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Background and Objectives An activated Factor VII (FV1la) concentrate, prepared
from human plasma on a large scale, has 1o date not been available for clinical use
for haemophiliacs with antibodies against FVIII and FIX. In the present study, we
attempted to establish a large-scale manufacturing process 10 obtain plasma-derived
FVIla concentrate with high recovery and safety, and to characterize its biochemical
and biological properties.

Materials and Methods FVII was purified from human cryoprecipitate-poor plasma,
by a combination of anion exchange and immunoaffinity chromatography, using
Ca**-dependent anti-FVII monoclonal antibody. To activate FVIL, a FVII preparation
that was nanofiltered using a Bemberg Microporous Membrane-15 nm was partially
converted to FVIla by autoactivation on an anion-exchange resin. The residual
EVILin the FVII and FVIla mixture was completely activated by further incubating the
mixture in the presence of Ca?* for 18 h at 10 °C, without any additional activators.
For preparation of the FVIla concentrate, after dialysis of FVIla against 20 mu citrate,
pH 6:9, containing 13 mum glycine and 240 mum NaCl, the FVIla preparation was
supplemented with 2-5% human albumin (which was first pasteurized at 60 °C for 10 h)
and lyophilized in vials. To inactivate viruses contaminating the FVIla concentrate,
the lyophilized product was further heated at 65 °C for 96 h in a water bath.

Results Total recovery of FVII from 15 000 | of plasma was = 40%, and the FVII
preparation was fully converted to FVIla with trace amounts of degraded products
(FVIlaB and FVIlay). The specific activity of the FVIla was = 40 U/ug. Furthermore,
virus-spiking tests demonstrated that immunoaffinity chromatography, nanofiltration
and dry-heating effectively removed and inactivated the spiked viruses in the FVIla.
These results indicated that the FVIIa concentrate had both high specific activity and
safety.

Conclusions We established a large-scale manufacturing process of human plasma-
derived FVIla concentrate with a high yield, making it possible to provide sulficient
FVIla concentrate [or use in haemophiliacs with inhibitory antibodies.

Key words: autoactivation, Factor Vlla, Factor Vllay, Factor VIlaf}, Gla-domainless
Factor Vlla, plasma product.
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Introduction

Haemophilia A and B are congenital diseases in which patients
lack Factor VI (FVII) and Factor IX (FIX), respectively. Replace-
ment therapies of FVIII and FIX have been adapted to
haemophiliacs using FVIII and FIX concentrates. Antibodies
(inhibitors) against FVIII and FIX develop in hacmophilia
patients, however, and those inhibitors make replacement
therapies difficult. Activated prothrombin complex concentrates
(APCCs) from pooled plasma were developed in the 1980s
and have been given to haemophilia patients, ensuring ‘FVIII
bypassing activity' for haemophiliacs with inhibitors [1,2].
The use of such concentrates containing activated coagula-
tion factors has met with limited success, however, because
there have been some cases of disseminated intravascular
coagulation (DIC) and thromboembolic complications [3,4].

Human Factor VII (FVII) is a 50 000 molecular-weight
(MW) glycoprotein that is synthesized by the liver as a single-
chain precursor and circulates in plasma at a concentration
ol'= 0-5 pgfml, Activated FVII (FVIla) is a serine protease and
is generated by limited proteolysis of zymogen FVII with
activated Factors Xlla, Xa, IXa, Vlla itself, and thrombin.
Upon binding to its receptor, cofactor tissue factor (TF), FVIla
gains full catalytic activity and activates its substrates, Factor
X (FX) and Factor IX (F1X), thereby initiating the coagulation
pathway. High doses of recombinant FVIla concentrate
(rFVIla) are used to control bleeding episodes in patients with
haemophilia A or B who have inhibitory antibodies against
FVITL or FIX [5,6]. It is now believed that high doses of rFVIla
bind to activated platelets, exposing negatively charged
phospholipids and leading to the formation of a haemostatic
plug at the site of injury [7].

Previous studies, although limited and preliminary, have
suggested that FVIIa derived from plasma (i.e. prepared from
human plasma on a small scale) might be useful in the treat-
ment of haemophilia patients with inhibitory antibodies [8].
We previously established a method of preparation of FVIla
on a relatively large scale (using 500-1000 | of plasma) [9]
and evaluated the usefulness of FVIla as a hacmostatic agent
using a primate model of hacmophilia B with inhibitory anti-
bodies [10]. The recovery of FVIla in our process was insuf-
ficient for use in haemophiliacs with inhibitors, however,
because the process could not be sufficiently optimized. Thus,
an FVlla concentrate, prepared on an industrial scale from
human plasma with both high recovery and safety was, prior
to the present study, not available for clinical use in haemo-
philiacs with inhibitors. Therefore, in the present study, to
provide a sufficient quantity and quality of the FVIla con-
centrate, we attempted to establish a large-scale manufactur-
ing process with a high yield of FVIla and to characterize its
biochemical and biological properties.

The conversion of FVII to FVIla is a key process in the pro-
duction of FVIIa concentrate. In 1986, Bjoern ef al. reported
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that rFVII was autocatalytically activated to rFVIla on an anion-
exchange column [11]. Pedersen et al. also reported that rFVII
from serum-free cell culture is autoactivated in a solution con-
taining poly-p-lysine and Ca®*, and explained the activation
on the basis of the autoactivation theory [12]. On an indus-
trial scale, the activation of FVIl on an anion-exchange resin
is a very useful technique, because this reaction does not
require any other proteases, such as Factor Xa, Factor [Xa, or
Factor Xlla, all of which activate FVII to FVIla. Therefore, we
established a production-scale method for the activation of
FVII using autoactivation with the following two steps:

(1) activation on the anion-exchange resin; and

(2) further activation in the solution after eluting rom the
resin.
This method is suitable for the large-scale production of
FVIla with a high yield. Furthermore, virus-spiking tests
demonstrated that immunoaffinity chromatography, nano-
Nltration and dry-heating of FVIla effectively removed and
inactivated the spiked virus in FVIla, indicating that the FVIla
concentrate is safe.

Materials and methods

Materials

All chemicals used were of the highest analytical grade com-
mercially available. FVIl-depleted plasma, prothrombin-
depleted plasma, human standard plasma and prothrombin
time (PT) reagent were obtained from Baxter Diagnostics (Miami,
FL); DEAE-Sepharose Fast Flow (DEAE-FF), Q-Sepharose
Fast Flow (Q-FF), and protein A-Sepharose 4 Fast Flow were
obtained from Amersham Pharmacia Biotech (Uppsala,
Sweden). The TSK gel G3000SW,, column was obtained
from Tosoh (Tokyo, Japan). Recombinant neuraminidase was
purchased from New England Biolabs (Beverly, MA).

