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BACKGROUND OF THE INVENTION *G000O1*

The present invention relates to a method of producing a substantially-virus-inactivated protein-
containing composition from a protein-containing composition which may be contaminated with virus.

There is a possibliity that compositions containing human-blood-derived protein may be contaminated
with viruses, e.g., hepatitis virus and AIDS virus. - '

There are some known methods in which a protein-containing liquid composition is heated to prevent
transmission of these viruses (Unexamined Japanese Patent Application Laid Open Nos. 145615/1980
corresponding to USP 4,297,344 and EP Publication No. 18561; 139422/1981 corresponding to USP
4,440,679 and EP Publication No. 35204; and 106594/1981 corresponding to USP 4,361,652 and DE-
3102217).

Also known is a method in which a protein-containing dry compaosition is heated [Published Japanese
Translation of PCT Patent Application from Other Country (KOHYO) No. 500548/1983 corresponding to USP
4495278 and EP Publication No. 77355; Unexamined Japanese Patent Application Lald Open No.
213721/1983 corresponding to USP 4,556,558, EP Publication No. 171506 , WO 82/03871 and American J.
of Hematology 23, 295-305 (19886)].

Another method is known in which a protein-containing composition is brought into contact with trialkyl
phosphate to remove viruses (Unexamined Japanese Patent Application Laid Open No. 51116/1985
corresponding to USP 4,540,573 and EP Publication No. 131740).

However, highly heat resistant viruses may remain active through heat treatment and non-envelope
viruses may remain active through trialkyl phosphate freatment.

Also, conventional methods have been faulty in that the protein activity decreases during trialkyl
phosphate treatment.

. The object of the present invention is to provide a method of efficiently inactivating contaminant viruses
almost without spoiling the Protein activity and thus producing a phammaceutically safer protein-containing
composition. . :

SUMMARY OF THE INVENTION

To solve these subjects, the present invention provides a method for preparing a virus-inactivated
protein-containing composition, comprising the steps of:
(a) comacting a protein-containing liquid composition which may be contaminated with virus with a
trialkyl phosphate in the presence of a protease inhibitor; ’

(b) removing the trialkyl phosphate and the protease inhibitor from the protein- containing liquid composition

(c) lyophilizing the protein-containing liquid composition to obtain a dry protein-containing composition;
and
(d) heat-treating the dry protein-containing composition.

According to the present invention, a protein-containing composition wherein viruses were efficiently
Inactivated can be produced without spoiling the protein activity.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows time courses of the influence of surfactant treatment on the residual activity ratio of blood
coagulation factor VIIl: ~O-- represents data obtained in the absence of a surfactant; ~@-- represents data
obtalned in the presence of a surfactant.

Fig. 2 shows time courses of the influence of surfactant treatment on the residual activity ratio of blood
coagulation factor IX: --O-- represents data obtained in the absence of a surfactant; -@-— represents data
obtained in the presence of a surfactant. . . .

Fig. 3 shows time courses of the influence of EACA addition on the residual activity ratio of thrombin in
surfactant treatment: ____ represents data obtained in the absence of EACA;——-represents data obtained in
the presence of 1% EACA;~-tepresents data obtained in the presence of 2% EACA;-+- -+-represents data
obtained in the presence of 4% EACA; — — represents data obtained in the presence of 8% EACA.
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Fig. 4 shows time courses of the influence of arginin addition on the residual activity ratio of thrombin in
surfactant treatment:___ represents data obtained in the absence of arginin;-—represents data obtained in
the presence of 1% arginin;——represents data obtained in the presence of 2% arginin;-+- -+-represents
data obtained in the presence of 4% arginin;— — represents data obtained in the presence of 8% arginin.

Fig. 5 shows time courses of the influence of EACA addition on the residual activity ratio of fibrinogen in
surfactant treatment.

DETAILED DESCRIPTION OF THE INVENTION

There is no particular limitation posed on the protein to which the method of the present invention is
applied. Examples of such protein include plasma-derived proteins, proteins derived from other tissues and
proteins obtained by gene recombination or tissue culture. Specific examples of the protein include
plasminogen, blood coagulation factor V, blood coagulation factor VI, blood coagulation factor Vill, blood
coagulation factor IX, blood coagulation factor XilI, antithrombin (Hl, haptoglobin, thrombin, prothrombin,
immunoglobutin, fibrinogen, fibronectin, albumin, hemoglobin, interferon and plasminogen activator. The
proteln-containing liquid composition is not subject to particular limitation as fong as it contains a protein as
described above.

