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Summary. MC710, a mixture of plasma-derived
activated factor VII and factor X at a protein weight
ratio of 1:10, is a novel bypassing agent for
haemostasis in haemophilia patients with inhibitors.
In a Phase II trial, we evaluated the haemostatic
efficacy and safety of single doses of MC710, and
investigated pharmacokinetic and pharmacodynamic
parameters in nine joint bleeding episodes in six male
haemophilia patients with inhibitors. This trial was a
multi-centre, open-label, non-randomized study of two
doses (60 and 120 ug kg™' as FVIIa dose), allowing
the re-administration of different MC710 dosages to
the same subjects. Haemostatic efficacy was assessed
by evaluating reduction in pain and swelling, as well
as increase in range of motion in a bleeding joint. The
results of the study showed that in nine bleeding

episodes, seven treatments were rated as ‘excellent’ or
‘effective’ according to investigator’s rating system of
efficacy at 8 h after administration. No serious or
severe  adverse events were observed  after
administration; furthermore, measurement of several
diagnostic markers revealed no signs or symptoms of
disseminated intravascular coagulation (DIC). The
haemostatic potential of MC710 was confirmed at
doses of 60 and 120 pg kg™ in this trial. MC710 is
thus expected to be a safe and efficacious novel
bypassing agent for controlling bleeding in
haemophilia patients with inhibitors.
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Introduction

To control bleeding in haemophilia patients with
inhibitors, recombinant activated factor VII (rFVIla;
NovoSeven) and activated prothrombin complex con-
centrates (APCC; FEIBA) are commonly used as
bypassing agents. However, a considerable number of
patients experience treatment failure or insufficient
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efficacy. Because refractory bleeding cannot be con-
trolled by monotherapy, several regimens of combina-
tion therapy using rFVIla and APCC are currently in
development [1-4]. On the other hand, rFVIla ana-
logues in which several amino acids are mutated have
been developed to strengthen the haemostatic effect of
rFVIIa [5,6], and an rFVila albumin fusion protein
with a prolonged half-life is under development for
prophylaxis [7].

MC710 is a new bypassing agent that is currently
being developed by KAKETSUKEN (Kumamoto,
Japan). It was designed as a lyophilized product pre-
pared by mixing plasma-derived activated factor VII
(FVIIa) and factor X (FX) at a protein weight ratio of
1:10 under acidic conditions to suppress the genera-
tion of activated FX (FXa). In the manufacturing
of MC710, there are three viral elimination and
inactivation processes (solvent/detergent treatment, virus
removal membrane with 15-nm pore size, and dry-heat
process at 65°C for 96 h) [8].

We have already reported the results of a Phase I
trial wherein MC710 was intravenously administered
at a single dose to 11 haemophilia patients with inhib-
itors in non-bleeding state and the dose dependency of
pharmacokinetic (PK) and pharmacodynamic (PD)
parameters from 20 to 120 pg kg™" were confirmed
[9]. The thrombin generation profiles of subjects’
plasma triggered by tissue factor (TF)/phospholipids
(PL) after administration at any dose of MC710 were
different from those of both rFVIla and APCC at clin-
ical doses [9,10]. The thrombin generation potential
of MC710 120 ug kg™' has also been reported to be
maintained at normal human plasma (NHP) levels for
24 h [10]. No serious or severe adverse events were
observed after administration of MC710 in the Phase
* I.trial, and incidences of adverse events were not
dependent on MC710 dose. Furthermore, no signs or
symptoms of disseminated intravascular coagulation
(DIC) were observed, and MC710 was tolerated up to
120 pg kg™' [9].

In this Phase II trial, we evaluated the haemostatic
efficacy and safety of MC710 in the treatment of joint
bleeding, and investigated PK and PD parameters dur-
ing the bleeding state on administration of two doses
(60 and 120 pg kg™!) in haemophilia patients with
inhibitors.

Materials and methods

Subjects and trial design

This trial was a multi-centre, open-label, non-random-
ized study of male Japanese haemophilia patients with
inhibitors. The institutional review board of each par-
ticipating institute approved this trial and the
informed consent procedures. All subjects provided
written informed consent. The key inclusion and
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Table 1. Key inclusion and exclusion criteria.

(i) Key Inclusion Criteria
patients: male congenital haemophilia A or B patients with inhibitors
age: 216 years and <65 years
inhibitor titre: 0.5 BU mL™’
(ii) Key Exclusion Criteria
Patients with the following symptoms
* hypercoagulability
» history of DIC
+ development of AIDS
* hypersensitivity to NovoSeven, FEIBA, and other plasma products
+ decompensated liver cirrhosis
» heart failure, angina or pathologic arrhythmia such as atrial
fibrillation
« anaemia (<9.5 g dL™" of haemoglobin)

exclusion criteria for the subjects are shown in
Table 1. Bleeding severity was categorized in three
grades, ‘severe’, ‘moderate’ and ‘mild’, judged by the
investigator’s observation. In this study, ‘severe’ bleed-
ing was excluded for MC710 administrations due to
safety concerns. MC710 was intravenously adminis-
tered at a single dose to the patients within 3.5 h
after the onset of joint bleeding (shoulder, elbow,
knee or ankle) to determine haemostatic efficacy,
safety and PK and PD parameters in bleeding state.
MC710 was investigated at two doses: 60 pg kg™,
which was predicted to have a stronger haemostatic
potential than the clinically available bypassing agent,
NovoSeven at 120 pg kg™ [9]; and 120 pg kg™*,
which was the maximum tolerable dose identified in
the Phase I trial [9]. The minimum sample size for
each MC710 dosage was set at n =4, which is the
minimum number required for statistical evaluation.
Blood samples were taken prior to MC710 treatment,
at 10 min, and 2, 8 and 24 h after administration.
MC710 120 pg kg™! was given after completing more
than four treatments with 60 pg kg™', allowing
administrations of both doses in the same subjects.
After completing dosing steps at 60 and 120 pg kg™,
a safety and efficacy committee (SEC) which was
organized by the coordinating investigators of the trial
groups, was convened to evaluate safety and efficacy
for each dose or to decide if a dose-up or dose-down
was necessary.