Assay methods of coagulation factors

FVIIL activity was measured using the PT method with a CA-
5000 automatic coagulation analyser (Sysmex, Kobe, Japan),
FVil-depleted plasma and pooled normal human plasma as a
reference (1 Ufml). FVIla activity was measured using soluble
tissue factor [13]. Prothrombin activity was also determined
with a one-stage clotting assay using prothrombin-depleted
plasma. FVILand FIX antigens were measured using enzyme-
linked immunosorbent assay (ELISA) kits (Asserachrom®;
Diagnostica Stago, Asnieres-Sur-Seine, France). FX antigens
were also measured by sandwich ELISA using Ca**~dependent
anti-FX monoclonal antibody (mAb) and peroxidase-
conjugated rabbit anti-FX polyclonal antibodics (DAKO,
Glostrup, Denmark). Anti-human FX mAb was developed by
immunizing BALB/c mice with plasma-derived FX, using the
method described by Sugo et al. [14].
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Preparation of Ca?*-dependent anti-FVII mAb-
immobilized gel

Anti-FVII mAb [HFVII-1-20-25-133-19, immunoglobulin
G1 (IgG1), x subtype] was developed by immunizing
BALB/c mice with plasma-derived FVII, and the resulting
hybridoma cells were grown in bioreactors in serum-free
medium. After the cultured cells were removed by filtration,
the mAb was purified from the filtrate using a Q-FF column,
followed by a protein A-Sepharose 4 Fast Flow column. The
eluted mAb fraction was nanofiltrated using a Bemberg
Microporous Membrane-15 nm (BMM-15; Asahi Chemical,
Tokyo, Japan). For preparation of mAb-immobilized gel,
Sepharose Fast Flow (Amersham Pharmacia Biotech) was
activated with cyanogen bromide (Nakarai Tesque, Kyoto,
Japan) and the mAb was coupled to the activated gel at a
mean density of 5 mg of mAb/ml of gel [15]. Anti-FVII
mAb was quantified by sandwich ELISA for murine IgG,
using a modification of a previously described procedure
[16]. The limit of detection for anti-FVII mAb was
0:25 ng/ml.

Purity of FVIIa and FVII

To examine the purity of FVIla and FVII, we performed the
analyses described below.

Sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE)

SDS-PAGE analysis (acrylamide concentration of 12:5%)
was performed using Laemmli's buffer system [17]. Follow-
ing electrophoresis, proteins were visualized after staining
with Coomassie Brilliant Blue R250. The intensities of the
visualized bands were measured using a densitometer (CS-9000;
Shimadzu, Kyoto, Japan). The amount of FVII and FVIIa was
calculated as the intensities of the 50 000-MW band and the
sum of the intensities of the light and heavy chains of FVIla
(molecular masses, 25 kDa and 35 kDa, respectively) in SDS-
PAGE, under reducing conditions.

High-pressure gel-permeation chromatography
High-pressure gel-permeation chromatography was per-
formed using an LC-10AS system (Shimadzu, Kyoto, Japan)
and a TSK gel G3000SW,, column (¢ 7-8 mm x 30 cm) in
50 mm phosphate, pH 55, including 300 mm NaCl, at a flow
rate of 0-5 ml/min. The effluent was monitored by measuring
the absorbance at 280 nm (A,,).

Amino acid composition and N-terminal amino acid
sequencing

The amino acid composition and the N-terminal amino acid
sequence were analysed using an amino acid analyser
(Aceq-Tagq; Waters, Milford, MA) and a protein sequencer

(PROCISE™ protein sequencer model 492; PE Biosystems,
Foster, CA), respectively.

Preparation of human plasma-derived FVIla
concentrate on a large scale

Human plasma-derived FVIla concentrate was prepared
using the following procedures in which the temperature was
kept at approximately 4 °C unless stated otherwise.

Preparation of vitamin K-dependent protein-rich
Sfraction

The ion-exchange chromatography method on Q-FF media
was used to prepare a vitamin K-dependent protein-rich
fraction from human cryoprecipitate-poor plasma. In brief,
3000 | of human plasma was applied to a Q-FF column (gel
volume, 200 1) equilibrated with 20 mm citrate (pH 8-0) con-
taining 0-1 m NaCl, and the bound fraction was eluted with
the same buffer, containing 0-5 M NaCl (Fig. 1). For prepara-
tion of this fraction from 15 000 | of plasma, the chromato-
graphic procedure was performed five times.

Purification of FVII

The cluted fraction was applied to an anti-FVII mAb-
immobilized gel column (o 25 ¢m x 2 em) equilibrated with
50 mum Tris-HCI (pH 8-0) containing 50 mm NaCl and 5 mm
CaCl,. The column was then washed extensively with the same
buffer, and the bound FVII fraction was eluted with 50 mm
Tris-HCl, pH 7-5, containing 10 mm EDTA. The anti-FVII

1 Cryoprecipitate-poor plasma

— (Q-Sepharose Fast Flow

' Vitamin K-dependent protein rich concentrate

[~ Anti-FVII monoclonal antibody-immobilized gel
FvIl
— Bemberg Microporous Membrane-15 nm

— DEAE-Sepharose Fast Flow

| FVIVFVIIa mixture

[ Full activation of FVII in the solution
FVIla

— Dialysis

— Fomulation and sterilization

— Vial-filling and lyophilization

" Dry-heat treatment at 65°C for 96 h

[ FVIla concentrate -|

Fig. 1 Flow diagram of the purification process of activated Factor Vila
(FVlla). See the text for details.
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mAb-immobilized gel was regenerated by successive wash-
ing with the following solutions: 20 mm Tris-HCl, pH 7-25,
containing 2 m NaCl; 6 m urea, pH 7-2, containing 1 m NaCl
and 1% Tween-80.

Nanofiltration of FVII
The eluted FVII fraction was nanohltered for virus elimina-
tion using BMM-15.

Partial conversion of FVII to FVila

Twenty-two  litres of nanofiltered FVII  fraction
(A, 40 = 0-280-0-290), yielding = 4-5 g of FVII from 15 000 |
of plasma, was applied to a DEAE-FF column (0 9 cm % 5 cm)
equilibrated with 50 mm Tris-HCl, pH 7-8, containing 30 mm
NaCl, at 10 °C. After washing with the same buffer, the
partially activated FVII was eluted with 50 mm Tris-HCl,
pH 7-8, containing 30 mm NaCl and 1-75 mm CaCl,, at a linear
flow rate of 4-8 em/min.

Full activation of FVII and preparation of FVila

For full activation of FVII in the mixture of FVIl and FVIla, the
eluate was incubated for 18 h at 10 °C. After incubation, the
EVlla preparation was dialysed against 20 mu citrate, pH 69,
containing 240 mm NaCl and 13 mm glycine, and the dialysed
FVIla was frozen and stored at —60 °C.

Preparation of FVila concentrate

The frozen FVIla preparation was thawed in a water bath at
37 °C and human albumin was added to the solution to give
a final concentration of 2-5%. The albumin was pasteurized
in advance at 60 °C for 10 h. Around 12 000 U/ml of FVIla
solution was sterilized by using a filter (0-22 pm), and 2-5 ml
of FVIla was placed into glass vials. Lyophilization was per-
formed under the following conditions: freezing temperature
of the vials, < =35 °C; vacuum level, 30 mTorr; shelf temper-
atures for primary and secondary drying, 5 °C and 30 °C;
respectively. After lyophilization, the vials were stoppered
under vacuum with rubber stoppers and sealed with flip caps,
and they were further heated in a water bath at 65 °C for 96 h.

