z, Runxiang L, Bihua L, Qing G. Role of the subgroups of T, B, natural
killer lymphocyte and serum levels of interleukin-15, interleukin-21 and
immunoglobulin E in the pathogenesis of urticaria. J] Dermatol 2010;37:441-7.
Kasperska-Zajac A, Damasiewicz-Bodzek A, Grzanka R, Skrzpulec-
Frankel A, Bieniek K, Sikora-Zydek A, et al. Circulating soluble LIGHT/
TNFSF14 is increased and associated with IL-8 concentration in chronic

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

GIMENEZ-ARNAU ETAL 11

spontaneous  urticaria. Int J Pharmacol
2058738418784431.

Puxeddu I, Italiani P, Giungato P, Prates F, Panza F, Bartaloni D, et al. Free IL-
18 and IL-33 cytokines in chronic spontaneous urticaria. Cytokine 2013;61:
741-3.

Van Belle AB, Cochez PM, de Heusch M, Pointer L, Opsomer R, Raynaud P,
et al. IL-24 contributes to skin inflammation in para-phenylenediamine-
induced contact hypersensitivity. Sci Rep 2019;9:1852.

de Montjoye L, Herman A, Hendrickx E, Chéou P, Blanchetot C, Hofman E,
et al. Increased expression of IL-24 in chronic spontaneous urticaria. Allergy
2019;74:1811-3.

Gimenez-Arnau A, Curto-Barredo L, Nonell L, Puigecanet E, Yelamos J,
Gimeno R, et al. Transcriptome analysis of severely active chronic sponta-
neous urticaria shows an overall immunological skin involvement. Allergy
2017;72:1778-90.

Metz M, Torene R, Kaiser S, Beste M, Staubach P, Bauer A, et al. Omali-
zumab normalizes the gene expression signature of lesional skin in patients
with chronic spontaneous urticaria: a randomized, double-blind, placebo-
controlled study. Allergy 2019;74:141-51.

Tllei GG, Shirota Y, Yarboro CH, Caruwalla J, Tackey E, Takada K, et al.
Tocilizumab in systemic lupus erythematosus: data on safety, preliminary ef-
ficacy, and impact on circulating plasma cells from an open-label phase I
dosage-escalation study. Arthritis Rheum 2010;62:542-52.

Klashman DJ, Martin RA, Martinez-Maza O, Stevens RH. In vitro regulation
of B cell differentiation by interleukin-6 and soluble CD23 in systemic lupus
erythematosus B cell subpopulations and antigen-induced normal B cells.
Arthritis Rheum 1991;34:276-86.

Ma Y, Wu M, Zhang X, Xia Q, Yang J, Xu S, et al. Efficacy and safety of
tocilizumab with inhibition of interleukin-6 in adult-onset Still’s disease: a
meta-analysis. Mod Rheumatol 2018;28:849-57.

Yacoub A, Prochaska L. Ruxolitinib improves symptoms and quality of life in
a patient with systemic mastocytosis. Biomark Res 2016;4:2.

Dowse R, Ibrahim M, McLornan DP, Moonim MT, Harrison CN, Radia DH.
Beneficial effects of JAK inhibitor therapy in systemic mastocytosis. Br J
Haematol 2017;176:324-7.

Hawkes JE, Chan TC, Krueger JG. Psoriasis pathogenesis and the develop-
ment of novel targeted immune therapies. J Allergy Clin Immunol 2017;140:
645-53.

Toubi E, Vadasz Z. The emerging role of IL-17 in the immune-pathogenesis of
chronic spontaneous urticaria. Immunotargets Ther 2020;9:217-23.

Sabag DA, Matanes L, Bejar J, Sheffer H, Barzilai A, Church MK, et al.
Interleukin-17 is a potential player and treatment target in severe chronic
spontaneous urticaria. Clin Exp Allergy 2020;50:799-804.

Nakamura Y, Franchi L, Kambe N, Meng G, Strober W, Nunez G. Critical role
for mast cells in interleukin-1beta-driven skin inflammation associated with an
activating mutation in the nlrp3 protein. Immunity 2012;37:85-95.

Lopalco G, Cantarini L, Vitale A, Iannone F, Anelli M, Andreozzi L, et al.
Interleukin-1 as a common denominator from autoinflammatory to autoim-
mune disorders: premises, perils, and perspectives. Mediators Inflamm 2015;
2015:194864.

Kragstrup TW, Andersen T, Heftdal LD, Hvid M, Gerwien J, Sivakumar P,
et al. The IL-20 cytokine family in rheumatoid arthritis and spondyloarthritis.
Front Immunol 2018;9:2226.

