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Purpose: Although coagulation activation has been reported in chronic urticaria, data pertaining to detailed changes in coagulation factors and
global coagulation status are lacking. The current study evaluated global coagulation status in patients with chronic urticaria using thrombin genera-
tion assay (TGA) and the levels of individual coagulation factors. Methods: Patients with chronic urticaria (n=57) and 20 healthy controls were en-
rolled. TGA was performed under stimulation with 2 concentrations of tissue factor (TF). Coagulation factors and conventional coagulation assays
were also analyzed. Results: Although patients with chronic urticaria showed prolonged activated partial thromboplastin time, prothrombin time
did not differ significantly between patients and controls. In both 1 pM and 5 pM TF-stimulated TGA, peak thrombin and endogenous thrombin po-
tential (ETP) levels were markedly decreased in patients with chronic urticaria. As expected, intrinsic coagulation factors (VIII, X, and XII), as well as
coagulation factors of the common pathway (Il V, and X), were consistently decreased. Additionally, D-dimer was significantly increased in patients
as compared to controls. In multivariate regression analysis, the presence of chronic urticaria was the only significant independent contributor to the
low ETPvalue. Conclusions: Chronic urticaria is characterized by in vivo coagulation activation through the intrinsic coagulation pathway, which

can be measured with sensitivity using TGA.
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INTRODUCTION

Chronic urticaria is defined as recurrent eruptions of short-
lived swellings due to plasma leakage from small blood vessels
into the surrounding connective tissue.' Several factors are con-
sidered causes of the disease, including food allergies, emotion-
al disturbances, intolerance to food additives, and chronic in-
fections.** Autoimmunity is also considered an integral part of
the pathophysiology of chronic urticaria, as injections of autol-
ogous serum have caused wheal and flare reactions, and sever-
al autoantibodies, such as anti-IgE and anti-FceRI, have been
identified in patients with chronic urticaria."®* However, these
antibodies are only detectable in one-third of chronic urticaria
cases, and the autologous serum skin test (ASST) has failed to
elicit a wheal-flare reaction in approximately half of chronic ur-
ticaria cases.>® Therefore, other factors may be involved in the
pathogenesis of chronic urticaria.

Recently, activation of the coagulation pathway, including in-
creased thrombin-antithrombin and D-dimer, has been dem-
onstrated in chronic urticaria.>™ The coagulation pathway is
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closely associated with the inflammation system. More specifi-
cally, inflammation activates coagulation, and coagulation pro-
vokes the inflammatory system.'’ Tissue factor (TF) has been
considered an initiator of coagulation activation." For example,
the expression of TF in skin specimens from patients with urti-
caria was considered evidence of coagulation activation in urti-
carial tissue."” On the other hand, a contact system that can trig-
ger coagulation activation has been shown to contribute to in-
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flammatory or coagulation processes in vivo.” There are di-
verse and widely used clinical laboratory tests for the routine
screening and evaluation of the coagulation system, including
prothrombin time (PT), activated partial thromboplastin time
(aPTT), and thrombin time. However, these assays may fail to
detect blood coagulation abnormalities." In recent years, a
global coagulation assay known as the thrombin generation as-
say (TGA) has been developed in order to measure coagulation
disturbances with greater sensitivity. In the TGA, addition of TF
into the test plasma induces dynamical thrombin generation in
the plasma, which can then be measured as the endogenous
thrombin potential (ETP). The ETP represents combined coag-
ulation effects from all of the coagulation and anticoagulation
factors that exist in the plasma." Because thrombin is an essen-
tial product of coagulation amplification, a low ETP level repre-
sents hemorrhagic tendencies or in vivo consumption of coag-
ulation factors, while high ETP levels represent thrombotic ten-
dencies.'®"”

To elucidate a detailed process of coagulation disturbance in
chronic urticaria, it is necessary to assess blood coagulation po-
tential with a keen coagulation test. This study evaluated global
coagulation status in patients with chronic urticaria using TGA
as well as conventional global assays, such as PT and aPTT. In
addition, to clarify the causative contributor(s) of the coagula-
tion disturbance, all coagulation factors were measured.