Virus-spiking test

To test the efficacy of removing viruses by immunoaffinity
chromatography, a virus solution containing sindbis virus
or poliovirus of sabin type 1 was added to the vitamin K-
dependent protein-rich fraction at a volume ratio of 1:9,
and the mixture was then applied to an anti-FVII mAb-

immobilized gel column (o 2-5 em x 2:0 cm). The validity of

the scale-down of immunoaffinity chromatography for the
spiking test was shown by determining the recovery and
purity of FVIIl in the eluate using SDS-PAGE analysis and
high-pressure gel-permeation chromatography with TSK
gel G3000 SWy,. The recovery and purity of FVII were

© 2003 Blackwell Publishing Ltd. Vox Sanguinis (2003) 84, 54-64
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comparable to those of FVII in the manufacturing process (data
not shown). Virus titre in an eluted fraction was determined
by a titration method using tissue culture. In the nanofiltration
process of FVII, porcine parvovirus (PPV), poliovirus, Japa-
nese encephalitis virus (JEV), cytomegalovirus (CMV), or
bovine viral diarrhoea virus (BVDV) was added to the FVII
fraction at a volume ratio of 1 : 9, which was eluted from
anti-FVII mAb-immobilized gel, and the mixture was then
applied to BMM-15 (30 em?). To investigate the effect of dry-
heating ol FVIla on the inactivation of possible contaminant
viruses, human immunodeficiency virus (HIV), poliovirus,
CMYV, or BVDV were added to the FVIla preparation at a volume
ratio of 1 : 9, Furthermore, the mixture was lyophilized
by methods similar to those employed in the large-scale
process (e.g. glass vial, rubber stoppers, flip caps, filled volume,
temperature for freezing, vacuum level, shelf temperatures
for primary and secondary drying) and the lyophilized
samples were heated in a water bath at 65 °C for 96 h. Titration
of the viruses was performed by measuring the median (50%)
tissue culture infective dose (TCID,,/ml) or plaque-forming
units (PFU/ml). HIV was titrated using the cytopathic effect
to the SKT-1B cell line, as previously described [18]. The
removal efficacy of the spiked viruses was estimated by com-
paring virus titres or total virus titres (TCID,, or PFU/ml
% volume) in the samples between pre- and postprocedures,
and the logarithm reduction value (LRV) was calculated.
In this study, prior to the virus elimination test, we ana-
lysed the effect of the vitamin K-dependent protein-rich frac-
tion and FVII solutions on the titre of the spiked viruses. The
results showed that all of the spiked viruses were detected in
cach solution without significant loss of the virus, indicating
that these solutions did not contain neutralizing antibodies
against the spiked viruses (data not shown). Virus-spiked solution
was subjected to the processes after filtration through a
sterile Rilter (0-45 pm).

Preparation of asialo FVIla

To prepare asialo FVlla lacking sialic acid, neuraminidase
(6 U) was added to the purified FVIla (75 mg), and the
mixture was incubated at 37 °C for 10 h, as previously
described [19]. The digested FVIla was then applied to an
anti-FVII mAb-immobilized Sepharose Fast Flow column
(0 1:5 em % 6:0 cm) to purily the asialo FVIla. The sialic acid
content of FVIla and asialo FVIlla was quantilied using the
thiobarbituric acid method [20].

Results

Preparation of human plasma-derived FVII

Human plasma-derived FVII was highly purified by immu-
noaflinity chromatography from cryoprecipitate-poor plasma
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using anti-FVII mAb-immobilized gel (Fig. 1). The purified
FVII gave a single band under non-reducing conditions and
had > 90% purity, as judged from the SDS-PAGE analysis
(see Fig. 4a, lane 1). The specific activity of purified FVII was
18 U/ug and the activated form (FVIla) in the FVII prepara-
tion measured using soluble tissue factor was less than 1-50.
FX and FIX antigens were not detected in the FVII solution
by ELISA (< 01 ng/ml), and prothrombin was also undetect-
able in a one-stage clotting assay using prothrombin-
depleted plasma (data not shown).

Optimization of full activation of FVII on a small
scale and characterization of FVIla

To obtain a high yield of FVIla on the production scale, it was
essential to optimize the conversion process of zymogen
FVII to the active form of FVIla. Therefore, we first tried to
optimize the activation condition of FVII on a small scale

using anion-exchange chromatography, because Bjoern
et al. [11] had reported previously that rFVII was autocatalyt-
ically activated to rFVIla on an anion-exchange column.
Seventy-five millilitres of the purified FVII  solution
(A, = 0:260) was applied to a DEAE-FF column (o
0-5 cm % 5 ¢m) and, after washing the column, the bound
FVII was eluted with Tris buffer (containing CaCl,) at differ-
ent flow rates. The eluted FVII was immediately mixed with
500 mm acetic acid, pH 3-0, at a volume ratio of 9 : 1, in order
to stop further activation. To determine the activation rate of
FVII, the eluate was then subjected to SDS-PAGE. As shown
in Fig. 2(a), 70% and 60% of FVII were activated to FVlla,
which consists of two chains (heavy and light chains), when
FVII on a DEAE-FF column was eluted at a linear flow rate
ol 2 and 3 em/min, respectively, and the activation rate of
FVII decreased at a relatively high flow rate, indicating that
the linear flow rate at elution determines the degree ol FVII
activation. In addition, a trace of Gla-domainless (GD-less) FV1I/

(a) 1% 3 4 M 5 6 7 B
kDa
M -
IV g e = T
GD-less FYIFVIIa —9= 43 -
A . i e~ FVIIa H-chain
il - ~=— ['VIIa L-chain
)
144
(h) 100 ~
7 = 804 _
-
o2
S5 60
- ~
e =
o=
= > 1
=z 40
=
B
- 2]
E 20
0 -J T T T
2 3 4 5 6

Linear flow rate (em/min)

Fig. 2 Partial activation of Factor Vila (FVlla) on small-scale anion-exchange chromatography. (a) Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS~PAGE] analysis of FVlla under non-reducing (lanes 1-4) and reducing (lanes 5-8) conditions, After nanofiltration using the Bemberg Microporous
Membrane-15 nm, 75 ml of the filtrate (A,,, = 0:260) was applied to a DEAE-Sepharose Fast Flow (s 0:5 cm % & em) column at 10 °C. After washing with 10
column volumes of equilibration buffer (50 mu Tris=HCI, pH 7-8, containing 30 mu NaCl) at a linear flow rate of § em/min, proteins were eluted with the buffer,
containing 1-75 mm CaCl,, at different lincar flow rates. Panel (a) shows the results of SDS-PAGE analyses (12:5% acrylamide): lanes 1 and 5, 2 em/min; lanes 2
and 6, 3 em/min; lanes 3 and 7, 4 em/min; lanes 4 and 8, 5 emfmin; lane M, molecular mass markers, (b) Quantification of FVlla and Gla-domainless (GD-less)
FVIlafFVIL The generation of FYlla and GD-less PYliafFVIL was quantified by densitometry of the light (25 kDa) and heavy (35 kDa) chains observed after SDS-
PAGE under reducing conditions, and of GD-less FVIlafFVII (47 kDa) under non-reducing conditions. The generation of FVlla (grey column) is expressed as a

percentage ratio of the sum of light and heavy chains, and GD-less FVlla/FVIl (black column) is expressed as a pereentage ratio of the 47 kDa band. Note that

the two experiments were performed independently.

