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A B S T R A C T

Anaphylaxis is defined as severe, life-threatening, systemic or general, immediate reaction of
hypersensitivity, with repeatable symptoms caused by the dose of stimulus which is well tolerated
by healthy persons. The proper diagnosis, immediate treatment and differential diagnosis are crucial for
saving patient's life. However, anaphylaxis is relatively frequently misdiagnosed or confused with other
clinical entities. Thus, there is a continuous need for identifying detectable markers improving the proper
diagnosis of anaphylaxis. Here we presented currently known markers of anaphylaxis and discussed in
more detail the most clinically valuable ones: tryptase, platelet activacting factor (PAF), PAF-
acethylhydrolase, histamine and its metabolites.

© 2017 Medical University of Bialystok. Published by Elsevier B.V. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
2. Material and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266
3. Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267

3.1. Anaphylaxis – definition, clinical manifestations, differential diagnosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
3.1.1. Role of mast cells in anaphylaxis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267

3.2. Tryptase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
3.3. Histamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271

3.3.1. Histamine and myocardial dysfunction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
3.4. Platelet-activating factor (PAF) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
3.5. Genetic markers of anaphylaxis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274

4. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274
Conflict of interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
Financial disclosure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275

Contents lists available at ScienceDirect

Advances in Medical Sciences

journal homepa ge: www.elsevier .com/ locate /advms
1. Introduction

Anaphylaxis is defined as severe, life-threatening, systemic or
general, immediate reaction of hypersensitivity, with repeatable
symptoms caused by the dose of stimulus which is well tolerated by
* Corresponding author at: Department of Allergology and Internal Diseases,
Medical University of Bialystok, M. Sklodowskiej-Curie 24A, 15-276 Bialystok,
Poland. Tel.: +48 85 831 8373.
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healthy persons [1]. Mast cells are the most important cells, involved
in anaphylactic reactions. The mediators of these cells are:
histamine, tryptase, serotonin, proteoglycans, proteases, chemotac-
tic factors and de novo synthetized lipid mediators: prostaglandin
D2 (PGD2), leukotriene B4 (LTB4), platelet activacting factor (PAF),
cysteinyl leukotrienes (LTC4, LTD4, LTE4,), cytokines (TNF-alpha, IL-
4, IL-5, IL-6, IL-8) [1–4]. Therefore, the proper diagnosis, immediate
treatment and also differential diagnosis are crucial for saving
patient’s life. The measurements of potential markers of anaphy-
laxis could be helpful in this situation. Inpresent, the measurements
of tryptase levels are used in clinical practice [1–4]. Scientific
reports revealed, that the activity of this enzyme, which is
 reserved.
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characteristic for mast cell granules, correlates well with the
severity of anaphylactic reactions [1–4]. The measurements of
levels of platelet activating factor (which causes the increase in
vascular permeability) and PAF-acethylhydrolase, as well as
histamine and its metabolites, could be also the valuable tool in
cases of anaphylaxis.

Here we presented currently known markers of anaphylaxis
and discussed in more detail the most clinically valuable ones:
tryptase, platelet activacting factor (PAF), PAF-acethylhydrolase,
histamine and its metabolites.

2. Material and methods

A search was started on 01.04.2015. using the MEDLINE/PubMed
database (United States National Library of Medicine National
Institutes of Health). The key words, used in the process of searching
data; were as follows: anaphylaxis; mast cells; histamine; histamine
receptors; tryptase; PAF. In order to select the data available in the
literature, we performed the searching of the data using the
following strategy: anaphylaxis � 19786; anaphylaxis AND clinical
trial � 693; anaphylaxis AND review � 3012; anaphylaxis AND case
report � 4764; anaphylaxis AND guidelines � 576;mast cell � 35164;
mast cell AND anaphylaxis � 2418; histamine � 67318; histamine
AND review � 8456; histamine AND anaphylaxis � 3474; histamine
AND clinical trial � 6330; histamine AND anaphylaxis AND clinical
trial � 96; histamine AND anaphylaxis AND case report � 351;
histamine receptor � 21173; histamine receptor AND anaphylaxis �
535; tryptase � 3990; tryptase AND review � 569; tryptase AND
anaphylaxis � 518; tryptase AND mast cell � 3342; tryptase AND
clinicaltrial� 198; tryptaseANDcase report� 366;PAF� 10460; PAF
and review � 830; PAFAND anaphylaxis � 280; PAFAND clinical trial
� 297; PAF AND clinical trial AND anaphylaxis � 0; PAF AND case
report AND anaphylaxis � 0. Filters: published since 1972 (in 1972
Fig. 1. PRISMA 2009 fl
PAF was discovered). In January 2017, when we started the
manuscript preparation, full-text articles were assessed for eligibili-
ty. In order to select the data available in the literature, we performed
the searching of the data using the following strategy: anaphylaxis �
990; anaphylaxis AND clinical trial � 405; anaphylaxis AND review �
2263; anaphylaxis AND case report � 2304; anaphylaxis AND
guidelines � 551; mast cell � 19803; mast cell AND anaphylaxis �
1347; histamine � 21096; histamine AND review � 3610; histamine
AND anaphylaxis � 990; histamine AND clinical trial � 2157;
histamine AND anaphylaxis AND clinical trial � 30; histamine AND
anaphylaxis AND case report � 157; histamine receptor � 8551;
histamine receptor AND anaphylaxis � 202; tryptase � 3132;
tryptase AND review � 460; tryptase AND anaphylaxis � 464;
tryptase AND mast cell � 2570; tryptase AND clinical trial � 128;
tryptase AND case report � 287; PAF � 4046; PAF and review � 347;
PAF AND anaphylaxis � 68; PAF AND clinical trial � 297; PAF AND
clinical trial AND anaphylaxis � 0; PAF AND case report AND
anaphylaxis � 0. Filters: published in last 17 years; full text.

From those full-text articles, 285 were selected for further
analysis. In the final version of the manuscript, 168 articles were
cited (5 clinical papers, 37 papers on mast cells and their functions
in anaphylaxis, and papers on tryptase, histamine and PAF (n = 31,
n = 34, n = 61, respectively)).

The search was mainly limited to studies written in English. 166
from 168 citations were found in MEDLINE. In the part of the
manuscript, concerning clinical signs and symptoms, two Polish
authors of chapters in textbooks were cited (Refs. [2,55]). Three
citations, concerning tryptase in diagnostics of allergic diseases,
anaphylactic reactions to low-molecular weight chemicals, and
idiopathic anaphylaxis, were written in Polish in original versions
(Refs. [14,17,163], respectively).

The process of searching for data is presented graphically
according to PRISMA 2009 flow diagram in Fig. 1.
ow diagram [5].



Table 1
Frequency of occurrence of clinical features of anaphylaxis [3,4, modified].

Skin/mucosa Urticarial eruption
80–90% Angioedema

-oropharyngeal
-laryngeal
-intestinal
Flushing
Pruritus (palms/soles/oral/genitalia)

Bronchopulmonary Laryngeal edema
60–70% Wheeze/Cough

Rhinitis
Cardiac Hypotension/shock
40–50% Reduced cardiac output

Myocardial ischemia
Hypotension/shock
Reduced cardiac output
Myocardial ischemia
Arrhytmia
Cardiac arrest
Substernal pain
Kounis syndrome

Gastrointestinal Nausea
40–50% Vomiting

Diarrhea
Intestinal edema

Neurological Dizziness
<15% Confusion

Headache
Feeling of impending doom
Tunnel vision
Syncope
Seizures

Genitourinary Uterine cramps (females)
<10% Uterine bleeding (females)

Scrotal edema (males)
Miscellaneous Urinary/Fecal incontinence
<10%
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3. Results and Discussion

3.1. Anaphylaxis – definition, clinical manifestations, differential
diagnosis

The European Academy of Allergy and Clinical Immunology
(EAACI) describes anaphylaxis as a severe, life-threatening,
systemic or generalized, immediate hypersensitivity reaction. It
is, in other words, a manifestation of objective, repeatable
symptoms caused by an exposure to a stimulus of a strength that
would be well tolerated by healthy individuals [1].

Anaphylaxis is not usually treated as a specific disease, but as a
set of symptoms characterizing a specific reaction of people who
are hypersensitive to various factors [2]. In the International
Statistical Classification of Diseases and Related Health Problems
ICD-10, it most closely matches an anaphylactic shock (T78.2).
Clinical manifestations of anaphylaxis depend on the organs or
systems affected. The clinical symptoms of hypersensitivity
reactions, defined as anaphylaxis, can have a mild course and be
of a local nature (hives, swelling) or give severe reactions with
symptoms of shock (ie. a significant decrease in blood pressure,
symptoms of airway obstruction) [2].

If one of the following criteria is fulfilled, the characteristic
symptoms are very likely to be described as anaphylaxis [3]:

1 Respiratory reactions (shortness of breath, wheezing, stridor,
hypoxemia);

2 Decrease in blood pressure and related symptoms from the
other systems (syncope, fainting, coma, urinary incontinence);

Two or more of the following symptoms which occur suddenly
after exposure to a probable triggering factor:

� symptoms of an acute nature, when the causative agent is
unknown (duration from a few minutes to several hours) on the
skin, mucous membranes (generalized itching, redness of the
skin, swelling of the lips, tongue, uvula);

� respiratory symptoms (shortness of breath, wheezing, stridor,
hypoxemia);

� decrease in blood pressure and related symptoms from other
systems (syncope, fainting, coma, urinary incontinence);

� persistent symptoms from the gastrointestinal tract (abdominal
pain, nausea, vomiting).

3 Decrease in blood pressure that occurs after exposure to a
specific, known factor:

� infants and children: low systolic blood pressure (appropriate
for the age group <70 mmHg for ages 1 month � 1 year;
<70 mmHg + (age x 2) for group 1 year–10 years, <90 mm Hg for
11–17 years) or a decrease of systolic blood pressure over 30% of
the initial value in relation to the value usually observed for that
patient;

� adults: lower systolic blood pressure <90 mmHg or a decrease in
systolic blood pressure over 30% of the initial value in relation to
the value usually observed for that patient. The frequency of
specific signs of anaphylaxis is shown in Table 1.

Symptoms suggesting anaphylaxis must be differentiated from
other diseases of individual organs and systems [2]:

� skin and mucous membranes: chronic, transient physical
urticaria; oral allergy syndrome,

� respiratory system: acute laryngitis and tracheitis; airway
obstruction (foreign body, failure of the vocal cords),

� asthma attack (asymptomatic from other systems and organs),
� cardiovascular system: vasovagal syncope; pulmonary embo-
lism, myocardial infarction, arrhythmias, hypertensive crisis,

� distribution shock associated with increased capacity of the
vessels � due to enlargement of total volume of the vessels,
without loosing the total blood volume (septic or neurogenic
shock),

� reactions to toxicities or drugs: ethanol, food poisoning resulting
from excessive histamine release after contact with food
(scombroid food poisoning); opiates,

� nervous system: hyperventilation, anxiety disorders, somatiza-
tion of psychological symptoms (vocal cord dysfunction,
shortness of breath); dissociative disorders, epilepsy, psychosis,
Hoigne type reactions, coma of various origins (metabolic,
traumatic),

� endocrine system: hypoglycemia, thyroid breakthrough, carci-
noid syndrome, pheochromocytoma, neuroendocrine tumors.

3.1.1. Role of mast cells in anaphylaxis
Mast cells are the primary cells that orchestrate majority of

immediate allergic reactions [6]. Immature mast cells are
produced in bone marrow and enter the circulation as mononu-
clear cell precursors [7]. The mast cell precursors express KIT
receptors (proto-oncogene receptor tyrosine kinase) for stem cell
factor on their surface [7]. Stem cell factor is a major cytokine
which is crucial for mast cell growth, differentiation, development,
proliferation, survival, adhesion, and homing [7]. From the
circulation, mast cells migrate to all human tissues, even to the
brain tissue which is unlikely to suffer from allergic reactions [7].
Once they enter the tissues, they differentiate and mature for
several days, even weeks [7].
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Another type of cells, involved in allergic reactions, are
basophils. In contrast to mast cells, basophils mature in bone
marrow from granulocyte precursors and enter the circulation as
mature cells and they do not go into the tissues, going there only
during the late stage of an allergic reaction [7].