Haemostatic efficacy

Haemostatic efficacy was determined for each treat-
ment by investigator’s evaluation, using changes in
visual analogue scale (VAS) for pain reduction, girth
of the knee joint (only if applicable) for decrease in
swelling and range of motion (ROM) of the bleeding
joint for improvement of joint mobility. VAS was
indicated by the subjects using a 10 c¢m line in which
pains were ranged from ‘no pain’ (0 cm) to ‘the worst
pain experienced in the past’ (10 cm), prior to, and at
1, 2, 4, 8 and 24 h after administration of MC710.
Girth of joint (only applicable for a bleeding knee
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joint) and ROM were measured with a tape measure
and goniometer, respectively, prior to, and at 4, 8 and
24 h after administration of MC710.

Using these data, haemostatic efficacy for the treat-
ment of each bleeding episode was assessed at 4 and
8 h after administration of MC710 according to a
modified version of an investigator’s rating system of
efficacy described in the previous report [11].

1. Excellent — abrupt pain relief and unequivocal
improvement in signs (swelling and/or mobility) of
joint bleeding.

2. Effective -

i. Abrupt pain relief, and no changes in signs of
joint bleeding,

ii. Definite pain relief and >slight improvement in
signs of joint bleeding

iil. Slight pain relief, and improvement in signs of
joint bleeding.

Partially effective — slight pain relief and slight

improvement in signs of joint bleeding.

4. Ineffective — no improvement or worsening of
symptoms.The primary endpoint for this trial was
the haemostatic efficacy at 8 h after administration
of MC710.

(O3}

Safety assessment

For the assessment of safety, subjective symptoms and
objective findings were observed, including recording
of vital signs and laboratory findings before and after
MC710 administration. For the evaluation of DIC,
platelet counts, fibrinogen and D-dimer were mea-
sured prior to, and at 10 min, and 2, 8 and 24 h after
administration of MC710. Further, thrombin-anti-
thrombin complex (TAT) and prothrombin fragment
Fi.» (F1+2) were measured on the same time course
to evaluate amount of generated thrombin in subject
plasma. The observation period for adverse events
was 1 week after the administration. Twelve weeks
after the administration of MC710, virologic and sero-
logic tests were conducted to detect the production of
new viral antigens (hepatitis B surface) or antibodies
against viruses (hepatitis B surface, hepatitis B core
and hepatitis C virus), and anti-FVII, anti-FX or anti-
mouse IgG antibodies.

Table 2. Subject characteristics

PHASE II CLINICAL TRIAL OF MC710 855

PK/PD assessments

PK parameters of the active ingredients of MC710
were determined by measuring FVII clotting activity
(FVIL:C), FX clotting activity (FX:C), FVII antigen
(FVII:Ag) and FX antigen (FX:Ag) using the same
methods described previously [9], and data were ana-
lyzed using a non-compartmental model with WinNon-
1in® (ver 5.1; Pharsight, Mountain View, CA, USA)
software using baseline adjusted values (differences
from values before administration). Recovery was cal-
culated as the percentage of the each active ingredient
concentration in the plasma at 10 min after administra-
tion of MC710. In the PD parameter analysis, APTT
and PT were measured, and APTT clot waveform anal-
ysis (CWA) and thrombin generation test (TGT) were
performed using previously described methods [10].

Statistical analysis

The differences in MC710 dose on PK and PD param-
eters were analyzed using a mixed-effects model using
subject as a random effect and dose (including obser-
vation time in the PD parameter analysis) as a fixed
effect. For these statistical analyses, sas Release 9.1
(SAS Institute Inc., Cary, NC, USA) was used. All
reported P values are two-tailed and not adjusted for
multiple testing. P values less than 0.05 were consid-
ered statistically significant.

Results

Subjects and administration

In this trial, 19 subjects [nine haemophilia A (HA)
patients with inhibitors and 10 haemophilia B (HB)
patients with inhibitors] were enrolled. MC710 was
given to six subjects including 3 HA and 3 HB
patients with inhibitors (Table 2). The other 13 sub-
jects were not given the drug due to lack of bleeding
or >3.5 h from the onset of bleeding. MC710 was
given at 60 pg kg™' to five subjects (Nos.1, 2, 3, §
and 6). The SEC determined that the dose should be
raised to 120 pg kg™! after considering the efficacy
and safety data obtained with the 60 pg kg™' treat-
ment. MC710 was then given at 120 pg kg™! to four
subjects (Nos.1, 4, 5 and 6). In nine bleeding episodes,

Inhibitor titer (BU mL™})

Subject No. Haemophilia type Age (years) Body weight (kg) FVIII inhibitor FIX inhibitor MC710 dosing (g kg™")
1 HA 39 58.0 8.0 - 60, 120
2 HB 16 61.0 - 40.6 60
3 HA 24 83.6 60.5 - 60
4 HA 43 50.5 44.2 - 120
N HB 20 80.7 - 2.6 60, 120
6 HB 19 48.0 - 3.2 60, 120
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three of six subjects received both the 60 and
120 pg kg~ doses (Table 2).

