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Kounis Syndrome (Allergic Angina and
Allergic Myocardial Infarction)
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Summary
Background
The concurrence of acute coronary syndromes with hypersensitivity reactions as well
as anaphylactic or anaphylactoid insults is increasingly in clinical practice and there are
several reports associating mast cell activation with acute cardiovascular events.
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Definition

Kounis syndrome is the coincidental occurrence of acute coronary syndromes with
hypersensitivity reactions involving activation of interrelated and interacting
inflammatory cells and including allergic or hypersensitivity and anaphylactic or
anaphylactoid insults. It is caused by inflammatory mediators such as histamine, neutral
proteases, arachidonic acid products, platelet activating factor and a variety of cytokines
and chemokines released during the hypersensitivity insult. All these inflammatory cells
participate in a vicious inflammatory cycle and via multidirectional signals mast cells can
enhance T cell activation, T cells can mediate mast cell proliferation and activation,
inducible macrophage protein-1α can activate mast cells, mast cells can activate
macrophages, and T cells can regulate macrophage activity.Clinical and experimental
findings show that there is a common pathway between allergic and non allergic
coronary events, because the same mediators from the same cells are present in both
hypersensitivity episodes and acute coronary syndromes.

Variants
Type I variant: includes patients with normal coronary arteries without predisposing
factors for coronary artery disease in whom 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
Type II variant: includes patients with culprit but quiescent pre-existing
atheromatous disease in whom the acute release of inflammatory mediators can induce
either coronary artery spasm with normal cardiac enzymes and troponins or plaque
erosion or rupture manifesting as acute myocardial infarction.

Cardiac Actions of Main Mediators
Tryptase and chymase actions: Activate the zymogen forms of metalloproteinases
such as interstitial collagenase, gelatinase, and stromelysin and can promote plaque
disruption or rupture.
Furthermore, chymase converts angiotensin I to angiotensin II and angiotensin II
receptors are found in the medial muscle cells of human coronary arteries. Thus,
angiotensin II generated by chymase could act synergistically with histamine and
aggravate the local spasm of the infarcted coronary artery.
Leukotrienes are powerful arterial vasoconstrictors and their biosynthesis is
enhanced in the acute phase of unstable angina. Thromboxane is a potent mediator of
platelet aggregation with vasoconstricting properties. Platelet activating factor: In
myocardial ischemia acts as proadhesive signalling molecule or via activation of
leucocytes and platelets to release other mediators. In experimental anaphylaxis
reproduces the electrical and mechanical effects observed in allergic reactions such as ST
changes and arrhythmias acting either through the release of leukotrienes or as a direct
vasoconstrictor.
Histamine can induce: coronary vasoconstriction, intimal thickening, inflammatory
cell modulation, platelet activation, proinflammatory cytokine production, p-selectine
upregulation, sensitization of nerve ending in coronary plaques, tissue factor expression.
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Clinical and Therapeutic Implications
Today, concern has been raised that intracoronary stents could be associated with in
stent thrombosis, paradoxical coronary vasoconstriction and hypersensitivity reactions.
Components of currently used DES have been reported to induce either separately or
synergistically hypersensitivity reactions and in some occasions hypersensitivity cardiac
events. Stent-activated intracoronary mast cells could release histamine, arachidonic acid
metabolites, proteolytic enzymes such as tryptase and chymase, as well as a variety of
cytokines -chemokines and platelet activating factor leading to local inflammation and
thrombosis. These events may be more common than suspected because it is hard to
document them, unless they become systemic, in which case they manifest as the Kounis
syndrome. Recognition of this problem may lead to better vigilance, as well as new stent
with mast cell blocking molecules that may also be disease modifying.
So far, attempts have been made to counteract the actions of the inflammatory
mediators by using mediator antagonists, inhibitors of mediator biosynthesis and
mediator receptor blockers. However, in the medical armamentarium there are drugs and
natural molecules that are capable to stabilize and protect mast cell surface which could
prevent also acute thrombotic events , at least in some instances. This has already been
achieved experimentally.

Abreviations
CRH = corticotropin-releasing hormone
CSF = colony stimulating factor
CGRP = calcitonin gene related peptide

MIF = macrophage inflammatory factor
MIP = monocyte inflammatory peptide
NGF = nerve growth factor

CTMC = connective tissue mast cells
EGF = endothelial growth factor
b-FGF = fibroblast growth factor
GM-CSF = granulocyte monocyte-colony
INFγ = Interferon-γ
MCP = monocyte chemotactic protein

PACAP = Pituitary adenylate cyclase
activating peptide
PAR = Protease activated receptor
SCF = Stem cell factor
TGF-β = transforming growth factor-β
TNF-α = tumor necrosis factor-α
VEGF = vascular endothelial growth factor

1. Definition
Kounis syndrome is the concurrence of acute coronary syndromes with conditions
associated with mast cell activation, involving interrelated and interacting inflammatory cells,
and including allergic or hypersensitivity and anaphylactic or anaphylactoid insults. It is
caused by inflammatory mediators such as histamine, neutral proteases, arachidonic acid
products, platelet activating factor and a variety of cytokines and chemokines released during
the activation process.
Mast cells enter the circulation from bone marrow as mononuclear cell precursors that
both express messenger ribonucleic acid (mRNA) for stem cell factor and have SCF receptors
on their cell membrane. They migrate into the tissues, including the brain which does not
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suffer from allergic reactions because IgE does not cross the blood-brain barrier, where the
differentiate and mature. This takes several days to weeks.
On the other hand, basophils developing in bone marrow from granulocyte precursors
and entering the circulation only when fully mature. They are not normally found in
extravascular tissues compartments, only migrating there during late-phase allergic
responses.

2. Historical Background
Although, the coincidental occurrence of acute coronary syndromes with allergic or
hypersensitivity as well as with anaphylactic or anaphylactoid reactions is increasingly
encountered in clinical practice it was only until 1950 when several reports associating mast
cell activation with acute cardiovascular events started to appear in the medical literature
(Table 1).
Table 1. Historical background of Kounis syndrome

1950

Pfister CW, et al.

1965

Zosin P, et al.

1991

Kounis NG, et al.

1995

Constantinides P.

1996

Kounis NG, et al.

1998

Braunwald E.

2003
2006

Zavras GM, et al.
Kounis NG.

2006

Kounis NG, et al.

2007

Kounis NG, et al.

2008

Tavil Y, et al.

Acute myocardial infarction during a prolonged allergic
reaction to penicillin. Am Heart J 1950; 40: 945
Allergic myocardial infarction. Romanian Medical Review
1965;19: 26
Histamine-induced coronary artery spasm: the syndrome of
allergic angina. Br J Clin Pract 1991; 45: 121
“Allergic reactions can promote plaque disruption” Circulation
1995; 92: 1083
Allergic angina and allergic myocardial infarction. Circulation
1996; 94: 1789
“Allergic reactions with mediators such as histamine or
leukotrienes acting on coronary smooth muscle can induce
vasospastic angina” Circulation 1998;98: 2219
Kounis syndrome secondary to allergic reaction. Int J Clin
Pract 2003; 57: 62
Kounis syndrome. Int J Cardiol 2006; 119: 7
Hypersensitivity to DES: a manifestation of Kounis syndrome?
J Am Coll Cardiol 2006; 48: 592
Coronary stents, Hypersensitivity and the Kounis Syndrome. J
Interv Cardiol 2007; 20: 314
Kounis syndrome secondary to amoxicillin/clavulanic acid use.
Int J Cardiol 2008 Feb 20; 124: e4

In 1991, Kounis and Zavras [1] described the “syndrome of allergic angina” as the
coincidental occurrence of chest pain and allergic reactions accompanied by clinical and
laboratory findings of classical angina pectoris caused by inflammatory mediators released
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during the allergic insult Allergic angina can progress to acute myocardial infarction which
was named “allergic myocardial infarction” [2-4]. Following this clinical description,
Constantinides [5], in 1995, raised the possibility that “even ordinary allergic reactions could
promote plaque disruption”. In 1998, Braunwald [6], in an editorial, noted that vasospastic
angina can be induced by “allergic reactions with mediators such as histamine or leukotrienes
acting on coronary vascular smooth muscle”.
Today, allergic angina and allergic myocardial infarction are referred as “Kounis
syndrome” [7-13] and are cited in major cardiovascular textbooks [14], as a new cause of
coronary artery spasm.

3. Kounis Syndrome Variants
There are two variants of this syndrome that have been described recently [15]. Type Ι
variant includes patients with normal coronary arteries without predisposing factors for
coronary artery disease in whom the acute allergic insult induces either coronary artery spasm
with normal cardiac enzymes and troponins or coronary artery spasm progressing to acute
myocardial infarction with raised cardiac enzymes and troponins. This variant might
represent a manifestation of endothelial dysfunction or microvascular angina. Type II variant
includes patients with culprit but quiescent pre-existing atheromatous disease in whom acute
allergic episode can induce plaque erosion or rupture manifesting as an acute myocardial
infarction. Kounis syndrome is regarded as magnificent natural paradigm and nature’s own
experiment [7-13] which may shed light on potential therapeutic strategies that may apply to
the area of interference with plaque erosion or rupture and primary as well as secondary
prevention of acute coronary and cerebrovascular events.

4. Mast Cell Activation-Degranulation
Mast cells are derived from a distinct precursor in the bone marrow and mature under
local tissue micro environmental factors [16, 17]. These cells are found in most parts of the
human body, including heart and vessels, and are involved in allergic and anaphylactic
reactions through activation-degranulation. This activation-degranulation is taking place via
the following mechanisms:
1) lgE mediated cross linking of Fce receptor I (i.e. the high affinity IgE receptors)
[18],
2) by histamine-releasing factors secreted by neighbouring macrophages [19] or Tlymphocytes [20] and
3) by anaphylatoxin components of the complement system (C3a, C5a) [21], by many
neuropeptides and bacterial products through Toll-like receptors [22] and by drugs
such as opioids [23] or analgesics such as high doses of acetylsalicylic acid [24].
Endothelin also activates cardiac mast cells and this is regarded as a potential
mechanism responsible for myocardial remodeling [25].
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Upon their activation, mast cells release the contents of their granules by two separate
mechanisms which may operate individually or in parallel:
1) a rapid process of anaphylactic degranulation [26],
2) a slow process of piecemeal degranulation or intra-granular activation or differential
or selective release [27]. During the latter, mast cells appear to undergo ultra
structural alterations of their electron dense granules indicative of secretion but
without overt degranulation. Such subtle mast cell activation may be associated with
the ability of mast cells to release some mediators selectively such us eicosanoids
[28] and interleukin-6 [29]. In fact, it has been shown that interleukin-1 can stimulate
human mast cells to release interleukin-6, without degranulation, through unique
process utilizing 40-80 nm vesicles unrelated to secretory granules [30].
Mast cells are an additional source of renin and constitute a unique extrarenal reninangiotensin system [31]. Furthermore, preformed angiotensin II and gene expression of the
renin-angiotensin system have been detected in human mast cells [32].
In anaphylaetic degranulation several vasoconstricting and collagen degrading
compounds are released locally and in the peripheral circulation. These compounds include
preformed mediators such as, histamine, neutral proteases (tryptase, chymase, cathepsin-D),
platelet activating factor and newly synthesized mediators such us an array of cytokines and
chemokines and others by the metabolism of arachidonic acid through activation of a
phospholipase. The latter include leukotrienes by the lipoxygenase pathway and
prostaglandins such as thromboxane by cycloxygenase pathway. These mediators have been
incriminated, in many clinical and experimental studies to induce, coronary artery spasm
and/or acute myocardial infarction.
Cardiac mast cell-derived histamine can (Table 2 and Table 3) constrict the coronary
arteries [33] and sensitize nerve endings [34] localized close to adventitial mast cells in
atherosclerotic coronary arteries [35]. Apart from being powerful coronary vasoconstrictor,
histamine can activate platelets and potentiates the aggregatory response of other agonists
including adrenaline, 5-hydroxytryptamine, and thrombin [36-38]; it modulates the activity of
inflammatory cells such as neutrophils [39], monocytes [40], and eosinophils [41]. Moreover,
histamine induces proinflammatory cytokine production from endothelial cells [42],
upregulates P-selectin on the endothelial cell surface [43, 44], and induces intimal thickening
in a mouse model of thrombosis [45]. Cardiac histamine and interleukin-6 can be released by
acute stress and this may help explain stress-related coronary inflammation [46, 47]. Stress
and corticotropin-releasing hormone activate human mast cells to release vascular endothelial
growth factor selectively [48, 49].
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Table 2. Histamine: Effects of H1, H2, H3 and H4 receptors

Coronary
arteries

Sinus nodeAtria

Ventricles

AV
conduction

H1-receptors
Mediate
contraction

H2-receptors
Mediate
relaxation

Do not affect the
rate.
Do not affect
inotropic action.
Do not affect
chronotropic
action.
Do not affect
inotropic action.
Do not affect
chronotropic
action.
Do not affect
auromatically.
Slow AV
conduction

Increase sinus
rate stimulation.
Positive
inotropic action.
Positive
chronotropic
action.
Positive
inotropic action.
Positive
chronotropic
action.
Increase
automatically.
Attenuate the
response to
sympathetic
stimulation

H3-receptors
Inhibit endogenous
norepinephrine
release and enhance
the degree of shock
during anaphylaxis

H4-receptors
Control
chemotaxis of
mast cells and
eosinophils
and the
release of
Interleukin-I6

Table 3. Cardiac effects of histamine
•
•
•
•
•
•
•
•
•
•

Coronary vasoconstriction
Activates platelets and potentiates the aggregatory response of agonists e.g. adrenaline, 5hydroxytryptamine, and thrombin
Intimal thickening
Inflammatory cell modulation
Modulates the activity of neutrophils, monocytes, and eosinophils
Platelet activation
Proinflammatory cytokine production
P-selectine upregulation
Sensitizites nerve endings in coronary plaques
Tissue factor expression

A novel action of histamine is the induction of tissue factor expression and activity in
human aortic endothelial cells and human vascular smooth muscle cells [50]. Tissue factor is
a key enzyme in the activation of coagulation. It binds activated factor VII, which in turn
activates factor X leading to thrombin formation. Elevated tissue factor antigen and activity
have been detected in plasma and in atherectomy specimens of patients with unstable angina
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[51] denoting that tissue factor is involved in the initiation and propagation of acute coronary
syndromes. This effect of histamine is completely abolished by H1 receptor antagonists [50].
Table 4. Cardiac actions of proteases, leukotrienes,
thromboxane, platelet activating factor
Tryptase
1.
2.
3.
4.

Activates the zymogen forms of metalloproteinases such as interstitial collagenase, gelatinase, and
stromelysin and can promote plaque disruption or rupture.
Degrates the pericellular matrix components fibronectin and vitronectin and neuropeptides, such as
vasoactive intestinal peptide (VIP) and calcitonin gene related peptide (CGRP)
Activates neighboring cells by cleaving and activating protease-activated receptor (PAR)-2, and
thrombin receptors
Tryptase can degrade HDL

Chymase
1.

2.
3.
4.
5.

Converts angiotensin I to angiotensin II and angiotensin II receptors are found in the medial muscle
cells of human coronary arteries. Thus, angiotensin II generated by chymase could act
synergistically with histamine and aggravate the local spasm of the infarcted coronary artery.
Chymase also can remove cholesterol from HDL
Activates MMP-1,-2,-9 and plays a major role in the physiologic degradation of fibronectin and
thrombin
Releases latent TGF-β1 from the extracellular matrix
Inhibits smooth muscle growth
Induces apoptosis of arterial smooth muscle cells and endothelial cells

Cathepsin D
1.
2.

Elastolytic, angiotensin II-forming protease
Degrates both fibronectin and VE-cadherin which are necessary for adhesion of endothelial cells to
their basement membrane and to each other

Leukotrienes
Powerful arterial vasoconstrictors and their biosynthesis is enhanced in the acute phase of unstable
angina.
Thromboxane
A potent mediator of platelet aggregetion with vasoconstricting properies.
Platelet Activating Factor
In myocardial ischemia acts as proadhesive signalling molecule or vial activation of leucocytes and
platelets to release other mediators. In experimental anaphylaxix reproduces the electrical and
mechanical efforts observed in allergic reactions such as ST changes and arrhythmias acting either
through the release of leukotrienes or as a direct vasoconstrictor.
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Tryptase and chymase (Table 4) effectively activate the zymogen forms of
metalloproteinases such as interstitial collagenase, gelatinase and stromelysin found in
atheromatous plaques and play an important role in atheromatous plaque erosion or rupture
[52]. Chymase converts angiotensin I to angiontensin II and angiotensin II receptors are
found in the medial muscle cells of human coronary arteries. Thus, the angiotensin II
generated by chymase released from mast cells could act synergistically with histamine and
aggravate the local spasm of the infarcted coronary artery [53]. Platelet activating factor
(PAF) has been implicated in acute myocardial ischemia either as proadhesive signaling
molecule or through activation of leucocytes and platelets to release other mediators [54].
Leukotrienes are powerful arterial vasoconstrictors and enhance leukotriene biosynthesis has
been detected during the acute phase of unstable angina [55]. Thromboxane is a potent
mediator of platelet aggregation and has vasoconstricting properties [56]. Moreover, during
experimental anaphylaxis, PAF reproduces the mechanical and electrical changes observed
during allergic reactions such as ischemic S-T segment changes and arrhythmias [57, 58].
During these experiments, PAF acted either through the release of leukotrienes and
thromboxane [59] or directly producing vasoconstriction [60].
Mast cells are important for allergic reactions [61], but also in immunity [62-64] and
inflammatory conditions [65- 67]. Mast cells develop from CD 34+,c-kit+ progenitor cells
that arise from hematopoietic stem cells in the bone marrow [68]. These progenitor cells
express the receptor c-kit for Stem Cell Factor (SCF), which has growth, differentiate and
chemoattractant properties for mast cells. Mast cell progenitors have also been described in
the peripheral blood [69, 70]. Mast cells mature in tissues depending on microenvironmental
conditions. In addition to SCF, mast cell chemoattractants include, nerve growth factor
(NGF) [71], RANTES ( Regulated on Activation, Normal T Cell Expressed and Secreted)
(CCL5) and MCP 1(Mast Cell Protein) (CCL2) [72, 73]. Several cytokines play an important
role in mast cell differentiation and proliferation. IL-3 directly stimulates proliferation of
uncommitted progenitors and directly promotes granule assembly [74]. IL-4 possesses mast
cell growth factor activity [75], can promote phenotype switching to connective tissue-type
mast cells [76], and enhances expression of neuropeptide receptors [77]. Mature mast cells
vary considerably [78] in their cytokine [79] and proteolytic enzyme content. However, the
phenotypic expression of mast cells does not appear to be fixed [75, 80]. In fact, brain mast
cells in normal rodents lack c-kit receptor [81] and FcεRI proteins [82].
Mast cells are located perivascularly [83] in close proximity to neurons [84-90], in
particular close to CRH-positive neurons in the rat median eminence [91].

5. Mast Cell Triggers
Mast cells are well known to be stimulated by IgE and antigen through aggregation of
their specific receptors (FcεR1) [92, 93]. However there are numerous additional mast cell
triggers (Table 5). These include immunoglobulin free light chains [94-96], anaphylatoxins,
cytokines, hormones, neuropeptides, toxins and a number of drugs [67, 90, 97-102].
Neuropeptide triggers include substance P(SP) [103-105], neurotensin (NT) [106], nerve
growth factor (NGF) [84, 107], which is released under stress [108], hemokinin [109], and
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pituitary adenylate cyclase activating polypeptide (PACAP) [110, 111], SCF and IL-6 have
been shown to induce IL-6 release without degranulation. IL-33 is a recently identified
member of the IL-1 family of molecules that can induce cytokine production in human mast
cells even in the absence of FceRI aggregation [112]. IL-33 induced IL-6 and IL-1b
production by P815 mastocytoma and bone marrow mast cells(BMMC).Stimulation of
BMMC with IL-33 for 24 h significantly increased TNF-α and MCP-1 secretion, as well as
IL-2 secretion and PGD-2 [113, 114]. IL-33 induced IL-13 production by mouse mast cells
independently of IgE-FcεRI signals [115]. IL-33 enhanced the survival of naive human
umbilical cord blood mast cells(HUCBMC) and promoted their adhesion to fibronectin; it
Table 5. Mast cell triggers
I. Natural
A. Immunologic
Anaphylatoxins (C3a, C5a)
CGRP
IgG 1 + IgE
IL-1
IL-33
Immunoglobulin – free light chains
PAF
PGE 2
Superallergens
MCP -1,-2,-3
MIP-1 Table 1. Mast cell Triggers

B. Neuropeptides /Neurotransmitters
Acetylcholine
Adrenomedullin
Bombesin
PACAP
Somatostatin
SP
VIP

D. Hormones
CRH
Ucn
E. Infectious
LPS (TLR 4)
Peptidoglycan (TLR 2)
Viral antigens (TLR 3,5,7,9)
F. Toxins
Fire ants
Jelly fish
Snake venoms
Wasps
G. Vascular
Adenosine
Endothelin
Oxidized LDL
Reactive oxygen species
Thrombin
II. Drugs

C. Growth Factors
NGF
SCF
Lymphopoietin

Adenosine
Contrast media
Curare
Ibuprofen (high doses)
Morphine

also induced IL-8 and IL-13 production in naïve HUCBMCs, and enhanced production of
these cytokines in IgE/anti-IgE-stimulated HUCBMCs [112]. IL-33 also acts both alone and
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in concert with thymic stromal lymphopoietin (TSL) to accelerate the in vitro maturation of
CD34(+) mast cell precursors and induce the secretion of Th2 cytokines and Th2-attracting
chemokines [116]. TSL is considered a “master switch” in allergic inflammation [117] and in
airway inflammation [118, 119]. IL-33 also increased mast cell response (TSL), a recently
described potent mast cell activator [120].Adrenomedullin (AM) is a peptide that has been
found to be involved in carcinogenesis [121], in the regulation of macrophage [122] and mast
cell activation [123], as well as in complement fixation [124]. AM induced histamine [123]
or beta-hexosaminidase [65] release from rat and human mast cell through a receptorindependent pathway. In a recent study, mast cells in the vicinity of tumors were shown to
produce AM [125]. In the same study, AM was found to be chemotactic for human mast cell
and stimulated mRNA expression of VEGF, MCP-1, and basic fibroblast growth factor
(FGF) in this cell type; differentiated, but not undifferentiated human mast cell, responded to
hypoxia with elevated AM mRNA/protein expression.
OxLDL has been implicated in the pathogenesis of atherosclerosis and has been shown to
induce microvascular dysfunction through degranulation of mast cells [126]. OxLDL
activates mast cells by increasing mRNA and protein levels of interleukin IL-8 [127].
Superallergens are proteins of various origins able to activate FcεRI+ cells (mast cells
and basophils) through interaction with membrane-bound IgE. Several superallergens have
been reported. Protein Fv, a sialoprotein produced in the human liver and released in
biological fluids during viral hepatitis, is the most potent IgE-mediated stimulus for the
activation of human basophils, as well as lung [128] and heart [129] mast cells. Other
allergens include protein L, a bacterial cell-wall component that causes release of several
mediators by human heart mast cells, as well as antigens of the HIV virus and
Staphylococcus aureus [130].
Mast cells have been found to synthesize and secrete endothelins (ET) and also have ET
receptors, therefore suggesting an autocrine path of action [131]. ET are cytokine-like agents
that can be synthesized and bound by a large number of different cell types. Their role in the
immune system and in the pathophysiology of different diseases is thus complicated [132].
There are 3 different ET peptides, ET1 ET2 and ET 3, as well as two different receptors ETA and ET-B. ET-1 caused degranulation of fetal skin mast cell (FSMC), but not BMMC
through ET(A)-mediated pathways; furthermore, ET-1 induced TNF-alpha and IL-6
production by FSMC, but not by BMMC, and significantly enhanced VEGF production and
TGF-beta1 mRNA expression by FSMC. Finally, ET-1 was produced by FSMC, but not by
BMMC in response to Toll-like receptor ligands [133]. A recent study [134] showed that
mast cells may be implicated in preventing ET-1 toxicity through ET-1 degradation by
chymase.
TLRs were shown to be important in recognition of ligands associated with bacterial or
viral infections, and play a key role in the development of adaptive immune responses [135,
136] especially in asthma [137]. Ten human TLRs have been identified so far [136, 138,
139]. Rodent mast cells express bacterial Toll-like receptors (TLR) 2 and 4 [140, 141].
Human mast cells express viral TLR-9 [82], activation of which produced IL-6 [142], while
TLR-3 activation produced IFN [143]. Lipopolysaccharide (LPS) induced TNF release of
through TLR-4, while peptidoglycan induced histamine release through TLR-2 from rodent
mast cells. Fetal rat skin-derived mast cells express TLR 3, 7 and 9 and activation by CPG
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oligodeoxynucleotide induces release of TNF and IL-6, as well as RANTES and MIP, but
without degranulation [144, 145]. LPS could not induce release of GM-CSF, IL-1 or LTC4
[81]. However, LPS did induce secretion of TH2 cytokines, IL-5, IL-10 and IL-13 and
increased their production by FcεRI cross-linking [146]. Elsewhere, it was shown that TLR-2
activation produced IL-4, IL-6 and IL-13, but not IL-1 [147], while LPS produced TNF, IL1, IL-6 and IL-13, but not IL-4 or IL-5, without degranulation [147].
CRH [148] and it structurally related peptide, urocortin (Ucn) [149] can activate skin
mast cells and induce mast-cell dependent vascular permeability in rodents. CRH also
increases vascular permeability in human skin [150], a process dependent on mast cells.
CRH-2 receptor expression was shown to be upregulated in stress-induced alopecia in
humans [151], while CRHR-1 expression was increased in chronic urticaria [152]. Acute
restraint stress induces rat skin vascular permeability [153], an effect inhibited by a CRH
receptor antagonist and absent in mast cell deficient mice [154]. Histamine is a major
regulator of the hypothalamus [154] and can increase its CRH mRNA expression [155].
Moreover, human mast cells can synthesize and secrete large amounts of CRH [156], as well
as IL-1 and IL-6 which are independent activators of the HPA axis [157].
Mast cells are frequently found in close proximity to mucosal nerves and vagal nerves
have been reported to influence mast cells [158]. Very early studies have shown that vagal
stimulation causes mast cells to degranulate [159, 160] in the gastrointestinal mucosa of rats
and guinea pigs [161, 162]. Mediators released from mast cells such as histamine can then
cause vagal stimulation [163, 164]. It has been, therefore, hypothesized that there is crosstalk
between mast cells and nerves in vitro[165-166] and in the CNS [167]. A reversible increase
of the surface of rat mesenteric mast cells was noted after vagal stimulation,feeding or even
oldfactory stimulation of the animals [168]. Mast cell stabilizing agents reduced the
bronchoconstriction caused by SP and neurokinin A and E [169]. In another study, histamine
and serotonin released from the rat perfused heart by compound 48/80 or by allergen
challenge increased noradrenaline or acetylcholine exocytotic release [170]. Vagal
stimulation has also been found to exert a trophic effect on mast cells [171].
A number of drugs can also stimulate mast cells [Table 5], best known of which is
morphine [172].