Mast cells are present, in high number, in lungs, intestine, skin,
nasal mucosa and conjunctiva [6]. Their location corresponds to
the location of the most common allergy symptoms [6]. There are
two types of mast cells: the first type are those whose granules
contain only tryptase � mucosal mast cells (MCT) (found mainly in
pulmonary alveoli and intestinal mucosa), 2nd type are connective
tissue-type mast cells (MCTC), which contain � apart from tryptase
� chymase, carboxypeptidase and cathepsin (located primarily in
the skin, intestinal submucosa and blood vessels) [6,8,9]. Both cell
types contain heparin and synthesize interleukins and other
cytokines. MCTC produce large amounts of interleukin-4 (IL-4) and
IL-13 [6]. MCT produce low amounts of IL-4 and IL-13 and large
amounts of IL-5 and IL-6 [8].

Both subtypes of mast cells also vary in response to endogenous
and exogenous stimulus causing their degranulation [8]. Both the
MCT mast cells, and MCTC can be activated by immunoglobulin E,
but only MCTC cells can undergo activation by components of the
complement (C5a) and substance P [8]. By contrast, only MCT mast
cell degranulate under the influence of PAF. Opioid receptors are
expressed only on the MCTC cells [8].

Both mast cell phenotypes differ in response to inhibitors of
their degranulation [8]. Drugs known as mast cell stabilizers, such
as cromolyn sodium and nedocromil, prevent only the degranula-
tion of MCT mast cells, by influencing the receptor associated with
protein G (G-protein-coupled receptor 35) [8]. Both drugs do not
currently play an important role in the treatment of anaphylaxis
due to the lack of parenteral administration, and poor efficacy [8].
Sodium cromoglycate has been used in the treatment of some
forms of mastocyte activation syndrome [8].

It is also worth mentioning that ketotifen, antihistamine of 1 st
generation, in addition to its effect on histamine receptors, also
affects the stabilization of the cell membrane of mast cells and can
be used to prevent anaphylaxis in patients with idiopathic
mastocyte activation syndrome [8].

Mast cells, and in particular tryptase released by them, play a
central role in type I hypersensitivity reactions, according to Gell
and Coombs [6].

Mediators of mast cells include: histamine, tryptase, serotonin,
proteoglycans, proteases (chymase, carboxypeptidase), chemo-
kines and synthesized de novo lipid mediators: prostaglandin D2 �
(PGD2), leukotriene B4 (LTB4), platelet activating factor (PAF),
cysteinyl leukotrienes (LTC4, LTD4, LTE4), cytokines (tumor
necrosis factor alpha � TNF-alpha, IL-4, �5, �6, �8) [6].

The level of chymase, a serine protease enzyme, increases
during anaphylaxis and correlates with the level of tryptase, and
maintains in serum up to 24 h after the start of an anaphylactic
reaction [10].

The level of carboxypeptidase also increases during an
anaphylactic reaction (up to 8 h after the onset of symptoms),
but no correlation with the levels of tryptase was observed. It was,
however, elevated in patients with anaphylaxis, for whom tryptase
levels were within normal range [10].

The study performed by Nassiri et al. has shown that during the
activation of mast cells, an increased synthesis of products of
arachidonic acid cascade, i.e. prostaglandin D2, and leukotriene C4
was observed in patients with anaphylaxis, which are then rapidly
metabolized to 9α11βPGF2 and LTE4, respectively [11]. These
metabolites exhibited a relatively high stability in body fluids
(serum, urine) for about two hours after an anaphylactic reaction
[11]. The authors have shown elevated levels of these metabolites
in the serum of patients with anaphylaxis, compared to healthy
subjects, and levels 9α11βPGF2 and LTE4 positively correlated with
the severity of anaphylactic reactions [11].

During anaphylactic reactions, heparin is released, and
complement system and factor XII are activated, leading to
kininogen proteolysis and the release of bradykinin [8]. The
degree of the complement system’s activation and the level of
bradykinin, correlate with the severity of anaphylactic reactions
[12,13].

Brown et al. observed a positive correlation between the
severity of anaphylactic reactions, and levels of tryptase, hista-
mine, cytokines (IL-2, �6, �10), anaphylatoxin (C3a, C4a, C5a) and
tumor necrosis factor receptor type I (TNFRI) [13]. In biphasic
anaphylactic reactions, elevated levels of tryptase, histamine, IL-6,
�10 and TNFRI were detected [13].

Mast cell degranulation can be induced by a variety of
pathophysiological mechanisms, such as IgE-mediated reactions,
alterations in arachidonic acid metabolism, complement system
activation, direct effector cells degranulation, as well as by other
unknown factors [6,14].

IgG antibodies, complement system components and substan-
ces that cause direct degranulation of mast cells, may play a role in
the pathogenesis of anaphylactic reactions independent of IgE [15].
In IgG-dependent anaphylaxis, IgG/antigen complexes are formed.
They bind with FcgRs receptors on mast cells, basophils and
neutrophils, which results in release of mediators (PAF among
others) from the granules of these cells [15]. IgG1, IgG3 and IgG4
antibodies are most likely involved in this type of reactions [15].
Clinical observations suggest that IgG-dependent anaphylaxis is
induced by a parenteral administration of large amounts of
antigen, for example a biological medical products (chimeric,
humanized and human monoclonal antibodies), dextran, aprotinin
or von Willebrand factor [15].

In the complement system-dependent anaphylactic reactions,
binding of one or both of the components (anaphylatoxin � C3a
and C5a) to their receptors on mast cells, basophils and other
myeloid and endothelial cells, occurs [15]. It has been shown that
anaphylatoxin levels in serum correlate with the severity of
anaphylactic reactions, but this correlation is not as strong as in the
case of tryptase or histamine [15]. Activation of the complement
system is probably related to the intensification of anaphylaxis
symptoms, caused by the wasp venom toxicity [15].

Anaphylaxis reactions, induced by substances directly
activating the complement system, without IgG or IgE anti-
bodies’ participation, were also observed (dialysis membranes,
protamine sulfate, application of intravenous drugs in liposome
form, polyethylene glycol infusion) [15]. However, these
observations had some limitations: firstly � complement’s
activation did not have to be the sole factor responsible for the
anaphylactic reactions, secondly � inhibitors of complement’s
system activation were not used for humans, nor were
anaphylatoxin receptor blockers, for the prevention of this type
of reactions [15].

Anaphylactic reactions caused by certain drugs, such as
oversulfated heparin, antibiotics (fluoroquinolones, vancomycin),
opioids, anaesthetics (neuromuscular blocking agents among
others), occur in the mechanism of direct degranulation of mast
cells without the involvement of immunoglobulin or complement
system [15]. Sulfonylated heparin directly activates the kininogen
system and increases the production of bradykinin [15]. Non-
steroidal anti-inflammatory drugs, including acetylsalicylic acid,
block cyclooxygenase, by inhibiting the production of prostaglan-
dins [15]. This causes a reduction in prostaglandin E2 level (PGE2),
which is capable of alleviating anaphylactic reactions, and an
increased synthesis of cysteinyl leukotrienes, which in turn
induces bronchoconstriction and increased vascular permeability
[15]. Vancomycin directly activates mast cells in an unspecified
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mechanism, dependent on calcium and phospholipases C and A2
[15]. Opioids induce the release of histamine by, among others,
binding with endogenous opioid receptors [15]. Fluoroquinolones
and neuromuscular blocking agents, such as tubocurarine, directly
activate mast cells by joining with MRGPRX2 receptor, coupled
with G protein [15]. It is believed that drugs causing anaphylactic
reactions may not only directly act on mast cells, but also through
other, so far unknown mechanisms [15].

Participation of contact factor (factor XII) in the pathogenesis
of anaphylaxis in humans and animals has also been described
[16]. It has been proven that deficiency in or the use of factor XII
inhibitors, plasma kallikrein, kininogen of a high molecular
weight or bradykinin B2 receptor, inhibited allergen or IgE
induced activation of mast cells in mice [16]. Activated mast
cells release heparin, which provides a negatively charged
surface for auto-activation of factor XII [16]. Activated factor XII
initiates the production of plasma kallikrein, which in turn, by
kininogen proteolysis, increases the release of bradykinin [16].
Sala-Cunill et al. showed that among patients in acute phase of
anaphylaxis, an enhanced activation of factor XII, kallikrein and
kininogen in plasma (compared with the initial concentrations
of the above parameters or healthy individuals) occurs [16].
Furthermore, the authors found that during anaphylaxis, the
level of heparin in plasma increases, there is an activation of the
contact factor and increased production of bradykinin [16]. The
contact factor system not only takes part in anaphylaxis
pathogenesis,  but also in the hereditary angioedema, and many
diseases of inflammatory or allergic origin, such as bacteriemia,
sepsis, vasculitis, rhinitis and asthma, and therefore, it appears
to be a relevant factor in the development of new therapeutic
strategies [16].

Some substances which induce mast cell degranulation are
shown in Table 2.

Due to the increasing use of determining markers of anaphy-
laxis levels in clinical practice (tryptase) and potential targets for
development for therapeutic strategies (histamine, PAF), the
authors decided to discuss them in more detail in this paper.
Table 2
Main mechanisms involved in human anaphylaxis [2,4,17, modified].

Mechanism Trigger factor

IgE-dependent mechanisms IgE-mediated reac
Hymenoptera veno
inhaled allergens
food allergens
human proteins (e
medication allergy
FDEIA (food depen
seminal fluid
IgE-dependent rea
antibiotics
anaesthetics (e.g. s
heterological sera
disinfectants (form
low-molecular wei
1,4-toluenodiamine

IgE �independent mechanisms Alterations in arac
acetylsalicylic acid
Activation of com
gamma-globulins
blood transfusions
immunological com

Direct degranulation of effector cells hypertonic solution
drugs (opioids; ant

Unknown mechanisms increased mast cel
Th2-cytokine polar
glicocorticosteroids
preservatives
physical factors (ex
3.2. Tryptase

This enzyme, which is a marker of anaphylactic reactions,
characteristic for the granules of mast cells, is present in complexes
with heparin with molecular weight of about 140 kD [18,19,20].
The gene responsible for the synthesis and metabolism of tryptase
is located on the short arm of chromosome 16 [19,20]. 2 gene loci
for tryptase are known (TPSAB1 and TPSB2) [21]. Trivedi et al.
showed that there is a defense mechanism against the loss of gene
function for tryptase in humans [21].

Tryptase is resistant to protease inhibitors, due to the
unavailability of active enzyme’s center facing inward [19,20].
There are four types of human tryptase (alpha, beta, gamma, delta)
and corresponding subtypes [19,20].

Characteristics of different tryptase subtypes are shown in
Table 3.

Alpha-tryptase is released continuously, and its concentration
increases with the increase in the number of mast cells, whereas β-
tryptase is excreted during a violent mast cell degranulation.
Therefore, high concentration of alpha-tryptase is observed in
patients with systemic mastocytosis, and the concentration of
beta-tryptase is increased during anaphylactic reactions
[19,20,22].

The multidirectional activity of tryptase was also described; it
generates the formation of complement components C3a and C5a,
sensitizes smooth muscles to histamine activity, induces chemo-
taxis of eosinophils, stimulates fibroblasts and fibrosis, inactivates
fibrinogen, inactivates vasoactive intestinal peptide (VIP) [22].

Tryptase may be involved in progression and destabilization of
atherosclerotic plaque in the ACS (acute coronary syndrome) [23].
The role of tryptase as a prognostic marker of cardiovascular
complexity in ACS was recently evaluated by Pastorello et al. [24].
The association among tryptase levels and the angiographic
extension of cardiovascular disease, as defined by the SX-score
(cardiac surgery score) was reported [24].

In another study, performed on the ACS population (two
groups: patients with MACE (major adverse cardiovascular events)
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Table 3
Tryptase subtypes characteristics [19,20,modified].

