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ABSTRACT OF THE DISCLOSURE:

Factor IX is selectively adsorbed by means of

hydrophobic chromatography from an aqueous mixture
containing at least one plasma zymogen oOr a vitamin~K
dependent protein in addition to factor IX. By this

method, the efficient enrichment of factor IX for the

production of pharmaceutical preparations has become

possible.
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The invention relates to a complex <containing
coagulation factor IX as well as to a process for

producing a factor IX «containing pharmaceutical

preparation.

Coagulation factor IX is useful for replacement
therapies in patients suffering from hemophilia B. This
hemophilic disease results from a factor IX deficiency.

Replacement treatments are effected with factor IX
concentrates additionally containing coagulation
factors II, VII, IX and X (prothrombin complex). The
coagulation factors contained in such concentrates are
vitamin-K dependent factors and are associated with
each other on accoupt of their similar structures.
However, any supply of a coagulation factor other than
facﬁor IX constitutes a load on hemopﬁiliacs suffering
from hemophilia B. For this reason, it is sought to use
highly enriched factor IX concentrates in therapy as

alternatives to combined preparations.

The starting material for the production of factor
IX preparations is human pilasma, which, howeVer,
contains only slight amounts of factor IX (4 ug/ml). To
recover factor IX, not only large amounts of plasma
must, therefore, be processed, but it is also necéssary
to eliminate any disturbing accompanying proteins as
far as possible. This is rendered even more difficult
because such accompanying proteins have similar

physiochemical properties.
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Another difficulty resides in the fact that the
final product must be freed from infectious agents
during work-up, because the starting material may
contain, for instance, hepatitis viruses ox HIV. In
doing so, every single process step and every single
virus inactivation procedure must be realized with a
view to preserving the biologic activity of factor IX
to the largest extent possible. It has been endeavored
for years to find a process optimumly satisfying these
regquirements.

The enrichment of factor IX by simultaneously
deriching the other factors by means of chromatographic
methods is, of course, the more successful the more
specific the interaction of coagulation factor IX with
the stationary phase.

Ion exchange and affinity chromatographic
processes have already been known for the production of
a factor IX containing fraction from agueous mixtures
containing factors II, VII, IX and X. According to the
process described in DE-C - 39 14 869, a factor IX
containing fraction is obtained by initially adsorbing
factor IX on an adsorbant carrying an a-hydroxylamino
group. Elution of the adsorbed factor IX is effected by

increasing the amine or the salt concentration, which

'suggests the presence of ionic binding forces between

factor IX and the adsorbant. Following this first

enrichment stage, purification by means of



10

15

20

25

2059979

chromatography on a matrix carrying a sulfated
carbohydrate is carried out.

Affinity chromatographic methods are characterized
by high specificities. Factor IX 1is adsorbed on a
carrier material via antibodies or other groups having
a high affinity to factor IX, e.g., heparin, is washed
and eluted. According to the method of, for instance,
EP-A - 317 376, factor IX is adsorbed on immobilized
heparin. The elution of factor IX 1is effected Dby
increasing the salt concentration in the buffer. The
same holds for antibodies against factor IX as affinity
carriers.

In EP-A 229 026, factor IX 1s adsorbed on a
hydrophobic antibody and is eluted by a salt gradient.
One problem involved consists 1in that; undex the
elution conditions applied, not only factor‘ IX 1is
dissociated, but also héparin and antibodies, thus
being contained in the end product as contaminants.

Furthermore, it is known that a coagulation factor
concentrate containing factors II, VII, IX and X can be
freed from virus antigens by chromatography on a
hydrophobic matrix, by hydrophobically binding the said
antigens to the matrix while the coagulation factors

pass the matrix by preserving their biologic activity

(J. Vir. Meth., 3, 213-228 (1981)).
The invention is based on the object to provide a

chromatographic process that does not have the
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disadvantages pointed out above and by which the
efficient enrichment of factor IX from an aqgueous
mixture containing other ©proteins as well, in
particular plasma zymogens or vitamin-K dependent
proteins, 1s feasible.

In accordance with the invention, a coagulation
factor IX complex 1is provided, which comprises a
carrier based on a polymer having hydrophobic groups,
to which factor IX is selectively bound from an agueous
mixture containing at least one plasma 2zymogen in
addition to factor 1IX. Moreover, factor IX may be
present in the complex according to the invention
selectively bound from an aqueous mixture containing at
least one vitamin-K dependent protein, such as protein
C, protein S or factors 11, -VII and X in addition to
factor IX, or from an agqueous mixture containing a
prothombin complex.