Haemostatic Efficacy

The bleeding joints that were assessed during the
treatment with MC710 included knee (# = 3) and
ankle (n=2) for 60 pgkg™', and knee (n=2),
elbow, and ankle for 120 pg kg™' (Table 3). Bleeding
severity was ‘moderate’ for the patient with a bleeding
elbow that received 120 pg kg™! and all other bleed-
ings were ‘mild’. Seven of nine episodes were evalu-
ated as ‘excellent’ or ‘effective’, and two treatments
with 120 pg kg™" were determined ‘partially effec-
tive’. The rate of VAS change in four (Nos.2, 3, 5 and
6) of five subjects administered 60 pg kg~' decreased
to a range of 0-59% of preadministration levels at
8 h, and that in subject No.5 returned to the pread-
ministration level at 24 h (Fig. 1a). All VAS measured
in subject No.1 were 0 cm, as the subject did not
complain of pain in the bleeding joint (data not plot-
ted in Fig. 1a). At 60 pg kg™, the girth of the knee
joints in three subjects (Nos.1l, 2 and 5) at 8 h
decreased 0.70 & 0.44 cm compared to preadminis-
tration, and the ROM of the knee joints in three sub-
jects (Nos.1, 2 and 5) at 8 h increased 11.7° &+ 5.8°
compared to preadministration and that of the ankle
joint in subject No.3 at 8 h did not change, but that

Table 3. Administered dose, bleeding conditions, and efficacy.

in subject No.6 increased 30° compared to preadmin-
istration. The rate of VAS change in three (Nos.4, 5
and 6) of four subjects administered 120 pg kg™
decreased to a range of 6-71% of preadministration
levels at 8 h. All VAS measured in subject No.1 were
0 cm for the same reason described for 60 pg kg™
(data not plotted in Fig. 1b). At 120 pg kg™, the
girth of the knee joints in two subjects (Nos.1 and 6)
at 8 h decreased 1.0 and 0.3 cm compared to pread-
ministration, respectively, and the ROM of the knee
joints in two subjects (Nos.1 and 6) and that of the
elbow joint in subject No.4 at 8 h did not change
compared to preadministration and that of the ankle
joint in subject No.5 at 8 h increased 20° compared
to preadministration.

Safety

Two mild adverse reactions, fever and increased blood
pressure, were observed in the same subject (No.3) 2—
8 h after administration of MC710 at 60 pg kg™,
however, these adverse reactions spontaneously
disappeared within 24 h after administration without
treatment. On the other hand, no adverse reactions
were observed after administration of MC710 at
120 pg kg™'. No serious or severe adverse events were
observed within 1 week after administration of
MC710, and no subject discontinued the trial due to

60 pg kg™ (n=5)

120 pg kg™ (2 = 4)

Subj. Bleeding Time from bleeding Haemostatic Bleeding Time from bleeding Haemostatic
No. joint Severity to dosing (h) efficacy joint Severity to dosing (h) efficacy
1 left knee mild 3.12 effective left knee mild 2.50 excellent
2 left knee mild 1.95 excellent - - - -
3 right ankle mild 2.50 effective - - - -
4 - - - - right elbow moderate 2.20 partially effective
N left knee mild 3.40 effective left ankle mild 1.58 effective
6 right ankle mild 2.45 effective left knee mild 2.90 partially effective
(a) 60 pg kg™ (b) 120 pug kg™
120 @ Subject2 —O— Subject5 120 =—C~— Subject 4
~{~ Subject3 ----A Subject 6 =~ Subject 5
100 100 o Subject 6

80

60

VAS (%Pre)

40

20

After administration (h)

VAS (%Pre)

0 8 16 24
After administration (h)

Fig. 1. Changes in visual analogue scale (VAS). VAS were measured at 1, 2, 4, 8, and 24 h after administration of MC710. Time-dependent changes after
administration of 60 ug kg™ (a) or 120 pg kg™ (b) for each subject, No.2 (e), 3 (3), 4 (0), 5 (¢), 6 (A ) are shown as percentage of post- to pre-administration.
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an adverse event. No clinical symptoms or changes in
laboratory tests (platelet count, fibrinogen or D-dimer)
indicating a hypercoagulable state, such as DIC, were
observed after administration of MC710 (data not
shown). In addition, the results of virologic and sero-
logic tests confirmed that no subject developed a new
viral antigen or produced a new antibody after admin-
istration of MC710.

Pharmacokinetics (FVII:C, FVII:Ag, FX:C, and FX:
Ag)

Plasma FVIL:C, FVILAg, FX:C and FX:Ag levels
after

rapidly increased administration of either

(a) FVII:C
140

Y
o N
o o

120 pg kg™’

o o
o o

60 pg kg™

FVII:C (IU mL™)

N B
o o o

0 8 16 24
After administration (h)

(c) FX:C

FX:C (U mL™)
Now b oo e

0 T ¥ L] L]
0 8 16 24

After administration (h)
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MC710 60 or 120 pg kg~'. FVILC and FVILAg
levels returned to preadministration values at 24 h
(Figs. 2a and b) and increased levels of FX:C and
FX:Ag persisted in the blood until 24 h at both
doses of MC710 (Figs. 2c and d). In the PK analysis,
area under the curve (AUC) and maximum
plasma concentration (Cnax) of FVIL:C, FVII:Ag, FX:
C and FX:Ag at MC710 120 pg kg™ were 1.5 to 2.5
times of those at 60 pg kg™ (P < 0.05). Other
parameters; half-life  (¢12), mean residence time
(MRT), clearance (CL), volume of distribution
at steady state (Vdy) and recovery at MC710
120 pug kg™ were almost similar to those at
60 pg kg™ (Table 4).

(b) FVIl:Ag

2.0
1.5

1.0

FVIE:Ag (ug mL™)

0.5

0.0 ¢ T T T
8 16 24

After administration (h)

o

(d) FX:Ag
40
35
30
25
20
15
10

FX:Ag (ug mL™")

5
O 1 L] LE

8 16 24
After administration (h)

e

Fig. 2. Pharmacokinetics of MC710 active ingredients. Time-dependent changes in the pharmacokinetics of FVII clotting activity (FVII:C) (a), FVII antigen
(FVIL:Ag) (b), FX clotting activity (FX:C) (c), and FX antigen (FX:Ag) (d) are shown. The mark represents the mean & SD. MC710 doses are denoted with

the following symbols; 60 pg kg™! (12 = 5, ), 120 pg kg™ (1 = 4, o).

Table 4. PK parameters of MC710 active ingredients.

