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Neonatal cerebral sinovenous thrombosis (CSVT) is
becoming increasingly diagnosed because of greater clinical
awareness and improved neuroimaging techniques.'”
Despite the substantial mortality and morbidity, the etiol-
ogy of pediatric CSVT has not been fully understood.? We
herein report a case of 13-day-old infant who developed
intractable paroxysmal supraventricular tachycardia, which
was subsequently complicated with CSVT.

A 13-day-old Japanese male was admitted to our affili-
ated hospital because of poor feeding and not doing well
for 2 days. The infant was delivered at term with a birth
weight of 3458 g and full APGAR scores. There was no
cardiomyopathy or prothrombotic disorder in his relatives.
On admission, he presented tachycardia at 300 beats/
minute with hypotension. The electrocardiogram (ECG)
showed narrow QRS tachycardia with following P wave
suggesting the diagnosis of paroxysmal supraventricular
tachycardia (Supplementary Figure 1). Cardioversion
(0.5 J/kg twice) after the intubation allowed restoration of
a sinus rhythm. The patient was then transferred to our
hospital for intensive treatment.
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Initial physical examination demonstrated an afebrile and
pale infant. He had a sinus rhythm but presented cold ex-
tremities and prolonged capillary refill time (>3 seconds).
Auscultation revealed a gallop rhythm of the heart. Chest X-
ray examination demonstrated pulmonary congestion and
cardiac dilatation with a cardiothoracic ratio of 61%. The
echocardiogram demonstrated an impaired left ventricular
function with ejection fraction at the level of 50%. Laboratory
examinations are as follows: white blood cell count
10.68 x 10°/L; hematocrit 35.7%; platelet count 157 x 10°/L;
creatinine kinase 342 U/L; creatine kinase-MB 71 U/L; lactate
dehydrogenase 601 U/L; C-reactive protein 0.11 mg/dL;
troponin-T 0.154 ng/mlL; prothrombin time—
international normalized ratio 1.62; activated partial throm-
boplastin time 40.1 seconds; fibrinogen degradation products
63.1 pg/ml; D-dimer 28.5 pg/mL; and brain natriuretic pep-
tide 3956 pg/mL.

The ECG during tachycardia documented the character-
istics of atrioventricular reentrant tachycardia at 300 beats/
minute. The tachycardia was terminated by the intravenous
rapid infusion of ATP three times. The ECG during sinus
rhythm showed no delta wave, suggesting the possibility of
concealed WPW syndrome. Oral propranolol (1—2 mg/kg/
day) and flecainide (3—6 mg/kg/day) succeeded to prevent
the recurrence of refractory arrhythmia. The echocardio-
gram showed a smooth recovery of the left ventricular
function to the normal level of 63% 2 days after admission.

1875-9572/Copyright © 2014, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights reserved.

__64_



Cerebral sinovenosus thrombosis by tachyarrhythmia

413

Figure 1

(A) T1-weighted magnetic resonance imaging. (B) Contrast-enhanced computed tomography of the brain after resto-

ration of sinus rhythm. High signal intensity on T1-weighted magnetic resonance imaging (arrow) and flow disturbance on computed
tomography (white arrow) confirmed the diagnosis of right transverse sinus thrombosis.

Magnetic resonance imaging (MRI) was performed 9 days
after admission, in order to assess the cerebral damage due
to cardiogenic shock. CSVT was indicated on MRI findings
(Figure 1A). Computed tomography (CT) of the brain
determined a right transverse sinus thrombosis (Figure 1B).
Continuous infusion of fractionated heparin (10—22 unit/
kg/hour, activated partial thromboplastin time 42—50 sec-
onds) was started. Two weeks after the anticoagulant
therapy, CT demonstrated recanalization of the transverse
sinus. There were no laboratory data indicating inherited or
acquired thrombophilic predispositions (on 12 days after
admission): normal plasma activity of protein C 69%, pro-
tein S 58% and antithrombin 91%, and undetectable titer of
anticardiolipin antibody 2 U/mL. The patient received no
additional anticoagulant therapy. CSVT did not recur for 6
months after the first event.

This is the first report of neonatal CSVT as a complication
of paroxysmal supraventricular tachycardia. Perinatal
complications, dehydration, sepsis, meningitis, and inheri-
ted thrombophilias such as antithrombin, protein C, or
protein § deficiency are the major associations with pedi-
atric CSVT.*5 A recent case series reported that none of the
neonates with CSVT had persistently low activity of protein
C, protein S, or antithrombin, and some of them were
considered to have acquired prothrombotic states.* This
patient showed no evidence of prothrombotic disorders,
although FD fibrinogen degradation products P and D-dimer
had already been elevated on admission. Pediatric venous
thrombosis occurs at the highest incidence in neonates.
Extremely high brain natriuretic peptide level suggested
the presence of cardiac deterioration due to prolonged
tachycardia. We speculate that the cardiogenic shock led to
the stasis of cerebral sinus venous flow that predisposed the
neonate to developing thrombosis.

No randomized clinical trials have been conducted con-
cerning anticoagulation therapy for neonatal CSVT. Howev-
er, the American College of Chest Physicians recommended
initial anticoagulation except in the presence of significant
hemorrhage.® The favorable response to the short-term

anticoagulant therapy in the present case might corrobo-
rate that CSVT was not associated with inherited coagulop-
athy, but the transient circulatory disturbance.

Because the symptoms of CSVT are nonspecific, and
often subtle or asymptomatic, the diagnosis is delayed and
may be missed altogether. Our patient did not present any
neurological symptom at the diagnosis of CSVT. Intensive
imaging tests including brain echogram, CT, and MR}, and
appropriate anticoagulant therapy should be considered for
the neonates having sustained tachyarrhythmia with car-
diac failure.
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Early progression of atherosclerosis in children with
chronic infantile neurological cutaneous and articular
syndrome
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Abstract

Objective. Chronic inflammation plays a key role in the development of atherosclerosis. Early progression
of atherosclerosis has been reported in patients with RA. Cryopyrin-associated periodic syndromes
(CAPS) are autosomal dominant autoinflammatory disorders caused by heterozygous NLRP3 gene muta-
tions. Chronic infantile neurological cutaneous and articular (CINCA) syndrome is the most severe form of
CAPS and patients display early onset of rash, fever, uveitis and joint manifestations. However, there has
been no previous report on atherosclerosis in patients with CAPS. The objective of this study is to assess
the development of atherosclerosis in patients with CINCA syndrome.

Methods. Intima-media thickness (IMT) of the carotid arteries, stiffness parameter 3, ankle brachial index
(ABI) and pressure wave velocity (PWV) were evaluated by ultrasonography in 3 patients with CINCA
syndrome [mean age 9.0 years (s.0. 5.3)] and 19 age-matched healthy controls [9.3 vears (s.p. 4.3)].

Resulis. The levels of carotid IMT, stiffness parameter [} and PWV in CINCA syndrome patients were
significantly higher than those in healthy controls [0.51 mm (s.0. 0.05) vs 0.44 (0.04), P=0.0021; 6.1 (s.p.
1.7) vs 3.9 (1.0), P=0.0018; 12083 cm/s (s.p. 328) vs 855 (114), P=0.017, respectively].

Conclusion. Patients with CINCA syndrome showed signs of atherosclerosis from their early childhood.
The results of this study emphasize the importance of chronic inflammation in the development of ath-
erosclerosis. Further analysis on atherosclerosis in young patients with CINCA syndrome may provide
more insights into the pathogenesis of cardiovascular disease.

Key words: ankle-brachial index, atherosclerosis, chronic infantile neurologic cutaneous and articular syn-
drome, cryopyrin-associated periodic syndromes, intima-media thickness, pulse wave velocity.

Introduction adult patients with RA, SLE and familial Mediterranean

fever (FMF). Patients with SLE, APS or RA have increased
ft is well known that chronic inflammation is a predispos-  mortality rates related to early atherosclerosis. Relative
ing factor for atherosclerosis. There has been consider-  risk of 5 for myocardial infarction, 6-10 for stroke in SLE

able interest regarding the possible causal role of  patients and 3.6 for cardiovascular deaths in RA patients
inflammation in the development of atherosclerosis in has been reported [1]. Furthermore, the American Heart
Association has reported that chronic inflammatory dis-
ease is one of the eight high-risk factors for atheroscler-
osis, even in children [2].
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containing 3 {NLRP3) gene. It has been reported that dis-
ease associated NLRP3 mutation causes IL-1 oversecre-
tion by caspase-1 activation. CINCA syndrome, the most
severe form among them, is characterized by chronic sys-
temic inflammation manifested as early onset of rash,
fever, uveitis, chronic meningitis and joint symptoms [3].
However, there has been no previous report evaluating
atherosclerosis in patients with CAPS.

Several physiological examinations are applied to
assess atherosclerosis. Carotid intima-media thickness
(cIMT) is known to be an indicator of atherosclerosis for
adults and children [4]. In fact, increased cIMT has been
shown in children with obesity, hyperlipidaemia and dia-
betes mellitus [5]. It has been reported that stiffness par-
ameter B is more useful in detecting atherosclerotic
changes in earlier stages than cIMT [6]. Also, pulse
wave velocity (PWV) and ankle-brachial index (ABI) are
simplified parameters of the severity of atherosclerosis
and predictors of prognosis in adult patients with cardio-
vascular disease [7, 8]. The objective of this study is to
assess the development and progression of atheroscler-
osis in young patients with CINCA syndrome by measur-
ing cIMT, stiffness parameter B, PWV and ABI.

Patients and methods

Study population

Three patients (a 5-year-old boy [9], a 7-year-old girl [10]
and a 15-year-old boy [11]) with CINCA syndrome and 19
age-matched healthy controls were enrolled in this study.
NLRP3 mutations were observed in all three patients. The
parameters of atherosclerosis were investigated in these
three patients who were in remission for 1 year after the
initiation of canakinumab treatment. The Institutional
Review Board of Kyushu University Hospital approved
the study and informed consent was obtained from each
subject.

