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CHAPTER

Etiopathogenesis

Leonor Esteves Caldeira, Célia Costa, Mona Al-Ahmad,
Jorge Sanchez, Ricardo Cardona

INTRODUCTION .. N

Urticaria is a mast cell-driven disease.! There are several potential causes of new
onset urticaria, although in many patients no specific etiology can be identified.
Acute urticaria usually occurs due to exposure to various triggers present in the
environment (food, drugs, and insect venom), while in chronic urticaria (CU)
these triggers are not usually present, making it more difficult to identify the cause.
Different etiologies can activate mast cells through many different mechanisms,
which are described hereafter.?

MEDIATORS IN THE FORMATION OF THE WHEAL AND ITCHING

Skin mast cell activation is a complex process initiated by diverse stimuli and
resultingin three principal effects, namely degranulation, cytokines, and chemokine
synthesis and leukotrienes and prostaglandin production.?® The enhanced
vascular permeability that results from the release of preformed mediators from
mast cells and their delayed generation of cytokines is responsible for the physical
manifestation of urticaria.

During degranulation, mast cells release histamine and other inflammatory
mediators (e.g., prostaglandins, leukotrienes, cytokines, and chemokines) on
activation, which are capable of inducing vasodilation, alteration in endothelial-
permeability, plasma extravasation, dermal sensory nerve stimulation, and cell
recruitment. Local vasodilatation with increased capillary permeability and plasma
leakage results in elevated erythematous wheals. Stimulation of sensory skin nerves
contributes along with other mechanisms in skin pruritus and erythematous halo
(axon reflex).*® Histamine is a central mediator, as suggested by the prominent
clinical symptom of pruritus and the beneficial response to H;-antihistamines in
most of the patients (40-70%). Activation of H; receptors in the skin induces itching,
flaring, erythema, and wheal, whereas activation of H, receptors offer a moderate
contribution to erythema and wheal.®

Within a 24-hour period after mast cell stimulation cytokines and chemokines
are produced. Acute phase cytokines [interleukin (IL)-1 and tumor necrosis factor
alpha (TNF-a)] activate the endothelium, allowing recruitment of leukocytes and
cytokines synthesis by other cell types, contributing to the maintenance of skin
inflammation. Moreover, mast cells can behave as antigen-presenting cells able
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to activate T-cells and it has been suggested that, by infiltrating the skin, T-cells
participate in the chronicity of the lesions. This could explain why some patients
with H, antagonist-resistant CU can be improved by immunosuppressants that
target T-cells, such as cyclosporine.”

Leukotrienes and prostaglandins are produced from arachidonic acid in the
hours following mast cell activation. Two enzymatic systems, cyclo-oxygenases and
lipoxygenases, participate in this production. Leukotriene synthesis is thought to
happen in the early and selective recruitment of leukocytes, but the mechanisms
by which they participate in the urticarial lesions are not established. Similarly with
cytokines, these mediators are thought to be important for the chronicity of the
disease.?

MAST CELL ACTIVATION MECHANISMS IN URTICARIA

The mast cell has >36 membrane receptors that can generate its activation and
release from the preformed granules (Fig. 1). These receptors can be activated by
immunological mechanisms (innate or adaptive response) or by nonimmunological
mechanisms.? Although many of these mechanisms can overlap and are not
mutually exclusive, we will present them separately for academic purposes. Among
the immunological mechanisms, the adaptive response has been the most studied.

Immunoglobulin E (IgE)-mediated urticaria [type I hypersensitivity (HS)]: This
immediate HS mechanism is present in acute urticaria and is initiated by antigen-
mediated IgE immune complexes that bind and cross-link Fc receptors on the
surface of mucosa/skin mast cells and blood basophils, which became activated
and degranulate. Common allergens that can result in acute urticaria include
foods, food additives, and drugs (particularly antibiotics and painkillers). The most
common foods associated with the condition in children are milk, eggs, peanuts,
tree nuts, and soybeans. In adults, fish, shellfish, tree nuts, and peanuts are most
often implicated. Beta-lactams, namely penicillins and cephalosporins, are the
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FIG. 1: Mast cell receptors involved in the pathogenesis of urticaria.



antibiotics most implicated in causing urticaria by this immediate HS mechanism.
Insect stings may also be associated with acute urticaria and, in some cases, to
anaphylaxis. The stinging insects that frequently cause severe allergic reactions
include bees, vespids, and fire ants. Acute urticaria may also occur in latex allergy,
after contact with latex-containing products, including latex gloves and balloons.?
In CU, these exogenous triggers are not usually the cause of the disease but can
occasionally cause exacerbations as is the case with nonsteroidal anti-inflammatory
drugs (NSAIDs).> 1