MC710
active MC710 AUCyo24 (UK mL™Y)  Cpax (IU mL™Y) CL Vds,
ingredients dose n (ug h mL™) (g mL™Y t1 (h) MRT (h) (mL h™'kg™") (mLkg™") Recovery (%)
FVILC 60 pg kg™ 5 157.8 + 63.7 61.7 £ 17.7 1.8 + 0.5 1.7+ 0.5 208 +7.35 37.0 £ 9.3 97.2 £ 2535
120 pg kg™ 4 394.4 £ 57.1 128.1 £ 12.0 2.6 £0.1 23+£01 154 %21 36.3 £4.5 99.2 £ 4.3
FVI::Ag 60 pg kg™ S 4.6 £ 2.6 1.2 +£03 31+1.9 25+17 133 +£5.1 44.5 +11.4 929 £ 20.5
120 ug kg™ 4 8.2 £ 0.7 1.8 +0.2 36+10 35+10 13.8+0.8 59.2 £ 108  69.7 £ 4.6
FX:C 60ugkg™ 5 389479 2.6 £ 0.6 158 +25 86 +0.5 1.7 £ 0.5 36.1 £ 7.4 127.4 + 30.8
120 pg kg™ 4 752+ 9.1 52+0.7 160+14 87+02 1.7+03 36.6 £ 4.2 1254 + 11.2
FX:Ag 60 ug kg™ 5 2556+ 72.5 17.3 £ 5.1 265 +17.2 92+ 1.1 14 £ 0.8 38.5 £ 6.3 137.3 + 43.4
120 pg kg™ 4 427.6 + 53.6 29.7 £ 1.3 225 £33 94+04 1.5 +£ 04 46.0 £ 6.0 114.8 £ 1.9

AUCy_,24 and Cpax were denoted in two mode; ‘IU h mL™" and JTU mL™" for procoagulant activity and ‘pg h mL~

respectively. Data are shown as the mean £SD.

© 2013 John Wiley & Sons Ltd
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Pharmacodynamics (APTT, PT, CWA and TGT) (the determination limit) after administration of either

APTT, prolonged for 120 s or more before adminis-  dose and remained at this level for up to 2 h. PT
tration, was improved and become close to the nor- reduction persisted until 8 h without returning to the
mal range for healthy individuals after administration  preadministration level after treatment with either
of MC710. The APTT improving effect at  dose (Fig. 3b). CWA profiles at both doses changed
120 ug kg~' was superior to that at 60 pg kg™’ drastically after administration (Fig. 4a i) and the
(P < 0.05) (Fig. 3a). PT reached approximately 6 s  transmittance changes at 120 ug kg™' were closer to

(a) APTT (b) PT
15
180 60 ug ka-!
Hg kg 13
140 120 pg kg™
w - 1"
= 100 =
% 5 9
60 7
20 T 5 L] 1 L] L]
0 8 16 24
After administration (h) After administration (h)

Fig. 3. Changes in APTT and PT. Time-dependent changes in APTT (a) and PT (b) are shown. The normal ranges for healthy individuals (---) for APTT were

defined as 36.0 (upper limit) and 25.0 (lower limit) s and for PT as 12.8 (upper limit) and 9.9 (lower limit) s. The mark represents the mean =+ SD. MC710
doses are denoted with the following symbols; 60 ug kg™ (7 = 5, ), 120 pg kg™ (n = 4, o).

(a) CWA
(i) 10 min (iii)24 h
100 4 . / before NHP 100 4
£ g N\ g £ 801
@ [ o
1] 2 2
§ 60 4 s 8 60+
g g g
@ 40 - R @ @ 40 1
[ e ©
= 20 / = = 20
60 pg kg™' 120 pg kg™'
0 T T T 1 0 T T T 1 0 T T T 1
0 60 120 180 240 0 60 120 180 240 0 60 120 180 240
Time (s) Time (s) Time (s)
(b) TGT
(i) 10 min (ii)8h (iii) 24 h
250 / 120 pg kg™’ 250 - 250
200 4 60 g kg™ 200 200 -
~ 150 - NHP ~ 150 A ~ 150 A
£ £ £
el < 2
§ 100- § 100 § 100+
£ £ 1 £
50 50 1 1 50 A
04 At cmetvitandathnd 04 0
20 40 60 0
Time (min) Time (min) Time (min)

Fig. 4. Changes in clot waveform analysis (CWA) and thrombin generation test (TGT). Time-dependent changes in CWA profiles (a) and TGT profiles (b)
are shown. The assay was conducted using the plasma collected before and after administration of MC710; (i) 10 min, (i) 8 h, and (iii) 24 h for 60 pg kg™*
and 120 pg kg™, In each panel at the indicated time course, CWA and TGT average profiles before administration (# = 9, dotted line -— ), 60 pg kg™*
(n = 35, gray-solid line - ), 120 pg kg™ (7 = 4, black-solid line —), and normal human plasma (NHP) (# = 18, broken line — — ) are shown.
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normal plasma than at 60 pg kg™!. Changes in CWA
profiles were observed even at 24 h after administra-
tion (Fig. 4a iii). TGT at both doses at 8 h after
administration indicated a shorter ‘lag time’ and
‘time-to-peak’ and a larger peak thrombin amount
than in normal plasma (Fig. 4b ii). The thrombin gen-
eration potential was maintained at the level of nor-
mal plasma for 24 h after treatment with either dose
(Fig. 4b iii).

Discussion

The haemostatic effects of MC710 were evaluated
using an investigator’s rating system of efficacy regard-
ing changes in pain (VAS), swelling (girth of the knee
joint, only if applicable) and mobility (ROM) of a
bleeding joint after administration of MC710. At 8 h
after administration of MC710, seven of nine treat-
ments were considered ‘excellent’ or ‘effective’, and
two of nine treatments (120 pg kg™') were ‘partially
effective’ (Table 3). However, SEC concluded that the
two episodes determined ‘partially effective’ were hae-
mostatically effective considering the following findings
at 24 h after the treatment: (i) VAS was reduced from
3.4 to 1.1 cm and ROM was increased from 25° to 60°
(+35°) in subject No.4, and (ii) VAS was reduced from
2.7 to 0.8 cm, swelling did not worsen, and heat on
the bleeding joint disappeared in subject No.6.