Mizoguchi A, Yano A, Himuro H, Ezaki Y, Sadanaga T, Mizoguchi E.
Clinical importance of IL-22 cascade in IBD. J Gastroenterol 2018;53:465-74.
Martin JC, Wolk K, Beriou G, Abidi A, Witte-Handel E, Louvet C, et al.
Limited presence of IL-22 binding protein, a natural IL-22 inhibitor,
strengthens psoriatic skin inflammation. J Immunol 2017;198:3671-8.

Van Belle AB, de Heusch M, Lemaire MM, Hendrickx E, Warnier G, Dunussi-
Joannopoulos K, et al. IL-22 is required for imiquimod-induced psoriasiform
skin inflammation in mice. J Immunol 2012;188:462-9.

Li H, Yao Q, Mariscal AG, Wu X, Hulse J, Pedersen E, et al. Epigenetic
control of IL-23 expression in keratinocytes is important for chronic skin
inflammation. Nat Commun 2018;9:1420.

de Montjoye L, Choteau M, Herman A, Hendrickx E, Chéou P, Baeck M, et al.
L-6 and IL-Ibeta expression is increased in autologous serum skin test of
patients with chronic spontaneous urticaria. Allergy 2019;74:2522-4.

Irinyi B, Aleksza M, Antal-Szalmas P, Sipka S, Hunyadi J, Szegedi A.
Cytokine production of CD4+ and CD8+ peripheral T lymphocytes in pa-
tients with chronic idiopathic urticaria. Acta Derm Venereol 2002;82:249-53.
Degirmenci PB, Kirmaz C, Vatansever S, Onur E, Nal E, Erdin S, et al.
Analysis of the association of chronic spontaneous urticaria with interlekin-4,
-10, transforming growth factor-betal, interferongamma, interleukin-17A and
-23 by autologous serum skin test. Postepy Dermatol Alergol 2017;34:70-6.

Immunopathol 2018;32.

FLA 5.6.0 DTD m JAIP3522_proof W 12 April 2021 ® 7:53 am M ce

1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342



1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403

12

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

GIMENEZ-ARNAU ET AL

Confino-Cohen R, Goldberg A, Aharoni D, Naiman L, Buchs A, Weiss M,
et al. Low stimulated IL-4 secretion in PBMC from patients with chronic
idiopathic urticaria. Cytokine 2004;27:74-80.

Her M, Kavanaugh A. Alterations in immune function with biologic therapies
for autoimmune disease. J Allergy Clin Immunol 2016;137:19-27.

Hermes B, Prochazka AK, Haas N, Jurgovsky K, Sticherling M, Henz B.
Upregulation of TNF-o and IL-3 expression in lesional and uninvolved skin in
different types of urticaria. J Allergy Clin Immunol 1999;103:307-14.
Wilson LH, Eliason MJ, Leiferman KM, Hull CM, Powell DL. Treatment of
refractory chronic urticaria with tumor necrosis factor—alfa inhibitors. J Am
Acad Dermatol 2011;64:1221-2.

Bangsgaard N, Skov L, Zachariae C. Treatment of refractory chronic sponta-
neous urticaria with adalimumab. Acta Derm Venereol 2017;97:524-5.

Ying S, Kikuchi Y, Meng Q, Kay AB, Kaplan AP. TH1/TH2 cytokines and
inflammatory cells in skin biopsy specimens from patients with chronic idio-
pathic urticaria: comparison with the allergen-induced late-phase cutaneous
reaction. J Allergy Clin Immunol 2002;109:694-700.

Kay AB, Clark P, Maurer M, Ying S. Elevations in T-helper-2-initiating cy-
tokines (interleukin-33, interleukin-25 and thymic stromal lymphopoietin) in
lesional skin from chronic spontaneous (’idiopathic’) urticaria. Br J Dermatol
2015;172:1294-302.

Gessner A, Mohrs K, Mohrs M. Mast cells, basophils, and eosinophils acquire
constitutive IL-4 and IL-13 transcripts during lineage differentiation that are
sufficient for rapid cytokine production. J Immunol 2005;174:1063-72.
Punnonen J, Yssel H, de Vries JE. The relative contribution of IL-4 and IL-13
to human IgE synthesis induced by activated CD4+ or CD8+ T cells.
J Allergy Clin Immunol 1997;100:792-801.

Toru H, Ra C, Nonoyama S, Suzuki K, Yata J, Nakahata T. Induction of the
high-affinity IgE receptor (Fc epsilon RI) on human mast cells by IL-4. Int
Immunol 1996:8:1367-73.