Patients with chronic spontaneous urticaria (CSU) have a higher total
IgE concentration and also a higher frequency of atopy.'?!® In addition, IgE
autoantibodies to thyroid autoantigens such as thyroperoxidase (TPO) and
thyroglobulin are present in 15-40% of CSU patients.'619 What has been described
as an “autoallergic” reaction.?®?! Why these autoantibodies are formedis unknown,
but some mechanisms have been proposed like molecular mimicry with some
environmental antigens or molecular spreading as a consequence of chronic
inflammation. Several in vitro studies show that IgE antibodies against TPO, tissue
factor, IL24, can induce the activation of mast cells and basophils.'#2>24 Also arecent
study!® demonstrated that the inoculation of TPO into the skin of patients with CSU
and anti-TPO IgE can induce the formation of hives in the skin; additionally, this
reaction could be reproduced in healthy subjects with passive transfer of serum
with anti-TPO IgE at the subcutaneous level.

IgG-mediated urticaria (type II HS): A subpopulation of patients with CU has been
referred to have an autoimmune etiology (40-45%) in which there is IgG antibodies
against to the a-subunit of the high-affinity IgE receptor (FceRlIa) (35-40%) or to
IgE itself (IgG anti-IgE; 5-10%). The presence of IgM against these autoantigens
has also been detected but less frequently (Fig. 2). These autoantibodies can be
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FIG. 2: Mechanisms and triggers of acute and chronic urticaria: The frequency
described is wide since it varies according to the age group and study reports. In acute
urticaria, food and drugs are the main triggers and can induce the disease through IgE

mechanisms, enzymatic reaction or by irritative effects that induce degranulation of

mast cells. In CU, several autoantigens detected by IgE, IgG, and IgM can induce the

disease, however, there seem to be other mechanisms that have not been described,
such as those of urticarias induced by physical stimuli like ice or exercise.
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demonstrated by basophil histamine release assay or by autologous serum skin
testing. For activation to occur it is necessary cross-linking IgE receptors or
adjacent IgE molecules by these antibodies. Histamine release is augmented by
complement activation with release of C5a. As a group, symptoms are more severe
and last longer in this subpopulation of patients than in patients without such
autoantibodies. Associated autoimmune phenomena include a higher incidence
of antithyroid antibodies, which may result in Hashimoto thyroiditis, as well as
positive antinuclear antibodies.1'19:2526

Beyond the autoimmune mechanisms, other mechanisms have been described
as related to the pathogenesis of CU, involves dysregulation of intracellular
signaling pathways within mast cells and basophils that lead to defects'in trafficking
or function of these cells, as it will be explained below.

Circulating immune complex (CIC)-mediated urticaria (type III HS): There is a
paucity of literature describing the role of CIC in urticaria. Nevertheless, it is known
that antigen-antibody complex interacts with receptors for the Fc portion of Igs
(FcR) on several cell types, including mast cells and basophils. This mechanism
is possibly responsible for the urticarial flares observed in the course of infectious
diseases and lupus erythematosus, in which high quantities of CIC are produced.?”

On the other hand, nonimmunological urticarias are the urticarias which are
not mediated by effectors of adaptive immunity. Mast cells express a number of
surface receptors, which, upon binding to various molecules, are able to initiate
a signal to trigger degranulation, specifically, receptors for neurotransmitters,
neurohormones, and neuropeptides; toll-like receptors; receptors for the
complement molecules and cytokine and chemokine receptors.?

Emotional and psychological factors, such as depression, anxiety, and stress,
seems to play a contributory role in the onset of the disease and in its evolution.
Additionally, emotional stress contributes to flare-ups of urticaria, which
might be explained by the activation pathways transduced by receptors for
neurotransmitters, neurohormones, and neuropeptides, particularly substance P.*
It is worth mentioning that, patients with CSU seem to have higher cortisol levels
than healthy controls and their basophils have been shown to active promptly with
stress-related neuropeptides.?®

