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usefulness of primary prophylaxis based on strong
evidence [8].

However, difficulty in venous access in infants, the
hesitancy for venipuneture in infants in a non-
bleeding condition, the potential increase in the total
dose, and a lack of established guidelines for this
therapy (such as appropriate time to initiate, optimal
dosing and infusion protocols), and the lack of a
standardized method to evaluate the prevention of
arthropathy are main reasons which primary pro-
phylaxis for patients with severe haemopbhilia has not
spread in Japan.

Geraghty et al. conducted a questionnaire survey
in 2003 to determine the status of replacement
therapy at 147 institutions from 20 countries. They
reported that 19% of patients had started prophy-
lactic therapy either before the age of 2 years or
before the occurrence of a second joint haemorrhage.
Their survey also indicated that the spread of this
therapy varied greatly among different countries [9).

In a survey conducted in 2001 by the Japan Society
on Thrombosis and Hemostasis [10], only one of the
11 major institutions reported that they had intro-
duced primary prophylaxis in practice. However,
since then, the number of institutions adopting
primary prophylaxis has been increasing gradually
in Japan [11-13].

In this study, we conducted a questionnaire survey
to clarify the present status of prophylactic therapy
for patients with haemophilia and to identify the
issues associated with this therapy in Japan.

Materials and methods

The January 2006 survey questionnaires were dis-
tributed to doctors who participated in the Fourth
Seminar on Regular Replacement Therapy (4 March
2006). They belong to 48 Japanese institutions
engaged in the care of haemophilic patients. The
three-page questionnaires requested answers to ques-
tions about haemophilia-treatment topics, including
the status of prophylactic therapy, the age of patients
at the initiation of therapy, problems regarding the
early initiation or continuation of prophylactic ther-
apy, and the future prospects for patients currently
receiving prophylaxis.

Responses were collected until the end of
February 2006 and were analysed divided into
haemophilia type A and B, disease severity and age
group of patients described below. For this survey,
disease severity was classified into severe (<1%),
moderate (1-5%) and mild (>5%) based on base-
line factor VIIVIX levels. Furthermore, the patients
were categorized into five age groups, that is under
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2, 2-5, 6-14, 15-19 years and more than 20 years
of age.

Results

Number of institutions and patients collected in this
survey

The answers were obtained from a total of 48
institutions including 42 paediatrics, nine internal
medicines and two other departments.

The names of the participating institutions, depart-
ments and names of the doctors who answered to the
questionnaire are shown in Table 1.

Data from 1540 patients were collected, including
1267 with haemophilia A in whom 936 (74%) were
severe, 175 (14%) were moderate and 156 (12%)
were mild. On the other hand, 273 patients were
with haemophilia B in whom 195 (71%) were
severe,48 (18%) were moderate and 30 (11%)
were mild.

Status of replacement therapy categorized by disease

type, severity and patients’ age

The percentage of patients with haemophilia A
treated by prophylaxis was 23% (27% of severe
patients; 17% of moderate patients; 1% of mild
patients), and 17% of haemophilia B patients were
under prophylaxis (18% severe; 19% moderate; 3%
mild), as shown in Table 2.

The percentage of patients with haemophilia A and
B treated by prophylaxis was 17% and 25% under
2 years of age, 41% and 43% between the age of 2
and 5 years, 44% and 42% between the age of 6 and
14 years, 31% and 4% between the age of 15 and
19 years, and 12% and 9% more than 20 years
respectively.

Initiation and continuation of prophylaxis

Ages at the initiation of prophylaxis in patients with
severe haemophilia A were under 2 years in 24%,
2-5 years in 31%, 6-14 years in 26% and more than
15 years in 19% respectively. On the other hand,
these ages in patients with severe haemophilia B were
29%, 24%, 24% and 23% respectively. Approxi-
mately, half of the patients had started prophylaxis
before their entry into primary school (Fig. 1).
Some issues associated with early initiation of
prophylaxis were pointed out the problems associated
with peripheral venous punctures and/or management
of implantable central venous lines, poor understand-
ing of the therapy by the caregivers, and the time
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Table 1. Participating investigators and institutions,

Name

Department

Hospital

Toshiaki Oka
Nobuhiro Suzuki
Susumu lizuka

Junichi Kitazawa
Zeko Suzuki
Norio Ninomiya
Toshihiro Ito
Toshiharu Matsui
Takashi Kanazawa
Hideki Uchiumi
Akira Shimada
Kazuko Kudo
Masahiro Kikuchi
Atsuko Ono
Akira Kikuchi
Shiro Tsuchiya
Shozo Kotani
Setsuo Ota
Kentaro Oki
Katsuyoshi Koh
Koji Fujisawa
Yasutaka Hoshi
Hideji Hanabusa
Kagehiro Amano
Michiko Kajiwara