MATERIALS AND METHODS

Study population

This study was reviewed and approved by the Institutional Re-
view Board of Seoul National University College of Medicine,
and all subjects provided signed informed consent. Adult pa-
tients diagnosed as having chronic urticaria at the Allergy De-
partment of the Seoul National University Hospital (n=57)
were enrolled. Urticaria that persisted for longer than 6 weeks
was defined as chronic. We excluded patients who had received
anticoagulants or steroids within 7 days of study initiation. Of
the total patient population, 38.6% were men and 61.4% were
women, and their median age was 40.1 years. Of the 44 patients
who underwent ASST as previously described,” 16 (36%)
showed positive results. Some of the patients with chronic urti-
caria exhibited comorbidities, including asthma (n=3), allergic
rhinitis (n=7), thyroid cancer (n=1), hyperthyroidism (n=1),
hypothyroidism (n=3), systemic lupus erythematosus (n=1),
and Sjogren’s syndrome (n=1). In addition, 20 healthy controls
with a median age of 45.0 years were included.

Specimen collection

Peripheral blood samples were collected in commercial tubes
containing 0.109 M sodium citrate (Becton Dickinson, San Jose,
CA, USA). Within 1 hour after blood collection, plasma was
separated by centrifugation of whole blood at 1,550 g for 15
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minutes. The aliquots of plasma were stored at -80°C and used
for the coagulation tests within 6 months.

Coagulation assays

PT and aPTT were measured using HemosIL RecombiPlasTin
and SynthASil reagents (Instrumentation Laboratory SpA, Mi-
lan, Ttaly), respectively. Fibrinogen was measured using the He-
moslIL Fibrinogen-C XL reagent (Instrumentation Laboratory
SpA). Coagulation factors were assayed using a PT-based clot-
ting assay (for FII, FV, FVII, and FX) with the HemosIL Recom-
biPlasTin reagent, and an aPTT-based clotting assay (for FVIII,
FXI, FXI, and FXII) with the SynthASil reagent. Antithrombin
activity was determined by chromogenic assays (HemosIL lig-
uid Antithrombin; Instrumentation Laboratory SpA). These co-
agulation tests were performed using an ACL 3000 automated
coagulation analyzer (Beckman Coulter, Fullerton, CA, USA).
The reference ranges of PT and aPTT were 9.5-12.5 seconds
and 26.7-36.6 seconds, respectively.

Thrombin generation assay

TF-triggered thrombin generation in platelet-poor plasma
was measured using the calibrated automated thrombogram
method (Thrombinoscope BV, Maastricht, The Netherlands) as
previously described.’ Briefly, 20 pL of reagent containing TF
at a final concentration of 1 pM or 5 pM (PPP Reagent 5 pM or
PPP Reagent Low, respectively; Thrombinoscope BV), along
with phospholipids or thrombin calibrators, were dispensed
into each well of round-bottomed 96-well plates, prior to the
addition of 80 pL of test plasma. After the addition of 20 uL of
fluorogenic substrate in HEPES buffer containing CaCl,, the flu-
orescent signal was read in a Fluoroskan Ascent fluorometer
(Thermo Labsystems OY, Helsinki, Finland), and thrombin
generation curves were calculated using Thrombinoscope soft-
ware (Thrombinoscope BV). Thrombin generation curves were
evaluated using parameters that described initiation, propaga-
tion, and termination phases of thrombin generation, namely,
lag time, ETP, and peak thrombin height (peak thrombin). The
lag time, defined as the time to reach one-sixth of the peak
height, is considered a measure of the initiation phase and is
equivalent to the clotting time. The peak height was defined as
the maximum thrombin concentration produced. ETP, the area
under the thrombin generation curve, represented the total
amount of the thrombin generated.