Type Subtypes Characteristics

Alpha-tryptase Alpha I - low biological activity
Alpha II - present in serum in small concentrations

Beta-tryptase Beta I - the main form of tryptase in mast cells granules
Beta II - relesased during inflammatory state; in healthy people not detected in serum
Beta III

Gamma-tryptase Gamma I - expressed in cell membrane of mast cells; its role is unknown
Gamma II

Delta-tryptase Delta I - its characteristic feature is shorter chain and different affinity to proteins
Delta II
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and patients without MACE), Pastorello et al. revealed, that serum
tryptase levels at admission and at discharge and SX-score were
higher in patients with MACE than in those without [25]. The
authors concluded, that serum tryptase level may be a non-
invasive, promising prognostic long-term biomarker in ACS, STEMI
(ST-elevation myocardial infarction) and NSTEMI (non-ST elevation
myocardial infarction) patients [25]. Serum tryptase levels higher
than 4.85 ng/mL at the onset of ACS were predictive for occurrence
of MACE within 2 years from the acute event [25]. By contrast, no
significant association between MACE and C-reactive protein
(CRP), or maximum level of high-sensitivity troponin (hs-Tn)
values was found [25]. Thus, tryptase could be a valuable,
predictive marker of recurrent adverse events in ACS patients
[25]. The correlation between high tryptase levels and the
development of MACE indicates the role of mast cells in the
process of coronary atherosclerotic damage, in which these cells
contribute to plaque progression and destabilization [25].

Bot et al. explained the potential roles of activated mast cells in
the growth and destabilization of an atherosclerotic plaque [26].

It is recognized, that mast cells are not only involved in
allergic diseases but also in inflammatory conditions such as
atherosclerosis [27] and thrombosis [28]. Atherosclerosis is an
inflammatory disease characterized by the progressive accu-
mulation of cholesterol in the intimal layer of arterial walls
leading to the formation of plaque and vascular obstruction [29].
Mast cells are located in the human arterial intima and
adventitia [30], and, upon activation, they release granules
locally, containing a large panel of mediators, including neutral
proteases (tryptase and chymase), cathepsins, heparin, hista-
mine, cytokines, and growth factors [30]. During early athero-
genesis, the effector molecules stimulate leukocyte recruitment
and lipid accumulation in the evolving plaque, whereas during
advanced stages of atherogenesis, they contribute to the
generation of an unstable plaque susceptible to rupture [26].
Tryptase activates metalloproteinases (MMP), such as MMP-1,
MMP-2 and MMP-3 and procollagenase and can promote plaque
disruption or rupture [7,31,32]. It also promotes the degradation
of lipoproteins (including HDL), fibronectin and vitronectin
[7,31,32], acting as powerful inflammatory stimulus, leading to
the endothelial dysfunction [33,34]. Tryptase also can degrade
neuropeptides, such as calcitonin gene related peptide (CGRP)
[7,32]. This protease can also activate neighboring cells by
cleaving and activating protease-activated receptors (PAR) 2,
including these located in platelets, and thrombin receptors
[7,32], and catalyze fibrinogenolysis, thus leading to coagulation
abnormalities (e.g. Kounis syndrome) [35].

Via its action on macrophage PAR-2 receptors, tryptase may be
involved in macrophagic foam cell formation, thus promoting lipid
accumulation at the initiation of atherosclerosis [36]. This effect
can facilitate plaque formation and progression and, as a
consequence, may lead to the development of cardiac diseases
[36]. Moreover, the activation of matrix-degrading metalloprotei-
nases promoted by tryptase could be a factor leading to plaque
destabilization, which can consequence in major cardiovascular
effects due to its rupture or erosion [32]. Persistent tryptase
elevation has been detected in patients with coronary artery
disease [37]. Given this context and the ability of tryptase to
promote the coagulation cascade and the thrombotic process,
tryptase appears to be one of the most important inflammatory
mediators both in atherosclerosis and coronary pathology.

In healthy people, the basic level of tryptase in serum does not
exceed 11.4 ng/mL [38]. The optimal time for determining tryptase
levels is 1–6 h after exposure to the allergen (peak between 15 min
and 2 h, half-life in serum 1.5-2.5 h). It is accepted that blood
sample has to be collected the within 1–2 h following the onset of
anaphylactic reaction [39]. However, enhanced tryptase levels can
decrease within next 12–14 h [39]. Elevated levels of tryptase, in
addition to anaphylactic reactions, are observed in other diseases
and conditions such as wound healing, scar formation, multi-organ
injuries, hypoxia, myocardial infarction, heroin poisoning, masto-
cytosis, acute myelogenous leukemia, myelodysplastic syndromes
[22]. In patients with mastocytosis, confirmed by bone marrow
biopsy, tryptase concentration was > 20 ng/mL (in healthy humans
of <14 ng/mL) [40]. Tryptase level above 20 ng/mL is one of the
diagnostic criteria for the disease, however, it is not the specific
marker [41].

Elevated tryptase concentration may persist for up to 3 days
from death due to anaphylaxis [42], especially in the case of
parenteral exposure to the allergen (insect stings, parenteral drugs’
administration) [43]. There was a correlation between tryptase
concentration and severity of anaphylaxis in patients sensitive to
Hymenoptera venom. In patients with mild reactions, tryptase
levels were normal, while in 30% of patients whose levels of
tryptase exceeded 13.5 ng/mL, systemic reactions occurred [44]. In
people allergic to Hymenoptera venom, basic tryptase concentra-
tion correlated with the severity of anaphylaxis after a sting [45]. It
was also shown that patients allergic to insect venom with
elevated basic tryptase concentration are more at risk of
anaphylaxis during immunotherapy [46].

Post-mortem measurement of tryptase levels can be useful if
anaphylaxis is suspected to be the cause of death, especially in
cases of sudden death due to unknown causes [47]. Serum for this
marking should be collected up to 15 h from the time of death [47].
Elevated levels of tryptase were observed in 12% of adults who died
suddenly, and more than 40% of infants � victims of sudden infant
death syndrome [48]. Buckley et al. observed that 16% of subjects
(5 out of 32) had elevated levels of beta-tryptase, characteristic for
anaphylaxis, while the levels of alpha-tryptase were normal [48].
In sera taken from 189 deceased subjects, McLean et al. recorded
elevated tryptase (>11.4 g/L) in 57% of samples taken from the
aorta, 58% of the femoral vein, and subclavian vein 30% [47]. Values
above 110 ug/L collected from the aorta can, with a sensitivity of
80% and specificity of 92.1%, indicate anaphylaxis as the cause of
death, but the diagnosis should not be made solely on the basis of
this single test [47]. Elevated post mortem tryptase concentration
does not have to be associated with death from anaphylaxis, but is
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also observed in patients who died of myocardial infarction,
asphyxia or trauma [12].

Marking of tryptase concentration in saliva may also be helpful
in the diagnosis of food allergy. In a retrospective study, Rueff et al.
took samples of saliva from 33 patients before the test and after
4 min of the first appearance of symptoms of anaphylaxis during
oral provocation [49]. In 25 patients (75.8%) with a positive test
result and symptoms of food anaphylaxis, significantly elevated
levels of tryptase in saliva samples taken after 4 min of the first
symptoms of anaphylaxis, were observed [49].

Tryptase is a highly specific marker of activation, number,
location and secretion capacity of mast cells [10]. In healthy
individuals, basic tryptase concentration remains stable for a long
time [10]. It seems therefore very important not only to measure
the one-off levels under conditions in which mast cell activation
occurs (eg. anaphylaxis), but also to keep track of its dynamics of
growth [10]. Unfortunately, tryptase is not an ideal biomarker of
anaphylaxis, as its levels determined in the corresponding time
window, remain low in 36–40% of patients with anaphylaxis
(<11.4 ng/mL) or its dynamics of growth is not observed [10]. In
addition, currently available methods of determining tryptase
concentration, specify the total number of inactive forms of α- and
β-tryptase and mature β-tryptase tetramers [10]. The ideal way to
evaluate mast cells activation, would be the one that would
measure only the concentration of mature, active β-tryptase
tetramers [10]. Prieto-Garcia et al. showed that during the
formation of mature β-tryptase tetramers, hFibrinogen fragments
are formed, which could be a sensitive marker of mast cell
activation in patients with anaphylaxis or mast cell activation
syndromes [50].

Srivastava et al. observed that the level of tryptase in the course
of an anaphylactic reaction is not specific to any particular cause of
anaphylaxis and found a weak correlation between tryptase
concentration and severity of anaphylaxis [51]. In addition,
increased levels of tryptase were also observed in patients with
only mild skin reactions, who did not meet the full criteria for a
diagnosis of anaphylaxis [51]. The predictive value of elevated
levels of tryptase (�14 mg) in the acute phase in this study was
76.9% [51]. Interestingly, the majority of patients (total 171 people)
were diagnosed with idiopathic anaphylaxis (50%), 28% � drug
induced, 14% � caused by the consumption of foods with the
remaining 8% � caused by exposure to allergens and mast cell
activation syndrome [51].

Naturally occurring β-tryptase inhibitors are known; they were
discovered in leeches and ticks, which can reduce the inflamma-
tory reaction associated with tryptase, and skin itching caused by
parasites [52].

Searching for inhibitors of human β-tryptase is very difficult;
the molecules would have to be highly selective for this enzyme,
inhibiting its activity in a reversible way and have adequate
pharmacokinetic and pharmacodynamic properties such as, for
example, the possibility of oral administration [52]. It should also
be taken into account that the serine proteases, which include,
among others, tryptase, determine the proper course of many
important physiological processes, such as digestion, hemostasis,
fibrinolysis, activation of the complement system, signal trans-
duction and cell growth or regulation of the transport of ions [52].

3.3. Histamine

Histamine (2-{4-imidazole]-ethylamine) is a short-acting
endogenous amine, involved in several physiological and patho-
physiological processes [53]. Histamine is synthetized from L-
histidine by L-histidine decarboxylase and is stored in the granules
of mast cells and basophils, the main sources of histamine in the
body [54]. Histamine is often considered the most important
mediator of anaphylaxis. It is also involved in other inflammatory
processes; it is a neurotransmitter; and increases the secretion of
gastric acid. The granules of basophils and mast cells contain
histamine [55]. It is present in histaminocytes in the stomach and
in histaminergic neurons within the central nervous system.
Histamine release could occur as a result of antigen-antibody
reaction or direct damage to the membranes of mast cells caused
by physical factors (pressure, cold). Certain drugs might also
stimulate its secretion [55].

Histamine acts in multiple ways by stimulating receptors H1,
H2, H3, H4 [55], belonging to the subclass of G protein-coupled
receptors [56].

The human histamine receptor 1 is expressed in numerous cells
including airway and vascular smooth muscle cells, endothelial
cells, dendritic cells, monocytes, neutrophils, T and B cells,
hepatocytes, chondrocytes, and nerve cells [57–59].

Stimulation of H1 receptor causes: contraction of smooth
muscle (shortness of breath, abdominal pain) � the so-called H1
effect, increase in vascular permeability (hives, swelling, skin
redness) and vascular extension (synthesis of nitric oxide (NO) by
endothelium), stimulation of nerve endings (itching), and in-
creased viscous mucus secretion [55]. Histamine H1 receptors
mediate sensorineural signalling, vascular dilatation and perme-
ability and airway smooth muscle contraction. They are involved in
allergic rhinitis, atopic dermatitis, conjunctivitis, urticaria, asthma
and anaphylaxis [60]. Through the H1-receptor, histamine
contributes to regulation of cell proliferation and differentiation,
hematopoiesis, embryonic development, regeneration, and wound
healing and plays an important role in neurotransmission in the
central nervous system (CNS) [60–63]. Histamine produced in
neurons has anticonvulsant activity and contributes to regulation
of vigilance (alertness and attention), cognition, learning, memory,
and the circadian sleep-wake cycle, as well as to energy and
endocrine homeostasis [60–63]. Through the H1-receptor, hista-
mine increases antigen-presenting cell capacity, increases release
of histamine and other mediators from mast cells and basophils,
downregulates humoral immunity, and upregulates Th1 priming,
Th1 proliferation, IFN-g production, cellular adhesion molecule
expression, and chemotaxis of eosinophils and neutrophils [61]. All
above mentioned mechanisms could play an important role in the
pathogenesis of anaphylaxis.

H2 receptors are expressed in gastric parietal cells, smooth
muscle cells, neutrophils, eosinophils, monocytes, macrophages,
dendritic cells, T and B cells, endothelial cells, epithelial cells and
cells in cardiovascular and central nervous system [61,64].
Histamine H2 receptors are well known for their role in gastric
acid secretion, and also exert immunomodulatory properties [53].