Sonographic study

Carotid artery US was performed with an iE33 ultrasound
machine (Philips, Amsterdam, The Netherlands) using an
11 MHz probe. Measurements were obtained with sub-
jects in the supine position by experienced sonographers
blinded to the subjects’ clinical status. Ultrasonographic
images of the right and left common carotid arteries
(CCAs) of each subject at the lower third cervical region
proximally and 1 cm above the carotid bulb distally in the
longitudinal plane were obtained. CCA IMT measure-
ments of the distal CCA posterior wall were done manually
by the distance measurement system of the sonography
device after magnification of the images. Three measure-
ments were made in a non-neighbouring fashion within an
~1 cm segment from both the left and right GCA proximal
and distal portions. The IMT was measured during end
diastole. Mean IMT was calculated as the average of
three consecutive measurements of maximum far wall
thickness obtained from the CCA. Measurement of the
internal diameter of the CCA was petformed for three con-
secutive heartbeats. Intraobserver variability was 1.7% for

IMT and 3.1% for arterial wall diameter measurements.
The stiffness parameter § was calculated from this for-
mula [12]: B=[In(SBP/DBPR)}/(AD/D), where SBP is the sys-
tolic blood pressure, DBP is the diastolic blood pressure,
D is carotid artery diastolic diameter and AD is the change
in artery diameter during systole.

PWV and ABI

PWV and ABl were measured using a BP-203RPEIIl
{Omron Colin, Tokyo, Japan). PWV, ABI, the blood pres-
sure of the extremities, ECG and heart sounds were syn-
chronously measured and then automatically recorded.
Electrodes were contacted on both wrists and a micro-
phone was attached to the left margin of the sternum. The
extremities were then wrapped by cuffs that were con-
nected to a pulse monitor. The volume wave and time
difference emitted from the pulse monitor were recorded.
The pulse wave was defined as the value obtained by
dividing the distance between the two points by the time
spent in transferring the pulse. In the current study, the
pulse wave was measured in the brachial artery and ankle
(baPWV). The ABI was defined as the ratio between the
systolic pressure measured in the ankle and that mea-
sured in the brachial artery.

Laboratory evaluation

In the morning, after an overnight fast, venous blood was
sampled for the measurement of serum concentrations of
glucose, total cholesterol, triglycerides and standard CRP.

Statistical analysis

Data are expressed as mean (s.n.). Differences between
data were studied using the Student’s t test. Analytical
statistics of data between group comparisons of categor-
ical data parameters were performed by using the chi-
square test. Statistical significance was taken as
P <0.05. All statistical analyses were performed using
JMP8 (SAS Institute, Tokyo, Japan).

Results

Clinical characteristics of the study group are presented in
Table 1. Age, sex and triglyceride levels were similar be-
tween patients with CINCA syndrome and control sub-
jects (P=0.65, 0.53 and 0.17, respectively). Total
cholesterol levels in CINCA syndrome patients were sig-
nificantly lower than those in healthy controls, although
they were within normal ranges in both groups. CRP con-
centrations in the patient group were significantly higher
than in healthy controls [5.76 mm (s.. 2.05) vs 0.08 (0.18),
P < 0.0001].

All subjects tolerated the sonographic examination well.
Sonographic study results and normal values of the par-
ameters for the age of the patients [13, 14] are summar-
ized in Table 2. Carotid artery analysis revealed that the
IMT and stiffness parameter § of patients with CINCA syn-
drome were significantly higher than those of healthy con-
trols {0.51 mm (s.p. 0.05) vs 0.44 (0.04), P=0.0021, and 6.1
(s.0. 1.7) vs 3.9 (1.0), P=0.018, respectively).

www.rheumatology.oxfordjournals.org
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TasLe 1 Clinical and laboratory characteristics of the subjects

Male

0.53

Gender, male/female Male Female 2/1 9/10

Age, years 5 7 15 9.0 (5.3) 9.3 (4.3) 0.65
BMI, kg/m® 16.0 15.5 16.8 16.1 (0.6) 17.3 (2.9) 0.51
Systolic blood pressure, mmtg 91 96 128 105 (20) 99 (8) 0.38
Diastolic blood pressure, mmHg 45 50 68 54 (12) 53 (4) 0.73
Total cholesterol, mg/dl 123 122 131 125 (5) 159 (17) 0.0046
Triglycerides, mg/dl 61 79 157 99 (51) 70 (28) 0.17
Glucose, mg/dl 93 85 102 94 (3) 94 (6) 0.95
CRP, mg/di 0.26 1.62 5.55 2.48 (2.75) 0.08 (0.16) <0.0001

CINCA syndrome: chronic infantile neurological cutaneous and articular syndrome.

TaeLe 2 Ultrasonographic examination, baPWV and ABI in CINCA syndrome patients and control subjects

Intima-media thickness, mm 0.47 (0.40

Patient1  Patient2

05 (0.4)

oNeA
syndrome  Controls
P =19,
_mean (so.) P-value

Patient3 = mean (5o}

0.44 (0.04) 0.0021

) 0.57 (0.50) 0.51 (0.05)

(normal value for each age) [13]
Systolic diameter, mm 5.5 5.8 5.8 5.7 (0.2) 6.2(0.8) 0.30
Diastolic diameter, mm 4.8 5.2 5.4 5.1(0.3) 5301.7) 0.63
Stiffness parameter f 4.8 (3.4) 5.7 (3.7) 7.6 (4.5) 6.1 (1.7) 3.9(1.0) 0.018

(normal value for each age) [14]
Right baPWV, cm/s 1068 920 1566 1185 (338) 850 (114) 0.0025
Left baPWV, cm/s 1053 1022 1587 1221 (318) 859 (114) 0.0014
Averaged baPWV, cm/s 1061 (<941) 971 (<919) 1577 (1041) 1203 (328) 855 (114) 0.0017

(normal value for each age) [15]
Right ABI 1.15 0.91 0.98 1.00 (0.10)  1.04 (0.10) 0.67
Left ABI 1.18 0.95 0.92 0.99 (0.10)  1.06 (0.10) 0.48
Averaged ABI (normal value for 1.16 (>1.00) 0.93 (>1.00) 0.95 (>1.00) 0.99 (0.10)  1.05 (0.10) 0.54

each age) [15]

CINCA syndrome: chronic infantile neurological cutaneous and articular syndrome; baPWV: brachial artery pulse wave vel-

ocity; ABI: ankle-brachial index.

The averaged baPWV of the patients was significantly
higher than that of controls [1203 cm/s (s.n. 328) vs 855
(114), P=0.017) (Table 2). There was no significant differ-
ence in ABI between the two groups, although the values
of two patients were lower than the normal range [15].

Discussion

In the present study we found that patients with CINCA
syndrome develop atherosclerosis from early childhood.
There have been many previous studies describing ath-
erosclerosis associated with inflammatory diseases such
as RA, SLE and FMF [1]. However, this is the first report
showing the youngest group of patients who developed
atherosclerosis associated with inflammatory disorders.
It has been shown that inflammation plays an important
role in the development of atherosclerosis. The presence

www.rheumatology.oxfordjournals.org

of macrophages and activated lymphocytes within the
plaques supports the nature of an immune system-
mediated inflammatory disorder of atherosclerosis. It has
been shown that higher disease activity representing
higher inflammatory burden is associated with increased
cardiovascular events in patients with RA and SLE [16]. it
may be induced by elevated inflammatory cytokines,
which can cause the development of endothelial dysfunc-
tion in atherosclerotic processes. In addition, changes in
lipid metabolism and a wide variety of immune and inflam-
matory alterations that directly affect the endothelium,
vascular smooth muscle cells and inflammatory cellular
components of the atherosclerotic plaque may also play
important roles in the development and progression of
atherosclerosis in patients. CINCA syndrome is the most
severe form of CAPS, and patients display severe sys-
temic inflammation from the neonatal period [3].

_..68__
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Therefore it is reasonable to assume that the progression
of atherosclerosis from childhood in three patients with
CINCA syndrome is closely related to chronic systemic
inflammation. It was reported that the incidence of athero-
sclerosis could be reduced by aggressive disease-mod-
ifying therapies in patients with RA and SLE [16]. In
patients with CINCA syndrome, we can investigate the
association between inflammation and atherosclerosis
without any effect of classical risk factors such as obesity,
smoking, hyperlipidaemia or diabetes. This may provide &
novel clue to clarify the role of inflammation in the devel-
opment of atherosclerosis.

In patients with FMF and SLE, age and disease duration
were reported to be associated with the severity of ath-
erosclerosis [17]. In the present study we found that the
oldest patient (patient 3) with the longest disease duration
had the most advanced atherosclerosis, which is in line
with this report. Early diagnosis and effective treatment for
chronic inflammation in these patients have been empha-
sized in preventing cardiovascular disease because a
negative correlation between the duration of anti-inflam-
matory treatment and IMT has been observed in SLE pa-
tients [18].

Interestingly, improvements in PWV and ciMT [19] were
reported in patients with RA after sufficient infliximab
treatment. In patients with CINCA syndrome,
canakinumab was reported to induce rapid and sustained
remission of symptoms [20]. It is possible that a significant
improvement in atherosclerosis will be observed in our
patients with CINCA syndrome after canakinumab treat-
ment in the near future.

However, there are some limitations in the present
study. First, our study contains only a small number of
patients because of the extremely rare incidence of this
disease. Second, the parameters investigated in this
study are considerably variable with the age of the sub-
jects. lt is also possible that the values of the parameters
change because of the measurement equipment.
Multicentre and long-term follow-up analysis with stan-
dardized procedures and tools on a larger number of the
patients are necessary to provide more precise informa-
tion on the pathogenesis of atherosclerosis.

Conclusion

Patients with CINCA syndrome developed atherosclerosis
from early childhood. Atherosclerosis in CINCA syndrome
patients may be a prototype of cardiovascular disease
predominantly induced by chronic inflammation.