Statistical analysis

All statistical analyses were conducted using IBM SPSS Statis-
tics version 21 (IBM Corporation, Armonk, NY, USA). Continu-
ous data comparisons were performed using the Mann-Whit-
ney U and Kruskal-Wallis tests, and the relationships between
categorical variables were compared using the chi-square test.
The optimal cutoff value was determined with a receiver oper-
ating characteristic (ROC) analysis using MedCalc (MedCalc
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Software, Mariakerke, Belgium). Multivariate logistic regression
analysis was conducted in order to estimate the prediction
power of urticarial coagulation disturbance. Multiple linear re-
gression was also performed to investigate the influence of clin-
ical and laboratory parameters on ETP values. Two-sided Pval-
ues <0.05 were considered statistically significant.

RESULTS

Conventional laboratory profiles in patients with chronic
urticaria

The clinical and laboratory characteristics of the healthy con-
trols and patients with urticaria are shown in Table 1. Although
the mean age of the controls was slightly older than that of the
patients, there was no difference in gender between the groups.
Compared to the controls, patients with urticaria showed sig-
nificantly higher white blood cell counts. However, there was
no difference in hemoglobin or platelet counts between the
groups.

Among conventional coagulation tests, the PT of patients was
similar to that of controls. Interestingly, the aPTT was slightly
prolonged in the patients as compared to the controls. The fi-
brinogen level was similar between the groups.

Global coagulation status in patients with chronic urticaria

In 1 pM TE-stimulated TGA, peak thrombin and ETP levels
were markedly decreased in patients with chronic urticaria (Ta-
ble 2). However, there were no significant differences in lag
time or time-to-peak between controls and patients. Similarly,
peak thrombin and ETP were significantly lower in patients
than in controls in 5 pM TF-stimulated TGA. The lag time and
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time-to-peak were correspondingly prolonged in patients as
compared to controls.

To investigate detailed causes of the observed hemostatic dis-
turbances, plasma levels of all coagulation factors were mea-
sured (Table 2). As expected, intrinsic coagulation factors (VIII,
IX, and XII), as well as coagulation factors of the common path-
way (I, V, and X), were consistently decreased in patients as
compared to controls. Factor XI was also slightly decreased in
patients as compared to controls, although this difference did
not reach the level of statistical significance. Conversely, D-di-
mer was significantly increased in the patients as compared to
the controls. According to smoking history, there were no sig-
nificant differences in coagulation results (data not shown).
When assessed only in patients, there were no differences ac-
cording to ASST positivity (data not shown).

Prediction power of global coagulation tests with regard to
coagulation disturbances in chronic urticaria

To compare the prediction power of global coagulation tests
with regard to coagulation disturbances in chronic urticaria,
age- and sex-adjusted logistic regression analyses were per-
formed (Table 3). We divided the study population into 2
groups according to global coagulation test values by using the
best cutoff value determined from the ROC analysis. PT did not
show any prediction power. However, the aPTT showed a sig-
nificant power to predict coagulation disturbances in chronic
urticaria. In 1 pM TF-stimulated TGA, ETP showed a high odds
ratio for predicting coagulation disturbances in chronic urticar-
ia. Notably, the odds ratio of peak thrombin in 5 pM TF-stimu-
lated TGA was the highest among the TGA parameters.

To determine the contributing value of clinical and laboratory

Table 1. Clinical and laboratory findings from healthy controls and patients with urticaria

Healthy controls (n=20) Patients with urticaria (n=57) *P-value
Age (year) 450462 4014145 0.044
Male/Female (n) 10(50%)/10 (50%) 22 (38.6%)/35(61.4%) 0434
Hemoglobin (g/dL) 14.7(13.1-15.7) 14.0(12.8-15.4) 0.670
WBC (< 10°%/1) 5.05(4.33-5.98) 6.61(5.44-7.98) <0.001
Segmented neutrophil 2.89(2.47-3.42) 3.77 (3.11-4.56) <0.001
Lymphocyte 1.80(1.54-2.13) 2.35(1.94-2.84) <0.001
Monocyte 0.27(0.23-0.32) 0.35(0.29-0.42) <0.001
Eosinophil 0.10(0.08-0.11) 0.13(0.10-0.15) <0.001
Basophil 0.03(0.01-0.04) 0.02(0.01-0.03) 0.025
Platelet (X 10%/L) 2385(210.0-271.8) 260.0(219.0-293.0) 0.163
PT(s) 11.5(11.1-12.1) 11.4(10.7-11.9) 0.407
aPTT (s) 32.0(31.0-33.0) 34.9(32.2-36.6) <0.001
Fibrinogen (%) 281.3(253.2-313.1) 298.3(255.9-335.8) 0.332

*The Mann—Whitney Uand y*-tests were used for continuous and categorical variables, respectively.
Data are shown as the median (interquartile range) for continuous variables or as number (percentage) for categorical variables, with the exception of age, which is

presented as the mean = standard deviation.