There is no particular limitation posed on the protein-containing liquid composition to which the method

-of the present invention is applied. Examples thereof include plasma or tissue extracts, solutions comprising

a fraction obtained by treating a plasma or tissue exiract by varlous fractionation methods, culture broths
obtained by culturing a gene recombinant host or tissue and commercially available protein preparations (in
a liquid form) or their solutions.

Also, tho degree of purification of the protein-containing liquid composition of the present invention in
contact with trialkyl phosphate is not subject to particular limitation; it is possible to apply the method of the
present invention to any degree of purification. Therefore, the composition may be brought into contact with
trialkyl phosphate at any step during protein separation and purification.

Although trialkyl phosphate treatment and heat treatment may precede or follow each other, it is

-preforable to conduct trialkyl phosphate treatment prior to the other.

The trialiyl phosphate used for the present invention is not subject to particular limitation, but it is
preferable to use tri-(n-butyl) phosphate, tri-(tert-butyl) phosphate, tri-(n-hexyt) phosphate, tri-(2-ethylhexyl)
phosphate, tri-(n-decyl) phosphate or the like. Tri-(n-butyl) phosphate (hereinafter referred to as TNBP) is

-especially preferable. It is also possible to use a mixture of two or more different trialkyl phosphates.

The trialky! phosphate for the present invention is used in an amount betweon 0.01 to 10 (wA)%,
preferably about 0.1 to 3 {(wA)%.

Trialkyl phosphate may be used in the presence or absence of a surfactant. It is preferable to use
trialkyl phosphate in combination with a surfactant. The surfactant may be added in any step before,
simultaneously with, or after the contact of trialkyl phosphate with the protein-containing liquid composition.
The surfactant functions to enhanoe the contact of the viruses in the protein-containing composition with

trialkyl phosphate.

Examples of the surfactant include polyoxyethylene derivatives of fatty acid; partial esters of anhydrous
sorbitol such as Polysorbate 80 (trade name : Tween 89, etc.) and Polysorbate 20 (trade name : Tween 20,

" etc.); and nonionic oil bath rinsing agents such as oxyethylated alkylphenol (trade name : Triton X100, etc.).

Examples also include sodium deoxycholate; Zwittergents, i.e., synthetic Zwitter ionic detergents known as

" sulfobetaine, such as N-dodecyl-N,N-dimethyl-2-ammonio-1-ethanesulfonate and its homologues; and non-

lonic detergents such as octyl-g,D-glucopyranoside.

When using a surfactant, it is not added in a critical amount; for example, it may be used at ratios
between about 0.001% and about 10%, preferably between about 0.01% and 3%. .

Trlalkyl phosphate treatment is especially valuable for the inactivation of envelope-coated viruses, such
as hepatitis B virus, non-A non-B hepatitis virus, human immunodeficiency virus (HIV), Vesicular Stomatitis
virus, Sindbis virus, etc. It is also possible to inactivate heat resistant viruses by heat treatment in a dry
state for a sufficient time.

In the present invention, trialkyl phosphate treatment of the protein-containing composltlon is carried out
at -5°C to 70°C, preferably 0°C to 60°C for more than 30 minutes, preferably 1 to 30 hours, more
pteferably 3 to 10 hours.

The trialkyl phosphate treatment is carried out in the presence of a protease mhnbltor to -
prevent protein activity reduction.

There is no particular limitation posed on the protease inhibitor as long as it is a substance which
substantially inhibits protease activity. Examples of such substance include basic amino acids such as -
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aminocaproic acid (EACA), lysine and arginine and proteins such as aprotinin.
The trialky! phosphate is removed after trialkyl phosphate treatment. When using the surfactants
and/or stabilizers, they are removed as well. Any method can be employed for this removal; examples
include the method in which protein is adsorbed by affinity chromatography and the method in which
protein is recovered by precipitation. A known method of heat treatment is also applicable.
Heat treatment of a dry composition follows trialkyl phosphate treatment, i,e, is carried out after the

trialkyl phosphate treatment. For the heat treatment, the dry composition is obtained by removing trialkyl

phosphate, etc., then recovering protein and lyophilizing it by a known method.

Heat treatment of the dry composition Is carried out normally at 30°C to 100°C, preferably §5°C to
75°C normally for 3 to 200 hours, preferably 10 to 100 hours. Heat treatment may be carried out in the
presence of a stabilizer to protect the protein from heat. Examples of the stabilizer include sugar, sugar
alcohol and amino acid.

