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Abstract

Coagulation activation has been demonstrated in two prototypic autoimmune skin diseases,
chronic autoimmune urticaria and bullous pemphigoid, but only the latter is associated with
increased thrombotic risk. Two markers of coagulation activation (prothrombin fragment F1
+2 and fibrin fragment D-dimer) were measured by immunoenzymatic methods in plasma
samples from 30 patients with active chronic autoimmune urticaria, positive for autologous
serum skin test, 30 patients with active bullous pemphigoid and 30 healthy subjects. In skin
biopsies, tissue factor expression was evaluated by both immunohistochemistry and in situ
hybridization. F1+2 and D-dimer levels were higher in active chronic autoimmune urticaria
(276.5+89.8 pmol/L and 5.56+4.40 nmol/L, respectively) than in controls (145.2+38.0 pmol/
L and 1.0640.25 nmol/L; P=0.029 and P=0.011) and were much higher in active bullous
pemphigoid (691.7+318.7 pmol/L and 15.24+9.09 nmol/L, respectively) (P<0.0001). Tissue
factor positivity was evident in skin biopsies of both disorders with higher intensity in bullous
pemphigoid. F1+2 and D-dimer, during remission, were markedly reduced in both disorders.
These findings support the involvement of coagulation activation in the pathophysiology of
both diseases. The strong systemic activation of coagulation in bullous pemphigoid may
contribute to increase the thrombotic risk and provides the rationale for clinical trials on anti-
coagulant treatments in this disease.
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Introduction

Evidence exists on the close link among the immune response, inflammation and coagulation
[1,2]. Proinflammatory mediators induce the expression of tissue factor (TF), the main initiator
of blood coagulation, while activated proteases of coagulation trigger inflammation [3]. Such a
cross-talk amplifies and maintains the activation of both systems, and is potentially involved in
the pathophysiology of autoimmune skin diseases, such as chronic autoimmune urticaria
(CAU) and bullous pemphigoid (BP).

Chronic urticaria (CU) is a skin disorder characterized by the recurrent eruption of short-
lived wheals accompanied by redness and itching for at least 6 weeks (Fig 1A) [4]. The disease
can be classified as spontaneous and inducible CU [5]. Considering spontaneous CU, experi-
mental and clinical findings have supported an autoimmune origin in about 40% of cases [6,7].
In these chronic autoimmune urticaria (CAU) patients, circulating histamine-releasing autoan-
tibodies directed against IgE (anti-IgE) or against the o subunit of the high—affinity IgE recep-
tor (anti-FceRI) have been demonstrated in-vitro by immunoblotting, enzyme immunoassay
and basophil histamine-release assay [8-11] and are associated with positivity of autologous
serum skin test (ASST) in-vivo [12]. Mast cells activated primarily by histamine-releasing auto-
antibodies secrete proinflammatory mediators, including histamine, tryptase, leukotriene C4,
interleukin-1 and tumor necrosis factor-o. [13]. Along with autoimmune mechanisms mediat-
ed by autoantibodies, inflammation is also involved as supported by increased levels of C reac-
tive protein and matrix metalloproteinase-9 (MMP-9) [14,15]. Recently, evidence of the
possible involvement of the coagulation cascade in the pathogenesis of CU has emerged [16—
19]. CU patients show elevated plasma levels of prothrombin fragment F1+2, suggesting
thrombin generation [16]. In subsequent studies we found that CU patients show an activation
of the TF pathway of coagulation cascade [17], and that in patients with severe disease such ac-
tivation can be so pronounced as to produce an elevation of plasma levels of D-dimer, the last
being regarded as a sign of fibrinolysis [18]. The activation of the TF pathway of coagulation re-
sults in turn in the generation of thrombin which, in experimental models, has been shown to
induce edema [20,21] and release of inflammatory mediators [15].

Bullous pemphigoid (BP) is an autoimmune disease presenting with blisters and urticaria-
like skin lesions (Fig 1B); it occurs typically in elderly and is burdened with a high risk of death,

Fig 1. Clinical pictures of chronic urticaria and bullous pemphigoid. Wheals accompanied by redness on the back in a chronic urticaria patient (panel
A). Blisters and urticaria-like skin lesions on abdomen in a patient with bullous pemphigoid (panel B).

doi:10.1371/journal.pone.0129456.9001
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due mainly to infectious complications and cardiovascular events [22,23]. The pathophysiology
of BP is linked to production of autoantibodies directed against two hemidesmosomal antigens,
BP180 and BP230, with complement activation and leucocyte skin infiltration playing an im-
portant role [22,24,25]. Both T cells and B cells with autoreactivity towards BP180/BP230 are
necessary for its pathogenesis [26]. During acute phase of BP, autoreactive T helper (Th) 1 and
Th 2 lymphocytes cooperatively play a role in the development of the disease process [27]. Re-
cently, a focus has been placed on the possible contribution of the newly discovered Th 17 sub-
set to the pathophysiology of BP [28-31]. Moreover, a reduction of T regulatory cells, whose
immunosurveillance action is critical in preventing autoimmunity, has been observed in
lesional skin of BP patients [30]. Finally, also the activation of the coagulation cascade at skin
level seems to be involved in the disease pathophysiology. In fact, an increase in the prothrom-
botic markers F1 + 2 and D-dimer concentrations has been found in blister fluid samples [25].
The expression of TF in BP skin specimens suggests its role in initiating blood coagulation also
in this disease. Coagulation activation may contribute to tissue damage and blister formation
by the generation of thrombin. In plasma samples from BP patients, F1 + 2 and D-dimer levels
were also increased, although to a lesser extent than in blister fluids [25]. Based on these find-
ings, coagulation activation in BP patients could contribute to inflammation, tissue damage,
blister formation and potentially to thrombosis.

