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. feor the preparation of a virus inactivated fraction containing factor VIII
by means of chromat ographic nethods as well as to a fraction containing
factor VjIl which can be obtained by the process according to the
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invention.

Factor VIII is a vital material that plays an important role in
blood clotting. Blood clotting disorders can thus be treated by
administration of factor VIII. Therefore, a large need exists for
administerable factor VIII preparations. Numerous attempts have
been made to isolate factor VIII in a highly enriched form from
natural sources. Thus, chromatographic methods for the purifica-
tion of factor VIII from crycprecipitates are already known. The
latter is @ fraction which is available by treatment of plasma
in the cold. EP 367 840 Bl pertains to a chromatographic method
for the isolation of factor VIII from blood plasma without a
preliminary cryoprecipitation. The fractibn containing factor
VIII is separated by chromatographic separation on a hydrophilic
chromatographic material modified by ion-exchanging groups. EP
0 238 701 pertains to a method for the preparation of én ultra-
pure, infectious antihemophilic factor, where the pretreated
fractions are a cryoprecipitate liberated from fibrinogen, glob-
ulin, albumins, and other interfering ingredients by means of
ethanol precipitation. European Patent Application 88 108 458.6
describes chromatographic separation with ion exchangers after
virus inactivation of the cryoprecipitate fraction. EP 0 173 242
A describes a method for obtaining factor VIII preparations by

chromatography on anion-exchanging materials which are solely
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“ A describes a method for obtaining factor VIl pr
chr oimat ogr aphy on ani on-exchangi ng materials which are solely
PR ET R e et ettt rer ettt THES SHEET HAS BEEN * ACTI ON*

;‘ -

REPLACED 2 based on carbohydrates, the carbohydrqte matri x being nodified
by DEAF groups. In particul ar, DEAF sepharose andiDEAE cel lul ose are °
. described as being useful. In GB-A-1,178,958, a purification of factor
VI usigg ECTEQLA cq{lul se colunﬁs i s described. The .  nodified cellul ose
astc o
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chromat o y 2 _dissql uti-on of  the cryopre- cipitate. .The process of
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hydr oxi de for further pre- purification of the sanple in order to

" preconcentrate factor VIII. Preferably, a virus inactivation is carried
out priogepgethghe technical problem underlying this invention consists

in providing a method which, proceeding from the prior art,
allows for an improved preparation of factor VIII with respect
to yield and biological activity.

Surprisingly, the problem has been solved by a process proceeding
from a cryoprecipitate or blood plasma, optionally followed by
an aluminum hydroxide treatment, and employihg a separation step
using membrane chromatography after dissolution of the criyopre-
cipitate. -

_The process of the invention can be performed with commercial
cryopracipitate or blood plasma. Preferably, the thawed cryopre-
cipitate is treated with aluminium hydroxide for further pre-

~purification of the sample in order to preconcentrate factor
VIII. |

Preferably[ a virus inactivétion is carried out prior to the
actual chromatographic purification on materials afrange¢ within
or on membranes. This virus inactivation is performed according
~to the method described in EP 131 740 Al by treatment with
biocompatible_drganic solvents (detergents), Triton® X-100/TNBP,
preferably'TweenQ/TNBP (tri-n-butyl phosphate) . Good results will
also be obtained with sodium cholate/TNPB. Preferably, detergents

are employed in amounts of up to 15% by weight. However, virus
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actual chronatographic purification on.materials arranged within or on
menbranes. This virus inactivation is performed according to the nethod
described in EP 131 740 Al by treatnment with bioconpati bl e.organic
solvents (detergents), Triton(r) X-100/ TNBP, preferably Tween/ TNBP
(tri-n-butyl phosphate). Good results-wll also be obtained wth sodi um
chol ate/ TNPB. Preferably, detergents are enployed in anmounts of up to 15%
by wei ght. However, virus TH S SHEET HAS BEEN REPLACED 3 i nactivation may
al so beidaae iafatdrors epar allisenbbydorsty finer cepapawtagiapmembitene chrom-
chronato%ra hi$B§eparation step for the purification of fac- tor VIII in
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mat eri al’'s-are ar nmem- branes. er abl ese nenbranes are nade

~of a batemdtidd din e Earphedndy e cerruiedeowi pLbBeEFcONf PBSE, mater-

Parti culianly seftded b %ﬂb@%ﬁ%n@%n\geldr&@éaor?ﬁéiéhil@g_ﬁwadai@h RO¢-OUS
pol y(glycidyl nethacrylates) and/or "other. porqous hydragphilic .polr}/ rs
havi ng £hENAa%s. S Gt 0RE I dhd moss fRd Oyh A mPRaRa figP<t) red@ "G5, t

first case,csiterdr anRasuitabl gedOionsépanakiraalei tdrer aroasgsds iaf mdmacked

thin fi d f | 1 | ast | fib ' h it
consi st ST RmIRa o YLY natia o0 RETPFaRGeRTE: RAFy e 2 BARtoRE ST base
mat er i alssicdf aisheode i ebr aaddudpsei sk ast proWi idet wilkelr tdorrlesplandisef ul
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anion-exchanglngiug;oups such as quaternary am nes or diethyl am noet hyl
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polymers having a similar structure as well as hydrophilized

polystyrene.