A protein-containing composition in a dry form of the present invention does not substantially contain
water and normal moisture content thereof is not more than 3%, preferably not more than 1%.

When a protein-containing composition is brought into contact with alkyl phosphate in the presence of a
protease inhibitor according to the present invention, either liquid heat treatment or dry heat treatrent can
be employed. As in the dry heat treatment, liquid heat freatment is preferably conducted after trialkyl
phosphate treatment. In that case, protein Is recovered after the removal of trialky! phosphate, efc.

When liquid heat treatment is employed, it is normally canied out at 30°C to 100°C, preferably §5+C
to 75°C normally for 1 to 100 hours, preferably 5 - 30 hours. Heat treatment may be carried out in the

- presence of a stabilizer to protect the protein from heat. Examples of the stabilizer mclude sugar, sugar

alcohol and amino acid.

The production method of the present invention permits productlon of a protein-containing composruon ’
wherein viruses were efficiently inactivated without spoiling the protein activity.

Trialkyl phosphate treatment has a weak inactivating effect on viruses having no envelopae. it should be
noted, howevor, that the present invention permits significant inactivation of such viruses via a process
whereln a dry protein-containing composition is subjected to heat treatment.

Also, in trialkyl phosphate treatment at 25°C to 30°C, there is a possibility that proteolysis by
coexisting protease in the solution may be promoted due to long residence at this temperature; however,
protein activity reduction can be suppressed by conducting the treatment in the presence of a protease

inhibitor.
Accordingly, the production method of the present invention is very favorable as an industrial production

_method for a pharmaceutically safer protein-containing cormposition, and it is especially valuable for the

production of virus-inactivated protein preparations.
Example 1
Production method for a composition containing blood coagulation factor Vil

Cryoprecipitate was dissolved in a 20 mM Tris-HCl buffer. To this solution was added aluminum
hydroxide gel at 1% (v/V) to yield a deprothrombinized solution. To this solution were added TNBP (tri-(n-
butyl) phosphate] and Tween 80 so that their final concentration became 0.3% (W) and 1% (wh),
respactively, and this was followed by virus inactivation treatment at 30 C for 6 hours. Then, glycine. was
added so that its concentration became 2 M, and this was followed by centrifugation to precipitate and
remove fibrinogen. To the obtained supematant was added sodium chloride so that its concentration
became 1.5 M, and this was followed by recovery of the factor Vill as a precipitate. The recovered factor
VIl was dissolved in a 20 mM Tris-HCI buffer, and. this was again followed by glycine fractionation and
sodium chloride. fractionation to remove the residual portions of TNBP and Tweon 80. The factor VIil
precipitate thus obtained was dissolved to a given concentration and then dispensed to vials and
lyophilized. The lyophilized factor VIl preparation was subjected to dry heat treatment at 60°C for more
than 72 hours to yield a preparation which is safe against viruses.
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Example 2
Production method for a composition containing blood coagulation factor IX

DEAE-Sephadex was placed in blood plasma to adsorb the factor IX to the gel. After thoroughly

- washing the gel with a buffer containing 0.15 M sodium chloride, the factor IX was eluted with a buffer

containing 0.5 M sodium chloride. To this eluate were added TNBP and Tween 80 so that their
concentration became 0.3% (w/N) and 1%, respectively, and this was followed by virus inactivation
treaiment at 30°C for more than 8 hours. DEAE-Sephadex was again placed in the virus-inactivated factor
IX solution to adsorb the factor IX, and this was followed by gel washing, whereby TNBP and Tween 80
were removed Into the washings. It is also possible to couple the factor IX to gel bound with an anti-factor-
IX monoclonal antibody in place of DEAE-Sephadex and treat it In the same manner as above. After elution
from the gel, the factor IX was adjusted to the desired lonic strength and titer, and then dispensed and

- lyophilized to yield a factor IX preparation. Further, dry heat treatment at 60° G for more than 72 hours was

conducted to inactivate the non-envelops viruses, whereby the preparation was made safer.
Example 3
Production method for a thrombin-containing composition

Corn Fr 1+l paste or Fr Il paste was dissolved In a 0.15 M sadium chloride solution. To this solution
was added thromboplastin (placenta exiract) to convert prothrombin to thrombin. Then, thrombin was
adsorbed to SP-Sephadex. After thoroughly washing the gel with a 0.16 M sodium chloride solution,
thrombin was eluted with a buffer containing 0.5 M sodium chloride. To this eluate were added 0.3% (w/v)
TNBP and 1% (w/v) Tween 80, and this was followed by virus inactivation freatment at 30 C for more than
6 hours. After virus inactivation treatment, thrombin was again adsorbed to SP-Sephadex or heparin-gel.
After thoroughly washing the gel to remove TNBP and Tween 80, thrombin was eluted from the gel. The
thrombin thus obtained was adjusted to the desired ionic strength and titer, and then dispensed and

‘lyophilized, after which it was subjected to dry heat treatment at 60 * C for more than 72 hours.