. Rheumatology Key messages =

o Patients with CINCA syndrome develop athero-
sclerosis from early childhood.

o This report shows the youngest group of patients
who developed atherosclerosis associated with in-
flammatory disorders.

o Early treatment with anti-IL-1p antibody might be
beneficial in preventing atherosclerosis in CINCA
syndrome.
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Novel FV mutation (W1920R, FVyara) associated with serious deep vein
thrombosis and more potent APC resistance relative to FVy eigen
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and Midori Shima'
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o FVnara (W1920R), associated
with serious deep vein
thrombosis, is more resistant
to APC relative 10 FV  siden
(R506Q).

e This mechanism results from
significant decreases in FVa
susceptibility to APC and FV
cofactor activity for APC.

Factor V (FV) appears to be pivotal in both procoagulant and anticoagulant mechanisms.
A novel homozygote (FVyara), @ novel mechanism of thrombosis associated with
Trp1920—Arg (W1920R), was found in a Japanese boy and was associated with serious
deep vein thrombosis despite a low level of plasma FV activity (10 1U/dL.). Activated partial
thromboplastin time—based clotting assays and thrombin generation assays showed that
FVnara Was resistant to activated protein C (APC). Reduced susceptibility of FVayqr, to
APC-catalyzed inactivation and impaired APC cofactor activity of FVnaa On APC-
catalyzed FVilla inactivation contributed to the APC resistance (APCR). Mixtures of FV-
deficient plasma and recombinant FV-W1920R confirmed that the mutation governed the
APCR of FVyars. APC-catalyzed inactivation of FVa-W1920R was significantly weakened,
by ~11- and ~4.5-fold, compared with that of FV-wild-type (WT) and FV|¢ijgen (R506Q),
respectively, through markedly delayed cleavage at Arg506 and little cleavage at Arg306,
consistent with the significantly impaired APC-catalyzed inactivation. The rate of APC-

catalyzed FVlila inactivation with FV-W1920R was similar to that without FV, suggesting a loss of APC cofactor activity. FV-W1920R
bound to phospholipids, similar to FV-WT. In conclusion, relative o FV | _gigen, the more potent APCR of FV ., resulied from significant
loss of FVa susceptibility to APC and APC cofactor activity, mediated by possible failure of interaction with APC and/or protein S.

(Blood. 2014;123(15):2420-2428)

Introduction

Factor V (FV) contributes to opposing mechanisms in the regulation
of coagulation.? The procoagulant action of FV is associated with
cofactor activity for FXa in the prothrombinase complex, which
catalyzes the conversion of prothrombin to thrombin on a phospho-
lipid (PL) surface. > FV is converted to FVa by proteolytic cleavage
by thrombin. Development of a hypercoagulant state is controlled by
downregulation by activated protein C (APC) with protein S (PS).
Hence, FVa is rapidly inactivated by proteolytic cleavage of the
heavy chain (HCh) at Arg306, Arg506, and Arg679.%7 Cleavage at
Arg506 is essential for the exposure of other cleavage sites but is not
directly required for the decrease in activity. Cleavage at Arg306
results in near-complete loss of FVa activity. Nevertheless, any defect
of 1 or more cleavage reactions significantly affects the processes of
APC-induced inactivation.®® The alternative function of FV js as an
anticoagulant cofactor of APC in FVIlIa inactivation.! FVIiIa func-
tions as a cofactor in the tenase complex and is responsible for
PL-dependent FXa generation by FIXa.''? In the process of APC-
induced FVIIIa inactivation, FV acts as an anticoagulant cofactor of
APC with PS, resulting in acceleration of FVIIIa inactivation through
cleavage at Arg336. 13,14 Thig anticoagulant activity of FV is mediated

by a product of proteolysis by APC before cleavage by thrombin.
Cleavage at Arg506 of FV attached to the B domain is essential to the
anticoagulant activity of FV, whereas cleavage at Arg306 appears to
contribute less to this mechanism.">'® Any molecular defect of these
cleavage reactions confers APC resistance (APCR).!

A point mutation of the F5 gene, Arg506—Gln (R506Q; FV1 cigen)s
is the major cause of APCR? and is detected in ~20% of Caucasians
with deep venous thrombosis (DVT). 1718 The loss of the APC
cleavage site at Arg506 in FV| ¢qe, results in a loss of APC-induced
FVa inactivation and impairment of FV cofactor activity of APC in
FVIIIa inactivation. Rare FV point mutations Arg306—Thr (R306T;
FV cambridge) " and Arg306—Gly (R306G; FViong kong) " affect the
APC cleavage site at Arg306 and are associated with mild APCR.*
No FV mutations linked to APCR have been identified in Japanese
populations, however. We describe the findings in a Japanese boy
with severe DVT in the paradoxical presence of FV deficiency with
FV activity (FV:C) 10 IU/dL. We have identified a novel mechanism
of thrombosis associated with a Trp1920— Arg (W1920R) mutation
in the F5 gene (FVyur,). The defect resulted in APCR more potent
than that seen with FV{ ¢igen-
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Materials and methods

Blood samples were obtained after informed consent following local ethical
guidelines. DNA direct sequencing and the expression of recombinant protein
were approved by the Medical Research Ethics Committee of Tokyo Medical
University. This study was conducted in accordance with the Declaration
of Helsinki.

Reagenis

The pMT2/FV mammalian expression plasmid containing the full-length F5
c¢DNA was provided by Dr Kaufman (University of Michigan, Ann Arbor,
MI). The EZ1 DNA Blood Kit, QIAquick Gel Extraction Kit, and QIAfilter
Plasmid Kit (Qiagen, Dusseldorf, Germany) and the QuickChange Site-Directed
Mutagenesis Kit (Stratagene, La Jolla, CA) were purchased. Recombinant FVIII
was a generous gift from Bayer Corporation, Japan. A monoclonal antibody
(mAb)C5,? recognizing the C-terminus of the FVII A1 domain, was provided
by Dr Carol Fulcher (Scripps Research Institute, La Jolla, CA). FV, FIXa, FX,
FXa, a-thrombin, APC, PS, mAbAHV-5146 against the 'V HCh (Hematologic
Technologies, Essex Junction, VT), lipidated TF (Innovin; Dade Bebring,
Marburg, Genmany), and fluorogenic substrate Z-Gly-Gly-Arg-AMC (Bachem,
Bubendorf, Switzerland) were purchased commercially. FV-deficient plasmas
(George King. Overland Park, KS), PT, and activated partial thromboplastin
time (@aPTT) reagent (Instrumentation Laboratory, Bedford, MA; Sysmex,
Kobe, Japan) were purchased. PL vesicles containing phosphatidylserine/
phosphatidylcholine/phosphatidylethanolamine, 10%/60%/30%, were pre-
pared using N-octylglucoside.”

DNA direct sequencing

Genomic DNA was extracted from leukocytes, using the BioRobot EZ1
workstation. PCR assays were performed with Tag DNA polymerase
(TaKaRa-Bio, Otsu, Japan). PCR products were clectrophoresed on agarose
gels and purified by gel extraction. Purified PCR products from genomic
DNA and F5 plasmids were confirmed by sequencing using a BigDye
Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) and analyzed
with a 3730 DNA analyzer. All sequences were compared with wild-type
(WT) F5 sequences (GenBank number Z99572).

Expression of recombinant FV

The mutations were introduced independently into a pMT2/FV plasmid by site-
directed mutagenesis.™ The WT and mutant plasmids used in transfection
experiments were purified. Vectors expressing recombinant proteins were
transfected into HEK293 cells, using the lipofection method. After 60 bours, the
culture media and cells were harvested. Conditioned media (CM) were collected,
centrifuged to remove cell debris, and stored at —80°C. FV antigen (FV:Ag)
levels in CM and cell lysates were measured by enzyme-linked immuno-
sorbent assay (ELISA; Affinity Biologicals). FV:C in CM was measured in
PT-based clotting assays, using the ACL9000 coagulation analyzer (In-
strumentation Laboratory). The specific activity of FV was calculated as the
ratio of FV:C to the concentration of FV:Ag, both of which were measured
in CM. The proteins were harvested in serum-free mediam and concentrated
by filtration (cutoff ~100 kDa).

APCR assay

aPTT-based assays. The APC-resistance kit, which is not approved and not
commercially available in Japan, was provided by Instrumentation Laboratory
for research use. This assay was performed using ACL9000 with predilution
of sample plasmas in FV-deficient plasma. The APC sensitivity ratios (APCsrs)
were expressed as ratios of aPTT clotting times in the presence of APC divided
by clotting times in its absence. This assay reflects the effect of APC on in-
activation of both FVa and FVIa; hence, a low level of APCsr indicates a defect
in the inactivation of FVa and/or FVIITa and, consequently, reflects APCR.
Thrombin generation-based assays. Calibrated automated throm-
bin generation assay (Thrombinoscope) was performed as previously
reported.?® Platelet-poor plasma (PPP) or platelet-rich plasma (PRP) was
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preincubated for 10 minutes with TF (5 pM), APC (8 or 40 nM), and PL
(0 or 10 pM), respectively. PRP was adjusted to 15 X 10* platelets/pL.
Measurements were commenced after the addition of CaCl, and fluorogenic
substrate (final concentration [f.c.] 16.7 mM and 417 uM, respectively).
Fluorescent signals were monitored continuously in a Fluoroskan microplate
reader (Thermo Fisher Scientific, Franklin, MA). For data analyses, the
parameters (lag time, peak thrombin, time to peak, and endogenous thrombin
potential [ETP]) were derived. The APCsrs were expressed as ratios of the
parameter in the absence (or presence) of APC, divided by the ratio in its
presence (or absence).

FXa generation-based assays. Normal or patient’s plasma was mixed
with FV-deficient plasima in various proportions and assayed using the FXa
generation assay (COATEST SP-FVII, Chromogenix, Milan, Italy), with
minor modifications.?” The test specifically quantifies FVIIIa:C in 16-fold
diluted plasma by measuring intrinsic FXa generation mediated by excess
exogenous FIXa and FX with PL. The simultaneous addition of APC (40 nM)
with cofactors PS and FV in plasma inhibits intrinsic FXa generation by
inactivating FVIIIa. The APCsrs were expressed as ratios of the amount of
generated FXa in the absence of APC divided by that in its presence. A low
level of APCsr indicates a defect in FVIlla inactivation and, consequently,
reflects APCR.