In the first case, a membrane suitable for separation either
consists of stacked thin films made of cellulose or plastics
fibers, or in the second case it consists of compact disks made
of silica gel or polymer carriers. The base materials of the mem-
branes or disks are provided with corresponding anion-exchanging
groups or imﬁunoaffinity ligénds. Particularly anion-exchanging
groups such as quaternary amines or diethylaminoethyl groups are
considered as ion-exchanging groups. Suitable cation exchangers
are in principle weakly and strongly acidic cation exchahgers,
such as materials which are modified by sulfonic acid or phos-
phoric acid groups. '

The ion-exchanging groups can be bound to the base material
fibers with or without a so-called spacer. Materials provided
" with spacers are also referred to as tentacle'materials. In DE
42 04 694 corresponding spacers and ligands are mentioned. For
example, a glucosamine residue can serve as a spacer as well.
Anion-exchanging groups such as DEAE or quaternary amines may
also be bound” at the membranes made of porous poly(glycidyl
methacr?late) or the other materials mentioned. The binding of
the anion-exchanging groups takes place either directly to the
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“are in principle weakly and strongly acidic eation:gﬁgﬂangEE§;13§EEﬁ:as
materials which are nodified by sulfonic'acid or phos- phoric acid groups.

+ The ion-, exchangi ng groups can be bound to the base material fibers with
or without a so-called spacer. Materials provided 'with spacers are al so-
referred to as tentacle materials. In-DE -42 04 694 correspondi ng spacers
and ligands are nentioned. For exanple, a glucosam ne residue can serve as
a spacer as well. Anion-exchanging groups such as DEAE or quaternary
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at the end of a spacer rather than directly at the carrier material.

| mobi | i zation of the sub- stances for factor VIII takes place through
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bly, the reactive group will attack at the end of a spacer rather
than directly at the carrier material. Immobilization of the sub-
stances for factor VIII takes place through binding at reactive
groups such as tosyl, tresyl, hydrazid and others. Corresponding
procedures are known from T.M. Phillips "Affinity chromatography"
in "Chromatography" (E. Heftmann, ed.), S5Sth ed. Elsevier,
Amsterdam 1992.

The antibodies may also be preadsorbed oh membranes bearing prot-
ein A or protein G ligands. By subsequent covalent cross-linking,
elution of the antibodies (leaching of the column) can be pre-
vented. For cross-linking the antibodies on protein A or protein
G membranes a similar procedure may be used as with loose
Carriersu The advantage of an immobilization'at protein A or
protein'G'is that the antibodies are immobilized solely at the
constant segment of the molecule (F.). Thus, the antigen binding

portlon (Fyp) remains free and its interaction with factor VIII
is not hindered.

In another preferred embodiment materials are employed for the
separation of factor VIII that can ensure a hydrophobic interac-
tion. Hydrophebic materials which are employed are acyclic and/or
cyclic alkyl chains, for instance'c1 to C,q alkyl chains, and
aromatic substances. Suitable materials providing hydrophobic

interaction preferably include those having graded hydrophobici-
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advantag%emperatures ranging from 55°C to 67°C. It may be of advantage
to combine the two methods of virus inactivation, the treatment
with detergents and with heat.

In order to remove the chemicals employed in the pasteurization
step, a second membrane chromatography may follow. Preferably,
the'separation of the added stabilizing agents takes place by
means of a membrane modified by DEAE or quaternary ammonium
compounds that are arranged on the surface of the chromatographic
carrier material through a spacer. In addition, it is possible
to arrange the corresponding ligands on the surface of the
carrier materiel without a spacer. The stabilizing agents are not
retarded by this anion exchange material under the conditions
chosen, whereas factor VIII is adsorbed on the chromatographic

material.

Thereafter, factor VIII is eluated with ah agueous solvent system

exhibiting gradually increasing salt concentrations.

The fraction containing factor VIII thus obtained is concentrat—
~ed, filled and optionally lyophilized by conventional methods.