Example 4
Production method for a fibrinogen-containing composition
Com Fr [ paste was dissolved in a physiological saline solution. To this solution were added 0.3% (w/v)

TNBP and 1% (w/v) Tween 80, and this was followed by virus Inactivation treatment at 30°C for mors than
6 hours. Then, fibrinogen was precipitated by glycine-sodium chloride fractionation or ethanol fractionation.

. The fibrinogen precipitate thus obtained was dissoived in a physiological saline solution and then subjected

to glycine-sodium chloride fractionation or ethanol fractionation to precipitate fibrinogen, which was then
recovered. This fractionation procedure was conducted 3 to 5 times, during which TNBP and Tween 80
were removed into supernatants. The fibrinogen precipitate thus obtained was dissolved to a given
concentration. and then dispensed and lyophilized, after which it was subjected to dry heat treatment at
60° C for more than 72 hours.

Example §
Production method for a composition containing blood coagulation factor Vilt

Cryoprecipitate obtained by freeze-thawing normal human plasma, as the starting material, was
extracted with, and dissolved in a 5-fold amount of 20 mM Tris-10 mM citrate buffer (pH 7.0). To this
solution was added aluminum hydroxide gel In a ratio by volume of 1/10 relative to the amount of
cryoprecipitate used, and this was followed by stirring for 30 minutes. Then, bentonite was added in a ratio
of 8 g/l, and this was followed by stirring for 1 hour and then centrifugation at 4000 rpm for 30 minutes to
yield a supematant, which was then subjected to surfactant treatment for virus inactivation (after tri-n-buty!
phosphate and Tween 80 were added so that their concentration became 0.3% and 1%, respectively,
stining was caried out at 30°C for 8 hours) and then glycine fractionation. Glycine fractionation was
achieved by glycine addition to the solution in a ratio of 150 gA, stirring at 30°C for 1 hour and subsequent
centrifugation (4000 rpm, 30 minutes, 30 *C). To the supernatant thus obtained, sodium chloride was added
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(87 gAl), and this was followed by stirring for 1 hour to salt out the factor Viil fraction, whereby a centrifugal
precipitation (4000 rpm, 30 minutes, 30 * C) was obtained.

Then, the salting-out precipitation was dissolved in a 20 mM Tris buffer (pH 7.0) and then adjusted to
an adsorbance at 280 nm of 25 to 30 to yield a sample to be injected Into the gel filtration column. The
column packing used was Sephacryl S-400 HR, produced by Pharmacia. The sample injection volume was
5 to 7% relative to the column bed capacity. The factor Vil active fraction which had passed through the
column was collected. The conditions of fractionation were as follows:

Injected sample: Salting-out precipitation solution

Column: Sephacryl S-400 HR

Solvent: 20 mM Tris-HCI, 10 mM CaClz, 1 M NaCl buffer, pH 7.0

As a result, the blood coagulation factor Vill was eluted in the column void fraction, with Impurity protein
separated to high degree. The eluate was then adjusted to the desired ionic strength and titer, after which it
was dispensed and lyophilized to yield a factor Vill preparation.

Further, dry heat treatment at 80°C for more than 72 hours was conducted to make the preparation
safer.

Example 6

Com Fr | paste was dissolved in a 0.055 M sodium citrate buffer, pH 6.4, containing 0.0256 M EDTA-2Na
and 10 units/ml aprotinin. This solution was heated at 50°*C for 30 minutes to denature and remove
fibrinogen (Japanese Patent Application No. 4479/1982). This solution was concentrated. To the resulting
concentrate were added 30 units/ml aprotinin, 0.3% (w/v) TNBP and 1% (wA) Tween 80, and this was
followed by virus inactivation treatment at 30 * C for more than 8 hours. After the virus inactivation treatment,
flbronectin was adsorbed to DEAE-Sephadex. After thoroughly washing the gel to remove TNBP and Tween
80, fibronectin was eluted from the gel. This eluate was concentrated to yleld a preparation which is safe
against viruses.