The main aim of this study was to assess and compare the plasma markers of coagulation
activation by means of immunoenzymatic methods, and lesional TF expression by means of
immunohistochemistry and in situ hybridization, between CAU and BP, two immune-mediat-
ed diseases that share the involvement of coagulation in their pathophysiology but differ in
clinical and prognostic features.

Patients and Methods
Patients

Chronic autoimmune urticaria (CAU). Thirty patients with CAU (13 men and 17
women, median age 43 years, range 23-63), admitted to the Dermatology Department from
January 2012 to December 2014, were selected for the study. CAU was diagnosed on the basis
of the recurrence of spontaneous weals with or without angioedema for more than 6 weeks. All
the included patients were characterized by positivity of autologous serum skin test. Patients
with physical urticaria and urticarial vasculitis were excluded. All patients had active urticaria
at the time of the study. Patients had not been given systemic corticosteroids and anti-hista-
mines for at least 1 week. Disease activity was estimated according to the number of weals pres-
ent at the time when blood samples from these patients were collected, as follows: 1-10 small
(<3 cm in diameter) weals = grade 1 (mild); 10-50 small weals or 1-10 large weals = grade 2
(moderate); and >50 small weals or >10 large weals = grade 3 (severe).

Skin biopsy specimens were taken from wheals lasting from 3 to 12 h.

In 10 patients, blood samples were taken also during disease remission.

Bullous pemphigoid (BP). Thirty patients with previously untreated active BP (14 men
and 16 women, median age 73 years, range 58-88) admitted to the Dermatology Department
from January 2012 to December 2014 were included. The diagnosis of BP was established on
the basis of clinical and immunopathological criteria. All the patients had a clinical picture of
generalized BP without any mucous membrane involvement (median disease duration: 1
month, range 0-2); the skin lesions (vesiculobullous and/or erythematous—oedematous le-
sions) covered a median 35% of total body area (range 20-50%). Direct immunofluorescence
examinations of the perilesional skin revealed the linear deposition of IgG and/or C3 in the
BMZ in all cases, circulating anti-BP180 autoantibodies were detected by means of an ELISA.
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Concomitant neoplastic or inflammatory diseases were excluded on the basis of clinical and in-
strumental examinations. None of the patients had thyroid dysfunction or atrial fibrillation
nor were taking drugs affecting coagulation.

At blood sampling, active BP patients were taking neither immunosuppressive/anti-inflam-
matory agents nor anticoagulant drugs.

Skin specimens were obtained from the early appearing lesions (<24 h) of all patients with
BP. After taking blood and skin samples, patients with active disease were treated with methyl-
prednisolone at an initial dose of 0-5-0-75 mg/kg/day. When either new lesions or pruritic
symptoms have not occurred for at least 2 weeks, the tapering of steroid was started until
reaching the minimal dose of 0-05-0-1 mg/kg/day.

In 10 patients, blood samples were taken during clinical remission. At the time of the re-
evaluation sampling, the patients were receiving low-dose corticosteroids.

Normal controls. Thirty healthy subjects (15 men and 15 women, median age 55 years,
range 21-83) served as normal controls for plasmatic studies. Specimens of normal skin from 20
patients who underwent excision of benign skin tumors were used as controls for tissue studies.

Blood sampling

Sodium citrate anticoagulated plasma samples taken from all CAU and BP patients and from
normal subjects were stored in plastic cones at -20°C until in vitro assay.

The study was approved by the local Review Board of Internal Medicine, Dermatology, Al-
lergy and Clinical Immunology of the University of Milan, Italy, and all of the subjects gave
their written informed consent.

Methods

Prothrombin fragment 1+2 (F1+2) measurements. F1+2 levels were measured using a
sandwich ELISA (Enzygnost F1+2; Behring Diagnostic GmbH, Frankfurt, Germany), with
intra- and interassay coefficients of variation (CV) of 5% and 8%, respectively.

D-Dimer measurements. D-Dimer levels were measured by means of ELISA (Zymutest
D-dimer; Hyphen BioMed, Neuville-sur-Oise, France) in accordance with the manufacturer’s
instructions. The intra- and interassay CV were 10% and 15%, respectively.

C-reactive protein (CRP) determination. CRP plasma concentration was measured using
a sandwich enzyme immunoassay (Zymutest CRP, Hyphen BioMed, Neuville-sur-Oise,
France). Intra- and inter-assay variability was lower than 11%.

Blood eosinophil count. The absolute eosinophil number in peripheral blood was mea-
sured with a SE 9000 electronic counter (Sysmex Co., Kobe, Japan), and expressed as the num-
ber of cells/pl.

Immunohistochemical studies. The tissue samples were fixed in buffered formalin, dehy-
drated, embedded in paraffin wax and sectioned; no antigen unmasking pretreatment was
needed. After deparaffining and rehydrating, each tissue section was placed on a Dako auto-
mated immunostainer (Dako Cytomation, Glostrup, Denmark), and incubated with the specif-
ic monoclonal antibody (mouse antihuman TF 1: 100; American Diagnostica Inc., Greenwich,
CT, U.S.A.) at room temperature for 45 min, and then washed with Tris-buffered saline (TBS),
pH 7.6, and incubated in biotinylated goat antimouse and antirabbit immunoglobulins (Dako
REAL, code K5005) at room temperature for 30 min. After incubation with the secondary anti-
body and another washing with TBS, pH 7.6, the sections were incubated with streptavidin
conjugated to alkaline phosphatase (Dako REAL, code K5005) at room temperature for 30
min. A red chromogen solution was prepared as indicated by the Dako REAL datasheet and
used as an enzyme substrate, followed by counterstaining with Mayer’s haematoxylin. After air
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drying, each section was coverslipped using the VectaMount mounting medium (Vector Labo-
ratories, Burlingame, CA, U.S.A.). A negative control was performed using a pool of mouse im-
munoglobulins (IgG1, IgG2a, IgG2b and IgM) as primary antibody (negative control; Dako
Cytomation). Two independent ‘blinded” observers evaluated the serial sections. TF immuno-
reactivity was scored according to the number of immunoreactive cells per field (200x) as fol-
lows: 0 = no immunoreactive cells, 1 = 1-5 immunoreactive cells, 2 = 6-20 immunoreactive
cells, 3 = >20 immunoreactive cells.