Regarding pharmacokinetics, as shown in Table 4,
the mean recoveries of FVII:C and FVII:Ag at 60 and
120 pg kg™ ! ranged from 69.7% to 99.2%, and those
of FX:C and FX:Ag at both doses were >114.8%,
indicating values which exceeded our predictions
based on the data obtained in subjects that were not
bleeding [9]. Recoveries of FX:C and FX:Ag from sub-
ject No.5 at 60 ug kg™ were 168.7% and 212.6%,
and others ranged from 93.7% to 146.9% and
110.5% to 136.1% respectively. These higher recover-
ies of FX might be due to the small sample size, or to
biased individual assay results.

We evaluated APTT, CWA, PT and TGT as PD
parameters. The results of APTT and CWA measure-
ments showed that just after the administration of
MC710 at 60 and 120 ug kg™, values in both indica-
tors were close to NHP, and that this improvement
persisted for 24 h (Fig. 3a and Figs. 4a i-iii). PT was
observed to be shortened for 24 h (Fig. 3b), and TGT
showed that the thrombin generation potential just
after the administration at both doses was greater than
NHP (Fig. 4b i), and that this effect was maintained
from 8 to 24 h after administration (Fig. 4b ii, iii).
TAT increased from 2.73 = 0.59 ngmL™' to
18.20 + 12.84 ng mL™' and F1+2 increased from
101.0 + 28.8 pmol L' to 484.5 + 212.4 pmol L™
at 2 h after administration of MC710 at 120 pg kg™".
This thrombin generation potential of MC710 might
estimate that there are some risks of hypercoagulability

© 2013 John Wiley & Sons Ltd
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through the extrinsic pathway, however; any signs of
DIC were not observed in the subjects of this trial.
According to the changes in PD parameters, TAT and
F1+2, it might be suggested that MC710 has a strong-
and long-acting effect on thrombin generation poten-
tial with no hypercoagulability up to 24 h after admin-
istration in the presence or absence of TF at the
bleeding site.

MC710 was designed as an agent to allow co-admin-
istration of FVIla and FX. Administration of MC710
120 g kg™ increased the plasma FVIIa concentration
to 129 IU mL~! (FVIL:C) and 2.1 Hg mL™! (FVIL:Ag)
(Figs. 2a and b), and FX concentration to 6.0 [U mL™"
(FX:C) and 35 pg mL™! (FX:Ag) (Figs. 2c and d)
respectively. It has been suggested that the surface of
activated platelets might be the site where FVIla acti-
vates FX in the haemostasis of bleeding of haemophilia
patients by rFVIla therapy [12-14]. Enzymologic analy-
sis has revealed that the Km for FVIla-catalyzed FX
activation (0.16 to 0.25 uM) is higher than the FX con-
centration in plasma (approximately 8 pg mL7?,
0.14 uM) in the presence or absence of TF, therefore,
increased FX concentration in plasma would generate
more FXa by FVIla more quickly [15,16]. Furthermore,
the long half-life of FX might contribute to its pro-
longed haemostatic potential in plasma.

In this trial, the haemostatic efficacy of MC710 was
determined ‘excellent’ or ‘effective’ in seven of nine
joint bleeding episodes at 8 h after single dosing 60 or
120 ug kg™, and both doses was judged by SEC to
be effective for controlling bleeding in haemophilia
patients with inhibitors. Furthermore, no serious or
severe adverse events, or signs or symptoms of DIC
were observed in both doses. Therefore, we judged
that it was appropriate to set up a clinical dose of
MC710 within the range of 60 to 120 ug kg™ .

MC710 is anticipated to be a safe and novel bypass-
ing agent for controlling bleeding in haemophilia
patients with inhibitors. An expanded study (Phase III
trial) in haemophilia patients with inhibitors is planned
to investigate the efficacy and safety of repeated admin-
istration of MC710 in a dose range of 60-120 pg kg™'.
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ADAMTS13 unbound to larger von Willebrand factor multimers
in cryosupernatant: implications for selection of plasma
preparations for thrombotic thrombocytopenic
purpura treatment

Yuji Hori, Masaki Hayakawa, Ayami Isonishi, Kenji Soejima, Masanori Matsumoto, and
Yoshihiro Fujimura

BACKGROUND: Thrombotic thrombocytopenic purpura
(TTP) is characterized by deficient ADAMTS13 activity.
Treatment involves plasma exchange (PE). Both fresh-
frozen plasma (FFP) and cryosupernatant (CSP) are
used, but it remains to be determined which is more
effective.

STUDY DESIGN AND METHODS: To analyze the
interaction between von Willebrand factor (VWF) and
ADAMTS13, we used large-pore isoelectric focusing
(IEF) analysis followed by detection with anti-
ADAMTS13 monoclonal antibody. FFP, CSP, cryopre-
cipitate (CP), and purified ADAMTS13 were analyzed
for their effects on high shear stress—induced platelet
aggregation (H-SIPA).

RESULTS: |IEF analysis of normal plasma revealed
three groups of ADAMTS13 bands with pl of 4.9 to 5.6,
5.8 t0 6.7, and 7.0 or 7.5. Two band groups (p! 4.9-5.6
and 5.8-6.7) were found in plasma of a patient with
Type 3 von Willebrand disease, in which VWF is
absent, whereas no bands were found in plasma of a
patient with congenital ADAMTS13 deficiency. Mixing
these plasmas generated the bands at pl 7.0 or 7.5,
representing the VWF-ADAMTS13 complex; these
bands were absent in CSP. FFP and purified
ADAMTS13 down regulated H-SIPA in a dose-
dependent manner. However, CP did not inhibit H-SIPA
in the initial phase, and the degree of inhibition at the
endpoint was almost indistinguishable from those of the
other two plasma products.

CONCLUSION: Both plasma products (FFP and CSP)
are effective for PE in TTP patients. However, CSP
may be more favorable, because it has lower levels of
VWF and almost normal ADAMTS13 activity, but lower
levels of ADAMTS13 in complex with larger VWF
multimers.