Yoko Kato

Naoko Ishitoya

Takashi Kaneko
Masashi Taki, Chiai Ohi
Eizaburo Ishii

Michiaki Koike

Makoto Yazaki

Koiji Kato

Yutaka Saikawa
Shuhei Hayashi
Koji Matsuzaki
Park Young-Dong
Ritsuko Miyashita
Seiji Kinoshita
Yusuke Miyata
Motoo Ueda
Kazushige lkeda
Satoshi Hikasa

Yoshitoshi Otsuka
Tkuya Usami
Yoshiyuki Kosaka
Midori Shima
Teruhisa Fujii
Asayuki Iwai
Hisamichi Tauchi
Takaaki Hato
Naoko Nakano
Akira Shirahata
Michio Sakai

Department of Pediatrics
Department of Pediatrics
Department of Pediatrics

Department of Pediatrics

Department of Pediatrics

Department of Pediatrics

Department of Internal Medicine
Department of -Pediatrics

Department of Pediatrics

Third Department of Internal Medicine
Division of Hematology and Oncology
Department of Pediatrics

Department of Pediatrics

Department of Pediatrics

Division of Hematology and Oncology
Department of Pediatrics

Department of Internal Medicine
Department of Pediatrics

Department of Pediatrics

Department of Pediatrics

" Department of Pediatrics

Department of Transfusion Service
Department of Hematology
Department of Laboratory medicine
Department of Pediatrics

Department of Pediatrics

Department of Pediatrics

Division of Hematology and Oncology

Department of Pediatrics

Division of Hematology and Oncology

Department of Hematology

Department of Pediatrics

Department of Pediatric
Hematology/Oncology

Department of Pediatrics

Department of Pediatrics

Department of Pediatrics

Pediatric Hematology & Oncology

Department of Pediatrics

Department of Pediatrics

Hematology-Immunology Center

Department of Internal Medicine

Department of Pediatrics

Department of Internal Medicine
Division of Hematology

Department of Pediatrics

Department of Pediatrics

Division of Hematology and Oncology

Department of Pediatrics

Transfusion Medicine

Department of Pediatrics

Department of Pediatrics

Transfusion Medicine

Department of Pediatrics

Department of Pediatrics

Sapporo Tokushukai Medical Center

Sapporo Medical University

National Hospital Organization
Hokkaido Cancer Center

Kuroishi General Hospital

Morioka Children’s Hospital

Jusendo General Hospital

Sendai Medical Center

Nagaoka Chuo General Hospital

Gunma University

Gunma University

Gunma Children’s Medical Center

Ibaraki Children’s Hospital

Hitachi General Hospital

Ogawa Red Cross Hospital

Saitama Children’s Medical Center

Soka Municipal hospital

Soka Municipal hospital

Teikyo University Chiba Medical Center

Chiba University Hospital

The University Tokyo Hospital

The Jikei University School of Medicine

The Jikei University School of Medicine

Ogikubo Hospital

Tokyo Medical University Hospital

Tokyo Medical and Dental University
Hospital Faculty of Medicine

The Jikei University, Daisan Hospital

Ishitoya Pediatrics Clinic

Kiyose Children’s Hospital

St. Marianna University School of Medicine

Nagano Children’s Hospital

Juntendo University, Shizuoka Hospital

Nagoya City Higashi Municipal Hospital

Japanese Red Cross Nagoya First Hospital

Kanazawa University Hospital
Hayashi Children’s Clinic

Suita Municipal Hospital

Osaka City General Hospital
lzumiotsu Municipal Hospital
Higashiosaka City General Hospital
Ishinkai Yao General Hospital
Ueda Clinic

Saiseikai Hyogo Hospital

Hyogo College of Medicine

Hyogo College of Medicine

Kobe City General Hospital

Hyogo Prefectural Kobe Children’s Hospital

Nara Medical University

Hiroshima University Hospital

Kagawa Children’s Hospital

Ehime University

Ehime University

Ehime Prefectural Imabari Hospital

University of Occupational and Environmental Health
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Fig. 1. Age at the initiation of prophylaxis in patients with
severe haemophilia A and B.

constraints associated with hospital visits for prophy-
laxis in patients who were not under home treatment.
Issues addressed regarding the continuation of
prophylaxis were unknown factors with respect to
inhibitor risk, psychological anxiety in the paediatric
patients, as well as the issues related to the initiation of
the treatment.

Answers to the question regarding the future status
of replacement therapy in patients currently receiving
prophylaxis were unknown in 16 (43%), continua-
tion of prophylaxis in 13 {35%) and switch to on
demand treatment in eight (22%) of responded 37
participants who represent each institutions respec-
tively.