The invention 1is based on the finding that
coagulation factor IX adsorbs, from an agqueous solutioﬁ
that exhibits a high conductivity, on a matrix
including hydrophobic side chains selectively, i.e., 1In
the presence of a plasma zymogen or of a vitamin-K
dependent protein. This is surprising inasmuch the
cited proteins posSsSess similar physicochemical
properties. The selective adsorbability of factor IX

may be applied to enriching factor IX.
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A preferred embodiment of the complex according to
the invention 1is characterized in that factor IX 18
contained at an activity that is at least five times
larger than that of another vitamin-K dependent protein
present.

Preferably, the complex according to the inventlon
is subjected to a treatment for inactivating possibly
present infectious agents.

The complex according to the invention may be
prepared by contacting one of the above-mentioned
factor IX containing agqueous mnixtures which has a
conductivity of at least 30 mS, preferably of between
60 and 120 mS, with a carrier based on a polymer
including hydrophobic groups in order to complex factor
IX, whereupon the complex formed, if desired, is washed
and, if desired, is subjected to the inactivation of
possibly present infectious agents. According to the
invention, factor 11X, thus, is being enriched by the
technique of hydrophobic chromatography.
Advantageously, complex formation is carried out in the
presence of a detergent.

The invention also relates to a method for
producing a pharmaceutical preparation containing
coagulation factor IX, which is characterized in that
factor IX is eluted from the complex according to the
invention, whereupon the factor IX containing eluate is

processed to a pharmaceutical preparation. As 1s the
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common practice with hydrophobic chromatography,
elution is carried out at a lower conductivity than 1is
adsorption. Suitably, elution is carried out at a

conductivity lower by 20 % at the most.
A preferred embodiment of the method according to
the invention consists in that
- plasma or a factor IX containing plasma fraction is
subjected to anion exchange chromatography, wherein
factor IX is bound,

- bound factor IX is eluted,

- eluted factor IX is subjected to anion exchange
chromatography in the presence of a detergent,
wherein factor IX is bound,

- bound factor IX is eluted,

- the factor IX containing eluate is subjected to an
inactivation of possibly present infectious agents,
and

- factor IX is separated by means of hydrOphobic
chromatography and is processed to a pharmaceﬁtical
preparation.

The complex according to the invention,
furthermore, may be used for obtaining monoclonal or
polyclonal antibodies that are directed against factor
IX.

The invention will be explained in more detall by

way of the following examples.
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Example 1:

From 10 1liters of human blood plasma, the
prothrombin complex (coagulation factors II, VII, IX
and X) 1s obtained by the method according to

5 Brummelhuis (Methods of Plasma Protein Fractionation,
ed. JM Curling, p. 117, Acad. Press. 1980) by
adsorption on DE:AE:--Sephadexf.ml 50 ml prothrombin complex
(3669 I.U. factor II, 2858 I.U. factor IX and 2734 I.U.
factor X) were diafiltered in order to obtain the

10 composition of buffer A (1000 mM NaCl, 15 mM sodium
citrate, pH 7).

A column containing 30 ml of a hydrophilic vinyl
polymer 1including butyl groups (Fractogelm TSK-Butyl
(MERCK, Darmstadt)) is equilibrated with 100 ml 'buffer

iS A and the prothrombin complex is applied at a flow rate
of 360 ml/h. After washing of the packed gel with 350
ml buffer A, the factor IX containing fraction is
eluted with 180 ml buffer B (400 mM NacCl).

The vyield of factor IX amounted to 76 % of the

20 initial activity. The specific activity of factor 1IX

was 19.7 I.U. factor IX/mg protein. Factors II and X

were detectable at less than 20 % of the initial

activity.
Example 2:
25 50 ml prothrombin complex were chromatographed in

a manner analogous to Example 1. Yet, 45 ml phenyl

group containing methacrylate polymer (Toyopearl Phenyl

CA 02059979 2001-08-17
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650 M (TOSO HAAS, Stuttgart)) equilibrated with 1.4 M
ammonium sulfate were used as the column material. The
elution of Factor IX was effected with 0.2 M ammonium
sulfate.

5 The yield of factor IX amounted to 48 % of the

initial activity and the specific activity was 27.2

I.U. factor IX/mg protein.

Example J3:
150 ml prothrombin complex are pre-purified by

10 means of dextran sulfate (Miletich et al., Analytical
Biochemistry 105, 304 (1980). 20 ml eluate (912 I.U.
factor IX, 160 I.U. factor X) are packed on a column
containing 20 ml of an agarcse polymer including octyl
groups (Octyl-Seplmrose--CiL--4BTM (PHARMACIA, Sweden) in

15 ﬁhe manner analogous to Example 1. Before this, the
column was equilibrated with 80 ml buffer A. After
washing of the packed gel with 120 ml buffer A, the
factor IX containing fraction is eluted with 80 ml of a

250 mmolar NaCl solution.