© 2003 Blackwell Publishing Ltd. Vox Sanguinis (2003) 84, 5464

This material was copied

st the NLM and may be

Subject US Copyright Laws Ex. 1002
000005 LFB v. Novo Nordisk

IPR2017-00028



FVIla, which were cleaved in the light chain, also appeared
during this activation procedure (see Fig, 2a). Generation of
these degradation products, however, could be controlled by
suppressing FVII activation to = 500, because GD-less FVIIfFVIla
were generated when > 60% of FVII was activated (Fig. 2b).

Second, 1o optimize full activation of the residual FVII
in the mixture of FVIl and FVIla, the mixture was further
incubated in the presence of 1:75 mm CaCl, for 20 h at 10 °C
without an anion exchanger or other activators. As a result,
partially activated FVII solution (total protein concentration
of FVILa/EVII mixture, 1-5 mgfml), in which 25% of FVII had
been activated in advance, was converted to FVIla by incuba-
tion in a time-dependent manner, and completely activated
at 20 h without further degradation products (Fig. 3).

Finally, to characterize the biochemical properties of the
FVIla oblained, N-terminal amino acid sequence analysis of
the heavy and light chains in FVIla, and amino acid compo-
sition analysis of the FVIla, were performed. As a result, two
bands on SDS-PAGE that corresponded to the heavy chain in
FVIla had the sequence 1'"'VGGK, while two bands of the
light chain had the sequence A'NAFL. Furthermore, the
amino acid composition of FVIla was in good agreement with
that of FVIla deduced from the cDNA of FVII [21].

Next, to examine the effect of sialic acid residues on the
broad bands of heavy and light chains of FVIla in SDS-PAGE
under reducing conditions (see Fig. 2a, lanes 5-8), FVIla was
treated with neuraminidase, and asialo FVIla was purified
by immunoallinity chromatography. This neuraminidase
treatment released an average of 6 moles of sialic acid per
mole of FVIla - comparable to that of a previous report [22].

Large-scale production of Factor VIla 59

In addition, two broad bands of the heavy and light chains
of FVIla in SDS-PAGE under reducing conditions shifted to
bands with high mobility after neuraminidase treatment
(data not shown). Also, asialo FVIla repurified with mAb-
immobilized gel had the same specific activity as that of

80C'

>
S E

[
—

Residual FVII content (%)

0 5 10 15 20 25

Incubation time (h)

Fig. 3 Full activation of residual Factor VI [FVI1) in the mixture of FVIL and
activated PVIL[FVITa). To optimize full activation of FVILin the mixture of PV
and Flla, the FVila solution was mixed with the FVIl solution at a ratio of
25%, and the mixture, at a total protein concentration of 1-5 mgfml, was
then incubated at 10 °C for 20 h. The residual VIl content (% of the ratio of
FVIl and Vi) in the mixture was determined at incubation times by
densitometry on SDS-PAGE, under reducing conditions, as described in the
legend for Fig. 2.

Table 1 Recovery of activated Factor Vila (FVila)
from large-scale production Step

Cryoprecipitate-poor plasma

0-FF
mAb-immobilized gel
BMM-15

DEAE-FFffull activation®

Dialysis
Post heat-treatment

Specific activity (U/mg)" FVII antigen recovery (%)"

0:022 + 0002 (n = 50) 100
0-85 - 0:05 [n = 50) 70 32 (n = 50)
1830 £ 130 (n = 50) 60 + 2:5 (n = 50)
2330+ 210 (n = 5) 58431 (n=15)
40300 + 3500 (n = 5) 39421 (n=5)
42000 + 2140 [n = 5) B+12(n=15)
470 + 49" (n = 5) 6+ 21 (n=5)

Values are denoted as the mean value + standard deviation [SD), with the number of samples (a) in

parenthesis.

“FVIl and FVIla activities were measured using the prothrombin time (PT) method with FVIl-depleted

plasma, and protein content was calculated as the average extinetion coefficient of 10 (mgfml)-1 em

at 280 nm through the Q-Sepharose Fast Flow (Q-FF) fraction, while in subsequent steps, the extinction
coefficient of 1-4 (mgfml)-1 cm at 280 nm was used [22].

"Recovery of FYila or FVIl was calculated as FVIl antigen recovery, as measured by using enzyme-linked

immunosorbent assay (ELISA).
"After partial activation of FVII using DEAE Sepharose Fast Flow (DEAE-FF), FVII/FVIIa mixture was fully

activated in the solution.

YHeat treatment (65 °C for 96 h) was performed after lyophilization of FVlla solution (= 12 000 U/ml)
including 2:5% human serum albumin. FVI1 activity was determined after reconstitution by water (see
the Materials and methods).
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non-neuraminidase-treated FVIla in the PT assay. This result
suggests that the heterogeneities of the heavy and light chains,
detected by SDS-PAGE analysis, were caused by differences
in the sialic acid content of the FVIla.

Large-scale preparation and characterization of
FVlla

To prepare FVIla on a large scale, alter the nanofiltrated FVII
fraction was partially activated on a DEAE-FF column, the
eluted FVII/FVIla mixture was fully activated in the solution
and the FVIla obtained was finally dialysed against filling
buffer. As shown in Table 1, the mean recovery of FVIl antigen

after activation of FVII, and the specific activity of the
obtained FVIla, were 39% and = 40 000 U/mg, respectively.
Leakage of anti-FVIl mAb from the immunoaffinity gel was
not detected in the FVIla preparation (< 0-25 ng/ml). High-
pressure gel-permeation chromatography of FVlla demon-
strated that FVIla was 97% pure (data not shown), which was
consistent with results obtained of the SDS-PAGE under
non-reducing conditions (see Fig. 4a, lane 7). SDS-PAGE
analysis of FVIla under reducing conditions showed four
bands derived from presumably degradation products, as
well as intact heavy and light chains of FVIla, although these
bands were very minor (see Fig. 4a, lane 14). The N-terminal
amino acid sequence analysis of these bands had the

(a) kDa 1234567 M 8 91011121314
9% -
FVIl/ — 67 T 111171 @ s o, - FVII
FVIia 4 -
30 e @@ —= FVIla-H chain
WEWEM <= pypa-L chain
20
4 I''VGGK
< GMATAL
o = KI6VGDS
144 'VGGK
(bh) ] S-S _|
FVIla NI Jc NI ¢
1 152 153 406
l 4 N
FVIIap N lc NI ] 1 il [ .
1 151 18 315 316 406
[ S 55
FVIlay N jCc N T 11 ] C
1 152 153 290 291 406