Bae Y, Izuhara K, Ohta S, Ono J, Hong G, Ro J, et al. Periostin and
interleukin-13 are independently related to chronic spontaneous urticaria. Al-
lergy Asthma Immunol Res 2016;8:457-60.

Lee JK, Simpson R. Dupilumab as a novel therapy for difficult to treat chronic
spontaneous urticaria. J Allergy Clin Immunol Pract 2019;7:1659-16561.el.
Fonseca-Camarillo G, Furuzawa-Carballeda J, Granados J, Yamamoto-
Furusho JK. Expression of interleukin (IL)-19 and IL-24 in inflammatory
bowel disease patients: a cross-sectional study. Clin Exp Immunol 2014;177:
64-75.

Menezes ME, Bhoopathi P, Pradhan AK, Emdad L, Das S, Guo C, et al. Role
of MDA-7/IL-24 a multifunction protein in human diseases. Adv Cancer Res
2018;138:143-82.

Schmetzer O, Lakin E, Topal FA, Preusse P, Freier D, Church M, et al. IL-24
is a common and specific autoantigen of IgE in chronic spontaneous urticaria.
J Allergy Clin Immunol 2018;142:876-82.

Nakashima C, Otsuka A, Kabashima K. Interleukin-31 and interleukin-31
receptor: new therapeutic targets for atopic dermatitis. Exp Dermatol 2018;
27:327-31.

Altrichter S, Hawro T, Hénel K, Czaja K, Liischer B, Maurer M, et al. Suc-
cessful omalizumab treatment in chronic spontaneous urticaria is associated
with lowering of serum IL-31 levels. J Eur Acad Dermatol Venereol 2016;30:
454-5.

Ding W, Zou GL, Zhang W, Lai XN, Chen HW, Xiong LX. Interleukin-33: its
emerging role in allergic diseases. Molecules 2018;23:1665.

Sehra S, Yao W, Nguyen ET, Glosson-Byers N, Akhtar N, Zhou B, et al. TH9
cells are required for tissue mast cell accumulation during allergic inflamma-
tion. J Allergy Clin Immunol 2015;136:433-440.e1.

Feng H, Feng J, Zhang Z, Xu Q, Hu M, Wu Y, et al. Role of 11-9 and II-10 in
the pathogenesis of chronic spontaneous urticaria through the JAK7STAT
signalling pathway. Cell Biochem Funct 2020;38:480-9.

Sun RS, Sui JF, Chen XH, Ran X, Yang Z, Guan W, et al. Detection of CD4+
CD25+ FOXP3+ regulatory T cells in peripheral blood of patients with
chronic autoimmune urticaria. Australas J Dermatol 2011;52:e15-8.

Zhu Y, Huang Y, Ming B, Wu X, Chen Y, Dong L. Regulatory T-cell levels in
systemic lupus erythematosus patients: a meta-analysis. Lupus 2019;28:
445-54.

Morita T, Shima Y, Wing JB, Sakaguchi S, Ogata A, Kumanogoh A. The
proportion of regulatory T cells in tients with rheumatoid arthritis: a meta-
analysis. PLoS One 2016;11:0162306.

Hofmann SR, Rosen-Wolff A, Tsokos GC, Hedrich CM. Biological properties
and regulation of IL-10 related cytokines and their contribution to autoimmune
disease and tissue injury. Clin Immunol 2012;143:116-27.

Saito H, Ito T, Nakamura H, Joh K. The presence of common precursor for
basophils and eosinophils. Peds Int 2007;26:465-72.

96.

97.

98.

99.

100.

101.

102.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

J ALLERGY CLIN IMMUNOL PRACT
MONTH 2021

Derakhshan T, Samuchiwal S, Hallen N, Bankova L, Boyce J, Barrett N, et al.
Lineage-specific regulation of inducible and constitutive mast cells in allergic
airway inflammation. J Exp Med 2020;218:¢20200321.

Schleimer R, Sterbinsky S, Kaiser J, Bickel C, Klunk D, Tomioka K, et al. IL-4
induces adherence of human eosinophils and basophils but not neutrophils to
endothelium. Association with expression of VCAM-1. J Immunol 1992;148:
1086-92.

Kuna P, Reddigari S, Rucinski D, Oppenheim J, Kaplan A. Monocyte
chemotactic and activating factor is a potent histamine-releasing factor for
human basophils. J Exp Med 1992;175:489-93.

Kuna P, Reddigari S, Schall T, Rucinski D, Viksman M, Kaplan A. RANTES,
a monocyte and T lymphocyte chemotactic cytokine releases histamine from
human basophils. J Immunol 1992;149:636-42.