Discussion

This survey covered 1540 of about 5000 haemophilic
patients who are living in Japan. As mentioned above
prophylaxis has been carried out in 23% and 16% in
patients with haemophilia A and haemophilia B
surveyed in this study respectively. These data may
be more positive for prophylactic therapy because

participants in this seminar are interested in this
therapy. The prevalence obtained in this study was
very close to the corresponding percentages of 21%
and 20% reported by the National Survey on Blood
Coagulation Abnormality conducted in 2003 [14],
suggesting that the status of this practice has not
changed drastically in the recent 3 years. The per-
centage of starting prophylaxis under 2 years of age,
which means primary prophylaxis, was 22% in
Japan, which was markedly lower compared to
Sweden (73%), but similar to UK (28%) and Canada
(27%) [9]. The results of this survey also revealed
that about half of the patients received prophylaxis
during the age of 2-14 years, which means second-
ary prophylaxis is widely spread in the age group in
Japan.

Prophylaxis may become more common if venous
access issues are resolved, guidelines regarding time
of initiation or continuation of the therapy are more
widely available, and caregivers are educated on
the therapy. Concerning on the future prospects
for patients currently receiving prophylaxis,
approximately half of the participants answered
unknown, because it may primarily depends on the
patient’s request. A meta-analysis of data from
prospective studies to define clearly the indications,
optimal time of initiation, and recommended proto-
col for prophylaxis, as well as addressing the issues
relating to inhibitor development, may help treaters
in making informed decisions, based on the quality
of life of patients and the pharmacoeconomic impli-
cations of such a practice. The ‘Prospective study of
regular replacement therapy with a coagulation
factor preparation in infants with severe hemo-

Table 2. Prophylaxis classified by the severity and age distribution of haemophilia A and haemophilia B.

Severe Moderate Mild Total
No. No. No. No.
No. patients on No. patients on No. patients on No. patientson %
patients  prophylaxis %  patients prophylaxis %  patients prophylaxis % patients prophylaxis
Haemophilia A (years)
<2 18 4 22 N 0 0 1 0 0 24 4 17
2-5 106 47 44 16 6 38 8 0 0 13 53 41
6-14 160 82 51 23 11 48 28 0 0 211 93 44
15-19 91 38 42 32 7 22 21 0 0 144 45 31
20 561 85 15 99 N N 98 1 i 758 91 12
Total 936 256 27 175 29 17 156 1 i 1267 286 23
Haemophilia B (years)
<2 7 2 29 0 0 0 1 0 0 8§ 2 25
2-5 14 6 43 4 2 50 1 0 0 19 8 43
6-14 32 14 44 8 4 50 N 1 20 45 19 42
15-19 18 1 6 3 0 0 6 0 0 27 1 4
20 124 12 10 33 3 9 17 0 0 174 15 9
Total 195 35 18 48 9 19 30 1 3 273 45 17
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philia’, which began in 2004 by the Japanese
Society of Pediatric Hematology, along with the
on-going postauthorization study of the newly
approved plasma/albumin-free recombinant factor
VII (Advate; Baxter Bioscience, Westlake Village,
CA, USA), is expected to provide important data to
evaluate the use and future of prophylaxis in Japan.
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A Trend of Primary Regular Replacement Therapy for Hemophilia

Masashi TAKI
Department of Pediatrics, St. Marianna University School of Medicine Yokohama City Seibu Hospital

Abstract A common strategy for replacement therapy in patients with hemophilia is replacement of the deficient co-
agulation factor (factor VIII or IX) in the event of bleeding, for a certain pericd until the bleeding stops, which is re-
ferred to as on-demand therapy or episodic therapy. The Scandinavian countries have recently begun to employ regular
replacement therapy (referred to as prophylaxis in the US and Europe), with regular replacement of the coagulation fac-
tor over the long term, even in the absence of hemorrhage, in order to prevent bleeding as well as prevent the devel-
opment and progression of arthropathy, and the usefulness of this strategy in the prevention of arthropathy has been
reported. However, as the outcomes of regular replacement therapy are mainly derived from retrospective observa-
tional studies, lack of sufficiently strong evidence for the effectiveness and safety of the therapy has been pointed out.
Therefore, the Hemophilia Committee of the Japanese Society of Pediatric Hematology has launched a prospective
clinical study. With accumulation of further evidence in regard to the effectiveness of regular replacement therapy
from progress reports of the ongoing prospective randomized controlled trials in the US and Europe, replacement ther-
apy for hemophilia is now expected to enter a new era.
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Abstract