Prothrombinase assay

FV (2 nM) was activated by thrombin (20 nM) for I minute, followed by the
addition of hirudin. The reactants were mixed with prothrombin (1.4 pM),
PL, and 5-dimethylamino-naphthalene-1-sulfonylarginine-N-(3-ethyl-1,5-
pentanediyl)-amide (30 M), followed by initiation by the addition of
FXa (10 pM). Aliquots were removed to assess the initial rates of product
formation, and the reactions were quenched with EDTA (f.c. 50 mM). Rates
of thrombin generation were determined at absorbance 405 nm (Abs,ps)
after the addition of S-2238 (f.c. 0.46 mM). Thrombin generation was
quantified from a standard curve prepared using known amounts of
thrombin.

FV-PL binding

Binding of FV to immobilized PL was examined in ELISAs.*® a-phospha-
tidyl-L-serine (5 pg/mL) in methanol was added to microtiter wells and air-
dried. The wells were blocked by the addition of gelatin solution (5 mg/mL),
and serial dilutions of FV were added and incubated at 37°C for 2 hours.
Bound FV was quantified by the addition of anti-FV mAbAHV-5146 (2.5 pg/mL)
and goat anti-mouse peroxidase-linked antibody, followed by measuring
at Abssgp. The amount of nonspecific immunoglobulin G (IgG) binding
without FV was <<3% of the total signal. Specific binding was estimated by
subtracting the amount of nonspecific binding.

APC-catalyzed inactivation of FVa

FV (8 nM) was incubated with thrombin (100 nM) for 5 minutes at 37°C, and
reaction was terminated by the addition of hirudin (25 U/mL). Samples
containing the generated FVa (2 nM) were incubated with APC (25 pM), and
PS (30 nM) with PL (20 uM), for the indicated times. Aliquots were obtained
from the mixtures and diluted ~30-fold. Residual FV:C was measured in
aPTT-based clotting assays. The presence of thrombin and hirudin in the
diluted samples had little effect in these assays.

APC cofactor activity of FV

The APC cofactor activity of FV variants was measured in a FVIlla
degradation assaty,29 with minor modifications. FVII (10 nM) and PL (20 uM)
were activated by thrombin (5 nM) for 30 seconds, and the reaction was
terminated by the addition of hirudin (2.5 U/mL). The generated FVIIla was
then incubated with APC (0.5 nM) and PS (5 nM) with various concentrations
of FV variants for 20 minutes. The reactants were diluted 9-fold before
incubation with FIXa (2 nM) and FX (200 nM) for 1 minute. Generated FXa
was measured in a chromogenic assay with S-2222 at Abs,gs. Relative FVIIL:C
was calculated from the amounts of generated FXa.
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Table 1. FV levels and APCR in plasmas of the patient and family members

aPTT-based APCR assay

aPTT, seconds

Case FV:C (IU/dL) FV:Ag (iU/dL) F5 mutation Minus APC Plus APC APCsr (plus/minus APC)
FVnara family members
Patient 10.0 40.0 W1920R homozygote 79.7 131 1.64
Father 741 74.0 " W1920R heterozygote 43.3 98.0 2.26
Mother 87.6 75.0 W1920R heterozygote 39.0 104 2.67
Brother 109 77.0 WT 32.2 98.4 3.06
Sister-1 113 101 WT 32.6 107 3.28
Sister-2 : 132 115 WT 32.2 99.8 3.10
FV_eiden Patient
Patient 1 : 56.5 96.0 R506Q heterozygote 35.2 - 57.2 1.63
Patient 2 65.2 61.0 R506Q heterozygote 36.8 61.2 1.66
FV-deficient patient :
Patient 1 50.0 44.0 39.2 124 3.16
Patient 2 54.0 53.0 38.4 118 3.07
Patient 3 55.0 47.0 43.4 124 2.85
Healthy controls
Male (n = 17) 32.6 = 0.70 108.4 = 4.50 3.32 £ 0.11
Female (n = 15) 33.5 =147 108.6 = 3.64 3.24 + 0.08

All data were measured at least 3 times, and the average values are shown. For the levels of healthy controls, the average value = standard deviation is shown.

Western blotting

Sodium dodecyl sulfate/polyacrylamide gel electrophoresis was performed using
8% gels, followed by western blotting.® Protein bands were probed using the
indicated mAbs, followed by the addition of goat anti-mouse peroxidase-linked
antibody‘30 Signals were detected using enhanced chemiluminescence,
and densitometric scans were quantified using Image J 1.34.

Results
Patient’s profile

A 13-year-old boy was admitted for massive DVT in association with
swelling of the lower extremities. There was no personal or family
history of thrombosis. Laboratory findings demonstrated prolonged PT
and aPTT (18.9/67.6 seconds; control, 12.2/30.2 seconds). FV:C and
FV:Ag were 10 and 40 IU/dL, respectively, indicating a cross-reactive
material-reduced reaction. Anti-FV inhibitor was not detected. Other
procoagulant and anticoagulant factors, including fibrinolytic factors
and antiphospholipid syndrome-associated factors, were within normal
range. Free tissue factor pathway inhibitor was 20.2 ng/mL (normal,
15-35 ng/mL).>! His parents and 3 siblings had normal levels of FV:C
and FV:Ag (Table 1). He was ftreated with warfarin to maintain
prothrombin time-international normalized ratio 2.5 to 3.0. Neverthe-
less, a fresh thrombus developed in his left external iliac-vein, and the
right inferior vena cava was completely occluded. After heparinization
and urokinase therapy, the patient was treated with higher doses of
warfarin to maintain prothrombin time-international normalized ratio
4.0 to 5.0, and he has since been free of recurrent DVT.

Gene analysis

Direct sequencing identified a W1920R homozygous mutation of exon
20 of F5 in the patient (Figure 1). His parents heterozygously carried
this mutation, but it was undetected in his siblings. Neither the FVy g4ep
mutation (R506Q) nor FV-HR2 haplotype (H1299R and D2194G)
were found in the patient or his family members. The W1920R mu-
tation was not detected in 100 alleles from Japanese control subjects

using direct sequencing, and the novel F5 missense mutation that we
identified was designated FV o

APCR in FVyg,4 plasma

We investigated whether the FVyy,, was resistant to APC. aPTT-based
APCR assays, reflecting APC inactivation of FVa and FVIlla, were
performed. The APCsr obtained in patient’s plasma was similar to
those of FV{ qqen patients and significantly lower than those in healthy
control patients (Table 1). APCsrs in the parents were intermediate, and
those in the siblings were equal to the levels of healthy controls.
APCsrs of 3 mild FV-deficient patients with FV:C ~50 IU/dL were
similar to those of control. APCsrs of inherited FV-deficient patients
with FV:C ~10 IU/dL were not measurable, however, because the
clotting times after the addition of APC were markedly prolonged
(data not shown). These results demonstrated that the FV ., mutation
conferred APCR.

Patient (Homozygote)
Wild-type
; ann AN afAn s
Parents (Heterozygote)
MAﬂAMAAAAhAAﬂ
F5 Exon20 Trp1920Arg W\AMAAAN\AA
1918 1919 1920 1921 1922
Wild-type Asn Val Ser Val
aat get agt gta
Mutation

Figure 1. DNA direct sequencing of exon 20 of F5 gene from the patient, his
parents, normal WT. The mutation (T—C) is present at codon 1920, resulting in
a Trp1920-+Arg substitution in the FV protein (FVyara)-
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Figure 2. Thrombin generation in the FVyan
patient’s plasma. (A) Effects of the addition of APC:
thrombin generation after extrinsic activation (TF; 5 pM)
of PPP (a) or PRP (b) in normal individuals (circle
symbols) and PPP (a) or PRP (b) in FVae patient
(square symbols) in the absence {(open symbols) or
presence (closed symbols) of APC was measured as
described in “Materials and methods.” With PPP, APC
(8 nM)) was added with PL vesicles (10 pM), whereas with
PRP, APC (40 nM) was added without PL. A represen-
tative thrombogram is shown. (B) Effects of the addition
of native FV: thrombin generation was measured after
extrinsic activation (TF; 5 pM) of the patient's PRP
with the addition of native FV (circles, 0 1U/dL;
squares, 10 1U/dL} in the absence (open symbols) or
presence (closed symbols) of APC (40 nM). All 0
experiments were performed at least 3 separate

times, and a representative thrombogram is shown.

A

Thrombin (nM)

APCR in the FV ., patient was examined using PPP in thrombin
generation assay initiated by low concentrations of TF with APC. The
time-related parameters (lag time and time to peak) and peak thrombin
obtained with FV ., PPP were prolonged and decreased, respectively,
compared with control (Figure 2Aa and Table 2). The addition of APC
showed that the peak thrombin and ETP with FVy,, were less
moderated than those with control, although the time-related readings
were unaffected. The APCsrs (minus APC/plus APC) with FV i (1.22
and 1.25) were significantly lower than those with control (3.48 and
3.70), supportive of the APCR with FV . Platelet FV also participates
in the clotting function of FV; to evaluate the role of platelet FV in these
mechanisms, therefore, experiments were repeated using PRP. Similar
to PPP, the addition of APC showed that APCsrs (plus APC/minus
APC) in time-related parameters in FVy,, were lower than those in
control, and the APCsrs (minus APC/plus APC) with FV,,, were also
lower than those with control (Figure 2Ab). These findings provided
further evidence of APCR with FVyy,. Similar experiments in PPP
using 40 nM APC (equal amount in PRP) showed that the thrombin
generation of FVyy,,, as well as normal plasma, was little detected
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(data not shown), again confirming that the platelet FV was
particularly resistant to APC-mediated inactivation.