Stimulation of H2 receptor in the heart induces a positive
inotropic and chronotropic reaction and dilates coronary vessels
(unlike H1 receptor, which is responsible for their shrinkage)
[55]. Simultaneous stimulation of H1 and H2 vascular endothe-
lial receptors causes symptoms such as redness of the skin,
headache, decrease in blood pressure [55]. This action on the
vascular bed, causing it to expand and in effect: skin erythema;
is called the H2 effect [55]. H2 receptor-mediated smooth
muscle relaxation have been documented in vascular smooth
muscle, uterus and in airway [65]. The activation of H2 receptor
may result in inhibition of variety of functions within the
immune system. H2 receptors have been shown to be involved
in negative regulation of the release of histamine from mast
cells and basophils [65]. H2 receptors also participate in the
inhibition of antibody synthesis, T cell proliferation, cell-
mediated cytolysis and cytokine production [66].

Considering the above mentioned effects of H2 receptor
activation, one should expect its potential protective role in the
pathogenesis of anaphylaxis.



272 M.M. Tomasiak-Łozowska et al. / Advances in Medical Sciences 63 (2018) 265–277
Histamine H3 receptors are most abundantly present in the CNS
and are implicated in sleep-wake disorders, attention-deficient
hyperreactivity disorder, epilepsy, cognitive impairment and
obesity [67,68]. H3 receptors are also expressed in neuroendocrine
tissues such as enterochromaffin-like cells and adrenal cortex [69].
Extensive investigations have revealed that brain H3 receptors
regulate the release of various neurotransmitters, such as
acetylcholine, glutamate and GABA (gamma-aminobutyric acid)
[70]. H3 receptors are found in the hypothalamus and their
stimulation hinders the release of norepinephrine, this then
contributes to shock [55].

Histamine H3 receptors have been identified on presynaptic
terminals of sympathetic effector nerves that innervate the heart
and systemic vasculature [71–73]. These receptors have been
found to inhibit endogenous norepinephrine release from the
sympathetic nerves [72]. H3 receptor activation would therefore
be expected to attenuate the degree of shock observed during
antigen challenge since compensatory neural adrenergic stimula-
tion would be blocked [71–73].

In addition to inhibiting norepinephrine exocytosis from
sympathetic nerve endings, selective H3R agonists attenuate
carrier-mediated release of norepinephrine (NE) in both animal
and human models of protracted myocardial ischemia [74].
Moreover, stimulation of H3 receptors is not associated with
negative chronotropic and dromotropic effects (i.e., sinoatrial and
atrioventricular nodal functions are unaffected) [74]. Because
excess norepinephrine release can trigger severe arrhythmias and
sudden cardiac death, negative modulation of NE release by H3R
agonists may offer a novel therapeutical target points in the
potential treatment of myocardial ischemia, also of that associated
with Kounis syndrome (the pathogenesis of Kounis syndrome is
described below) [74].

Discovered in the beginning of the twenty-first century, H4
receptors are located primarily in immunocompetent cells, such
as: mast cells, eosinophils, monocytes, dendritic cells, T-lympho-
cytes and NK cells [75]. Their presence has also been demonstrated
in spleen, thymus, intestine, kidneys, lungs, testis and bone
marrow [75]. Histamine H4 receptors are currently under
evaluation for immune-mediated disorders such as allergic
rhinitis, asthma and pruritus [76]. The affinity of H4 receptor to
histamine is much bigger than H1 receptor’s [75]. H4 receptor’s
role in anaphylaxis lies in the intensification of the chemotaxis of
eosinophils and mast cells and expression of adhesion molecules,
mobilization and differentiation of monocytes, TH1/TH2 lympho-
cytes, and stimulation of cytokine and chemokine production by
dendritic cells and T-lymphocytes [75]. In phase I and phase II of
clinical trials, H4 receptor blockers were used in the treatment of
asthma, allergic rhinitis, atopic dermatitis, histamine-induced
pruritus or rheumatoid arthritis, which indicates its important role
in the pathogenesis of inflammatory diseases [77].

Compared with H1 and H2 receptors, histamine displays high
affinity for H4 receptors in humans (pKi 4.2, 4.3 and 7.8,
respectively) [78].

Since during anaphylaxis the concentrations of histamine are
high, all subtypes of histamine receptors are expected to be
activated. Considering that histamine has low affinity (H1, H2) and
high affinity (H3, H4) receptors, and the fact that anaphylaxis is
associated with high plasma histamine, one should expect
activation of all subtypes of histamine receptors.

It has been demonstrated in animal model studies that type 4 of
histamine receptors (H4) play an important role in anaphylactic
reaction to peanuts [79]. Mice allergic to nuts without H4 receptor
had less severe gastrointestinal symptoms (diarrhea, inflammatory
bowel disease) and fewer dendritic cells in the intestinal mucosa
[79]. In addition, it was observed that when H1 receptor was
blocked by loratadine and H4 receptors by their selective
antagonist � JNJ7777120, animals allergic to nuts were being
protected from the development of abdominal symptoms and the
influx of dendritic cells to the intestinal mucosa was restrained
[79]. These observations may provide a valuable basis for the
development of therapeutic strategies that take into account H4
receptor blockade in treatment and prevention of anaphylactic
reactions, especially in people allergic to peanuts.

Histamine has long being considered an important mediator of
anaphylaxis [80]. Weiss et al. showed that aerosol administration
of histamine induces bronchoconstriction in healthy volunteers,
although the effect of histamine was much less potent than that of
leukotrienes [81,82]. Intravenous administration of histamine in
volunteers can reproduce many of the signs and symptoms of
anaphylaxis, including cutaneous flushing, headache, airway
obstruction, and transient hemodynamic changes, mainly repre-
sented by systemic hypotension, tachycardia, and increased left
ventricular performance [83,84]. Studies with histamine receptors
antagonists suggest that some of the systemic effects of histamine,
including airway obstruction and tachycardia, are mainly mediated
through the H1 receptor, whereas some others, including
cutaneous flushing and headaches, seem to be mediated through
both H1 and H2 receptors [83].

Although determining the concentration of tryptase seems to
be the most useful diagnostic test in clinical practice to confirm
anaphylaxis, some studies have shown that histamine is a more
sensitive marker of anaphylactic reaction [85]. In a study by Lin
et al. elevated histamine levels in plasma were observed in 42 out
of 97 patients with anaphylaxis, while elevated levels of tryptase
have been shown in only 20 [86]. Patients with elevated levels of
histamine demonstrated symptoms such as hives, severe erythe-
ma, abdominal pain and wheezing, more often [86].

Histamine level in plasma increases within 5–10 min from the
start of anaphylaxis and returns to its normal level within 30–
60 min [2,10]. This rapid drop is caused by the decomposition of
this mediator by N-methyltransferase, and diamine oxidase to N-
methylhistamine and N-methylimidazole octane [10]. These
metabolites are more stable and can be measured in plasma and
urine within 30–60 min of an anaphylactic reaction, but their
normal levels do not preclude the activation of mast cells, and
false-positive results could be due to the consumption of foods rich
in histamine [10].

3.3.1. Histamine and myocardial dysfunction
The effects of histamine on peripheral and coronary hemody-

namics in man was studied by Marone et al. [87]. The authors have
found that exogenous histamine causes significant transient
hemodynamic changes, mainly systemic hypotension, tachycardia,
and increased LV (left ventricle) performance [87]. These changes
can be partly attributed to the related increase in sympathoa-
drenergic activity, although it cannot be excluded that histamine
has some direct cardiac effect [87].

In a subsequent study, the effects of selective activation of
histamine H1 receptors on coronary hemodynamics were exam-
ined in two groups: patients with atypical chest pain and normal
coronary arteries and patients with vasospastic angina [88,89]. H1
receptor stimulation was achieved by infusing histamine intrave-
nously for 5 min after pretreatment with cimetidine to antagonize
the H2 receptors [88,89]. Heart rate was kept constant by coronary
sinus pacing. In the first group mean aortic pressure and coronary
vascular resistance (CVR) dropped, while coronary blood flow
(CBF) and myocardial oxygen consumption remained unchanged
during histamine infusion. No patient in this group developed
angina during histamine infusion. By contrast, a percentage of the
second group developed angina during histamine infusion (about
40%), with a decrease in CBF and an increase in CVR [88,89]. These
findings suggest that stimulation of the H1 receptor in subjects



M.M. Tomasiak-Łozowska et al. / Advances in Medical Sciences 63 (2018) 265–277 273
with normal coronary arteries reduces CVR, probably because of
vasodilation of small coronary resistance vessels [88,89]. However,
in some patients with vasospastic angina, H1 receptor activation
can cause vasoconstriction of large-capacitance coronary arteries
[88,89]. The results of these studies support the hypothesis that
the endogenous release of histamine during anaphylactic reactions
may result in coronary spasm in a subset of patients with
vasospastic angina. Of importance, it has been reported that
premedication with H2 receptor antagonist increases the risk of
heart block in patients who develop anaphylaxis [90]. Studies have
now started to clarify the role of H3 receptors in the cardiovascular
system. Roberto Levi and collaborators have identified H3
receptors as inhibitory heteroreceptors in cardiac adrenergic
nerve endings [91,92] suggesting a mechanism by which endoge-
nous histamine can activate norepinephrine release in normal and
ischemic conditions [93]. Accordingly, the presence of H3
receptors in human heart [91] suggests that these receptors might
be directly and/or indirectly involved in anaphylactic reactions.

In the course of anaphylaxis, mediators from mast cells are
released locally and in the systemic circulation [7]. Majority of
these mediators has important cardiovascular actions [7]. Specifi-
cally, histamine induces coronary vasoconstriction, induces tissue
factor expresssion and activity, and potentiates the platelet
aggregatory response to adrenaline, 5-hydroxytryptamine, and
thrombin [32]. Histamine can also induce intimal thickening and
inflammatory cells modulation, i.e. it alters the activity of
neutrophils, monocytes and eosinophils and causes proinflamma-
tory cytokine production [7,94]. Moreover, histamine causes P-
selectin upregulation and sensitized nerve endings in coronary
plaques [7]. All neutral proteases (tryptase, chymase, and
cathepsin D) released from mast cells can activate matrix
metalloproteinases, which can degrade the collagen cap and
induce plaque erosion and rupture [32].

More details on the role of tryptase in the pathogenesis of acute
coronary syndromes are described in the previous chapter.

All pre-formed and newly synthesized inflammatory medi-
ators released locally and pouring into systemic circulation can
cause either coronary artery spasm which could progress to
acute myocardial damage or immediate coronary thrombosis
which constitute the main clinical manifestations of Kounis
syndrome [7].

Kounis syndrome is defined as a hypersensitivity coronary
disorder induced by various conditions, drugs, environmental
exposures, foods and coronary stents [7]. Kounis syndrome is
associated with allergic, hypersensitivity, anaphylactic and ana-
phylactoid reactions [7]. So far, three variants of this syndrome,
including vasospastic allergic angina, allergic myocardial infarc-
tion, and stent thrombosis with occluding thrombus infiltrated by
eosinophils and/or mast cells, were reported [94]. In addition to
coronary arteries, it affects the cerebral and mesentheric arteries
[7]. The principal clinical symptoms and signs of Kounis syndrome
are always related to subclinical, clinical, acute or chronic allergic
reaction accompanied by cardiac symptomatology [7]. The type I
variant (coronary spasm) which is likely to represent a manifesta-
tion of endothelial dysfunction or microvascular angina, includes
patients with normal or nearly normal coronary arteries without
predisposing factors for coronary artery disease [7]. In this group of
patients, the acute release of inflammatory mediators can induce
either coronary artery spasm without increase of cardiac enzymes
and troponins or coronary artery spasm progressing to acute
myocardial infarction with raised cardiac enzymes and troponins
[7]. The type II variant includes patients with culprit but quiescent
pre-existing ateromatous disease [7]. In these patients, the acute
release of inflammatory mediators can induce either coronary
artery spasm with normal cardiac enzymes and troponins or
coronary artery spasm together with plaque erosion or rupture
manifesting as acute myocardial infarction [7]. The type III variant
includes patients with coronary artery stent thrombosis in whom
aspirated thrombus specimens demonstate the presence of
eosinophils and mast cells [7]. This variant is also found in
patients with stent implantation who died suddenly and histolog-
ical examination of coronary intima or media and/or adventitia
adjacent to stent revelaed infiltration by eosinophils and/or mast
cells [7,95].

3.4. Platelet-activating factor (PAF)

Platelet-activating factor (PAF � platelet-activating factor, 1-O-
alkyl-2-acetyl-sn-glycerol-3-phosphocholine) is a phospholipid
mediator, which belongs to the family of biologically active
compounds � alkylated phosphoglycerides [96–104]. PAF, discov-
ered at the beginning of the 70 s by Benveniste et al. [105], affects
target cells by activating a specific receptor coupled with G protein,
which activates phospholipase C [103]. Results of in vitro studies
demonstrate that PAF acts as an intra- and extracellular transmitter
and plays an important role in intercellular interactions [98].