Example 7

The fibronectin obtained in Example 8 was adjusted to 30 mg/ml with a 0.05 M Tris-phosphate buffer,
pH 8.0. To 1 ¢ of an aqueous solution thereof was added 1 kg of sucrose. After vigorous stirring, this
solution was heated at 60°C for 10 hours. After cooling, the solution was dialyzed against a 0.9% sodium
chloride solution, and this was followed by centrifugation to yield a clear supernatant.

Example 8

Cryoprecipitate was dissolved in a 20 mM Tris-HCI buffer. To this solution was added aluminum
hydroxide gel at 1% (wA) to yield a deprothrombinized solution. To this solution was added glycine so that
its concentration became 2 M to precipitate and remove fibrinogen. To the obtained supermatant was added
sodium chloride so that its concentration became 1.5 M, and this was followed by recovery of fibronectin
Into the supernatant. After desalting and concentration of this solution, 4% EACA (c-aminocaproic acid) and
then 0.3% (wiv) TNBP and 1% (wi) Tween 80 were added to the concentrate, and this was followed by
virus Inactivation treatment at 30° G for more than 6 hours. After virus inactivation treatment, the same
procedure was followed as in Examples 8 and 7 1o yleld a preparation which is safe against viruses.

Experiment Example 1
Virus inactivation effect
Examinations were made of the Inactivation effect of the present invention on viruses present in
compositions containing blood coagulation factor VIll, compositions containing blood coagulation factor IX,
thrombin-containing compositions and fibrinogen-containing compositions.
(Method of experimentation)
Samples of each preparation, namely, cryoprecipitate solutions for the factor Vill, DEAE-Sephadex

eluates for the factor IX, SP-Sephadex eluates for thrombin and Fr. | paste solutions for fibrinogen were
collected during production processes for respective preparations. To each sample was added TNBP and
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by the addition of VSV or Sindbis virus, both are envelope viruses, and Echo virus, an envelopeless virus,
as monitor virus, in a ratio of 10° to 107 virus particles/ml. Then, the sample was kept warmed at 30 *C, and
time-course sampling was conducted to determine the activity of residual viruses according to the method

shown in Table 1. The results are given in Tables 2 through 4. In every preparation, VSV and Sindbis virus
were Inactivated below the detection limit by treatment at 30*C for 1 hour. On the other hand, Echo virus,

an envelopeless virus, was hardly inactivated even after 80 hours of treatment at 30°C.

Table 1
Test Virus, Host Cell Lines and Methods of Infection Level Determination
Subject virus Host cell line | Method of infection level determination
Vesicular stomatitis (Indiana strain) FL Plaque formation
Sindbis CEF Plaque formation
Echo (type 6) Hela Observation of cell degenerating effect




Table 2 Virus

Inactivating Effect of TNBP/Tween 80 Treatment on Factor VIII

Virus TNBP/Tween 80 Duration (min.) of incubation at 30°C
. treatment
. 0 5 10 30 60 120 240 360
VSV TNDBP/Tween 80 106:2 - 103:9  103.0 - - - - -
control 106-6  ND 106-5 106-0 106-2 ND 105-9  195.9
Sindbis TNBP/Tween 80 107-0 104-3 q03.9 - - - - -
control 106-7  106-5 106-7 106-7 406-6 ND - 106-6 1065
Echo TNBP/Tween 80 1057 106-7  mp 1057 1055 wp 1043 104}
control 107-3  106-7 ND 105-3  105-5 ND 104-3  q04.3

Figures represent values of PFU/ml or TCIDSo/ml; - represents values less than

102+7 PPU/ml; control means no treatment with TNBP/Tween 80.
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Table 3

Virus

TNBP/Tween
treatment

o1

vsv

Sindbis

Echo

TNBP/Tween
control
TNBP/Tween
control
TNBP/Tween

control

Figures represent values of PFU/ml or TCIDSOIml; - represents values less than

102-7 PFU/ml; control means no treatment with TNBP/Tween 80.