Kuna P, Reddigari S, Schall T, Rucinski D, Sadick M, Kaplan A. Character-
ization of the human basophil response to cytokines, growth factors, and
histamine releasing factors of the intercrine/chemokine family. J Immunol
1993;150:1932-43.

Grattan C, Dawn G, Gibbs S, Francis DM. Blood basophil numbers in chronic
ordinary urticaria and healthy controls: diurnal variation, influence of lor-
atadine and prednisolone and relationship to disease activity. Clin Exp Allergy
2003;33:337-41.

Oliver E, Sterba P, Saini S. Interval shifts in basophil measures correlate with
disease activity in chronic spontaneous urticaria. Allergy 2015;70:601-3.

3. Huang A, Chichester K, Saini S. Association of basophil parameters with

disease severity and duration in chronic spontaneous urticaria (CSU). J Allergy
Clin Immunol 2020;8:793-5.

Kern F, Lichtenstein L. Defective histamine release in chronic urticaria. J Clin
Invest 1976;57:1369-77.

Kleine-Tebbe J, Erdmann S, Knol E, MacGlashan DJ, Poulsen L, Gibbs B.
Diagnostic tests based on human basophils: potentials, pitfalls and perspec-
tives. Int Archives Allergy Immunol 2006;141:79-90.

Vonakis B, Vasagar K, Gibbons SJ, Gober L, Sterba P, Chang H, et al.
Basophil FcepsilonRI histamine release parallels expression of Src-homology
2-containing inositol phosphatases in chronic idiopathic urticaria. J Allergy
Clin Immunol 2007;119:441-8.

Oliver E, Sterba P, Devine K, Vonakis B, Saini S. Altered expression of
chemoattractant receptor-homologous molecule expressed on T(H)2 cells on
blood basophils and eosinophils in patients with chronic spontaneous urticaria.
J Allergy Clin Immunol 2016;137:304-6.

Vasagar K, Vonakis B, Gober L, Viksman A, Gibbons SJ, Saini S. Evidence of
in vivo basophil activation in chronic idiopathic urticaria. Clin Exp Allergy
2006;36:770-6.

Oda Y, Fukunaga A, Washio K, Imamura S, Hatakeyama M, Ogura K, et al.
Low responsiveness of basophils via FceRI reflects disease activity in chronic
spontaneous urticaria. J Allergy Clin Immunol 2019;7:2835-44.

Eckman J, Hamilton R, Gober L, Sterba P, Saini S. Basophil phenotypes in
chronic idiopathic urticaria in relation to disease activity and autoantibodies.
J Invest Dermatol 2008;128:1956-63.

Lourenco F, Azor M, Santos J, Prearo E, Maruta C, Rivitti E, et al. Activated
status of basophils in chronic urticaria leads to interleukin-3 hyper-respon-
siveness and enhancement of histamine release induced by anti-IgE stimulus.
Br J Dermatol 2008;158:979-86.

Ferrer M, Luquin E, Kaplan A. IL3 effect on basophils histamine release upon
stimulation with chronic urticaria sera. Allergy 2003;58:802-7.
Haak-Frendscho M, Arai N, Arai K, Baeza M, Finn A, Kaplan A. Human
recombinant granulocyte-macrophage colony-stimulating factor and inter-
leukin 3 cause basophil histamine release. J Clin Invest 1988;82:17-20.

Hide M, Francis D, Grattan C, Hakimi J, Kochan J, Greaves M. Autoanti-
bodies against the high-affinity IgE receptor as a cause of histamine release in
chronic urticaria. N Engl J Med 1993;328:1599-604.

Niimi N, Francis D, Kermani F, O’Donnell B, Hide M, Kobza-Black A, et al.
Dermal mast cell activation by autoantibodies against the high affinity IgE
receptor in chronic urticaria. J Invest Dermatol 1996;106:1001-6.

Kikuchi Y, Kaplan A. Mechanisms of autoimmune activation of basophils in
chronic urticaria. J Allergy Clin Immunol 2001;107:1056-62.

Kikuchi Y, Kaplan A. A role for C5a in augmenting IgG-dependent histamine
release from basophils in chronic urticaria. J Allergy Clin Immunol 2002;109:
114-8.

Soundararajan S, Kikuchi Y, Joseph K, Kaplan A. Functional assessment of
pathogenic IgG subclasses in chronic autoimmune urticaria. J Allergy Clin
Immunol 2005;115:815-21.

Fiebiger E, Hammerschmid F, Stingl G, Maurer D. Anti-FcepsilonRIalpha
autoantibodies in autoimmune-mediated disorders. Identification of a structure-
function relationship. J Clin Invest 1998;101:243-51.