Fluorescence in situ hybridization (FISH). To evaluate the tissue factor m-RNA in the
cells of the inflammatory infiltrate, the skin sections were subjected to in situ hybridization
using a RNA probe complementary to the m-RNA of tissue factor conjugated with fluorescein
isothiocyanate. After deparaffinization and rehydration, each section was incubated with a so-
lution containing proteinase K for tissue digestion and placed in the thermal cycler at 37°C for
15 minutes. After washing with TBS, we performed an incubation with hybridization buffer in
the thermal cycler at 30°C for 4 hours, and then with a tissue factor specific probe at 30°C for
18 hours. After washing with stringency buffer at 40°C for 15 minutes, the preparations were
examined with a fluorescence microscope.

Statistics

Following previous studies in which CAU and BP patients were tested separately [18,25], we hy-
pothesized a 30% difference in F14+2 mean plasma levels between CAU and BP. With a SD of
150 pmol/L, a two-tailed alpha error of 0.05 and a 80% power, a theoretical sample of 16 patients
per group was calculated. Taking into account possible technical problems related to sampling
and laboratory testing, the sample was increased up to 30 patients per group. Results are re-
ported as mean values with standard deviation (SD) and were log-transformed before analysis
to approach a normal distribution. To compare mean plasma levels of F1+2, D-dimer and CRP
between the 3 study groups (controls, CAU and BP patients), ANOVA was used with Bonferro-
ni’s post-hoc contrast analysis. Within-group comparisons (acute phase versus remission) was
made with Student’s t-test for paired groups. Differences in the immunohistochemical scores
were assessed using the Wilcoxon—Mann—Whitney nonparametric test. Correlation between
CRP and both F1+2 and D-dimer plasma levels was tested with the Spearman’s rank correlation
test. P < 0.05 was considered to indicate a statistically significant difference or correlation.

Results
Prothrombin fragment 1+2

The prothrombin F1+2 measurements are shown in Fig 2. Plasma F1+2 levels were higher in
active CAU patients (mean + SD: 276.5+89.8 pmol/L) than in normal controls (145.2+38.0
pmol/L) (Bonferroni’s post-hoc contrast: P = 0.029). Plasma F1+2 levels were much higher in
BP patients (691.7+318.7 pmol/L, P<0.0001 for comparison with both controls and CAU pa-
tients). In the 10 patients observed during CAU remission, plasma levels significantly de-
creased compared with CAU exacerbation (from 396+100 pmol/l to 213+32 pmol/l; P
<0.0001) (Fig 3). The 10 BP patients evaluated before and after immunosuppressive therapy
leading to complete disease remission had a significant reduction in plasma F1+2 levels at re-
mission (from 711+76 pmol/l to 279442 pmol/l; P<0.0001) (Fig 3).

D-dimer

D-dimer levels were higher in plasma of patients with active CAU (5.58+4.40 nmol/L) than in
plasma of controls (1.06+0.25 nmol/L) (Bonferroni’s post-hoc contrast: P = 0.011) and were
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Fig 2. Plasma measurements of prothrombin fragment F1+2. Plasma levels of prothrombin fragment F1
+2 were measured in 30 healthy subjects (controls), 30 patients with active chronic autoimmune urticaria
(CAU) and 30 patients with active bullous pemphigoid (BP). Mean plasma levels of F1+2 (indicated by the
solid horizontal line) were significantly higher in both CAU and BP patients than in controls (ANOVA with
Bonferroni’s post-hoc contrast analysis on log-transformed data). A more marked elevation was evident in
BP patients.

doi:10.1371/journal.pone.0129456.g002
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much higher in plasma of patients with BP (15.2449.09 nmol/L) (P<0.0001 versus both con-
trols and CAU patients) (Fig 4). During clinical remission, we observed a normalization of
plasma D-dimer levels both in the 10 CAU patients (from 8.8+1.5 nmol/L to 3.3+5.2 nmol/L;
P<0.0001) and in the 10 BP patients (from 18.9+3.3 nmol/L to 2.1+0.7 nmol/L; P<0.0001)
(Fig 5).