92
14
ol

Virus Inactivating Effect of TNBP/Tween 80 Treatment on Factor IX

Duration (min.) of incubation at 30°C

19 80¢ 826 0 d3
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Table 4 Virus Inactivating Effect of TNBP/Tween 80 Treatment on Fibrinogen

Virus TNBP/Tween 80 Duration (min.) of incubation at 30°C .
treatment - o

0 5 10 30 - 60 120 240 360

VsV TNBP/Tween 80 10°-8 - - - - - - -
control 103-7  105:9  105-9 106.0 495.3 p 104-7  1p5-2

Sindbis TNBP/Tween 80 1070 ~ 104.0 - - - - - -
control 1070 1071 4070 4197.2  447.0  p 107-0  106.8
Echo TNBP/Tween 80 105:5 406-1  yp 102 104-9  104.3 40441
control 1085 wp  wp 106-1  wp 1051 np 1041

19 802 8.€ 0 d3

Figures represent values of PFU/ml or TCIDsolml, - represents values less than

102-7 PFU/ml; control means no treatment with TNBP/Tween 80.

600z fenuer /g
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Experiment Example 2
Stability of protein

In the case of the factor Vill, 0.3% (wA)) TNBP and 1% (w/v) Tween 80 were added to a cryopaste
extract, and this exiract was kept warmed at 30°C. Time-course sampling was conducted to determine
factor VHI activity. Based on the finding that the 24-hr residual activity was 80% (see Fig. 1), it was judged
that the factor VIl activity was hardly lost due to treatment at 30°C for 6 hours. Thus, stabllizer screening
was not conducted. As for. stabllity to dry heating, more than 95% activity was maintalned even after 72
hours of treatment at 80 * C; stabilizer screening was not conducted as well.

In the case of the factor IX, 0.3% (w/v) TNBP and 1% (w/v) Tween 80 were added to a DEAE seluate,
and this eluate was kept warmed at 30°C. Time-course sampling was conducted to determine factor IX
activity. Although slight activity reduction occurred after 24 hours, i.e., the 24-hr residual activity ratio was
76%, almost no significant reduction occurred after 6 hours of treatment at 30°C. Thus, no stabilizer was
added. (see Fig. 2).

As for stabllity to dry heating, more than 85% activity was maintained even aftor 72 hours of treatment
at 60 * G; stabilizer screening was not conducted as well.

In the case of thrombin, 0.3% (w/) TNBP and 1% (w/v) Tween 80 were added to an SP-Sephadex
eluate, and this eluate was kept warmed at 30°C. Time-course sampling was conducted to determine
thrombin activity. Significant activity loss occurred after 30 hours, and it was judged that 90% activity was
difficult to be maintained even after 6 hours of treatment at 30 * C. Thus, stabilizer screening was conducted.
As a result, thrombin activity reduction was successfully suppressed by the addition of EACA (e
aminocaproic acid) or arginin. In particular, when EACA was added at a concentration above 2%, more than
90% activity was maintained even after 30 hours of treatment at 30° C (see Figs. 3 and 4).

In the case of fibrinogen, 0.3% (w/v) TNBP and 1% (w/A) Tween 80 were added to an Fr.l paste
solution, and this solution was kept warmed at 30*C. Time-course sampling was conducted to determine
fibrinogen coagulation activity. It was found that there was no coagulation activity after 24 hours of treatment
at 30°C; stabilizer screening was conducted. Aprotinin and EACA were both found to have a stabilizing
effect. When EACA was added at a concentration above 5%, more than 80% coagulation activity was
maintained even after 24 hours of treatment at 30 C (see Fig. 5).

Experiment Exampile 3

To the desalted concentrate obtained in Example 8, 0.3% (w/~) TNBP and 1% (w/v) Tween 80 were
added, and this concentrate was kept warmed at 30°C. The gelatin binding activity of fibronectin was
determined after 3, 6 and 30 hours; 8-hrs residual activity ratio was 85% and it decreased to 55% after 30
hours. Thus, stabilizer screening was conducted. When EACA was added at a concentration above 2% or
aprotinin was added at a concentration above 10 units/ml, fibronectin activity reduction was successfully
suppressed (see Tables 5§ and 6).

Table 5
Amount of EACA added (%) | Residual gelatin binding
activity ratio (%)"
Not added 55
1 84
2 82
4 26
Note 1): Figures are shown in values relative to the value before the

treatment taken as 100%.
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To the desalted concentrate obtained In Example 8 were added 30 units/mi aprotinin and then 0.3%
(wh) TNBP and 1% (w/v) Tween 80. To this mixture were added VSV or Sindbis virus, both are envelope
viruses, and Echo virus, an envelopeless virus, as monitor virus, in a ratio of 105 to 107 virus particles/ml.
Then, the mixture was kept warmed at 30°C and time-course sampling was conducted to determine the
activity of residual viruses according to the method shown in Table 7. The results are given in Table 8. In
every preparation, VSV and Sindbls virus were Inactivated to below the detection limit by treatment at 30°C
for 30 hours. On the other hand, Echo virus, an envelopeless virus, was hardly inactivated even after 6

hours of treatment at 30°C.