20 The vield of factor IX amounted to 54 % of the
initial activity. The specific activity was 186 1I.U.

factor IX/mg protein. Factor X was present only in

L

traces.
Example 4:
25 S0 ml prothrombin complex were separated by means

of hydrophobic chromatography in a manner analogous to

CA 02059979 2001-08-17
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Example 1. Immediately before being applied to 35 ml of

a hydrophilic vinyl polymer containing butyl groups

(Fractogel TSK-Butyl), the prothrombin complex

additionally was treated with 2 & of a polyoxyethylene-

5 20-sorbitane-monocoleate Tween 80TM and 0.01 % tri-(n-

butvyl)-phosphate according to the method described in
Us-aA- 4,820,805.

The yield of factor IX amounted to 83 % of the

initial activity and the specific activity was 24.1

10 I1.U. factor 1IX/mg protein.

Example >5:
2 g of the lyophilized prothrombin complex were

heated at 60°C for 10 hours according to the method

described in EP-A - 0 158 311.by elevating the partial

15 water vapor pressﬁre in order to inactivate possible

pathogens. Subsequently, the hydrophobic chromatography

was carried out on 20 ml of an agarose polymer
containing octyl groups (Octyl-Sepharose-CL-4B).

The vyield of factor IX amounted to 63 % of the

20 initial activity. The specific activity was 32 I.U.

factor IX/mg protein.

10
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WHAT WE CLAIM 1iI5:

1. A coagulation factor IX complex which comprises
a carrier based on a polymer containing hydrophobic
groups, to which factor IX is selectively bound from an
agueous mixture containing at least one plasma zymogen

in addition to factor IX.

2. A coagulation factor IX complex which comprises
a carrier based on a polymer containing hydrophobic
groups, to which factor IX is selectively bound from an
aqueous mixture containing at least one wvitamin-K

dependent protein in addition to factor IiX.

3. A coagulation factor IX complex as set forth in
claim 2, wherein said at least one vitamin-K dependent
protein is selected from the group consisting of

protein C, protein S and factors II, VII and X.

4., A complex as set forth in claim 2, wherein said
factor IX is bound from an aqueous mixture containing

prothrombin complex.

5. A complex as set forth in claim 2, wherein said
factor IX has an activity that is at least five times
higher than that of another vitamin-K dependent protein

present in said aqueous mixture.

11
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6. A complex as set forth in c¢laim 1 treated to

inactivate possibly present infectious agents.

7. A method for producing a coaqulation factor IX
complex including a carrier based on a polymer
containing hydrophobic groups, to which factor IX 1is
selectively bound from an aqueous mixture containing at

least one plasma zymogen in addition to factor IX,

which method comprises the steps of

preparing said agueous mixture having a conductivity

of at least 30 mS, and

contacting said agueous mixture with said carrier
based on a polymer containing hydrophobic groups so as

tc complex factor IX.

8. A ﬁxethoc} as set forth in claim 7, further

comprising washing said complexed factor IX.

9. A method as set forth in claim 7, further
comprising subjecting said complexed factor IX tTo

inactivation of possibly present infectious agents.

10. A method as set forth in claim 7, wherein said

aqueous mixture has a conductivity ranging between 60

and 120 mS.

12



10

15

20

25

24242-485

11. A method as set forth in claim 7, wherein complexing

of said factor IX is carried out in the presence of a

detergent.

12. A method for producing a pharmaceutical preparation

containing coagulation factor IX, which method comprises the

steps of

providing a coagulation factor IX complex including a

carrier based on a polymer containing hydrophobic groups, to
which factor IX 1is selectively bound from an agueous mixture

contalning at least one plasma zymogen 1in addition to factor

1X,

eluting factor IX from said factor IX complex so as
to obtain an eluate containing factor IX, wherein said elution
is carried out at a conductivity, where at maximum is 20% below

that of said aqueous mixture containing factor IX, and

processing sald eluate contalning factor IX to a

pharmaceutical preparation.

13. A method for producing a pharmaceutical preparation

contailning coagulation factor IX, which method comprises the

steps of

providing plasma or a plasma fraction containing

factor IX,

subjecting said plasma or plasma fraction to an anion

exchange chromatography, thus binding factor IX,

eluting said bound factor IX so as to obtain eluted

factor IX,

13
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subjecting said eluted factor IX to an anion exchange
chromatography in the presence of a detergent, thus binding

factor IX,

eluting said bound factor IX so as to obtain an
eluate containing factor IX, wherein said elution is carried

out at a conductivity in accordance with claim 12,

subjecting said eluate containing factor IX to an

inactivation of possibly present infectious agents, and

separating factor IX from sald eluate containing
factor IX by hydrophobic chromatography and processing said

separated factor IX to a pharmaceutical preparation.

14 . Use of said coagulation factor IX complex set forth
in claim 1, 2, 3, 4, 5 or 6 for obtaining monoclonal antibodies

directed against factor IX.

15. Use of said coagqulation factor IX complex set forth
in claim 1, 2, 3, 4, 5 or 6 for obtaining polyclonal antibodies

directed against factor IX.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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