Fig. 4 Preparation of activated Factor VIl (FYila) on a large scale. (a) Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis of Flla.
The FVila solution was prepared on a large scale, as described in the Materials and methods, After the column was washed with a buffer (50 mu Tris-HCI, pH7-8,
containing 30 mu NaCl), protein was eluted with the same buffer containing 1-75 mu CaCl,. The protein concentration of the eluted fraction was adjusted Lo
15 mg/ml, and the protein was incubated in solution for 18 h. After full activation, FVIla was dialysed against a filling buffer (20 mu citrate, pH 69, containing
13 mu glycine and 240 mu NaCl). The FYlla thus obtained was subjected to SDS-PAGE (acrylamide concentration of 12:5%) under non-reducing (lanes 1-7)
and reducing (lanes 8-14) conditions. Lanes 1 and 8, before filtration using Bemberg Microporous Membrane-15 nm (BMM-15); lanes 2 and 9, after filtration
using BMM-15; lanes 3 and 10, before application onto a DEAE-Sepharose Fast Flow (DEAE-FF) column; lanes 4 and 11, fraction eluted from the DEAE-FF
column; lanes 5 and 12, after incubation for 3 h; lanes 6 and 13, after incubation for 18 h; lanes 7 and 14, after dialysis; lane M, molecular mass markers. Four
minor bands with molecular weights of 18 000, 17 000, 16 000 and 15 000 were observed in lanes 13 and 14, and the N-terminal sequence analysis indicated
that these bands have the sequence: '™VGGK, G™ ATAL, K*'"GDS, and I'"*'VGGK. (b) Schematic representation of intact FYlla, FVllaf} and FVllay.
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sequences of ["VGGK (18 kDa), G*'ATAL (17 kDa),
K*'®VGDS (16 kDa) and I'”?VGGK (15 kDa), indicating that
traces of FVIlaf} and FVllay are generated autocatalytically
in the FVIla preparation (see Fig. 4b).

Properties of FVIla concentrate

For manufacturing the FVIla concentrate, the lyophilized
FVIla was dry-heated in a water bath at 65 °C for 96 h. To
check the biochemical and biological properties of the FVIla

concentrate, the FVIla concentrate was dissolved in 5 ml of

water. Even when the FVIla concentrate was dry-heated, the
residual FVIla activity was retained at > 959%, indicating that
this dry-heating treatment had no significant effect on FVIla
activity. The mean moisture content of the FVIla concentrate
in the large-scale process was 1:91 £ 0-17% (i = 5), and the
contents of individual preparations ranged from 1-7-2- 100,
The components and properties of the FVIla concentrate are
summarized in Table 2. Furthermore, stability tests were
performed on the FVIla concentrate at 10 °C for 2 years;
it was found that the pH, solubility, moisture content and
FVIla activity in the FVIla concentrate did not change
during this time-period (data not shown). To further examine
the stability of FVIla activity in a solution, the solubilized
sample was kept at 25 °C for 24 h. There was no loss of FVIIa
activity.

The efficacy of removal and inactivation of spiked
viruses

Virus-spiking tests were performed to determine the efficacy
of removing spiked viruses by immunoaffinity chromatography
and BMM-15. For immunoaffinity chromatography, sindbis
virus (enveloped virus) and poliovirus (non-enveloped
virus) were added to vitamin K-dependent protein-rich
concentrate (see Fig. 1), and immunoaffinity chromato-
graphy was performed. After this chromatography, virus titres
and antigens in each sample were quantified, and an LRV was
determined. The results showed that most of the spiked
viruses were removed into the pass-through and washing

Table 3 Removal efficacy of spiked viruses by immunoaffinity chromatography

fractions, and the remaining small amount of viruses were
eluted with FVII and washed with a solution for regeneration
of the gel (2 m NaCl solution). LRVs for sindbis virus and
poliovirus were 4-4 and 2-8, respectively, indicating that a
high degree of reduction was obtained (Table 3). The efficacy
of removing poliovirus, JEV, BVDV and CMV, which have
different particle sizes, was tested in a nanofiltration process,
resulting in a high-elficacy removal of these viruses of
> 60, 3-3, 3:5 and 3-1 LRV, respectively (Table 4). In this

Table 2 Components and propertics of activated Factor Vila (FVila)
coneentrate from large-scale production

Value

Component/vial

Glycine 25 my

Sodium chloride 35 mg

Citrate 30 mg

Human serum albumin 62-5 mg
Property

Reconstitution volume 5ml

Reconstitution time < 1 min(n=5)

pH 70401 (n=5)

FVII activity 5900 + 610 Ufml (n = 5)
Moisture content 191 £ 0:17% (n = 5)

Murine antibody” Not detected (n = 5)
HCV antibody® Not detected (n = 5)
HIV antibody” Not detected (n = 5)
HBsAg" Not detected (n = 5)
Safety Sterile and non-pyrogenic (n = 5)

Values are denoted as the mean value £ standard deviation (SD), with the
number of samples in parentheses.

Murine antibody was measured by using an enzyme-linked immunosorbent
assay (ELISA) (see the Materials and methods).

"Hepatitis C virus (HCV) antibody was measured by using a particle-
agglutination test kit (Ortho HCV Ab PA test I1).

“Human immunodeficiency virus (HIIV) antibody was measured by using an
enzyme immunoassay (EIA) kit (AXSYM®: Dinabot).

“Hepatitis B surface antigen (HBsAg) was measured by using a
radioimmunoassay kit (AUSRIA® II; Dinabot).

Total virus titre”

Pre-application (A) Pass-through and washing Effluent (B) Regeneration | Regeneration Il LRV" log (A/B)

Sindbis virus 10" 1077
Poliovirus 107 1059

10'.1!! Tn'.l-l
IG]I’- 103-!

< 10%? 44
< 10% 28

Al the first and second regeneration steps, two solutions were employed: 20 mm Tris=HCI, pH 7:25, containing 2 m NaCl; and 6 m urea, pH 7-2, containing 1 m

MNaCl and 1% Tween-80.

Total virus titre is expressed as the 50% tissue culture infective dose {TCID,,)/mi > volume [ml).

"LRV, logarithm reduction value.
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Table 4 Removal efficacy of spiked viruses by

Total virus titre"

Virus (particle size)” Prefiltration (A)

Postfiltration (B)

nanofiltration (using Bemberg Microporous

m;s} Membrane-15 nm)

PPV (18-26) 10! =107 > 46
Poliovirus [25-30) 10%% < 108 > 60
JEV (40-50) 10°% < 10** >33
BVDV (46-57) 105 =107 =35
CMV (150-200) 1057 < 10" > 31

“Total eytomegalovirus (CMV) titre is expressed as plague-forming units (PFU)/ml » volume (ml), and
other titres are expressed as 5000 tissue culture infective dose (TCID ) ml % volume (ml).

particle sizes of the viruses are shown as the diameter (in nm).
LRV, logarithm reduction value.

BVDV, bovine viral diarrhoea virus; JEV, Japanese encephalitis virus; PPV, porcine parvovirus.

Table 5 Inactivation of spiked viruses by dry-heat treatment at 65 °C

Total virus titre”

(B) Pust;

(A) Pre- Post-
Virus lyophilization  lyophilization  Time course heat-treatment LRV log (A/B)
My 107 10" <10 (16h) <10"7(32h) <10°7(64h) < 10" (96h) <107 > 40
HIV 107° 1080 =10 (12h) <10°%(48h) < 10°°(48 h) <10 > 65
BVDV 0% 10" =10°%(12h) =10°%(24 h) < 10" (96 h) <10 > 43
Poliovirus 1052 10" =10°*(16h) <10°°(32h) <10""(64h) =10°"(96h) < 10"* > 57
PPV 10° 10% 10 (24h) 10" (@8h) 107 (72h) 10 (96 h) 10" 22

“Cytomegalovirus (CMV) titre is expressed as plague-forming units (PFU)/mI and the other titres are expressed as 509 tissue culture infective dose (TCID,)/ml.