The most important enzyme regulating biological activity of
PAF is PAF- acetylhydrolase (PAF-AH � acethylhydrolase-PAF),
which converts active form of PAF into the inactive PAF � lysoPAF
[106]. PAF-AH is present in plasma [106] and a number of tissues
[107]. PAF- acethylhydrolase is present in plasma in the form of
complexes with HDL and LDL cholesterol [108].

Apart from the enzyme operating outside the cell, two
intracellular forms were also identified [109–111]. PAF-AH, apart
from the platelet-activating factor, also induces degradation of
oxidized phospholipids, and these may be attached to PAF
receptors [112]; their participation in the formation of atheroscle-
rotic plaques is implied [113].

PAF is present in plasma at very low concentrations � 10/�12M,
and its biological half-life is very short [20,114,115]. PAF is not
stored, but quickly synthesized from choline-ether-phospholipids
occurring in cell membranes, with the involvement of phospholi-
pase A2 and acethyltransferase. PAF causes, among others,
vasodilation and an increase in vascular permeability, broncho-
constriction; it has a strong chemotactic effect and induces the
release of many cytokines [116]. This substance is produced by
various cell types [117], in particular by inflammatory cells:
monocytes/macrophages, mast cells, neutrophils, eosinophils,
basophils, platelets, endothelial cells, Kupffer cells in the liver,
and even sperms [97,114,116,118–120]. It has been shown that
endothelial cells have the ability to synthesize PAF under the
influence of a number of inflammatory mediators such as thrombin
[121,122], angiotensin II [112], vasopressin [121], leukotrienes C4
and D4 [122], histamine [122,123], bradykinin [122,123], elastase
[124], cathepsin G [124] and hydrogen peroxide [125], plasmin
[126,127], IL-1α and �8 [128] and tumor necrosis factor � TNF-α
[129,130]. Under certain conditions, upon stimulation, PAF may
also be produced by cardiomyocytes [131]. The majority of cells
having the ability to synthesize PAF also have suitable receptors
[132–136]. In vitro studies have demonstrated that PAF potentiates
aggregation, granule secretion, and generation of free radicals by
leukocytes and their adhesion to endothelial cells [137,138]. In
addition, PAF increases the permeability of endothelial cells
[130,139], activates platelets [140], stimulates smooth muscle
contraction: bronchial and intestinal [114,141–143] and uterus
[144,145], is arrhythmogenic, has a negative inotropic effect on
cardiomyocytes [140,146–149], can cause fainting in cardiogenic
mechanism and hypertension in the portal system [114].

Mast cells � cells functioning as “controllers” in the immune
system, and mediators such as histamine and PAF, play a major role
in the pathogenesis of anaphylactic reactions, both observed in
patients, as well as based on experimental models [150,151].
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Recent studies, indicating the very important role of platelet-
activating factor in an anaphylactic reaction, suggests that it might
become the target point for new therapeutic strategies.

Results of studies on the animal model suggest that induction of
PAF synthesis is an essential process in the development of
anaphylactic reactions [150,152,153]. Furthermore, these obser-
vations indicate particularly important role of this mediator in
increasing vascular permeability [150,152,153]. Increased expres-
sion of its receptor (PAF-R) on inflammatory and endothelial cells
was observed in allergic diseases [116].

Studies on animal model have shown that recombinant PAF-
acetylhydrolase plays a protective role and reduces mortality due
to anaphylactic reactions, which confirms the important role of
platelet-activating factor cascade in potentially life-threatening
hypersensitivity reactions [150,154].

Vadas et al. observed increased concentrations of PAF in plasma
during an acute allergic reaction in children and adults, which
correlate with the severity of anaphylactic reactions [151]. It was
detected that PAF concentration correlates very well with the
severity of an anaphylactic reaction [151], even better than the
concentration of histamine or tryptase [155]. In this study the
percentage of patients with elevated levels of PAF was respectively:
20, 66,7 and 100% for steps 1, 2 and 3 on a scale of severity of an
acute allergic reaction, while for histamine: 40, 57 and 70%, and
tryptase: 0, 4, 8 and 60%. The authors also observed that the
severity of anaphylactic reactions correlated with decreased
activity of PAF-AH in plasma, and the concentration of PAF was
inversely proportional to its activity. The activity of PAF-
acetylhydrolase in plasma was significantly reduced in patients
who died of anaphylactic reaction after eating peanuts, when
compared to the control group [151]. It seems that low activity of
PAF-AH can be genetically determined by the presence of alleles
His92 [156].

In a study of 315 cases of anaphylactic reactions, Brown et al.
have shown that low activity of PAF-AH is associated with severe
course of anaphylactic reactions, but no correlation with the
presence of two-phase reactions, concomitant diseases or any
demographic factors (age, sex, race) was demonstrated [13].

Platelet-activating factor plays an important role in anaphy-
laxis caused by peanuts [157]. Studies on animal model
demonstrated that PAF antagonists relieve the symptoms of
food allergy to peanuts [157]. Administration of antihistamines
or antileukotrienes was not effective in this case, but adminis-
tration of PAF antagonists and antihistamines combined,
significantly decreased the symptoms, more than administra-
tion of only the antagonists of platelet-activating factor [157].
Khodoun et al. showed that in vitro water extract of nuts
(including peanut) but not from milk or eggs, activates the
complement system in human and mouse serum [158]. C3a
component is formed in result, which in turn stimulates basophils
and macrophages to produce PAF and histamine [158]. Taking into
account the fact that anaphylactic reactions to peanuts are IgE-
dependent, an additional mechanism associated with the activa-
tion of complement, could potentially aggravate their course [158].
It is now known that anaphylaxis to peanuts is the most common
cause of death from food-associated anaphylaxis in the United
States, and its course is often dramatic [157].

There are many natural and synthetic PAF inhibitors.
Rupatadine, a substance which is a potent inhibitor of histamine
(H1) and PAF receptor, is also used in the treatment of allergic
rhinitis and urticaria [159]. Recent studies indicate that the
activity of various mediators, partially independent from each
other, influences the severity of anaphylaxis. Results of studies
conducted in animal models by Nagi-Miura et al. are worth noting
in this regard. The authors proved that during a fatal anaphylactic
shock induced in mice, co-administration of antagonists of H1
and H2 receptors, PAF receptors and serotonin prevents death in
80% of animals, while applying a single one of them is effective in
20% of cases at most [160]. In vitro studies conducted by Alevizos
et al. demonstrated that PAF-stimulated release of histamine,
interleukin-8, TNF, and P substance by human mast cells, is
inhibited by rupatadine, while this was not observed after
administration of diphenhydramine [161]. In a clinical study in
patients with mastocytosis, a reduction of skin symptoms and
tachycardia after administration of rupatadine was noted [162]. So
far no reports were published on the effectiveness of rupatadine in
anaphylaxis. On the basis of the above it can be assumed, however,
that there are important theoretical reasons to consider this
substance as a drug of choice in all types of anaphylaxis where oral
H1-antihistamine is recommended [163]. This applies particularly
to the prophylactic of recurrent episodes of idiopathic anaphylaxis
[163]. A similar reasoning can be applied also in relation to people
with a history of anaphylactic shock when its cause is known (eg.
Hymenoptera stings) treated with an antihistamine because of
allergic rhinitis [163]. Further research is needed, to verify this
hypothesis.

3.5. Genetic markers of anaphylaxis

Although all of above discussed markers can be relatively easily
measured in peripheral blood, however, sensitivity of the detection
as well as the timing remain a challenge. Therefore, there is a need
for identifying more “stable” markers that could help in
prophylaxis and identifying persons at increased risk of anaphy-
laxis. To date, several genes have been associated with increased
risk of anaphylaxis in clinical and experimental settings. Mutations
of c-KIT being one of crucial genes regulating mast cell function
were linked not only with mastocytosis (e.g. mutations in exon 17)
but also with so called “idiopathic” anaphylaxis [164]. Interesting-
ly, enhanced risk of anaphylaxis was found to be associated with
aberrations of genes regulating innate immune responses. One of
crucial controllers of innate immunity is NLR family, pyrin domain
containing 3 (NLRP3) that regulates the forming of inflamma-
somes, the process which results in maturation of IL-1beta and IL-
18. Hitomi and colleagues found that two NLRP3 SNPs (rs4612666
and rs10754558) were significantly associated with susceptibility
to food-induced anaphylaxis [165]. Interestingly, these polymor-
phisms were also correlated with aspirin-induced asthma. Other
associations with food-induced anaphylaxis were found by Gorska
and colleagues that have found increased expression of gene for
TRAF-4 (TNF receptor-associated factor 4) in mastocytosis patients
with a hypersensitivity to food; and reduced for B3GAT1
(galactosylgalactosylxylosylprotein 3-beta-glucuronosyltransfer-
ase 1) in patients with anaphylactic reaction after Hymenoptera
sting [166]. History of anaphylactic reactions was also linked to
alterations within genes encoding interleukins crucial for regulat-
ing Th1/Th2 balance. IL4 single nucleotide polymorphisms:
rs11740584, rs10062446 and rs2070874 were associated with
penicillin-related anaphylaxis [167]. Similarly, two linked IL-10
promoter gene polymorphisms, �819C > T and �592 C > A were
demonstrated to be related with penicillin allergy in female
patients [168].

4. Conclusion

As anaphylaxis can be a potential life-threatening condition, its
rapid diagnosis and prompt initiation of an appropriate therapy,
are crucial. The appropriate diagnosis of anaphylaxis can be
facilitated by determining several markers which not only allow to
confirm (or rule out) this disease, but can also be helpful in
assessing the risk of repeated episodes as well as become the target
point for developing new therapeutic strategies.
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cząsteczkowej. Postepy Hig Med Dosw (Online) 2015;69:197–206.

[18] Ben-Shoshan M, Clarke AE. Anaphylaxis: past, present and future. Allergy
2011;66(1):1–14.

[19] Marone G. Human basophils and mast cells: biological aspects. Dvorak AM
ultrastructural analysis of human mast cells and basophils. Chem Immunol
1995;61:1–128.

[20] Marone G. Human basophils and mast cells: biological aspects: MacGlashan
DW-signal transduction and cytokine production by human basophils. Chem
Immunol Basel Karger 1995;61:88–113.

[21] Trivedi NN, Tuamraz B, Chu C, Kwok PY, Caughey GH. Human subjects are
protected from mast cell tryptase deficiency despite frequent inheritance of
loss-of-function mutations. J Allergy Clin Immunol 2009;124(5):1099–105.

[22] Michalska-Krzanowska G. Tryptase in diagnosing adverse suspected
anaphylactic reaction. Adv Clin Exp Med 2012;21(3):403–8.

[23] Xiang M, Sun J, Lin Y, Zhang J, Chen H, Yang D, et al. Usefulness of serum
tryptase level as an independent biomarker for coronary plaque instability in
a Chinese population. Atherosclerosis 2011;215(2):494–9.

[24] Pastorello EA, Morici N, Farioli L, Di Biase M, Losappio LM, Nichelatti M, et al.
Serum tryptase: a new biomarker in patients with acute coronary syndrome?
Int Arch Allergy Immunol 2014;164(2):97–105.

[25] Pastorello EA, Farioli L, Losappio LM, Morici N, Di Biase M, Nichelatti M, et al.
Serum tryptase detected during acute coronary syndrome is significantly
related to the development of major adverse cardiovascular events after 2
years. Clin Mol Allergy 2015;13(1):14.

[26] Bot I, Shi GP, Kovanen PT. Mast cells as effectors in atherosclerosis.
Arterioscler Thromb Vasc Biol 2015;35:265–71.
[27] Petra A, Panagiotidou S, Stewart JM, Conti P. Spectrum of mast cell activation
disorders. Expert Rev Clin Immunol 2014;10:729–39.

[28] Kounis NG. Coronary hypersensitivity disorder: the Kounis syndrome. Clin
Ther 2013;35:563–71.

[29] Correale M, Brunetti ND, De Gennaro L, Di Biase M. Acute phase proteins in
atherosclerosis (acute coronary syndrome). Cardiovasc Hematol Agents Med
Chem 2008;6(4):272–7.