C-reactive protein

CRP plasma levels were significantly higher in CAU patients (2.7742.27 ug/ml) than in
normal controls (0.64+0.45 pg/ml) (Bonferroni’s post-hoc contrast: P = 0.001) and were
further increased in BP patients (5.79+3.15ug/ml) (P<0.0001 versus both controls and
CAU patients) (Fig 6). CRP plasma levels were highly correlated with both F1+2 (Spear-
mans’s rtho = 0.753, p<0.0001) and D-dimer plasma levels (Spearmans’s rho = 0.765,
p<0.0001).
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Fig 3. Plasma levels of prothrombin fragment F1+2 during active disease and remission. Plasma levels of prothrombin fragment F1+2 were measured
in 10 patients with chronic autoimmune urticaria (left panel) and 10 patients with bullous pemphigoid (right panel). Each line represents a single patient.
Plasma levels of F1+2 were higher during active disease and significantly decreased during remission in both chronic autoimmune urticaria and bullous
pemphigoid patients.

doi:10.1371/journal.pone.0129456.9003
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Skin TF expression

Immunohistochemical experiments. The immunohistochemical experiments revealed a
TF reactivity in the skin specimens taken from both CAU patients (n = 30) and BP patients
(n = 30) whereas no reactivity was evident in 20 normal skin samples (P = 0.0001) (Fig 7). TF
reactivity was higher in BP than in CAU (P = 0.002). Fig 8 shows examples of TF reactivity in
the skin from a patient with CAU (panel A) and a patient with BP (panel B).

In situ hybridization. In situ hybridization using a RNA probe complementary to the
m-RNA of TF confirmed the expression of TF by inflammatory cells in the lesional skin of
3 BP patients and 3 CAU patients. Fig 8 reports examples of cells expressing mRNA of TF
which were more numerous in a patient with BP (panel D) than in a patient with CAU
(panel C).

Discussion

In this study for the first time two autoimmune skin diseases have been compared in terms of
degree of blood coagulation activation and expression of TF in lesional skin. A stronger system-
ic activation was found in BP than in CAU, while at tissue level, a marked expression of TF, the
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Fig 4. Plasma measurements of fibrin fragment D-dimer. Plasma levels of fibrin fragment D-dimer were
measured in 30 healthy subjects (controls), 30 patients with active chronic autoimmune urticaria (CAU) and
30 patients with active bullous pemphigoid (BP). Mean plasma levels of D-dimer (indicated by the solid
horizontal line) were significantly higher in both CAU and BP patients than in controls (ANOVA with
Bonferroni’s post-hoc contrast analysis on log-transformed data). A more marked elevation was evident in
BP patients.

doi:10.1371/journal.pone.0129456.g004

main initiator of blood coagulation, was found in both diseases. The activation of coagulation
was shown to parallel the disease activity in both CAU and BP; in fact, during remission, we
observed its normalization in both CAU and BP. These findings support the role of coagulation
activation in the pathophysiology of CAU and BP in agreement with previous observations
[17,25,31]. The stronger activation found in patients with BP may contribute to increase their
thrombotic risk.

Recently, using co-localization experiments, TF has been found to be expressed by eosino-
phils present in the inflammatory infiltrate of CAU and BP skin lesions [19,32]. This indicates
that eosinophils play a role as a source of TF, in line with studies showing that eosinophils
store TF and rapidly transfer it to the cell membrane during activation [33]. The strong expres-
sion of TF in CAU lesional skin may be due to eosinophil activation, even if patients with CAU
virtually never show peripheral eosinophilia, probably because TF specifically facilitates the
early transendothelial migration of the eosinophils [33]. Eosinophils are also important com-
ponents of the BP inflammatory infiltrate, which also consists of numerous T lymphocytes and
few other inflammatory cells [34,35]. Notably, the T lymphocytes infiltrating lesional skin of
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Fig 5. Plasma levels of D-dimer during active disease and remission. Plasma levels of D-dimer in 10 patients with chronic autoimmune urticaria (left
panel) and 10 patients with bullous pemphigoid (right panel). Each line represents a single patient. Plasma levels of D-dimer were higher during active
disease and significantly decreased during remission in both CAU and BP patients.

doi:10.1371/journal.pone.0129456.9005

BP exhibit mainly a T helper type 2 (Th2) phenotype and produce cytokines and chemokines
inducing recruitment and activation of eosinophils, in particular interleukin-5 and eotaxin
[36]. Consistent with this, TF-mediated coagulation pathway may be considered as a common
pathogenetic event in both CAU and BP disease. The activation of the extrinsic coagulation
pathway generates thrombin that may play a role in the pathogenesis of both diseases by in-
creasing vascular permeability [37] and favouring the transendothelial migration of inflamma-
tory cells and their accumulation in the skin [33]. In particular, in CAU, the generation of
thrombin induces edema by a direct effect on endothelial cells and indirectly by a thrombin-re-
lated release of inflammatory mediators [13]. Most effects of thrombin are probably mediated
by histamine (and hence mast cell mediated), as they have been reported to be reduced by anti-
histamines and mast cell granule depletion in animal models [21]. On the other hand, in BP
hypercoagulability may contribute to inflammation, tissue damage and blister formation, al-
though other pathomechanisms have been suggested to link eosinophils and hypercoagulabil-
ity, involving endothelium, platelets and coagulation itself [38].

It is noteworthy that in plasma samples from CAU and BP patients included in the present
study, F1+2 and D-dimer levels were significantly increased compared with normal controls,
indicating that the coagulation cascade is activated also at a systemic level, as previously found
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Fig 6. Plasma levels of C-reactive protein. Plasma levels of C-reactive protein (CRP) were measured in 30 healthy subjects (controls), 30 patients with
active chronic autoimmune urticaria (CAU) and 30 patients with active bullous pemphigoid (BP). Mean plasma levels of CRP (indicated by the solid horizontal
line) were significantly higher in both CAU and BP patients than in controls (ANOVA with Bonferroni’s post-hoc contrast analysis on log-transformed data). A
more marked elevation was evident in BP patients.