6. Mast Cell Mediators
Mast cells can secrete a multitude of biologically potent mediators (Table 6) that permit
them to participate in innate or acquired immunity [64, 65, 173]. There are various
vasodilatory and proinflammatory mediators, such as the preformed histamine, heparin,
kinins, proteases, as well as the newly synthesized leukotrienes, prostaglandins, nitric oxide
(NO) and cytokines [174-176].
A number of growth factors are also secreted such as Vascular Endothelial Growth
Factor (VEGF) [65, 177, 178], which has been shown to be released selectively in response
to PGE2 [179], adenosine [180] and CRH [181]. VEGF was specifically shown to induce
dilation of microvessels [182].
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Table 6. Mast Cell Mediators and their actions
Mediators

Main Pathophysiologic Effects

Prestored
Biogenic Amines
Histamine
5-Hydroxytryptamine (5-HT, serotonin)

Vasodilation, angiogenesis, mitogenesis,pain
Vasoconstriction, pain

Chemokines
IL-8 (CXCL8), MCP-1 (CCL2),
MCP-3 (CCL7), MCP-4 (CXCL13),
RANTES (CCL5)

Chemoattraction and tissue infiltration of
leukocytes

Enzymes
Arylsulfatases
Carboxypeptidase A
Chymase
Kinogenases
Mediators

Lipid/proteoglycan hydrolysis
Peptide processing
Tissue damage, pain, angiotensin II synthesis
Synthesis of vasodilatory kinins, pain
Main Pathophysiologic Effects

Metalloproteinases
Phospholipases
Tryptase
Peptides/Proteins
Corticotropin-releasing hormone (CRH)
Endorphins
Endothelin
Kinins (bradykinin)
Neurotensin
Renin(CTMC only)
Somatostatin (SRIF)
Substance P (SP)
Vasoactive intestinal peptide (VIP)
Urocortin
Vascular endothelial growth factor
(VGEF)
Proteoglycans
Chondroitin sulfate
Heparin

Tissue damage
Arachidonic acid generation
Tissue damage, activation of PAR,
inflammation,pain

Inflammation, vasodilation
Analgesia
Sepsis
Inflammation, pain, vasodilation
Inflammation, pain
Vascular contriction
Anti-inflammatory (?)
Inflammation, pain
Vasodilation
Inflammation, vasodilation
Neovascularization, vasodilation

Cartilage synthesis, anti-inflammatory
Angiogenesis, NGF stabilization
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Table 6. Mast Cell Mediators and their actions (Continued)
Mediators
Hyaluronic acid

Main Pathophysiologic Effects
Connective tissue

Angiogenic factors
Adrenomedullin
Angiogenin
Angiopoietin
EGF
FGF α
basic FGF
IL-8
Neuropillin
PDGF
TGF β
VEGF
De novo synthesized
Cytokines
Interleukins (IL)1,2,3,4,5,6,8,10,13,16,17,32
IFN-γ; MIF; TNF-α,TGF-beta

Inflammation, leukocyte migration, pain
Inflammation,leucocyte, proliferation, activation

Growth Factors
SCF, GM-CSF, b-FGF, NGF, VEGF

Growth of a variety of cells

Phospholipid metabolites
Leukotriene B4 LTB4
Leukotriene C4 (LTC4)
Platelet activating factor (PAF)
Prostaglandin D2 (PGD2)

Leukocyte chemotaxis
Vasoconstriction, pain
Platelet activation, vasodilation
Bronchonstriction, pain

Others
Nitric oxide (NO)
ROS

Vasodilation
Inflammation

Proteases released from mast cells could act on plasma albumin to generate histamine
releasing peptides [183, 184] that could further propagate mast cell activation and
inflammation. Proteases could also stimulate protease activated receptors (PAR) inducing
microleakage and widespread inflammation [185, 186]. Proteases can activate fibroblasts
thereby promoting collagen deposition and fibrosis.
Reactive oxygen species (ROS) are produced in cells by a variety of enzymatic and nonenzymatic mechanisms. In a very early study, immunologic or nonimmunologic stimulation
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of rat peritoneal and human lung mast cells, as well as human leukemic basophils, induced
parallel release of histamine and O(-) (2) within 2 min [187].
An increase in intracellular ROS production was observed in rat peritoneal mast cells
(RPMCs) following stimulation with antigen [188-190], compound 48/80 [188-190] the
calcium ionophore A23187 [190], SP [188], and NGF [188]. In contrast D-mannitol
increased ROS production in stimulated mast cells without a marked effect on degranulation
or histamine secretion [130].
In addition, chemicals such as mercuric chloride [191], silver [192], ionophore [193],
phorbol myristate acetate (PMA) [144], vitamin K [195], silica [196], as well as bacteria
[197] and fungal components [198] can produce ROS in mast cells. Recently it was reported
that 5-Lipoxygenase (5-LO) was the primary enzyme involved in ROS production by human
mast cells and mouse BMMC following FcεRI aggregation. Cyclooxygenase was also
involved in ROS production, whereas NADPH oxidase was not [199].
Several studies implicate mast cells in the induction of intestinal ischemia reperfusion
(IR) injury [200-202]. It has been shown that ROS play an essential role in the activation of
mast cells in IR[203, 204]. Mast cell activation is also important in IR injury of the heart. In
one study, use of the mast cell stabilizer cromolyn significantly reduced, while activation by
compound 48/80 increased IR-dependent histamine levels [205].
In a model of myocardial ischemia and reperfusion injury in rat heart muscle cells in
vivo, a superoxide dismutase mimetic significantly reduced myocardial damage, mast cell
degranulation and the incidence of ventricular arrhythmias [206].

7. Selective Release of Mast Cell Mediator
Mast cell have been reported to secrete without degranulation but through ultrastructural
alterations of the cell electron dense granular core indicative of secretion. This process has
been termed "activation" [62, 207, 208], "intragranular activation" [89] or "piecemeal"
degranulation [209]. During this process, mast cells can release many mediators differentially
or selectively (Table 7) [210-212] as originally shown for serotonin [213] and eicosanoids
[214-216]. IL-6 was shown to be released in response to IL-1 through small vesicles (40-80
nm in diameter), unrelated to the secretory granules (800-1000 nm) in diamerter [217].
VEGF could also be released selectively without degranulation by CRH [218]. PGE2 also
induced VEGF release from human mast cells without degranulation [169], while adenosine
induced selective release of the angiogenic factors IL-8 and VEGF [180].The only way to
explain these observations would be through the ability of mast cells to undergo “differential”
or “selective” release of mediators [213] without degranulation[219].
Exosomes are small, 30–100 nm membrane vesicles, which are released extracellularly
after fusion of multivesicular endosomes with the cell membrane. They have emerged as a
novel mechanism of genetic exchange since it has been shown that they are involved in
transferring mRNAs and microRNAs between cells [220].
Exosomes containing MHC II antigens have been shown to be released by mast cells
during degranulation[221]. In another study, it was demonstrated that mast cell associated
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exosomes induce immature dendritic cells (DCs) to up-regulate MHC class II, CD80, CD86,
and CD40 molecules and to acquire potent Ag-presenting capacity to T cells [222].
Table 7. Mechanisms of mast cell secretion
Degranulation
Selective release
Piecemeal degranulation
Exosomes
Transgranulation

Anaphylaxis
Infection, Inflammation
MS, scleroderma
Infection
Brain

Exosomes have been implicated in the induction of tolerance in the gut epithelium
towards food antigens [223], and in the maintenance of pregnancy [224] by several
mechanisms.

8. Natural Mast Cell Secretion Inhibitors
There are no, so far, effective clinically available mast cell inhibitors (Table 8, Table 9).
Disodium cromoglycate (cromolyn) is a potent inhibitor of rodent mast cell histamine
secretion [225], but very weak inhibitor of human mast cells [66].
Table 8. Natural mast cell inhibitors
Chondroitin Sulfate
Flavonoids (luteolin,quercetin)
Heparin
Nitric Oxide
Somatostatin (mucosal must cells only)
Vitamin A (retinoic acid)
Vitamin E (tocopherol)

In the human mastocytoma cell line (HMC-1), vitamin E inhibits the PI3K/PKB
signaling pathway with consequent inhibition of proliferation and reduced survival [226].
Vitamin E inhibits protein kinase C (PKC),which is involved in degranulation and
cytokine production [227]. In many studies, vitamin E reduced mast cell degranulation by
scavenging free radicals. However vitamin E also reduces the production of free radicals by
NADPH-oxidase [228] or mitochondria [229], activates several drug-metabolizing enzymes
(cytochrome P450 CYP3A and CYP4F2) 230], and modulates signal transduction and gene
expression[171], suggesting that it may have additional modes of action.
Retinoic acid was also shown to inhibit proliferation of leukemic mast cells [232, 233].
Middleton and colleagues first showed that certain flavonoids could inhibit rodent mast
cell secretion [234]. Flavonoids are polyphenolic compounds present in fruit, vegetables,
nuts, seeds, wine, tea, and coffee with anti-oxidant and anti-inflammatory actions [234].
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Table 9. Agents capable to stabilize mast cells
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Simultaneous inhibition of H1 and H2
Lodoxamide
Sodium nedocromil (intal)
Sodium cromoglycate (lomuntal)
Ketotifen-H1-blocker (Zaditen)
Flavonoid quercetin ( intacellular Ca)
Flavone luteolin inhibits T-cells, mast cells and mast cell-dependent T-cell activation
Relaxin (hormone from corpus luteus and prostate, generates NO)
IgG1 humanized monoclonal antibodies recognizing and masking corresponding IgEs in
mast cell membrane)
NO inhibits IL-6 production through TNF-α inhibition
Peptides from C3α, C3α+, C3α9+, inhibit FcεRI-induced degranulation and TNF-α
release
Zaprinast (phosphodiesterase inhibitor)
Stem cell factor (SCF) targeting drugs, since SCF is essential for mast cell development,
proliferation, survival, adhesion, and homing

Kimata et al. [235] reported that luteolin, quercetin and baicalein inhibited the release of
histamine, leukotrienes and prostaglandin D2, as well as the secretion of granulocyte
macrophage-colony stimulating factor by human cultured mast cells in response to crosslinkage of FcεRI and subsequently showed that these compounds also inhibited IgE-mediated
TNF-α and IL-6 production by bone marrow-derived cultured murine mast cells. It was also
shown quercetin and other flavonoids could inhibit histamine, IL-6, IL-8, TNF-α and tryptase
from IgE-stimulated human mast cells [236]. The same flavonoids could also inhibit
leukemic mast cell proliferation [237].
Chondroitin sulphate, a major natural constituent of connective tissues, especially
cartilage, and of mast cell secretory granules, had a dose-dependent inhibitory effect on rat
peritoneal mast cell release of histamine induced by compound 48/80; this inhibition was
stronger than that of the clinically available mast cell 'stabilizer' cromolyn. Moreover,
inhibition by chondroitin sulphate increased with the length of preincubation and persisted
after the drug was washed off, while the effect of cromolyn was limited by rapid
tachyphylaxis [238].
Chondroitin sulphate’s inhibitory actions have been recently tested with a traditional
Korean formulation, OK205, which includes of water-soluble chitosan, glucosamine HCl,
chondroitin sulfate used to treat rheumatoid arthritis. Choi et al [239] tested the inhibitory
effects of OK205 on cytokine production in a human mast cell line (HMC-1 cells) and
reported a decrease in production of TNF-α and IL-6. Heparin, the structure of which is
quite similar to that of chondroitin sulphate and is also stored in mast cells, had been shown
to inhibit in vivo release of histamine [240].
IL-10 inhibits the release of TNF-α and of IL-8, but not of IL-5, by activated CBMC.
Interestingly, IL-10 also inhibits the release of histamine by activated CBMC, contrasting
with data reported for rodent mast cell. These findings suggest that IL-10 might have antiinflammatory effects on IgE/anti-IgE-challenged human mast cell by inhibiting their release
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of TNF-alpha, IL-8 and histamine [241]. However other studies have reported lack of an
inhibitory action on human mast cell tryptase and IL-6 release [242], suggesting there may be
species differences.
TGF-1b acts as a novel potent inhibitor and modulator of human intestinal mast cell
effector functions [243]. It has also been found to downregulate FcERI expression [184] in
mouse mast cells. This inhibition of mast cell function induced by TGF-1b might be of use in
the control of mast cell associated disorders of the intestine such as allergic reactions, Crohn's
disease, irritable bowel syndrome, and parasitic infection.
Somatostatin is an important regulator in the neuroendocrine-immune network. Several
studies have shown that somatostatin inhibits mast cell activity and could prevent the
intestinal responses to mast cell hyperplasia [245, 246]. In contrast, somatostatin was shown
to stimulate connective tissue mast cells in vitro [214, 247].
Nitric oxide is a gas and free radical that has important physiological roles including
defense against microorganisms, but also regulation of cellular activation[248] and gene
expression [249]. It has been demonstrated that mast cells express NO synthases (NOS) and
produce NO themselves[250]. Importantly, it has been shown that NO directly inhibits IgE
depended mast cell degranulation [251, 252]. Endogenous and exogenous NO protects
against IR injury in isolated guinea pig hearts; perfusion of the hearts with two inhibitors of
the NOS pathway, (L-NMMA and L-NAME) significantly enhanced histamine and LDH
release; these effects were attenuated by co-infusion with L-arginine. Perfusion of the heart
with sodium nitroprusside (SNP), 3-morpholinosydnonimine (SIN-1), glyceryl trinitrate
(GTN), reduced histamine release, effects that were amplified by concomitant perfusion with
superoxide dismutase [253, 254]. Endogenous and exogenous NO inhibits mast cell
degranulation and protease release [255], adherence to fibronectin [256], leukotriene [257],
cytokine, and chemokine production [258, 259]. NOS-2 can be induced in response to
pregnancy, IR injury, angiogenesis, antibody against CD8, and liver cirrhosis, as well as by
several inflammatory stimuli such as IFN-γ, IL-1β and crosslinking of IgE on mast cell [258].
Recent data suggest that NO protects mast cells from activation-induced cell death [260].
Studies have also shown that the stabilizing effect of NO on mast cells may have a
cardioprotective role [261].

9. Coronary Inflammation
The presence of mast cells has been established in human heart tissue [262, 263]. Their
location and certain cytokines produced by mast cells, suggested they play an important role
in cardiac diseases [264]. Mast cells are particularly prominent in coronary arteries during
spasm [265] and accumulate in the shoulder region of human coronary plaque rupture [261263].
Many mediators released from cardiac mast cells, such as TNF, basic fibroblast growth
factor (bFGF or FGF-2), and transforming growth factor-β (TGF-β) could influence
cardiovascular pathophysiology (Table 5). Cardiac mast cells can participate in the
development of atherosclerosis, coronary inflammation and cardiac ischemia [262, 266-268].
Chymase can also induce the removal of cholesterol from HDL particles and increase uptake
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by macrophages that become “foam” cells, major components of coronary atheromas [269272]. They do this, by impairing the ability of HDL to act as a high affinity cholesterol
receptor [273] and destabilizing the LDL bound to the heparin proteoglycan component of
the exocytosed granules of mast cells and by this way promoting LDL retention in the arterial
intima [273]. Cardiac mast cell-derived histamine [274] can constrict the coronaries [275]
and can sensitize nerve endings [164].
In a systematic study of the population density of mast cell in human coronary
atherosclerosis, fewer mast cells were found in normal coronary intima, than in fatty streaks
[266]. Chymase may also play a role in plaque destabilizaton by inhibiting collagen
synthesis. Chymase inhibitors tested in animal models of myocardial infection,
cardiomyopathy and heart failure have provided us with promising results [276].
Another important action of chymase is the ACE-independent coversion of angiotensin-I
(ANG I) to angiotensin-II (ANG II), after vascular injury. It has recently been reported that
mast cells are a novel and previously undescribed source of renin in human and rodent
myocardium [277], and immediate- type allergic reaction elicits renin release from mast
cells, which activates the local renin-angiotensin system, thereby promoting norepinephrine
release [278]. As renin is stored in human mast cells, allergic reactins could initiate renin
release, leading to local angiotensin formation and hyperadrenergic dysfunction. ANG I and
ANG II concentrations in the interstitial fluid of the canine heart have been found to be 100fold higher than plasma levels and are not modified by intravenous ANG I infusions [279].
This result indicates that ANG I found in the heart is synthesized in situ, and most of cardiac
ANG II derives from the conversion of locally produced, rather than blood-derived, ANG I.
In myocardial IR, mast cells degranulate and release renin to form ANG I; this is followed by
the generation of ANG II via local ACE. ANG II then activates angiotensin type 1 (AT1)
receptors located on the membrane of sympathetic nerve terminals, promoting release of
norepinephrine (NE) (277). NE and ANG II are known to contribute to reperfusion
arrhythmias that are prevented by pharmacological mast cell stabilization, renin inhibition, or
AT1-receptor blockade [280].
Increasing evidence implicates acute psychological stress and cardiac mast cells in
coronary heart disease (CHD), especially when occurring without angina, that appears to
involve a sizable portion of myocardial infarction (MI) [281-284]. Acute stress induces rat
cardiac mast cells activation, an effect blocked by cromolyn [285]. Both histamine [286] and
IL-6 [287] are significant independent factors of CHD morbility and mortality. Acute stress
induced histamine release from mouse heart [288], as well as increase serum histamine and
IL-6 [288, 289]. These effects are dependent on mast cells and are greater in apolipoprotein E
(ApoE) knockout mice that develop atherosclerosis [288, 289]. Serum IL-6 elevations in
patients with acute CHD were documented to derive primarily from the coronary sinus [290].
There are also reports of anaphylactic CHD that has been termed the “Kounis” syndrome
[291-293].
Adrenomedullin (AM) also is a potent vasodilatory hypotensive peptide and is expressed
in the heart, where it is known to play a protective role [244]. Cardiac mast cells are able to
synthesize and store AM, and upon stimulation to release it near coronary arterioles and
venules [295].
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Adenosine and its receptors have also been shown to play an important role in
cardiovascular disease. Adenosine acts on mast cells via A2a, A2b [296] receptors causing
degranulation [297] and the release of IL-8 [298], as well as VEGF [299] that could
participate in IR injury. Activation of A3 receptors has also been shown to cause more mast
cells to degranulate [300, 301] and A3R knockout mice were tolerant to IR injury [301].

10. Common Pathway between Allergic
and Non-Allergic Coronary Syndromes
Today, it is almost certain that the majority of cases of unstable angina and acute
myocardial infarction are the result of combined coronary artery spasm and plaque erosion or
rupture followed by thrombus formation. The following mediators, released during acute
allergic episodes, have been found to be increased in blood or urine of patients suffering from
acute coronary syndromes on non-allergic etiology.
Patients with acute coronary syndromes of non-allergic etiology have been found to have
more than twice tile blood concentration of histamine than normal subjects [286].
Arachidonic acid metabolites such as thromboxane and leukotrienes have been found
significantly higher in the systemic arterial circulation in the acute stage of non-allergic
myocardial infarction than in circulation of normal controls [302]. lnterleukin-6 levels,
derived from inflamed coronary plaques and areas of myocardial necrosis, have been found
elevated in patients with non-allergic acute coronary syndromes [303, 304]. In a recent study
[305], tryptase levels were elevated in patients with non-allergic acute coronary syndromes
with higher concentration in the ST segment depression group of patients and it was
postulated that tryptase may be a potential new marker characterizing the unstable plaque.
Tryptase levels were found all elevated in non-allergic patients with significant coronary
artery disease as a result of chronic low-grade inflammatory activity present in the
atherosclerotic plaques [66]. It is proposed that tryptase measurements may emerge as a novel
way of identifying asymptomatic patients with coronary artery disease and represent a new
biomarker of therapeutic efficacy in these patients [306].
Therefore, the same substances from the same cells are present in both acute allergic
episodes and acute coronary syndromes.

11. Mast Cell Activation Precede
Acute Coronary Events
The important question which arises in acute coronary events is whether inflammatory
cells including mast cells and their contents are the cause or the result of the event.
There is now evidence that mast cells not only enter the culprit lesion before plaque
erosion or rupture but also release their contents before an actual coronary event. Kaartinen et
al. [307] showed that mast cells infiltrate not only the sites of coronary arteries at which
plaque rupture or erosion has occurred but also sites of coronary plaques susceptible to
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erosion or rupture which means they invade before an actual initial event. The same applies
also for other inflammatory cells such as macrophages and T lymphocytes. Therefore, there is
much evidence to suggest that inflammatory cells infiltrate the lesions before erosion or
rupture and they are not part of inflammatory response to rupture initiated by other processes.
In another report, concerning patients who had died within 2 days after the acute coronary
event [308], infiltrates of activated mast cells at the site of coronary atheromatous erosion or
rupture were found in a ratio of 200 to 1 compared with normal endothelial segments. It is
known mat circulating blood contains only mast cell precursors and these precursors take
several days to weeks to differentiate into morphologically identifiable mast cells filled with
cytoplasmic secretory granules [309, 310]. Therefore, the mast cells must already have been
present at the erosion or rupture sites before the episode in the above patients. In fact, the
number of mast cells was highest in one of the above patients who had the shortest interval
between the onset of symptoms and death.
Histamine concentration was found to be elevated in the great cardiac vein in 8 of 11
patients suffering from attacks of variant angina [311] and in none of 8 control patients. In
the same patients, the authors did not observe any histamine elevation during or after
acetylocholine-induced coronary artery spasm. In contrast, elevation of plasma histamine
levels was antecedent to angina attacks in 3 patients. In addition high levels of histamine
were observed even in the absence of ST segment elevation in the same group of patients.
Tryptase levels were found elevated during spontaneous ischemic episodes in 8 patients
suffering from unstable angina [312], but not after ergonovine-provoked ischemia in patients
suffering from variant angina, suggesting that a primary yet unknown stimulus activates mast
cells in patients suffering from episodes of unstable angina. In a recent report [313] it was
found that arachidonic acid products such as leukotrienes and thromboxane were significantly
higher in non-allergic patients with unstable angina than in patients with stable angina and in
patients with nonischemic chest pain. In the same report it was shown that myocardial
ischemia elicited by stress test in the stable angina patients was not accompanied by any
change in leukotriene and thromboxane up to 6 days after positive exercise test. The authors
of this study concluded that this can rule out a role of ischemia per se in the induction of
increased eicosanoid products.

12. Ischemic Myocardial Damage seems to be the
Primary Event during Allergic Episodes
It is generally believed, that during an allergic episode, systemic vasodilation, reduced
venous return, leakage of plasma and volume loss due to increased vascular permeability and
the ensuing depression of cardiac output contribute to coronary hypoperfusion with
subsequent myocardial damage. Indeed, during severe acute allergic episodes circulating
blood volume may decrease by as much as 35% within 10 min due to transfer of intravascular
fluid to extravascular space and severe vasodilation resistant to epinephrine and responding
only to other potent vasoconstrictors has been reported [314-316]. This effective shift of fluid
volume is countered by compensatory vasopressor mechanisms involving the release of
epinephrine and norepinephrine [317] as well as the activation of angiotensin system [318,
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319]. The ensuing increase in catecholamines mighty produce varied effects. Some patients
during acute allergic episodes experience maximum peripheral vaso-constriction [320]
whereas others have decrease systemic vascular resistance [317]. These variable effects of
internal compensatory mechanisms might explain why epinephrine injections sometimes fail
to help acute and severe allergy. Furthermore, the endogenous catecholamine/release which
can be enhanced by therapeutic administration can have an adverse effect in myocardium,
including ischemic chest pain and electrocardiographic changes in the absence of diseased
coronary arteries [321, 322].
However, experimental and clinical evidence indicates that the human heart can be the
site and the primary target of anaphylaxis. In experimental anaphylaxis with ovalvumin
sensitized guinea pigs [323] it was shown that within 3 min after the antigen administration
the cardiac output decreased by 90%, the arterial blood pressure rose significantly by 35% as
did the left ventricular end diastolic pressure indicating pump failure. In the same time range,
electrocardiographic recordings uniformly showed signs of acute myocardial ischemia.
The blood pressure started declining steadily after 4 min. The authors of this paper
concluded that “the idea that the registered anaphylactic damage might be due to peripheral
vasodilation can be definitely excluded. In addition, the rapid increase in left ventricular end
diastolic pressure suggests that decreased venous return and volume loss due to an increase of
vascular permeability are unlikely to be the primary causes of the documented depression of
cardiac output and blood pressure”. In this study, it must be pointed out that, coronary
vascular resistance and vasoconstriction of epicardial coronary arteries were not assessed.
However, in another study [324] with isolated guinea pig hearts undergoing anaphylaxis
following intra-aortic injection of antigen, an abrupt heart rate increase reaching the peak
within 2 min, a transient increase in ventricular contractile force followed by prolonged
decrease, and a prompt and prolonged decrease in coronary blood flow were observed.
Actually, the above reports were not the only ones, but they corroborated the findings of
previous report [325] according to which the anaphylactic cardiac damage can be dissociated
temporarily into two sets of events: an initial primary cardiac reaction caused by intracardiac
release of histamine and a subsequent cardiovascular reaction secondary to systemic release
of mediators.
In a group of patients with spontaneous angina [326], after infusion of histamine, with
pre-treatment with cimetidine to antagonize H2 receptors, 40% of the patients developed
angina with ST elevation, decrease coronary blood flow, increase coronary vascular
resistance but with no significant changes in the mean arterial blood pressure.
Today, it is known that histamine acts via four different histamine receptors all of which
contribute to the severity of the allergic myocardial damage. H1-histamine receptors mediate
coronary vasoconstriction and increase vascular perneabilty. H2-histamine receptors mediate
a minor degree of relaxation of the coronary arteries and increase atrial rate and atrial and
ventricular contractility. The interaction of H1- and H2-receptor stimulation mediate
decreased diastolic pressure and increased pulse pressure [327]. Histamine binding to H1receptors during anaphylaxis stimulates endothelial cells to convert the amino acid L-arginine
into nitric oxide (NO), a potent autocoid vasodilator [328, 329]. Enhanced NO production
decreases venous return, thus contributing to the vasodilation that occurs during anaphylaxis
[330]. H3-histamine receptors have been identified [331] on presynaptic terminals of the
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sympathetic effector nerves that innervate the heart ant the systemic vasculature. These
receptors have been found to inhibit endogenous norepinephrine release which would be
expected to enhance the degree of shock during anaphylactic events. The recently identified
H4-histamine receptors control chemotaxis of murine mast cells [332] and human eosinophils
[333, 334] and the release of interleukin -16 from human lymphocytes [335]. The recruitment
of these specific inflammatory cells at the sites of me allergic response correlate with the
severity of the allergic reaction [336, 337].