FLA 5.6.0 DTD m JAIP3522_proof W 12 April 2021 ® 7:53 am M ce

1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464



1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525

J ALLERGY CLIN IMMUNOL PRACT
VOLUME M, NUMBER B

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Cho C, Stutes S, Altrich M, Ardoin S, Phillips G, Ogbogu P. Autoantibodies in
chronic idiopathic urticaria and nonurticarial systemic autoimmune disorders.
Ann Allergy Asthma Immunol 2013;110:29-33.

Kolkhir P, Church MK, Altrichter S, Skov PS, Hawro T, Frischbutter S, et al.
Eosinopenia, in chronic spontaneous urticaria, is associated with high disease
activity, autoimmunity, and poor response to treatment. J Allergy Clin
Immunol Pract 2020;8:318-25.

Altrichter S, Frischbutter S, Fok JS, Kolkhir P, Jiao Q, Skov PS, et al. The role
of eosinophils in chronic spontaneous urticaria. J Allergy Clin Immunol 2020;
145:1510-6.

Sabroe R, Poon E, Orchard G, Lane D, Francis D, Barr RM, et al. Cutaneous
inflammatory cell infiltrate in chronic idiopathic urticaria: comparison of pa-
tients with and without anti-Fcepsilon or anti-IgE autoantibodies. J Allergy
Clin Immunol 1999;2:484-93.

Peters M, Schroeter A, Kephard G, Gleich G. Localization of eosinophil
granule major basic protein in chronic urticaria. J Invest Dermatol 1983;2:
39-43.

Grattan CE, Winkelmann RK, Leiferman KM. Eosinophil major basic protein
in autologous serum and saline skin tests in chronic idiopathic urticaria. Br J
Dermatol 1997;2:132-48.

Ogasawara H, Furuno M, Edamura K, Noguchi M. Peptides of major basic
protein and eosinophil cationic protein activate human mast cells. Biochem
Biophys Rep 2019;21:100719.

Puccetti A, Bason C, Simeoni S, Millo E, Tinazzi F, Beri R, et al. In chronic
idiopathic urticaria autoantibodies against Fc epsilonRII/CD23 induce hista-
mine release via eosinophil activation. Clin Exp Allergy 2005;35:1599-607.
Asero R, Marzano AV, Ferrucci S, Lorini M, Carbonelli V, Cugno M. Co-
occurrence of IgE and IgG autoantibodies in patients with chronic spontaneous
urticaria. Clin Exp Immunol 2020;200:242-9.

Shakoory B, Fitzgerald SM, Lee SA, Chi DS, Krishnaswamy G. The role of
human mast cell-derived cytokines in eosinophil biology. J Interferon Cytokine
Res 2004;24:271-81.

Lampinen M, Carlson M, Hikansson LD, Venge P. Cytokine-regulated
accumulation of eosinophils in inflammatory disease. Allergy 2004;59:
793-805.

Yanase Y, Morioke S, Iwamoto K, Takahagi S, Uchida K, Kawaguchi T, et al.
Histamine and Toll-like receptor ligands synergistically induce endothelial cell
gap formation by the extrinsic coagulating pathway. J Allergy Clin Immunol
2018;141:1115-8.

Saito R, Yanase Y, Kamegashira A, Takahagi S, Tanaka A, Uchida K, et al.
Increase of tissue factor expression on the surface of peripheral monocytes of
patients with chronic spontaneous urticaria. Allergy 2020;75:971-4.
Moosbauer C, Morgenstern E, Cuvelier SL, Manukyan D, Bidzhekov K,
Albrech TS, et al. Eosinophils are a major intravascular location for tissue
factor storage and exposure. Blood 2007;109:995-1002.

Asero R, Tedeschi A, Riboldi P, Cugno M. Plasma of chronic urticaria patients
shows signs of thrombin generation and its intradermal injection causes wheal-
and-flare reaction much more frequently than autologous serum. J Allergy Clin
Immunol 2006;117:1113-7.

Asero R, Tedeschi A, Coppola R, Griffini S, Paparella P, Riboldi P, et al.
Activation of the tissue factor pathway of blood coagulation in patients with
chronic urticaria. J Allergy Clin Immunol 2007;119:705-10.

Asero R, Tedeschi A, Riboldi P, Griffini S, Bonanni E, Cugno M. Severe
chronic urticaria is associated with elevated plasma levels of D-dimer. Allergy
2008;63:176-80.

Cugno M, Marzano AV, Tedeschi A, Fanoni D, Venegoni L, Asero R.
Expression of tissue factor by eosinophils in patients with chronic urticaria. Int
Arch Allergy Immunol 2009;148:170-4.