It is not clear how infection contributes to the genesis, perpetuation, or
exacerbation of CU. Notwithstanding, pathogen-associated molecular patterns on
microbes have been found to be able to bind to toll-like receptors on mast cells,
causing degranulation. The most frequently involved type of pathogens are bacteria
and viruses, often linked to acute viral infections.? Other proposed mechanism of
urticaria development, as previously mentioned, involves immune activation, with
immune complex formation and/or complement activation. It has been suggested
that infection may play a role in the onset of CSU and its maintenance, and cofactors
like stress may be necessary for the CSU phenotype to be expressed, especially when
urticaria develops in context of severe infections like pneumonia or pyelonephritis.
On the other hand, some patients improve by the discovery and treatment of occult



infections.?® The infectious agents commonly associated with urticaria include
various viruses (e.g., rhinovirus, rotavirus, Epstein-Barr, hepatitis A, hepatitis B,
hepatitis C, herpes simplex, and human immunodeficiency virus), bacteria (e.g.,
urinary tract infections, dental infections, Helicobacter pylori, and Mycoplasma
pneumonia), and parasites (e.g., Ancylostoma, Strongyloides, Schistosoma mansoni,
Anisakis simplex, and Blastocystis hominis).®

Complements, such as C5a anaphylatoxin, can also trigger mast cell
degranulation by binding to their respective receptors available on mast cell
surface, independent of the involvement of IgE or IgE receptors.3!

In what concerns chronic inducible urticarias (CIndU) they probably result
from heightened sensitivity by the mast cell to environmental conditions, although
the exact pathogenesis is too unknown.! As many patients document the efficacy of
anti-IgE (omalizumab), a possible role of IgE in the degranulation of mast cells in
CIndU hasbeen suggested. Type I autoimmunity, is defended in several studies to be
of major importance in the pathogenesis of CIndU. It is thought that environmental
stimuli induce a neoantigen, specific to IgE antibody that binds to mast cells. In
support of this, it has been described that in symptomatic dermographism, cold
and solar urticaria, the disease is passively transferable by transfer of serum, being
IgE the suggested transferable serum factor. Also, in solar urticaria, specific photo-
induced autoantigens have been documented to bind to IgE on mast cells and
in cold urticaria desensitization was shown after depletion of a cold-dependent
skin antigen that could activate mast cells.*>33 In cholinergic urticaria, specific IgE
antibodies to autologous sweat antigens or skin resident fungi, Malassezia globosa,
have been reported.? On the other hand, and as already mentioned, mast cells and
basophils may also be activated through IgE-independent pathways. Recently,
in physical urticaria, it has been being investigated if there is any participation of
transient receptor potential (TRP) channels which can be regulated by changes in
temperature, pH, or osmolality and produce calcium influx into the cells. However,
its role in CIndU is still unknown.3?

SUMMARY AND CLINICAL APPLICATION OF THIS KNOWLEDGE

The recent description of anti-IL24 IgE in 90-100% of patients with CSU
compared to only 10% of subjects without urticaria, opens the door to the use
of these autoantibodies as a confirmatory diagnostic test.>* The presence or not
of IgE anti-TPO and IgG anti-IgE among other autoantibodies seems to define
different endophenotypes of patients?® (Table 1); those with IgE anti-TPO are
more frequently associated with a reaction with NSAIDs, a better response with
omalizumab and the presence of rhinitis or asthma. In contrast, those with IgG
autoantibodies are more frequently associated with the presence of inducible
urticaria in addition to CSU, a better response with cyclosporine, and a lower
response with antihistamines. Therefore, these biomarkers have the potential to
transform the clinical approach in CSU at the level of diagnosis, treatment, and
prognosis.

N

sissushoyredonsy iz Y3LdvHD



(-]

: Etiopathogenesis

CHAPTER 2

TABLE 1: Each cross represents the frequency of the diseases found in

previous studies.

IgE autoantibodies | IgG autoantibodies
Asthma +++ +
Atopy +++ +
Total IgE 14 +
NSAIDs reactions 4 +
Inducible urticaria and CSU together ++ +++
Autoimmune diseases + +*
Cyclosporine response +++ R
Omalizumab response S +++

+: <25% of the patients, ++: 25-50%, and +++: >51%.

* Although the frequency of autoimmune diseases seems to be <25% in both groups, some studies
suggest a predominance of their presence in patients with IgG autoantibodies.

**Some studies suggest that it is better in patients with IgG autoantibodies.
***Some studies suggest that it is better in patients with IgE autoantibodies.

(CSU: chronic spontaneous urticaria; IgG: immunoglobulin G; NSAIDs: nonsteroidal anti-inflammatory
drugs)
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