13. Frequency of Kounis Syndrome
and Clinical Relevance
Acute coronary syndromes associated with acute allergic reactions are increasingly
encountered in clinical practice, but it has been difficult to determine their true frequency
because adequate reporting mechanisms do not exist. Indeed, unlike many disorders, mere is
no requirement to report such reactions to any national registry [338]. For similar reasons,
determining the incidence and prevalence of Kounis syndrome has been challenging.
However, in a recent study [339] by pushing a single ant against the ventral forearm of 21
healthy volunteers, allowing it to sting for 60s, two of the subjects (9.5%) developed chest
pain with electrocardiographic changes suggesting acute myocardial ischemia. In another
survey concerning anaphylaxis during anesthesia, it was shown that cardiovascular symptoms
were the most common (73.6%) clinical features [340]. In the canton Bern, Switzerland,
during a 3-year period 226 individuals were diagnosed as having presented generalized
anaphylaxis with circulatory problems [341].
There are several causes that have been reported as capable of inducing Kounis
syndrome. These include a number of conditions, several drugs and a variety of
environmental exposures (Table 9). Although many cases of Kounis syndrome might go
unreported, searching the world literature shows that the reports concerning Kounis
syndrome are increasing. Between them, there are reports of hymenoptera sting-induced
Kounis syndrome and cases of drug-induced Kounis syndrome. A detailed list of drugs
capable of inducing Kounis syndrome (Table 10) has been published recently [12]. The first
report of acute myocardial infarction during a prolonged allergic reaction to penicillin was
published in the American Heart journal in 1950 [342]. In the majority of cases of Kounis
syndrome hypotension and increased oxygen demand were the consequence of the allergic
coronary artery spasm and/or acute myocardial infarction. Adrenaline administration which
can induce acute myocardial infarction [343] and venom hemorrhagins or endothelins [344]
which can also induce coronary artery spasm have been definitely excluded. However, in
patients with overt or quiescent pre-existing coronary artery disease or endothelial
dysfunction, acute allergic episodes can induce plaque damage or artery spasm manifesting as
type ΙΙ or type Ι variant of Kounis syndrome, respectively.
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Table 9. Causes capable of inducing Kounis syndrome
Conditions
Angio-edema
Bronchial asthma

Drugs
Antibiotics
Analgesics

Environmental exposures
Ant stings
Bee stings

Exercise induced anaphylaxis
Food allergy
Idiopathic anaphylaxis
Mastocytosis
Serum sickness
Urticaria
Churg-Strauss syndrome

Antineoplastics
Contrast Media
Corticosteroids
Intravenous anaesthetics
Non steroidal
Anti-inflammatory
Drugs (NSAIDs)
Skin disinfectants
Thrombolytics
Anticoagulants
Others

Wasp stings
Jellyfish sting
Grass cutting
Poison ivy
Latex contact
Limpet ingestion (the kiss of death)
Millet allergy
Shellfish eating
Viper venom poisoning

Table 10. Drugs that have been reported to induce Kounis syndrome
Antibiotics
Ampicillin
Ambicillin/sulfactam
Amoxicillin
Amikacin
Cafazolin
Cefoxitin
Cerufoxime
Cephradine
Cinoxacin
Lincomycin
Penicillin
Sulbactam/cefoperazone
Sulperazon
Trimethropin/sulfamethoxazol
Vancomycin
Contrast Media
Iohexone
Loxagate
Meglumine diatrizoate
Sodium indigotindisulfonate
Analgesics
Dipyrone
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Antineoplasics
5-fluoroucacil
Capecitabine
Carboplatin
Denileukin
Interferons
Paclitaxel
Vinca alkaloids
Intravenous Anaesthetics
Etomidate
Rocuronium bromide
Suxamethonium
Trimethaphan
NSAIDs
Diclofenac
Naproxen
Thrombolytics and Anticoagulants
Heparin
Lepirudin
Streptokinase
Urokinase
Skin Disinfectants
Chlorhexidine
Povidone-iodine
Others
Allopurinol
Enalapril
Esmolol
Dextran 40
Fructose
Insulin
Iodine
Lanzoprasol
Protamine
Tetanus antitoxin
Glaphenine
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It seems likely that atopic individuals are at higher risk of acute coronary syndromes than
normal people. In a population based study [345] men with increased levels of ΙgE had
significantly increased incidence of myocardial infarction, stroke and peripheral arterial
disease. In the same study women had both significantly lower IgE levels and lower rates of
cardiovascular disease. The authors of this study concluded that a causal role of IgE in the
development of cardiovascular disease should not be excluded. It has been shown that in
platelets isolated from atopic patients, the immunological stimulation with anti-lgE antibodies
produced platelet aggregation and release of histamine [346]. The exposure of platelets from
healthy donors to increasing concentrations of thrombin produced a progressive aggregation
of platelets which was parallel to the release of histamine. Both effects were significantly
enhanced in platelets isolated from atopic donors [347].
Table 11. Clinical and Electrocardiographic Features of Kounis Syndrome
Clinical Symptoms
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Chest discomfort
Acute chest pain
Dyspnea
Faintness
Nausea
Vomiting
Syncope
Pruritus
Urticaria
Hypotention
Diaphoresis
Pallor
Palpitations
Bradycardia
Tachycardia

Electrocardiographic Symptoms
•
•
•
•
•
•
•
•
•
•
•
•

T-wave flattering
T-wave inversion
ST segment depression
ST segment elevation
QRS complex prolongation
QT segment prolongation
Sinus tachycardia
Sinus bradycardia
Nodal rhythm
Atrial fibrillation
Ventricular ectopics
Bigeminal rhythm
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Several reports have shown that type I variant of Kounis syndrome has better prognosis
than type II variant [348]. However, in both types the prognosis depends on the magnitude of
the initial allergic response, the patient’s sensitivity, the patient’s comorbidity, the site of
antibody-antigen reaction, the allergen concentration and the route of allergen entrance.
Patients who present with any grading [349] of systemic allergic reactions associated with
clinical, laboratory and electrocardiographic findings of acute myocardial ischemia should be
diagnosed as having Kounis syndrome (Table 11). Chest pain, during an allergic insult, with
electrocardiographic ischemic changes but with normal cardiac enzymes, negative toponins,
normal sestamibi scan, normal coronary angiogram and positive ergonovine or histamine test
[350] are in favour of type I variant of the syndrome. Acute allergic reactions associated with
acute myocardial infarction with angiographic evidence of coronary artery disease constitute
type II variant of Kounis syndrome.
Since life threatening allergic reactions with circulatory compromise can occur at an
annual rate of 7.9 - 9.1 per 100.000 populations with 10% of these due to food, 18% due to
drugs, and 59% due to venoms [341] knowledge of individual hypersensitivity is crucial.
Ischemic heart disease patients with history indicative of hypersensitivity must undergo a
reliable diagnostic procedure including skin testing and antibody testing. Cases of Kounis
syndrome are more often encountered in clinical practice than anticipated and we believe that
many more causative factors will be incriminated in the future. Careful patient interrogation
may reveal a mechanism involving mast cell activation to preceed acute coronary events. In
patients with any grading of systemic allergic reactions routine evaluation of myocardial
injury markers such as cardiac enzymes and troponins together with histamine and tryptase
levels should be undertaken. Although allergic episodes are common in everyday practice
only few patients develop chest pain with/or electrocardiographic changes during these
episodes. We believe that there is a threshold level of mast cell content (histamine, tryptase,
chymase, leukotriene, thromboxane, PAF and chemokines) above which it can provoke
coronary artery spasm and/or plaque erosion or rupture.

14. An Emerging Clinical Problem: Kounis
Syndrome and Coronary Stent Thrombosis
Stent thrombosis is an emerging serious clinical problem in patients treated with Drug
Eluting Stents [351]. Recent data [352] have shown that a small but increasing number of
patients develop stent thrombosis after insertion of drug eluting stents (DES). Stent
thrombosis may lead to catastrophic consequences [353] including myocardial infarction with
estimated 30-day mortality ranging from 20 to 48%. Several meta-analyses of large trials,
have shown that the overall mortality from DES was increased by 2, 3, and 4 years in
comparison with the bare metal stents [354]. Another study[355] showed that the rate of
cardiac death and non fatal myocardial infarction between 7-18 months after DES insertion
was 4.9% and additional up to 3 years data[356] showed that the rate of mortality and
myocardial infarction after sirolimus eluting stent insertion raised to 6.3%. These studies
have prompted a statement from Food and Drug Administration (FDA) warning about the
small but significant increase in the rate of death and myocardial infarction from possible
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stent thrombosis followed 18 months to 3 years after stent implantation [357]. However,
these rates have been challenged and three recent reports [358-360], showed no significant
differences in the rates of death, myocardial infarction and stent thrombosis between DES
and bare metal stents. It has been suggested that large randomized trials are
necessary[361,362] in order to ascertain the long-term safety of DES.
Stent thrombosis has been classified as acute, occurring within 48 hours, subacute,
occurring between the 2nd and the 30th day, late, occurring after the first 30 days to one year
and very late occurring after one year of the implantation. This was followed by the
“Academic Research Consortium “ definitions which defines stent thrombosis as definite
stent thrombosis which means acute coronary syndrome with angiographic or autopsy
evidence of thrombus or occlusion, probable stent thrombosis which means either
unexplained death within 30 days following stent insertion or acute myocardial infarction
involving the target-vessel territory without angiographic confirmation and possible stent
thrombosis which means unexplained death occurring at least 30 days following stent
insertion[363].
Potential causes of stent thrombosis (Table 12) include delayed endothelialization, stent
length, complex lesions, suboptimal stent insertion, flow disturbances and changes in shear
stress, withdrawal of clopidogrel and/or aspirin, brachytherapy for in-stent restenosis, patient
characteristics and hypersensitivity to stent components [364]. The concurrence of acute
coronary syndromes with hypersensitivity reactions has been long ago established [1} and the
question which arises is whether hypersensitivity to DES components could be associated
with acute coronary events [365,366].
Table 12. procedural, clinical and angiographic variables of stent thrombosis
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Supoptimal stent insertion
Stent length
Vessel calcification
Multivessel disease
Totally occluded lesion at baseline
Post-procedural TIMI flow <3
Insulin dependent diabetes
Advanced age
Low ejection fraction
Flow disturbances
Changes in shear stress
Withdrawal of clopidogrel and/or aspirin
Clopidogrel resistance
Brachytherapy
Delayed endothelialization
Hypersensitivity to stent components

Since it is not known if stent thrombosis is a time limited event, this might become a
major clinical concern in patients who have been already treated with DES. Therefore, the
search for causation and application of prophylactic and therapeutic measures for stent-
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associated coronary events must be of paramount importance for both patients and
physicians.

15. Kounis Syndrome:
Hypersensitivity to DES Components
Data deriving from FDA`s Manufacturer and User Device Experience Center
(MAUDE)[367] and the Research on Adverse Drug/Device events And Reports
(RADAR)[368] project have shown that 262 cases of Drug-Eluding Stent implantation were
associated with hypersensitivity reactions. RADAR project reviews in detail adverse event
reports gathered from different sources and evaluates causal associations between drugs and
potentially fatal adverse events. Although only 17 cases were classified as probably or
certainly caused by the stent insertion, 4 of them developed fatal in-stent thrombosis and
died at 4, 5, 18, and 18 months after implantation respectively[369]. These reactions included
rash, itching, hives, dyspnea, fever, atypical chest pain, high or low blood pressure, joint
pain, joint swelling, and anaphylaxis. The cutaneous rash was associated with hives,
desquamation or blisters and covered the entire body in the 21% of the cases. Based on
MAUDE seriousness codes, 95% of these reactions were classified as serious requiring
hospitalizations, emergency interventions, intravenous steroids, cardiac catheterizations, or
resulted in permanent disability and even death. Laboratory findings associated with the
above reactions included eosinophilia and elevated IgE titers. Clinical or laboratory findings
did not abate with discontinuation of the concurrent antiplatelet medications. MAUDE and
RADAR project data may be biased because there are underreported events, lack of
information for causality attribution and inclusion of reports deriving from concomitant
medications. However, allergy to DES is regarded real clinical entity today[370] and there is
obvious risk for serious complications. It has been proposed that health professionals should
be vigilant and should submit detailed adverse event reports to the manufacturer of DES or to
the FDA[369]. The proportion of 262 cases with allergic reactions in over six million DES
implantation seems to be well below the 4% expected for allergy from drugs alone. However,
new cases on serum sickness-like reactions after placement of sirolimus-eluting stents have
been recently reported [371]. Apart from the risk of thrombosis, physicians should be aware
also of the reports of life threatening paradoxical coronary vasoconstriction associated with
DES implantation [372-375]. A series of 13 patients who developed severe life threatening
coronary artery spasm after DES implantation has been recently published [376]. Two
patients did not respond to vasodilators and died. The post mortem examination in one patient
showed scattered mast cells infiltrating the adventitia of the left anterior coronary artery
suggesting a hypersensitivity reaction to the stent [377]. Simultaneous multivessel acute
drug-eluting stent thrombosis has been recently reported suggesting hypersensitivity reaction
involving multiple vessels as a possible cause [378].
Coronary events associated with hypersensitivity reactions are not common and are
dependent on allergen concentration, number of insulting allergens, route and rate of allergen
entrance in the circulation, magnitude of the initial allergic response, area and localization of
antibody-antigen reaction, patient`s sensitivity and patient`s comorbidity[379] . A threshold
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level of inflammatory cell content, closely associated with the above conditions, has been
suggested, above which this can provoke smooth muscle contraction and plaque erosion or
rupture [380].

16. Stent Components: Potential Allergens
DES components include the metal stent itself, the polymer coating and the impregmated
drugs which for today are: the antimicrotubule antineoplastic agent paclitaxel for TAXUS
brand and the anti-inflammatory, immunosuppressive and antiproliferative agent rapamycin
for CYPHER brand. Other investigative agents such as zotarolimus, everolimus, biolimus,
tacrolimus, pimecrolimus etc. are currently undergoing safety and efficacy trials either
impregnated in metal stents or used in transplant recipients in order to prevent rejection. All
DES components either separately or synergistically seem to be able to induce
hypersensitivity reactions and hypersensitivity coronary events (Table 13). Allergic
inflammation is initiated by allergens cross-bridging their corresponding, receptor-bound,
immunoglobin IgE antibodies on the mast cell or basophil cell surface. These cells
degranulate and release their mediators when the critical number of bridged IgE antibodies
reaches the order of 2000 out of maximal number of some 500 000-1000 000 IgE antibodies
on the cell surface [381]. However, recent findings indicate that mast cells can be activated
by non allergic triggers often without degranulation, but with selective release of potent and
vasoactive compounds [382, 383]. Clinical studies indicate that allergic patients
simultaneously exposed to several allergens have more symptoms than mono-sensitized
individuals [384]. A recent study showed that IgE antibodies with different specificities can
have an additive effects and even small amounts of corresponding allergens can trigger
mediator release when the patient is simultaneously exposed to them [385]. This data suggest
that a possible sensitization to DES should not be clinically evaluated as a consequence of
exposure to a single component but rather viewed in the context of potential sensitization to
multiple DES compounds. In addition, recent in vitro studies [386] have shown that
paclitaxel enhances tissue factor expression and activity in endothelial cells in concentrations
comparable with those achieved locally after paclitaxel stent insertion [387]. Rapamycin also
increases thrombin and tumor necrosis factor-α-induced endothelial tissue factor expression
and activity at concentrations that are encountered in vivo [388]. Furthermore, histamine, the
main amine released during hypersensitivity reactions, can also induce tissue factor
expression and activity in human vascular smooth muscle cell and aortic endothelial cell
[389]. Therefore, paclitaxel, rapamycin and the released histamine may contribute to a
prothrombotic environment after insertion of DES.
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Table 13. Hypersensitivity reactions to DES components
1. Sirolimus
•
•
•
•
•
•
•
•
•

acrocyanosis
angioedema
flushing
pruritus
interstitial pneumonitis
Schonlein-Henoch purpura
localized eczematiform eruption
palpable purpura due to leucocytoplastic vasculitis
paradoxic coronary vasoconstriction

2. Paclitaxel
•
•
•
•
•
•
•
•
•

angioedema
atrioventricular block
bronchospasm
cutaneous flushing
diaphoresis
Kounis syndrome
left bundle branch block
ventricular tachycardia
urticaria

3. Polymers and Latex
•
•
•
•
•
•
•
•
•

allergic conjunctivitis
allergic rhinitis
allergic allergic stomatitis
facial angioedema
generalized anaphylactic reaction
generalized urticaria
interstitial asthma
neurodermatitis
stomatitis venenada

4. Nickel
•
•
•
•
•
•
•
•
•
•
•
•

allergic contact dermatitis
baboon syndrome
bronchial asthma
dependent edema
diffuse exanthema
fever
flexural dermatitis
itching erythema
pericarditis
pompholyx formation
rosacea
sarcoid granuloma (delayed hypersensitivity)
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17. Paclitaxel and Sirolimus Induced Allergic
Reations and Kounis Syndrome
Paclitaxel together with docetaxel belong to a dinstict type of antineoplastic drugs which
in micromolar concentrations, easily achieved in patients, inhibit microtubule assembly (Mphase of the cell cycle) resulting in dissolution of the mitotic spindle structure, thereby
inhibiting proliferation of cells[390]. They also promote microtubule resistance to
depolymerization which results in the production of nonfunctional microtubules [391].
Morphological features and a DNA fragmentation pattern such as of programmed cell death
indicate that paclitaxel may trigger cell apoptosis [392].
Most cytostatic drugs have reported to induce allergic reactions [393]. There are several
reported instances of hypersensitivity reactions, mainly of anaphylactic type (type I) but also
types II, III, and IV [394] . Severe and leathal reactions have also occurred [395,396].
Antineoplastics capable to induce acute coronary syndromes include [397] the
antimicrotubule paclitaxel (Taxol), the antimetabolite 5-fluoruracil (Adrucil), its prodrug
capecitabine (Xeloda), the alkaloids cisplatin (Platinol), the interleukin-2 agent denileukin
diftitox (Ontak), the vinca alkaloids and interferons.
Apart from, neutropenia, thrombocytopenia, paralytic ileus, alopecia, gastrointestinal
upset and peripheral neuropathy, hypersensitivity reactions are quite common with the use of
paclitaxel with 90% of these occurring after the first or second dose [398].
According to a recent report [399] up to 42% of patients, receiving systemic paclitaxel
for treatment of various types of cancer, experience some kind of hypersensitivity reactions
and up to 2% of the patients developed serious allergic reactions. So far, there are several
reports associating type I and type II variants of Kounis syndrome with paclitaxel systemic
administration [400-411]. In another report [412], a patient experienced anaphylactic reaction
during a Taxus stent implantation. This patient developed erythematous rash and hypotension
immediately after the stent insertion. The case complicated with coronary spasm and
thrombus formation. This reaction was successfully treated with steroids, antihistamines,
epinephrine, dopamine and intraaortic balloon counterpulsation. Delayed severe multivessel
coronary artery spasm and aborted sudden death has also been observed after systemic Taxus
stent implantation [372]. Paclitaxel-induced hypersensitivity reactions can be decreased
considerabley if a test dose of paclitaxel is implemented before the initiation of therapy [413].
In another study [414], involving 23 patients with recurred ovarian cancer, combination
chemotherapy with carboplatin and paclitaxel induced hypersensitivity reactions in 5
patients. One of these patients exhibited severe allergic reaction compatible with Kounis
syndrome. The rest of the patients developed eruptions, hypotension and tachycardia. It must
be pointed out that all hypersensitivity reactions occurred immediately after carboplatin
administration and not during paclitaxel administration. Perhaps, in this occasion, paclitaxel
has acted as hapten. Low molecular weight antineoplastics have been proposed that have
haptenic properties [13].
Sirolimus (rapamycin, RapamuneR) is a macrolide antibiotic derived from actinomycete
streptomyces hygroscopius which for many years has been used as an immunosuppressive
and antiproliferative agent in the treatment of organ rejection in transplant recipients. Unlike
cyclosporine and tacrolimus, sirolimus does not inhibit the calcineurin pathway, but inhibits
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the mammalian target of rapamycin (mTOR), a multifunctional serine-threonine kinase that
acts on IL-2-mediated signal transduction pathways, which is central regulator of cell growth
proliferation and apoptosis [415]. Sirolimus prevents DNA and protein synthesis by
regulation of p70S6 kinase phosphatase which leads in arrest of cell cycle [416]. These
properties have been utilized also in coronary stents in order to reduce neointimal formation
and restenosis.
Apart from the well known adverse effects associated with sirolimus use such as
hyperlipidemia, hypercholesterolemia and thrombocytopenia some serious hypersensitivity
reactions have been observed with its use.
Generalized, pruritic, ulcerating maculopapular rash necessitating cessation of sirolimus
have been observed in a liver transplant patient [417]. A variety of cutaneous effects have
been also reported in renal transplantation patients [418]. Sirolimus can induce allergic
angioedema with diffuse swelling of eyelids, epiglottid edema, edema of floor of the mouth,
tongue and soft Palate [419]. Despite vigorous therapy of these patients with angioedema
complete resolution of this effect may occur only after withdrawal of sirolimus.
Furthermore, sirolimus-induced pulmonary hypersensitivity have been reported
[420,421]. Acneiform eruption [422], leucocytoclastic vasculitis [423,424], even cardiac
tamponade [425] are some additional but rare side effects.
In an experimental study [426] the side effects of rapamycin on treated rats were
evaluated by histopathological examination of heart, kidney and eyes. Rapamycin
administration at doses of 1.5 and 1.0 mg/kg/day resulted in focal myocardial infarction in
60% and 9% of rats respectively. In one animal a small area of focal retina ischemic necrosis
was evident at the higher dose while no rat nephrotoxicity found in any rapamycin dose. In
addition, animal experiments indicate a propensity for thombus formation in a rat model with
synthetic vascular grafts treated by systemic or local administration of rapamycin [427].
Although no evidence of hypersensitivity was noted in this experiment, thrombus formation
was largest in animals that received high dose of rapamycin either orally or intraperitoneally,
when compared with the control group [428].
In humans, paradoxical coronary vasoconstriction[373] and life threatening coronary
spasm[374] followed sirolimus eluting stent deployment has been also reported and was
attributed to severe endothelial dysfunction[375] as in type I variant of Kounis syndrome.
For example, localized hypersensitivity and late coronary thrombosis secondary to a
sirolimus eluting stent has been reported in a 58-year old man who died 18 months later after
stent implantation [429,430]. The inflammatory cells found at autopsy to infiltrate the intima,
the media and the adventitia were the same namely macrophages, eosinophils, lymphocytes,
and plasma cells with those participating in the process of Kounis syndrome.

18. Investigative Agents: Everolimus,
Zotarolimus, Biolimus Induced Allergic Reactions
Several efficacy and safety trials are currently under way in order to evaluate the ability
of some new sirolimus analogues for better inhibition of neointimal proliferation, even more
reduction of the stenotic area, further increase of the lumen area and to avoid local
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inflammation and late thrombosis. Some of these analogues have developed specifically for
elution from intravascular stents but some others have been already used in transplant
recipients and have been associated with rare but severe hypersensitivity reactions.
Everolimus, like sirolimus does not inhibit the calcineurin pathway but inhibits mTOR,
has been recently received approval for immunosuppressive therapy in heart transplant
patients in Austria and Germany [431]. In one report [432] among 114 patients treated with
everolimus, 6(5.3%) developed lingual angioedema in a period between 2 to 41 days after
initiation of therapy. In one of these patients two severe episodes of lingual angioedema
necessitated the discontinuation of everolimus. However, trials involving everolimus –coated
stents have yielded satisfactory results in restenosis reduction and extend of late loss [433435].
Biolimus and zotarolimus, two newly synthesized sirolimus analogues inhibiting mTOR,
have been developed specifically for elution from intravascular stents. First studies in humans
and in animals has rendered satisfactory results in reducing restenosis [436-439].
However, these agents have not been used, so far, for treatment of transplant organ
rejection and long term results and side effects from their use have not been established.

19. Calcineurin Pathway Inhibitors: Tacrolimus
and Pimecrolimus Induced Allergic Reactions
Tacrolimus and pimecrolimus like cyclosporine do not inhibit mTOR but inhibit
calcineurin pathway. Calcineurin is a ubiquitously expressed serine-threonine phosphate and
is activated by sustained elevations of intracellular calcium. Activated calcineurin facilitates
dephosphorylation of nuclear factor of activated T cells which is the primary downstream of
transcriptional effector of calcineurin. Calcineurin inhibition by tacrolimus and pimecrolimus
maintains immunosupression through prevention of IL-2 production [440]. Allergic reactions
related to tacrolimus have been reported in children after liver transplantation [441-444]. In a
recent report [445] of 121 children treated with tacrolimus after liver transplantation,
12(10%) experienced angioedema with peripheral eosinophilia and elevated levels of IgE. In
another report [446] multiple food allergies were developed in children taking tacrolimus
after heart and liver transplantation. Life threatening food allergy in a child treated with
tacrolimus has been also described [441]. It has been suggested that tacrolimus, as a potent
IL-2 inhibitor, may cause a shift towards the subset of lymphocytes called Th2 lymphocytes
with the development of atopic allergy [441,446]. However, in a recent in vivo study, with
tacrolimus-eluting stents, medial necrosis, adventitial inflammation and local arterial toxic
effects were absent [447].
Pimecrolimus differs tacrolimus in inhibition of lymphocyte activation during the
sensitization phase of contact hypersensitivity. Pimecrolimus only weakly interferes with
lymphocyte activation and does not affect hyperplasia of draining lymph nodes during
sensitization [448]. Pimecrolimus has not been used so far in drug-eluting stents. However,
rare cases of cancer have been reported in people who have been using pimecrolimus cream
and tacrolimus ointment for various dermatological diseases [449].
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20. Methylprednisolone, Dexamethasone,
Cytochalasin D, Vascular Endothelial Growth
Factor and DNA-Eluting Stents
Corticosteroids are the treatment of choice for both systemic and local hypersensitivity
reactions. Although their mechanism of action is not yet totally clear, corticosteroids can
suppress the release of arachidonic acid from cell membrane and inhibit eicosanoid
biosynthesis. The suppression of arachidonic acid release, especially from mast cells, is
mediated through the inhibition of phospholipase A2. Corticosteroids, through reduction of
the transcription of several proinflammatory cytokines, including C-reactive protein, could
reduce the risk of myocardial infarction by 50% and can successfully treat vasospastic angina
[450,451]. In patients with persistently elevated C-reactive protein, after successful coronary
stent implantation, immunosuppressive therapy with high dose [452], but not low dose, oral
prednisone for 45 days has resulted in a striking reduction in the clinical events and
angiographic restenosis rate. Therefore, in an effort to reduce peri-strut inflammation after
implantation of drug-eluting stents, corticosteroid-eluting stents have been developed.
Experiments in pigs with methylprednisolone-eluting stents have shown that both
vascular macrophage infiltration and in-stent neointimal hyperplasia could effectively be
decreased [453]. Other experiments with phosphorylcholine-coated stents eluting
methylprednisolone have shown that inflammatory response and thrombus formation could
effectively be decreased [454].
Dexamethasone eluting stents have exhibited an improvement in the clinical and
angiographic outcomes as compared with the control stents [452] and are associated with
reduced plasma concentration of intercellular adhesion molecule-1 (ICAM-1) and vascular
cell adhesion molecule-1 (VCAM-1)[455] and lower adverse events during follow-up[456].
High doses of dexamethasone-loaded stents do not significantly reduce neointimal
hyperplasia [457] and can induce morphological changes pointing to a loss of vascular
integrity [458]. Other studies, with dexamethasone-eluting stents,including patients with
diabetes mellitus, have shown that the restenosis rate is higher, suggesting that stent
restenosis is unlikely to be related to decreased acute systemic inflammation but to an
increased local resistance to inflammatory mediators[452}. However, it should be mentioned
that corticosteroids have been implicated as causative agents for hypersensitivity reactions
and anaphylaxis in some occasions and should be avoided in sensitized individuals [459462].
The impact of vascular endothelial growth factor (VEGF) as an endothelial cell-specific
mitogen after stenting has been experimentally investigated. Stent deployment results in
endothelial denudation which is followed by smooth muscle cell proliferation, neo-intimal
hyperplasia and restenosis. However, VEGF-eluting stents do not accelerate reendothelialization and do not inhibit restenosis in rabbits [463]. An alternative, more
effective approach with gene-eluting stents [464] may be considered for enhancement of reendothelialization, by virtue of local delivery of naked plasmid DNA encoding for human
VEGF-2.
Cytochalasin D-eluting stents are promising in reducing in stent hyperplasia [465].
Cytochalasins are lipophilic fungal metabolites that prevent actin monomer addition at the
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rapidly growing end of actin filaments. Actin filaments are components of cytoskeleton. They
are required for intracellular signaling, cell migration, replication and protein synthesis [466].