doi:10.1371/journal.pone.0129456.9006

[17,25], although methods with different sensitivity and specificity were used. Plasma levels of
these prothrombotic markers were strikingly increased especially in BP patients. The finding
that the increase in plasma markers of thrombin generation and fibrinolysis parallels plasma
CRP levels strongly supports the close link between coagulation activation and inflammation
in CAU and BP pathogenesis. This may have clinical implications both at skin level (wheals
and blisters) and systemic level (thrombotic risk) [39]. Moreover, it is well known that the in-
flammatory response inhibits fibrinolysis, which contributes to the prothrombotic state seen in
conditions such as sepsis [40], inflammatory bowel diseases [41] and rheumatoid arthritis [42].
The results of a previous study on a group of patients with active BP showed that fibrinolysis is
inhibited, due mainly to an increase in the plasma levels of plasminogen activator inhibitor
type 1 (PAI-1) activity and antigen [43]. The most important clinical consequence of the
hypercoagulable state related to coagulation activation in CAU and, to a higher extent, in BP
patients is an increased thrombotic risk. Indeed, it has been reported that the risk of thrombosis
is increased in patients with BP [44,45] and we have found an annual incidence of venous
thrombosis of 8% [25], clearly higher than that observed in the general elderly population
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Fig 7. Scores of tissue factorimmunoreactivity in tissue samples. Immunoreactivity for tissue factor was evaluated in tissue samples from skin lesions
of 20 patients with chronic autoimmune urticaria (CAU) and 20 patients with bullous pemphigoid (BP) compared with normal skin (20 cases). Both CAU and
BP patients showed a marked immunoreactivity for tissue factor (P = 0.0001); the reactivity was significantly higher in BP than in CAU (P = 0.027). Tissue
factorimmunoreactivity was scored according to the number of immunoreactive cells per field (200X) as follows: O = No immunoreactive cells; | = 1-5
immunoreactive cells; 2 = 6-20 immunoreactive cells; 3 = >20 immunoreactive cells.

doi:10.1371/journal.pone.0129456.9007

(0-28-0-41% per year) [46]. Interestingly, in the CAU patients evaluated during activity and re-
mission, both F1 + 2 and D-dimer plasma levels significantly decreased during remission. Simi-
larly, prothrombotic marker plasma levels markedly decrease during disease remission
obtained with immunosuppressive treatment in BP patients. Based on these findings, it may be
hypothesized that the reduction in coagulation activation observed after treatment may not
only contribute to the healing of the cutaneous manifestations, but also to the reduction of
thrombotic risk.

The limitation of the present study is the relatively small number of patients included, but
this is counterbalanced by the high mean difference in F1+2 and D-dimer plasma levels be-
tween CAU and BP patients, which can be demonstrated with enough power with this sample
size.

In conclusion, in the present study the measurement of biomarkers of coagulation activation
confirmed that the coagulation cascade is systemically activated in the acute phase of such in-
flammatory cutaneous disorders as CAU and BP. These diseases differ in the strength of coagu-
lation activation at a systemic level, being significantly increased in BP which is burdened with
a high thrombotic risk.
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Fig 8. Inmunohistochemical studies and in situ hybridization. Tissue factor expression was evaluated in lesional skin of chronic autoimmune urticaria
and bullous pemphigoid. Immunohistochemical studies showed tissue factor reactivity in both chronic autoimmune urticaria (panel A) and bullous
pemphigoid (panel B) (original magnification, X 200). In situ hybridization showed m-RNA of tissue factor, confirming a higher expression by inflammatory
cells in bullous pemphigoid (panel D) than in chronic autoimmune urticaria (panel C).

doi:10.1371/journal.pone.0129456.9008

Acknowledgments

This work was supported by “Ricerca corrente”, Fondazione IRCCS Ca’ Granda, Ospedale
Maggiore Policlinico, Milano, Italy.

The authors thank Dr. Luigi Ghilardini for the valuable assistance in the preparation of
the figures.

Author Contributions

Conceived and designed the experiments: MC AT AVM. Performed the experiments: MC AT
AVM RA EB LV SG EG. Analyzed the data: PB MC AT AVM. Contributed reagents/materials/
analysis tools: LV SG EG. Wrote the paper: MC AT AVM AB. All the authors contributed in
the interpretation of the results, critically reviewed the manuscript and approved the final ver-
sion for submission.

References

1. Opal SM (2000) Phylogenetic and functional relationships between coagulation and the innate immune
response. Crit Care Med 28 (9 Suppl): S77-S80. PMID: 11007204

PLOS ONE | DOI:10.1371/journal.pone.0129456 June 9, 2015 12/15


http://www.ncbi.nlm.nih.gov/pubmed/11007204

@’PLOS ‘ ONE

Coagulation Activation and Thrombotic Risk in Autoimmune Skin Diseases

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Levi M, van der Poll T (2005) Two-way interactions between inflammation and coagulation. Trends Car-
diovasc Med 15(7):254—-259. PMID: 16226680

van der Poll T, Levi M (2012) Crosstalk between inflammation and coagulation: the lessons of sepsis.
Curr Vasc Pharmacol 10(5):632-638. PMID: 22272914

Bernstein JA, Lang DM, Khan DA, Craig T, Dreyfus D, Hsieh F, et al (2014) The diagnosis and manage-
ment of acute and chronic urticaria: 2014 update. J Allergy Clin Immunol 133(5):1270-1277. doi: 10.
1016/j.jaci.2014.02.036 PMID: 24766875

Zuberbier T, Aberer W, Asero R, Bindslev-Jensen C, Brzoza Z, Canonica GW, et al (2014) The EAACI/
GA(2) LEN/EDF/WAO Guideline for the definition, classification, diagnosis, and management of urticar-
ia: the 2013 revision and update. Allergy 69(7):868-887. doi: 10.1111/all.12313 PMID: 24785199