[30] Kaartinen M, Penttilä A, Kovanen PT. Mast cells of two types differing in
neutral protease composition in the human aortic intima Demonstration of
tryptase- and tryptase/chymase-containing mast cells in normal intimas,
fatty streaks, and the shoulder region of atheromas. Arterioscler Thromb
1994;14(6):966–72.

[31] Baram D, Vaday GG, Salamon P, Ducker I, Kershkvoz R, Mekori YA. Human
mast cells release metalloproteinase-9 on contact with activated T cells:
juxtacrine regulation by TNF-alpha. J Immunol 2001;167(7):4008–16.

[32] Johnson JL, Jackson CL, Angelini GD, George SJ. Activation of matrix-
degrading metalloproteinases by mast cell proteases in atherosclerotic
plaques. Arterioscler Thromb Vasc Biol 1998;18:1707–15.

[33] Lindstedt KA, Mäyränpää MI, Kovanen PT. Mast cells in vulnerable
atherosclerotic plaques, a view to a kill. J Cell Mol Med 2007;11(4):739–58.

[34] He A, Shi GP. Mast cell chymase and tryptase as targets for cardiovascular and
metabolic diseases. Curr Pharm Des 2013;19(6):1114–25.

[35] Kounis NG, Tsigkas G, Almpanis G, Kouni SN, Kounis GN, Mazarakis A.
Anaphylaxis-induced hyperfibrinogenolysis and the risk of Kounis
syndrome: the dual action of tryptase. Am J Emerg Med 2011;29:1229–30.

[36] Yeong P, Nig Y, Xu Y, Li X, Yin L. Tryptase promotes human monocyte-derived
macrophage foam cell formation by suppressing LXRα�activation. Mol Cell
Biol Lipids 2011;1801:567–76.

[37] Kounis NG, Tsigkas G, Hahalis G. Tryptase levels in coronary syndromes and
in hypersensitivity episodes: a common pathways towards Kounis syndrome.
Atherosclerosis 2011;219:28–9.

[38] Comment L, Reggiani Bonetti L, Mangin P, Palmiere C. Measurement of β-
tryptase in postmortem serum, pericardial fluid, urine and vitreous humor in
the forensic setting. Forensic Sci Int 2014;240:29–34.

[39] Schwartz LB, Yunginger JW, Miller J. Time course of appearance and
disapperance of human mast cell tryptase in the circulation after
anaphylaxis. J Clin Invest 1989;83(5):1551–5.

[40] Austin FK. Allergies, anaphylaxis and systemic mastocytosis. In: Braunwald E,
Fauce AS, Kasper DL, editors. Harrisons Priniciples of International Medicine.
15th ed. New York: McGraw-Iill; 2001. p. 1919–20.

[41] Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H. Mastocytosis
(mast cell disease). World Health Organization (WHO) Classification of
Tumours, Vol 2. Lyon: IARC Press; 2008. p. 54–63 III,C.

[42] Fisher MM, Baldo BA. Anaphylaxis during anaesthesia: current aspects of
diagnosis and prevention. Eur J Anaestesiol 1994;11(4):263–84.

[43] Yunginger JW, Nelson DR, Squillace DL. Laboratory investigation of deaths
due to anahylaxis. J Forensic Sci 1991;36(3):857–65.

[44] Haeberli G, Bronnimann M, Hunziker T, Müller U. Elevated basal serum
tryptase and hymenoptera venom allergy: relation to severity of sting
reactions and to safety and efficacy of venom immunotherapy. Clin Exp
Allergy 2003;33(9):1216–20.

[45] Kucharewicz I, Bodzenta-Łukaszyk A, Szyma�nski W, Mroczko B, Szmitkowski
M. Basal serum tryptase level correlates with severity of hymenoptera sting
and age. J Invest Allergol Clin Immunol 2007;17(2):65–9.

[46] Ruëff F, Przybilla B, Biló MB, Müller U, Scheipl F, Aberer W, et al. European
Academy of Allergy and Clinical Immunology Interest Group: predictors of
side effects during the buildup phase of venom immunotherapy for
Hymenoptera venom allergy: the importance of baseline serum tryptase. J
Allergy Clin Immunol 2010;126(1):105–11.

[47] McLean-Tooke A, Goulding M, Bundell C, White J, Hollingsworth P.
Postmortem serum tryptase levels in anaphylactic and non-anaphylactic
deaths. J Clin Pathol 2014;67(2):134–8.

[48] Buckley MG, Variend S, Walls AF. Elevated serum concentrations of beta-
tryptase, but not alpha-tryptase, in Sudden Infant Death Syndrome (SIDS). An
investigation of anaphylactic mechanisms. Clin Exp Allergy 2001;31
(11):1696–704.

[49] Ruëff F, Friedl T, Arnold A, Kramer M, Przybilla B. Release of mast cell tryptase
into saliva: a tool to diagnose food allergy by a mucosal challenge test? Int
Arch Allergy Immunol 2011;155(3):282–8.

[50] Prieto-García A, Castells MC, Hansbro PM, Stevens RL. Mast cell-restricted
tetramer-forming tryptases and their beneficial roles in hemostasis and
blood coagulation. Immunol Allergy Clin North Am 2014;34(2):263–81.

[51] Srivastava S, Huissoon AP, Barrett V, Hackett S, Dorrian S, Cooke MW, et al.
Systemic reactions and anaphylaxis with an acute serum tryptase �14 (g/
L: retrospective characterisation of aetiology, severity and adherence to
National Institute of Health and Care Excellence (NICE) guidelines for
serial tryptase measurements and specialist referral. J Clin Pathol
2014;67:614–9.

[52] Caughey GH. Mast cell proteases as pharmacological targets. Eur J Pharmacol
2016;778:44–55.

[53] Jutel M, Akdis M, Akdis CA. Histamine, histamine receptors and their role in
immune pathology. Clin Exp Allergy 2009;39(12):1786–800.

[54] Jones BL, Kearns GL. Histamine: new thoughts about a familiar mediator. Clin
Pharmacol Ther 2011;89(2):189–97.

[55] Kurek M. Anafilaksja. In: Fal A, editor. Alergia, choroby alergiczne, astma, t. 2.
Kraków: Medycyna Praktyczna; 2011. p. 483–508.

http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0005
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0005
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0005
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0005
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0010
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0010
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0010
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0015
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0015
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0015
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0015
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0015
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0020
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0020
http://dx.doi.org/10.1016/j.chest.2017.07.033
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0020
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0025
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0025
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0025
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0030
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0030
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0035
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0035
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0035
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0040
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0040
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0045
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0045
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0045
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0050
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0050
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0055
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0055
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0055
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0060
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0060
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0060
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0065
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0065
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0065
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0070
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0070
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0075
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0075
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0080
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0080
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0080
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0085
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0085
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0085
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0090
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0090
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0095
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0095
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0095
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0100
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0100
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0100
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0105
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0105
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0105
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0110
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0110
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0115
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0115
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0115
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0120
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0120
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0120
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0125
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0125
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0125
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0125
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0130
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0130
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0135
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0135
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0140
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0140
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0145
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0145
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0145
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0150
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0150
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0150
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0150
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0150
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0155
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0155
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0155
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0160
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0160
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0160
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0165
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0165
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0170
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0170
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0175
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0175
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0175
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0180
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0180
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0180
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0185
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0185
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0185
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0190
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0190
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0190
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0195
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0195
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0195
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0200
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0200
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0200
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0205
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0205
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0205
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0210
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0210
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0215
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0215
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0220
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0220
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0220
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0220
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0225
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0225
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0225
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0230
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0230
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0230
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0230
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0230
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0235
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0235
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0235
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0240
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0240
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0240
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0240
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0245
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0245
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0245
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0250
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0250
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0250
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0255
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0255
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0255
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0255
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0255
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0255
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0260
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0260
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0265
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0265
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0270
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0270
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0275
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0275


276 M.M. Tomasiak-Łozowska et al. / Advances in Medical Sciences 63 (2018) 265–277
[56] Simons FE, Simons KJ. Histamine and H1-antihistamines: celebrating a
century of progress. J Allergy Clin Immunol 2011;128(6)1139–50 e4.

[57] Leurs R, Smit MJ, Timmerman H. Molecular pharmacological aspects of
histamine receptors. Pharmacol Ther 1995;66(3):413–63.

[58] Togias A. H1-receptors: localization and role in airway physiology and in
immune functions. J Allergy Clin Immunol 2003;112(4 Suppl):S60–8.

[59] Smit MJ, Hoffmann M, Timmerman H, Leurs R. Molecular properties and
signalling pathways of the histamine H1 receptor. Clin Exp Allergy 1999;29
(Suppl. 3):19–28.

[60] Simons FER. Advances in H1-antihistamines. N Engl J Med 2004;351:2203–
17.

[61] Simons FER, Akdis CA. Histamine and H1-antihistamines. In: Adkinson Jr. NF,
Bochner BS, Busse WW, Holgate ST, Lemanske Jr. RF, Simons FER, editors.
Middleton’s allergy: principles and practice. 7th ed. St Louis: Mosby (an
affiliate of Elsevier Science); 2009. p. 1517–48.

[62] Haas HL, Sergeeva OA, Selbach O. Histamine in the nervous system. Physiol
Rev 2008;88:1183–241.

[63] Thakkar MM. Histamine in the regulation of wakefulness. Sleep Med Rev
2011;15:65–74.

[64] Leurs R, Vischer HF, Wijtmans M, de Esch IJP. En route to new blockbuster
antihistamines: surveying the offspring of the expanding histamine receptor
family. Trends Pharmacol Sci 2011;32:250–7.

[65] Lichtenstein LM, Gillespie E. The effects of the H1 and H2 antihistamines on
allergic histamine release and its inhibition by histamine. J Pharmacol Exp
Ther 1975;192(2):441–50.

[66] Jutel M, Watanabe T, Akdis M, Blaser K, Akdis CA. Immune regulation by
histamine. Curr Opin Immunol 2002;14(6):735–40.

[67] Kuhne S, Wijtmans M, Lim HD, Leurs R, de Esch IJ. Several down, a few to go:
histamine H3 receptor ligands making the final push towards the market?
Expert Opin Invest Drugs 2011;20(12):1629–48.

[68] Singh M, Jadhav HR. Histamine H3 receptor function and ligands: recent
developments. Mini Rev Med Chem 2013;13(1):47–57.

[69] Lovenberg TW, Roland BL, Wilson SJ, Jiang X, Pyati J, Huvar A, et al. Cloning
and functional expression of the human histamine H3 receptor. Mol
Pharmacol 1999;55:1101–7.

[70] Haas HL, Sergeeva OA, Selbach O. Histamine in the nervous system. Physiol
Rev 2008;88:1183–241.

[71] Chrusch C, Sharma S, Unruh H, Bautista E, Duke K, Becker A, et al. Histamine
H3 receptor blockade improves cardiac function in canine anaphylaxis. Am J
Respir Crit Care Med 1999;160(4):1142–9.

[72] Endou M, Poli E, Levi R. Histamine H3 receptor signaling in the heart: possible
involvement of Gi/Go proteins and N-Type Ca channels. J Pharmacol Exp Ther
1994;269:221–9.

[73] McLeod R, Gertner S, Hey J. Production by R-alpha-methylhistamine of a
histamine H3 receptor mediated decrease in basal vascular resistance in
guinea-pigs. Br J Pharmacol 1993;110:553–8.

[74] Levi R, Smith NC. Histamine H(3)-receptors: a new frontier in myocardial
ischemia. J Pharmacol Exp Ther 2000;292(3):825–30.

[75] Tiligada E, Zampeli E, Sander K, Stark H. Histamine H3 and H4 receptors as
novel drug targets. Expert Opin Invest Drugs 2009;18(10):1519–31.

[76] Liu WL. Histamine H4 receptor antagonists for the treatment of inflammatory
disorders. Drug Discov Today 2014;19(8):1222–5.

[77] Capelo R, Lehmann C, Ahmad K, Snodgrass R, Diehl O, Ringleb J. Cellular
analysis of the histamine H4 receptor in human myeloid cells. Biochem
Pharmacol 2016;103:74–84.

[78] Deiteren A, De Man JG, Pelckmans PA, De Winter BY. Histamine H4 receptors
in the gastrointestinal tract. Br J Pharmacol 2015;172(5):1165–78.