21. Hypersensitivity to Polymers and Latex
Synthetic biodegradable polymers are commonly used in drug eluting stents as a vehicle
for local drug delivery and as a solution to improve their quality. The impregnated drugs are
released by diffusion through and/or breakdown of the base polymer. Cypher stents are
coated with a thin layer of poly-n-butyl methacrylate and polyethylene-vinyl acetate
copolymer. In sirolimus eluting stens, about 80% of the rapamycin is eluted by 30 days,
leaving a polymer-coated metal stent with small drug amounts. In Taxus stents, about 10% of
paclitaxel is eluted by 10 days and the rest remains in the polymer for long period [467].
Hypersensitivity reactions have been reported with the use of polymers (Table 4) like
those in latex and vinyl gloves as well as with polyurethane and methyl-methacrylate in
dentistry[468,469[. The latter has induced labial edema and allergic stomatitis confirmed by
patch tests in orthodontic patients [470,471]. Chronic urticaria [472], stomatitis venenata
[473] and allergic erythema of the hard palate [474] have been also reported to autopolymerized acrylic resin. These allergic reactions are usually type IV reactions caused by
compounds of low molecular weight that are acting as haptens. They can initiate an allergic
reaction when they carried by a protein. For acrylic resins these would be formaldehyde,
benzyl peroxide, methyl-methacrylate, and plasticizers such as dibutyl phthalate [475].
Nonbioerodable polymers such as polyurethane polydimethyl siloxane (silicone) and
polyethylene terephthalate (Dacron) can promote inflammation when implanted in swine
coronary arteries [476-478]. Macrophages, giant cells, tissue damage and fibrosis are seen
during subcutaneous implantation of poly-n-butylmethacrylate which is a component of bone
cement and the polymer coating of cypher stents [479]. Furthermore, the polyethylene-vinyl
acetate compound of the cypher copolymer induces inflammatory reaction in 25% of rabbits
when used as an antigen delivery matrix [480]. Cases of immediate and delayed allergic
reactions to anionic cellulose polymers carboxymethylcellulose and methyl
hydroxyethylcellulose have been reported recently [481].
It should be emphasized that the allergic reactions to latex components can be
exacerbated when a variety of foods are ingested. Latex can cross react with the hevemine in
fruits and cause an immediate hypersensitivity reaction [482]. The inflammatory and allergic
properties of polymers have made their use problematic in gene delivery[483], although
polymer-coated gene-delivery stents have been shown in animal studies to be effective for
both reporter[484] and therapeutic[485] vector delivery. However, encouraging results have
been achieved recently through gene vector delivery from the direct metal alloy surfaces of
stents which had been pretreated with polyallylamine bisphosphonate [486].
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22. Hypersensitivity to Metals
The majority of intracoronary stents are made from 316L stainless steel which contains
nickel, chromium, and molybdenum. Ions from the above metals are eluted through the action
of blood, saline, proteins, and mechanical stress.
It has been already known that allergy and inflammatory reactions have occurred in
patients with prosthetic valves and other endovascular prostheses [487]. Allergic reactions to
metallic implants have been incriminated for postoperative complications such as loosening
or formation of new tissue around the metals [488,489]. In a patient with aseptic loosening of
an orthopaedic chromium/cobalt alloy and positive patch tests to potassium dichromate, periinplantar tissue examination showed oligoclonal T-cell infiltration and Th1-type cytokine
expression [490].
Hypersensitivity reactions to nickel occur in up to 17.2% of the population and are the
most frequent cause of allergic contact dermatitis [491]. In patients undergoing percutaneous
atrial septal defect and patent foramen ovale closure, nickel allergy can be the cause of
systemic effects such as chest discomfort, palpitation, and migraine headache with or without
aura [492]. It is postulated that local allergic reaction to the implanted device could result in
formation of platelet adhesions which could embolize in heart and brain causing chest
discomfort and headache [492]. Local nickel allergy from intracardiac devices and
subsequent systemic allergic reactions confirmed by patch tests as an allergy to nitinol
(nickel-titanium alloy) have necessitated the removal of these devices[493-495].
Reports concerning hypersensitivity reactions to various metals used in orthodontics
have been also published [496]. Nickel is the metal which can provoke the most severe
responses [497]. Delayed hypersensitivity reactions to nickel and molybdenum might be part
of inflammatory process and one of the triggering factors for development of in-stent
restenosis [498]. The rate of nickel allergy following initial stent implantation has been
estimated [499] to be 9.2%.
Skin clips containing nickel, chromium, molybdenum, cobalt, and titanium can induce
allergic reactions and may be the cause of delayed wound healing [500]. Hypersensitivity to
molybdenum has been incriminated to induce a syndrome resembling systemic lupus
erythematosus [501].
Contact allergy to gold has been associated with increase incidence of restenosis when
patients are stented with gold-plated stents and these stents have been abandoned [502]. On
the other hand, the titan stent which is a stainless steel stent coated with titanium-nitride
oxide (TINOX) can prevent discharge of nickel, chromium and molybdenum and it seems
promising in eliminating local allergy and inflammation[503].

23. Delayed Hypersensitivity to DES and Late
Coronary Events
Release kinetics of drugs from DES polymers is a complex phenomenon depending on
multiple factors. The release varies with the type of polymer, layering, drug to polymer
formulation ratio, overcoat, dose density and total amount loaded [504]. Important
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determinants for tissue drug accumulation include drug physicochemical properties,
distribution of drug in the arterial wall, rate and duration of release, endothelial function and
arterial wall condition [505]. Drug release from stents is characterized by an initial fast
release followed by sustained slow release [506]. Lipophilic drugs are released slowly
allowing. Hydrophilic drugs tend to elute faster into the blood and need higher amounts and
shorter duration of delivery in order to achieve optimum local levels [507]. However, in
human atherosclerotic intimas, drug release kinetics seems to differ considerably and might
be prolonged.
The time of appearance of hypersensitivity events depend on these kinetics and can
include immediate reactions (type I), antibody mediated cytotoxic reactions (type II), immune
complex mediated reactions (type III), and delayed hypersensitivity reactions (type IV).
When hypersensitivity is considered as the cause of DES thrombosis, the time of appearance
of hypersensitivity events depends on allergen release kinetics, number and level of the
insulting allergens and existence of drug-reactive lymphocytes [508]. Atopic patients with
increased propensity to hypersensitivity reactions possess long lasting reactivity due to high
frequency of drug-specific lymphocytes, thus potentially making them prone to react again
even years after drug avoidance [509].

24. Future Directions Concerning DES
At the present, as it was stated by the FDA, coronary DES remain safe and effective
when used in patients according to approved by the agency indications. However, it seems
likely that, with these sophisticated devices, cases of mild hypersensitivity reactions to DES
might go unreported; thus it is anticipated that many more cases will be encountered in the
coming years.
Therefore, in atopic patients, in patients with food allergy and who have already
experienced a first Kounis syndrome and are going to have DES implantation, and until
further studies characterizing the incidence, the course, the risk of occurrence in a given
patient, the circumstances and the definite cause of coronary stent thrombosis will be
undertaken, one can make a good case for:
•
•

detailed history taking regarding allergies and drug hypersensitivity reactions, patchtesting,
antibody testing, macrophage and T-cell activation studies, and desensitization
strategies when and where applicable, monitoring the levels of inflammatory
mediators after implantation, and considering the use of corticosteroids and mast cell
stabilizers since the latter have abrogated late thrombotic events
experimentally[510].

Thousands of patients worldwide every year are benefited with DES treatment because it
reduces significantly the need of second procedures to treat restenosis. New DES
development targeting to prevention of stent thrombosis are under evaluation. Eptifibatiteeluting stents are currently being evaluated in vitro as antiproliferative and antithrombotic
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devices [511]. The proposed dimethyl sulfoxide eluting stent which suppresses tissue factor
expression and activity, as well as thrombus formation seems to be a novel strategy [512].
Accelerated endothelialization could be achieved with stents loaded with an integrin-binding
cyclic Arg-Gly-Asp peptide attracting endothelial progenitor cells [513]. Again, stents coated
with CD34 antibodies can attract endothelial progenitor cells and accelerate
endothelialization5 [514]. An interesting new approach for DES is the use of peroxisome
proliferator-activated receptor-γ agonists which diminish inflammation and enhance
endothelialization [515]. Hypersensitivity to DES components and the Kounis syndrome
should be always considered as a possibility. New DES combining drugs with antiinflammatory, antiallergic, and/or antithrombotic agents might be the solution of the problem.

25. Management of Kounis Syndrome
Treatment of Kounis syndrome is directed firstly towards the alleviation of the acute
allergic insult and secondly the therapy of the acute coronary event. The first is achieved by
administration of H1 and H2 blockers together with the administration of corticosteroids.
This treatment alone can be successful in cases of type I Kounis syndrome without any
additional effort. Administration of corticosteroids is mandatory because these drugs:
•
•
•

Suppress the release of arachidonic acid from cell membrane and inhibit eicosanoid
biosynthesis (via phospholipase A2 inhibition)
Induce cell apoptosis and reduce inflammation via up-regulation of death receptor
CD95 and its ligand CD95L
Induce synthesis of proteins called
annexins (lipocortins) which modulate
inflammatory cell activation, adhesion molecule expression and transmigratory and
phagocytic functions.

In the cases where type I Kounis syndrome progresses to acute myocardial infarction
with increased cardiac enzymes and troponins and in the cases where the acute allergic
episode induces type II Kounis syndrome with plaque erosion or rupture manifesting as an
acute myocardial infarction then, antiallergic treatment is combined with classical treatment
of acute myocardial infarction.

26. Conclusion
So far, attempts have been made to counteract the actions of inflammatory mediators by
using, experimentally, mediator antagonists, inhibitors of mediator biosynthesis and mediator
receptor blockers [516]. However, in the medical armamentarium drugs such as sodium
nedocromil, sodium cromoglycate, ketotifen, lodoxamide and others which are currently used
experimentally that are interfering with mast cell stabilization (Table 8, Table 9) might be
useful tools in the future. There is also considerable evidence today that the polyphenolic
plant compounds such as flavonoids that block basophils and mast cells and inhibit mediator
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release [517] may be used. In a recent study [518], anti-lgE therapy with humanized lgG1
nonoclonal antibodies was recognized and masked the region of mast cell surface responsible
for IgE binding thus offering protection against mast cell degranulation. Following this study,
it has been suggested [519] that in atopic patients, who produce large amounts of interleukin4 and interleukin-13, treatment with anti-lL-4Rα antibodies might inhibit acute and severe
allergic episodes. All these agents and natural molecules capable to stabilize and protect mast
cell membrane could prevent also acute thrombotic events, at least in some instances. It has
been stated [307] that “a new possibility emerges for the prevention of the progression of
coronary plaques to unstable lesions, and that is; inhibition of mast cell degranulation”. This
has already been achieved experimentally by Nemmar et al. [510]. These investigators
managed to abrogate late thrombotic events by stabilizing mast cell membrane with
sodium cromoglycate and reducing inflammation with dexamethasone. Clinical reports
have also showed that corticosteroids can reduce the risk of myocardial infarction. For
example, in patients with no indication of severe asthma , the risk of myocardial
infarction was 22% lower with the use of inhaled corticosteroids and in patients with
severe asthma the risk of myocardial infarction was 81% lower with the use of inhaled
corticosteroids [520]. Corticosteroids may be considered as a treatment of choise for
patients with refractory vasospastic angina, particularly when the patient has an allergic
tendency, such as bronchial asthma [521].
Does, therefore, Kounis syndrome represent a magnificent natural paradigm and nature's
own experiment in a final trigger pathway implicated in cases of coronary artery spasm and
plaque rupture?
Whether this question will be answered in future clinical trials is unknown. If so, case
selective mast cell surface membrane protection and stabilization should be considered a
potential therapeutic strategy for patients prone to food-induced allergy, for allergic
patients to stent components, for atopic patients in general and for patients who have
already experienced a first Kounis syndrome.

References
[1]
[2]
[3]
[4]
[5]
[6]

Kounis, N.G. and Zavras, G.M. Histamine-induced coronary artery spasm: the concept
of allergic angina. Br J Clin Pract. 1991; 45:121-8.
Zosin, P., Miclea, F. and Munteanu, M. Allergic myocardial infarction. Rom Med
Review, 1965; 19:26-8.
Kounis, N.G. and Zavras, G.M. Allergic angina and allergic myocardial infarction.
Circulation, 1996; 94:1789.
Kounis, N.G., Grapsas, G.M. and Goudevenos, J.A. Unstable angina, allergic angina
and allergic myocardial infarction. Circulation, 1999; 100: el 56.
Constantinides, P. Infiltrates of activated mast cells at the site of coronary atheromalous
erosion or rupture in myocardial infarction. Circulatory, 1995; 92:1083.
Brawnvald, E. Unstable angina. An etiologic approach to management. Circulation,
1998; 98:2219-22.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)
[7]
[8]
[9]

[10]
[11]
[12]

[13]
[14]

[15]

[16]
[17]
[18]
[19]

[20]

[21]
[22]

[23]
[24]

117

Zavras, G.M., Papadaki, P.J., Kokkinis, S.E., et al. Kounis syndrome secondary to
allergic reaction following shellfish ingestion. Int J Clin Pract. 2003; 57:622-4.
Koutsojannis, C.M. and Kounis, N.G. Lepirudin anaphylaxis and Kounis syndrome.
Circulation, 2004; 109:e315.
Koutsojannis, C.M., Mallioris, C.N. and Kounis, N.G. Corticosteroids, Kounis
syndrome and the treatment of refractory vasospastic angina. Circulation J. 2004;
68:806-7.
Mallioris, C.N, and Kounis, N.G. Glucocorticoids, Kounis syndrome and the
prevention of atrial fibrillation. Eur Heart J. 2004; 25:2175-6.
Kounis, N.G., Kouni, S.N. and Koutsojannis, C.M. Myocardial infarction after aspirin,
and Kounis syndrome. J R Soc Med. 2005; 98:296.
Mazarakis, A., Koutsojannis, C.M., Kounis, N.G., and Alexopoulos, D. Cefuroximeinduced coronary artery spasm manifesting as Kounis syndrome. Acta Cardiol. 2005;
60:341-5.
Soufras, G.D., Ginopoulos, P.V., Papadaki, P.J., et al Penicillin allergy in cancer
patients manifesting as Kounis syndrome. Heart Vessels, 2005; 20:159-63.
Waller, B.F. Non atherosclerotic coronary heart disease, In: Fuster V, Wane Alexander
A, O’Rourke RA, editors. Hurst's The Heart, 11th edn. New York: McGraw-Hill; 2004.
p. 1183.
Nikolaidis, L.A., Kounis, N.G. and Grandman, A.H. Allergic angina and allergic
myocardial infarction: a new twist on an old syndrome. Can J Cardiol. 2002; 18:50811.
Galli, S.J., Nakae, S. and Tsai, M. Mast cells in the development of adaptive immune
responses. Nat Immunol 2005; 6:135-42.
Galli, S.J., Kalesnikoff, J., Grimbaldeston, M.A., et al Mast cells as “tunable” effector
and immunoregulatory cells: recent advances. Annu Rev Immunol. 2005; 3:749-86.
Ishizaka, T. and Ishizaka, K. Activation of mast cells for mediator release through IgE
receptors. Prog Allergy, 1984; 34:188-235.
Liu, M.C., Proud, D., Lichtenstein, L.M., et al Human lung macrophage-derived
histamine-releasing activity is due to lgE-depended factors. J Immunol. 1986;
136:2588-95.
Sedgwick, J.D., Holt, P.G. and Tunner, K.J. Production of a histamine-releasing
lymphokine by antigen - or mitogen-stimulated human peripheral T cells. Clin Exp
Immunol. 1981; 45:409-18.
Metcalfe, D.D., Kaliner, M. and Donlon, M.A. The mast cell. Crit Rev Immunol. 1981;
3:23-74.
McCurdy, J.D., Olynych, T.J., Maher, L.H., and Marshall, J.S. Cutting edge: distinct
Toll-like receptor 2 activators selectively induce different classes of mediator
production from human mast cells. J Immunol. 2003; 170:1625-9.
Barke, K.E. and Hough, L.B. Opiates, mast cells and histamine release. Life Scil. 993;
53:1391-9.
Di Lorenzo, G., Pacor, M.L., Vignola, A.M., et al Urinary metabolites of histamine and
leukotrienes before and after placebo-controlled challenge with ASA and food
additives in chronic urticaria patients. Allergy, 2002; 57: l 180-6.

118

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[25] Murray, D.B., Gardner, J.D., Brower, G.L., and Janicki, J.S. Endothelin-1 mediates
cardiac mast cell degranulation, matrix metalloproteinase activation, and myocardial
remodeling in rats. Am J Physiol Heart Circ Physiol. 2004; 287:H2295-9.
[26] Lindstedt, K.A. and Kovanen, P.T. Mast cells in vulnerable coronary plaques: potential
mechanisms linking mast cell activation to plaque erosion and rupture. Curr Opin
Lipidol. 2004; 15:567-73.
[27] Dvorak, A.M. Basophils and mast cells: piecemeal degranulation in situ and ex vivo: a
possible mechanism for cytokine-induced function in disease. Immunol Ser. 1992;
57:169-271.
[28] van Haaster, C.M.C.J., Engels, W., Lemmens, P.J.M.R., Hornstra, G., van der Vusse,
G.J., and Heemskerk, J.W.M. Differential release of histamine and prostaglandin D2 in
rat peritonal mast cells; roles of cytosolic calcium and protein tyrosine kinases. Biochim
Biophys Acta, 1995; 1265:79-88.
[29] Gagari, E., Tsai, M., Lantz, C.S., Fox, L.G., and Galli, S.J. Differential release of mast
cell interleukin-6 via c-kit. Blood, l997; 89:2654-63.
[30] Kandere-Grzybowska, K., Letourneau, R., Donelan, J., Kempuraj, D., and Theoharides,
T.C. Interleukin-1-induced secretion of interleukin-6 without degranulation from
human mast cells. J Immunol. 2003; 171:4830-6.
[31] Silver, R.B., Reid, A.C., Mackins, C.J., et al. Mast cells: a unique source of rennin.
Proc Natl Acad Sci USA 2004; 101:13607-12.
[32] Hara, M., Ono, K., Wada, H., Sasayama, S., and Matsumori, A. Preformed angiotensin
II is present in human mast cells. Cardiovasc Drugs Ther. 2004; 18:415-20.
[33] Genovese, A. and Spadaro, G. Highlights in cardiovascular effects of histamine and
H1-receptor antagonists. Allergy, 1997; 52 (suppl 34): 67-78.
[34] Christian, E.P., Undem, B.J. and Weinreich, D. Endogenous histamine excites neurones
in guinea-pig superior cervical ganglion in vitro. J Physiol. 1989; 409:297-312.
[35] Laine, P., Naukkarinen, A., Heikkila, L., and Kovanen, P.T. Adventitial mast cells
connect with sensory nerve fibers in atherosclerotic coronary arteries. Circulation,
2000; 101:1665-9.
[36] Masini, E., Di Bello, M.G., Raspanti, S., et al. The role of histamine in platelet
aggregation by physiological and immunological stimuli. lnflamm Res. 1998;47:21120.
[37] Saxena, S.P., Brandes, L.J., Becker, A.B., Simons, K.J., La Bella, F.S., and Gerrard,
J.M. Histamine is an intracellular mediating platelet aggregation. Science, 1989;
43:1596-9.
[38] Shah, B.H., Lashari, I., Rana, S., Saeed, O., Rasheed, H., and Arshad Saeed, S. Synergistic interaction of adrenaline and histamine in human platelet aggregation is
mediated through activation of phospholipase, nap kinase and cyclo-oxygenase
pathways. Pharmacol Res. 2000; 42:479-83.
[39] Benbarek, H., Mouithys-Michkalad, A., Deby-Dupont, G., et al. High concentrations of
histamine stimulates equine polymorphonuclear neutronphils to produce reactive
oxygen species, lnflamm Res. 1999; 48:594-601.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

119

[40] Elenkov, L.J., Webster, E., Papanikolaou, D.A., Fleisher, T.A., Chrousos, G.P., and
Wilder, R.L. Histamine potently suppresses human 1L-12 and stimulates IL-10
production via H2 receptors. J Immunol. 1998; 161: 2586-93.
[41] Clark, R.A., Sandier, J.A., Gallin, J.L., and Kaplan, A.P. Histamine modulation of
eosinophil migration. J Immunol. 1977; 118:137-45.
[42] Li, Y., Chi, L., Stechschuh, O.J., and Dileepan, K.N. Histamine induced production of
interleukin-6 and interieukin-8 by human coronary artery endothelial cells is enhanced
by endotoxin and tumor necrosis factor-alpha. Microvasc Res. 2001; 61:253-62.
[43] Asako, H., Kurose, I., Wolf, R., et al. Rote of HI receptors and P-selectin in histamineinduced leucocyte rolling and adhesion in post capillary venules. J Clin Inest. 1994,
93:1508-15.
[44] Eppihimer, M.J., Wolitzky, B., Anderson, D.C., Labow, M.A., and Granger, D.N.
Heterogenicity of expression of E- and P-selectins in vivo. Circ Res. 1996; 79:560-9.
[45] Miyazawa, N., Watanabe, S., Matsuda, A., et al. Role of histamine H1 and H2 receptor
antagonists in the prevention of intimal thichening. Eur J Pharmacol. 1998; 362:53-9.
[46] Huang, M., Pang, X., Letourneau, R., Boucher, W., and Theoharides, T.C. Acute stress
induces cardiac mast cell activation and histamine release, effects that are increased in
Apolipoprotein E knockout mice. Cardiovasc Res. 2002; 5:150-60.
[47] Pang, X., Alexacos, N., Letourneau, R., et al. A neurotensin receptor antagonist inhibits
acute immobilization stress-induced cardiac mast cell degranulation, a corticotropinreleasing hormone-dependent process. J Pharmacol Exp Ther. 1988; 287:307-14.
[48] Theoharides, T.C., Donelan, J.M., Papadopoulou, N., Cao, J., Kempuraj, D., and Conti,
P. Mast cells as targets of corticotropin-releasing factor and related peptides. Trends
Pharmacol Sci. 2004; 5:563-8.
[49] Cao, J., Papadopoulou, N., Kempuraj, D., et al. Human mast cells express
corticotropin-releasing hormone (CRH) receptors and CRH leads to selective secretion
of vascular endothelial growth factor. J Immunol. 2005; 174:7665-75.
[50] Steffel, J., Akhmedov, A., Greutert, H., Luscher, T.F., and Tanner, F.C. Histamine
induces tissue factor expression. Implications for acute coronary syndromes.
Circulation, 2005; l 12:341-9.
[51] Moons, A.H., Levi, M. and Peters, R.J. Tissue factor and coronary artery disease.
Cardiovasc Res. 2002; 53:313-25.
[52] Johnson, J.C., Jackson, C.L., Angelini, G.D., and George, S. Activation of matrixdegrating metalloproteinases by mast cell proteases in atherosclerotic plaques.
Arterioscler Thromb Vase Biol. 1998; 18: 707-1715.
[53] Laine, P., Kaartinen, M., Pentila, A., Panula, P., Paavonen, T., and Kovanen, P.T.
Association between myocardial infarction and mast cells in the adventitia of the
infarct-related coronary artery. Circulation, 1999; 99:361-9.
[54] Tselepis, A.D., Goudevenos, J.A., Tambaki, A.P., et al. Platelet aggrega-tory response
to platelet activating factor (PAF), ex vive, and PAF-acetylhydrolase activity in patients
with unstable angina: effect of c7E3 (abciximab) therapy. Cardiovasc Res. 1999;
43:183-91.

120

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[55] Carry, M., Korley, W., Wfllerson, J.T., Weigelt, L., Ford-Hutchinson, A.W., and Tagari, P. Increased urinary leucotriene excretion in patients with cardiac ischemia: in vivo
evidence for 5-lipoxygenase activation. Circulation, 1992; 85:230-6.
[56] Ellis, E.F., Oelz, O., Roberts, L.J., 2nd, et al. Coronary arterial smooth muscle
contraction by a substance released from platelets: evidence that is TXA2. Science,
1976; 193:1135-7.
[57] Montrucchio, G., Alloatti, G. and Camussi, G. Role of platelet activating factor in
cardiovascular pathophysiology. Physiol Rev. 2000; 80:1669-99.
[58] Feuerstein, G., Rabinovici, R., Leor, J., Winkler, J.D., and Vonhof, S. Plateletactivating factor and cardiac diseases: therapeutic potential for PAF inhibitors. J Lipid
Cell Signalling, 1997; 15:255-84.
[59] Abete, P., Ferrara, N., Leosco, D., et al. Age-related effects of platelet activating factor
(PAF) in the isolated perfused rat heart. J Mol Cell Cardiol. 1992; 24:1399-407.
[60] Tarmiere, M. and Rochette, L. Direct effects of platelet-activating factor (PAF) on
cardiac function in isolated guinea pig heart. Drug Rev Res. 1987; ll: 177-86.
[61] Metcalfe, D. D., Kaliner, M. and Donlon, M. A. . The mast cell. CRC Crit Rev
Immunol 1981; 3: 23-74.
[62] Wedemeyer, J., Tsai, M. and Galli, S. J. . Roles of mast cells and basophils in innate
and acquired immunity. Curr Opin Immunol. 2000; 12: 624-31.
[63] Puxeddu, I., Piliponsky, A. M., Bachelet, I. and Levi-Schaffer, F. Mast cells in allergy
and beyond. Int J Biochem Cell Biol. 2003;35: 1601-1607.
[64] Galli, S. J., Kalesnikoff, J., Grimbaldeston, M. A., Piliponsky, A. M., Williams, C. M.
and Tsai, M. (2005). Mast cells as "tunable" effector and immunoregulatory cells:
recent advances. Annu Rev Immunol. 2005;23:749-86.
[65] Theoharides, T. C. and Kalogeromitros, D. The critical role of mast cell in allergy and
inflammation. Ann NY Acad Sci 2006;1088: 78-99.
[66] Theoharides, T. C. and Cochrane, D. E. Critical role of mast cells in inflammatory
diseases and the effect of acute stress. J Neuroimmunol 2004; 146: 1-12.
[67] Kirshenbaum, A. S., Goff, J. P., Semere, T., Foster, B., Scott, L. M. and Metcalfe, D.
D. Demonstration that human mast cells arise from a progenitor cell population that is
CD34(+), c-kit(+), and expresses aminopeptidase N (CD13). Blood 1999; 94: 23332342.
[68] Czarnetzki, B. M., Figdor, C. G., Kolde, G., Vroom, T., Aalberse, R. and de Vries, J. E.
Development of human connective tissue mast cells from purified blood monocytes.
Immunology 1984; 51: 549-554.
[69] Valent, P., Spanblöchl, E., Sperr, W. R., Sillaber, C., Zsebo, K. M., Agis, H. et al.
Induction of differentiation of human mast cells from bone marrow and peripheral
blood mononuclear cells by recombinant human stem cell factor/kit-ligand in long-term
culture. Blood 1992; 80: 2237-2245.
[70] Aloe, L. and Levi-Montalcini, R. Mast cells increase in tissues of neonatal rats injected
with the nerve growth factor. Brain Res 1977; 133: 358-366.
[71] Conti, P., Pang, X., Boucher, W., Letourneau, R., Reale, M., Barbacane, R. C. et al.
Impact of Rantes and MCP-1 chemokines on in vivo basophilic mast cell recruitment in

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

121

rat skin injection model and their role in modifying the protein and mRNA levels for
histidine decarboxylase. Blood 1977; 89: 4120-4127.
Conti, P., Reale, M., Barbacane, R. C., Letourneau, R. and Theoharides, T. C.
Intramuscular injection of hrRANTES causes mast cell recruitment and increased
transcription of histidine decarboxylase: lack of effects in genetically mast celldeficient W/Wv mice. FASEB J 1998; 12: 1693-1700.
Tsuji, K., Nakahata, T., Takagi, M., Kobayashi, T., Ishiguro, A., Kikuchi, T. et al.
Effects of interleukin-3 and interleukin-4 on the development of "connective tissuetype" mast cells: interleukin-3 supports their survival and interleukin-4 triggers and
supports their proliferation synergistically with interleukin-3. Blood 1990; 75: 421-427.
Bischoff, S.C., Sellge, G., Lorentz, A., Sebald, W., Raab, R. and Manns, M. P. IL-4
enhances proliferation and mediator release in mature human mast cells. Proc Natl
Acad Sci USA 1999; 96: 8080-8085.
Toru, H., Eguchi, M., Matsumoto, R., Yanagida, M., Yata, J. and Nakahata, T. (1998).
Interleukin-4 promotes the development of tryptase and chymase double-positive
human mast cells accompanied by cell maturation. Blood 91: 187-195.
van der Kleij, H. P., Ma, D., Redegeld, F. A., Kraneveld, A. D., Nijkamp, F. P. and
Bienenstock, J. (2003). Functional expression of neurokinin 1 receptors on mast cells
induced by IL-4 and stem cell factor. J Immunol 171: 2074-2079.
Tainsh, K. R. and Pearce, F. L. (1992). Mast cell heterogeneity: evidence that mast
cells isolated from various connective tissue locations in the rat display markedly
graded phenotypes. Int Arch Allergy Immunol 98: 26-34.
Bradding, P., Okayama, Y., Howarth, P. H., Church, M. K. and Holgate, S. T. (1995).
Heterogeneity of human mast cells based on cytokine content. J Immunol 155: 297307.
Levi-Schaffer, F., Austen, K. F., Gravallese, P. M. and Stevens, R. L. (1986). Coculture of interleukin 3-dependent mouse mast cells with fibroblasts results in a
phenotypic change of the mast cells. Proc Natl Acad Sci USA 83: 6485-6488.
Shanas, U., Bhasin, R., Sutherland, A. K., Silverman, A.-J. and Silver, R. (1998). Brain
mast cells lack the c-kit receptor: immunocytochemical evidence. J Neuroimmunol 90:
207-211.
Dimitriadou, V., Lambracht-Hall, M., Reichler, J. and Theoharides, T. C. (1990).
Histochemical and ultrastructural characteristics of rat brain perivascular mast cells
stimulated with compound 48/80 and carbachol. Neuroscience 39: 209-224.
Robinson-White, A. and Beaven, M. A. (1982). Presence of histamine and histaminemetabolizing enzyme in rat and guinea-pig microvascular endothelial cells. J
Pharmacol Exp Ther 223: 440-445.
Bienenstock, J., Tomioka, M., Matsuda, H., Stead, R. H., Quinonez, G., Simon, G. T. et
al. (1987). The role of mast cells in inflammatory processes: evidence for nerve mast
cell interactions. Int Arch Allergy Appl Immunol 82: 238-243.
Pang, X., Marchand, J., Sant, G. R., Kream, R. M. and Theoharides, T. C. (1995).
Increased number of substance P positive nerve fibers in interstitial cystitis. Br J Urol
75: 744-750.