EP 0 378 208 B1
Table 6
Amount of aprotinin added (unit/ml) | Residual gelatin binding
activity ratio (%)"
Not added 55

10 91

30 97

50 88
Note 1): Figures are shown in values relative to the value before the treatment
taken as 100%.

. Experiment Example 4

Table 7
Test Virus, Host Cell Lines and Methods of Infection Level Dstermination
Subject virus Host cell line | Method of infection level determination
Vesicular stomatitis (Indiana strain) FL Plaque formation
Sindbis CEF Plaque formation
Echo (type 6) Hela Observation of cell degenerating effect

13



27 January 2005

cp 0570 20001 R DR

(a) contacting a protem-’conuammg liquid composition which may be contaminated with virus with a
trialkyl phosphate in the presence of a protease inhibitor;
(b) removing the trialkyl phosphate and the protease inhibitor from the protein-containing liquid composition;
(c) lyophilizing the protein-containing liquid composition to obtain a dry protein-containing composi-
tion;

and
(d) heat-treating the dry protein-containing composition.

2. A method for preparing a virus-inactivated protem-oonmlnmg composition as claimed in Claim (1)
| wherein the protein is derived from plasma.

3. A method for preparing a virus-inactivated protein-containing composition as clalmed in Claim (1)
wherem the trialkyl phosphate is tri-(n-butyl) phosphate.-

4. A method for preparing a virus-inactivated protein-containing composition as claimed in Claim (1)
wherein trialkyl phosphate is used in an amount between 0.01 to 10 (WA)%. .

5. A method for preparing a virus-inactivatad protein-containing composition as claimed in Claim (1) .
characterized in that a composition is brought into contact with trialkyl phosphate in the

presonce of a surfactant.

6. ‘ A method for preparing a virus-nactivated brotein-containing composition as claimed in Claim (1),
characterized in that the heat treatmont is conducted at 30°C to 100° C for 3 to 200 hours.

7. A method for preparing a virus-inactivated protein-containing composition as claimed in Claim (1)
whaerein the protein is at least one species selected from among the group consisting of blood

coagulation factor VI, blood coagulation factor IX, thrombin, fibrinogen and fibronectin.

Patentanspriiche

1. Verfahren zur Herstellung einer virusinaktivierten proteinhaltigen Zusammensetzung, umfassend die
Schritte

(a) des in In-Berlihrung-Bringens einer proteinhaltigen fillssigen Zusammensefzung. die durch Viren
verunreinigt sein kann, mit einem Trialkylphosphat;
(b) des Entfernens des Trialkylphosphats aus der proteinhaitigen filissigen Zusammensetzung,
(c) des Lyophilisierens der proteinhaltigen filssigen Zusammensetzung zur Gewinnung einer trocke-
nen proteinhaltigen Zusammensetzung; und
(d) der Hitze-Behandlung der trockenen protsinhaltigen Zusammensetzung

2. Verfahren zur Herstellung einer virusinaktivierten proteinhaltigen Zusammensetzung nach Anspruch 1,
dadurch gekennzeichnet, daB eine proteinhaltige filissige Zusammensetzung, die durch Viren verunrei-
nigt sein kann, mit einem Trialkylphosphat in Gegenwart eines Protease-Inhibitors in Berlihrung
gebracht wird.

3.. Verfahren zur Herstellung einer virusinaktivierten proteinhaltigen Zusammensetzung nach Anspruch 1
oder Anspruch 2, warin das Protein aus Plasma stammt. :

4. Verfahren zur Herstellung einer virusinaktivierten proteinhaligon Zusammensetzung nach Anspruch 1
oder Anspruch 2, worin das Trialkylphosphat Tri-{n-butyl)phosphat ist.

5. Verfahren zur Herstellung, einer virusinaktivierten proteinhaltigen Zusammensetzung nach Anspruch 1

oder Anspruch 2, worin das Tnalkylphosphat In einer Menge zwischen 0,01 und 10 Gew./Vol.-%
verwendet wird.