"LRV, logarithm reduction value.

BVDV, bovine viral diarrhoea virus; HIV, human immunodeficiency virus; PPV, porcine parvovirus.

virus-elimination system, the LRV of PPV, which has the smallest
particle size (0 18-26 nm), was also > 4-6 LRV (Table 4).
Furthermore, the efficacy of inactivating spiked viruses by dry-
heating at 65 “C for 96 h was examined using several viruses,
including CMV, HIV, BVDV (a model virus of hepatitis C),
poliovirus and PPV, which have different degrees ol heat
resistance, The moisture content of the lyophilized product
for the spiking test was < 1-7%, which was slightly lower
than the moisture content of the FVIla concentrate in the
large-scale process. Furthermore, the residual FVIla activity
alter dry-heating was > 95%, and this recovery rate was the
same as that of the production-scale process. These results
demonstrate the validity of the scale-down for the virus-
spiking test, and indicate that the efficacy of the inactivation
of the virus by dry-heating would not be overestimated. The
inactivation efficacy of these spiked viruses, except for PPV,
was > 4:0 LRV (Table 5). In conirast, PPV was not sufficiently

inactivated by dry-heating treatment. However, in view ol

the efficacy of removing PPV by nanofiltration, our FVIla

concentrate would be extremely safe, even though the dry-
heating process was less effective for inactivation of PPV
than for other viruses (Tables 4 and 5).

Discussion

rFVIla is currently used to control bleeding episodes in
patients with hacmophilia A or B who have inhibitory anti-
bodies against FVII or FIX, and the usefulness ol rFVIla as a
haemostatic agent has been recognized [6]. Plasma-derived
FVlla concentrate, however, which is prepared on an indus-
trial scale from human plasma, is not yet available for clinical
use for haemophiliacs with antibodies to FVIII and FIX. To
safely provide such patients with FVIla coneentrate, the fol-
lowing critical issues had to he addressed:

(1) establishment ol a large-scale manufacturing process
of plasma-derived FVIla concentrate, by which FVIIa can be
obtained from human plasma with high yicld and recovery;
and
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(2) ensure the safety of FVIla concentrate by detailed char-

acterization of its biochemical and biological properties,
and use of a virus-spiking test.
Therefore, we first attempted to establish a large-scale
process for manufacturing I'VIla concentrate using human
cryoprecipitate-poor plasma as a starting material. As shown
in Table 1, we obtained 4-5 g of purified and nanofiltered
FVII preparation [rom 15 000 | of human plasma using this
manufacturing process, which corresponded to 58% recov-
ery. Alter activation of FVII and dialysis, FVIla was finally
prepared at 38% recovery (Table 1). In our procedure for
FVIla preparation, the specilic activity of the purified FVIla
was 40 000 U/mg (Table 1), comparable to values reported
previously [23,24]. FVIla was lyophilized and dry-heated at
65 °C for 96 h. There was no significant loss of FVlla activity
during these processes.

The activation process of FVII is important for obtaining a
high yield through the whole process. Full activation of FVII
on the anion-exchange resin, however, promoted the gener-
ation of GD-less FVII/FVIIa (Fig. 2a, 2b). To avoid this, the
activation process was divided into two steps. In the first,
50% of FVII was activated to FVIla on a gel, and in the next,
the remaining FVII was fully activated in solution. Through-
out those steps, FVII was completely activated to FVIla. Sakai
et al. [25] previously reported that GD-less rFVIla was spon-
taneously generated from rFVIla in EDTA solution, presum-
ably mediated via autodigestion of FVIla between K and L*
in the light chain. In our experiment, GD-less FVIla was also
generated in solution, without phospholipid, in < 0-5 mm
Ca” (data not shown). Therefore, to avoid generation of GD-
less FVILa/FVIL, the mixture of FVII and FVIla was incubated
in solution containing CaCl, at > 1 mm. It was previously
reported that excessive digestion of rFVIla with activated FX
or FIX yielded degradation products such as rFVIla$ and
rEVIlay, which were cleaved at the peptide bonds of R*'*-K*'®
and R*-G*!| respectively [26]. Our plasma-derived FVlla
also had minor bands with a molecular mass of 15-18 kDa,
which was a lower mass than that of the light chain of FVIIa,
N-terminal amino acid sequence analyses of these bands
further demonstrated that they resulted from degraded FVIla
molecules (FVIIaf and FVlay) (see Fig. 4a, lane 14, and
Fig. 4b).

Next, to ensure the salety of plasma-derived FVIla, we first
had to demonstrate no or only a low possibility of transmis-
sion ol contaminating viruses from our FVIla product. There-
fore, we introduced three steps into our process to effectively
eliminate and inactivate these viruses. As shown in Tables 3,
4 and 5, the virus-spiking tests clearly demonstrated that our
process, which consists o immunoalfinity chromatography,
nanoliltration (15 nm) and dry-heating, effectively removed
and inactivated every test virus, except [or PPV in dry-heating,
In the present study, we used PPV as a test virus for human
parvovirus B19 and evaluated the efficacy ol our process for
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removing and inactivating this virus. Nanofiltration of

FVII was very useful for removing PPV, although this virus
has a high resistance to dry-heating (see Tables 4 and 5).
In Japan, each unit of donated plasma (resource materials
of FVIla concentrate) is currently tested using the receptor-
mediated haemagglutination (RHA) method to detect human
parvovirus B19 antigen [27]. Thus, our manufacturing proc-
ess for FVIla concentrate has the potential to decrease the risk
of parvovirus B19, as well as other viruses. Furthermore, we
confirmed that the leakage of mouse IgG in the FVII prepa-
ration from the immunoalfinity resin can be removed by
DEAE-FF chromatography to the pass-through fraction and
the mouse 1gG was not detected (by using ELISA) in the eluate
of DEAE-FF or the FVIla concentrate (see Table 2).

In summary, we have established a procedure for the large-
scale production of highly purified FVIla from cryoprecipitate-
poor plasma, with both high recovery and safety. The present

method could be useful for the large-scale preparation of

plasma-derived FVIIa and may improve the efficient utiliza-
tion of plasma. Thus, it appears that this process makes it poss-
ible to provide haemophilia patients with inhibitory antibodies
against FVIIl and FIX with sufficient FVIIa concentrate to
control their bleeding episodes.