To further assess the contribution of plasma FV in the APCR of
FV nara normal FV was added to the patient’s PRP before measuring
thrombin generation with APC (Figure 2B). In the presence of normal
FV (10 1U/dL) corresponding to the level in patient’s plasma, the time-
related parameters were moderately shortened, and the peak thrombin
and ETP were slightly increased. Thus, the presence of native FV
improved reactivity to APC in FVy,. PRP, suggesting that the
APCR of FVy,:, might be caused by defective patient’s plasma FV.
Furthermore, even small amounts of plasma FV appeared to influence
APC-induced deceleration of blood coagulation.

APC cofacior activity of FVyara

APCR resulting from a F5 mutation or mutations is caused by
a reduced sensitivity of FVa to APC-catalyzed inactivation’? and/or
reduced FV cofactor activity in APC-catalyzed FVIila inactivation,™
but these components are difficult to distinguish. FXa generation

Table 2. Parameters obtained from thrombin generation on the PPP and PRP with FVyara

Lag time (APC minus/plus,
minutes [APCsr])*

Time to peak (APC minus/plus,
minutes [APCsr])*

Peak thrombin (APC minus/plus,
ni [APCsi])t

ETP (APC minus/plus,
nM x minutes [APCst})t

PPP
Control 2.50/2.62 (1.05) 6.12/5.62 (0.92)
FViara 12.3/12.5 (1.02) 15.3/15.3 (1.00)
PRP
Control 3.01/6.55 (2.18) 11.5/15.7 {1.36)
FViara 12.8/18.2 (1.42) 21.2/26.2 (1.23)

+ FV (10 1U/dL) 2.86/6.45 (2.25) 11.5/16.2 (1.42)

242/70 (3.48)
1761144 (1.22)

1648/446 (3.70)
171171373 (1.25)

191/71 (2.69)
169/103 (1.64)
201/70 (2.87)

2860/968 (2.95)
2811/1620 (1.74)
2088/930 (3.21)

Values were calculated from the parameter data obtained in Figure 2.
*Values were expressed as plus APC divided by minus APC.
TValues were expressed as minus APC divided by plus APC.
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Figure 3. APCR in FXa generation assays. (A) Effects of FV levels on the APCsr in the FVnara plasma. Normal plasma (open circles) and the patient’s plasma (closed
circles) were mixed with FV-deficient plasma in various proportions, and FXa generation was measured with COATEST SP FVIII after the simultaneous addition of APC (40 nM)
as described in “Materials and methods.” The APCsrs were expressed as ratios of the amount of generated FXa in the absence of APC divided by that in its presence. All
experiments were performed at least 3 separate times, and the average values are shown. (B) APCR of FV-deficient plasma mixed with recombinant FV-W1920R. Various
concentrations of FV (WT, open circles; W1920R, closed circles; R506Q, open squares) were mixed with diluted FV-deficient plasma, and FXa generation was measured with
COATEST SP FVIII after the simultaneous addition of APC (40 nM), as described in “Materials and methods.” The APCsrs were expressed as ratios of the amount of
generated FXa in the absence of APC divided by that in its presence. All experiments were performed at least 3 separate times, and the average and/or standard deviation
values are shown.

assays, reflecting intrinsic tenase activity, were used to examine the ~APCR of FV-W1920R mutant
APC cofactor activity of FV.?” We therefore determined APCsrs
in samples after the addition of APC to probe APCR resulting from
defective FV cofactor activity. Normal or FV ., plasma was mixed
with FV-deficient plasma in proportions from 2.5% to 100%. Because
FVnawAg was 40 TU/AL, the concentration of FVy,, in these assays
varied between 2.5% and 40%. APCsrs increased linearly in proportion
to the level of normal FV, and clear differences were demonstrated
between 0% and 100% normal plasma (1.8 and 2.6, respectively),
similar to an earlier report.”” APCsrs were independent of the concen- APCR assays were repeated using mixtures of FV-deficient
tration of FVyar, however, and remained relatively constant or  plasmas and recombinant FV variants. FXa generation assays were
modestly decreased (Figure 3A). The slopes obtained with normal  devised in which FV-deficient plasma and FV were diluted 16-fold
and FV e, plasmas (AAPCsr; 0.72 and —0.18/IU FV, respectively)  before mixing with APC; this facilitated measurements at lower levels
were significantly different (P <.01), indicating that FV,, possessed  of FV:Ag (0.3-2.5 nM). These concentrations were comparable to

The measurements of APCR of FVpy. could have been affected
by quantitative or qualitative abnormalities of individual plasma
components other than FV. To confirm FV specificity, recombinant
FV-WT and 2 FV mutant proteins (W1920R and R506Q) were
prepared. The levels of FV:Ag and specific activity of the W1920R
mutant expressed in CM were similar to the data observed with
patient’s plasma, at 50% and 45% of WT, respectively. Correspond-
inglevels in CM of R506Q were 125% and 86% of WT, respectively.

little APC cofactor activity. diluted plasma containing physiological levels of FV:Ag (5-40 nM;
A B
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Figure 4. FV-W1920R affecting the association with PL. (A) FV-PL binding. «-Phosphatidyl-L-serine (5 p.g/mL) was added to microtiter wells and air-dried. After blocking,
serial dilutions of FV were added to the immobilized PL. Bound FV-WT (open circles) and FV-W1920R (closed circles) was quantified by the addition of AHV-5148, as
described in “Materials and methods.” The average values and standard deviations are shown. (B) The effects of PL on prothrombinase activity; FV (WT, open circles;
W1920R, closed circles; 2 nM) was activated by thrombin (20 nM) for 1 minute, followed by the addition of hirudin. The reactants were incubated with prothrombin (1.4 pM)
and various amounts of PL, followed by initiation by the addition of FXa (10 pM). Aliquots were removed, and the reactions were quenched by the addition of EDTA. Rates of
thrombin generation were determined at Absags after the addition of S-2238. Thrombin generation was quantified by extrapolation from a standard curve prepared using
known amounts of thrombin. The plotted data were fitted using the Michaelis-Menten equation. All experiments were performed at least 3 separate times, and the average
values are shown.
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Figure 5. APC-mediated inactivation of FVa-
W1920R muiant. FV variants (8 nM) were incubated
with thrombin (100 nM) for 5 minutes, and the reaction
was terminated by the addition of hirudin (25 U/mL). FVa
variant samples (2 nM) were reacted with APC (25 pM)
and PL (20 uM) in the presence (A) or absence (B) of P3
(30 nM). After dilution, FVa activity was measured in an
aPTT-based 1-stage clolting assay. The symbols used
are as follows: open circles, WT; closed circles, W1920R;
open squares, R506Q. Initial activities of FVa varlanls
were regarded as 100%. The plotted data were fitted in
an equation of single exponential decay. All experiments
were performed at least 3 separate times, and the
average values are shown.
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15%-120% of normal FV:Ag). Inmixtures with WT, APCsrs increased
dose-dependently (AAPCsr; 2.85 X 107%mM FV; Figure 3B). The
APCsrin W1920R was lower by ~4-fold (0.71 X 107%/nM FV) than
WT, in keeping with the impairment of APC cofactor activity in
WI1920R. With R506Q, the APCsr was greater by ~2.7-fold
(1.91 X 107*nM FV) than that with W1920R. These findings
demonstrated that APCR in FV ., plasma resulted from W1920R,
and the APC cofactor activity of W1920R appeared to be more
defective than that of R506Q.

The C1 and/or C2 domains of FV(a) bind to PL. membranes,”**
which governs the susceptibility of FVa for APC-catalyzed in-
activation and the APC cofactor activity of FV. W1920 is in proximity
to the PL-binding region or regions,36 and we speculated that the
APCR of FV-W1920R might be a result of significant disturbances
in PL binding. The PL binding of W1920R was maintained at ~90%
that of WT in ELISA, however (Figure 4A). The influence of PL
on prothrombinase activity with WI920R was also investigated.
Thrombin generation with W1920R was ~70% the level of that with
WT, again supporting the cross-reactive material-reduced type on
FVara. However, the affinity of PL for W1920R was not significantly
different compared with WT (K, 3.25 = 0.77/2.22 = 0.24 pM,
respectively; Figure 4B). Thrombin and PL-dependent FXa activation
of W1920R showed a similar reaction to the activation of WT (datanot
shown). These findings indicated that W1920R~PL interactions were
not disturbed.

APC-catalyzed inactivation of FVa-W1920R

APC-catalyzed inactivation of FVa-W1920R, compared with the
inactivation of WT and R506Q (FV| cigen), Were examined in 1-stage
clotting assays. FVa-WT:C was very rapidly decreased after the
addition of APC and PS and declined to ~2% of the initial level at 5
minutes (Figure 5A). FVa-R506Q:C was reduced to ~20% of the
initial level at 5 minutes. Surprisingly, FVa-W1920R:C decreased
very slowly and persisted at ~60% of the initial level. The
inactivation rate of W1920R was ~11- and ~4.5-fold lower than
the rates of WT and R506Q, respectively (Table 3), indicating
significantly defective APC-induced inactivation of WI1920R.
Without PS, the inactivation rate of FVa-WT:C was significantly
decreased, with ~20% of the rate obtained with PS (Figure 5B),
whereas inactivation of FVa-R506Q:C was not observed. The
inactivation rate of FVa-W1920R:C appeared to be ~40% less than
that with PS, but this was ~6-fold lower than that of WT, supporting
the theory that W1920R as a cofactor for PS contributed less to the
mechanisms of APCR than WT and R506Q.

Sodium dodecy! sulfate/polyacrylamide gel electrophoresis of
APC cleavage was designed to investigate the mechanism or mech-
anisms contributing to the defective APC-catalyzed inactivation of
FVa-W1920R (Figure 6). Using FVa-WT, the band of residues 1 to
506 rapidly appeared within 20 seconds after the addition of APC,
followed sequentially by the appearances of the 307 to 506 and 307 to
709 bands, consistent with rapid, consecutive cleavage at Arg506 and
Arg306. Cleavage of FVa-R506Q at GIn506 was not evident during
a5-minute reaction. The appearance of the 307 to 709 band was evident
at similar velocity to that in WT, but the total ratio of Arg306 cleavage
in R506Q was reduced. The appearance of the 1 to 506 band in
W1920R was markedly delayed compared with WT, however, and
cleavage at Arg3006 was not detected. These results suggested that the
loss of APC-catalyzed inactivation of FVa-W1920R was a result of
a significant delay in cleavage at Arg506 and little cleavage at Arg306.