Factor VIII is activated and inactivated by plasmin by limited proteolysis. In our one-stage clotting assay, these plasmin-catalyzed reactions
were inhibited by the addition of isolated factor VIII A2 subunits and by Glu-Gly-Arg-active-site modified factor IXa. SDS-PAGE analysis
showed that an anti-A2 monoclonal antibody, recognizing the factor IXa-interactive site (residues 484-509), blocked the plasmin-catalyzed
cleavage at Arg*>® and Arg®™ but not at Arg’*’. Surface plasmon resonance-based assays and ELISA demonstrated that the A2 subunit bound to
active-site modified anhydro-plasmin with high affinity (K4: 21 nM). Both an anti-A2 monoclonal antibody and a peptide comprising of A2
residues 479-504 blocked A2 binding by ~80% and ~ 55%, respectively. Mutant A2 molecules where the basic residues in A2 were converted to
alanine were evaluated for binding of anhydro-plasmin. Among the tested mutants, the R484A A2 mutant possessed ~ 250-fold lower affinity than
the wild-type A2. The affinities of K377A, K466A, and R471A mutants were decreased by 10-20-fold. The inhibitory effect of R484A mutant on

plasmin-catalyzed inactivation of factor VIIla was ~20% of that of wild-type A2. In addition, the inactivation rate by plasmin of factor VIila

reconstituted with R484A mutant was ~ 3-fold lower than that with wild-type A2. These findings demonstrate that Arg

484 blays a key role within

the A2 plasmin-binding site, responsible for plasmin-catalyzed factor VIII(a) inactivation.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Factor VIII, a plasma protein deficient or defective in indi-
viduals with the severe congenital bleeding disorder, hemophilia
A, functions as a cofactor in the tenase comiplex responsible

Abbreviations: APC, activated protein C; mAb, monoclonal antibody; EGR-
factor 1Xa, Glu-Gly-Arg-active-site modified factor IXa; 6-AHA, 6-aminohex-
anoic acid; Ah-plasmin, anhydro-plasmin; wild-type A2, wt-A2; SPR-based
assay, surface plasmon resonance-based assay; LRP, low-density lipoprotein
receptor-related protein
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for phospholipid surface-dependent conversion of factor X to
Xa by factor IXa [1]. Factor VIII is synthesized as a multi-
domain, single chain molecule (A1-A2-B-A3-C1-C2) consisting
of 2,332 amino acid residues {2,3]. It is processed into a series
of metal ion-dependent heterodimers by cleavage at the B-A3
junction, generating a heavy chain consisting of the Al and A2
domains, plus heterogeneous fragments of a partially proteoly-
zed B domain, linked to a light chain consisting of the A3, CI,
and C2 domains [2—4].

Factor VIII, circulating as a complex with von Willebrand
factor, is converted into its active form, factor VIIIa, by limited
proteolysis, catalyzed by either thrombin or factor Xa [5)]. Clea-
vages at Arg*” and Arg™ of the heavy chain produce 50-kDa A1
and 40-kDa A2 subunits. Cleavage of the 80-kDa light chain at
Arg'®® produces a 70-kDa A3C1C2 subunit. Proteolysis at Arg372
and Arg'®® is essential for generating factor VIIIa cofactor activity
[6]. Cleavage at the former site exposes a functional factor [Xa-
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interactive site within the A2 domain that is cryptic in the non-
activated factor VIII molecule [7]. Cleavage at the latter site
liberates the cofactor from von Willebrand factor 8], and con-
tributes to the overall specific activity of the cofactor [9,10]. Serine
proteases including activated protein C (APC) [5], factor Xa [5],
and factor [Xa {11] inactivate factor VIII(a) by cleavage at Arg®*
within the Al subunit. This inactivation mechanism is related to
altered interaction of the A2 subunit with the truncated Al and an
increase in the K, for substrate factor X [12,13]; the latter reflecting
the loss of factor X-interactive site within the Al residues 337-372
[14].
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Plasmin, the most potent fibrinolytic protease, is composed
of a heavy chain consisting of five kringle domains and a light
chain containing the catalytic domain. The enzyme reacts with
pumerous proteins, represented typically by fibrin, by mechan-
isms involving lysine-binding sites [15]. Recent studies have
revealed that plasmin proteolytically inactivates several coagula-
tion proteins including factors Va {16,17], factor IXa [18], and
factor X [19]. The interactive sites in the coagulation factor
substrates are not characterized, however. Recently, our labora-
tory has demonstrated that plasmin rapidly inactivates factor VIII
by proteolytic cleavage at sites identical to those cleaved by factor
Xa, in particular Arg>*® [20]. Our data indicated that specific
cleavage at Arg™> % was selectively regulated following interaction
of the protease with the A2 domain of factor VIIL

In the present study, we identify plasmin-interactive site(s)
within the A2 domain using a combination of approaches em-
ploying isolated factor VIII subunits, synthetic peptides, anti-
bodies, and recombinant factor VIII A2 mutants. Qur results
indicate that the A2 domain of factor VIII, in particular residue
Arg*® contributes to a unique plasmin-interactive site within the
heavy chain that promotes plasmin docking during cofactor
inactivation cleavage of the heavy chain.