Acknowledgements

We would like to thank Drs Takayoshi Hamamoto, Yuichi
Kamikubo, Hidenori Kobayashi and Sachio Tokiyoshi of
KAKETSUKEN (Kumamoto, Japan) for their helpful discus-
sion. We would also like to thank Mr Timothy Corrigan of
KAKETSUKEN for special assistance in reviewing the text. We
gratefully acknowledge Dr Sadaaki Iwanaga for invaluable
suggestions regarding our research and review of the text,

References

I Sjamsoedin LJ, Heijnen L, Mauser-Bunschoten EP, van
Geijlswijk JL, van Houwelingen H, vamn Asten P, Sixma J1J: The
effect of activated prothrombin-complex concentrate (FEIBA) on
joint and muscle bleeding in patients with hemophilia A and
antibodies to factor VI A double-blind clinical wial. N Engl 1
Med 1981; 305:717-721

Lusher UM, Blatt PM, Penner JA, Aledort LM, Levine PH,
White GC, Warrier Al, Whitchurst DA: Autoplex versus proplex:
A controlled, double-blind study of effectiveness in acute
hemarthroses in hemophiliacs with inhibitors 10 factor VIIL. Blood
1983; 62:1135-1138

Fukui H, Fujimura Y, Takahashi Y, Mikami S, Yoshioka A:
Laboratory evidence of DIC under FEIBA treatment of a hemophilic
patient with intracranial bleeding and high titre factor VIII
inhibitor. Thromb Res 1981; 22:177-184

Mizon P, Goudemand J, Jude B, Marey A: Myocardial infarction
alter FEIBA therapy in a hemophilia-B patient with a factor 1X
inhibitor. Ann Hematol 19925 64:309-1311

N

o

-~

Thiz material was copied

atthe NLM and may be Ex. 1002
e LFB v. Novo Nordisk
IPR2017-00028



64

K. Tomokiyo ef al.

%,

9

w

o

Lusher JM, Roberts HR, Davignon G, Joist JH, Smith H, Shapiro A,
Laurian Y, Kasper CK, Mannueci PM: A randomized, double-
blind comparison of two dosage levels of recombinant factor
Vlla in the treatment of joint, muscle and mucocutancous
haemorrhages in persons with haemophilia A and B, with and
without inhibitors. rFV1lla Study Group. Haemophilia 1998; 4:790-
798

Hedner U: Recombinant activated factor VII as a universal
haemostatic agent. Blood Coagul Fibrinolysis 1998; 9:5147-5152
Monroe DM, Hoffman M, Oliver JA, Roberts HR: A possible

mechanism of action of activated factor VII independent of

tissue factor. Blood Coagul Fibrinolysis 1998; 9:515-520
Hedner U, Bjoern S, Bernvil SS, Tengborn L, Stigendahl L:
Clinical experience with human plasma-derived factor Vlla in
patients with hemophilia A and high titer inhibitors. Haemo-
stasis 1989; 19:335-343

Imamura M, Hata M, Nomura K, Nakagaki T, Mimaki [, Terano T,
Funatsu A: Characterization of frecze-dried human activated
coagulation factor VIl concentrate (MC-7). Clin Report 1996;
30:315-326

Tomokiyo K, Teshima K, Nakatomi Y, Watanabe T, Mizuguchi J,
Nozaki C, Nakagaki T, Miyamoto S, Funatsu A, Iwanaga S: Induc-
tion of acquired factor IX inhibitors in cynomolgus monkey
(Macaca fascicularis): A new primate model of hemophilia B.
Thromb Res 2001; 102:363-374

Bjoern S, Thim L: Activation of coagulation factor VII to Vlla.
Res Disclosure 1986; 269:564-565

Pedersen AH, Lund-Hansen T, Bisgaard-Frantzen H, Olsen F,
Petersen LC: Autoactivation ol human recombinant coagulation
factor VI Biochemistry 1989; 28:9331-9336

Neuenschwander PF, Morrissey JH: Deletion of the membrane

anchoring region of tissue factor abolishes autoactivation of

factor VII but not cofactor lunction. Analysis of a mutant with a
selective deficiency in activity. J Biol Chem 1992; 267:14477-
14482

Sugo T, Mizuguchi J, Kamikubo Y, Matsuda M: Anti-human
[actor 1X monoclonal antibodies specific for caleium fon-induced
conformations. Thromb Res 1990; 58:603-614

March SC, Parikh I, Cuatrecasas P: A simplified method for
cyanogen bromide activation of agarose for alfinity chromato-
graphy. Anal Biochem 1974; 60:149-152

20

2

22

23

24

26

2

-1

Orthner CL, Ralston AH, Gee D, Kent R, Kolen B, McGriff JD,
Drohan WN: Large-scale production and properties of
immunoalfinity-purified human activated protein C concentrate,
Vo Sang 1995; 69:309-318

Laemmli UK: Cleavage ol structural proteins during the assembly
of the head of bacteriophage T4, Narure 1970; 227:680-685
Koito A, Shirono K, Suto H, Matsushita S, Hattori T, Takatsuki K:
Evaluation of the safety of blood products with respeet to human
immunodeficiency virus infection by using an HTLV-1-infected
cell line (SKT-1B). Jpn J Cancer Res 1987; 78:365-371
Bharadwaj D, Harris RJ, Kisiel W, Smith KJ: Enzymatic removal
ol sialic acid from human factor IX and factor X has no effect on
their coagulant activity. J Biol Chem 1995; 270:6537-6542
Warren L: The thiobarbituric acid assay of sialic acids. J Biol
Chem 1959; 234:1971-1975

O’Hara PJ, Grant FJ, Haldeman BA, Gray CL, Insley MY, Hagen FS,
Murray MJ: Nucleotide sequence of the gene coding for human
factor VII, a vitamin K-dependent protein participating in blood
coagulation. Proc Natl Acad Sei USA 1987; 84:5158-5162
Thim L, Bjpern S, Christensen M, Nicolaisen EM, Lund-Hansen T,
Pedersen AH, Hedner U: Amino acid sequence and posttransla-
tional modifications of human factor Vila from plasma and
transfected baby hamster kidney cells. Biochemistry 1988;
27:7785-7793

Broze GJ Jr, Majerus PW: Purification and properties of human
coagulation factor VIL J Biol Chem 1980; 255:1242-1247

Bajaj SP, Rapaport SI, Brown SF: Isolation and characterization
ol human factor VII. Activation of factor VII by factor Xa. J Biol
Chem 19815 256:253-259

Sakai T, Lund-Hansen T, Thim L, Kisiel W: The y-carboxyglutamic
acid domain of human factor Vila is essential for its interaction
with cell surface tissue factor. J Biol Chem 1990; 265:1890 -
1894

Nicolaisen EM, Thim L, Jacobsen JK, Nielsen PF, Mollerup I,
Jorgensen T, Hedner U: FVIla derivatives obtained by autolytic
and controlled cathepsin G mediated cleavage. FEBS Lett 1993;
317:245-249

Wakamatsu C, Takakura F, Kojima E, Kiriyama Y, Goto N,
Matsumoto K, Oyama M, Sato H, Okochi K, Maeda Y: Screening
of blood donors for human parvovirus B19 and characterization
of the results. Vo.r Sang 1999; 76:14-21