Dugina TN, Kiseleva EV, Glusa E, Strukova SM. Activation of mast cells
induced by agonists of proteinase-activated receptors under normal conditions
and during acute inflammation in rats. Eur J Pharmacol 2003;471:141-7.
Ossovskaja VS, Bunnett NW. Protease-activated receptors: contribution to
physiology and disease. Physiol Rev 2004;84:579-621.

Yanase Y, Matsuo Y, Takahagi S, Kawaguchi T, Uchida K, Ishii K, et al.
Coagulation factors induce human skin mast cell and basophil degranulation
via activation of complement 5 and the C5a receptor. J Allergy Clin Immunol
2021;147:1101-1104.e7.

Suender CA, Leist M, Abrink M, Valentin P, Geldmacher A, Steinhoff M,
et al. Mast cells are critical for the limitation of thrombin-induced skin
inflammation. Exp Dermatol 2018;27:50-7.

Tedeschi A, Asero R, Marzano AV, Lorini M, Fanoni D, Berti E, et al. Plasma
levels and skin-eosinophil expression of vascular endothelial growth factor
(VEGF) in patients with chronic urticaria. Allergy 2009;64:1616-22.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

GIMENEZ-ARNAU ETAL 13

. Dvorak HF, Brown LF, Detmar M, Dvorak AM. Vascular permeability factor/

vascular endothelial growth factor, microvascular hyperpermeability, and
angiogenesis. Am J Pathol 1995;146:1029-39.

Kamegashira A, Yanase Y, Takahagi S, Saito R, Uchida K, Kawaguchi T,
et al. Histamine- or vascular endothelial growth factor-induced tissue factor
expression and gap formation between vascular endothelial cells are syner-
gistically enhanced by lipopolysaccharide, tumor necrosis factor-alpha, inter-
leukin (IL)-33 or IL-1beta. J Dermatol 2020;47:1293-300.

Fujii K, Usuki A, Kan-No Y, Ohgou N. Elevation of circulating thrombin-
antithrombin III complex and fibrin degradation products in urticaria: a labo-
ratory finding unrelated to intravascular coagulopathy. J Dermatol 2008;35:
308-10.

Parslew R, Pryce D, Ashworth J, Friedmann PS. Warfarin treatment of chronic
idiopathic urticaria and angio-oedema. Clin Exp Allergy 2000;30:1161-5.
Chua SL, Gibbs S. Chronic urticaria responding to subcutaneous heparin so-
dium. Br J Dermatol 2005;153:216-7.

Asero R, Tedeschi A, Cugno M. Heparin and tranexamic acid therapy may be
effective in treatment-resistant chronic urticaria with elevated D-dimer: a pilot
study. Int Arch Allergy Immunol 2010;152:384-9.

Bernstein J, Rao M, Berendts K, Zhang X, Mutasim D. Benralizumab for
chronic spontaneous urticaria. N Engl J Med 2020;383:1389-91.

Sanchez JL, Benmaman O. Clinicopathological correlation in chronic urticaria.
Am J Dermatopathol 1992;14:220-3.

Sugita Y, Morita E, Kawamoto H, Horiuchi K, Yamada S, Koro O, et al.
Correlation between deposition of immuno-components and infiltration pattern
of polymorphonuclear leukocytes in the lesions of chronic urticaria. J] Dermatol
2000;27:157-62.

Martins CF, Morais KL, Figueroa P, Dias NF, Valente NS, Maruta CW, et al.
Histopathological and clinical evaluation of chronic spontaneous urticaria
patients with neutrophilic and non-neutrophilic cutaneous infiltrate. Allergol
Int 2018;67:114-8.

Grattan CE, Boon AP, Eady RA, Winkelmann RK. The pathology of the
autologous serum skin test response in chronic urticaria resembles IgE-
mediated late-phase reactions. Int Arch Allergy Appl Immunol 1990;93:
198-204.

Caproni M, Giomi B, Volpi W, Melani L, Schincaglia E, Macchia D, et al.
Chronic idiopathic urticaria: infiltrating cells and related cytokines in autolo-
gous serum-induced wheals. Clin Immunol 2005;114:284-92.
Rojanapremsuk T, Kasprowicz S, Schafer E, Story R, Clarke MS, Walls T,
et al. Clinicopathologic findings in (anti-FcepsilonR1alpha) autoimmune-
related chronic urticaria. J Cutan Pathol 2015;42:329-32.