3192 TRANSFUSION Volume 53, December 2013

on Willebrand factor (VWF), a multimeric
hemostatic glycoprotein, is secreted from vas-
cular endothelial cells into circulation as unusu-
ally large VWF multimers (UL-VWFMs).! The
UL-VWFM is the most biologically active form with regard
to platelet (PLT) adhesion properties.? Under conditions
of high shear stress, UL-VWFMs cause enhanced PLT
aggregation and give rise to VWF-rich thrombi in the
microvasculature. ADAMTS13 (a disintegrin-like and met-
alloprotease with thrombospondin type-1 motifs 13)
down regulates the function of UL-VWFMs by cleaving the
VWF A2 domain at the Tyr1605-Met1606 bond, yielding

ABBREVIATIONS: ADAMTS13 = a disintegrin-like and
metalloprotease with thrombospondin type-1 motifs 13;

CP = cryoprecipitate; CSP = cryosupernatant; dp = depleted;
H-SIPA = high shear stress-induced platelet aggregation;
IAA = iodoacetamide; IEF = isoelectric focusing; pd = plasma
derived; PE = plasma exchange; T3-VWD = Type 3 von
Willebrand disease; TBS = Tris-buffered saline;

TTP = thrombotic thrombocytopenic purpura;

UL-VWEM(s) = unusually large VWF multimer(s);

USS = Upshaw-Schulman syndrome.
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ADAMTS13 UNBOUND TO LARGER VWF MULTIMERS IN CRYOSUPERNATANT

a series of smaller molecular forms.*® The proteolytic
activity of ADAMTSI13 is located in its amino-terminal
metalloprotease domain, but optimal enzyme activity
requires cooperative interactions with other domains of
the ADAMTS13 molecule.®

Deficiency of ADAMTSI13 activity causes a life-
threatening generalized disease, thrombotic thrombocy-
topenic purpura (TTP), which can be caused either by
mutation of the ADAMTS13 gene (Upshaw-Schulman
syndrome [USS]) or by acquisition of autoantibodies
against the ADAMTS13 enzyme.” USS is often treated by
prophylactic infusions of fresh-frozen plasma (FFP) as a
source of ADAMTS13, but cryoprecipitate (CP) has also
been effective.® On the other hand, for patients with
acquired TTP plasma exchange (PE) is the first-line treat-
ment.!° For PE treatment, cryosupernatant (CSP) is pref-
erentially used in Canada, but FFP is used in many other
countries, including Japan. However, it has not been
firmly established which material is more favorable for
PE.! In this context, immunoprecipitation using anti-
VWF revealed that approximately 3% of ADAMTSI3 in
plasma is bound to VWE with a stoichiometry of one
ADAMTS13 molecule to 250 VWF monomeric subunits.!?
However, the characteristics of the VWF-ADAMTSI13
complex in the plasma milieu remain unclear, as does the
physiologic relevance of functional differences, if any,
between the bound and unbound forms of ADAMTS13.

To address these issues and analyze the VWF-
ADAMTS13 complex in the plasma milieu, we employed
isoelectric focusing (IEF) analysis using a large-pore
agarose-acrylamide composite gel. Using this method, we
were able to visualize the VWF-ADAMTS13 complex. We
found that in the plasma milieu, ADAMTS13 forms a
complex with larger VWFMs, but is less likely to do so with
smaller VWFMs (dimers and tetramers); the complex can
be separated from its unbound counterpart by cryopre-
cipitation. Based on these observations, we hypothesize
that the bound and unbound forms of ADAMTS13 possess
functional differences with respect to the microvascular
condition of the patient. Furthermore, we evaluated the
functional differences between ADAMTS13 in CSP and CP,
by testing their inhibitory effects on high shear stress-
induced PLT aggregation (H-SIPA).

MATERIALS AND METHODS

Plasma samples

Anticoagulated blood containing 1/10 volume of 3.8%
sodium citrate was collected from normal individuals and
from patient with either Type 3 von Willebrand disease
(T3-VWD) or USS (Patient USS-EE4). The citrated plasmas
were then separated by centrifugation and stored at —80°C
until use. T3-VWD plasma had less than 3% of the normal
control levels of both VWF antigen and ristocetin cofactor.
The USS-EE4 patient had plasma levels of both

ADAMTSI3 activity and antigen less than 0.5 and 0.1% of
the normal control, respectively; the ADAMTS13 gene
mutation was identified as 2259delA/2259delA.8 Informed
consent was obtained from all subjects.

Preparation of CSP and CP

FFP was prepared at Nara Red Cross Blood Center and
stored in inventory at —30°C. However, FFP preparations
beyond 1 year for the inventory were provided to us. These
FFP preparations were then kept frozen at —-80°C in our
institution. Outdated FFP was then thawed overnight at
4°C, followed by centrifugation at 7000 x g for 30 minutes
at 4°C. After centrifugation, the CSP was separated and
kept frozen in aliquots at —-80°C. For analysis of
ADAMTSI13 activity and VWF antigen, the CP was dis-
solved in one-fifth volume of 20 mmol/L Tris-buffered
saline (TBS, pH 7.4) without rinsing.

For H-SIPA, the CP was rinsed with cold TBS contain-
ing 0.38% Nas-citrate, 2 mmol/L benzamidine-HCI,
20 mmol/L 6-amino-n-caproic acid, and 0.02% NaN; and
then centrifuged at 4°C. This procedure was repeated
twice. Ultimately, the CP was dissolved in 1/10 volume of
TBS containing 0.38% Nas-citrate and then stored in ali-
quots at —80°C.

Purified plasma VWF and ADAMTS13

Purification of plasma VWF was performed essentially
as previously described:'® cryoprecipitation of outdated
pooled FFP collected from normal volunteers, removal of
fibronectin by gelatin-agarose affinity chromatography,
precipitation with 40% saturated (NH,),SO,, and finally
purification by size-exclusion chromatography in
Sepharose 4B gel. Fractions eluted in the anterior half of
the void volume of the Sepharose 4B column were pooled;
the resulting protein consisted of higher VWF multimers
and migrated as a single 250-kDa band on a sodium
dodecyl sulfate (SDS)-5% polyacrylamide gel under
reducing conditions.” After dialysis against TBS, the puri-
fied plasma-derived (pd)-VWF was kept frozen in aliquots
at ~80°C until use.