© 2003 Blackwell Publishing Ltd. Vox Sanguinis (2003) 84, 54-64

This material was copied

atthe NLM and may be

Subject US Copyright Laws

000011

Ex. 1002
LFB v. Novo Nordisk
IPR2017-00028



— " == e e

Vox sanguinis.{iM)

v. 84, no. 1 {(Jan. 2003)
General Collection
W1 Vo887

2003-02-21 9E8EE58

- VOX danguinis

The International Journal
of Transfusion Medicine

Vox Sanguinis

Z=]  PROPERTY OF THE

— | NATIONAL
LIBRARY OF
wdEl  MEDICINE




Vox Sanguinis

International Journal of Blood Transfusion

Official Journal of the
International Society of Blood Transfusion

Vox Sanguinis has a world wide web site at:
http:/fwww.blackwellpublishing.com/vox

Editor-in-Chief
M. Contreras, London (UK)

Section Editors

Transmitted Discase and its Prevention

P Flanagan, Auckland (New Zealand)
Blood-Companent Collection & Production
1. Krusius, Helsinki (Finland)

Translusion Medicine and New Therapies
J. Aubuchon, New Hampshire (USA)
Immunchacmatology € Immunogenctics
W.R. Mayr, Viemna (Austria)

International Forum Editors
H.W. Reesink, Amsterdam (NL)
C.P. Engelfriet, Amsterdam (N1)

Editor Reviews
LP. Allain, Cambridge (UK)
A. Brand, Leiden (NL)

Text Editor
D.W. Huestis, Tucson, Arizona (USA)

Foundation Vox Sanguinis (founded 1987)
X Leikola, president, Helsinki (Finland)
W.G. van Aken, vice-president, Amsterdam (NL)

Production Editor
George Reid e-mail: vox@blacksci.co.uk

Founded 1956 by J.J. van Loghem, LP. Hollinder, J. Dausset,
A, Hiissig and J. Julliard (formerly Bulletin of the Central Laboratory
of the NRC Blood Transfusion Service, founded 1951)

Past editors-in-chiel;

J.Jvan Loghem, 1956-1960;

W.H. Croshy, 1960-1963 (N. and 5. America);

L.P. Holliinder, 1960-1970 (Europe):

ILH. Allen, 1963-1977 (N. and S. America);

M.G. Davey, 1970-1980 (Africa, Asia and Australia);
N.R. Rose, 1977-1980 (N, and S. America);

C.P. Engeliriet, 1977-1996

Vo Sanguinis is covered by Biol. Absir., Chent. Abstr., CABS,
Current Contents/Life Sciences, EMBASE, Immunol. Absir.,
Index Medicus, Science Citation Index, SCISGARCH.

Aims and scope

Vour Sanguinis reports on important, novel developments in transfusion medicine.
Original papers, reviews and international fora are published on all aspects of
blood transfusion and tissue transplantation, comprising four main sections:

I Transfusion-Transmitted Discase and its Prevention ldentification and cpi-
demiology of infectious agents transmissible by blood; Bacterial contamination
ol blood components; Donor recruitment and selection methads; Pathogen
inactivation

Blood-Compaonent Collection and Production Blood collection methods and
devices (including apheresis); Plasma fractionation techniques and plasma deriv-
atives; Preparation of labile blood components; Inventory management; Hae-
matopoictic progenitor cell collection and storage; Collection and storage of
tissues; Quality management and goo:d manufacturing practice; Automation and
information technology

Transfusion Medicine and New Therapies Transfusion thresholds and audits;
Haemovigilance; Clinical trials regarding appropriate hacmotherapy; Non-
infectious adverse affects of transfusion; Therapeutic apheresis; Support of
transplant patients; Gene therapy and immunotherapy

Immunohacmatology and immunogenetics Autoimmunity in hacmatology:
Alloimmunity of blood; Pre-transfusion testing; Immunodiagnostics; Immun-
obiology; Complement inimmunohacmatology; Blood-typing reagents; Genetic
markers of blood cells and serum proteins: polymorphisms and function; Genetic
markers and disease; Parentage testing and forensic immunohaematology
This comprehensive coverage has made the journal essential reading for a wide range
ol specialists interested in the present state of transfusion rescarch and practice.

b

w

=

Subscriptions

Vor Sanguinis is published § times a year in 2003, Subscription prices for 2003
are: Institutional £362.00 (Europe), £399.00 (Overseas), $606.00 (Morth America).
Members of the ISBT can subseribe at £40.00 (Europe), £44.00 (Overseas] and
US570.00 (North America). Subscribers in Canada must add 7% to the subscrip-
tion price, to allow for GST. Subscribers in Europe must quote their VAT regis-
tration number or state that they are not registered. Subseribers in the following
countries who are not VAT-registered must add VAT at the appropriate rate:
Belgium (6% TVA [ BTW), France (2.1% TVA), Germany (7% MWST), Spain (4%
IVA), The Netherlands (6% BTW). Orders for current subscriptions and back
issues should be sent to Journal Customer Services, Blackwell Publishing Lid,
PO Box 1354, 9600 Garsington Road, Oxford 0X4 2XG, UK. Tel: +44 (0}1865
778315, Fax: +44 (0)1865 471775, hup:/{www.blackwellpublishing.com,
c-mail: customerservices@oxon.blackwellpublishing.com

Despatch

Vou Sanguinis is despatched within the UK by second-class post, within Europe by
air mail, and to other continents by various forms of air-speeded delivery, to the US
by air [reight for forwarding by sccond-class post®, to India by air freight for
guaranteed local delivery, and to all other countries by accelerated surface post. Add
to the cost ol a regular subscription £16.00/$24.00 for air mail delivery outside Europe.

Business Correspondence

All other business correspondence, including orders for offprints (offprinise
blacksci.co.uk] and advertising space  (advert@blacksci.co.uk] should be
addressed 1o Journal Customer Services, Blackwell Publishing Lid, PO Box
11354, 9600 Garsington Road, Oxford OX4 2XG, UK, Tel; +44 (0)1865 778315,
Fax: +44 (0)1865 471775, htip://www.blackwellpublishing.com, e-mail:
customerservices@oxon.blackwellpublishing.com

Copyright and Photocopying

2003 Blackwell Publishing Ltd. Authorization to photocopy items for internal
or personal use, or the internal or personal use of specilic clients, is granted by
Blackwell Publishing Ltd for libraries and other users registered with the Copy-
right Clearance Center (CCC) Transactional Reporting Service, provided that the
base fee of $15.00 per copy is paid direetly to CCC, 222 Rosewood Drive, Suite
910, Danvers, MA 01973, USA. This consent does not extend to other kinds of
copying such as copying for general distribution, lor advertising or promotional
purposes, lor creating new collective works or for resale. Special requests should
be addressed to the Editor, Vor Sanguinis. 1ISSN 0042-9007 f03/515.00,

Paper

The Publisher's policy is to use acid-frec permanent paper, to the dralt standard
1SO/DIS/9706, made [rom sustainable forests using chlorine-Iree pulp. The paper
used in this journal has an ECO-CHECK 4-star rating.

*Periodicals Class postage paid at Rahway NJ and additional mailing olfices.
Postmaster send address changes 1o Vor Sanguinis c/o Mercury Airfreight
International Inc., 365 Blair Road, Avenel NJ 07001 (US Mailing Agent), USA.

This material was copied
atthe NLM and may be Ex. 1002

Subject U%gss\ilgght Laws

LFB v. Novo Nordisk
IPR2017-00028