WBC, white blood cell count; PT, prothrombin time; aPTT, activated partial thromboplastin time.
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Table 2. Coagulation profiles of healthy controls and urticarial patients

Intrinsic Coagulation Activation in Urticaria

Healthy controls (n=20) Urticarial patients (n=57) *P-value

TGA (1 pM TF)

Peak thrombin (nM) 19156 (142.2-216.8) 738 (44.5-127.7) <0.001
ETP (nM/min) 1,278.0 (1092.5-1418.8) 653.0 (448.3-962.0) <0.001
Lag time (min) 9.3 (8.1-10.3) 95 (8.1-12.3) 0.307
Time-to-peak (min) 13.0 (11.7-14.0) 13.8 (11.4-16.6) 0.220
TGA (5 pM TF)

Peak thrombin (nM) 258.5 (230.8-289.5) 91.0 (63.7-119.6) <0.001
ETP (nM/min) 1,760.0 (1420.8-1760.0) 702.9 (612.9-1064.5) <0.001
Lag time (min) 40 (35-47) 5.00 (4.0-5.9) 0.006
Time-to-peak (min) 7.0 (6.3-82) 95 (7.6-11.5) <0.001
Factor Il (%) 104.4 (98.9-113.6) 98.0 (89.6-107.2) 0.021
Factor V (%) 91.2 (81.9-98.0) 774 (64.2-94.5) 0.008
Factor VIl (%) 103.6 (95.8-120.3) 106.2 (90.9-134.6) 0.741
Factor VIII (%) 105.6 (91.7-121.6) 925 (67.0-112.5) 0.027
Factor IX (%) 112.2 (102.8-126.8) 101.2 (87.5-112.6) 0.015
Factor X (%) 113.0 (100.1-121.3) 102.6 (96.5-114.0) 0.043
Factor XI (%) 102.3 (96.6-126.0) 98.6 (87.9-105.8) 0.142
Factor Xl (%) 716 (62.4-985) 58.2 (54.0-93.0) 0.012
Antithrombin (%) 107.5 (101.0-113.0) 99.6 (90.1-112.6) 0.087
D-dimer (pg/mL) 50.0 (39.4-83.8) 246.7 (130.3-437.3) <0.001

*The Mann—Whitney Utest was used for continuous variables.
Data are shown as the median (interquartile range) for continuous variables.
TGA, thrombin generation assay; TF, tissue factor; ETP, endogenous thrombin potential.

Table 3. Prediction power of urticarial coagulation disturbance in global coagulation tests

Healthy controls

Urticarial patients

Logistic regression analysis

(n=20) (n=57) OR 95% Cl P-value
PT(>1075) 19/20 (95%) 42/57 (73.7%) 0.13 0.02-1.09 0.060
aPTT (>34s) 1/20 (5%) 34/57 (59.6%) 29.84 3.61-246.35 0.002
TGA(1 pMTF)
Peak thrombin (< 130.0 nM) 3/20(15%) 44/57 (77.2%) 1767 4.40-70.97 <0.001
ETP (<983 nM/min) 1/20 (5%) 45/57 (78.9%) 84.45 8.99-793.33 <0.001
Lag time (>10.33 min) 4/20(20%) 27/57 (47.4%) 5.38 142-20.36 0.013
Time-to-peak (>14 min) 3/20(15%) 28/57 (49.1%) 6.79 1.67-27.60 0.007
TGA (5 pM TF)
Peak thrombin (< 189.9 nM) 1/20 (5%) 54/57 (94.7%) 1396.90 39.16-49,830.27 <0.001
ETP (<1,164.00 nM/min) 1/20(5%) 47/57 (82.5%) 89.48 10.37-772.44 <0.001
Lag time (>5.32 min) 2/20(0%) 22/57 (38.6%) 548 1.15-26.20 0.033
Time-to-peak (>8.3 min) 2/20(10%) 37/57 (64.9%) 17.36 353-85.27 <0.001

The parameter cutoff values were determined as the values at which the best thrombotic predictive value was produced. The odds ratios were adjusted for age and

SEex.