Cofactor FV-W1920R on APC-catalyzed FVliia inactivation

Properties of FV-W1920R as a cofactor for APC were examined in
a FVIIla degradation assay.29 FV-WT significantly enhanced APC-
catalyzed FVIIla inactivation with a ~3-fold inactivation rate com-
pared with that in its absence, again confirming the APC cofactor
activity of FV (Figure 7Aa and Table 4). FV-R506Q moderately
diminished APC-catalyzed inactivation with the ~50% inactivation
rate of WT. However, the rate with W1920R was similar to that in its
absence, emphasizing earlier findings that APC cofactor activity was
markedly depleted with W1920R. With regard to the effects of varying
amounts of FV on APC cofactor activity, FV-WT enhanced the APC-
catalyzed inactivation dose-dependently (50% reduction, 0.25 nM)
(Figure 7Ab). Inactivation with R506Q was also enhanced, but the
50% reduction of 0.55 nM was greater than that with WT. However,
even at | nM of W1920R, little enhancement of this mechanism was
demonstrated, indicating that impairment of APC cofactor activity
with W1920R was more pronounced than with R506Q.

Table 3. Kinetic parameters determined on APC-catalyzed
inactivation of recombinant FVa variants

PS, minutes™" (-fold)

FVa variants Plus Minus

WT 1.07 + 0.06 (1) 0.230 = 0.016 (1)
W1920R 0.100 = 0.001 (0.09) 0.038 + 0.008 (0.16)
R506Q 11 0.417 = 0.061 (0.39) Not determined

Values were calculated by nonlinear least squares regression from the data
shown in Figure 5A-B, using the single exponential decay.

_.76.,.
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WT

W1920R R506Q

1-709 —
1-506 ~—

307-709—

307-506 —~

{

00330671 3 5 00330671 3 5
(min)

00330671 3 5
(min) (min)

Reaction time
Figure 6. APC-catalyzed proteolytic cleavage of the HCh of FVa-W1920R. FV
variants (8 nM) were incubated with thrombin (100 nM) for 5 minutes, and the
reaction was terminated by the addition of hirudin (25 U/mL). FVa variant samples
(0.5 nM) were incubated with APC (1 nM) and PS (30 nM}) in the presence of PL
(20 pM) for the indicated times. Samples were analyzed on 8% gels, followed by
western blotting using an anti-FV HCh mAb 5146 IgG, as described in “Materials and
methods.” A vertical line is inserted to indicate a repositioned gel lane.

APC-catalyzed FVIIIa inactivation is regulated by cleavage at
Arg336 in A1.%7 Figure 7B illustrates time-dependent cleavage at
Arg336 analyzed by western blotting using mAbCS. This mAb
recognizes the residues 337 to 372, and the disappearance of this band
represents cleavage at Arg336.%® With FV-WT, intact A1 gradually
decreased time-dependently (Figure 7Ba). With FV-W1920R,
however, cleavage at Arg336 was not observed during a 10-minute
reaction time, and the rate of cleavage with FV-R506Q appeared to
be ~40% of that of FV-WT (Figure 7Bb and Table 4), consistent
with the results obtained in FXa generation assays. These data
confirmed that APC cofactor activity was partially or completely
impaired with R506Q and W1920R, respectively.

>
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Discussion

We described anovel FV-W1920R missense mutation associated with
APCR in a Japanese boy with serious DVT. The APCR of FV,;, was
greater than that of FV ¢4., and involved a novel mechanism related to
asignificant inhibition of cleavage at both sites because of the possible
failure of direct and/or indirect interactions with APC and/or PS.

FV-W1920 is a highly conserved residue among other mamma-
lians. According to the crystal structure of APC-inactivated bovine
FVa,* bovine-W1907 (corresponding to human-W1920) is located
on the internal structure in the C1 domain, which isinvolved in 3 spike-
like structures of B-strand as PL-binding sites. W1907 forms hydrogen
bonding with W1891 (W1904) and L2013 (L2026), which is
located at the first and second spike of PL-binding, respectively.
W1920R may have an effect on the PL binding at the C1 interface and
may be an unstable molecule by modification (eg, misfolding).
However, because a functional assay such as prothrombinase
activity, FXa activation, and a PL-binding assay did not indicate
significant differences between WT and W1920R, this molecule
would be not significantly disturbed structurally; thereby, the reason
for secretion defect is unclear.

Our assays for APC-catalyzed FV cleavage demonstrated little
cleavage of W1920R at Arg306, and cleavage at Arg506 was
markedly delayed. As discussed earlier, the Arg506 cleavage is
considered to be essential for direct and FVIII-related anticoagulant
properties of FV,'>'%?? whereas the Arg306 cleavage is associated
with FVa inactivation. Mutations at Arg306, including FV campridges
contribute to mild APCR, and a similar mutation FVygne kongs
appears not to affect the APC response. 1921 ywe speculate, therefore,
that the impairment of APC-catalyzed cleavage at Arg506 in FV .,
resulted in persistent levels of FVIIIa:C and FVa:C and was the

Figure 7. APC cofactor activity of FV-W1920R

—
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assessed by the degradation of FViila. (A) FVilla
inactivation. FVIII (10 nM) with PL (20 pM) was
activated by thrombin (5 nM), followed by the addition
of hirudin (2.5 U/mL). Generated FVlila was incubated
either with mixtures of APC (0.5 nM), PS (56 nM), and
FV variants (0.5 nM) for the indicated times (a) or with
various concentrations of FV variants for 20 minutes
(b). FXa generation was initiated by the addition
of FIXa (2 nM) and FX (200 nM) for 1 minute. The
symbols used are as follows: open circles, WT; closed
circles, W1920R; open squares, R506Q; closed
squares, no FV. Values of FXa generation at the
initial time (a) or in the absence of FV variants (b)
were regarded as 100%. The data in (a) were fitted

T
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lines). All experiments were performed at least 3
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(B) A1 cleavage at Arg336; FVIII (10 nM) with PL
(20 wM) was activated by thrombin (5 nM) for 30
second, followed by the addition of hirudin (2.5 U/mL).
Generated FVllla was incubated with mixtures of APC
(0.5 nM), PS (5 nM), and FV variants (0.5 nM) for the
indicated times. Samples were analyzed on 8% gels,
followed by western blotting using an anti-A1 C5 IgG,
as described in “Materials and methods” (a). Band
densities of intact A1"%72 observed from panel a were
measured by quantitative densitometry. Density be-
fore the addition of APC was regarded as 100% (b).
The plotted data were fitted in an equation of single
exponential decay (dashed lines). The symbols used
are as follows: open circles, WT; closed circles,

W1920R; open squares, R506Q. All experiments
were performed at least 3 separate times, and the
average values are shown.
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Table 4. Kineiic parameters determined on FVilla inactivation by
APC and PS in the presence of recombinant FV varianis

Rate constant: k, minutes™" (-fold)

FV variants FVlila inactivation Cleavage at Arg336
WT 0.742 + 0.034 (1) 0.274 + 0034 (1)
W1920R 0.239 * 0.021 (0.32) Not determined
R506Q 0.390 = 0.012 (0.53) 0.110 = 0.078 {0.40)
None 0.246 = 0.019 (0.33) Not determined

Values were calculatad by nonlinear least squares regression from the data
shown in Figure 7A-B, using the single exponsntial decay,

most influential defect in the APCR mechanism. The complete
loss of cleavage at Arg306 in IV, also contributed to the
stability of FVa:C. These findings provide potential new insights
into the physiological role or roles of FV in (anti)coagulation
systems.

The recurrence of DVT in FV ., was evident despite low levels of
plasma FV:C. This observation appears to be unique in FV mutations
reported with APCR. The precise reason or reasons for thrombotic
symptoms in these circumstances remain to be clarified but could be
explained by some laboratory features. First, moderately low levels of
plasma FV:C (>>5%) promote thrombin generation near to normal
plasma and could facilitate significant effects on APCR. The thrombin-
related procoagulant capacity of lower levels of FV:C (<2~3%) is
very restricted, however, and the anticoagulant function of FV might
be negligible. Second, platelet FV:C might be more important than
plasma FV:C in physiological procoagulant activity.” Platelet FV:C
in FVum was ~20% (data not shown), and the peak level of thrombin
formation in PRP was comparable to that of normal PRP (~90% of
normal). The peak thrombin after the addition of APC was increased
(145% of normal) (Figure 2Ab). Third, other hemostasis-related
mechanisms may have a potential effect on the thrombotic diathesis.
Other laboratory findings were within normal range in our patient,
however, and we demonstrated directly that FV-W1920R conferred
APCR.

The APCR mechanisms in FVyg., appeared to be distinet from
other APCR-associated FV mutations. With the exception of
FVLiverpool (13597, all FV mutations have been identified in the
HCh and constitute point mutations at cleavage sites that lead to the
impairment of FV(a) inactivation. Delayed cleavage at Arg306 was
described in FVy jyemoor Tesulting in impaired inactivation of FVa
and in clinically severe DVT. This mutation led to the creation of
a glycosylation consensus sequence at Asn357 that is slightly remote
from the Arg306 site. Cleavage at Arg506 in FVa and APC cofactor
activity for FVIIIa inactivation was normal. However, W1920R is
significantly remote from the APC-cleavage sites and from moderated
cleavage at both Arg3006 and Arg506. Although W1920in FV is close
to the PL-binding site,”® the binding ability of W1920R to P, was
almostequivalent to that of FV-WT, indicating that W1920R in FV .,
might affect the direct association (binding-site) or indirect association
(conformational change) with APC. In addition, W1920R was little
cleaved by APC at Arg306, depending on PS, which might supporting
a defective interaction with PS. Our conclusion that FVyy,., was resis-
tant to APC inactivation through an impaired interaction with this
protease might be further supported by observations that FVa-
W1920R, when assembled into prothrombinase, was protected from
FXa-catalyzed APC inactivation and that the inhibitory effect of FXa
on APC-catalyzed inactivation of FVa-W1920R was observed,
similar to WT (data not shown).