122

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[85] Newson, B., Dahlström, A., Enerbäck, L. and Ahlman, H. (1983). Suggestive evidence
for a direct innervation of mucosal mast cells. Neuroscience 10: 565-570.
[86] Stead, R. H., Tomioka, M., Quinonez, G., Simon, G. T., Felten, S. Y. and Bienenstock,
J. (1987). Intestinal mucosal mast cells in normal and nematode-infected rat intestines
are in intimate contact with peptidergic nerves. Proc Natl Acad Sci USA 84: 29752979.
[87] Dvorak, A. M., McLeod, R. S., Onderdonk, A.B., Monahan-Earley, R. A., Cullen, J. B.,
Antonioli, D. A. et al. (1992). Human gut mucosal mast cells: ultrastructural
observations and anatomic variation in mast cell-nerve associations in vivo. Int Arch
Allergy Immunol 98: 158-168.
[88] Letourneau, R., Pang, X., Sant, G. R. and Theoharides, T. C. (1996). Intragranular
activation of bladder mast cells and their association with nerve processes in interstitial
cystitis. Br J Urol 77: 41-54.
[89] Theoharides, T. C. (1996). Mast cell: a neuroimmunoendocrine master player. Int J
Tissue React 18: 1-21.
[90] Theoharides, T. C., Spanos, C. P., Pang, X., Alferes, L., Ligris, K., Letourneau, R. et al.
(1995). Stress-induced intracranial mast cell degranulation. A corticotropin releasing
hormone-mediated effect. Endocrinology 136: 5745-5750.
[91] Blank, U. and Rivera, J. (2004). The ins and outs of IgE-dependent mast-cell
exocytosis. Trends Immunol 25: 266-273.
[92] Kraft, S., Rana, S., Jouvin, M. H. and Kinet, J. P. (2004). The role of the FcepsilonRI
beta-chain in allergic diseases. Int Arch Allergy Immunol 135: 62-72.
[93] Redegeld, F. A. and Nijkamp, F. P. (2005). Immunoglobulin free light chains and mast
cells: pivotal role in T-cell-mediated immune reactions? Trends Immuno.l 24: 181-185.
[94] Kraneveld, A. D., Kool, M., van Houwelingen, A. H., Roholl, P., Solomon, A., Postma,
D. S. et al. (2005). Elicitation of allergic asthma by immunoglobulin free light chains.
Proc Natl Acad Sci USA 102: 1578-1583.
[95] Redegeld, F. A., van der Heijden, M. W., Kool, M., Heijdra, B. M., Garssen, J.,
Kraneveld, A. D. et al. (2002). Immunoglobulin-free light chains elicit immediate
hypersensitivity-like responses. Nat Med 8: 694-701.
[96] Church, M. K., Lowman, M. A., Rees, P. H. and Benyon, R. C. (1989). Mast cells,
neuropeptides and inflammation. Agents Actions 27: 8-16.
[97] Goetzl, E. J., Cheng, P. P. J., Hassner, A., Adelman, D. C., Frick, O. L. and
Speedharan, S. P. (1990). Neuropeptides, mast cells and allergy: novel mechanisms and
therapeutic possibilities. Clin Exp Allergy 20: 3-7.
[98] Foreman, J.C. (1987). Peptides and neurogenic inflammation. Brain Res Bull. 43: 386398.
[99] Swieter, M., Hamawy, M. M., Siraganian, R. P. and Mergenhagen, S. E. (1993). Mast
cells and their microenvironment: the influence of fibronectin and fibroblasts on the
functional repertoire of rat basophilic leukemia cells. J Periodontol 64: 492-496.
[100] Janiszewski, J., Bienenstock, J. and Blennerhassett, M.G. (1994). Picomolar doses of
substance P trigger electrical responses in mast cells without degranulation. Am J
Physiol. 267: C138-C145.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

123

[101] Mousli, M., Hugli, T. E., Landry, Y. and Bronner, C. (1994). Peptidergic pathway in
human skin and rat peritoneal mast cell activation. Immunopharmacol 27: 1-11.
[102] Ali, H., Leung, K. B. P., Pearce, F. L., Hayes, N. A. and Foreman, J. C. (1986).
Comparison of the histamine-releasing action of substance P on mast cells and
basophils from different species and tissues. Int Arch Allergy Appl Immunol 79: 413418.
[103] Matsuda, H., Kawakita, K., Kiso, Y., Nakano, T. and Kitamura, Y. (1989). Substance P
induces granulocyte infiltration through degranulation of mast cells. J Immunol 142:
927-931.
[104] Theoharides, T. C. (1987). Substance P-induced release of brain mast cell nociceptive
mediators. Pain 40, 262. Ref Type: Abstract.
[105] Carraway, R., Cochrane, D. E., Lansman, J. B., Leeman, S. E., Paterson, B. M. and
Welch, H. J. (1982). Neurotensin stimulates exocytotic histamine secretion from rat
mast cells and elevates plasma histamine levels. J Physiol 323: 403-414.
[106] Tal, M. and Liberman, R. (1997). Local injection of nerve growth factor (NGF) triggers
degranulation of mast cells in rat paw. Neurosci Lett 221: 129-132.
[107] De Simone, R., Alleva, E., Tirassa, P. and Aloe, L. (1990). Nerve growth factor
released into the bloodstream following intraspecific fighting induces mast cell
degranulation in adult male mice. Brain Behav Immun 4: 74-81.
[108] Camarda, V., Rizzi, A., Galo, G., Guerrini, R., Salvadori, S. and Regoli, D. (2002).
Pharmacological profile of hemokinin 1: a novel member of the tachykinin family. Life
Sci 71: 363-370.
[109] Seebeck, J., Kruse, M. L., Schmidt-Choudhury, A. and Schmidt, W. E. (1998). Pituitary
adenylate cyclase activating polypeptide induces degranulation of rat peritoneal mast
cells via high-affinity PACAP receptor-independent activation of G proteins. Ann NY
Acad Sci 865: 141-146.
[110] Odum, L., Petersen, L. J., Skov, P. S. and Ebskov, L. B. (1998). Pituitary adenylate
cyclase activating polypeptide (PACAP) is localized in human dermal neurons and
causes histamine release from skin mast cells. Inflamm Res 47: 488-492.
[111] Iikura, M., Suto, H., Kajiwara, N., Oboki, K., Ohno, T., Okayama, Y. et al. (2007). IL33 can promote survival, adhesion and cytokine production in human mast cells. Lab
Invest 87: 971-978.
[112] Moulin, D., Donze, O., Talabot-Ayer, D., Mezin, F., Palmer, G. and Gabay, C. (2007).
Interleukin (IL)-33 induces the release of pro-inflammatory mediators by mast cells.
Cytokine 40: 216-225.
[113] Ho, L. H., Ohno, T., Oboki, K., Kajiwara, N., Suto, H., Iikura, M. et al. (2007). IL-33
induces IL-13 production by mouse mast cells independently of IgE-FcepsilonRI
signals. J Leukocyte Biol 82: 1481-1490.
[114] Ho, L. H., Ohno, T., Oboki, K., Kajiwara, N., Suto, H., Iikura, M. et al. (2007). IL-33
induces IL-13 production by mouse mast cells independently of IgE-Fc{epsilon}RI
signals. J Leukoc Biol 82: 1481-1490.
[115] Allakhverdi, Z., Smith, D. E., Comeau, M. R. and Delespesse, G. (2007). Cutting edge:
The ST2 ligand IL-33 potently activates and drives maturation of human mast cells. J
Immunol 179: 2051-2054.

124

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[116] Liu, Y. (2006). Thymic stromal lymphopoietin: master switch for allergic
inflammation. The Journal of Experimental Medicine 203: 269-273.
[117] Al-Shami, A., Spolski, R., Kelly, J., Keane-Myers, A. and Leonard, W. J. (2005). A
role for TSLP in the development of inflammation in an asthma model. The Journal of
Experimental Medicine 202: 829-839.
[118] Zhou, C.-Y., Comeau, M. R., Smedt, T. D., Light, A. E., Dahl, M. E., Lewis, D. B. et
al. (2005). Thymic stromal lymphopoietin as a key initiator of allergic airway
inflammation in mice. Nat Immunol 6: 1047.
[119] Allakhverdi, Z., Comeau, M. R., Jessup, H. K., yoon, B. P., Breuer, A., Chartier, S. et
al. (2007). Thymic stromal lymphopoietin is released by human epithelial cell in
response to microbes, trauma, or inflammation and potently activates mast cells. J Exp
Med. 19: 253-258.
[120] Cuttitta, F., Pio, R., Garayoa, M., Zudaire, E., Julian, M., Elsasser, T. H. et al. (2002).
Adrenomedullin functions as an important tumor survival factor in human
carcinogenesis. Microsc Res Tech 57: 110-119.
[121] Wong, L. Y., Cheung, B. M., Li, Y. Y. and Tang, F. (2005). Adrenomedullin is both
proinflammatory and antiinflammatory: its effects on gene expression and secretion of
cytokines and macrophage migration inhibitory factor in NR8383 macrophage cell line.
Endocrinology 146: 1321-1327.
[122] Yoshida, M., Yoshida, H., Kitaichi, K., Hiramatsu, K., Kimura, T., Ito, Y. et al. (2001).
Adrenomedullin and proadrenomedullin N-terminal 20 peptide induce histamine
release from rat peritoneal mast cells. Regul Pept 101: 163-168.
[123] Pio, R., Martinez, A., Unsworth, E. J., Kowalak, J. A., Bengoechea, J. A., Zipfel, P. F.
et al. (2001). Complement factor H is a serum-binding protein for adrenomedullin, and
the resulting complex modulates the bioactivities of both partners. J Biol Chem 276:
12292-12300.
[124] Zudaire, E., Martinez, A., Garayoa, M., Pio, R., Kaur, G., Woolhiser, M. R. et al.
(2006). Adrenomedullin is a cross-talk molecule that regulates tumor and mast cell
function during human carcinogenesis. Am J Pathol 168: 280-291.
[125] Liao, L. X. and Granger, D. N. (1996). Role of mast cells in oxidized low-density
lipoprotein-induced microvascular dysfunction. Am J Physiol Heart Circ Physiol 271:
H1795-H1800.
[126] Kelley, J., Hemontolor, G., Younis, W., Li, C., Krishnaswamy, G. and Chi, D. S.
(2006). Mast cell activation by lipoproteins. Methods Mol Biol 315: 341-348.
[127] Patella, V., Bouvet, J. P. and Marone, G. (1993). Protein Fv produced during vital
hepatitis is a novel activator of human basophils and mast cells. J Immunol 151: 56855698.
[128] Genovese, A., Borgia, G., Bouvet, J. P., Detoraki, A., de Paulis, A., Piazza, M. et al.
(2003). Protein Fv produced during viral hepatitis is an endogenous immunoglobulin
superantigen activating human heart mast cells. Int Arch Allergy Immunol 132: 336345.
[129] Marone, G., Rossi, F. W., Detoraki, A., Granata, F., Marone, G., Genovese, A. et al.
(2007). Role of superallergens in allergic disorders. Chem Immunol Allergy 93: 195213.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

125

[130] Ehrenreich, H., Burd, P. R., Rottem, M., Hultner, L., Hylton, J. B., Garfield, M. et al.
(1992). Endothelins belong to the assortment of mast cell-derived and mast cell-bound
cytokines. New Biol 4: 147-156.
[131] Kedzierski, R. M. and Yanagisawa, M. (2001). Endothelin system: the double-edged
sword in health and disease. Annu Rev Pharmacol Toxicol 41: 851-876.
[132] Matsushima, H., Yamada, N., Matsue, H. and Shimada, S. (2004). The effects of
endothelin-1 on degranulation, cytokine, and growth factor production by skin-derived
mast cells. Eur J Immunol 34: 1910-1019.
[133] Maurer, M., Wedemeyer, J., Metz, M., Piliponsky, A. M., Weller, K., Chatterjea, D. et
al. (2004). Mast cells promote homeostasis by limiting endothelin-1-induced toxicity.
Nature 432: 512-516.
[134] Rock, F. L., Hardiman, G., Timans, J. C., Kastelein, R. A. and Bazan, J. F. (1998). A
family of human receptors structurally related to Drosophila Toll. Proc Natl Acad Sci
USA 95: 588-593.
[135] Aderem, A. and Ulevitch, R. J. (2000). Toll-like receptors in the induction of the innate
immune response. Nature 406: 782-787.
[136] Cristofaro, P. and Opal, S. M. (2006). Role of toll-like receptors in infection and
immunity: clinical implications. Drugs 66: 15-29.
[137] Akira, S., Takeda, K. and Kaisho, T. (2001). Toll-like receptors: critical proteins
linking innate and acquired immunity. Nat Immunol 2: 675-680.
[138] Heine, H. and Lien, E. (2003). Toll-like receptors and their function in innate and
adaptive immunity. Int Arch Allergy Immunol 130: 180-192.
[139] Varadaradjalou, S., Feger, F., Thieblemont, N., Hamouda, N. B., Pleau, J. M., Dy, M.
et al. (2003). Toll-like receptor 2 (TLR2) and TLR4 differentially activate human mast
cells. Eur J Immunol 33: 899-906.
[140] McCurdy, J. D., Olynych, T. J., Maher, L. H. and Marshall, J. S. (2003). Cutting edge:
distinct Toll-like receptor 2 activators selectively induce different classes of mediator
production from human mast cells. J Immunol 170: 1625-1629.
[141] Ikeda, R. K., Miller, M., Nayar, J., Walker, L., Cho, J. Y., McElwain, K. et al. (2003).
Accumulation of peribronchial mast cells in a mouse model of ovalbumin allergen
induced chronic airway inflammation: modulation by immunostimulatory DNA
sequences. J Immunol 171: 4860-4867.
[142] Kulka, M., Alexopoulou, L., Flavell, R. A. and Metcalfe, D. D. (2004). Activation of
mast cells by double-stranded RNA: evidence for activation through Toll-like receptor
3. J Allergy Clin Immunol 114: 174-182.
[143] Anthony, M. and Lance, J. W. (1971). Whole blood histamine and plasma serotonin in
cluster headache. Proc Aust assoc Neurol 8: 43-46.
[144] Cairns, J. A. and Walls, A. F. (1996). Mast cell tryptase is a mitogen for epithelial cells.
Stimulation of IL-8 production and intercellular adhesion molecule-1 expression. J
Immunol 156: 275-283.
[145] Masuda, A., Yoshikai, Y., Aiba, K. and Matsuguchi, T. (2002). Th2 cytokine
production from mast cells is directly induced by lipopolysaccharide and distinctly
regulated by c-Jun N-terminal kinase and p38 pathways. J Immunol 169: 3801-3810.

126

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[146] Supajatura, V., Ushio, H., Nakao, A., Akira, S., Okumura, K., Ra, C. et al. (2002).
Differential responses of mast cell Toll-like receptors 2 and 4 in allergy and innate
immunity. J Clin Invest 109: 1351-1359.
[147] Theoharides, T. C., Singh, L. K., Boucher, W., Pang, X., Letourneau, R., Webster, E. et
al. (1998). Corticotropin-releasing hormone induces skin mast cell degranulation and
increased vascular permeability, a possible explanation for its pro-inflammatory effects.
Endocrinology 139: 403-413.
[148] Singh, L. K., Boucher, W., Pang, X., Letourneau, R., Seretakis, D., Green, M. et al.
(1999). Potent mast cell degranulation and vascular permeability triggered by urocortin
through activation of CRH receptors. J Pharmacol Exp Ther. 288: 1349-1356.
[149] Clifton, V. L., Crompton, R., Smith, R. and Wright, I. M. (2002). Microvascular effects
of CRH in human skin vary in relation to gender. J Clin Endocrinol Metab 87: 267-270.
[150] Katsarou-Katsari, A., Singh, L. K. and Theoharides, T. C. (2001). Alopecia areata and
affected skin CRH receptor upregulation induced by acute emotional stress.
Dermatology 203: 157-161.
[151] Papadopoulou, N., Kalogeromitros, D., Staurianeas, N. G., Tiblalexi, D. and
Theoharides, T. C. (2005). Corticotroopin-releasing hormone receptor-1 and histidine
decarboxylase expression in chronic urticaria. J Invest Dermatol 125: 952-955.
[152] Singh, L. K., Pang, X., Alexacos, N., Letourneau, R. and Theoharides, T. C. (1999).
Acute immobilization stress triggers skin mast cell degranulation via corticotropinreleasing hormone, neurotensin and substance P: A link to neurogenic skin disorders.
Brain Behav Immunity 13: 225-239.
[153] Roberts, F. and Calcutt, C. R. (1983). Histamine and the hypothalamus. Neuroscience
9: 721-739.
[154] Kjaer, A., Larsen, P. J., Knigge, U., Jorgensen, H. and Warberg, J. (1998). Neuronal
histamine and expression of corticotropin-releasing hormone, vasopressin and oxytocin
in the hypothalamus: relative importance of H1 and H2 receptors. Eur J Endocrinol 139:
238-243.
[155] Lytinas, M., Kempuraj, D., Kandere, K., Huang, M., Madhappan, B., Christodoulou, S.
et al. (2003). Human mast cells synthesize and secrete corticotropin-releasing hormone
(CRH) which triggers them to secrete IL-6. Endocrinology. Ref Type: In Press
[156] Bethin, K. E., Vogt, S. K. and Muglia, L. J. (2000). Interleukin-6 is an essential,
corticotropin-releasing hormone-independent stimulator of the adrenal axis during
immune system activation. Proc Natl Acad Sci USA 97: 9317-9322.
[157] Stead, R. H., Colley, E. C., Wang, B., Partosoedarso, E., Lin, J., Stanisz, A. et al.
(2006). Vagal influences over mast cells. Auton Neurosci 125: 53-61.
[158] Blandina, P., Fantozzi, R., Mannaioni, P. F. and Masini, E. (1980). Characteristics of
histamine release evoked by acetylcholine in isolated rat mast cells. J Physiol 301: 281293.
[159] Fantozzi, R., Masini, E., Blandina, P., Mannaioni, P. F. and Bani-Sacchi, T. (1978).
Release of histamine from rat mast cells by acetylcholine. Nature 273: 473-474.
[160] Cho, C. H. and Ogle, C. W. (1977). The effects of zinc sulphate on vagal-induced mast
cell changes and ulcers in the rat stomach. Eur J Pharmacol 43: 315-322.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

127

[161] Bani-Sacchi, T., Barattini, M., Bianchi, S., Blandina, P., Branelleschi, S., Fantozzi, R.
et al. (1986). The release of histamine by parasympathetic stimulation in guinea pig
auricle and rat ileum. J Physiol 371: 29-43.
[162] Casale, T. B. and Marom, Z. (1983). Mast cells and asthma. The role of mast cell
mediators in the pathogenesis of allergic asthma. Ann Allergy 51: 2-6.
[163] Christian, E. P., Undem, B. J. and Weinreich, D. (1989). Endogenous histamine excites
neurones in the guinea-pig superior cervical ganglion in vitro. J Physiol 409: 297-312.
[164] Blennerhassett, M. G., Tomioka, M. and Bienenstock, J. (1991). Formation of contacts
between mast cells and sympathetic neurons in vitro. Cell Tissue Res 265: 121-128.
[165] Suzuki, R., Furuno, T., McKay, D. M., Wolvers, D., Teshima, R., Nakanishi, M. et al.
(1999). Direct neurite-mast cell communication in vitro occurs via the neuropeptide
substance P. J Immunol 163: 2410-2415.
[166] Rozniecki, J. J., Dimitriadou, V., Lambracht-Hall, M., Pang, X. and Theoharides, T. C.
(1999). Morphological and functional demonstration of rat dura mast cell-neuron
interactions in vitro and in vivo. Brain Res 849: 1-15.
[167] Rothschild, A. M., Gomes, E. L. and Rossi, M. A. (1991). Reversible rat mesenteric
mast cell swelling caused by vagal stimulation or sham-feeding. Agents Actions 34:
295-301.
[168] Joos, G. F., Pauwels, R. A. and van der Straeten, M. E. (1988). The mechanism of
tachykinin-induced bronchoconstriction in the rat. Am Rev Respir Dis 137: 1038-1044.
[169] Fuder, H., Ries, P. and Schwarz, P. (1994). Histamine and serotonin released from the
rat perfused heart by compound 48/80 or by allergen challenge influence noradrenaline
or acetylcholine exocytotic release. Fundam Clin Pharmacol 8: 477-490.
[170] Gottwald, T., Lhotak, S. and Stead, R. H. (1997). Effect of truncal vagotomy and
capsaicin on mast cells and IgA-positive plasma cells in rat jejunal mucosa.
Neurogastroenterol Motil 9: 25-32.
[171] Barke, K. E. and Hough, L. B. (1993). Opiates, mast cells and histamine release. Life
Sci 53: 1391-1399.
[172] Rottem, M. and Mekori, Y. A. (2005). Mast cells and autoimmunity. Autoimmun Rev 4:
21-27.
[173] Lagunoff, D., Martin, T. W. and Read, G. (1983). Agents that release histamine from
mast cells. Annu Rev Pharmacol Toxicol 23: 331-351.
[174] Dvorak, A. M. (1997). New aspects of mast cell biology. Int Arch Allergy Immunol
114: 1-9.
[175] Hogan, A. D. and Schwartz, L. B. (1997). Markers of mast cell degranulation. Methods
Enzymol 13: 43-52.
[176] Grutzkau, A., Kruger-Krasagakes, S., Baumeister, H., Schwarz, C., Kogel, H., Welker,
P. et al. (1998). Synthesis, storage and release of vascular endothelial growth
factor/vascular permeability factor (VEGF/VPF) by human mast cells: Implications for
the biological significance of VEGF206. Mol Biol Cell 9: 875-884.
[177] Boesiger, J., Tsai, M., Maurer, M., Yamaguchi, M., Brown, L. F., Claffey, K. P. et al.
(1998). Mast cells can secrete vascular permeability factor/vascular endothelial cell
growth factor and exhibit enhanced release after immunoglobulin E-dependent
upregulation of Fce receptor I expression. J Exp Med 188: 1135-1145.