2. Materials and methods
2.1. Proteins and reagents

Purified recombinant factor VIII preparations were generous gifts from Bayer
Corp. Japan (Osaka, Japan). The light and heavy chains, Al/A3C1C2 dimer, Al,
and A2 subunits of factor VIII were purified as previously described [12,13).
Factor VHIa was isolated from thrombin-cleaved factor VIII by CM-Sepharose
chromatography [21]. SDS-PAGE of the isolated subunits foliowed by staining
with GelCode BlueStain Reagent (Pierce, Rockford, IL) showed >95% purity.
An anti-factor VIII A1 monoclonal antibody (mnAb) 58.12 was a generous gift
from Bayer Corp. {22]. Anti-A2 mAb413 and anti-C2 mAbNMC-VIII/5 were
produced as described [7,23]. A second anti-A2 mAbJR8 was obtained from JR
Scientific Inc. (Woodtand, CA). Human plasmin (Lys-plasmin), devoid of factor
Xa and APC, and 6-aminohexanoic acid (6-AHA) was purchased from Sigma
(St Louis, MQ). Pefabloc (Roche, Basel, Switzerland) and horseradish
peroxidase-labeled streptavidin (Chemicon, Australia) were purchased from
the indicated vendors. Glu-Gly-Arg-active-site modified factor IXa (EGR-factor
IXa) was obtained from Haematologic Technologies Inc. (Essex Junction, VT),
and was shown to contain <0.5% factor IXa activity in a specific chromogenic
assay. No unbound chloromethylketone was evident in this product (data not

Fig. 1. Plasmin-catalyzed activation or inactivation of factor VIIi(a) — (A) Effect
of the addition of exogenous A2 subunit: Factor VI (panel a) or factor Viiia
(panel b) (25 nM) was incubated with plasmin (1 1M) and phospholipid (10 uM)
in the presence of various concentrations of exogenous A2 (0 nM, open circles;
25 nM, closed circles; 50 nM, open squares; 100 nM, closed squares; 200 nM
open triangles). Factor VIII(a) activity was measured at the indicated times
using a one-stage clotting assay. The initial activities of factor VIIl or factor Villa
at time zero were ~ 10 U/ml and ~50 U/ml (100% level), respectively. The
values of factor VIII(2) activity were plotted as a function of incubation time and
the data in (panel a) and (panel b) were fitted using the formula Egs. (2) and (1),
respectively, as described in Materials and methods. (B) Effect of the addition of
EGR-factor [Xa: Factor VIila (25 nM) was incubated with plasmin (0.8 nM) and
phospholipid (10 uM) in the absence (open circles) or presence (closed circles) of
EGR-factor 1Xa (40 nM). Factor Vllla activity was measured at the indicated
times using a one-stage clotting assay. The initial activity of factor Vlila (100%
level) was ~50 U/ml. The values of factor VIlla activity were plotted as a
function of incubation time and the data were fitted using the formula Eq. (1).



K. Nogami et al. / Biochimica et Biophysica Acta 1784 (2008) 753-763 755

Table 1
Kinetic parameters characterizing plasmin-catalyzed factor VIIi(a) activation
and inactivation in the presence of exogenous A2 subunit

A2 Factor VIII activation/ Factor Villa inactivation
added inactivation
k ky k

aM min”! min~'

0 1.01£0.19 0.160+0.032 0.325+0.016

25 0.78+0.10 0.081+0.006 0.144:£0.005

50 0.54+0.08 0.052+0.007 0.084+0.003

100 0.26+0.04 0.036+0.002 0.058+0.005

200 0.24+0.04 0.035+0.004 0.050+0.004

Factor VIIi(a) (25 nM) was incubated with plasmin (1 nM) and phospholipid
(10 uM) in the presence of A2 subunit as described under “Materials and
methods”. Rate constant values were calculated from the data shown in Fig. 1A
All experiments were performed at least three separate times, and average values
and standard deviations are shown.

shown). Phospholipid vesicles containing 10% phosphatidylserine, 60% phos-
phatidyicholine, and 30% phosphatidylethanolamine (Sigma) were prepared
using N-octylglucoside [24]. The mAb 1gG preparations were biotinylated using
N-hydroxysuccinimido-biotin (Pierce). F(ab’), fragments of mAb413 IgG were
prepared using immobilized pepsin-Sepharose (Pierce). Synthetic peptides
corresponding to factor VI A2 residues 479-504, 484509, and 489-514 were
prepared by BioSynthesis (Lewisville, TX).