[79] Wang M, Han J, Domenico J, Shin YS, Jia Y, Gelfand EW. Combined blockade of
the histamine H1 and H4 receptor suppresses peanut-induced intestinal
anaphylaxis by regulating dendritic cell function. Allergy 2016;71(11):1561–
74.

[80] Reber LL, Hernandez JD, Galli SJ. The pathophysiology of anaphylaxis. J
Allergy Clin Immunol 2017;140(2):335–48.

[81] Weiss JW, Drazen JM, Coles N, McFadden Jr. ER, Weller PF, Corey EJ, et al.
Bronchoconstrictor effects of leukotriene C in humans. Science
1982;216:196–8.

[82] Weiss JW, Drazen JM, McFadden Jr. ER, Weller P, Corey EJ, Lewis RA, et al.
Airway constriction in normal humans produced by inhalation of leukotriene
D. Potency, time course, and effect of aspirin therapy. JAMA 1983;249:2814–
7.

[83] Kaliner M, Sigler R, Summers R, Shelhamer JH. Effects of infused histamine:
analysis of the effects of H-1 and H-2 histamine receptor antagonists on
cardiovascular and pulmonary responses. J Allergy Clin Immunol
1981;68:365–71.

[84] Vigorito C, Russo P, Picotti GB, Chiariello M, Poto S, Marone G. Cardiovascular
effects of histamine infusion in man. J Cardiovasc Pharmacol 1983;5:531–7.

[85] Lieberman P, Nicklas RA, Randolph C, Oppenheimer J, Bernstein D, Bernstein
J, et al. Anaphylaxis � a practice parameter update 2015. Ann Allergy Asthma
Immunol 2015;115(5):341–84.

[86] Lin RY, Schwartz LB, Curry A, Pesola GR, Knight J, Lee HS, et al. Histamine and
tryptase levels in patients with acute allergic reactions: an emergency
department-based study. J Allergy Clin Immunol 2000;106(1 Pt 1):65–71.

[87] Marone G, Genovese A, Varricchi G, Granata F. Human heart as a shock organ
in anaphylaxis. Allergo J Int 2014;23(2):60–6.
[88] Vigorito C, Poto S, Picotti GB, Triggiani M, Marone G. Effect of activation of the
H1 receptor on coronary hemodynamics in man. Circulation 1986;73:1175–
82.

[89] Vigorito C, Giordano A, De Caprio L, Vitale DF, Maurea N, Silvestri P, et al.
Effects of histamine on coronary hemodynamics in man: role of H1 and H2
receptors. J Am Coll Cardiol 1987;10:1207–13.

[90] Patterson LJ, Milne B. Latex anaphylaxis causing heart block: role of
ranitidine. Can J Anaesth 1999;46:776–8.

[91] Imamura M, Seyedi N, Lander HM, Levi R. Functional identification of
histamine H3-receptors in the human heart. Circ Res 1995;77:206–10.

[92] Imamura M, Lander HM, Levi R. Activation of histamine H3-receptors inhibits
carrier-mediated norepinephrine release during protracted myocardial
ischemia. Comparison with adenosine A1 receptors and 2-adrenoceptors.
Circ Res 1996;78:475–81.

[93] Silver RB, Poonwasi KS, Seyedi N, Wilson SJ, Lovenberg TW, Levi R. Decreased
intracellular calcium mediates the histamine H3-receptor-induced
attenuation of norepinephrine exocytosis from cardiac sympathetic nerve
endings. Proc Natl Acad Sci U S A 2002;99:501–6.

[94] Theoharides TC, Kalogeromitros D. The critical role of mast cells in allergy
and inflammation. Ann N Y Acad Sci 2006;1088:78–99.

[95] Tsigkas G, Chouchoulis K, Kounis NG, Alexopoulos D. Allergic reaction reveals
a non-lethal late stent thrombosis. A new subtype of Kounis syndrome? Int J
Cardiol 2011;149:281–2.

[96] Braquet P, Rola-Pleszczynski M. Platelet-activating factor and cellular
immune response. Immunol Today 1987;8(11):345–50.

[97] Camussi G, Tetta C, Baglioni C. The role of platelet activating factor in
inflammation. Clin Immun Immunopathol 1990;57(3):331–8.

[98] Chao W, Olson MS. Platelet-activating factor: receptor and signal
transduction. Biochem J 1993;292(Pt 3):617–29.

[99] Hanahan D. Platelet-activating factor: a biologically active phosphoglyceride.
Annu Rev Biochem 1986;55:483–509.

[100] McManus LM, Woodard DS, Deavers SI, Pinckard RL. Biology of disease: PAF
molecular heterogeneity: pathobiological implications. Lab Invest 1993;69
(6):639–50.

[101] Prescott SM, Zimmerman GA, McIntyre TM. Platelet-activating factor. J Biol
Chem 1990;265(29):17381–4.

[102] Snyder F. Platelet-activating factor and related acetylated lipids as potent
biologically active cellular mediators. Am J Physiol Cell Physiol 1990;259(5 Pt
1):C697–708.

[103] Vargaftig BB, Pretolani M, Coeffier E, Chignard M. Platelet activating factor:
biology receptors and antagonists. Handb Inflamm 1989;6:113–46.

[104] Venable ME, Zimmerman GA, McIntyre TM, Prescott SM. Platelet-activating
factor: a phospholipid autacoid with diverse actions. J Lipid Res 1993;34
(5):691–702.

[105] Benveniste J, Henson PM, Cochrane CG. Leukocyte-dependent histamine
release from rabbit platelets The role of IgE, basophils, and platelet-activating
factor. J Exp Med 1972;136(6):1356–77.

[106] Farr RS, Cox CP, Wardlow ML, Jorgensen R. Preliminary studies of an acid-
labile factor (ALF) in human sera that inactivates platelet-activating factor
(PAF). Clin Immunol Immunopathol 1980;15(3):318–30.

[107] Stafforini DM, Prescott SM, Zimmerman GA, McIntyre TM. Platelet-activating
factor acetylhydrolase in human tissue and blood cells. Lipids 1991;26
(12):979–85.

[108] Tselepis AD, Dentan C, Karabina SAP, Chapman MJ, Ninio E. PAF-degrading
acetylhydrolase is preferentially associated with dense LDL and VHDL-1 in
human plasma. Catalytic characteristics and relation to the monocyte-
derived enzyme. Arterioscler Thromb Vasc Biol 1995;15(10):1764–73.

[109] Hattori M, Adachi H, Aoki J, Tsujimoto M, Arai H, Inoue K. Cloning and
expression of cDNA encoding the beta-subunit (30-kDa subunit) of bovine
brain platelet-activating factor acetylhydrolase. J Biol Chem 1995;270
(52):31345–52.

[110] Hattori M, Adachi H, Matsuzawa A, Yamamoto K, Tsujimoto M, Aoki J. cDNA
cloning and expression of intracellular platelet-activating factor (PAF)
acetylhydrolase II. Its homology with plasma PAF acetylhydrolase. J Biol
Chem 1996;271(51):33032–8.

[111] Hattori M, Arai H, Inoue K. Purification and characterization of bovine brain
platelet-activating factor acetylhydrolase. J Biol Chem 1993;268(25):18748–
53.

[112] Smiley PL, Stremler KE, Prescott SM, Zimmerman GA, McIntyre TM.
Oxidatively fragmented phosphatidylcholines activate human neutrophils
through the receptor for platelet-activating factor. J Biol Chem 1991;266
(17):11104–10.

[113] Heery JM, Kozak M, Stafforini DM, Jones DA, Zimmerman GA, McIntyre TM,
et al. Oxidatively modified LDL contains phospholipids with platelet
activating factor-like activity and stimulates the growth of smooth muscle
cells. J Clin Invest 1995;96(5):2322–30.

[114] Gill P, Jindal NL, Jagdis A, Vadas P. Platelets in the immune response:
revisiting platelet-activating factor in anaphylaxis. Adv J Allergy Clin
Immunol 2015;135(6):1424–32.

[115] Montrucchio G, Alloatti G, Camussi G. Role of platelet-activating factor in
cardiovascular pathophysiology. Physiol Rev 2000;80(4):1669–99.

[116] Shirazaki H, Seki N, Kikuchi M. Expression and localization of platelet-
activating factor receptor in human nasal mucosa. Ann Allergy Asthma
Immunol 2005;95(2):190–6.

http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0280
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0280
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0285
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0285
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0290
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0290
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0295
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0295
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0295
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0300
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0300
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0305
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0305
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0305
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0305
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0310
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0310
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0315
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0315
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0320
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0320
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0320
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0325
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0325
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0325
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0330
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0330
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0335
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0335
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0335
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0340
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0340
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0345
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0345
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0345
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0350
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0350
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0355
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0355
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0355
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0360
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0360
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0360
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0365
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0365
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0365
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0370
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0370
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0375
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0375
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0380
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0380
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0385
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0385
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0385
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0390
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0390
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0395
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0395
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0395
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0395
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0400
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0400
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0405
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0405
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0405
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0410
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0410
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0410
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0410
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0415
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0415
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0415
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0415
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0420
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0420
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0425
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0425
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0425
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0430
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0430
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0430
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0435
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0435
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0440
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0440
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0440
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0445
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0445
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0445
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0450
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0450
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0455
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0455
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0460
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0460
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0460
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0460
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0465
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0465
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0465
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0465
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0470
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0470
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0475
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0475
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0475
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0480
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0480
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0485
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0485
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0490
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0490
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0495
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0495
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0500
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0500
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0500
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0505
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0505
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0510
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0510
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0510
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0515
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0515
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0520
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0520
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0520
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0525
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0525
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0525
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0530
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0530
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0530
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0535
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0535
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0535
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0540
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0540
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0540
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0540
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0545
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0545
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0545
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0545
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0550
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0550
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0550
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0550
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0555
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0555
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0555
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0560
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0560
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0560
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0560
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0565
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0565
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0565
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0565
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0570
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0570
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0570
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0575
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0575
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0580
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0580
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0580


M.M. Tomasiak-Łozowska et al. / Advances in Medical Sciences 63 (2018) 265–277 277
[117] Braquet P, Paulbert-Braquet M, Koltay M, Bourgain R, Bussolino F, Hosford D.
Is there a case for PAF antagonists in the treatment of ischemic states? Trends
Pharmacol Sci 1989;10(1):23–30.

[118] Bratton D, Henson PM. Cellular origin of PAF. In: Barnes PJ, Page CP, Henson
PM, editors. Platelet-Activating Factor and Human Disease. London:
Blackwell; 1989. p. 23.

[119] Lotner GZ, Lynch JM, Betz SJ, Henson PM. Human neutrophil-derived platelet
activating factor. J Immunol 1980;124(2):676–84.

[120] Triggiani M, Schleimer RP, Warner JA, Chilton FH. Differential synthesis of 1-
acyl-2-acetyl-sn-glycero-3-phosphocholine and platelet-activating factor by
human inflammatory cells. J Immunol 1991;147(2):660–6.

[121] Camussi G, Aglietta M, Malavasi F, Tetta C, Sanavio F, Piacibello W, et al. The
release of platelet activating factor from human endothelial cells in culture. J
Immunol 1983;131(5):2397–403.

[122] McIntyre T, Zimmerman GA, Prescott SM. Leukotrienes C4 and D4 stimulate
human endothelial cells to synthesize platelet activating factor and bind
neutrophils. Proc Natl Acad Sci U S A 1986;83(7):2204–8.

[123] McIntyre TM, Zimmerman GA, Satoh K, Prescott SM. Cultured endothelial
cells synthesize both platelet-activating factor and prostacyclin in response
to histamine, bradykinin, and adenosine triphosphate. J Clin Invest 1985;76
(1):271–80.

[124] Camussi G, Tetta C, Bussolino F, Baglioni C. Synthesis and release of platelet-
activating factor is inhibited by plasma alpha-1-proteinase inhibitor or
alpha-1-antichymotrypsin and is stimulated by proteinases. J Exp Med
1988;168(4):1293–306.

[125] Lewis MS, Whatley RE, Cain P, McIntyre TM, Prescott TM, Zimmerman GA.
Hydrogen peroxide stimulates the synthesis of platelet activating factor by
endothelium and induces endothelial cell-dependent neutrophil adhesion. J
Clin Invest 1988;82(6):2045–55.

[126] Montrucchio G, Alloatti G, Mariano F, Lupia E, Greco-Lucchina P, Musso E,
et al. Role of platelet-activating factor in hypotension and platelet activation
induced by infusion of thrombolytic agents in rabbits. Circ Res 1993;72
(3):658–70.