128

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[178] Abdel-Majid, R. M. and Marshall, J. S. (2004). Prostaglandin E2 induces
degranulation-independent production of vascular endothelial growth factor by human
mast cells. J Immunol 172: 1227-1236.
[179] Feoktistov, I., Ryzhov, S., Goldstein, A. E. and Biaggioni, I. (2003). Mast cellmediated stimulation of angiogenesis: cooperative interaction between A2B and A3
adenosine receptors. Circ Res 92: 485-492.
[180] Kempuraj, D., Papadopoulou, N. G., Lytinas, M., Huang, M., Kandere-Grzybowska,
K., Madhappan, B. et al. (2004). Corticotropin-releasing hormone and its structurally
related urocortin are synthesized and secreted by human mast cells. Endocrinology 145:
43-48.
[181] Laham, R. J., Li, J., Tofukuji, M., Post, M., Simons, M. and Sellke, F. W. (2003).
Spatial heterogeneity in VEGF-induced vasodilation: VEGF dilates microvessels but
not epicardial and systemic arteries and veins. Ann Vasc Surg 17: 245-252.
[182] Carraway, R. E., Cochrane, D. E., Boucher, W. and Mitra, S. P. (1989). Structures of
histamine-releasing peptides formed by the action of acid proteases on mammalian
albumin(s). J Immunol 143: 1680-1684.
[183] Cochrane, D. E., Carraway, R. E., Feldberg, R. S., Boucher, W. and Gelfand, J. M.
(1993). Stimulated rat mast cells generate histamine-releasing peptide from albumin.
Peptides 14: 117-123.
[184] Schmidlin, F. and Bunnett, N. W. (2001). Protease-activated receptors: how proteases
signal to cells. Curr Opin Pharmacol 1: 575-582.
[185] Molino, M., Barnathan, E. S., Numerof, R., Clark, J., Dreyer, M., Cumashi, A. et al.
(1997). Interactions of mast cell tryptase with thrombin receptors and PAR-2. J Biol
Chem 272: 4043-4049.
[186] Henderson, W. R. and Kaliner, M. (1978). Immunologic and nonimmunologic
generation of superoxide from mast cells and basophils. J Clin Invest 61: 187-196.
[187] Brooks, A. C., Whelan, C. J. and Purcell, W. M. (1999). Reactive oxygen species
generation and histamine release by activated mast cells:modulation by nitric oxide
synthase inhibition. Br J Pharmacol 128: 585-590.
[188] Swindle, E. J., Metcalfe, D. D. and Coleman, J. W. (2004). Rodent and human mast
cells produce functionally significant intracellular reactive oxygen species but not nitric
oxide. J Biol Chem 279: 48751-48759.
[189] Tsinkalovsky, O. R. and Laerum, O. D. (1994). Flow cytometric measurement of the
production of reactive oxygen intermediate in activated rat mast cells. APMIS 102: 474480.
[190] Wolfreys, K. and Oliveira, D. B. (1997). Alterations in intracellular reactive oxygen
species generation and redox potential modulate mast cell function. Eur J Immunol 27:
297-306.
[191] Yoshimaru, T., Suzuki, Y., Inoue, T., Niide, O. and Ra, C. (2006). Silver activates mast
cells through reactive oxygen species production and a thiol-sensitive storeindependent Ca2+ influx. Free Radic Biol Med 40: 1949-1959.
[192] Cho, S. H., Woo, C. H., Yoon, S. B. and Kim, J. H. (2004). Protein kinase Cdelta
functions downstream of Ca2+ mobilization in FcepsilonRI signaling to degranulation
in mast cells. J Allergy Clin Immunol 114: 1085-1092.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

129

[193] Kim, J. Y. and Ro, J. Y. (2005). Signal pathway of cytokines produced by reactive
oxygen species generated from phorbol myristate acetate-stimulated HMC-1 cells.
Scand J Immunol 62: 25-35.
[194] Kawamura, F., Hirashima, N., Furuno, T. and Nakanishi, M. (2006). Effects of 2methyl-1,4-naphtoquinone (menadione) on cellular signaling in RBL-2H3 cells. Biol
Pharm Bull 29: 605-607.
[195] Brown, J. M., Swindle, E. J., kushnir-Sukhov, N. M., Holian, A. and Metcalfe, D. D.
(2007). Silica-directed mast cell activation is enhanced by scavenger receptors. Am J
Respir Cell Mol Biol 36: 43-52.
[196] Malaviya, R., Ross, E. A., MacGregor, J. I., Ikeda, T., Little, J. R., Jakschik, B. A. et al.
(1994). Mast cell phagocytosis of FimH-expressing enterobacteria. J Immunol. 152:
1907-1914.
[197] Niide, O., Suzuki, Y., Yoshimaru, T., Inoue, T., Takayama, T. and Ra, C. (2006).
Fungal metabolite gliotoxin blocks mast cell activation by a calcium- and superoxidedependent mechanism: implications for immunosuppressive activities. Clin Immunol
118: 108-116.
[198] Swindle, E. J., Coleman, J. W., DeLeo, F. R. and Metcalfe, D. D. (2007). FcepsilonRIand Fcgamma receptor-mediated production of reactive oxygen species by mast cells is
lipoxygenase- and cyclooxygenase-dependent and NADPH oxidase-independent. J
Immunol 179: 7059-7071.
[199] Kanwar, S. and Kubes, P. (1994). Mast cells contribute to ischemia-reperfusioninduced granulocyte infiltration and intestinal dysfunction. Am J Physiol 267: G316G321.
[200] Boros, M., Takaichi, S., Masuda, J., Newlands, G. F. J. and Hatanaka, K. (1995).
Response of mucosal mast cells to intestinal ischemia-reperfusion injury in the rat.
Shock 3: 125-131.
[201] Kimura, T., Fujiyama, Y., Sasaki, M., Andoh, A., Fukuda, M., Nakajima, S. et al.
(1998). The role of mucosal mast cell degranulation and free-radical generation in
intestinal ischaemia-reperfusion injury in rats. Eur J Gastroenterol Hepatol 10: 659666.
[202] Boros, M., Kaszaki, J., Bako, L. and Nagy, S. (1992). Studies on the relationship
between xanthine oxidase and histamine release during intestinal ischemia-reperfusion.
Circ Shock 38: 108-114.
[203] Kurose, I., Argenbright, L. W., Wolf, R., Lianxi, L. and Granger, D. N. (1997).
Ischemia/reperfusion-induced microvascular dysfunction: role of oxidants and lipid
mediators. Am J Physiol 272: H2976-H2982.
[204] Davani, S., Muret, P., Royer, B., Kantelip, B., Frances, C., Millart, H. et al. (2002).
Ischaemic preconditioning and mast cell histamine release: microdialysis of isolated rat
hearts. Pharmacol Res 45: 383-390.
[205] Masini, E., Cuzzocrea, S., Mazzon, E., Marzocca, C., Mannaioni, P. F. and Salvemini,
D. (2002). Protective effects of M40403, a selective superoxide dismutase mimetic, in
myocardial ischaemia and reperfusion injury in vivo. Br J Pharmacol 136: 905-917.

130

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[206] Dimitriadou, V., Buzzi, M. G., Moskowitz, M. A. and Theoharides, T. C. (1991).
Trigeminal sensory fiber stimulation induces morphologic changes reflecting secretion
in rat dura mast cells. Neuroscience 44: 97-112.
[207] Theoharides, T. C., Sant, G. R., El-Mansoury, M., Letourneau, R. J., Ucci, A. A., Jr.
and Meares, E. M., Jr. (1995). Activation of bladder mast cells in interstitial cystitis: a
light and electron microscopic study. J Urol 153: 629-636.
[208] Dvorak, A. M., McLeod, R. S., Onderdonk, A., Monahan-Earley, R. A., Cullen, J. B.,
Antonioli, D. A. et al. (1992). Ultrastructural evidence for piecemeal and anaphylactic
degranulation of human gut mucosal mast cells in vivo. Int Arch Allergy Immunol 99:
74-83.
[209] Kops, S. K., Van Loveren, H., Rosenstein, R. W., Ptak, W. and Askenase, P. W.
(1984). Mast cell activation and vascular alterations in immediate hypersensitivity-like
reactions induced by a T cell derived antigen-binding factor. Lab Invest 50: 421-434.
[210] Van Loveren, H., Kops, S. K. and Askenase, P. W. (1984). Different mechanisms of
release of vasoactive amines by mast cells occur in T cell-dependent compared to IgEdependent cutaneous hypersensitivity responses. Eur J Immunol 14: 40-47.
[211] Kops, S. K., Theoharides, T. C., Cronin, C. T., Kashgarian, M. G. and Askenase, P. W.
(1990). Ultrastructural characteristics of rat peritoneal mast cells undergoing
differential release of serotonin without histamine and without degranulation. Cell
Tissue Res 262: 415-424.
[212] Theoharides, T. C., Bondy, P. K., Tsakalos, N. D. and Askenase, P. W. (1982).
Differential release of serotonin and histamine from mast cells. Nature 297: 229-231.
[213] Benyon, R., Robinson, C. and Church, M. K. (1989). Differential release of histamine
and eicosanoids from human skin mast cells activated by IgE-dependent and nonimmunological stimuli. Br J Pharmacol 97: 898-904.
[214] Levi-Schaffer, F. and Shalit, M. (1989). Differential release of histamine and
prostaglandin D2 in rat peritoneal mast cells activated with peptides. Int Arch Allergy
Appl Immunol 90: 352-357.
[215] van Haaster, C. M., Engels, W., Lemmens, P. J. M. R., Hornstra, G., van der Vusse, G.
J. and Heemskerk, J. W. M. (1995). Differential release of histamine and prostaglandin
D2 in rat peritoneal mast cells; roles of cytosolic calcium and protein tyrosine kinases.
Biochim Biophys Acta 1265: 79-88.
[216] Kandere-Grzybowska, K., Letourneau, R., Kempuraj, D., Donelan, J., Poplawski, S.,
Boucher, W. et al. (2003). IL-1 induces vesicular secretion of IL-6 without
degranulation from human mast cells. J Immunol 171: 4830-4836.
[217] Cao, J., Curtis, C. L. and Theoharides, T. C. (2006). Corticotropin-releasing hormone
induces vascular endothelial growth factor release from human mast cells via the
cAMP/protein kinase A/p38 mitogen-activated protein kinase pathway. Mol
Pharmacol. 69: 998-1006.
[218] Theoharides, T. C., Kempuraj, D., Tagen, M., Conti, P. and Kalogeromitros, D. (2007).
Differential release of mast cell mediators and the pathogenesis of inflammation.
Immunol Rev 217: 65-78.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

131

[219] Valadi, H., Ekstrom, K., Bossios, A., Sjostrand, M., Lee, J. J. and Lotvall, J. O. (2007).
Exosome-mediated transfer of mRNAs and microRNAs is a novel mechanism of
genetic exchange between cells. Nat Cell Biol 9: 654-659.
[220] Raposo, G., Tenza, D., Mecheri, S., Peronet, R., Bonnerot, C. and Desaymard, C.
(1997). Accumulation of major histocompatibility complex class II molecules in mast
cell secretory granules and their release upon degranulation. Mol Biol Cell 8: 26312645.
[221] Skokos, D., Botros, H. G., Demeure, C., Morin, J., Peronet, R., Birkenmeier, G. et al.
(2003). Mast cell-derived exosomes induce phenotypic and functional maturation of
dendritic cells and elicit specific immune responses in vivo. J Immunol 170: 30373045.
[222] Karlsson, M., Lundin, S., Dahlgren, U., Kahu, H., Pettersson, I. and Telemo, E. (2001).
"Tolerosomes" are produced by intestinal epithelial cells. Eur J Immunol 31: 28922900.
[223] Taylor, D. D., Akyol, S. and Gercel-Taylor, C. (2006). Pregnancy-associated exosomes
and their modulation of T cell signaling. J Immunol 176: 1534-1542.
[224] Theoharides, T. C., Sieghart, W., Greengard, P. and Douglas, W. W. (1980).
Antiallergic drug cromolyn may inhibit histamine secretion by regulating
phosphorylation of a mast cell protein. Science 207: 80-82.
[225] Kempna, P., Reiter, E., Arock, M., Azzi, A. and Zingg, J. M. (2004). Inhibition of
HMC-1 mast cell proliferation by vitamin E: involvement of the protein kinase B
pathway. J Biol Chem 279: 50700-50709.
[226] Ricciarelli, R., Tasinato, A., Clement, S., Ozer, N. K., Boscoboinik, D. and Azzi, A.
(1998). alpha-Tocopherol specifically inactivates cellular protein kinase C alpha by
changing its phosphorylation state. Biochem J 334 ( Pt 1): 243-249.
[227] Cachia, O., Benna, J. E., Pedruzzi, E., Descomps, B., Gougerot-Pocidalo, M. A. and
Leger, C. L. (1998). alpha-tocopherol inhibits the respiratory burst in human
monocytes. Attenuation of p47(phox) membrane translocation and phosphorylation. J
Biol Chem 273: 32801-32805.
[228] Chow, C. K. (2001). Vitamin E regulation of mitochondrial superoxide generation. Biol
Signals Recept 10: 112-124.
[229] Brigelius-Flohe, R. (2005). Induction of drug metabolizing enzymes by vitamin E. J
Plant Physiol 162: 797-802.
[230] Azzi, A., Gysin, R., Kempna, P., Munteanu, A., Negis, Y., Villacorta, L. et al. (2004).
Vitamin E mediates cell signaling and regulation of gene expression. Ann N Y Acad Sci
1031: 86-95.
[231] Arici, A., Tazuke, S. I., Attar, E., Kliman, H. J. and Olive, D. L. (1996). Interleukin-8
concentration in peritoneal fluid of patients with endometriosis and modulation of
interleukin-8 expression in human mesothelial cells. Mol Hum Reprod 2: 40-45.
[232] Ishida, S., Kinoshita, T., Sugawara, N., Yamashita, T. and Koike, K. (2003). Serum
inhibitors for human mast cell growth: possible role of retinol. Allergy 58: 1044-1052.
[233] Middleton, E., Jr., Kandaswami, C. and Theoharides, T. C. (2000). The effects of plant
flavonoids on mammalian cells: implications for inflammation, heart disease and
cancer. Pharmacol Rev 52: 673-751.

132

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[234] Kimata, M., Shichijo, M., Miura, T., Serizawa, I., Inagaki, N. and Nagai, H. (2000).
Effects of luteolin, quercetin and baicalein on immunoglobulin E-mediated mediator
release from human cultured mast cells. Clin Exp Allergy 30: 501-508.
[235] Kempuraj, D., Madhappan, B., Christodoulou, S., Boucher, W., Cao, J., Papadopoulou,
N. et al. (2005). Flavonols inhibit proinflammatory mediator release, intracellular
calcium ion levels and protein kinase C theta phosphorylation in human mast cells. Br J
Pharmacol 145: 934-944.
[236] Alexandrakis, M. G., Letourneau, R., Kempuraj, D., Kandere, K., Huang, M.,
Christodoulou, S. et al. (2003). Flavones inhibit proliferation and increase mediator
content in human leukemic mast cells (HMC-1). Eur J Haematol 71: 448-454.
[237] Theoharides, T. C., Patra, P., Boucher, W., Letourneau, R., Kempuraj, D., Chiang, G. et
al. (2000). Chondroitin sulfate inhibits connective tissue mast cells. Br J Pharmacol
131: 1039-1049.
[238] Choi, I. Y., Jung, H. S., Kim, H. R., Lee, E. J., Lee, E. H., Shin, T. Y. et al. (2004).
OK205 regulates production of inflammatory cytokines in HMC-1 cells. Biol Pharm
Bull 27: 1871-1874.
[239] Inase, N., Schreck, R. E. and Lazarus, S. C. (1993). Heparin inhibits histamine release
from canine mast cells. Am J Physiol 264: L387-L390.
[240] Phillips, G. D., Pickering, E. C. and Wilkinson, K. (1975). Renal responses of the cow
to alteration of the dietary intake of nitrogen and sodium chloride. J Physiol 245: 95P96P.
[241] Conti, P., Kempuraj, D., Kandere, K., Gioacchino, M. D., Barbacane, R. C.,
Castellani, M. L. et al. (2003). IL-10, an inflammatory/inhibitory cytokine, but not
always. Immunol Lett 86: 123-129.
[242] Gebhardt, T., Lorentz, A., Detmer, F., Trautwein, C., Bektas, H., Manns, M. P. et al.
(2005). Growth, phenotype, and function of human intestinal mast cells are tightly
regulated by transforming growth factor beta1. Gut 54: 928-934.
[243] Gomez, G., Ramirez, C. D., Rivera, J., Patel, M., Norozian, F., Wright, H. V. et al.
(2005). TGF-beta1 inhibits mast cell FceRI expression. J Immunol 174: 5987-5993.
[244] Saavedra, Y. and Vergara, P. (2003). Somatostatin inhibits intestinal mucosal mast cell
degranulation in normal conditions and during mast cell hyperplasia. Regul Pept 111:
67-75.
[245] Tang, C., Lan, C., Wang, C. and Liu, R. (2005). Amelioration of the development of
multiple organ dysfunction syndrome by somatostatin via suppression of intestinal
mucosal mast cells. Shock 23: 470-475.
[246] Kassessinoff, T. A. and Pearce, F. L. (1988). Histamine secretion from mast cells
stimulated with somatostatin. Agents Actions 23: 211-213.
[247] Grisham, M. B., Jourd'Heuil, D. and Wink, D. A. (1999). Nitric oxide. I. Physiological
chemistry of nitric oxide and its metabolites:implications in inflammation. Am J
Physiol. 276: G315-G321.
[248] Ray, A., Chakraborti, A. and Gulati, K. (2007). Current trends in nitric oxide research.
Cell Mol Biol (Noisy -le-grand) 53: 3-14.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

133

[249] Bidri, M., Feger, F., Varadaradjalou, S., Ben, H. N., Guillosson, J. J. and Arock, M.
(2001). Mast cells as a source and target for nitric oxide. Int Immunopharmacol 1:
1543-1558.
[250] Eastmond, N. C., Banks, E. M. and Coleman, J. W. (1997). Nitric oxide inhibits IgEmediated degranulation of mast cells and is the principal intermediate in IFN-gammainduced suppression of exocytosis. J Immunol 159: 1444-1450.
[251] Deschoolmeester, M. L., Eastmond, N. C., Dearman, R. J., Kimber, I., Basketter, D. A.
and Coleman, J. W. (1999). Reciprocal effects of interleukin-4 and interferon-gamma
on immunoglobulin E-mediated mast cell degranulation: a role for nitric oxide but not
peroxynitrite or cyclic guanosine monophosphate. Immunology 96: 138-144.
[252] Masini, E., Salvemini, D., Ndisang, J. F., Gai, P., Berni, L., Moncini, M. et al. (1999).
Cardioprotective activity of endogenous and exogenous nitric oxide on ischaemia
reperfusion injury in isolated guinea pig hearts. Inflamm Res 48: 561-568.
[253] Masini, E., Gambassi, F., Bianchi, S., Mugnai, L., Lupini, M., Pistelli, A. et al. (1991).
Effect of nitric oxide generators on ischemia-reperfusion injury and histamine release
in isolated perfused guinea pig heart. Int Arch Allergy Appl Immunol 94: 257-258.
[254] Jorens, P. G., van Overveld, F. J., Bult, H., Vermeire, P. A. and Herman, A. G. (1993).
Muramyldipeptide and granulocyte-macrophage colony-stimulating factor enhance
interferon-gamma-induced nitric oxide production by rat alveolar macrophages. Agents
Actions 38: 100-105.
[255] Wills, F. L., Gilchrist, M. and Befus, A. D. (1999). Interferon-gamma regulates the
interaction of RBL-2H3 cells with fibronectin through production of nitric oxide.
Immunology 97: 481-489.
[256] Gilchrist, M., McCauley, S. D. and Befus, A. D. (2004). Expression, localization, and
regulation of NOS in human mast cell lines: effects on leukotriene production. Blood
104: 462-469.
[257] Sekar, Y., Moon, T. C., Munoz, S. and Befus, A. D. (2005). Role of nitric oxide in mast
cells: controversies, current knowledge, and future applications. Immunol Res 33: 223239.
[258] Coleman, J. W. (2002). Nitric oxide: a regulator of mast cell activation and mast cellmediated inflammation. Clin Exp Immunol 129: 4-10.
[259] Inoue, T., Suzuki, Y., Yoshimaru, T. and Ra, C. (2008). Nitric oxide protects mast cells
from activation-induced cell death: the role of the phosphatidylinositol-3 kinase-Aktendothelial nitric oxide synthase pathway. J Leukoc Biol.
[260] Parikh, V. and Singh, M. (2001). Possible role of nitric oxide and mast cells in
endotoxin-induced cardioprotection. Pharmacol Res 43: 39-45.
[261] Patella, V., de Crescenzo, G., Ciccarelli, A., Marino, I., Adt, M. and Marone, G.
(1995). Human heart mast cells: a definitive case of mast cell heterogeneity. Int Arch
Allergy Immunol 106: 386-393.
[262] Kovanen, P. T. (2007). Mast cells: multipotent local effector cells in atherothrombosis.
Immunol Rev 217: 105-122.
[263] Frangogiannis, N. G. (2007). Chemokines in ischemia and reperfusion. Thromb
Haemost 97: 738-747.

134

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[264] Forman, M. B., Oates, J. A., Robertson, D., Robertson, R. M., Roberts, L. J., II and
Virmani, R. (1985). Increased adventitial mast cells in a patient with coronary spasm. N
Engl J Med 313: 1138-1141.
[265] Kaartinen, M., Penttilä, A. and Kovanen, P. T. Accumulation of activated mast cells in
the shoulder region of human coronary atheroma, the predilection site of atheromatous
rupture. Circulation 1994; 90: 1669-1678.
[266] Constantinides, P. Infiltrates of activated mast cells at the site of coronary atheromatous
erosion or rupture in myocardial infarction. Circulation 1995; 92: 1083-1088.
[267] Laine, P., Kaartinen, M., Penttilä, A., Panula, P., Paavonen, T. and Kovanen, P. T.
Association between myocardial infarction and the mast cells in the adventitia of the
infarct-related coronary artery. Circulation 1999; 99: 361-369.
[268] Lee, M., Kovanen, P. T., Tedeschi, G., Oungre, E., Franceschini, G. and Calabresi, L.
Apolipoprotein composition and particle size affect HDL degradation by chymase:
effect on cellular cholesterol efflux. J Lipid Res2003; 44: 539-546.
[269] Lee, M., Calabresi, L., Chiesa, G., Franceschini, G. and Kovanen, P. T. Mast cell
chymase degrades apoE and apoA-II in apoA-I-knockout mouse plasma and reduces its
ability to promote cellular cholesterol efflux. Arterioscler Thromb Vasc Biol 2002; 22:
1475-1481.
[270] Kovanen, P. T. Mast cells in human fatty streaks and atheromas: Implications for
intimal lipid accumulation. Curr Opin Lipidol 1`996; 7: 281-286.
[271] Lindstedt, L., Lee, M., Castro, G. R., Fruchart, J. C. and Kovanen, P. T. Chymase in
exocytosed rat mast cell granules effectively proteolyzes apolipoprotein AI-containing
lipoproteins, so reducing the cholesterol efflux-inducing ability of serum and aortic
intimal fluid. J Clin Invest 1996; 97: 2174-2182.
[272] von Eckardstein, A., Nofer, J. R. and Assmann, G. High density lipoproteins and
arteriosclerosis. Role of cholesterol efflux and reverse cholesterol transport.
Arterioscler Thromb Vasc Biol 2001; 21: 13-27.
[273] Gristwood, R. W., Lincoln, J. C., Owen, D. A. and Smith, I. R. Histamine release from
human right atrium. Br J Pharmacol 1981; 74: 7-9.
[274] Genovese, A. and Spadaro, G. Highlights in cardiovascular effects of histamine and
H1-receptor antagonists. Allergy 1997; 52: 67-78.
[275] Doggrell, S. A. and Wanstall, J. C. Cardiac chymase: pathophysiological role and
therapeutic potential of chymase inhibitors. Can J Physiol Pharmacol 2005; 83: 123130.
[276] Doggrell, S. A. and Wanstall, J. C. Vascular chymase: pathophysiological role and
therapeutic potential of inhibition. Cardiovasc Res 2004; 61: 653-662.
[277] Silver, R. B., Reid, A. C., Mackins, C. J., Askwith, T., Schaefer, U., Herzlinger, D. et
al. Mast cells: A unique source of renin. Proc Natl Acad Sci USA 2004; 101: 1360713612.
[278] Kano, S., Tyler, E., SAlazar-Rodriguez, M., Estephan, R., Mackins, C.J., Veerappan,
A., et al. Immediate hypersensitivity elicits renin release from cardiac mast cells. Int
Arch Immunol. 2008; 146: 71-75
[279] Dell'Italia, L. J., Meng, Q. C., Balcells, E., Wei, C. C., Palmer, R., Hageman, G. R. et
al. Compartmentalization of angiotensin II generation in the dog heart. Evidence for

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

135

independent mechanisms in intravascular and interstitial spaces. J Clin Invest 1997;
100: 253-258.
[280] Mackins, C. J., Kano, S., Seyedi, N., Schafer, U., Reid, A. C., Machida, J. et al. Cardiac
mast cell-derived renin promotes local angiotensin formation, norepinephrine release,
and arrhythmias in ischemia-reperfusion. J Clin Invest 2006; 116: 1063-1070.
[281] Deedwania, P. C. Mental stress, pain perception and risk of silent ischemia. JACC
1995; m 25: 1504-1506.
[282] Freeman, L. J., Nixon, P. G. F., Sallabank, P. and Reaveley, D. Psychological stress
and silent myocardial ischemia. Am Heart J 1987; 114: 477-482.
[283] Deanfield, J. E., Shea, M., Kensett, M., Horlock, P., Wilson, R. A., deLandsheere, C.
M. et al. Silent myocardial ischaemia due to mental stress. Lancet 1984; 2: 1001-1005.
[284] Rozanski, A., Bairey, C. N., Krantz, D. S., Friedman, J., Resser, K. J., Morell, M. et al.
Mental stress and the induction of silent myocardial ischemia in patients with coronary
artery disease. N Engl J Med 1988; 318: 1005-1012.
[285] Pang, X., Alexacos, N., Letourneau, R., Seretakis, D., Gao, W., Cochrane, D. E. et al.
A neurotensin receptor antagonist inhibits acute immobilization stress-induced cardiac
mast cell degranulation, a corticotropin-releasing hormone-dependent process. J Pharm
and Exp Therap 1998; 287: 307-314.
[286] Clejan, S., Japa, S., Clemetson, C., Hasabnis, S. S., David, O. and Talano, J. V. Blood
histamine is associated with coronary artery disease, cardiac events and severity of
inflammation and atherosclerosis. J Cell Mol Med 2002; 6: 583-592.
[287] Suzuki, M., Inaba, S., Nagai, T., Tatsuno, H. and Kazatani, Y. Relation of C-reactive
protein and interleukin-6 to culprit coronary artery plaque size in patients with acute
myocardial infarction. Am J Cardiol 2003; 91: 331-333.
[288] Huang, M., Pang, X., Letourneau, L., Boucher, W. and Theoharides, T. C. Acute stress
induces cardiac mast cell activation and histamine release, effects that are increased in
apolipoprotein E knockout mice. Cardiovasc Res 2002; 55: 150-160.
[289] Huang, M., Pang, X., Karalis, K. and Theoharides, T. C. Stress-induced interleukin-6
release in mice is mast cell-dependent and more pronounced in Apolipoprotein E
knockout mice. Cardiovasc Res 2003; 59: 241-249.
[290] Deliargyris, E. N., Raymond, R. J., Theoharides, T. C., Boucher, W. S., Tate, D. A. and
Dehmer, G. J. Sites of interleukin-6 release in patients with acute coronary syndromes
and in patients with congestive heart failure. Am J Cardiol 2000; 86: 913-918.
[291] Kounis, N. G. and Zavras, G. M. Allergic angina and allergic myocardial infarction.
Circulation 1996; 94: 1789.
[292] Kounis, N. G., Grapsas, N. D. and Goudevenos, J. A. Unstable angina, allergic angina,
and allergic myocardial infarction. Circulation 1999; 100: e156.
[293] Kounis, N. G., Hahalis, G. and Theoharides, T. C. Coronary stents, hypersensitivity
reactions and the Kounis syndrome. J Interv Cardiol 2007; 20: 314-323.
[294] Beltowski, J. and Jamroz, A. Adrenomedullin--what do we know 10 years since its
discovery? Pol J Pharmacol 2004; 56: 5-27.
[295] Belloni, A. S., Petrelli, L., Guidolin, D., De, T. R., Bova, S., Spinazzi, R. et al.
Identification and localization of adrenomedullin-storing cardiac mast cells. Int J Mol
Med 2006; 17: 709-713.