Purification of plasma ADAMTS13 was achieved
using anti-ADAMTS13 monoclonal antibody (MoAb) A10
(IgG2b-w)~-coupled beads as recently described.’* The
epitope of A10 resides on the disintegrin-like domain of
ADAMTS13." Briefly, the CSP was prepared essentially as
described above, from outdated FFP in the presence of
two protease inhibitors (2 mmol/L benzamidine-HCl and
20 mmol/L 6-amino-n-caproic acid) and 0.02% NaNs. The
CSP was then applied to an A10-coupled column at 4°C
and washed extensively. The ADAMTS13 bound to the
column was eluted in two steps, first with 10% dimethyl
sulfoxide (DMSO) and then with 40% DMSO. The
ADAMTS13 eluted with 40% DMSO was pooled and con-
centrated and then purified by size-exclusion chromatog-
raphy on a Superdex HR10 column. The purified
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pd-ADAMTS13 migrated on a SDS-5% polyacrylamide gel
as a single 170-kDa band before reduction and a single
190-kDa band after reduction; specific activity was 300
units/mg." One unit of ADAMTS13 activity was defined as
the amount contained in 1 mL of pooled normal plasma.

Assays for ADAMTS13 and VWF

The ADAMTS13 activity and antigen were measured with
a chromogenic ADAMTS13-act-enzyme-linked immun-
osorbent assay (ELISA)!® and an in-house sandwich ELISA
using two MoAbs, respectively.!” The VWF antigen was
determined with a sandwich ELISA using a rabbit poly-
clonal anti-human VWF antibody (Dako Cytomation,
Kyoto, Japan).'® A value of 100% of the ADAMTS13 activity
and antigen were defined as the amount in the pooled
normal human plasmas, which were prepared from a total
of 40 normal volunteers, consisting of 10 individuals from
each ABO blood group.

Preparation of ADAMTS13-depleted plasma

The ADAMTS13-depleted (dp) plasma was prepared from
the whole FFP using an Al0-agarose column equilibrated
with TBS containing a cocktail of protease inhibitors (5
mmol/L benzamidine, 2 mmol/L phenylmethanesulfonyl
fluoride, and 20 mmol/L 6-amino-n-caproic acid, each
final concentration) at room temperature. Flowthrough
fractions were monitored with ADAMTS13 activity and
antigen; both the values indicated less than 0.5 and 0.1%
of the normal, respectively and were dialyzed with TBS
containing 0.38% Nas-citrate and stored in aliquots at
-80°C.

IEF using an agarose-acrylamide composite gel

IEF gel plate was assembled with two glass plates and
1-mm-thick plastic spacers. Four grams of sucrose and
0.3 g of agarose (final 0.75%, agarose IEE GE Healthcare
Bio-Science AB, Uppsala, Sweden) were mixed with
34.2 mL of distilled water. The mixture was dissolved by
microwave oven and kept at 56°C. Then, 1.67 mL of 30%
acrylamide-bisacrylamide (final 1.25%), 1.67 mL of dis-
tilled water, 2.5 mL of 40% carrier ampholyte (Pharmalyte
3-10, GE Healthcare Bio-Science AB), 0.27 mL of ammo-
nium peroxodisulfate (22.8 mg/mL), and 0.01 mL of
N,N,N’,N’ -tetramethylethylenediamine were added to
this mixture. The mixture was poured into the IEF gel plate
quickly and left for more than 1 hour at room temperature
followed by 4°C overnight.

The IEF gel was placed on the Multiphor apparatus
(GE Healthcare Bio-Science AB) equilibrated at 10°C. The
electrode strips were prepared using 0.5 mol/L acetic acid
at the anode and 0.5 mol/L sodium hydroxide at the
cathode. The electrical conditions used for IEF were the
first 30 minutes at a maximum of 100V, 5 mA, and 15W;
then 60 minutes at a maximum of 200V, 10 mA, and 6 W;
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and finally 90 minutes at a maximum of 1500V, 15 mA,
and 6 W. After IEE the isolated proteins were electro-
phoretically transferred to nitrocellulose membrane.

lodoacetamide effect on complex of ADAMTS13
and VWF in plasma milieu

Recent studies have indicated that free thiols exposed in
ADAMTS13 play an important role to regulate thiol-
disulfide exchange of VWF under a high shear stress.
Furthermore, blocking these active thiols decreases
ADAMTS13 activity in cleaving UL-VWFM under flow con-
ditions.'® We evaluated the effect of iodoacetamide (IAA),
which blocks the free thiols and prevents the formation of
a covalent complex through disulfide bonds. For this
experiment, each reagent of ADAMTS13-dp plasma, puri-
fied pd-ADAMTSI13, and pd-VWF was separately treated
with or without 100 mmol/L IAA before mixing for 30
minutes at room temperature. The mixture of these three
reagents was exposed to a high shear stress generated by a
vortex mixer at 3200 rpm for 5 minutes. The final concen-
tration of each reagent in this mixture (a total of 130 uL)
was 60 pg/mL for pd-VWE 23 ug/mL for purified
pd-ADAMTS13, and 65 uL for ADAMTS13-dp plasma.

Two-dimensional gel electrophoresis using either
polyacrylamide gel electrophoresis or agarose

In some experiments, after IEF the two-dimensional gel
electrophoresis was performed using either SDS-5% poly-
acrylamide gel electrophoresis (PAGE) under reducing
conditions or SDS-0.9% agarose gel electrophoresis under
nonreducing conditions. The former was used for an
analysis of ADAMTS13 antigen and the latter for VWF mul-
timer patterns. In both instances, the separated proteins
were electrophoretically transferred to polyvinylidene
fluoride membrane or nitrocellulose membrane, and then
the blot proteins were immunoreacted with anti-
ADAMTS13 MoAb (WH2-11-1, an epitope residing on the
fourth thrombospondin Type 1 domain of ADAMTS13)%
or rabbit polyclonal anti-human VWF antibody and then
visualized by chemiluminescent detection kits (Perkin-
Elmer Life Science, Inc., Boston, MA).

