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Chronic spontaneous urticaria (CSU) is a common skin disorder characterized by daily or almost daily
recurring skin edema and flare with itch. Recently, the activation of the blood coagulation cascade has
been suggested to be involved in CSU, but the trigger of the coagulation cascade remains unclear. In this
article, we review recent understanding of the relationship between the pathogenesis of CSU and
extrinsic coagulation reactions. In CSU, vascular endothelial cells and eosinophils may play a role as TF-
expressing cells for activating the extrinsic coagulation pathway. Moreover, the expression of TF on
endothelial cells is synergistically enhanced by the activation of Toll-like receptors and histamine H1

receptors. The activated coagulation factors may induce plasma extravasation followed by degranulation
of skin mast cells and edema formation recognized as wheal in CSU. Molecules involved in this cascade
could be a target for new and more effective treatments of urticaria.
Copyright © 2017, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Pathophysiology of CSU

Chronic spontaneous urticaria (CSU), also known as chronic
idiopathic urticaria (CIU), is a common skin disorder characterized
by spontaneously appearing wheals with itch and pruritus any-
where on the body for 6 weeks or longer.1e4 The crucial role of
histamine in CSU has been proven by local release of histamine,
which appears to be released from tissue resident mast cells, into
the tissue and/or vasculature, and by the clinical efficiency of his-
tamine H1-receptor antagonists (antihistamines) in patients with
urticaria.5,6 However, the mechanism of mast cell activation in CSU
remains largely unclear. The presence of histamine releasing auto-
antibodies against IgE or the high affinity receptor (Fc 3RI) on mast
cells and basophils may be detected in 30e50% of patients with
CSU.7,8 The involvement of autoantigens has been suggested in view
of the rapid effect of omalizumab, an anti-Fc 3RI monoclonal anti-
body. However, the continuous presence of autoantibodies and/or
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autoantigens cannot explain diurnal and local occurrence of wheals
observed in CSU. On the other hand, it has been suggested that in-
fections by microorganisms, such as bacteria and/or virus, may be
complicated as an underlying cause in many cases of CSU.
Relationship between CSU and the coagulation pathway

The involvement of the coagulation cascade, especially by the
extrinsic coagulation pathway, being triggered by the exposure of
plasma to tissue factor (TF), also known as factor III, has been
demonstrated in the pathogenesis of CSU by a number of obser-
vations.9e14 Several reports suggest that heparin, an anticoagulant
which inhibits the activity of coagulation factors, can be effective in
the treatment of CSU.15,16 Moreover, oral anticoagulant drugs, such
as warfarin which blocks that activities of factors FVIIa, FXa, and
FIIa, may improve clinical symptoms in a certain population of
patients with CSU unresponsive to antihistamines.17 These reports
imply that the extrinsic coagulation pathway is directly related to
the pathogenesis of CSU. Recently, several groups have shown the
increase of blood coagulation markers in patients with CSU.9e14

Asero and his group showed that in patients with CSU, plasma
levels of prothrombin fragment 1 þ 2 (PF1þ2), a polypeptide of
about 34 kD, and D-dimer are higher than those in normal controls
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and correlate with disease severities.9e11 PF1þ2 is generated from
prothrombin together with thrombin. Once thrombin is produced,
it acts on fibrinogen and generates fibrin, which is subsequently
stabilized by factor FXIIa and finally degraded by the plasmin
pathway (fibrinolysis). D-dimer is produced by the degradation of
stabilized fibrin, whereas FDP is produced by fibrinolysis of either
stabilized or non-stabilized fibrin. We previously showed the in-
crease of both FDP and D-dimer in patients with CSU, but not in
healthy individuals or in patients with inducible type of urticarial
(IU), in correlation with disease severity.18 Moreover, Takeda et al.
revealed the elevation of blood coagulation potential involving the
intrinsic coagulation factors, which enhance the common pathway
of coagulation consisting of FVII, FX, FII and fibrinogen.12,13