136

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[296] Schmidt, H. D. and Brunner, H. Ascending choledochal papillomatosis (author's transl).
MMW Munch Med Wochenschr 1976; 118: 163-166.
[297] Marquardt, D. L., Parker, C. W. and Sullivan, T. J. Potentiation of mast cell mediator
release by adenosine. J Immunol 1978; 120: 871-878.
[298] Feoktistov, I. and Biaggioni, I. Adenosine A2b receptors evoke interleukin-8 secretion
in human mast cells - An enprofylline-sensitive mechanism with implications for
asthma. J Clin Invest 1995; 96: 1979-1986.
[299] Feoktistov, I., Ryzhov, S., Goldstein, A. E. and Biaggioni, I. Mast cell-mediated
stimulation of angiogenesis: cooperative interaction between A2B and A3 adenosine
receptors. Circ Res 2003; 92: 485-492.
[300] Fozard, J. R., Pfannkuche, H. J. and Schuurman, H. J. Mast cell degranulation
following adenosine A3 receptor activation in rats. Eur J Pharmacol 1996; 298: 293297.
[301] Cerniway, R. J., Yang, Z., Jacobson, M. A., Linden, J. and Matherne, G. P. Targeted
deletion of A(3) adenosine receptors improves tolerance to ischemia-reperfusion injury
in mouse myocardium. Am J Physiol Heart Circ Physiol 2001; 281: H1751-H1758.
[302] Takase, B., Maruyama, T., Kurita, A., et al Arachidonic acid metabolites in acute
myocardial infarction. Angiology, 1996; 47:649-61.
[303] Deliargyris, E.N., Raymond, R.J., Theoharides, T.C., Boucher, W.S., Tate, D.A., and
Dehmer, G.J. Sites of interleukin-6 release in patients with acute coronary syndromes
and in patients with congestive heart failure. Am J Cardiol. 2000; 86:913-8.
[304] Huang, M., Pang, X., Karalis, K., and Theoharides, T.C. Stress-induced interleukin-6
release in mice is mast cell-dependent and more pronounced in Apolipoprotein E
knockout mice. Cardiovasc Res. 2003; 59:241-9.
[305] Filipiak, K.J., Tarchsalska-Krynska, B., Opolski, G., et al. Tryptase levels in patients
with acute coronary syndromes: the potential new marker in unstable plaque? Clin
Cardiol. 2003; 26:366-72.
[306] Deliargyris, E.N., Upadhya, B., Sane, D.C., et al. Mast cell tryptase: a new biomarker
in patients with stable coronary artery disease. Atherosclerosis, 2005; 178:38l-6.
[307] Kaartinen, M., Penttila, A. and Kovanen, P.T. Accumulation of activated mast cells in
the shoulder region of human coronary atheroma, the prediction site of atheromatous
rupture. Circulation, 1994; 90: 1669-78.
[308] Kovanen, P.T., Kaartinen, M. and Paavonen, T. Infiltrates of activated mast cells at the
site of coronary atheromatous erosion or rupture in myocardial infarction. Circulation,
1995; 92:1083-8.
[309] Irani, A.A., Nilsson, G., Miettinen, U., et al. Recombinant human stem cell factor
stimulates differentiation of mast cells from dispersed human fetal liver cells. Blood,
1992; 80:3009-21.
[310] Vatent, P., Spanbloshe, E., Sperr, W.R., et al. Induction of differentiation of human
mast cells from bone marrow and peripheral blood mononuclear cells by recombinant
human stem cell factor (CSF)/kit ligand (KL) in long-term culture. Blood, 1992; 80:
2337-2245.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

137

[311] Sakata, V., Komamura, K., Hirayama, A., et al. Elevation of plasma histamine
concentration in the coronary circulation in patients with variant angina. Am J Cardiol.
1996; 77:1121-6.
[312] Cuculo, A., Summaria, F., Schiavino, D., et al. Tryptase levels are elevated during
spontaneous ischemic episodes in unstable angina but not after ergonovine test in
variant angina. Cardiologia, 1998; 43:189-93.
[313] Cipollone, F., Ganci, A.A., Greco, M., et al. Modulation of aspirin-insensitive
eicosanoid biosynthesis by 6-methylprednisolone in unstable angina. Circulation, 2003;
107:55-61.
[314] Fisher, M.M. Clinical observations on the pathophysiology and treatment of
anaphylactic cardiovascular collapse. Anaesth Intensive Care, 1986; 14:17-21.
[315] Schummer, W., Schummer, C., Wippennan, J., and Fuchs, J. Anaphylactic shock: is
vasopressin the drug of choice? Anesthesiology, 2004; 101: 1025-7.
[316] Heytman, M. and Rainbird, A. Use of alpha-agonists for management of anaphylaxis
occurring under anaesthesia: case studies and review. Anaesthesia, 2004; 9:1210-5.
[317] Fahmy, N.R. Hemodynamics, plasma histamine and catecholamine concentrations
during an anaphylactoid reaction to morphine. Anesthesiology, 1981; 55:329-31.
[318] van der Linden, P.W., Struyvenberg, A., Kraaijenhagen, R.J., Hack, C.E., and van der
Zwang, J.K. Anaphylactic shock after insect-sting challenge in 138 persons with a
previous insect-sting reaction. Ann Ιntern Med. 1993; 118:161-8.
[319] Hermann, K., Rittweger, R. and Ring, J. Urinary excretion of angiotensin I, II, arginine
vasopressin and oxytocin in patients with anaphylactoid reactions. Clin Exper Allergy,
1992; 22:845-53.
[320] Hanashiro, R.K. and Weil, M.H. Anaphylactic shock in man: report of two cases with
detailed hemodynamics and metabolic studies. Arch Intern Med. 1967; 119:129-40.
[321] Brown, S.G.A. Cardiovascular aspects of anaphylaxis: implications for treatment and
diagnosis. Curr Opin Allergy Immunol. 2005; 5: 359-64.
[322] Wittstein, I.S., Thiermann, D.R., Lima, J.A, et al. Neurohumoral features of myocardial
stunning due to sudden emotional stress. N Engl J Med. 2005; 352:539-538.
[323] Felix, S.B., Baumann, G. and Berdel, W.E. Systemic anaphylaxis separation of cardiac
reactions from respiratory and peripheral vascular events. Res Exp Med. 1990; 190:23952.
[324] Levi, R. Cardiac anaphylaxis: models, mediators, mechanisms, and clinical
considerations. In: Marone G, Lichtenstein LM, Condorelli M, Fauci AS, editors.
Human Inflammatory Disease Clinical Immunology, vol 1. Toronto: Decker; 1988. p.
93-105.
[325] Zavecz, J.H. and Levi, R. Separation of primary and secondary cardiovascular events in
systemic anaphylaxis. Circ Res. 1977; 40:15-9.
[326] Vigorito, C., Poto, S., Picotti, G.B., Triggiani, M., and Marone, G. Effect of activetion
of HI receptor on coronary hemodynamics in man. Circulation, 1986; 73:1175-82.
[327] Bristow, M.R., Ginsburg, R. and Harisson, D.C. Histamine and the human heart: the
other receptor system. Am J Cardiol. 1982; 49:249-51.
[328] Mitsuhata, H., Shimizu, R. and Yokoyama, M.M. Role of nitric oxide in anaphylactic
shock. J Clin Immunol. l995; 15:277-83.

138

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[329] Palmer, R.M.J., Ferrige, A.G., and Moncada, S. Nitric oxide release accounts for the
biological activity of endothelium derived relaxing factor. Nature, 1987; 27:524-6.
[330] Kemp, S.F. and Lockey, R.F. Anaphylaxis: a review of causes and mechanisms. J
Allergy Clin Immunol. 2002; 110:341 -8.
[331] Mink, S., Becker, A., Sharma, S., Unruh, H., Duke, K., and Kepron, W. Role of
autacoids in cardiovascular collapse in anaphylactic shock in anesthetized dogs.
Cardiovasc Res. 1999; 43:173-82.
[332] Hofstra, C.L., Desai, P.I., Thurmond, R.L., and Fung-Leung, W.P. Histamine H4
receptor mediates chemotaxis and calcium mobilization of mast cells. J Pharmacol Exp
Ther. 2003; 305:1212-21.
[333] O’Reilly, M., Alpert, R., Jenkinson, S., et al. Identification of a histamine H4 receptor
on human eosinophil-role in eosinophil chemotaxis. J Recept Signal Transduct Res.
2002; 22:431 -48.
[334] Ling, P., Ngo, K., Nguyen, S., et al Histamine H4 receptor mediates eosinophil
chemotaxis with cell shape change and adhesion molecule upregulation. Brit J
Pharmacol. 2004; 142:161-71.
[335] Gantner, F., Sakai, K., Tusche, M.W., Cruikabank, W.W., Center, D.M., and Bacon,
K.B. Histamine h(4) and h(2) receptors control histamine-induced interleukin-16
release from human CD8(+) t cells. J Pharmacol Exp Ther. 2002; 303:300-7.
[336] Bousquet, J., Chanez, P., Lacoste, J.Y., et al. Eosinophilic inflammation in asthma. N
Engl J Med. 1990; 23:1033-9.
[337] Macfarlane, A.J., Kon, O.M., Smith, S.J., et al Basophils, eosinophils and mast cells in
atopic and nonatopic asthma and in late-phase allergic reactions in the lung and skin. J
Allergy Clin Immunol. 2000; 10S:99-107.
[338] Burks, W., Bannon, G.A., Sicheter, S., and Sampson, H.A. Peanut-induced
anaphylactic reactions. Int Arch Allergy Immunol. 1999; 119:165-72.
[339] Brown, S.G.A., Blackman, K.E., Stenlake V, and Heddle, R.J. Insect sting anaphylaxis;
prospective evaluation of treatment with intravenous adrenaline and volume
resuscitation. Emerg Med J. 2004; 21:149 -54.
[340] Laxenaire, M.C. and Metres, P.M. Anaphylaxis during anaesthesia: results of a twoyear survey in France. Br J Anaesth 2001; 87:549-58.
[341] Helbling, A., Humi, T., Mueller, U.R. and Pichler, W.J. Incidence of anaphylaxis with
circulatory symptoms: a study over a 3-year period comprising 940.000 inhabitants of
the Swiss Canton Bern. Clin Exp Allergy, 2004; 4:285-90.
[342] Pfister, C.W. and Plice, S.G. Acute myocardial infarction during a prolonged allergic
reaction to penicillin. Am Heart J. 1950; 40:945-7.
[343] Johnston, S.L., Unsworth, J. and Gompels, M.M. Adrenaline given outside the context
of life threatening allergic reactions. BMJ, 2003; 326: 589-90.
[344] Saadeh, A.M. Case report: acute myocardial infarction complicating a viper bite. Am J
Trop Med Hyg. 2001; 64:280-2.
[345] Criqui, M.H., Lee, E.R., Hamburger, R.N., Klauber, M.R., and Coughli, S.S. IgE and
cardiovascular disease. Results from a population-based study. Am J Med. 1987;
82:964-8.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

139

[346] Masini, E., Di Bello, M.G., Raspanti, S., Bani Sacchi, T., Maggi, E., and Mannaioni,
P.F. Platelet aggregation and histamine release by immunological stimuli,
hnmunopharmacology 1994;28:19-29.
[347] Masini, E., Di Bello, M.G., Cappugi, P., Bemi, L., Mirabella, C., and Mannaioni, P.F.
Platelet aggregation and platelet histamine release by immunological stimulation in
atopic patients: modulation by nitric oxide. Infamm Res. 1997; 46 (Suppl 1):S81-2.
[348] Mori, E., Iceda, H., Ueno, T., et al Vasospastic angina induced by nonsteroidal antiinflammatory drugs. Clin Cardiol. 1997; 20:656-8.
[349] Brown, S.G.A. Clinical features and severity grading of anaphylaxis. J Allergy Clin
Immunol. 2004;114:371 -6.
[350] Ginsburg, R., Bristow, M.R., Kantrowitz, N., Bain, D.S., and Harrison, D.C. Histamine
provocation of clinical coronary artery spasm: implications concerning pathogenesis of
variant angina pectoris. Am Heart J. 1981; 102:819-22.
[351] Iakovou, I., Schmidt, T., Bonizzoni, E., Ge, L., Sangiorgi, G.M., Stankovic, G., Airoldi,
F., Chieffo, A., Montorfano, M., Carlino, M., Michev, I., Corvaja, N., Briguori, C.,
Gerckens, U., Grube, E., and Colombo, A. Incidence, predictors, and outcome of
thrombosis after successful implantation of drug-eluting stents. JAMA, 2005; 293:
2126-213.
[352] Joner, M., Finn, A.V., Farb, A., Mont, E.K., Kolodgie, F.D., Ladich, E., Kutys, R.,
Skorija, K., Gold, H.K., and Virmani, R. Pathology to drug-eluting stents in humans.
Delayed healing and late thrombotic risk. J Am Coll Cardiol. 2006; 48: 193-202.
[353] Cutlip, D.E., Baim, D.S., Ho, K.K., Popma, J.J., Lansky, A.J., Cohen, D.J., Carrozza,
J.P., Jr., Chauhan, M.S., Rodriguez, O., and Kuntz, R.E. Stent thrombosis in the
modern era: A pooled analysis of multicenter coronary stent trials. Circulation, 2001;
103: 1967-1971.
[354] Nordmann, A.J., Briel, M. and Bucher, H.C. Mortality in randomized controlled trials
comparing drug-eluting vs. metal stents in coronary artery disease: a meta-analysis. Eur
Heart J. 2006; 27: 2784-2814.
[355] Pfisterer, M.E., Brunner-La Rocca, H.P., Buser, P.T., Rickenbacher, P., Hunziker, P.,
Mueller, C., Jeger, R., Bader, F., Osswald, S., and Kaiser, C. BASKET-LATE
Investigators. Late clinical events after clopidogrel discontinuation may limit the
benefit of drug-eluting stents. An observational study of drug-eluting versus bare-metal
stents. J Am Coll Cardiol. 2006; 48: 2584-2591.
[356] Camenzind, E., Steng, P.G. and Wijns, W. A meta-analysis of first generation drug
eluting stent programs. Presented at Hotline Session I, World Congress of Cardiology
2006, Barcelona, September 2-5, 2006. abstract
[357] FDA
statement
on
coronary
drug-eluting
stents.http://www.fda.gov/cdrh/news/010407.html.
[358] Spaulding, C., Daemen, J., Boersma, E., Cutlip, D.E., and Serruys, P.W. A pooled
analysis of data comparing sirolimus-eluting stents with bare-metal stents. N Engl J
Med. 2007; 356: 989-997.
[359] Stone, G.W., Moses, J.W., Ellis, S.G., Schofe, J., Dawkins, K.D., Morice, M.C.,
Colombo, A., Schampaert, E., Grude, E., Kirtane, A.J., Cutlip, D.E., Fahy, M., Pocock,

140

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

S.J., Mehran, R., and Leon, M.B. Safety and efficacy of sirolimus-and paclitaxeleluting stents. N Engl J Med. 2007; 356: 998-1008.
[360] Kastrati, A., Mehilli, J., Pache, J., Kaiser, C., Valgimigli, M., Kelbaek, H., Menichelli,
M., Sabate, M., Suttorp, M.J., Baumgart, D., Seyfarth, M., Pfisterer, M.E., and
Schomig, A. Analysis of 14 trials comparing sirolimus-eluting stents with bare-metal
stents. N Engl J Med. 2007; 356: 1030-1039.
[361] Lagerqvist, B., James, S.K., Stenestrand, U., Lindback, J., Nilsson, T., and Wallentin,
L. Long-term outcomes with drug-eluting stents versus bare-metal stents. N Engl J
Med. 2007; 356: 1009-1019.
[362] Luscher, T.F., Steffel, J., Eberli, F.R., Joner, M., Nakazawa, G., Tanner, F.C., and
Virmani, R. Drug-eluting stent and coronary thrombosis. Biological mechanisms and
clinical implications. Circulation, 2007; 115: 1051-1058.
[363] Cutlip, D.E., Windecker, S., Mehran, R., et al. Clinical end points in coronary stent
trials: a case for standardise definitions. Circulation, 2007; 115: 2344-2351.
[364] Farb, A., Burke, A.P., Kolodgie, F.D., and Virmani, R. Pathological mechanisms of
fatal late coronary stent thrombosis in humans. Circulation, 2003; 108: 1701-1706.
[365] Kounis, N.G., Kounis, G.N. and Kouni, S.N. Coronary-artery stents, N Engl J Med.
2006; 354: 2076-2077.
[366] Kounis, N.G., Kounis, G.N., Kouni, S.N., Niarchos, C., and Mazarakis, A. Allergic
reactions following implantation of drug-eluting stents: A manifestation of Kounis
syndrome? J Am Coll Cardiol. 2006; 48: 592-593.
[367] Manufacturer and User Facility Device Experience Database. Rockville.MD: Food and
Drug Administration, 2004.
[368] Bennett, C.L., Nebeker, J.R., Lyons, E.A., Samore, M.H., Feldman, M.D., McKoy,
J.M., Casron, K.R., Belknap, S.M., Trifilio, S.M., Schumock, G.T., Yarnold, P.R.,
Davidson, C.J., Evens, A.M., Kuzel T.M., Parada, J.P., Cournoyer, D., West, D.P.,
Sartor, O., Tallman, M.S., and Raisch, D.W. The Research on Adverse Drug Events
and Reports (RADAR) project. JAMA, 2005; 293: 2131-2140.
[369] Nebeker, J.R., Virmani, R., Bennet, C.L., Hoffman, J.M., Samore, M.H., Alvarez, J.,
Davidson, C.J., McKoy, J.M., Raisch, D.W., Whisenant, B.K., Yarnold, P.R., Belknap,
S.M., West, D.P., Gage, J.E., Morse, R.E., Gligoric, G., Davidson, L., and Feldman,
M.D. Hypersensitivity cases associated with drug-eluding stents. A review of available
cases from the research on adverse drug events and reports (RADAR) project. J Am
Coll Cardiol. 2006; 47: 175-181.
[370] Azarbal, B. and Currier, J.W. Allergic reactions after the implantation of drug-eluding
stents. J Am Coll Cardiol. 2006; 47: 182-183.
[371] Rana, J.S. and Sheikh, J. Serum sickness-like reactions after placement of sirolimus –
eluting stents. Ann allergy Asthma Immunol. 2007; 98: 201202.
[372] Kim, J.W., Park, C.G., Seo, H.S., Oh, D.J. Delayed severe multivessel spasm and
aborted sudden death after Taxus stent implantation. Heart. 2005; 91: e15.
[373] Togni, M., Winddecker, S., Cocchia, R., Wenaweser, P., Cook, S.,Billinger, M., Meier,
B., and Hess, O.M. Sirolimus-eluting stents associated with paradoxic coronary
vasoconstriction. J Am Coll Cardiol. 2005;46: 231-236

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

141

[374] Wheatcroft, S.W., Byrne, J., Thomas, M., and MacCarthy, P. Life-threatening coronary
artery spasm following sirolimus-eluting stent deployment. J Am Coll Cardiol. 2006;
47: 1911-1912.
[375] Maekawa, K., Kawamoto, K., Fuke, S., Yoshioka, R., Saito, H., Sato, T., and Hioka, T.
Severe endothelial dysfunction after sirolimus-eluting stent implantation. Circulation,
2006;113: e850-e851.
[376] Brott, B.C., Anayiotos, A., Chapman, G., Anderson, P.G., and Hillegass, W.B. Severe,
diffuse coronary artery spasm after drug-eluting stent placement. J Invasive Cardiol.
2006; 18: 584-592.
[377] Togni, M. and Eberli, F.R. Vasoconstriction and coronary artery spasm after drugeluting stent placement. J Invasive Cardiol. 2006; 18: 593.
[378] Garcia, J.A., Hansgen, A. and Casserly, I.P. Simultaneously multivessel acute drugeluting stent thrombosis. Int J Cardiol. 2006; 113: E11-E15
[379] Kounis, N.G. Kounis syndrome (allergic angina and allergic myocardial infarction): a
natural paradigm? Int J Cardiol. 2006; 110: 7-14.
[380] Kounis, N.G. and Zavras, G.M. Allergic angina and allergic myocardial infarction.
Circulation, 1996; 94: 1789.
[381] Wickman, M. When allergies complicate allergies. Allergy, 2005;60: 14-18.
[382] Galli, S.J., Nakae, S. and Tsai, M. Mast cells in the development of adaptive immune
responses. Nat Immunol. 2005; 6: 135-142.
[383] Theoharides, T.C. and Kalogeromitros, D. The critical role of mast cells in allergy and
inflammation. Ann NY Acad Sci. 2006; 1088: 78-99.
[384] MacGlashan, D.W., Jr., Brochner, B.S., Adelman, D.C., Jardieu, P.M., Togias, A.,
Mckenzie-White, J., Sterbinsky, S.A., Hamilton, R.G., and Lichtenstein, L.M. Downregulation of FcεRI expression in human basophils during in vivo treatment of atopic
patients with anti-IgE antibody. J Immunol. 1997; 158: 1438-1445.
[385] Nopp, A., Johansson, S.G.O., Lundberg, M., and Oman, H. Simultaneous exposure of
several allergens has an additive effect on multisensitized basophils. Allergy, 2006; 61:
1366-1368.
[386] Stahli, B.E., Camici, G.G., Steffel, J., Akhmedov, A., Shojaati, K., Graber, M.,
Luscher, T.F., and Tanner, F.C. Paclitaxel enhances thrombin-induced endothelial
tissue factor expression via c-jun terminal NH2 kinase activation. Circ Res. 2006; 99:
149-155.
[387] Finn, A.V., Kolodgie, F.D., Hamek, J., Guerrero, L.J., Acampado, E., Tefera, K.,
Skorija, K., Weber, D.K., Gold, H.K., and Virmani, R. Differential response of delayed
healing and persistent inflammation at sites of overlapping sirolimus- or paclitaxel –
eluting stents. Circulation, 2005; 112: 270-278.
[388] Steffel, J., Latini, R.A., Akhmedov, A., Zimmermann, D., Zimmerling, P., Luscher,
T.F., and Tanner, F.C. Rapamycin, but not FK-506, increases endothelial tissue factor
expression: implications for drug-eluting stent design. Circulation, 2005; 112: 20022011.
[389] Steffel, J., Akhmedov, A., Greutert, H., Luscher, T.F., and Tanner, F.C. Histamine
induces tissue factor expression. Implications for acute coronary syndromes.
Circulation, 2005; 112: 341-349.

142

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[390] Blagosklonny, M.V., Darzyziewicz, Z., Halicka, H.D., Pozarowski, P., Demidenko,
Z.N., Barry, J.J., Kamath, K.R., and Herrmann, R.A. Paclitaxel induces primary and
postmitotic G1 arrest in human arterial muscle cells. Cell Cycle, 2004; 3: 1050-1056.
[391] Parker, W.B. and Cheng, Y.C. Metabolism and mechanism of action of 5-fluoruracil.
Pharmacol Ther. 1990; 48: 381.
[392] Trent, J.M., Buick, R.N., Olson, S., Horns, R.C., Jr., and Schimke, R.T. Cytologic
evidence for gene amplification in methotrexate-resistance cells obtained from a patient
with ovarian adenocarcinoma. J Clin Oncol. 1984; 2: 8.
[393] Weidmann, B., Mulleneisen, N., Bojko, P., and Niederle, N. Hypersensitivity reactions
to carboplatin. Report of two patients, review of ythe literature, and discussion of
diagnostic procedures and management. Cancer, 1994; 73: 2218-2222.
[394] Gell, P.G.H. and Coombs, R.R.A. Clinical Aspects of Immunology. 2nd edition.
Blackwell Scientific, Oxford and Edinburgh, 1968;580.
[395] O`Brien, M.E.R. and Souberbielle, B.E. Allergic reactions to cytotoxic drugs-an
update. Ann Oncol. 1992; 3: 605-610.
[396] Weiss, R.B. Hypersensitivity reactions. Semin Oncol. 1992; 19: 458-477.
[397] Yeh, E.T.H., Tong, A.T., Lenihan, D.J., Yusuf, S.W., Swafford, J., Champion, C.,
Durand, J.B., Gibbs, H., Zafarmand, A.A., and Ewer, M.S. Cardiovascular
complications of cancer therapy. Diagnosis, pathogenesis, and management.
Circulation, 2004; 109: 3122-31.
[398] Grem, J.L., van Groeningen, C.J., Ismail, A.A., Johnston, P.G., Alexander, H.R., and
Allegra, C.J. The3 role of interferon-alpha as a modulator of fluorouracil and
leucovorin. Eur J Cancer, 1995; 31A: 1316- 1320.
[399] Zanotti, K.M. and Markman, M. Prevention and management of antineoplastic-induced
hypersensitivity reactions. Drug Saf. 2001; 24: 767-77.
[400] Weiss, R.B., Donchover, R.C., Wiernik, P.H., Ohnuma, T., Gralla, R.G., Trump, D.L.,
Baker, G.R., Jr., Van Echo, D.A., Von Hoff, D.D., and Leyland-Jones, B.
Hypersensitivity reactions from taxol. J Clin Oncol. 1990; 8: 1263-1268.
[401] Rowinsky, E.K., McGuire, W.P., Guarnieri, T., Fisherman, J.S., Christian, M.C., and
Donehover, R.C. Cardiac disturbances during the administration of taxol. J Clin Oncol.
1991; 9: 1704-1712.
[402] Rowinsky, E.K., Eisenhauer, E.A., Chaudhry, V., Arbuck, S.G., and Donchover, R.C.
Clinical toxicities encountered with paclitaxel (Taxol). Sem Oncol. 1993; 20 Suppl 3:
S1-S15.
[403] Sevelda, P., Mayerhofer, K., Obermair, A., Stolzlechner, J., and Kurz, C. Thrombosis
with paclitaxel. Lancet, 1994; 343: 727.
[404] Hekmat, E. Fatal myocardial infarction potentially induced by paclitaxel. Ann
Pharmacother. 1996; 30: 1110-1112.
[405] Laher, S. and Karp, S.J. Acute myocardial infarction following paclitaxel
administration for ovarian carcinoma. Clin Oncol (R Coll Radiol) 1997; 9: 124-126.
[406] Pai, V.B. and Nahata, M.C. Cardiotoxicity of chemotherapeutic agents: incidence,
treatment and prevention. Drug Saf. 2000; 22: 263-302.
[407] Mersin, N., Boulbair, F., Davani, S., Hehn, M., and Kantelip, J.P. Myocardial infarction
after paclitaxel use. Therapie. 2003; 58: 467-469.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

143

[408] Nguyen-Ho, P., Keiman, N.S. and Verani, M.S. Acute myocardial infarction and
cardiac arrest in a patient receiving paclitaxel. Can J Cardiol. 2003; 19: 300-302.
[409] Kloover, J.S., den Bakker, M.A., Gelderblon, and van Meerbeeck, J.P. Fatal outcome
of a hypersensitivity reaction to paclitaxel: a critical review of premedication regimens.
Br J Cancer, 2004; 90:304-305.
[410] Schrader, C., Keussen, C., Bewig, B., von Freier, A., and Lins, M. Symptoms and signs
of acute myocardial ischemia caused by chemotherapy with paclitaxel (Taxol) in a
patient with metastatic ovarian carcinoma. Eur J Med Res. 2005;10: 498-501.
[411] Ruiz-Casado, A., Calzas, J., Garcia, J., Soria, A., and Guerra, J. Life-threatening
adverse drug reaction to paclitaxel. Postmarketing surveillance. Clin Transl Oncol.
2006; 8: 60-62.
[412] Turkoglu, S., Simsek, V. and Abasi, A. Possible anaphylactic reaction to Taxus stent: A
case report. Catheter Cardiovasc Interv. 2005; 66: 554-556.
[413] Henry, A., Charpiat, B., Perol, M., Vial, T., de Saint Hilaire, P.J., and Descotes, J.
Paclitaxel hypersensitivity reactions: assessment of the utility of a test-dose program.
Cancer J. 2006; 12: 237-245.
[414] Watanabe, Y., Nakai, H., Ueda, H., Nozaki, K., and Hoshiai, H. Carboplatin
hypertsensitivity induced by low-dose paclitaxel/carbop[latin in multiple platinumtreated patients with recurrent ovarianj cancer. Int J Gynecol Cancer, 2005; 15: 224227.
[415] Vasquez, E.M. Sirolimus: a new agent for prevention of renal allograft rejection. Am J
Health Syst Pharm. 2000; 57: 437-448.
[416] Marx, S.O., Jayaraman, T., Go, L.O., and Marks, A.R. Rapamycin-FKBP inhibits cell
cycle regulators of proliferation in vascular smooth muscle cells. Circ Res. 1995; 76:
412-417.
[417] Tracey, C., Hawley, C., Griffin, A.D., Strutton, G., and Lynch, S. Generalized, pruritic,
ulcerating maculopapular rash necessitating cessation of sirolimus in a liver
transplantation patient. Liver Transpl. 2005; 11: 987-989.
[418] Warino, L. and Libecco, J. Cutaneous effects of sirolimus in renal transplant recipients.
J Drugs Dermatol. 2006; 5: 273-274.
[419] Wadei, H., Gruber, S.A., El-Amm, J.M., Garnick, J.,West, M.S., Granger, D.K., Sillix,
D.H., Migdal, S.D., and Haririan, A. Sirolimus-induced angioedema. Am J Transplant,
2004; 4: 1002-1005.
[420] Mingos, M.A. and Kane, G.C. Sirolimus-induced interstitial pneumonitis in a renal
transplant patient. Respir Care, 2005; 50: 1659-1661.
[421] Howard, L., Gopalan, D., Griffiths, M., and Mahadeva, R. Sirolimus-induced
pulmonary hypersensitivity with a CD4 T-cell infiltrate. Chest, 2006; 129: 1718-1721.
[422] Kunzle, N., Venetz, J.P., Pascual, M., Panizzon, R.G., and Laffitte, E. Sirolimusinduced acneiform eruption. Dermatology, 2005; 211: 305-306.
[423] Hardinger, K.L., Cornelius, L.A., Trulock, E.P., 3rd, and Brennan, D.C. Sirolimusinduced leukocytoclastic vasculitis. Transplantation, 2002; 74: 739-743.
[424] Pasqualotto, A.C., Bianco, P.D., Sukiennik, T.C., Furian, R., and Garcia, V.D.
Sirolimus-induced leukocytoclastic vasculitis: the second case reported. Am J
Transplant, 2004; 4: 1549-1551.