Polak D, Hafner C, Briza P, Kitzmiiller C, Elbe-Biirger A, Samadi N, et al.
A novel role for neutrophils in IgE-mediated allergy: evidence for antigen
presentation in late-phase reactions. J Allergy Clin Immunol 2019;143:
1143-52.

Narla S, Azzam M, Townsend S, Vellaichamy G, Marzano AV, Alavi A, et al.
Identifying key components and therapeutic targets of the immune system in
hidradenitis suppurativa with an emphasis on neutrophils [published online
ahead of print September 7, 2020]. Br J Dermatol, https://doi.org/10.1111/bjd.
19538.

Kay AB, Ying S, Ardelean E, Mlynek A, Kita H, Clark P, et al. Elevations
in vascular markers and eosinophils in chronic spontaneous urticarial weals
with low-level persistence in uninvolved skin. Br J Dermatol 2014;171:
505-11.

Tedeschi A, Asero R, Lorini M, Marzano AV, Cugno M. Serum eotaxin levels
in patients with chronic spontaneous urticaria. Eur Ann Allergy Clin Immunol
2012;44:188-92.

Ying S, Meng Q, Zeibecoglou K, Robinson DS, Macfarlane A, Humbert M,
et al. Eosinophil chemotactic chemokines (eotaxin, eotaxin-2, RANTES,
monocyte chemoattractant protein-3 (MCP-3), and MCP-4), and C-C chemo-
kine receptor 3 expression in bronchial biopsies from atopic and nonatopic
(Intrinsic) asthmatics. J Immunol 1999;163:6321-9.

Moller A, Lippert U, Lessmann D, Kolde G, Hamann K, Welker P, et al.
Human mast cells produce IL-8. J Immunol 1993;151:3261-6.

Kay AB, Ying S, Ardelean E, Mlynek A, Kita H, Clark P, et al. Calcitonin
gene-related peptide and vascular endothelial growth factor are expressed in
lesional but not uninvolved skin in chronic spontaneous urticaria. Clin Exp
Allergy 2014:44:1053-60.

Choi SJ, Ye YM, Hur GY, Shin SY, Han JH, Park HS. Neutrophil activation in
patients with ASA-induced urticaria. J Clin Immunol 2008;28:244-9.

Trinh HK, Pham DL, Ban GY, Lee HY, Park HS, Ye YM. Altered systemic
adipokines in patients with chronic urticaria. Int Arch Allergy Immunol 2016;
171:102-10.

FLA 5.6.0 DTD m JAIP3522_proof W 12 April 2021 ® 7:53 am M ce

Q18

1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586


https://doi.org/10.1111/bjd.19538
https://doi.org/10.1111/bjd.19538

1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621

Q23

14

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

GIMENEZ-ARNAU ET AL

Karaman S, Turedi B. Neutrophil-lymphocyte ratio: a possible marker of
remission in children with chronic spontaneous urticaria. Allergol Immuno-
pathol (Madr) 2020;48:290-4.

Akdogan N, Demirel Ogut N, Dogan S, Atakan N. Long-term effects of
omalizumab on peripheral blood cells and C-reactive protein levels in patients
with chronic spontaneous urticaria. Dermatol Ther 2019;32:e12966.

Onder S, Ozturk M. How does omalizumab affect the immunoinflammatory
response in patients with chronic spontaneous urticaria? Cutan Ocul Toxicol
2020;39:31-5.

Rho SS, Ando K, Fukuhara S. Dynamic regulation of vascular permeability by
vascular endothelial cadherin-mediated endothelial cell-cell junctions.
J Nippon Med Sch 2017;84:148-59.

Ito Y, Satoh T, Takayama K, Miyagishi C, Walls AF, Yokozeki H. Basophil
recruitment and activation in inflammatory skin diseases. Allergy 2011;66:1107-13.
Zuberbier T, Schadendorf D, Haas N, Hartmann K, Henz BM. Enhanced P-
selectin expression in chronic and dermographic urticaria. Int Arch Allergy
Immunol 1997;114:86-9.

Caproni M, Volpi W, Macchia D, Giomi B, Manfredi M, Campi P, et al.
Infiltrating cells and related cytokines in lesional skin of patients with chronic
idiopathic urticaria and positive autologous serum skin test. Exp Dermatol
2003;12:621-8.

Asako H, Kurose I, Wolf R, DeFrees S, Zheng ZL, Phillips ML, et al. Role of
H1 receptors and P-selectin in histamine-induced leukocyte rolling and
adhesion in postcapillary venules. J Clin Invest 1994;93:1508-15.

Miki I, Kusano A, Ohta S, Hanai N, Otoshi M, Masaki S, et al. Histamine
enhanced the TNF-alpha-induced expression of E-selectin and ICAM-1 on
vascular endothelial cells. Cell Immunol 1996;171:285-8.

