
WO 96/27003                                        PCT/EP96/00636 A Process
for the Preparation of Factor IX from Biological Sources The present
invention pertains to a process for the preparation of factor IX from
biological sources by chromatography as well as to factor IX obtainable by
the process according to the inven- tion. When factor IX is prepared, for
example, from blood plasma, the cryoprecipitate is first separated. The
frozen citrate plasma is thawed and the major amount of factor VIII and
fibrinogen is separated by centrifugation. The cryopoor plasma thus
obtained contains the vitamin K dependent coagulation factors with an
activity in the order of magnitude of 0.01 IU/mg of protein. According to
the process known from the prior art, the vitamin K dependent coagulation
factors are bound by extraction with anion exchangers, such as DEAE
Sephadex, without adversely af- fecting albumin recovery. However, due to
the poor flow charac- 



teristics of DEAE Sephadex, this step must usually be performed as a solid
phase extraction in batch operation. The fractions obtained after elution
of the DEAE Sephadex then serve as the starting material for the
purification of factor IX. Proteases contained in the plasma, however, are
also enriched in this fraction, resulting in yield losses of the material
of interest, factor IX, by proteolytic digestion and an increase of the
risk of thrombogenity of the preparation. The object of the invention is to
provide a process which reduces the risks mentioned without the addition of
protease inhibitors.    WO 96/27003
PCT/EP96/00636 -2- Surprisingly, this object is achieved by a process with
the fea- tures of the claim. This involves treating the biological source 



containing factor IX with a protein precipitant. Candidate bio- logical
sources are, in particular, blood plasma or cryoprecip- itate depleted of
factor VIII and fibrinogen (cryopoor plasma). The concentration of the
protein precipitant is, in particular, from 1.5 to 2.3 mol/l, preferably
from 1.75 to 1.9 mol/l. The values relate to the protein precipitant
concentrations present in the sources containing factor IX (final
concentration). As the protein precipitant, ammonium sulfate is considered
in particular. The process according to the invention reduces the
proteolytic activity by at least one order of magnitude. In addition,
interfering components, such as factor VII and factor II, are removed by
the precipitation step prior to the actual chromato- graphic purification
of factor IX. Proteins C and S are also depleted. In the case of factor
VII, almost complete elimination can be achieved. Factor II is also
depleted rather completely (70 to 90%) whereas depletion of proteins C and
S is about 50%. 



In the supernatant of the fraction treated with the protein precipitant,
the activity of factor IX is typically from 20 to 30 IU/ml, corresponding
to a specific activity of 1 to 5 IU/mg. The precipitation step according to
the invention, preferably using ammonium sulfate, is followed by the
chromatographic sepa- ration of the fraction enriched in factor IX. This
takes advan- tage of the fact that at high salt concentrations proteins can
undergo hydrophobic interactions to different extents. According to the
invention, factor IX is preferably bound in the presence of relatively high
salt concentrations, which are present from protein precipitation, to a
chromatographic material capable of being employed for hydrophobic
interaction chromatography (HIC). This at the same time reduces the high
salt concentration    WO 96/27003
PCT/EP96/00636 



-3- resulting from protein precipitation. In particular, a chromato-
graphic material may be used which has bound on the substrate material a
hydrophilic flexible arm (tentacle). Covalently bound to these spacers are
then the corresponding ligands, in particu- lar hydrophobic ligands, such
as propyl, butyl, phenyl groups. The supernatant of the fraction treated
with the protein precipi- tant is applied to the appropriate
chromatographic material and optionally washed. Elution of the factor IX
bound to the column and still containing factor X can be performed with a
buffer containing the protein precipitant in a lower concentration, the
ionic strength of the eluent solution thus being reduced with respect to
that of the application solution. The fraction com- prising factor IX
eluting from the chromatographic column which contains HIC material is
collected and subjected to further desalting steps using appropriate means.
This can be performed, for instance, by ultrafiltration and/or
diafiltration. 



Further separation of factor IX, for example, from accompanying factor X,
is performed in a preferred embodiment of the present invention by affinity
chromatography on a heparin modified substrate. When the ionic strength of
the solution containing the factors is relatively low, the latter will bind
to the chromato- graphic material. Elution of interfering factor X, if any,
is achieved by treatment with a solution containing sodium chloride in
concentrations of from 150 to 300 mmol/l. Under such condi- tions, factor
IX will remain bound to the heparin affinity substrate. Upon increasing the
ionic strength of the aqueous solution to about twice its value, factor IX
starts separating from the surface of the affinity substrate. Virus
inactivation may be performed by chemical and/or physical processes. The
physical virus inactivation method essentially consists in heat treating
the respective fraction at 60 to 65[err]C for 5 to 30 hours. Such heat
treatment can be performed, in particular, following the heparin affinity
chromatography. The 