144

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[425] Truong, U., Moon-Grady, A.J. and Butani, L. Cardiac tamponade in a pediatric renal
transplant recipient on sirolimus therapy. Pediatr Transplantation, 2005; 9: 541-544.
[426] Chan, C.C., Martin, D.F., Xu, D., and Roberge, F.G. Side effects of rapamycin in the
rat. J Ocul Pharmacol Ther. 1995; 11: 177-181.
[427] Walpoth, B.H. and Hess, O.M. Late coronary thrombosis secondary to a sirolimuseluting stent. Circulation, 2004; 110: e309.
[428] Walpoth, B.H., Pavlicek, M., Celik, B., Nikolaus, B., Schaffner, T., Althaus, U., Hess,
O.M., Carrel, T., and Morris, R.E. Prevention of neointimal proliferation by
immunosuppression in synthetic vascular grafts. Eur J Cardiothorac Surg. 2001; 19:
487-492.
[429] Virmani, R., Guagliumi, G., Farb, A., Musumeci, G., Grieco, N., Motta, T., Mihalcsik,
L., Tespili M., Valsecchi, O., and Kolodgie, F.D. Localized hypersensitivity and late
coronary thrombosis secondary to a sirolimus stent. Should we be cautious?
Circulation, 2004; 109: 701-705.
[430] Virmani, R., Farb, A., Kolodgie, F.D., Guagliumi, G., Musumeci, G., Grieco, N.,
Mihalcsik, L., Tespili, M., Valsecchi, O., and Motta, T. Late coronary thrombosis
secondary to a sirolimus-eluting stent. Circulation, 2004; 110: e309.
[431] Hummel, M. Recommendations for use of Certican (everolimus) after heart
transplantation: results from a German and Austian concensus conference. J Heart
Lung Transplant, 2005; 24: S196-S200.
[432] Fuchs, U., Zittermann, A., Berthold, H.K., Tenderich, G., Deyerling, K., Minami, K.,
and Koerfer, R. Immunosuppressive therapy with everolimus can be associated with
potentially life-threatening lingual angioedema. Transplantation, 2005; 79: 981-983.
[433] Grube, E., Sonoda, S., Ikeno, F., Honda, Y., Kar, S., Chan, C., Gerckens, U., Lansky,
A.J., and Fitgerald, P.J. Six-and twelve-month results from first human experience
using everolimus-eluting stents with bioabsorbable polymer. Circulation, 2004; 109:
2168-2171.
[434] Serruys, P.W., Ong, A.T.L. and Piek, J.J. A randomized comparison of a durable
polymer Everolimus-eluting stent with a bare metal coronary stent: the SPIRIT first
trial. Eurointervention, 2005; 1: 58-65.
[435] Serruys, P.W., Kutryk, M.J.B. and Ong, A.T.L. Coronary-artery stents. N Engl J Med.
2006; 354: 483-495.
[436] Costa, R.A., Lansky, A.J., Abizaid, A., Mueller, R., Tsuchiya, Y., Mori, K., Cristea, E.,
Leon, M.B., Sousa, J.E., Schmidt, T., Hauptmann, K.E., and Grube, E. Angiographic
results of the first human experience with the biolimus A9 drug-eluting stent for De
Novo coronary lesions. Am J Cardiol. 2006; 98: 443-446.
[437] Clingiroglu, M., Elliott, J., Patel, T., Tio, F., Matthews, H., McCasland, M., Trauthen,
B., Elicker, J., and Bailey, S.R. Long-term effects of novel biolimus elutng DEVAX
AXXESS plus nitinl self-expanding stent in porcine coronary model. Catheter
Cardiovasc Interv. 2006; June: ahead of print.
[438] Garcia-Touchard, A., Burke, S.E., Toner, J.L., Cromack, K., and Schwartz, R.S.
Zotarolimus-eluting stents reduce experimental coronary artery neointimal hyperplasia
after 4 weeks. Eur Heart J. 2006; 27: 988-993.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

145

[439] Fajadet, J., Wijns, W., Laarman, G.J., Kuck, K.H., Ormiston, J., Munzel, T., Popma,
J.J., Fitzgerald, P.J., Bonon, R., and Kuntz, R.E. For the ENDEAVOR II Investigators.
Randomized, double-blind, multicenter study of the endeavour zotarolimus-eluting
phosphorylcholine-encapsulated stent for treatment of native coronary artery lesions.
Clinical and angiographic results of the ENDEAVOR II trial. Circulation, 2006; 114:
798-806.
[440] Woodside, K.J., Hu, M., Liu, Y., Song, W., Hunter, G.C., and Daller, J.A. Apoptosis of
allospecifically activated human helper T cells is blocked by calcineurin inhibition.
Transplant Immunol. 2006; 15: 229-234.
[441] Lacaille, F., Laurent, J. and Bousquet, J. Life threatening food allergy in a child treated
with FK506. J Pediatr Gastroenterol Nutr. 1997; 25: 228-229.
[442] Inui, A., Komatsu, H., Fujisawa, T., Matsumoto, H., and Miyagawa, Y. Food allergy
and tacrolimus. J Pediatr Gastroenterol Nutr. 1999; 28: 355-356.
[443] Lacaille, F., Laurent, J. and Bousquet, J. Life threatening food allergy in a child treated
with FK506. J Pediatr Gastroenterol Nutr. 1997; 25: 228-229.
[444] Nowak –Wegrzyn, A.H., Sicherer, S.H., Conover-Walker, M.K., and Wood, R.A. Food
allergy after pediatric organ transplantation with tacrolimus immunosuppression. J
Allergy Clin Immunol. 2001; 108: 146-147.
[445] Lykavieris, P., Fraauger E., Habes, D., Bernard, O., and Debray, D. Angioedema in
pediatric liver transplant recipients under tacrolimus immunosuppression.
Transplantation, 2003; 75: 152-165.
[446] Ozdemir, O., Mensah-Arrey, A. and Sorensen, R.U. Development of multiple food
allergies in children taking tacrolimus after heart and liver transplantation. Pediatr
Transplantation, 2006; 10: 380-383.
[447] Huang, Y., Salu, K., Wang, L., Liu, X., Li, S., Lorenz, G., Wnedt, S., Verbeken, E.,
Bosmans, J., Van de Werf, F., and De Scheerder, I. Use of tacrolimus-eluting stents
inhibit neointimal hyperplasia in a porcine coronary model. J Invasive Cardiol. 2005;
17: 142-148.
[448] Bavandi, A., Fahrngruber, H., Aschauer, H., Hartmann, B., Meingassner, J.G., and
Kalthoff, F.S. Pimecrolimus and tacrolimus differ in their inhibition of lymphocyte
activation during the sensitization phasev of contact hypersensitivity. J Dermatol Sci.
2006; June: ahead of print.
[449] FDA Statement. New warnings for two eczema drugs. FDA Consum 2006; 40: 5
[450] Suissa, S., Assimes, T., Brassard, P., and Ernst, P. Inhaled corticosteroids in asthma and
the prvention of myocardial infarction. Am J med. 2003; 115: 377-381.
[451] Takagi, S., Goto, Y., Hirose, E., Terashima, M., Sakuragi, S., Suzuki, S., et al.
Successful treatment of refractory vasospastic angina with corticosteroids: Coronary
arterial hyperactivity caused by local inflammation? Circ J. 2004; 68: 17-22.
[452] Gaspardone, A., Versaci, F., Tomai, F., Citone, C., Proietti, I., Gioffre, G., and
Skossyreva, O. C-reactive protein, clinical outcome, and restenosis rates after
implantation of different drug-eluting stents. Am J Cardiol. 2006; 97: 1311-1316.
[453] Wang, L., Salu, K., Verbeken, E., Bosmans, J., van de Werf, F., De Scheerder, I., De
Scheerrder, I., and Huang, Y. Stent-mediated methylprednisolone delivery reduces

146

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

macrophage contents and in-stent neointimal formation. Coron Artery Dis. 2005; 16:
237-243.
[454] Huang, Y., Liu, X., Wang, L., Verbeken, E., Li, S., and De Scheerder, I. Local
methylprednisolone delivery using a biodivYsio phosphorylcholine-coated drugdelivery stent reduces inflammation and neointimal hyperplasia in a porcine coronary
stent model. Int J Cardiovasc Intervent. 2003; 5: 166-171.
[455] Patti, G., Chello, M., Pasceri, V., Colonna, D., Carminati, P., Covino, E., and Di
Germano, S. Dexamethasone-eluting stents and plasma concentrations of adhesion
molecules in patients with unstable cornary syndromes.: results of the historically
SESAME study. Clin Ther. 2005; 27: 1411-1419.
[456] Patti, G., Pasceri, V., Carminati, P., D`Ambrozio, A., Carcagni, A., and Di Sciascio, G.
Effect of dexamethasone-eluting stents on systemic inflammatory response in patients
with unstable angina pectoris or recent myocardial infarction undergoing percutaneous
coronary intervention. Am J cardiol. 2005; 95: 502-505.
[457] Hoffmann, R., Langenberg, R., Radke, P., Franke, A., Blindt, R.,Ortlepp, J., Popma,
J.J., Weber, C., and Hanrath, P. Evaluation of a high-dose dexamethasone eluting stent.
Am J Cardiol. 2004; 94: 193-195.
[458] Pires, N.M., Schepers, A., van der Hoeven, B.L., de Vries, M.R., Boesten, L.S.,
Jukema, J.W., and Quax, P.H. Histopathologic alterations following local delivery of
dexamethasone to inhibit restenosis in murine arteries. Cardiovasc Res. 2005; 68: 415424.
[459] Kounis, N.G. Bronchospasm induced by althesin and pancuronium bromide. Br J
Anaesth. 1974; 46: 281.
[460] Kounis, N.G. Untoward reactions to corticosteroids: intolerance to hydrocortisone. An
Allergy, 1976; 36: 203-206.
[461] Peng, Y.S., Shyur, S.D., Lin, H.Y., and Wang, C.Y. Steroid allergy: report of two
cases. J Microbiol Immunol Infect. 2001; 34: 150-154.
[462] Nakamura, H., Matsuse, H., Obase, Y., et al. Clinical evaluation of anaphylactic
reactions to intravenous corticosteroids in adult asthmatics. Respiration, 2002; 69: 309313.
[463] Swanson, N., Hogrefe, K., Malik, N., and Gershlick, A.H. Vascular endothelial growth
factor (VEGF)-eluting stents: in vivo effects on thrombosis, endothelialization and
intimal hyperplasia. J Invasive Cardiol. 2003; 15: 688-692.
[464] Walter, D.H., Cejna, M., Diaz-Sandoval, L., Willis, S., Kirkwood, L., Stratford, P.W.,
Tietz, A.B., Kirchmair, R., Silver, M., Wecker, A., Yoon, Y.S., Heidenreich, R.,
Hanley, A., Kearney, M., Tio, F.O., Kuenzler, P., Isner, J.M., and Losordo, D.W. Local
gene transfer of phVEGF-2 plasmid by gene-eluting stents: an alternative strategy for
inhibition of restenosis. Circulation, 2004; 110: 36-45.
[465] Salu, K.J., Bosmans, J.M., Huang, Y., Hendriks, M., Verhoeven, M., Levels, A.,
Cooper, S., De Scheerrder, I.K., Vrints, C.J., and Bult, H. Effects of cytochalasin Deluting stents on intimal hyperplasia in a porcine coronary artery model. Cardiovasc
Research 2006: 69: 536-544.
[466] Carpenter, C.L. Actin cytoskeleton and cell signalling. Crit Care Med. 2000; 28: N94N99.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

147

[467] McFadden, E.P., Stabile, E., Regar, E., Cheneau, E., Ong, A.T.L., Kinnaird, T.,
Suddath, W.O., Weissman, N.J., Kent, K.M., Pichard, A.D., Satler, L.F., Waksman, R.,
and Serruys, P.W. Late thrombosis in drug-eluting coronary stents after discontinuation
of antiplatelet therapy. Lancet, 2004; 364: 1519-1521.
[468] Leggat, P.A. and Ketjarune, U. Toxicity of methyl methacrylate in dentistry. Int Dent J.
2003; 53: 126-131.
[469] Ahmed, D.D., Sobczak, S.C. and Yunginger, J.W. Occupational allergies caused by
latex. Immunol Allergy Clin North Am. 2003; 23: 205-219.
[470] Ruiz-Genao, D.P., Moreno, De Vega, M.J., Sanchez Perez, J., and Garcia-Diez, A.
Labial edema due to an acrylic dental prosthesis. Contact Dermatitis, 2003; 48: 273274.
[471] Giunta, J. and Zablotsky, N. Allergic stomatitis caused by self-polymerizing resin. Oral
Surg Med Oral Pathol. 1976; 41: 631-637.
[472] Lunder, T. and Rogl-Butina, M. Chronic urticaria from an acrylic dental prosthesis.
Contact Dermatitis, 2000; 43: 222-223.
[473] Nealey, E.T. and Del Rio, C.E. Stomatitis venenata: reaction of a patient to acrylic
resin. J Prosthet Dent. 1969; 21: 480-484.
[474] Concalves, T.S., Morganti, M.A., Campos, L.C., Rizzatto, S.M.D., and Menezes, L.M.
Allergy to auto-polymerized acrylic resin in an orthodontic patient. Am J Orthod
Dentof Orthoped. 2006; 129: 431-435.
[475] Devlin, H. and Watts, D.C. Acrylic “allergy”? Br Dent J. 1984; 157: 272-275.
[476] van Beusekom, H.M., Schwartz, R.S. and van der Giessen, W.J. Synthetic polymers.
Semin Interv Cardiol. 1998; 3: 145-148.
[477] van Der Giessen, W.J., Lincoff, A.M., Schwartz, R.S., van Beusekom, H.M., Holmes,
D.R. Jr., Ellis, S.G., and Topol, E.J. Marked inflammatory sequelae to implantation of
biodegradable and nonbiodegradable polymers in porcine coronary arteries.
Circulation, 1996; 94: 1690-1697.
[478] van Beusekom, H.M., Serruys, P.W. and van der Giessen, W.J. Coronary stent
coatings. Coron Artery Dis. 1994; 5: 590-596.
[479] Revell, P.A., Braden, M. and Freeman, M.A. Review of the biological response to a
novel bone cement containing poly(ethyl methacrylate) and n-butyl methacrylate.
Biomaterials, 1998; 19: 1579-1586.
[480] Niemi, S.M., Fox, J.G., Brown, L.R., and Langer, R. Evaluation of ethylene-vinyl
acetate copolymer as a non-inflammatory alternative to Freund`s complete adjuvant in
rabbits. Lab Anim Sci. 1985; 35: 609-612.
[481] Moreau, L., Alomer, G., Dube, N., and Sasseville, D. Contact urticaria from
carboxymethylcellulose in white chalk. Dermatitis, 2006; 17: 29-31.
[482] Ownby, D.R. Mechanisms in adverse reactions to food: the whole body. Allergy, 1995;
50(20 suppl): 26-30.
[483] Carter, A.J., Aggarwal, M., Kopia, G.A., Tio, F., Kolata, R., Lianos, G., Dooley, J., and
Falotico, R. Long-term effects opf polymer-based, slow release, sirolimus-eluting stents
in a porcine coronary model. Cardiovasc Res. 2004; 63: 617-624.

148

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

[484] Takahashi, A., Palmer-Opolski, M., Smith, R.C., and Walsh, K. Transgene delivery of
plasmid DNA to smooth muscle cells and macrophages from a biostable polymercoated stent. Gene Ther. 2003; 10: 1471-1478.
[485] Johnson, T.W., Wu, Y.X., Herdeg, C., Baumbach, A., Newby, A.C., Karsch, K.R., and
Oberhoff, M. Stent-based delivery of tissue inhibitor of metalloproteinase-3 adenovirus
inhibits neointimal formation in porcine coronary arteries. Arterioscler Thromb Vasc
Biol. 2005; 25: 754-759.
[486] Fishbein, I., Alferiev, I.S., Nyanguile, O., Gaster, R., Vohs, J.M., Wong, G.S.,
Felderman, H., Chen, I.W., Choi, H., Wilensky, R.L., and Levy, R.J. Biphosphonatemediated gene vector delivery from the metal surfaces of stents. Proc National Acad
Sci. 2006; 103: 159-164.
[487] Lyell, A., Bain, W.H. and Thomson, R.M. Repeated failure of nickel-containing
prosthetic valves in a patient allergic to nickel. Lancet, 1978; 2: 657-659.
[488] Kanerva, L., Sipilainen-Malm, T., Estlander, T., Zitting, A., Jolanki, R., and Tarvainen,
K. Nickel rease from metals, and a case of allergic contact dermatitis from stainless
steel. Contact Dermat. 1994; 31: 299-303.
[489] Hillen, U., Haude, M., Erbel, R., and Goos, M. Evaluation of metal allergies in patients
with coronary stents. Contact Dermat. 2002; 47: 353-356.
[490] Thomas, P., Summer, B., Sander, C.A., Przybilla, B., Thomas, M., and Naumann, T.
Intolerance of osteosynthesis material: evidence of dichromate contact allergy with
concomitant oligoclonal T-cell infiltrate and TH1-type cytokine expression in the periinplantar tissue. Allergy, 2000; 55: 969-972.
[491] Oppei, T. and Schnuch, A. The most frequent allergens in allergic contact dermatitis.
Dtsch Med Wochennschr 2006; 131: 1584-1589.
[492] Wertman, B., Azarbal, B., Riedl, M., and Tobis, J. Adverse events associated with
nickel allergy in patients undergoing percutaneous atrial septal defect or patent foramen
ovale closure. J Am Coll Cardiol. 2006; 47: 1226-1227.
[493] Fukahara, K., Minami, K., Reiss, N., Fassbender, D., and Koerfer, R. Systemic allergic
reactions to the percutaneous patent foramen ovale closure. J Thoracic Cardiovasc
Surg. 2003; 125: 213-214.
[494] Dasika, U.K., Kanter, K.R. and Vincent, R. Nickel allergy to percutaneouis patent
foramen ovale occluder and subsequent systemic nickel allergy. J Thoracic Cardiovasc
Surg. 2003; 125: 2112-2113.
[495] Sharifi, M. and Burks, J. Efficacy of clopidogrel in the treatment of post-ASD closure
migraines. Catheter Cardiovasc Inter. 2004; 63: 255.
[496] Menezes, L.M., Campos, L.C., Quintao, C.C., and Bolognese, A.M. Hypersensitivity to
metals in orthodontics. Am J Orthod Dentofacial Orthop. 2004; 126: 58-64.
[497] Koster, R., Vieluf, D., Kiehn, M., Sommerauer, M., Kahler, J., Baldus, S.., Meinertz,
T., and Hamm, C.W. Nickel and molybdenum contact allergies in patients with
coronary in-stent restenosis. Lancet, 2000; 356: 1895-1897.
[498] Kawano, H., Koide, Y., Baba, T., Nakamizo, R., Toda, G., Takenaka, M., and Yano, K.
Granulation tissue with eosinophil infiltration in the restenotic lesion after coronary
stent implantation. Circ J. 2004; 68: 722-723.

Kounis Syndrome (Allergic Angina and Allergic Myocardial Infarction)

149

[499] Iijima, R., Ikari, Y., Amiya, E., Tanimoto, S., Nakazawa, G., Kyono, H., Hatori, M.,
Miyazawa, A., Nakayama, T., Aoki, J., Nakajima, H., and Hara, K. The impact of
metallic allergy on stent implantation. Metal allergy and recurrence of in-stent
thrombosis. Int J Cardiol. 2005; 104: 319-325.
[500] Lhotka, C.G., Szekeres, T., Fritzer-Szekeres, M., Schwarz, G., Steffan, L., Maschke,
M., Dubsky, G., Kremser, M., and Zweymuller, K. Are allergic reactions to skin clips
associated with delayed wound healing? Am J Surg. 1998; 176: 320-323.
[501] Federmann, M., Morell, B., Graetz, G., Wyss, M., Elsner, P., von Thiessen, R.,
Wuthrich, B., and Grob, D. Hypersensitivity to molybdenum as a possible trigger of
ANA-negative systemic lupus erythematosus. Ann Rheum Dis. 1994; 53: 403-405.
[502] Svedman, C., Tillman, C., Gustavsson, C.G., Moller, H., Frennby, B., and Bruze, M.
Contact allergy to gold in patients with gold-plated intracoronary stents. Contact
Dermatitis, 2005; 52: 192-196.
[503] Mosseri, M., Tamari, I., Plich, M., Hasin, Y., Brizines, M., Frimerman, A., Miller, H.,
Jafar, J., Guetta, V., Solomon, M., and Lotan, C. Short-and long-term outcomes of the
titanium-NO stent registry. Cardiovasc Revasc Med. 2005; 6: 2-6.
[504] Ramade, S.V., Miller, K.M., Richard, R.E., Chan, A.K., Allen, M.J., and Helmus, M.N.
Physical characterization of controlled release of paclitaxel from the TAXUS Express
drug eluting stent. J Biomed Mater Res. 2004; 71A: 625-634.
[505] Hwang, C.W., Wu, D. and Edelman, E.R. Physiologic transport forces govern drug
distribution for stent-based delivery. Circulation, 2001; 104: 600-605.
[506] Vetrovec, G.V., Rizik, D., Williard, C., Snead, D., Piotrovski, V., and Kopia, G.
Sirolimus PK trial: a pharmacokinetic study of the sirolimus-eluting Bx velocity stent
in patients with de novo coronary lesions. Catheter Cardiovasc Interv. 2006; 67: 32-37.
[507] Tesfamariam, B. Local vascular toxicokinetics of stent-based drug delivery. Toxicol
Lett. 2007; 168: 93-102.
[508] Descotes, J. and Choquet-Kastylevsky, G. Gell and Coombs`s classification: is it still
valid? Toxicology 2001;58: 43-49.
[509] Beeler, A., Engler, O., Gerber, B.O., and Pichler, W.J. Long-lasting reactivity and high
frequency of drug-specific T cells after severe systemic drug hypersensitivity reactions.
J Allergy Clin Immunol. 2006; 117: 455-462.
[510] Nemmar, A., Hoet, P.H.M., Vermylen, J., Nemery, B., and Hoylaerts, M.F.
Pharmacological stabilization of mast cells abrogates late thrombotic events induced by
diesel exhaust particles in hamsters. Circulation, 2004; 110: 1670-1677.
[511] Chitkara, K., Hogrefe, K., Vasa-Nicotera, M., Swanson, N., and Gershlick, A.H.
Eptifibatide-stent as an antiproliferative and antithrombotic agent: in vitro evaluation. J
Invasive Cardiol. 2006; 18: 417-422.
[512] Camici, G.G., Steffel, J., Akhmedov, A., Schafer, N., Baldinger, J., Schulz, U.,
Shojaati, K., Matter, C.M, Yang, Z., Luscher, T.F., and Tanner, F.C. Dimethyl
sulfoxide inhibits tissue factor expression, thrombus formation, and vascular smooth
muscle cell activation. A potential treatment strategy for drug-eluting stents.
Circulation, 2006; 114: 1512-1521
[513] Blindt, R., Vogt, F., Astafieva, I., Fach, C., Hristov, M., Krott, N., Seitz, B.,
Kapumiotu, A., Kwok, C., Dewor, M., Bosserhoff, A.K., Bemhagen, J., Hanrath, P.,

150

Nicholas G. Kounis, George Hahalis Akrivi Manola et al.

Hoffmann, R., and Weber, C. A novel drug-eluting stent coated with an integrinbinding cyclic Arg-Gly-Asp peptide inhibits neointimal hyperplasia by recruiting
endothelial progenitor cells. J Am Coll Cardiol. 2006; 47: 1786-1795.
[514] Aoki, J., Serruys, P.W., van Beusekom, H., Ong, A.T., McFadden, E.P., Sianos, G., van
der Giessen, W.J., Regar, E., de Feyter, P.J., Davis, H.R., Rowland, S., and Kutryk,
M.J. Endothelial progenitor cells capture by stents coated with antibody against CD34:
the HEALING-FIM (Healthy Endothelial Accelerated Lining Inhibits Neointimal
Growth-First In Man) Registry. J Am Coll Cardiol. 2006; 45: 1574-1579
[515] Joner, M., Farb, A., Cheng, Q., Finn, A.V., Acampado, E., Burke, A.P., Skorija, K.,
Creighton, W., Kolodgie, F.D., Gold, H.K., and Virmani, R. Pioglitazone inhibits instent restenosis in atherosclerotic rabbits by targeting transforming growth factor-β and
MCP-1. Arterioscl Thromb Vasc Biol. 2007; 27: 182-189.
[516] Sebakh, R.J., Sheller, J.R., Oates, J.A., Roberts, L.J., and FitzGerald, G.A. Inhibition of
eicosanoid biosynthesis by glucocorticoid in humans. Proc Natl Acad Sci USA 1990;
87:6974-8.
[517] Theoharides, T.C. and Bielory, L. Mast cells and mast cell mediators as targets of
dietary supplements. Arm Allergy Asthma Immunol. 2004; 93 (2 Suppl 1):S24-34.
[518] Leung, D.Y.M., Sampson, H.A., Ynginger, J.W., et al. Effect of anti-lgE therapy in
patients with peanut allergy. N Engl J Med. 2003; 348: 986-93.
[519] Finkelman, F.D., Rothenberg, M.C., Brandt, E.B., Morris, S.C., and Strait, R.T.
Molecular mechanisms of anaphylaxis: lessons from studies with murine models. J
Allergy Clin Immunol. 2005; 115:449-57.
[520] Suissa, S., Assimes, T., Brassard, P., Ernst, P., Inhaled corticosteroids in asthma and
the prevention of myocardial infarction. Am J Med 2003; 115: 377-81
[521] Takagi, S., Goto, Y., Terashima, M., Sakuragi, S., Suzuki,S., et al. Successful traetment
of refractory vasospastic angina with corticosteroids: Coronary arterial hyperactivity
caused by local inflammation? Cic J 2004; 68: 17-22