2.2. Preparation of anhydro-plasmin (Ah-plasmin)

Ah-plasmin, a catalytically inactive derivative of plasmin, was prepared as
previously described for the preparation of Ah-factor Xa {25]. Briefly, plasmin
was chemically modified with phenylmethylsulfonyl fluoride. Then, to convert
phenylmethylsulfonyl-residues of the modified plasmin to dehydroalanine,
the product was diluted with 50 mM NaOH, incubated for 10 min at 0 °C, and
the pH was adjusted to 7.5. After dialysis against 50 mM Tris—HCI, pH 7.5
containing 1 M NaCl, Ah-plasmin was purified by benzamidine-Sepharose 4B
column chromatography. The Ah-plasmin demonstrated <1% plasmin activity,
and its molecular weight was similar to that of native plasmin.

2.3. Recombinant factor VIII A2 molecules

Recombinant wild-type and mutants of the A2 domain were constructed and
expressed using the Bac-to-Bac baculovirus systems {26]. The mutations
predominantly targeted positively charged residues located on the surface of the
A2 domain, Lys’™, Lys'™, His'™®, Lys*™®, Lys*®®, Acg®”", Arg™, Tyr*®, Ser'®,
Ag®®, Arg'™, Leu®'!, Lys™”, Lys*™, His®™, Lys®', and Lys®'2 The selected
residues were replaced by alanine. The A2 expression cassette was assembled on
the basis of MHGX vector and subcloned into pFastBac] vector. The chimeric gene
encoded a polypeptide, six His tag and a factor Xa cleavage site at the N-terminus.
The protein was expressed in Sf9 cells and purified by affinity chromatography
using CNBr-activated Sepharose 4B with immobilized anti-A2 mAb. To remove
the poly-His tag portions, the eluate was mixed with factor Xa and treated with
Xarrest agarose (Novagen, Madison, WI). The resulting A2 was >90% pure as
judged by SDS-PAGE and Westem blotting.

2.4. Clotting assay

Factor VIil(a) activity was measured in a one-stage clotting assay using
factor VIII-deficient plasma. Reconstitution of factor VIla activity from the
recombinant A2 molecule and Al/A3C1C2 dimer was performed as previously
described [27). Maximal factor VIla levels were obtained after ~ 20 min. Plasmin-
catalyzed activation and inactivation of factor VIll(a) was performed in 20 mM
HEPES buffer, pH 7.2, 0.1 M NaCl, 5 mM CaCly, 0.01% Tween 20 (HBS-buffer)
containing 0.01% BSA, plus phospholipid (10 uM) at 37 °C. Aliquots were
removed from the mixtures at the indicated times and plasmin activity immediately

quenched by the addition of 0.5 mM pefabloc and 1000-fold dilution prior to assays
of factor VI activity. The presence of plasmin and pefabloc in the diluted samples
did not affect the measurements of factor VIII activity (data not shown).

2.5. Cleavage of factor VIII and its subunits by plasmin

Plasmin was added to factor VIII(a) and its subunits in a 1:25 ratio (mol/mol)
with phospholipid vesicles (10 uM) in a HBS-buffer at 37 °C. Samples were
obtained at the indicated times and the reactions were immediately terminated
and prepared for PAGE by adding SDS and 2-mercaptoethanol and boiling for
3 min.

2.6. Electrophoresis and Western blotting

SDS-PAGE was performed with 8% gels under reducing conditions. The
proteins were transferred to a PVDF membrane by Western blotting {13].
Proteins were probed using a biotinylated anti-A2 mAb, followed by horseradish
peroxidase-labeled streptavidin. The signals were detected using an enhanced
chemiluminescence system (PerkinElmer LifeScience, Boston, MA).