Activation of extrinsic coagulation pathway by TF expressed
on cells

Damage to blood vessel walls exposes TF-expressing cells from
underlying cell layers to the bloodstream, initiating the extrinsic
coagulation cascade with calcium ions.19,20 High TF expression is
found in highly vascularized organs (cells) such as brain (e.g., as-
trocytes), placenta (e.g., trophoblasts), and lung (e.g., alveolar cells)
followed by heart (e.g., cardiac myocytes, pericytes, fibroblasts),
kidney, intestine, testes, and uterus (e.g., epithelial cells surrounding
the organs). TF is comprised of three domains: an extracellular
domain (aa 1-219), followed by a hydrophobic spanning domain (aa
220-242) and a cytoplasmic tail (aa 243-263).21 The extracellular
region contains FVII/VIIa binding domains. The TF-triggered acti-
vation of the extrinsic coagulation pathway results in the generation
of active serine proteases (coagulant mediators): FVIIa, FXa and
thrombin (FIIa). FIIa finally converts fibrinogen to fibrin, leading to
fibrin deposition and the activation of platelets to form blood clots.
These factors then mediate diverse intracellular activation and
production of pro-inflammatory mediators including cytokines,
adhesion molecules, and growth factors through protease activated
receptors (PAR-1/2/3/4) present on the surface of several cell
types.21,22 FVIIa activates target cells via PAR-2. FXa and FIIa activate
various types of cells via PAR-1, 2, 3 and PAR-1, 3, 4, respectively.
Fibrin is also able to promote an inflammatory response via Toll-like
receptor (TLR)-4 (Fig. 1). Emerging evidence has revealed the
Fig. 1. TF-dependent coagulation pathway and target receptors of the active coagu-
lation factors. Tissue Factor (TF) is able to bind in the presence of calcium to Factor VII
(FVII). TF/FVII is activated by auto-cleavage to TF/FVIIa. TF/FVIIa then converts FX to
FXa. FXa converts FII (prothrombin) to FIIa (thrombin), which converts fibrinogen to
fibrin. D-dimer is produced from fibrin by plasmin. PARs are G-protein-coupled re-
ceptors (GPCRs), where PAR-1, 3, 4 transmits FIIa signaling, PAR-1, 2, 3 transmits FXa
signaling, and PAR-2 transmits FVIIa signaling. Fibrin is also able to promote an in-
flammatory response via TLR-4.
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involvement of TF in wound repair, embryonic development,
angiogenesis, tumor metastasis, cell adhesion/migration, innate
immunity and many pathological conditions.

TF expression on eosinophils

In physiological conditions, TF is abundantly expressed in
extravascular tissues, but is scarce on the cells exposed to blood
circulation. Monocyte, granulocytes, and vascular endothelial cells
may express TF on their cell surfaces in contact with the blood-
stream, when exposed to bacteria, viruses, and cytokines, such as
TNFa, IL-2 and IL-1b in the blood. Recently, Moosbauer et al. found
activated eosinophils as a major intravascular storage of TF.23 Their
in vitro experiments revealed that the expression of TF by eosino-
phils was enhanced by several cytokines, such as PAF and GM-
CSF.23 Moreover, Asero et al. showed a massive expression of TF by
eosinophils in the lesional skin tissue of patients with CSU.24

Furthermore, eosinophils are activated by autoantibodies against
the low-affinity IgE receptor (Fc 3RII), which are detected in about
70% of CSU patients.25 These reports support the involvement of TF-
expressing eosinophils in the skin with the pathogenesis of CSU.

TF expression on vascular endothelial cells

To date, several reports have shown that histamine and LPS, an
endotoxin found in the outer membrane of Gram-negative bacteria
such as Helicobacter pylori and Yersinia, independently induced TF
expression on vascular endothelial cells, suggesting that TF
expressed on endothelial cells may activate the extrinsic coagula-
tion pathway in blood vessels.26 Nevertheless, the concentration of
histamine (1110 ng/ml, equal to 10 mM) required for significant
expression of TF on endothelial cells, is much higher than that
observed in sera of patients with CSU (<10 ng/ml),27 and is even
higher than that detected in patients with anaphylactic reactions
(<100 ng/ml). Moreover, systemic symptoms such as high fever and
large increases of C-reactive protein, known as LPS-induced
symptoms, are not observed in most patients with CSU.28 Thus,
neither histamine nor LPS seem sufficient to induce the expression
of TF triggering the coagulation pathway in patients with CSU. We
recently reported that histamine, released from basophils, and LPS
synergistically express TF on the surface of vascular endothelial
cells, such human umbilical vein endothelial cells (HUVECs) and
human dermal microvascular endothelial cells (HMVECs).29 More-
over, synergistically expressed TF could activate the extrinsic
coagulation pathway. Furthermore, active coagulation factors, FXa
and IIa, produced by the extrinsic coagulation pathway induced
intracellular gap formation between endothelial cells via PAR-1.
Fujii et al. reported that the activation of the coagulation/fibrino-
lysis cascade occurs extravascularly as demonstrated by abundant
fibrinogen deposits in the dermis of biopsy specimens from urti-
caria.30 Our results also imply that the production of activated
coagulation factors, such as Xa and IIa, causes intercellular gaps
between endothelial cells via PAR-1 and that leakage of plasma into
extravascular tissues plays a more important role for edema for-
mation in CSU rather than thrombosis in the vasculature. To explore
a mechanism of making endothelial cells more sensitive to hista-
mine, we pre-treated HUVECs with LPS, and revealed an increase of
mRNA of H1 receptors and the enhancement of TF expression in
response to histamine. The results suggest that lengthy exposure of
endothelial cells to LPS makes HUVECs more sensitive to histamine.
Although, we could not detect histamine-induced increase of TLR-4
expression in HUVECs in our experimental conditions, Talreja et al.
demonstrated that histamine induced TLR-2 and TLR-4 expression
in HUVECs and enhanced the sensitivity of HUVECs to LPS.31 These
results imply that histamine and LPS mutually enhance the
icaria and the extrinsic coagulation system, Allergology International



Y. Yanase et al. / Allergology International xxx (2017) 1e4 3
expressions of TLR-4 and histamine H1 receptors on endothelial
cells, resulting in the enhancement of TF expression in response to
those stimuli. Moreover, we clarified that TLR-3, -5, -6 agonists also
synergistically enhanced the expression of TF in HUVECs in the
presence of histamine. Thus, various infections of bacteria and/or
virus with those agonists might be involved in the pathogenesis of
CSU through the production of active extrinsic coagulation factors.