[127] Montrucchio G, Lupia E, De Martino A, Silvestro L, Rizea Savu S, Cacace G,
et al. Plasmin promotes an endothelium-dependent adhesion of neutrophils.
Involvement of platelet activating factor and P-Selectin. Circulation 1996;93
(12):2152–60.

[128] Au BT, Williams TJ, Collins PD. Zymosan-induced IL-8 release from human
neutrophils involves activation via the CD11b/CD18 receptor and endogenous
platelet activating factor as an autocrine modulator. J Immunol 1994;152
(11):5411–9.

[129] Bussolino F, Arese M, Silvestro L, Soldi R, Benfenati E, Sanavio F, et al.
Involvement of a serine protease in the synthesis of platelet activating factor
by endothelial cells stimulated by IL-1a or TNF-alpha. Eur J Immunol 1995;24
(12):3131–9.

[130] Bussolino F, Camussi G, Baglioni C. Synthesis and release of platelet activating
factor by human vascular endothelial cells treated with tumor necrosis factor
and interleukin-1 alpha. J Biol Chem 1988;263(24):11856–61.

[131] Janero DR, Burghardt C. Production and release of platelet activating factor by
the injured heart-muscle cell (cardiomyocyte). Res Commun Chem Pathol
Pharmacol 1990;67(2):201–18.

[132] Honda Z, Nakamura M, Miki I, Minami M, Watanabe T, Seyama Y, et al.
Cloning by functional expression of platelet-activating factor receptor from
guinea-pig lung. Nature 1991;349(6307):342–6.

[133] Ishii S, Kuwaki T, Nagase T, Maki K, Tashiro F, Sunaga S, et al. Impaired
anaphylactic responses with intact sensitivity to endotoxin in mice lacking a
platelet-activating factor receptor. J Exp Med 1998;187(11):1779–88.

[134] Kunz D, Gerard NP, Gerard C. The human leukocyte platelet activating factor
receptor. J Biol Chem 1992;267(13):9101–6.

[135] Sugimoto T, Tsuchinochi H, McGregor CG, Mutoh H, Shimizu T, Kurachi DY.
Molecular cloning and characterization of the platelet activating factor
receptor gene expressed in the human heart. Biochem Biophys Res Commun
1992;189(2):617–24.

[136] Ye RD, Prossnitz ER, Zuo A, Cochrane CG. Characterization of a human cDNA
that encodes a functional receptor for platelet activating factor. Biochem
Biophys Res Commun 1991;180(1):105–11.

[137] Bratton DL, Dreyre E, Kailey JM, Fadok FV, Clay KL, Henson PM. The
mechanism of internalization of platelet activating factor in activated human
neutrophils: enhanced transbilayer movement across the plasma membrane.
J Immunol 1992;148(2):514–23.

[138] Zimmerman GA, Prescott SM, McIntyre TM. Endothelial cell interactions with
granulocytes: tethering and signaling molecules. Immunol Today 1992;13
(3):93–100.

[139] Bussolino F, Camussi G, Aglietta M, Braquet P, Bosia A, Pescarmona G, et al.
Endothelial cells are targets for platelet activating factor: platelet activating
factor induces changes in cytoskeleton structure. J Immunol 1987;139
(7):2439–46.

[140] Benveniste J, Boullet C, Brink C, Labat C. The actions of PAF-acether (platelet-
activating factor) on guinea-pig isolated heart preparations. Br J Pharmacol
1983;80(1):81–3.

[141] Findlay SR, Lichtenstein LM, Hanahan DJ, Pinckard RN. The contraction of
guinea pig ileal smooth muscle by acetyl glyceryl ether phosphorylcholine.
Am J Physiol Cell Physiol 1981;241(3):C130–3.
[142] Kester M, Ledvora RF, Barany M. The potentiation of arterial contraction with
platelet activating factor. Pflugers Arch 1984;400(2):200–2.

[143] Stahl G, Lefer AM. Heterogeneity of vascular smooth muscle responsiveness
to lipid vasoactive mediators. Blood Vessels 1987;24(1–2):24–30.

[144] Montrucchio G, Alloatti G, Tetta C, Roffinello C, Emanuelli G, Camussi G. In
vitro contractile effect of platelet activating factor on guinea-pig
myometrium. Prostaglandins 1986;32(4):539–54.

[145] Tetta C, Montrucchio G, Alloatti G, Roffinello C, Emanuelli G, Benedetto C.
et al: platelet activating factor contracts human myometrium in vitro. Proc
Soc Exp Biol Med 1986;183(3):376–81.

[146] Alloatti G, Montrucchio G, Mariano F, Tetta C, De Paulis R, Morea M, et al.
Effect of platelet-activating factor (PAF) on human cardiac muscle. Int Arch
Allergy Appl Immunol 1986;79(1):108–12.

[147] Levi R, Burke JA, Guo ZG, Hattori Y, Hoppens CM, McManus LM. Acetyl
glyceryl ether phosphorylcholine (AGEPC), a putative mediator of cardiac
anaphylaxis in the guinea pig. Circ Res 1984;54(2):117–24.

[148] Robertson DA, Genovese A, Levi R. Negative inotropic effect on platelet-
activating factor on human myocardium: a pharmacological study. J
Pharmacol Exp Ther 1987;243(3):834–9.

[149] Robertson DA, Wang DY, Lee CO, Levi R. Negative inotropic effect of platelet-
activating factor: association with a decrease in intracellular sodium activity.
J Pharmacol Exp Ther 1988;245(1):124–8.

[150] Finkelman FD. Anaphylaxis: lessons from mouse models. J Allergy Clin
Immunol 2007;120(3):506–15.

[151] Vadas P, Gold M, Perelman B, Liss GM, Lack G, Blyth T, et al. Platelet-activating
factor, PAF acetylhydrolase, and severe anaphylaxis. N Engl J Med 2008;358
(1):28–35.

[152] Terashita Z, Imura Y, Shino A, Nishikawa K. A lethal role of platelet activating
factor in anaphylactic shock in mice. J Pharmacol Exp Ther 1987;243(1):378–
83.

[153] Vargaftig BB, Braquet PG. PAF-acether today � relevance for acute
experimental anaphylaxis. Br Med Bull 1987;43(2):312–35.

[154] Fukuda Y, Kawashima H, Saito K, Inomata N, Matsui M, Nakanishi T. Effect of
human plasma-type platelet-activating factor acetylhydrolase in two
anaphylactic shock models. Eur J Pharmacol 2000;390(1–2):203–7.

[155] Vadas P, Perelman B, Liss G. Platelet-activating factor, histamine, and tryptase
levels in human anaphylaxis. J Allergy Clin Immunol 2013;131(1):144–9.

[156] Li S, Stuart L, Zhang Y, Meduri GU, Umberger R, Yates CR. Inter-individual
variability of plasma PAF-acetylhydrolase activity in ARDS patients and
PAFAH genotype. J Clin Pharm Ther 2009;34(4):447–55.

[157] Finkelman FD. Peanut allergy and anaphylaxis. Curr Opin Immunol 2010;22
(6):783–8.

[158] Khodoun M, Strait R, Orekov T, Hogan S, Karasuyama H, Herbert DR, et al.
Peanuts can contribute to anaphylactic shock by activating complement. J
Allergy Clin Immunol 2009;123(2):342–51.

[159] Church MK, Máspero JF, Maurer M, Ryan D. The scope of pharmacological and
clinical effects of modern antihistamines, with a special focus on rupatadine:
proceedings from a satellite symposium held at the 21 st world allergy
congress, Buenos Aires, December 8, 2009. World Allergy Organ J 2010;3
(Suppl):S1–S16.

[160] Nagi-Miura N, Shingo Y, Kurihara K, Adachi Y, Suzuki K, Ohno N. Involvement
of platelet activating factor, histamine and serotonin in acute lethal shock
induced by Candida albicans water-soluble extracellular polysaccharide
fraction (CAWS) in mice. Biol Pharm Bull 2007;30(7):1354–7.

[161] Alevizos M, Karagkouni A, Vasiadi M, Sismanopoulos N, Makris M,
Kalogeromitros D, et al. Rupatadine inhibits inflammatory mediator
release from human laboratory of allergic diseases 2 cultured mast cells
stimulated by platelet-activating factor. Allergy Asthma Immunol 2013;111
(6):542–7.

[162] Siebenhaar F, Förtsch A, Krause K, Weller K, Metz M, Magerl M. et al
Rupatadine improves quality of life in mastocytosis: a randomized, double-
blind, placebo-controlled trial. Allergy 2013;68(7):949–52.

[163] Liebhart J. Idiopatyczna anafilaksja: trudny problem diagnostyczny i
terapeutyczny. Alergia 2014;1:5–7.

[164] Akin C, Scott LM, Kocabas CN, Kushnir-Sukhov N, Brittain E, Noel P, et al.
Demonstration of an aberrant mast-cell population with clonal markers in a
subset of patients with idiopathic anaphylaxis. Blood 2007;110(7):2331–3.

[165] Hitomi Y, Ebisawa M, Tomikawa M, Imai T, Komata T, Hirota T, et al.
Associations of functional NLRP3 polymorphisms with susceptibility to food-
induced anaphylaxis and aspirin-induced asthma. J Allergy Clin Immunol
2009;124(4)779–85 e6.

[166] Górska A, Gruchała-Niedoszytko M, Niedoszytko M, Maciejewska A,
Chełmi�nska M, Skrzypski M. The role of TRAF4 and B3GAT1 gene
expression in the food hypersensitivity and insect venom allergy in
mastocytosis. Arch Immunol Ther Exp (Warsz) 2016;64:497–503.

[167] Apter AJ, Schelleman H, Walker A, Addya K, Rebbeck T. Clinical and genetic
risk factors of self-reported penicillin allergy. J Allergy Clin Immunol
2008;122(1):152–8.

[168] Guglielmi L, Fontaine C, Gougat C, Avinens O, Eliaou JF, Guglielmi P, et al. IL-10
promoter and IL4-Ralpha gene SNPs are associated with immediate beta-
lactam allergy in atopic women. Allergy 2006;61(8):921–7.

http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0585
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0585
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0585
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0590
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0590
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0590
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0595
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0595
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0600
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0600
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0600
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0605
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0605
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0605
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0610
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0610
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0610
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0615
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0615
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0615
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0615
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0620
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0620
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0620
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0620
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0625
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0625
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0625
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0625
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0630
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0630
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0630
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0630
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0635
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0635
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0635
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0635
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0640
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0640
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0640
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0640
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0645
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0645
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0645
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0645
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0650
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0650
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0650
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0655
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0655
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0655
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0660
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0660
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0660
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0665
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0665
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0665
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0670
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0670
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0675
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0675
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0675
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0675
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0680
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0680
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0680
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0685
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0685
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0685
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0685
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0690
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0690
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0690
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0695
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0695
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0695
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0695
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0700
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0700
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0700
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0705
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0705
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0705
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0710
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0710
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0715
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0715
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0720
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0720
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0720
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0725
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0725
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0725
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0730
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0730
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0730
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0735
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0735
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0735
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0740
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0740
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0740
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0745
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0745
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0745
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0750
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0750
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0755
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0755
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0755
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0760
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0760
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0760
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0765
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0765
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0770
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0770
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0770
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0775
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0775
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0780
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0780
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0780
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0785
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0785
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0790
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0790
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0790
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0795
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0795
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0795
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0795
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0795
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0800
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0800
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0800
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0800
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0805
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0805
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0805
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0805
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0805
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0810
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0810
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0810
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0815
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0815
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0820
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0820
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0820
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0825
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0825
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0825
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0825
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0830
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0830
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0830
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0830
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0835
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0835
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0835
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0840
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0840
http://refhub.elsevier.com/S1896-1126(17)30084-6/sbref0840

	Markers of anaphylaxis – a systematic review
	1 Introduction
	2 Material and methods
	3 Results and Discussion
	3.1 Anaphylaxis – definition, clinical manifestations, differential diagnosis
	3.1.1 Role of mast cells in anaphylaxis

	3.2 Tryptase
	3.3 Histamine
	3.3.1 Histamine and myocardial dysfunction

	3.4 Platelet-activating factor (PAF)
	3.5 Genetic markers of anaphylaxis

	4 Conclusion
	Conflict of interest
	Financial disclosure
	References