2.7. Surface plasmon resonance (SPR)-based binding assay

The kinetics of factor VIII and plasmin interaction were determined by SPR
using a BlAcore X instrument (Biacore AB, Uppsala, Sweden) [25]. Ah-plasmin
was covalently coupled to the CM5 chip surface at a coupling density of 7 ng/
mm’. Binding (association) of the ligand was monitored in 10 mM HEPES,
pH 7.4, 0.15 M NaCl, 0.005% polysorbate 20, at a flow rate of 15 pl/min for
4 min. The dissociation of bound ligand was recorded over a 2 min period by
replacing the ligand-containing buffer with buffer alone. The level of non-
specific binding corresponding to the ligand binding to the uncoated chip was
subtracted from the signal. Reactions were performed at 37 °C. The rate
constants for association (ko) and dissociation (kgiss) were determined by
nonlinear regression analysis using the evaluation software provided by Biacore
AB. Dissociation constants (Ky) were calculated as kgisg/Kasso-

2.8. ELISA-based assay using immobilized Ah-plasmin

Microtiter wells were coated with Ah-plasmin (50 ul, 100 nM) in 20 mM
Tris, and 0.15 M NaCl, pH 7.4, ovemight at 4 °C. The wells were washed with

Q - — intact A1-A2-B

Al-A2

A1337-372_A2
A2

Fig. 2. Effect of anti-A2 mAb413 on plasmin-catalyzed factor VI cleavage —
Factor VIII (100 nM) was preincubated with various concentrations of mAb413
1gG F(ab"), for 1 h and was reacted with plasmin (4 nM) for 3 min. Samples were
run using 8% SDS-PAGE followed by Western blotting using biotinylated anti-
A2 mAbJRS. Lane 1 shows the intact heavy chain. Lanes 2—8 show the cleavage
of factor VIII heavy chain in the presence of the increasing concentrations of
mAb413 (0, 9, 19, 38, 75, 150, and 300 nM, respectively).
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Fig. 3. Direct binding of factor VIII subunits to Ah-plasmin — (A) SPR-based assay for factor VIII subunit binding to Ah-plasmin: Various concentrations of factor
VIII (panel a), intact heavy chain (panel b), intact light chain (panel c), the A2 subunit (panel d), and A1 subunit (panel e) were added to Ah-plasmin (~7 ng/mmz)
immobilized onto the sensor chip for 4 min, followed by the change of running buffer for over 2 min as described in Materials and methods. The lines 1-3 show the
association/dissociation curves of factor VIII (12.5, 25, and 50 nM, respectively), lines 4-6 show similar curves for intact heavy chain or light chain (20, 40, and
80 nM, respectively), and lines 7-9 show similar curves for the A2 or Al (40, 80, and 120 nM, respectively). (B) ELISA for factor VII subunits binding to Ah-
plasmin: Various concentrations of the factor VIH (open circles), the heavy chain (closed circles), A2 subunit (open squares), the light chain (closed squares), and Al
subunit (open triangles) were reacted with Ah-plasmin (100 nM) that had been immobilized onto microtiter wells. Bound factor VIII subunits were detected using
biotinylated anti-A1 (58.12), anti-A2 (JR8), anti-C2 (NMC-VIII/5) mAb IgG. Absorbance values were plotted as a function of the concentration of factor VHI subunit,
and data were fitted using the Eq. (3) according to a single-site binding model described in Materials and methods.

PBS containing 0.02% Tween 20 and were blocked with PBS containing
5% BSA for 2 h at 37 °C. The indicated factor VIII subunit was then added in
HBS-buffer containing 1% BSA for 2 h at 37 °C. Biotinylated factor VIII mAb
IgG was added and bound IgG was quantified by the addition of horsera-
‘dish peroxidase-labeled streptavidin and O-phenylenediamine dihydrochio-
ride substrate. Reactions were stopped by the addition of 2 M H,S0,, and
absorbances measured at 492 nm using a Labsystems Multiskan Multisoft
microplate reader (Labsystems, Helsinki, Finland). The amount of nonspeci-

fic binding of biotinylated 1gG in the absence of factor VIII was <5% of the
total signal. Specific binding was recorded after subtracting the nonspecific
binding.

2.9. Data analyses

Nonlinear least squares regression analyses were performed using
Kaleidagrapgh (Synergy Reading, PA). All experiments were performed at
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Table 2
Binding parameters for the interaction of factor V1iI(a) subunit and Ah-plasmin
determined in SPR-based assay and ELISA-based assay

Factor VIII SPR-based assay ELISA
fragment s haiss K K

x10* M s x1073 57! nM M
Factor VIII 26.3+0.8 0.8+0.1 3.1 6.7£2.0
Heavy chain 40.2+6.9 2.3£0.1 5.6 13.0+3.1
Light chain 2.9+04 2.0+0.7 68.2 15+11
A2 143+6.2 3.2+1.3 22.6 40.7+8.7
Al 5.2+0.4 10.9£0.9 208 N.db

Reactions were performed as described under “Materials and methods”.
Parameter values were calculated by nonlinear regression analysis of the kinetic
curves shown in Fig. 3A and B using the evaluation software provided by
Biacore AB and using Eq. (3) as described under “Materials and methods”. All
experiments were performed at least three separate times, and average values
and standard deviations are shown.
KfP: apparent K value.

