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A Method for Purifving Antithrombin ITT

A b s £t xracot

A method for purifying antithrombin IIT from a starting

material comprising an AT ILIIl/heparin or AT

" III/heparinoid complex, respectively, 18 described
which is characterized in that the complex 1s adsorbed
on an anion exchanger material, whereupon AT II1 1s

separated from the complex by elution.
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A Method for Purifving Aantithrombin III

The invention relates to a new method for purifying
antithrombin III.

Antithrombin ITT (AT IITI) is a plasmatic protein

which acts as a coagulation inhibitor by inhibiting

thrombin, factors TXa, Xa, XTa and XIIa.

AT IIT deficiency or'hereditary thrombophilia is an
autosomal dominant hereditary disease with an
inclination to thrombogsis and embolisms due to a
reduced formation of AT III.

Acquired AT ITITI deficiency may, e.qg., occur with

disseminated intravascular coagulation (DIC), sepsis,

cirrhogslis of the liver or with nephrotic syndrome.

AT ITT-deficiency symptomg may also occur in case
of heart-valve prostheses, postoperative thrombocembolic
complications, in estrogen therapy oxr in the

asparaginase therapy.

AT IIT has a high affinity to heparin and
heparinoids, and therxefore a separation of the heparin
or the heparinocid is necessary when producing pure
antithrombin IlT-preparations.

According to EP 0 307 002 Al, the ¢lieavage of this
AT IITI/heparin or AT III/heparinoid complex,
regpectively, 1s carried out with immobilized protamin,

whereby heparin is bound to immobilized protamin, and

AT TITI is recovered from the sgupernatant. Prior to the
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treatment with the immobilized protamin, the AT
ITII/heparin or AT III/heparinOid Complex, regpectively,
1is purified from undesired proteins by adsorption on an
ion exchanger and elution by meana of a saline solution
at pH 7.5. It has been sgshown that with the ion exchange
chromatography not a cleavage of the complex, but a
separation ¢of undesired accompanving proteins was

achieved, the complex as such remaining adsorbed

without any change.

A further possible way of purifying AT II1L is by
means of affinity chromatography via heparin-sepharose.

In Prep. Biochem. 13 (1) (1983), pp. 1-20, e.g., a
method for purifying AT IIT is described in which AT
ITTI at first was purified via affinity chromatography
with hepafin-eepharose, and subsequently by means of
ion exchange chromatography and gel chromatography, the
elution of AT IIT from heparin—sepharose'odcuring at pH
7.4. The 1on exchange chromatography was carried out on
DEAE-Sepharoge, AT III being bound at a pH of'B.G,

In Thrombosis Résearch 5 (1974), pp. 431-452, also
the purification of AT ITIT via heparin—sepharose 1S
described, adsorption being attained at pH 8.5 and
desorption, i.e. the cleavage of the comﬁlex of

immoblilized heparin and AT III, at pH 7.5. In the
subsecnent 10on exchange chromatography on DEAR-

Sephadex, AT ITIT was bound at pH 8.0 and eluted at pH

7.4.
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A similar method 18 described in DE 2 243 688:;

here, too, the pﬁrification of AT III on a cross-linked
heparin-agarose gel 13 digclosed, wjereby the
adsorption on the heparin gel 1s carried ocut at pH 8.5,
and the desorption, i.e. the cleavage of AT IIT from
immobilized heparin, at pH 7.3.

The present invention is based on the object of

providing a new method for producing antithrombin ITIT-
preparations with high purity and in high vyields,
whereby AT III, as free ags possible from heparin and
heparinoid, respectively, i1s to be recovered.

According to the invention, this object is achieved
by a method for purifying AT IIT from a starting
material comprising an AT III/heparin or AT |
ITT/heparinoid complex, which is characterized in that
the AT ITI/heparin or AT II1l/heparinoid complex ig
adsorbed on an anlion exchanger material, and
subsequently AT IITI is cleaved from the adsorbed
complex and eluted. At this cleavage, heparin remains
on the anion exchanger, i.e. a gelective elﬁtion of
AT III occurs. '

Preferabiy, the.cleavage according to the invention
1s carried out with a buffer at a pH ranging from B8B.5

to 10.5.

For, surprisingly, it has been found that c¢leavage

of the heparin/AT III or heparinoid/AT III complex,

respectively, 15 possible i1n the course of an anion
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exchange chromatography, and this even at a pH higherx

than 8.5.