FVicigen 18 known to be a major cause of hereditary thrombotic
diseases among Caucasians.>* Studies of the ethnic distribution of
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PV ien indicated that the mutation was not found in Asians.'”'® A
different FV mutation (E666D3) causing APCR coupled with DVT has
been reported in China,” but there are no reports of FV-associated
APCR in Japan. The parents of the current propositus were het-
erozygous for the W1920R mutation, but they have not developed any
thrombotic symptoms to date, although aPTT-based assays demonstrated
mild APCR. Itis possible that similar to FV_sqen, the heterozygote FV o,
may have a potential risk for thrombosis compounded by other
prothrombotic factors.
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Summary. Background: The clinical phenotype of individ-
uals with acquired factor V (A-FV) inhibitors varies from
asymptomatic (non-B group) to life-threatening bleeding
(B group), but the mechanism(s) underlying this variation
in hemorrhagic phenotype are poorly understood. Objec-
tive: To investigate coagulation mechanistically in a range
of patients with A-FV antibodies. Methods and Results:
Ten cases of A-FV inhibitors in the non-B (n = 5) and B
groups (n = 5) were studied. Thrombin generation assays
in these plasmas revealed little thrombin generation,
despite similar FV activity levels in both groups. How-
ever, prothrombin time-based clot waveform analysis
revealed that the clot times were significantly prolonged
and the maximum velocity and acceleration of coagula-
tion were lower in the B group than in the non-B group,
suggesting that this technique might be useful for predict-
ing and monitoring hemorrhagic symptoms. A-FV inhibi-
tors from the non-B group recognized predominantly
the FV heavy chain, whereas those from the B group
recognized the light chain. Purified anti-FV autoantibod-
ies (autoAbs) from the B group inhibited FV binding
to phospholipid by 60-90%, whereas there was little
effect on this reaction in the non-B group. In addition,
anti-FV autoAbs from the non-B group impaired the
activated protein C (APC) cofactor activity of FV in
FVlila inactivation mechanisms, and delayed APC-cata-
lyzed cleavage of FVa at Arg306, but not at Arg506, indi-
cating the presence of APC resistance in the non-B
group. Conclusions: The results suggest that the different
hemorrhagic phenotypes in A-FV inhibitors depend on
the specific epitope of anti-FV autoAbs, and appear to be
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associated with an imbalance of procoagulant and antico-
agulant function.
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Introduction

Factor V is a single-chain molecule consisting of 2196
amino acids arranged in six domains, Al-A2-B-A3-Cl-
C2 [1,2]. FV governs the balance of coagulation by regu-
lating opposing functional mechanisms. The procoagulant
action of FV is associated with cofactor activity for FXa
in the prothrombinase complex, which catalyzes the con-
version of prothrombin to thrombin on a phospholipid
(PL) surface [3]. Thrombin proteolyses FV, generating the
activated form (FVa), a heterodimer composed of a 105-
kDa heavy chain (HCh), containing the Al and A2
domains, and 71/74-kDa light chain (LCh), containing
the A3, Cl and C2 domains. The development of a
hypercoagulant state is controlled, however, by downre-
gulation of cofactor activity by activated protein C
(APC) with protein S (PS). FVa is rapidly inactivated by
proteolytic cleavage at Arg506, and then at Arg306 and
Arg679 [4]. Cleavage at Arg506 is essential for the expo-
sure of other cleavage sites, but is unlikely to contribute
significantly to the reduction in activity. Cleavage at
Arg306 results in almost complete loss of FVa activity
(FVa:C), but that at Arg679 has a more modest impact
[5]. Irregularities in the mechanism of APC-mediated
inactivation of FVa are therefore associated with throm-
botic episodes in the presence of sustained prothrombin
activation.

An alternative function of FV is an as anticoagulant
cofactor of APC in the inactivation of FVIlla [6]. FVIIIa
is inactivated by cleavage at Arg336 by APC [7.8]. In the
process of APC-mediated inactivation of FVIlla, FV
functions as an anticoagulant cofactor of APC, resulting
in acceleration of FVIIIa inactivation [9]. This anticoagu-
lant activity of FV is mediated by a product of proteoly-
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sis by APC, prior to cleavage by thrombin. Cleavage
at Arg506 of FV attached to the B domain is essential
for the anticoagulant FV activity, whereas cleavage
at Arg306 appears to be unlikely to contribute to this
mechanism [9-12]. Any molecular defect of these cleavage
reactions confers APC resistance (APCR). Clinically, indi-
viduals with the Arg506GIn mutation (FV Leiden) have a
poor anticoagulant response to APC, which is associated
with a significant increase in the risk of deep vein throm-
bosis (DVT) [13,14].

Acquired FV (A-FV) inhibitors occur rarely, but may
develop spontaneously as autoantibodies (autoAbs) in
previously normal individuals, after exposure to topical
hemostatic agents containing bovine thrombin, antibiotic
administration, cancer, and autoimmune disorders [15—
18]. These anti-FV autoAbs are frequently associated
with hemorrhagic symptoms, which are usually mild but
are occasionally severe. Some patients remain asymptom-
atic, however, and hemorrhagic symptoms appear to be
limited in ~ 20% of patients diagnosed with A-FV inhib-
itors [17,18]. Tt is of note that only four patients with
A-FV inhibitors have presented with thrombotic mani-
festations [18]. Among these cases with DVT, Kalafatis
et al. reported that the anti-FV autoAbs from one indi-
vidual diminished both APC-mediated FVa inactivation
and FV cofactor activity in APC-mediated FVIIla inac-
tivation, reflecting APCR [19]. Thrombotic mechanism(s)
in other three cases appear not to have been explored,
however. Moreover, the precise reasons for the variation
in hemorrhagic phenotype in patients with A-FV inhibi-
tors are poorly understood. We therefore investigated
coagulation mechanisms in a range of patients with A-
FV inhibitors, using a combination of established func-
tional techniques.

Materials and methods

Reagents

Recombinant FVIII was a generous gift from Bayer
(Osaka, Japan). Purified FV/FVa, FIXa, FX/FXa, pro-
thrombin, a-thrombin, APC, PS, 5-dimethylamino-naph-
thalene-1-sulfonylarginine-N-(3-ethyl-1,5-pentanediyl)-amide
(DAPA) and anti-FV HCh and LCh mAbs, AHV-5146
and AHV-5112, respectively (Hematologic Technologies,
Essex Junction, VT, USA), hirudin (Calbiochem, San
Diego, CA, USA) and chromogenic substrates S-2222
and S-2238 (Chromogenix, Milano, Italy) were commer-
cially purchased. The activated partial thromboplastin
time (APTT) and prothrombin time (PT) reagents, ellagic
acid (Sysmex, Kobe, Japan), FV-deficient plasma (George

King Biomedical, Overland Park, KS, USA), lipidated .

tissue factor (Innovin, Dade Behring, Marburg, Germany)
and the thrombin substrate Z-Gly-Gly-Arg-AMC (Bachem,
Bubendorf, Switzerland) were purchased. PL vesicles
(phosphatidylserine/phosphatidylcholine/phosphatidyleth-

anolamine; 10% : 60% : 30%) were prepared with N-oc-
tylglucoside [20]. HBS buffer (20 mm Hepes, pH 7.2,
0.1 M Na(l, 0.01% Tween-20) containing 2.5 mm CaCl,
was used for dilution.

Blood samples

Whole blood was obtained by venepuncture from patients
into tubes containing a 1 : 9 volume of 3.8% (w/v) triso-
dium citrate. Platelet-poor plasma was recovered after
centrifugation of citrated whole blood for 10 min at
1500 x g. Normal pooled plasmas were prepared from 30
normal healthy individuals (25 : 5 male/female). All plas-
mas were stored at — 80 °C and thawed at 37 °C immedi-
ately prior to the assays. All samples were obtained after
informed consent had been obtained, following local
ethical guidelines.”

FV activity (FV:C), FV antigen (FV:Ag) and FV inhibitor
levels

FV:C and FV:Ag were measured with PT-based clotting
assays with FV-deficient plasma and with ELISAs,
respectively. A-FV inhibitor titers were determined with
the Bethesda method described for FVIII antibodies
[21].

Anti-FV inhibitor autoAbs

Anti-FV IgGs were purified from the plasma of patients
with A-FV inhibitors. IgG preparations were fractionated
by affinity chromatography on protein G-Sepharose. F
(ab’), fragments were prepared by the use of immobilized
pepsin-Sepharose (Pierce, Rockford, IL, USA). Specific
regions of FV/FVa recognized by these antibodies were
determined with SDS-PAGE and western blotting. The
binding of FV/FVa fragments to anti-FV autoAbs was
detected by the addition of anti-human peroxidase-linked
antibody. The effects of FV inhibitors were expressed as
a function of IgG concentration in this study, although
the percentage of anti-FV in IgG preparations varied
between patients.

Clot waveform analysis (CWA)

PT and APTT measurements were performed with the
MDA-II Hemostasis System (Tcoag Ireland, Bray, Ire-
land). The clot waveforms obtained were computer-pro-
cessed with the commercial kinetic algorithm [22]. The
minimum value of the first derivative (minl) was calcu-
lated as an indicator of the maximum velocity of coagula-
tion achieved. The minimum value of the second
derivative (min2) was calculated as an indicator of the
maximum acceleration of the reaction achieved. As the
minima of minl and min2 are derived from negative
changes, the data were expressed as minl and min2. The
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clot time was defined as the time until the start of
coagulation.