Preferably, factor VIII is applied from a solution with low ionic

strength in the first membrane chromatographic separation step.



" to combine the two methods of virus inactivation, thw
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. pasteurization step, a second menbrane chronmatography may foll ow.

" Preferably, the separation of the added stabilizing agents takes place by
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If cation-exchange chromatography is
performed, it preferably takes place at a pH value < 6, whereas

anion-exchange chromatography is rather carried out at higher pH
values of above 6.

If purification of factor VIII is performed by.immunoaffinity
membrane chromatography, then, unlike with the above mentioned
~method using anion-exchange materials, elution is carried out
with chaotropic reagents or highly concentrated salt solutions.
Preferably, elution takes place with concentrations of chaotropic
reagents or salts which are sufficient to disrupt the binding
between the substance hav1ng high affinity to factor VIII and
factor V;II itself. The concentrations of the mentioned materials
in the respective elution systems depends on the strength of the
affinity between factor VIII and the corresponding blndlng com-
ponent. Pregferably, antlbodles having not too hlgn an afflnlty
are employed as immunoafflnlty ligands. As a result, elution can
take place with aqueous solutions.with lower denaturating pot-
ency. Preferably, aqueous solutions having concentrations of from
1 to 6 M of urea, especially from 2 to 4 M of urea, or corre-
spondingly highly concentrated salt solutions are employed for
elution of factor VIII from the immunoaffinity membrane.



* mM sodi um chl oride solution, while the pH value is maintained wthin a

. range of 4 to 9. if cation-exchange chromatography is perforned, it
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hi ghly concentrated ammoni um sul fate (up to a con- centration of 4 M or
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addltlon, the specific activity of the factor VIII obtained in
this way 1is quite high which may be accounted for by the low
denaturation of the active factor in the process according to the
invention. Hence, a factor VIII containing fraction obtainable
through the process according to the invention is also an object

of the invention.




“ionic strengths for the elution of the sanples in hydrophobic interaction
menhr ane chromat ography. The procedure according to the invention

o surprisingly ensures a quick and unconplicated purif?%élrgﬂzggF%§g£§£:XII
which is obtained at the sanme tine in high purity and high yie :
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qui te high i may be accounted for by the Iow denaturation of the
active factor in the process according to the invention. Hence, a factor
VII1 containing fraction obtai nabCel ghhiomgls t:he process according to the
invention is also an object of the invention. 8 - 1-Cl ai ms: 1. A"
process for the preparation of a virus inactivated frac- tion containing
factor VI31 by PERRsSsf fenr shet egerphirs iomefods vinksr dinact iyiadeskdirar f r om
a cryopreci pi¢ gbg Qonddioothy! asfRor Qpﬁmonakl Ynelald OYEd Rl BJREBhiC
hydroxi de treatnent, after dissolution of the cryoprecipitate at™ [east
one separati %e%?%g%sivﬁbe‘??e’n%rénémﬂﬁ%ﬂ%%rgﬁﬁv i% CHRPPEERRALCAtEeTHRT
process accorislogdt plejsiaiam 1, op/ae_:f:ﬁ'a:ﬂlyaifdal&@p&rcﬁtkbpnalﬁhﬁﬁuha:?%ﬁ)aﬁ&e gn
an ion-excha rpal, rLicul ar ani on-.exchange material, arrange
within or onng’??ré%g%lr:\é. %E@%\rpr lcsessosy%tclcoor?’ difg 'fgeé%%ﬁ’yrﬁar%ﬁh?&aﬁ,e t
‘Wherein a virlgastnanei saproationpsickr med ngy membaamen thoforsdiagy fagitt | 0n
with a di- or éff@#%g? phosphate and a non-ionic surfac- tant. 4. A process
: P | . . . : : :
according to any of clains 1 to 3, wherein virus inactivation is perforned
by a pasteurization step, option- ally followed by an additional separation

step using, mefhe bpaBeecll ARAH Y eo claim 1, wherein said separation

step takes place on an ion-exchange material, particularly

anion-exchange material, arranged within or on a membrane.

3. A process accordiné'td claim 1 and/or 2, wherein a virus
inactivation is performed by treatment of said fraction
with a di- or trialkyl phosphate and a non-ionic surfac-
tant- |

A process according to any of claims 1 to 3, wherein virus
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inactivation is performed by a pasteurization step, option-
ally followed by an additional separation step using mem-
brane chromatography. '

5. A process according to any of'cléims 1 to 4, wherein said
membrane chromatography takes place on a material having a
high affinity to factor VIII.

6. A process according to any of claims 1 to 5, wherein the
material having a high affinity to factor VIII is modified
by ligands having high and/or low molecular weights.