It has been found that AT ITII can be eluted f£from an

anion exchanger selectively relative to heparin or that

the complex formation between AT TIIT and heparin or

heparinoid, respectively, can be broken, while
simultaneously the binding of heparin to the adsorption
material (which binding in ébntrast to heparin-
sepharose is not covalent) will remain. Although in the
prior art the affinity of AT III to heparin has been
considered to be very high, primarily at such a pH,
(cf. Thrombosis Research (1974) or DE 2 243 688) and

the cleavage of the complex (i.e. the cleavage of

AT ITII from immobilized heparin), even with covalently
bound heparin, was always carried out at low pH values,
it has been shown that by means of anion exchange
chromatography, a selective elution of AT ITT from
adsorbed AT II1l/heparin or AT III/heparinoid complex 18
possible.

Within the scope of the present invention it has
however been found that, even at such high pH-values, a
cleavage of the complex could be attained, with heparin
nevertheless remaining substantially bound to the anion
exchangery.

Preferably, in the method according to the
invention, elution is carried out with a buffer which

has a conductivity of between 15 and 50 mS. At such a
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conductivity, an optimum of specificity of elution is

attained, i.e., that it will be sufficient, on the one

hand, to allow a substantially complete cleavage of the
complex, while, on the other hand, it is not that high
that also the heparin or heparinoid, respectively, will
be co-eluted. The conditions for the adsorption and

desorption, respectively, generally depend on the anion
exchange material used and substantially are a function

of the conductivity and of the pH value of the buffer.

In particular, the correlation between pH and the
conductivity is such that with a low conductivity, e.qg.

around 20 mS, also the pH ot the buffer solution can be

lower, e.g. 8.5, and vice versa. As the buffer, e.qg.
Tris-, phosphate-, or glycine-containing solutions are
used.,

Preferably, prior to adsorption, heparin or a
heparinoid, respectively, in an amount of between 30
and 3,000 U/ml is admixed. This will ensure that all
the AT III in a starting material will be present as a
complex, and thus no loss of yield caused by free

AT ITI will occur.

Preferably, the method accorxrding to the invention
1s carried out in a two-step chromatographic
purification, wherein, in a firat step,'the complex 18
adsorbed on an anion exchanger material, and at a pH in

the range of from 6.0 to 7.5 the stable complex is

eluted. Subsedquently the adsorption of the complex
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according to the invention and the cleavage
respectively the‘elution of AT IIT from the complex
occur. With a pH value of between 8.5 and 10.5.
preferably a higher conductivity of the buffer is
adjusted, e.g. 10-60 wS, preferably between 15-50 mS,
most preferred between 20-35 mS, at the elution.

Since AT III preferably is used as a therapeutic
agent, in most instances a treatment for virus

1inactivation is necessary. This treatment preferably is

carried out at the stage of the AT III/heparin oxr AT

h- L

/heparinoid compiek, since AT IIT in complexed form
138 more stable than in free form.'Preferably, the virus
tnactivation treatment is also carried out in two
steps, 1.e. by two independent virus inactivation

methods.

This 1nactivation treatment preferably i3 ensured
by a tenside and/or heat treatment, e.g. a heat
Lreatment in the solid state, in particular a vapor
treatment according to EP-0 159 311, EP-0 519 901 or
EP-0 674 531. .

Further methods for inactaivation of viruses also
comprise the treatment by chemical or chemical/physical

methods, e.g. with chaotropic substances according to

WO 94/13329, DE 44 34 538 or EP-0 131 740 (solvent) or
photolnactivation.
Nanofiltration also constitutes a preferred method

for depleting viruses within the scope Oof the present
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invention.

As the anion exchanger, in principle, all anion
exchangers may be used which have an affinity to
heparin'or heparinoidsg, such as, e.g. cellulose-based
anion éxchangers with diethylaminoethyl-groups (DEAE-
Sephacell®, DE32, DE52 and the like or'ExPreas Ton D;
all from Whatman) or with CH2N+(CH3)3 groups (QA52 or
Express Ion Q; from Whatman), anion exchangers based on
cross-linked dextrane with diethylaminoethyl groups
(DEAE-Sephadex®), agarose-based anion exchangers with
diethylaminoethyl groups (DEAE-Sepharose CL6B®, DEAE-
Sepharoge Fast Flow®), anion exchangers based on cross-
linked dextrane with diethyl- [2-hydroxypropyl] -
aminoethyl groups (QAE-Sephadex®), anion exchangers
based on agarose with CHZN”'(CHB)3 groups (Q~Sepharosé
Fast Flow®, Q-Sepharose High Performance®, Q-Sepharose
Big Beads®) or copolymers of agarose and dextrane (Q-
Sepharose XIL) (all from Pharmacia), spherical
chromatographic gels, prepafed by copolymerigsation of
N-acryloyl-2-amino-2-hydroxXxymethyl-1,3-propanediol and