OR, odds ratio; Cl, confidence interval; PT, prothrombin time; aPTT, activated partial thromboplastin time; TGA, thrombin generation assay; TF, tissue factor; ETP, en-

dogenous thrombin potential.

parameters to ETP, we performed linear regression analyses in
the total population (Table 4). In univariate regression analysis,
the presence of urticaria strongly decreased the ETP levels ob-
served in 1 pM TF-stimulated TGA. The aPTT value was also
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found to be a significant contributing factor to the ETP levels
observed in 1 pM TF-stimulated TGA. In a multivariate regres-
sion analysis, the presence of urticaria was the only significant
independent contributor to the ETP levels observed in 1 pM
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Table 4. Contributions of clinical and laboratory parameters to the endogenous thrombin potential in the total population (n =77)

Univariable regression

Multivariable regression

Response variables  Explanatory variables
SE P p SE P

ETP (1 pMTF) Age 3874 3833 0.315 0.495 317 0.876
Female sex -102.532 100.342 0.310 4119 81.012 0.960
Urticaria -576.675 91.985 <0.001 -533.612 105.242 <0.001
WBC -50.866 25536 0.050 8.460 22.884 0.713
PT -34.797 22.149 0.120 -12.989 20990 0.538
aPTT -47.758 12.890 <0.001 21421 13.909 0.128

ETP (5 pM TF) Age 5.926 3.916 0.134 1.052 2.730 0.701
Female sex 114477 103.235 0.272 -3.104 69.752 0.965
Urticaria -748.126 78.861 <0.001 -123.735 90.614 <0.001
WBC -64.181 26.166 0.017 11.783 19.703 0.552
PT -13.005 23.138 0.576 6.676 18.073 0.713
aPTT -47.207 13.373 0.001 -17.272 11.975 0.154

B represents regression coefficients.

SE, standard error; ETP, endogenous thrombin potential; WBC, white blood cell count; PT, prothrombin time; aPTT, activated partial thromboplastin time.

TF-stimulated TGA. Similar results were also found in the anal-
ysis of contributing factor(s) to the ETP levels observed in 5 pM
TF-stimulated TGA.

DISCUSSION

Results from the current study demonstrated a coagulation
disturbance in patients with chronic urticaria. Although these
patients showed prolonged aPTT, differences in PT were not
detected between patients and controls. This prolonged aPTT
was found to be attributable to deficiencies of intrinsic coagula-
tion factors. TGAs detected the coagulation disturbance associ-
ated with chronic urticaria with greater sensitivity than conven-
tional coagulation tests, such as aPTT. Additionally, chronic ur-
ticaria was revealed to be an independent contributing factor to
the ETP value.

The coagulation cascade has been implicated in the patho-
genesis of urticaria.>™® More specifically, study results have re-
vealed elevated plasma markers of thrombin generation, such
as factor VIIa, thrombin-antithrombin complex, and D-dimer.
However, detailed changes in individual coagulation factors
have yet to be elucidated. For the first time in chronic urticaria,
the current study investigated plasma levels of individual coag-
ulation factors and revealed selective deficiencies of coagula-
tion factors involved in the intrinsic pathway.

In general, the in vivo coagulation process occurs through the
extrinsic pathway and is initiated by the binding of factor VII to
TE" Although factor XII can also act as an initiator of the intrin-
sic coagulation pathway, it is not thought to mediate the in vivo
coagulation process because factor XII deficiency was not asso-
ciated with bleeding.” The contact system consists of factor XII,
factor XI, prekallikrein, and high-molecular-weight kininogen.