15



vi

:jo sdeis eys Buispdwod ‘uopsodwad Bujueiuoo-ulelosd pejeanoeul-sni e Bupedosd 105 poow

) 3

swie)

Table 8 Virus Inactivating Effect of TNBP/Tween 80 Treatment on Fibrinogen

Virus TNBP/Tween 80 Duration (min.) of incubation at 30°C
o treatment - -
| 0 5 10 30 60 120 240 360
VsV - TNBP/Tween 80 106-8 .904.0 -102.9 - - - - -
control  106-5 .106-3 106.3  106.1 4g6.1  yp  106.0  406.0
Sindbis . TNBP/Tween 80 1061 104.5 103.8 - - - - -
_ control 108-4 106:6 6.7 406.4 196.4 yp  106.4 406.3
Echo TNBP/Tween 80 105-7  106-5  np 109-4  105-2 np 104-1  103.7
control 107-0 41087 np 1067 105:3 wp 1044 1939

1€ 802 82€ 0 d3

Figures represent values of PFU/ml or TCIDsolmI{ - represents values less than

102'7 PFU/ml; control means no treatment with TNBP/Tween 80.
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8. Verfahren zur Herstellung einer virusinaktivierten proteinhaltigen Zusammensetzung nach Anspruch 1
oder Anspruch 2, dadurch gekennzeichnet, da8 die Zusammensetzung mit einem Trialkylphosphat in
Gegenwart eines Tensids in Berlihrung gebracht wird.

7. Verfahren zur Herstellung einer virusinaktivierten proteinhaltigen Zusammensetzung nach Anspruch 1,
dadurch gekennzeichnet, daB die Hitze-Behandlung 3 bis 200 h bel 30 *G bis 100 *C durchgeflihrt
wird.

8. Veriahren zur Herstellung einer virusinaktivierten proteinhaltigen Zusammensetzung nach Anspruch 1
oder Anspruch 2, dadurch gekennzeichnet, daB das Protein wenigstens eine Species ist, die aus der
aus Blutgerinnungsfaktor VIil, Blutgerinnungsfaktor IX, Thrombin, Fibrinogen und Fibronectin bestehen-
den Gruppe ausgewihit ist.

Revendications

1. Procédé de préparation d'une composition contenant des protéines & virus inactivés, comprenant les
étapes de :
(a) mise en contact d'une composition liquide contenant une protéine, qui peut 8tre contaminde par
un virus, avec un phosphate de trialkyle ;
(b) élimination du phosphate de trialkyle de la composition liquide contenant une protéine ;
(c) lyophilisation de la composition contenant une protéine pour obtenir une composition sdche
contenant une protéine ;
ot
(d) traitement par la chaleur de la composition séche contenant une protéine.

2. Procédé de préparation d'une composition contenant des protéines 2 virus inactivés comme revendi-
qué dans la revendication 1, caractérisé en ce qu'une composition liquide contenant une protéine,
pouvant &tre contaminge par un virus, est mise en contact avec du phosphate de trialkyle en présence
d'un Inhibiteur de protéase.

3. Procédé de préparation d'une composition contenant des protdines 2 virus inactivés comme revendi-
qué dans la revendication 1 ou dans la revendication 2, dans lequel la protéine est dérivée du plasma.

4. Procédé de préparation d'une composition contenant des protéines & virus inactivés comme revendi-
qué dans la revendication 1 ou la revendication 2, dans lequel le phosphate de triatkyle est du
phosphate de tri-(n-butyle).

5. Procédé de préparation d'ur{e composition contenant des protéines & virus inactivés comme revendi-
qué dans la revendication 1 ou la revendication 2, dans lequel le phosphate de trialkyle est utilisé en _
une quantité comprise entre 0,1 et 10 (p/V) %.

6. Procédé de préparation d'une composition contenant des protéines 3 virus inactivés comme revendi-
qué dans la revendication 1, caractérlsé en ce qu'une composition est mise en contact avec du
phosphate de trialkyle en présence d'un tensio-actif.

7. Procédé de préparation d'une composition contenant des protéines & virus inactivés comme revendi-
qué dans la revendication 1, caractérisé en ce que'le traitement par la chaleur est mis en osuwe de
30°C & 100°C pendant 3 & 200 heures.

8. Procédé de préparation d'une compds:tlon contenant des protdines & virus inactivés comme revendi-
qué dans la revendication 1 ou la revendication 2, dans lequel la protéine est au moins une espdce
choisie dans le groupe constitu$ du facteur VIl de coagulation du sang, du facteur [X de coagulation du
sang, de la thrombine, du ﬁbnnog@ne ot de la fibronectine.
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