Prothrombinase assay

The rate of conversion of prothrombin to thrombin was
monitored in a purified systern. FVa (2 nm) was incu-
bated with various concentrations of anti-FV autoAbs at
37 °C for 30 min. The reactants were mixed with pro-
thrombin (1.4 pm), PL (20 pm), and DAPA (30 pm), and
this was followed by initiation of the addition of FXa
(10 pm). Aliguots were removed at appropriate times to
assess the initial rates of product formation, and were
mixed with EDTA (final concentration of 50 mm) to
quench the reactions. Rates of thrombin generation were
determined at an absorbance of 405 nm after the addition
of $-2238 (final concentration of 0.46 mm). Thrombin
generation was quantified from a standard curve prepared
with known amounts of thrombin.

FV-PL binding assay

Binding of FV to immobilized PL was examined in a
solid-phase based ELISA [23]. o-Phosphatidyl-L-serine
(5 pg mL™Y) in methanol was added to microtiter wells
and air-dried at 4 °C overnight. After washing of the
wells, the wells were blocked by the addition of gelatin
solution (5 mg mL™") at 37 °C for 2 h. FV (1 nm) and
anti-FV autoAbs were incubated for 2 h. After washing,
the mixture reactants were added to the PL-coated well,
and incubated for 2 h. Bound FV was quantified by the
addition of the anti-FV mAb AHV-5146 (2.5 pg mL™Y),
followed by a goat anti-mouse peroxidase-linked anti-
body (3 pg mL ') and O-phenylenediamine dihydro-
chloride substrate. Reactions were quenched by the
addition of 2 M H,SQ0,, and absorbance at 492 nm was
measured. The amount of non-specific IgG binding
without FV was < 3% of the total signal. Specific
binding was estimated by subtracting the amount of
non-specific binding.

APCR assays

Chromogenic assay FXa generation in plasma samples
was performed with the COATEST SP FVII assay
(Chromogenix). The test specifically quantifies FVIlla
activity in 16-fold-diluted plasma, by measuring intrinsic
FXa generation mediated by excess exogenous FIXa
and FX with PL and CaCl,. The simultaneous addition
of APC (40 nM) with the cofactors PS and FV con-
tained in plasma inhibits intrinsic FXa generation by
inactivating FVIIla. The APC sensitivity ratio (APCsr)
was expressed as the absorbance in the absence of APC
divided by that in its presence. A low APCsr value
indicates a defect in the inactivation of FVIIla, reflect-
ing the APCR.
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APC cofactor activity of FV  The APC cofactor activity
of FV was measured with an FVIIla degradation assay,
as previously reported, with minor modifications [9].
FVIIL (10 nM) and PL (20 pum) were activated by throm-
bin (5 nm) for 30 s, and the reaction was terminated by
the addition of hirudin (2.5 U mL™"). The generated
FVIlla was then incubated for 7 min with APC (0.5 nm),
PS (5 nm), and the mixtures of FV (1 nM) and the indi-
cated amounts of anti-FV autoAbs or normal IgG. The
mixture was 10-fold-diluted prior to incubation with
FIXa (2 nm) and FX (200 nm) for 1 min. After the addi-
tion of EDTA, generated FXa was evaluated by the use
of §-2222 at 405 nm. Control experiments were per-
formed without either APC or FV. FXa generation was
quantified from a standard curve prepared with known
amounts of FXa.

APC-catalyzed cleavage of FVa ¥V (8 nM) and anti-FV
autoAbs (30 pg mL™") were incubated for 2 h at 37 °C.
The mixtures were incubated with thrombin (30 um) for
5 min at 37 °C, and the thrombin reaction was rapidly
terminated by the addition of hirudin (10 U mL™}). Sam-
ples containing the generated FVa (2 nM) were incubated
with PL (20 pm), PS (30 nm), and APC (0.7 am). Aliquots
were removed from the mixtures at the indicated times,
and reactions were immediately terminated by adding
SDS and boiling for 3 min.

Western blot analysis

SDS-PAGE was performed with 8% gels, and this was
followed by western blotting [24]. Protein bands were
probed with the indicated anti-FV mAb, and this was fol-
lowed by the addition of goat anti-mouse peroxidase-
linked antibody. Signals were detected with enhanced
chemiluminescence (PerkinElmer Life Science, Boston,
MA, USA). Densitometric scans were quantified with
MAGES 1.34 (NIH, Bethesda, MD, USA).

Results

Global coagulation function in plasmas from patients with
A-FV inhibitors

The properties of five patients with A-FV inhibitors in
the asymptomatic group (non-B group) and five patients
with severe bleeding symptoms (B group) are summarized
in Table 1. To define the bleeding symptoms, we used the
Vicenza Bleeding Score [25] to evalunate hemorrhage. In
the B group, the scores ranged from 3 to 7, whereas in
the non-B group the scores were 0. In both groups, both
the PT and the APTT were markedly prolonged, and FV:
C ranged from undetectable to low levels (~ 10 TU dL ™),
showing that the routine clotting tests and FV:C levels
did not well reflect the clinical phenotype. FV:Ag levels
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Table 1 Properties of patients’ plasmas with acquired factor V inhibitors

APTT FV:C FV:Ag Inhibitor titer Ig Bleeding
Case Sex PT(s) (s) (U dL™Y)y (QUudL™ BUmL™Y)  subtype score*  Underlying disease
Asymptomatic (non-B group)
M 53.5 > 150 2.3 93.8 43 1eG 0 Chronic thyroiditis
2 M 474 133 11.5 86.3 5.4 1eG 0 Progressive supranuclear palsy
3 M 677 >150 <10 137 11.8 1eG 0 Intraductal papillary mucinous tumor
of pancreas
4 M 83.6 >150 <1.0 180 1.7 IgG 0 Atrial fibrillation
5 F 34.1 66.8 1.7 55.6 8.7 IeG 0 None
Severe bleeding (B group)
6 M 94.5 > 150 8.0 81.3 118 IeG 4 Aspiration pneumonia, asthma
7 F 560 >150 <10 75.0 16 1eG 4 Surgery for valve replacement (TR, AS, MR)
8 M >100 >150 <10 57.8 64 1eG 3 Chronic renal failure
9 M >100 > 150 < 1.0 2.1 9.9 1eG 5 None
10 M 81.1 923 <10 36.2 8.2 IeG 7 None
Control - 12.1 303 - - - - - -

APTT, activated partial thromboplastin time; AS, aortic stenosis; F, female; FV:Ag, FV antigen; FV:C, FV activity; M, male; MR, mitral
regurgitation; PT, prothrombin time; TR, tricuspid regurgitation. *Numbers represent the bleeding score calculated according to Rodeghiero

et al. [25].

(except for case 9) were not significantly different between
groups, supporting the contention that low FV:C in
patients was attributable to functional inhibition by
A-FV inhibitors. FV inhibitor titers were 6.4 & 3.9 and
43 + 48 BU mL™! in the non-B group and B group,
respectively. The immunoglobulin class was IgG in all
patients, and none had been exposed to antibiotic therapy
or bovine thrombin products. In all cases, platelet counts,
other coagulation proteins, anticoagulant proteins (pro-
tein C [PC]/PS, antithrombin) and fibrinolytic proteins
showed normal plasma levels. No autoAbs, except for
those against FV, were detectable (data not shown).
These findings typified the difficulties in identifying the
different clinical phenotypes on the basis of basic coagu-
lation tests.

We compared the different inhibitor groups by using
the following global coagulation assays: the thrombin
generation test (TGT) and CWA. There was little evident
thrombin generation in patient plasmas, even after
60 min of reaction time (data not shown), suggesting that
evaluation of the different A-FV inhibitors with this
technique was not informative. Unlike the TGT, CWA
reflects the process of fibrin formation. Representative
curves of the PT-based CWA are shown in Fig. 1 (upper).
Because of the small sample volume from case 7, this case
failed to show the clot waveform. The clot time observed
in the non-B group was markedly shorter that that in the
B group (5654196 wvs. 104 4+ 20s, P =0.0044)
(Fig. 1A), and the parameters minl and min2 were signif-
icantly greater in the non-B group than in the B group
(minl, 3.09 & 1.00 vs. 0.87 & 0.32, P = 0.0022; min2,
0.90 +0.48 vs. 0.15 £ 0.06, P=0.009) (Fig. 1B,C).
These findings appeared to be in keeping with the con-
trasting hemorrhagic symptoms observed in the different
patients. The data suggested that CWA might be a useful

method for predicting and monitoring the bleeding ten-
dency in patients with A-FV inhibitors.

Binding epitope(s) of A-FV inhibitors

To clarify the precise mechanism(s) involved in the distinct
phenotypes in patients with A-FV inhibitors, we initially
attempted to determine the FV epitopes of the antibodies
by immunoblotting. Figure 2 shows that, in the non-B
group, three inhibitors reacted with the HCh alone. In con-
trast, in the B group, two inhibitors reacted with the LCh
alone, and two inhibitors reacted with both chains. The
results suggested the possible presence of distinct epitopes
of anti-FV autoAbs between both groups. The reason for
the presence of some bands in FV lanes (cases 1 and 10)
was unclear, but partially proteolysed FV may be a con-
taminant of the single-chain FV preparation. Binding to
FV(a) fragments was not observed in two cases from the
non-B group and in one case from the B group. This may
be attributable to weak binding reactivity of individual
inhibitors and/or to low sensitivity of this assay.

Effects of purified anti-FV autoAbs on FV-PL binding

The specific properties of A-FV inhibitors were further
examined with immune-purified TgGs from the patients’
plasmas. With mixtures of normal plasma and purified
anti-FV IgG, all CWA parameters were similar to those
obtained with native patients’ plasmas (data not shown),
confirming that the defective coagulation function in both
groups was attributable to the presence of antibody. The
LCh of FV, and in particular the C2 domain, contains
PL-binding site(s) [26]. The effects of purified anti-FV
autoAbs on FV binding to immobilized PL were therefore
examined with a solid-phase-based ELISA. All IgGs from
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