chemical virus inactivation consists, for example, in a treatment    WO
96/27003                                          PCT/EP96/00636 -4- of a
fraction containing factor IX with non-ionic surfactants and dialkyl or
trialkyl phosphates. In particular, combinations of Tween and tri-n-butyl
phosphate (TNBP) may be used. Methods of virus inactivation are described
in EP 0131740 or in Horowitz et al., Blood, 79 (1992) 826. Virus
inactivation methods may also be combined, such as described in WO
94/17834. Preferably, chemical virus inactivation is performed after the
ultrafiltration/diafiltration following the hydrophobic chromatography. By
applying the process according to the invention, the overall yield of high
purity factor IX can be increased to 20 to 30%, 



based on plasma. The figure shows the process according to the invention
with subsequent chromatographic purification steps in the form of a flow
chart. The arrows indicate which fractions are separated off and which
remain in the corresponding eluates and supernatants. The following example
will illustrate the invention. Frozen citrate plasma is thawed and agitated
at 0 to 3[err]C. Factor VIII and fibrinogen are separated by
centrifugation. The cryopoor plasma fraction obtained contains vitamin K
dependent coagulation factors with a specific activity of about 0.01 IU/mg
of protein. The subsequent capture step includes solid phase extraction or
chromatography on DEAE ion exchangers, separating IgG and albumin. The
vitamin K dependent coagulation factors are present in an activity of from
10 to 50 IU/ml, corresponding to an enrichment factor of about 3500, based
on factor IX. The capture step is now followed by the actual purification.
To the fraction resulting from the capture step is added an ammonium 



sulfate solution to give a final concentration of about 1.9 mol/l. C and S
proteins are removed by about 50% whereas factor II is removed by 70 to 90%
and factor VII almost quantita-    WO 96/27003
PCT/EP96/00636 -5- tively. The supernatant obtained from the ammonium
sulfate precipitation is subjected to hydrophobic interaction chromato-
graphy on an appropriately modified tentacle gel. The concentra- tion of
ammonium sulfate in the application solution was about 1.75 mol/l. The
application buffer also contains phosphate ions. Hydrophobic interaction
chromatography will result in residual factor VII and factor IX being
bound. Factor X will bind to the material at 70 to 80%. Elution of the
factor IX/factor X mixture is performed with a solution of ammonium sulfate
containing from 



1.2 to 1.4 mol/l. The eluent is free of factor VII and has essentially no
proteolytic activity. The specific activity of factor IX in the factor
IX/factor X mixture is from 5 to 15 IU/mg of protein. The ammonium sulfate
present in the eluate is removed by ultra- filtration and diafiltration.
Virus inactivation with detergents is performed by treatment with about 1%
Tween 80/0.3% TNBP. Then, after separating the detergent, the fraction
obtained is subjected to heparin affinity chromatography. Factors X and IX
will bind to the heparin gel at low osmolarities. Factor X is obtained by
washing with a buffer containing 0.25 mol/l of NaCl. Factor IX will elute
upon increasing the sodium chloride con- centration to 0.45 mol/l.
Thereafter, factor IX is present in the eluate at 30 to 50 IU/ml with a
specific activity of > 100. The fraction thus obtained containing factor IX
is desalted and lyophilized.  



-6- 1.  A process for the preparation of factor IX from biological sources
by chromatography, characterized in that prior to affinity chromatographic
separations said source is treated with ammonium sulfate in a concentration
of from 1.5 to 2.3 mol/l (final concentration). 2.  The process according
to claim 1, wherein said biological source is blood plasma or plasma
depleted of factor VIII and fibrinogen by separation of the cryoprecipitate
(cryopoor plasma). 3.  The process according to at least one of claims 1
and/or 2, wherein removal of ammonium sulfate and enrichment of factor IX
by adsorption of factor IX to a chromatographic material capable of being
employed for hydrophobic inter- action chromatography (HIC) are performed
following protein 



precipitation. 4.  The process according to claim 3, wherein said chromato-
graphic material having adsorbed factor IX is treated with an aqueous
solution having an ionic strength resulting in separation of factor IX from
said HIC material. 5.  The process according to claim 3 and/or 4, wherein
the fractions obtained after separation of factor IX from said HIC material
are subjected to a process step which reduces the salt concentration of the
solution containing factor IX, e.g. by ultrafiltration/diafiltration. 6.
The process according to claim 5, which is followed by affinity
chromatography on a heparin modified substrate material.    - 7 - 



7. The process according to any of claims 1 to 6, wherein virus
inactivation is performed by chemical and/or physical means. 8.  The
process according to claim 7, wherein said physical virus inactivation
comprises heat treatment at 60 to 65[err]C for 5 to 30 hours, in particular
following said affinity chromatography on heparin according to claim 6. 9.
The process according to claim 7,  wherein said chemical virus
inactivation  comprises  treatment  of  the  sample containing factor IX
with non-ionic detergents/dialkylated or trialkylated phosphates. 10.
Factor IX obtained by the process according to at least one of claims 1 to
9.    