an anionic acryl derivative with diethylamino~ethyl

groups as functional anion exchanger (DEAE-Tris-
Acryl®), non-compressible silica-dextrane matrices
wherein a porous silica gel is embeded 1in a cCross -
Llinked dextrane matrix; with reactive diethylamincethyl
anion exchanger groupé (DEAE-~Spherodex®), gelg from

rigid polystyrene particles, whose pores are filled
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with a hydrogel, which carries quaternary amine gréups
having strong anion exchanger activity (Q-Hyper-D®)
(2all from Sepracor); rigid mac¢roporous hydrophilic
surfaces with N (C,H_ ), or N*(CH ), groups (Macroprep
DEAE®, Macroprep Q® (all from BioRad); anion exchangers
wlith diethylamincethyl-diethyl- (2-hydroxypropyl) -
aminoethyl and CH,N*(CH, ), -groups (DEAE-Toyopearl®,
QAE-Toyopearl®, Toyopearl Super-Q® (all from Tosohaas),
anion exchanger resins consisting of porous
polymethacrylate/polyacxylate gel (protein PAK DEAE®,
from Waters); anion exchangers based on copolymers
congisting of oligoethyleneglycol-dimethylacrylate,
glycldyl-methacrylate and pentaefjthritol-
dimethylacrylate with a hydrophobic surface (Fractogel
EMD-TMAE®, Fractogel EMD-DEAE®, rFrractogel EMD-DMAE®),
anion exchangers based on ailica gel with porous
spherical pressure-stable chromatography particles
(Licrospher 1000 TMAE®, Licrospher 1000 DEAE® and
Licrospher 4000 DMAE®) (all from MERCK) .

In a particularly preferred embodiment of the

method according to the invention, human plasma or an

AT ITI-containing plasma fraction is admixed with

heparin or a heparinoid, an AT III/heparin or AT

LII/heparinoid complex being formed, and this complex
18 subjected to a heat treatment for inactivation of
infectous agents. This treatment optionally is carried

cdut 1n the presence of sgstabllizing organic polyvalent
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salts, such as, e.g., citrate and/or ammonium sulfate,

and preferably at a temperature in the range of from 40

to 70°C for a period of time of between 3 and 30 hours,

Lreatment at a temperature of around 60°C for
approximately 10 hours being particularly preferred.
In the method according to the invention preferably

1t 1s departed from human plasma or from a [human]

plasma fraction containing AT IIT, preferably‘from

cryoprecilipilitate-poor plasma, or from a Cohn-fraction,

preferably from a Cohn-fraction IV.

The present invention will be explained in more

detall by way of the following examples wit.hout,

however, being restricted thereto.

Ex amp l e 1l:

93.2 1 of cryoprecipitate-poor plasma were admixed
with 7.5 x 10° U of heparin, stirred for ¥ hour, and 1
g of DEAE-Sephadex A50 (from Pharmacia) was admixed per

liter. By separating the gel and subsequent removal of

non-bound proteins by means of a citrate-buffered NaCl
solution (1 g/l NaCl, pH 7.5), the AT III/heparin
complex was recovered by elution with a buffer solution
which has a conductivity of 44 mS and a pH of 7,5.
Subsequently, the solution wag heated for 10 hours at
60°C 1n the presence of stabilizing organic polyvalent
salts (160 g/l Na-citrate) so as to inactivate possibly

present pathogenic microorganisms.
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The precipitate formed waé sSeparated by

centrifugatlion or filtration and discarded. The clear

solution was rebuffered to pH 9.0 and to a conductivity

of 12.2 mS. The AT III/heparin complex was bound on a

chromatographic <¢olumn consisting of 1,000 ml Q-
Sepharose Fast Flow® (from Pharmacia), and AT III was
selectively eluted by means of a buffer solution at pH

5.0 and a conductivity of 26 mS.