Greaves MW (2014) Pathology and classification of urticaria. Immunol Allergy Clin North Am 34(1):1-9.
doi: 10.1016/j.iac.2013.07.009 PMID: 24262685

Saini SS (2014) Chronic spontaneous urticaria: etiology and pathogenesis. Immunol Allergy Clin North
Am 34(1):33-52 doi: 10.1016/j.iac.2013.09.012 PMID: 24262688

Gruber BL, Baeza ML, Marchese MJ, Agnello V, Kaplan AP (1988) Prevalence and functional role of
anti-IgE autoantibodies in urticarial syndromes. J Invest Dermatol 90(2):213-217. PMID: 2448392

Grattan CEH, Francis DM, Hide M, Greaves MW (1991) Detection of circulating histamine releasing au-
toantibodies with functional properties of anti IgE in chronic urticaria. Clin Exp Allergy 21(6):695-704.
PMID: 1723343

Hide M, Francis DM, Grattan CEH, Hakimi J, Kochan JP, Greaves MW (1993) Autoantibodies against
the high affinity IgE receptor as a cause of histamine release in chronic urticaria. N Eng J Med 328
(22):1599-1604. PMID: 7683772

Tong LJ, Balakrishnan G, Kochan JP, Kinét JP, Kaplan AP (1997) Assessment of autoimmunity in pa-
tients with chronic urticaria. J Allergy Clin Immunol 99(4):461-5. PMID: 9111489

Grattan CE, Wallington TB, Warin RP, Kennedy CT, Bradfield JW (1986) A serological mediator in
chronic idiopathic urticaria: a clinical, immunological and histological evaluation. Br J Dermatol 114
(5):583-590. PMID: 3718848

Tedeschi A, Kolkhir P, Asero R, Pogorelov D, Olisova O, Kochergin N, et al (2014) Chronic urticaria
and coagulation: pathophysiological and clinical aspects. Allergy 69(6):683—-691. doi: 10.1111/all.
12389 PMID: 24673528

Kessel A, Bishara R, Amital A, Bamberger E, Sabo E, Grushko G, et al (2005) Increased plasma levels
of matrix metalloproteinase-9 are associated with the severity of chronic urticaria. Clin Exp Allergy 35
(2):221-225. PMID: 15725195

Tedeschi A, Asero R, Lorini M, Marzano AV, Cugno M (2010) Plasma levels of matrix metalloprotei-
nase-9 in chronic urticaria patients correlate with disease severity and C-reactive protein but not with
circulating histamine-releasing factors. Clin Exp Allergy 40(6):875-881. doi: 10.1111/j.1365-2222.
2010.03473.x PMID: 20214668

Asero R, Tedeschi A, Riboldi P, Cugno M (2006) Plasma of chronic urticaria patients shows signs of
thrombin generation and its intradermal injection causes wheal-and-flare reactions much more fre-
quently than autologous serum. J Allergy Clin Immunol 117(5):1113-1117. PMID: 16675340

Asero R, Tedeschi A, Coppola R, Griffini S, Paparella P, Riboldi P, et al (2007) Activation of the tissue
pathway of blood coagulation in patients with chronic urticaria. J Allergy Clin Immunol 119(3):705-710.
PMID: 17204316

Asero R, Tedeschi A, Riboldi P, Griffini S, Bonanni E, Cugno M (2008) Severe chronic urticaria is asso-
ciated with elevated plasma levels of D-dimer. Allergy 63(2):176—180. PMID: 17961199

Cugno M, Marzano AV, Tedeschi A, Fanoni D, Venegoni L, Asero R (2009) Expression of tissue factor
by eosinophils in patients with chronic urticaria. Int Arch Allergy Immunol 148(2):170-4. doi: 10.1159/
000155748 PMID: 18802362

Schaeffer RC, Gong F, Bitrick MS, Smith TL (1993) Thrombin and bradykinin initiate discrete endotheli-
al solute permeability mechanisms. Am J Physiol 264(6 Pt2):1798-1809. PMID: 8322908

Cirino G, Cicala C, Bucci MR, Sorrentino L, Maranganore JM, Stone SR (1996) Thrombin functions as an
inflammatory mediator through activation of its receptors. J Exp Med 183(3):821-827. PMID: 8642286

Schmidt E, Zillikens D (2013) Pemphigoid diseases. Lancet 381(9863):320-332. doi: 10.1016/S0140-
6736(12)61140-4 PMID: 23237497

Joly P, Baricault S, Sparsa A, Bernard P, Bédane C, Duvert-Lehembre S, et al (2012) Incidence and
mortality of bullous pemphigoid in France. J Invest Dermatol 132(8):1998-2004. doi: 10.1038/jid.2012.
35 PMID: 22418872