Takahagi S, Mihara S, Iwamoto K, Morioke S, Okabe T, Kameyoshi Y, et al.
Coagulation/fibrinolysis and inflammation markers are associated with disease
activity in patients with chronic urticaria. Allergy 2010;65:649-56.

Sakurai Y, Morioke S, Takeda T, Takahagi S, Hide M, Shima M. Increased
thrombin generation potential in patients with chronic spontaneous urticaria.
Allergol Int 2015;64:96-8. Erratum in: Allergol Int 2015;64:216.

Urano T, Suzuki Y. Accelerated fibrinolysis and its propagation on vascular endo-
thelial cells by secreted and retained tPA. J Biomed Biotechnol 2012;2012:208108.

177.

178.

179.

180.

181.

182.
183.

184.

185.

186.

187.

188.

189.

J ALLERGY CLIN IMMUNOL PRACT
MONTH 2021

Yanase Y, Takahagi S, Hide M. Chronic spontaneous urticaria and the
extrinsic coagulation system. Allergol Int 2018;67:191-4.

van der Kleij HPM, Bienensteck J. Significance of conversation between mast
cells and nerves. Allergy Asthma Clin Immunol 2005;1:65-80.

Borici-Mazi R, Kouridakis S, Konton-Fili K. Cutaneous responses to sub-
stance P and calcitonin gene-related peptide in chronic urticaria: the effect of
cetirizine and dimethindene. Allergy 1999;54:46-56.

Metz M, Krull C, Hawro T, Stanger C, Staubach P, Maurer M. Substance P is
upregulated in the serum of patients with chronic spontaneous urticaria.
J Invest Dermatol 2014;124:2833-6.

Fowler E, Yosipovitch G. Chronic itch management: therapies beyond those
targeting the immune system. Ann Allergy Asthma Immunol 2019;123:
158-65.

Yosipovitch G, Greaves MW, Schmetz M. Itch. Lancet 2003;361:690-4.
Matsuo Y, Yanase Y, Irifuku R, Takahagi S, Mihara S, Ishii K, et al. Neu-
romedin U directly induces degranulation of skin mast cells, presumably via
MRGPRX2. Allergy 2018;73:2256-60.

Kaplan AP, Ledford D, Ashby M, Canvin J, Zazzali JL, Conner E, et al.
Omalizumab in patients with symptomatic chronic idiopathic/spontaneous
urticaria despite standard combination therapy. J Allergy Clin Immunol 2013;
132:101-9.

Standler S, Yosipovitch G. Substance P and neurokinin 1 receptor are new
targets for the treatment of chronic pruritus. Br J Dermatol 2019;181:932-8.
Elias J, Boss E, Kaplan AP. Studies of the cellular infiltrate of chronic idio-
pathic urticaria: prominence of T cells, monocytes, and mast cells. J Allergy
Clin Immunol 1986;78:914-8.

Czarnetzki BM, Meentken J, Kolde K, Broacken EB. Morphology of the
cellular infiltrate in delayed pressure urticaria. J Am Acad Dermatol 1985;12:
253-9.

Chakravarty SD, Yee AF, Paget SA. Rituximub successfully treats refractory
chronic autoimmune urticaria caused by IgE receptor autoantibodies. J Allergy
Clin Immunol 2011;128:1354-5.

Maurer M, Khan DA, Ali Komi DE, Kaplan AP. Biologics and the use in
chronic spontaneous urticarial: when and which. J Allergy Clin Immunol Pract
2021;9:1067-78.

FLA 5.6.0 DTD m JAIP3522_proof W 12 April 2021 ® 7:53 am M ce

1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656



	The Pathogenesis of Chronic Spontaneous Urticaria: The Role of Infiltrating Cells
	Lymphocytes and Involved Cytokines in CSU Pathogenesis
	T-cell involvement in wheal pathogenesis
	Th17 cytokines
	Th1 cytokine
	Th2 cytokines
	Th9 cytokines
	Regulatory cytokines
	Basophils

	Eosinophils in CSU
	Evidence for eosinophil involvement in CSU
	Eosinophil interactions with other cells in CSU
	Clinical relevance

	The Role of Neutrophils in CSU
	The evidence for PMN involvement in CSU
	Neutrophils accumulate in allergic late-phase reactions (LPRs)
	How are PMN recruited in the skin?
	What is the clinical relevance?
	The role of vascular endothelial cells in CSU

	Neuroinflammation and the Afferent Nervous System
	Concluding Comments
	Uncited Reference and Figure
	References