R _
] AT IITI | Heparin
|
Results . U/ml U/ml AT IIT/Protein
DEAL -
Sephadex~ 7.3 ' 30.5 1.6 U/mg
Eluate
Q-Sepharcse- 7.2 0.5 3.9

Eluate

Ex ampl e 2: (At pregent considered by
applicant to be the besgt mode of cariying out the
invention)

24,5 1 of plasma were admixed with 1.85 Xx 108 U of
heparin after removal of the cryoprecipitate‘and of the
prothrombin complex. 15 g of DE 52 cellulosge (from

Whatman) per liter were used to adsorb the
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AT ITII/heparin complex, and the product was recovered
by elution with a buffer solution which had a
cbnductivityof 45 mS and a pH of 8.0. After
pasteurizing ((60°C, 10 hours) the solution was
rebuffered and treated with Triton® X 100
(polyethyleneglycol-tert.octylphenylether, Tween® 80
(polybxyethylenesorbitanwmono-oleatey as well as tCri-
(n-butvl)phosphate (TNBP) aﬁ 25°C according to US~‘
patent 4,540,573.

. The AT III was chromatographically purified via a
25 ml QO-Sepharose Fast-Flow® column (from Pharmacia)
and recovered by elution with a buffer gsolution at pH

9.8 and with a conductivity of 23 mS. By

ultrafiltration and diafiltration, the AT III was
adjusted to 100 U/ml, subsequently it was filled in

containers by filtration in a sterile condition, and,

optionally, freeze-dried.

Results after freeze-drying:

AT ITT : 96 U/ml

Heparin : 0.8 U/ml

AT ITI/protedin - &.2 U/mg

Triton, Tween, TNBP : <« detection limits
Heparin binding of AT IIT : > 95 % *)

*) according to Europ. Pharmacopela
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Ex amp le 3:
Example 2 was repeated, yet Toyopearl® Q-650 Th®

(Toso Haas) wags uged insgstead of Q-Sepharose.

Result (eluate) :

AL LI1IL - 4.5 U/ml
Heparin ; 0.1 U/ml
AT ITITI/protein : 3.2 U/mg

Ex ample 4:
Example 2 was repeated, yet Express YTon Q (Whatman)

was used instead of Q-Sepharose.

Rescult (eluate) :

AT ITITI : 8.0 U/ml

Heparin : 0.8 U/ml

AT TIITI/protein : 5.5 U/mg
- 12 -
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C l ai1mg:

1. A method for purifying antithrombin ITTI from a
starting material comprising an AT III/heparin or AT
ITI/heparinoid complex, respectively, characterxrized in

that the complex is adsorbed on an anion exchanger

material, whereupon AT III is peparated from the

complex by elution.

2. A method according to claim 1, characterized in

that the elution is carried out with a buffer at a PH

ranging from B.5 to 10.5.

3. A method according to claim 1 or 2, characterized
1n that the buffer for elution has a conductivity of

between 10 and 60 mS, preéeferably between 15 and 50 mS,

mostt preferred between 20 and 35 mS.

4 . A method according to any one of claims 1 to 3,
characterized i1in that heparin or a heparinoid in an
amount of between 30 and 3,000 U/ml is admixed to an AT

ITI-contalining starting material, whereupon an AT

IIT/heparin or AT III/heparinoid complex is formed.

5. A method according to any one of claims 1 to 4,.
charactexized in that the AT III/heparin or AT

IXII/heparinoid complex, respedtively, is,subjected to a
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Ewo-step chromatographic purification, wherein, in a
first step, the complex is adsorbed on an anion

exchanger material and is eluted at a pH in the range

of from 6.0 £to 7.5.

6. A method according to any one of claims 1 to 5,

characterized in that a virus inactivation step is

provided.

7. A method according to any one of claims 1 to 6,

characterized in that human plasma or an AT I1I-

containing plasma fraction is admixed with heparin or a

heparinoid to form a heparin/AT IIT or heparinoid/AT

ITT complex, respectively, and this complex is
subjected to a heat treatment foxr inactivation of
infectous agents, optiocnally in the presence of
stabllizing organic polyvalent salts, preferably
éitrate and/or ammonium gulfate, at a temperature 1in
the range of from 40 to 70°C for a period of time of

between 3 and 30 hours, preferably at a temperature of

around 60°C for a period of time of 10 hours.

8. A method according to any one of claims 1 to 7,

characterized i1n that it is started from human plasma

0or a plasma fraction containing.AT IT1, preferably from

cryoprecipitate-poor plasma.
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