PLOS ONE | DOI:10.1371/journal.pone.0129456  June 9, 2015 13/15


http://www.ncbi.nlm.nih.gov/pubmed/16226680
http://www.ncbi.nlm.nih.gov/pubmed/22272914
http://dx.doi.org/10.1016/j.jaci.2014.02.036
http://dx.doi.org/10.1016/j.jaci.2014.02.036
http://www.ncbi.nlm.nih.gov/pubmed/24766875
http://dx.doi.org/10.1111/all.12313
http://www.ncbi.nlm.nih.gov/pubmed/24785199
http://dx.doi.org/10.1016/j.iac.2013.07.009
http://www.ncbi.nlm.nih.gov/pubmed/24262685
http://dx.doi.org/10.1016/j.iac.2013.09.012
http://www.ncbi.nlm.nih.gov/pubmed/24262688
http://www.ncbi.nlm.nih.gov/pubmed/2448392
http://www.ncbi.nlm.nih.gov/pubmed/1723343
http://www.ncbi.nlm.nih.gov/pubmed/7683772
http://www.ncbi.nlm.nih.gov/pubmed/9111489
http://www.ncbi.nlm.nih.gov/pubmed/3718848
http://dx.doi.org/10.1111/all.12389
http://dx.doi.org/10.1111/all.12389
http://www.ncbi.nlm.nih.gov/pubmed/24673528
http://www.ncbi.nlm.nih.gov/pubmed/15725195
http://dx.doi.org/10.1111/j.1365-2222.2010.03473.x
http://dx.doi.org/10.1111/j.1365-2222.2010.03473.x
http://www.ncbi.nlm.nih.gov/pubmed/20214668
http://www.ncbi.nlm.nih.gov/pubmed/16675340
http://www.ncbi.nlm.nih.gov/pubmed/17204316
http://www.ncbi.nlm.nih.gov/pubmed/17961199
http://dx.doi.org/10.1159/000155748
http://dx.doi.org/10.1159/000155748
http://www.ncbi.nlm.nih.gov/pubmed/18802362
http://www.ncbi.nlm.nih.gov/pubmed/8322908
http://www.ncbi.nlm.nih.gov/pubmed/8642286
http://dx.doi.org/10.1016/S0140-6736(12)61140-4
http://dx.doi.org/10.1016/S0140-6736(12)61140-4
http://www.ncbi.nlm.nih.gov/pubmed/23237497
http://dx.doi.org/10.1038/jid.2012.35
http://dx.doi.org/10.1038/jid.2012.35
http://www.ncbi.nlm.nih.gov/pubmed/22418872

@’PLOS ‘ ONE

Coagulation Activation and Thrombotic Risk in Autoimmune Skin Diseases

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Ujiie H, Shibaki A, Nishie W, Shimizu H (2010) What's new in bullous pemphigoid. J Dermatol 37
(3):194—204. doi: 10.1111/1.1346-8138.2009.00792.x PMID: 20507382

Marzano AV, Tedeschi A, Fanoni D, Bonanni E, Venegoni L, Berti E, et al (2009) Activation of blood co-
agulation in bullous pemphigoid: role of eosinophils, and local and systemic implications. Br J Dermatol
160(2):266—-272. doi: 10.1111/j.1365-2133.2008.08880.x PMID: 18945300

Yancey KB (2005) The pathophysiology of autoimmune blistering diseases. J Clin Invest 115 (4):825-
828. PMID: 15841169

Echigo T, Hasegawa M, Shimada Y, Inaoki M, Takehara K, Sato S (2006) Both Th1 and Th2 chemo-
kines are elevated in sera of patients with autoimmune blistering diseases. Arch Dermatol Res 298
(1):38-45. PMID: 16583210

Lo Schiavo A, Ruocco E, Brancaccio G, Caccavale S, Ruocco V, Wolf R (2013) Bullous pemphigoid:
etiology, pathogenesis, and inducing factors: facts and controversies. Clin Dermatol 31(4):391-9. doi:
10.1016/j.clindermatol.2013.01.006 PMID: 23806156

Le Jan S, Plée J, Vallerand D, Dupont A, Delanez E, Durlach A, et al (2014) Innate immune cell-pro-
duced IL-17 sustains inflammation in bullous pemphigoid. J Invest Dermatol 134(12):2908—-2917. doi:
10.1038/jid.2014.263 PMID: 24945093

Arakawa M, Dainichi T, Ishii N, Hamada T, Karashima T, Nakama T, et al (2011) Lesional Th17 cells
and regulatory T cells in bullous pemphigoid. Exp Dermatol 20(12):1022—1024. doi: 10.1111/.1600-
0625.2011.01378.x PMID: 22017210

Ludwig RJ, Kalies K, Kéhl J, Zillikens D, Schmidt E (2013) Emerging treatments for pemphigoid dis-
eases. Trends Mol Med 19(8):501-12. doi: 10.1016/j.molmed.2013.06.003 PMID: 23831338

Marzano AV, Tedeschi A, Berti E, Fanoni D, Crosti C, Cugno M (2011) Activation of coagulation in bul-
lous pemphigoid and other eosinophil-related inflammatory skin diseases. Clin Exp Immunol 165
(1):44-50. doi: 10.1111/j.1365-2249.2011.04391.x PMID: 21488867

Moosbauer C, Morgenstern E, Cuvelier SL, Manukyan D, Bidzhekov K, Albrecht S, et al (2007) Eosino-
phils are a major intravascular location for tissue factor storage and exposure. Blood 109(3): 995—
1002. PMID: 17003379

Hertl M, Eming R, Veldman C (2006) T cell control in autoimmune bullous skin disorders. J Clin Invest
116(5):1159-1166. PMID: 16670756

Borrego L, Maynard B, Peterson EA, George T, Iglesias L, Peters MS, et al (1996) Deposition of eosino-
phil granule proteins precedes blister formation in bullous pemphigoid. Comparison with neutrophil and
mast cell granule proteins. Am J Pathol 148(3):897—909. PMID: 8774144

Feliciani C, Toto P, Mohammad Pour S, Coscione G, Amerio P, Amerio P (1999) A Th2-like cytokine re-
sponse is involved in bullous pemphigoid. the role of IL-4 and IL-5 in the pathogenesis of the disease.
Int J Immunopathol Pharmacol 12(2):55-61. PMID: 12783647

Nobe K, Sone T, Paul R J, Honda K (2005) Trombin-induced force development in vascular endothelial
cells: contribution to alteration of permeability mediated by calcium-dependent and-independent path-
ways. J Pharmacol Sci 99(3):252—263. PMID: 16272788