480  http://e-aair.org

Activation of the contact system can initiate the coagulation
cascade through factor XII activation. For example, activation
of the contact system is a frequent occurrence in angioedema.”
To date, little is known regarding contact factor activation in ur-
ticaria; however, it is plausible that the contact factor activation
observed in patients with urticaria in the current study was at-
tributable to the selective deficiency of intrinsic coagulation
factors, including contact coagulation factor XII, that they ex-
hibited.

The extrinsic pathway is not likely to be involved in the coagu-
lation activation of urticaria because factor VII levels were not
decreased in patients with chronic urticaria in the current
study. However, reports of TF expression in skin specimens
from patients with urticaria'>* may provide indirect evidence
for extrinsic coagulation activation. Furthermore, the results of
a previous study demonstrated that activated factor VII levels
were higher in the acute state of urticaria, but not significantly
different in chronic urticaria,® suggesting that extrinsic coagu-
lation activation may occur in acute urticaria.

Results from the current study also demonstrated high D-di-
mer levels in patients with urticaria. D-dimer is a sensitive
marker of fibrin deposits formed through in vivo activation of
the coagulation process. It also provides indirect evidence of
thrombin generation, which activates mast cell degranulation,
and induces vascular permeability.>** Therefore, active throm-
bin generation may aggravate the urticarial process and pro-
vide a rationale for anticoagulant treatment.

The results of the current study provide further evidence of
the utility of laboratory tests that measure thrombin generation
in patients with chronic urticaria. TGA is a sensitive assay used
to measure global hemostatic potential in peripheral blood.*
Because the extent of in vivo coagulation activation is deter-

Allergy Asthma Immunol Res. 2015 September;7(5):476-482. http://dx.doi.org/10.4168/aair.2015.7.5.476



AAIR

mined through combined effects of coagulation and anticoagu-
lation factors, a global coagulation test is more valuable to as-
sess in vivo coagulation activation than measurements of indi-
vidual coagulation factors. As expected, the ETP and peak
thrombin results obtained from TGA sensitively detected the
coagulation activation status of patients with chronic urticaria
in the current study. Because coagulation activation induces
mild consumption of coagulation factors, the amount of residu-
al thrombin generation was low, as exhibited by low levels of
ETP and peak thrombin. Correspondingly, the lag time and
time-to-peak were prolonged due to decreased coagulation fac-
tors, which required more time to form thrombin in vitro. Like-
wise, the current study demonstrated the influence of urticaria
on ETP levels in a linear regression analysis. The presence of ur-
ticaria contributed to ETP more strongly than other conven-
tional coagulation parameters, such as PT and aPTT (Table 4).

The current study has several limitations. First, we could not
investigate coagulation profiles with regard to disease severity
and course. Second, an appropriate biomarker of contact acti-
vation remains to be explored in future studies in order to clari-
fy the cause(s) of the observed intrinsic factor deficiencies.
Third, the median age of the healthy controls was slightly high-
er than that of the patients. However, we speculated that the age
difference did not influence our results because: (1) the age dif-
ference was slight, and (2) the logistic regression analysis was
adjusted for age. Last but not least, the clinical meaning of sub-
tle prolongation of aPTT in the urticarial patients was not clari-
fied in this study. Therefore, prospective studies to intervene
coagulation activity is needed to evaluate the pathophysiologic
role of intrinsic factor deficiencies in chronic urticaria.

In summary, patients with chronic urticaria showed a pro-
longed aPTT compared to healthy controls. The PT value of pa-
tients did not differ from that of healthy controls. We also dem-
onstrated that the intrinsic coagulation factors were mainly de-
creased in urticaria, suggesting a possible association with con-
tact factor activation. Global coagulation status, as assessed
through TGA, keenly demonstrated the in vivo coagulation ac-
tivation of urticaria by showing more prominent changes in test
parameters than those associated with conventional PT and
aPTT. In conclusion, chronic urticaria is characterized by in
vivo coagulation activation through the intrinsic coagulation
pathway, which can be sensitively measured using TGA.
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