H-SIPA in the absence of ADAMTS13

To reproduce PLT aggregation assumed to be occurring in
TTP patients, H-SIPA at a constant shear rate of 108
dynes/cm? was measured with an argon laser-assisted
cone PLT aggregometer (Toray Medical, Tokyo, Japan),*
using a mixture of normal washed PLTs (300 x 10%/L,
final), ADAMTS13-dp plasma (29% vol/vol, final), and the
purified pd-VWF (250% of the normal plasma, final).

For this assay, normal washed PLTs were prepared
and suspended in a Hepes-Tyrode buffer (pH 7.3) contain-
ing 1.8 mmol/L CaCl,.?? The mixture with a total volume of
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400 uL was preincubated at 37°C for 5 minutes, and then
H-SIPA was measured for 6 minutes. The maximum PLT
aggregation was seen in the absence of any additives, and
the minimum or nonspecific PLT aggregation was deter-
mined in the presence of anti-VWF MoAb NMC-4
(10 pg IgG/mL, final), which totally blocks the VWF
binding to PLT GPIb.!®

For assessment of the inhibitory effect of various
forms of pd-ADAMTS13 to H-SIPA, they were spiked into
the above-mentioned assay mixtures and incubated for
5 minutes at 37°C before measurement. H-SIPA was mea-
sured at room temperature and completed within 2.5
hours after blood collection. The inhibition rate of H-SIPA
was calculated in the following formula: Inhibition rate
(%) =[1 - (% light transmittance of tested sample/%
light transmittance of control)] x 100. These data were
expressed as the mean * SD. We calculated the inhibition
rate in two points at 140 and 340 seconds after the initia-
tion of H-SIPA. Comparison between these two points was
tested for significance using paired t test using computer
software (StatView, SAS Institute, Inc., Cary, NC). A p value
of less than 0.05 was considered significant.

RESULTS

ADAMTS13 and VWF on IEF agarose-acrylamide
composite gels

We detected the purified pd-ADAMTSI13 (15 ng) as one
band at pI 4.9 to 5.6 (median, 5.4) using anti-ADAMTS13
MoAb (WH2-11-1) on IEF agarose-acrylamide composite
gels (Fig. 1, left panel). Next, we analyzed various amounts
(1-10 uL) of normal citrated plasma and found that
ADAMTSI13 antigen in the plasma milieu could also be
detected as a major band at pI 4.9 to 5.6, as in the case of
purified pd-ADAMTS13. In plasma, however, two addi-
tional bands of ADAMTS13 antigen were also detected: one
was composed of a cluster of blurred bands at pI 5.8 t0 6.7,
and the other consisted of two clearbandsatpI7.00r7.5.In
T3-VWD plasma, two groups of ADAMTS13 bands, pI 4.9 to
5.6 and 5.8 to 6.7, were detected, but the bands at pl 7.0 or
7.5 were totally absent (Fig. 1, right panel). T3-VWD plasma
lacks VWF antigen,; therefore, the two groups of bands at pI
4.9to05.6 and 5.8 t0 6.7 appear to existindependently of the
presence of plasma VWE Conversely, we assumed that the
bands at pI 7.0 or 7.5 represented a complex with VWF that
exists within the plasma milieu. The bands at pI 7.0 or 7.5
were also detected after mixing FFP with 1 mol/L NaCl
(final), excluding the possibility that the complex is formed
by an ionic linkage (data not shown).

Generation of the pl 7.0 of 7.5 band of ADAMTS13
complex with VWF

Next, we performed the mixing experiments shown in
Fig. 2A. T3-VWD plasma spiked with purified pd-VWF
yielded a new band at plI 7.5. USS-EE4 plasma initially
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Fig. 1. Separation of plasma ADAMTS13 by IEF in healthy
control and patient with T3-VWD. Purified pd-ADAMTS13,
normal plasma (NP), and T3-VWD plasma were subjected to
IEF and immunoblotting with anti-ADAMTS13 MoAb (WH2-
11-1). Purified pd-ADAMTS13 (15 ng) was detected as one
band at pI 4.9 to 5.6 (median, 5.4; left panel). In various
amounts (1-10 pL) of NP, ADAMTS13 antigen was detected as
a major band at pI 4.9 to 5.6. Two additional groups of bands
of ADAMTS13 antigen were also detected: pI 5.8 to 6.7 and pl
7.0 or 7.5. In T3-VWD, the ADAMTS13 band groups of pI 4.9 to
5.6 and 5.8 to 6.7 were detected, but the band of pI 7.0 or 7.5
was barely detectable (right panel). Arrow indicates the VWF-
ADAMTS13 complex.

lacked three groups of ADAMTS13 bands (pI 4.9-5.6, 5.8-
6.7, and 7.0/7.5), but once that plasma was spiked with
purified pd-ADAMTS13, the band at pl 7.5 clearly
appeared. When T3-VWD and USS-EE4 plasma samples
were mixed together, the band at pl 7.5 also appeared,
confirming that it represents a complex of VWF and
ADAMTS13.

ADAMTS13 (pl 7.5) is a noncovalent complex with
VWEF in the plasma milieu

We next evaluated the effects of IAA, which blocks free
thiols and prevents the formation of disulfide bond-
mediated covalent complexes, under high shear stressin a
vortex mixer. As shown in Fig. 2B, the band at pI 7.5, rep-
resenting the VWF-ADAMTS13 complex, was generated
irrespective of the presence of IAA. When pd-VWF was
spiked into this mixture, the density of the band at pI 7.5
increased. These results indicate that in our experiments,
formation of the VWF-ADAMTS13 complex does not
depend upon disulfide bond bridges.

ADAMTS13 is present in plasma in complex with a
large VWFM

As shown in Fig. 3, IEF gel analysis of normal plasma
revealed ADAMTS13 as three groups of bands (pI 4.9-5.6,
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