Maino A, Rossio R, Cugno M, Marzano AV, Tedeschi A (2012) Hypereosinophilic syndrome, Churg-
Strauss syndrome and parasitic diseases: possible links between eosinophilia and thrombosis. Curr
Vasc Pharmacol 10(5):670-5. PMID: 22272911

Cugno M, Tedeschi A, Asero R, Meroni PL, Marzano AV (2010) Skin autoimmunity and blood coagula-
tion. Autoimmunity 43(2):189-194. doi: 10.3109/08916930903293086 PMID: 19883336

Savioli M, Cugno M, Polli F, Taccone P, Bellani G, Spanu P, et al (2009) Tight glycemic control may
favor fibrinolysis in patients with sepsis. Crit Care Med 37(2):424—431. doi: 10.1097/CCM.
0b013e31819542da PMID: 19114908

Saibeni S, Ciscato C, Vecchi M, Boscolo Anzoletti M, Kaczmarek E, Caccia S, et al (2006) Antibodies
to tissue-type plasminogen activator (t-PA) in patients with inflammatory bowel disease: high preva-
lence, interactions with functional domains of t-PA and possible implications in thrombosis. J Thromb
Haemost 4(7):1510-1516. PMID: 16839347

Ingegnoli F, Fantini F, Griffini S, Soldi A, Meroni PL, Cugno M (2010) Anti-tumor necrosis factor alpha
therapy normalizes fibrinolysis impairment in patients with active rheumatoid arthritis. Clin Exp Rheu-
matol 28(2):254—7. PMID: 20483049

Marzano AV, Tedeschi A, Polloni |, Crosti C, Cugno M (2013) Prothrombotic state and impaired fibrino-
lysis in bullous pemphigoid, the most frequent autoimmune blistering disease. Clin Exp Immunol 171
(1):76-81. doi: 10.1111/j.1365-2249.2012.04674.x PMID: 23199326

Yang YW, Chen YH, Xirasagar S, Lin HC (2011) Increased risk of stroke in patients with bullous pem-
phigoid: a population-based follow-up study. Stroke 42(2):319-323. doi: 10.1161/STROKEAHA.110.
596361 PMID: 21164122

PLOS ONE | DOI:10.1371/journal.pone.0129456  June 9, 2015 14/15


http://dx.doi.org/10.1111/j.1346-8138.2009.00792.x
http://www.ncbi.nlm.nih.gov/pubmed/20507382
http://dx.doi.org/10.1111/j.1365-2133.2008.08880.x
http://www.ncbi.nlm.nih.gov/pubmed/18945300
http://www.ncbi.nlm.nih.gov/pubmed/15841169
http://www.ncbi.nlm.nih.gov/pubmed/16583210
http://dx.doi.org/10.1016/j.clindermatol.2013.01.006
http://www.ncbi.nlm.nih.gov/pubmed/23806156
http://dx.doi.org/10.1038/jid.2014.263
http://www.ncbi.nlm.nih.gov/pubmed/24945093
http://dx.doi.org/10.1111/j.1600-0625.2011.01378.x
http://dx.doi.org/10.1111/j.1600-0625.2011.01378.x
http://www.ncbi.nlm.nih.gov/pubmed/22017210
http://dx.doi.org/10.1016/j.molmed.2013.06.003
http://www.ncbi.nlm.nih.gov/pubmed/23831338
http://dx.doi.org/10.1111/j.1365-2249.2011.04391.x
http://www.ncbi.nlm.nih.gov/pubmed/21488867
http://www.ncbi.nlm.nih.gov/pubmed/17003379
http://www.ncbi.nlm.nih.gov/pubmed/16670756
http://www.ncbi.nlm.nih.gov/pubmed/8774144
http://www.ncbi.nlm.nih.gov/pubmed/12783647
http://www.ncbi.nlm.nih.gov/pubmed/16272788
http://www.ncbi.nlm.nih.gov/pubmed/22272911
http://dx.doi.org/10.3109/08916930903293086
http://www.ncbi.nlm.nih.gov/pubmed/19883336
http://dx.doi.org/10.1097/CCM.0b013e31819542da
http://dx.doi.org/10.1097/CCM.0b013e31819542da
http://www.ncbi.nlm.nih.gov/pubmed/19114908
http://www.ncbi.nlm.nih.gov/pubmed/16839347
http://www.ncbi.nlm.nih.gov/pubmed/20483049
http://dx.doi.org/10.1111/j.1365-2249.2012.04674.x
http://www.ncbi.nlm.nih.gov/pubmed/23199326
http://dx.doi.org/10.1161/STROKEAHA.110.596361
http://dx.doi.org/10.1161/STROKEAHA.110.596361
http://www.ncbi.nlm.nih.gov/pubmed/21164122

@’PLOS ‘ ONE

Coagulation Activation and Thrombotic Risk in Autoimmune Skin Diseases

45. Joly P, Benichou J, Lok C, Hellot MF, Saiag P, Tancrede-Bohin E, et al (2005) Prediction of survival for
patients with bullous pemphigoid: a prospective study. Arch Dermatol 141(6):691-698 PMID:
15967914

46.

Rosendaal FR, Van Hylckama Vlieg A, Doggen CJM (2007) Venous thrombosis in the elderly. J
Thromb Haemost 5 (Suppl. 1):310-7. PMID: 17635742

PLOS ONE | DOI:10.1371/journal.pone.0129456  June 9, 2015 15/15


http://www.ncbi.nlm.nih.gov/pubmed/15967914
http://www.ncbi.nlm.nih.gov/pubmed/17635742