* Values were calculated as kyiss/hasso-

® Not determined.

least three separate times and average values and standard deviations are shown.
The rate constant (k) for factor VIIIa inactivation by plasmin was determined by
employing the Eq. (1),

[factor VIila}, = [factor VIlIa]; - e™ (M

where [factor VIlla], is the concentration at time point () of factor Vilia. To
evaluate the catalytic efficacy of plasmin for factor VIII, we calculated the
activation rate constants based on the values of generated factor VIila activity.
Assuming that the cleavage event and release of products are rapid, the
concentration of free plasmin should be constant. Therefore, the rate constants
correlate with the concentration of substrates as follows:

& k
factor VIII = factor VIIla — factor VIIIi (Scheme 1)

Factor VIIli represents the inactivated factor VIIIa. These apparent rate
constants (k, and k) in Scheme (1) are based on a series of reactions for factor
VIII activation by plasmin and were estimated by nonlinear least squares
regression using the Eq. (2) {28],

{factor VIIla], = [factor VIll]y - & - (€™ — &™)/ (ko — k¢) )

where [factor VIila), is the concentration at time point () of factor VIIla and
[factor V1I1], is the initial concentration of factor VIIIL

Analyses of factor VIII subunits and Ah-plasmin interaction in ELISA were
performed by a single-site binding model using the Eq. (3),

Amax - |5

Absorbance = m

()
where [S] is the factor VIII subunit; Ky is the dissociation constant; and Ao
represents maximum absorbance signal when the site is saturated by factor VIII
subunit.

Data from studies assessing 6-AHA and A2 synthetic peptide-dependent
inhibition of plasmin interaction with isolated factor VII subunits were
analyzed by nonlinear least squares regression using the Eq. (4),

Bpax - [factor VI subunit]

%binding =
Ky - [l + %1] + {factor VIII subunit]

+C 4)

where L represents the concentration of 6-AHA or peptide; Br., represents
maximum binding; K is the dissociation constant for the interaction between
factor VIII subunit and Ah-plasmin; K; is the (apparent) inhibition constant for
L; and C is a constant for the binding of factor VIiI subunit and plasmin that was
unaffected by L.

3. Results

3.1. Effect of the exogenous A2 subunit on plasmin-catalyzed
Jactor VIII(a) activation and inactivation

We have recently suggested that plasmin might interact with
the A2 subunit of factor VIII, leading to inactivation of the
cofactor by proteolytic cleavage at Arg®*® [20]. To investigate
whether the A2 subunit contains a plasmin-interactive site
responsible for plasmin-catalyzed activation and subsequent
inactivation of factor VIII, we examined the effect of isolated
A2 subunits on these reactions. Factor VIIIa activity was
measured using a one-stage clotting assay. Control experiments
showed that the presence of exogenous A2 subunit, plasmin, and
the plasmin-inhibitor, pefabloc, did not affect this assay at the
dilutions utilized. Activation of factor VIII (25 nM) by plasmin
(1 nM) was evaluated in the presence of increasing concentra-
tions of isolated A2 subunit (Fig. 1A, panel a). Rates of for-
mation (activation) and decay (inactivation) of factor VIlla were
determined and are summarized in Table 1. Under physiological
conditions, factor VIIla reacts optimally on a membrane sur-
face, and in the present assay phospholipid vesicles (10 pM)
were added to the factor VIII solutions prior to reaction with
plasmin. We have previously confirmed that the presence of this
phospholipid has little effect on the reaction between factor VIII
and plasmin [20]. We observed that plasmin-catalyzed activa-
tion of factor VIII was significantly inhibited by the addition
of isolated A2 subunit in a dose-dependent manner. At the
maximum concentration of A2 employed (200 nM), the peak
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Fig. 4. Effect of 6-AHA on the A2 or light chain subunit binding to Ah-plasmin —
The A2 (60 nM, open circles), the light chain (120 nM, closed circles) subunits, the
heavy chain (30 nM, open squares), and factor VIII (20 nM, closed squares) in the
presence of the indicated levels of 6-AHA were reacted with Ah-plasmin (100 nM)
immobilized onto microtiter wells. Bound A2, heavy chain, factor VIII, or light
chain was detected using biotinylated anti-A2 (JR8) or anti-C2 (NMC-VIII/5) mAb
1gG, respectively. The absorbance values corresponding to the factor VI subunit
binding to Ah-plasmin in the absence of competitor were considered to be 100%.
The percentage of factor VIII subunit binding was plotted as a function of 6-AHA
concentration, and the plotted data were fitted by nonfinear least squares regression
10 an Eq. (4).