7. The process according to claim 6, wherein said material is
modified with antibodies against factor VIII.

8. A process according to any of claims S to 7, wherein the
modified material having a high affinity to factor VIII

ey
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" 5. A process—according to _any of clains 1 to 4, wherein said nenbrane
chr amat ogr aphy t akes place on a materi al haV|ng a' high affinity to factor

VIl1l. 6. A process according to any of clains 1 to 5, wherein the material
having a high affinity to factor VIIl is nodified by |igands having high
and/ or | ow nol ecul ar weights. 7. The precess according to claim®6, wherein
said material is nodified with antibodi es against factor VIII. 8. A

process according to any of claims 5 to 7, wherein the nodified materi al
havi ng a hi ghbedfs nitywobdliaetiol i¥hhHds hEvSnGHERERiHASaRERAECED to Fadresr S

i mmobi |'i zed Ipgppds having a high affinity to factor Vilr. 9. A process
according to any ofclains 1 to 8, wherein the chromatographic materi al

al lows for hydrophobic interaction with the factor VIII to be separated or

bears appy opra, aﬁ?oc‘abga'&%m%' <) Qﬂgr Bﬁhgti'aclm'snt ert_atgt bonwh£Q'e '%1 Q{ggess
ito anmpl e ie

according to any of clains be pun

applied to trﬁP?@m%FaﬁEaEBhFaWﬁFﬁﬁlaFoﬁlk%ﬁﬁéﬁgéhMQQQEHQbMQ1kﬂiﬂﬁﬁﬂﬁﬂﬁﬂ

system havi n9~i@w taal EactbreNtlT, OB SHPAPEHDed OcP HaE20 AW R R e

chl ori de, tion th an a ueous system havi ng higher i1onic
strength, cor E%%%ﬁ %Sgaﬁténﬁm%YQG &ﬁl&&ﬁQHﬁQﬁﬂQﬂlde sol uti on,

foll owed by elution mnth an aqueous system having high ionic strength,
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clains 1 to y@amgh@r@¢rbqfnyrlfled is applied to the membrane containing
ion-exchange material in an-aqueous system hav1ng low ionic
strength, corresponding to 0 to 150 mM sodium'chloride, op-
tionally washed with an aqﬁeous system having higher ionic
strength, corresponding to a 200 to 400 mM sodium chloride
solution, followed by elution with an aqueous system having
high ionic strength, corresponding to a S00 to 1,500 mM
sodium'chloride solution, while the pH value is maintained
at from 4 to 9. ' | .

11. A process'according to any of claims 1 to 10, wherein the
sample to be purified is applied from a solution which
allows for binding of factor VIII to antibodies against
factor VIII, the affinity membrane with factor VIII adsor-
bed thereon is optlonally washed followed by ‘elution with
chaotropic reagents at a concentration correspondlng to,
for‘example, 1l to 6 M of urea or with a correspondingly

more highly concentrated salt solution.

12. A process according to any of claims 1 to 10, wherein the
sample to be purified is applied from a solution having
very high ionic strength to a membrane bearing hydrophobic
ligands on its surface and is eluted with solvent systems
having lower ionic strengths.

13. A process according to any of claims 1 to 12, wherein the
eluted fraction containing factor VIII is concentrated,
filled and/or lyophilized.
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* sanple to be purified is applied froma solution which allows for binding
of f.actor ; i les against factor VIII, the affinity nmenbrane
with factor VIl adsor- be hereon is optionally washed, followed by
elution with chaotropic reagents at a concentration corresponding to, for
exanple, 1 to 6 Mof urea or with a corygespondingly nore highly
concentrated salt solution. 12. A process according to any of clains 1 to
10, wherein the sanple to be purified is applied froma solution having
very hi dht.i o psecesgt hictordingnbpaneybedr clgimgdnopkohizc wWhHegmnids sxtidts
surface and is; t | e Vi,n wer _ionic strengths.
13. A pr ocess‘%a%%%r%?%éé\t%gag%xoggcﬁ%ﬁfgg@e?g@ﬁf&v&]@}%ﬁl% ‘ﬂﬁ%ﬁ Lé?utt%%‘g]%
fracti on contky ivetghticeér avierergeagncentrated, filled and/ or

| yophi li zed. REPLALt=U 10 14. A process according to any of clains.1l to
13, wherein said virus inactivation is performed by treatment. with up to
15% by Wi gt fOfAGE 1R SRR INIBT HackREtV R QR APY KAROKANG the
obt ai ned by ejfdeys80atberdRhacess aagCfdicng ild ankPfiglaine 1 to 14. ~ .
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