The role of basophils

The relationship between basophils and CSU has also been
gaining increasing attention. In CSU, the histamine release activities
of basophils in response to anti-IgE are decreased.32 Moreover, the
number of basophils in peripheral blood is negatively correlated
with urticarial activities.32 Furthermore, basophils migrate from
blood into the skin during wheal formation and are suggested to
contribute to the persistence of wheals.33 Approximately up to 50%
of patients with CSU have antibodies to the 3subunit of Fc 3RI and/or
IgE, which activate basophils in the blood of patients.1,34 Since those
antibodies do not induce anaphylactic shock or severe allergic re-
actions in vivo, basophils in CSU patients should be under mild
activation and persistently release small amount of histamine and
other chemical mediators, as well as cytokines. Moreover, we
confirmed the expression of phosphatidylserine (PS) on basophils
in response to anti-IgE (Yanase et al. unpublished observation).
Since PS also plays an important role for the activation of the
extrinsic blood coagulation pathway together with TF and Ca2þ, the
basophil itself could be a potent activator or enhancer for the
extrinsic blood coagulation pathway.

Mechanism of TF-triggered mast cell activation and edema
formation

Since mast cells store a larger amount of histamine than that in
basophils, and are located in tissues, histamine release from mast
cells is critical for the definitive edema formation. Recently, Bossi
Fig. 2. Summary of the TF-involved pathways suggested in the pathogenesis of CSU. TF exp
followed by leakage of plasma from blood vessel and mast cell activation.
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et al. demonstrated that human plasma from patients with CSU, but
not that from healthy donors, induces histamine release from the
human mast cell lines, LAD2 and HMC-1.35 Asero et al. demon-
strated the presence of histamine releasing factorswith amolecular
weight lower than 30 kDa in patients with CSU.36 Several groups
reported that human skin mast cells express the PAR-2 receptor on
the plasma membrane and are activated by PAR-2 agonists, such as
trypsin and activating peptide.37,38 Moreover, Carvalho et al. re-
ported that PAR-2 on human mast cells in lesional psoriatic skin is
up-regulated as compared with non-lesional psoriatic skin.39

Vliagoftis reported that thrombin activates PAR-1 of bone marrow
derived mast cells (BMMCs), causing adhesion of BMMCs to fibro-
nectin.40 Therefore, TF-induced activation of the coagulation factors
may activate mast cells and their degranulation by FVIIa, FXa and
FIIa by themselves via PARs. Since mast cells express the C5a re-
ceptor, and C5a is generated by the thrombin-dependent
pathway,41e43 the production of thrombin triggered by TF may
also cause mast cell activation via C5a.40,44 Puccetti et al. also re-
ported that activated eosinophils by autoantibody release a number
of inflammatory mediators such as major basic protein (MBP),
which can provoke mast cells degranulation.22

Taken together, the mechanisms leading to the development of
CSU might be explained by a model below. The first step is a
priming of endothelial cells by infections of pathogens, such as
gram-negative bacteria with LPS for the expression of TF. Most of
the basophils in CSU are mildly activated in blood and persistently
release small amounts of histamine. When a local concentration of
TLR agonists and histamine reaches the threshold of vascular
endothelial cells to induce the expression of TF required for the
activation of the extrinsic coagulation pathway, FXa and thrombin
in the blood near the activated endothelial cells increase vascular
permeability, and expose mast cells in the vicinity of leakage points
to plasma containing the activated coagulation factors and other
histamine releasing factors able to activate mast cells, and recruit
other immune cells in the lesion. On the other hand, eosinophils are
activated by anti-Fc 3RII autoantibodies and cytokines, such as IL-5
ressed on endothelial cells and eosinophils activate the extrinsic coagulation pathway

icaria and the extrinsic coagulation system, Allergology International
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and TNF-a and express TF, followed by thrombin production. MBP
from eosinophils may contribute to mast cell degranulation.
Thrombin also produces C5a, which selectively activates skin mast
cells. The activated mast cells in the skin release a large amount of
histamine which induces long and robust edema formation
recognized as wheals (Fig. 2).

Conclusion

In this review, we have described the predictable roles of TF-
expressing vascular endothelial cells and eosinophils in the path-
ogenesis of CSU. Extrinsic coagulation-related molecules, such as
activated-coagulation factors and PARs could be new and effective
therapeutic targets for patients with severe and refractory CSU.
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