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(57) The present mvention relates to a process for
purifying apolipoprotemn A (ApoA) or apolipoprotein E
(ApoE) from human plasma, by obtaining a fraction of
human plasma contamming said ApoA or ApoL,
prepuritying said fraction in at least one step, binding
said ApoA or ApoE to an anion-exchange
chromatography gel, and thereafter eluting said ApoA or
ApoE from said anmion-exchange chromatography gel.
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and sepsis when administered 1 a therapeutically

effective amount.
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(S7) Abstract

| The present invention relates to a process for purifying apolipoprotein A (ApoA) or apolipoprotein E (ApoE) from human plasma, by
obtaining a fraction of human plasma containing said ApoA or ApoE, prepurifying said fraction in at least one step, binding said ApoA or
| ApoE to an anion-exchange chromatography gel, and thereafter eluting said ApoA or ApoE from said anion-exchange chromatography gel.
The thus produced ApoA or ApoE can be used for the manufacture of a medicament in the treatment of atherosclerosis and cardiovascular
diseases, or peripheral atherosclerosis and sepsis as well as in a method for treatment of atherosclerosis and cardiovascular diseases, or

peripheral atherosclerosis and sepsis when administered in a therapeutically effective amount.
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SLJI;I;%(;BSS FOR PURIFYING APOLIPOPROTEIN A OR APOLIPOPROTEIN E FROM HUMAN

FIELD OF THE INVENTION

The present invention relates to a process for purifying apolipoprotein A
(ApoA) or apolipoprotein E (ApoE), which are important components of the high
density and low density lipoproteins in plasma. More particularly, this invention
relates to a process for obtaining ApoA or ApoE from human plasma, by prepuri-
fying said ApoA or ApoE in at least one step, binding said ApoA or ApoE to an
anion-exchange chromatography gel, and thereafter eluting said ApoA or ApoE

from said anion-exchange chromatography gel.
BACKGROUND OF THE INVENTION

The main function of lipoproteins in plasma is to transport lipids, such as
cholesterol and triglycerides. For transport in plasma, cholesterol, normally as
cholesteryl esters, and the triglycerides are included into lipoprotein particles in
which they form a hydrophobic core. The core is surrounded by a surface coat
containing phospholipids, unesterified cholesterol and proteins called apolipo-
proteins. The latter are responsible for the lipid transport, and in addition, some
may interact with many of the enzymes involved in lipid metabolism. To date, at
least nine apolipoproteins have been identified: A-I, A-II, A-IV, B, C-1, C-11, C-III,
D and E.

There are four major classes of lipoproteins: chylomicrons (CM), very low
density (VLDL), low density (LDL) and high density (HDL) lipoproteins. Of these,
HDL is directly involved in the removal of cholesterol from peripheral tissues, car-
rying it back either to the liver or to other lipoproteins, by a mechanism known as

‘reverse cholesterol transport" (RCT).

The "protective” role of HDL has been confirmed in a number of studies.
Recent studies directed to the protective mechanism(s) of HDL have been focused

on apolipoprotein A-I (ApoA-I), the major component of HDL. High plasma levels
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of ApoA-I are associated with a reduced risk of CHD and presence of coronary
lesions.

The apolipoprotein A-IMilano (ApoA-IM) is the first described molecular
variant of human ApoA-I (Franceschini et al. (1980) J. Clin. Invest. 66: 892-900). It
is characterized by the substitution of Arg 173 with Cys 173 (Weisgraber et al.
(1983) J. Biol. Chem. 258: 2508-2513). The mutant apolipoprotein is transmitted as
an autosomal dominant trait and 8 generations of carriers have been identified
(Gualandri et al. (1984) Am. J. Hum. Genet. 37: 1083-1097). The status of a ApoA-
IM carrier individual is characterized by a remarkable reduction in HDL-chole-
sterol level. In spite of this, the affected subjects do not apparently show any
increased risk of arterial disease. Indeed, by examination of the genealogical tree it
appears that these subjects may be "protected” from atherosclerosis.

Apolipoprotein E (ApoE) is a ligand for the LDL receptor. As a result, ApoE
plays an important role in cholesterol metabolism. In addition, ApoE is involved
in the hepatic clearance of chylomicron remnants.

Several methods have been proposed for purifying ApoA and ApoE from
plasma. One of the most common ways to purify apolipoprotein A-I is to use
ultracentrifugation in order to isolate high density lipoproteins (HDL) followed by
a separation of Apo A-I from the HDL-particle. There are several different ways to
purify Apo A-I from HDL, including solvent extraction. Ultracentrifugation is a
very time-consuming method and it is not suitable for large scale isolation.
Methods using plasma as starting material and which do not include ultracentri-
fugation have been described, for example chromatographic purification (Ross S.E.
et al, Rapid chromatographic purification of apolipoproteins A-I and A-II from
human plasma, Analytical Biochemistry 149, p. 166-168 (1985)), and purification
using gel-filtration HPLC (Tricerri A. et al, A rapid and efficient procedure for the
purification of human apolipoprotein A-I using gel-filtration HPLC, IJBC, 1, p.
159-166 (1994)). Other methods which use fractions from cold ethanol fractionation
as starting material have also been published (Peitsch et al, A purification method
for apolipoprotein A-I and A-II, Analytical Biochemistry, 178, p. 301-305 (1989)).

EP-A-0329 605 to Rotkreuzstiftung Zentrallaboratorium Blutspendedienst
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SRK and Lerch et al, Isolation and properties of apolipoprotein A for therapeutic
use, Protides Biol. Fluids, 36, p. 409-416 (1989), relate to preparation of Apolipo-
proteins from fractions of human blood plasma containing lipoproteins. EP-A-
0329 605 and Lerch et al disclose that precipitate B and 1V of a cold ethanol fractio-
nation process can be used as starting material for producing ApoA. Use is made
of butfers containing unusually high ethanol concentrations (68-96% ethanol),
optionally with an organic solvent, for precipitating contaminants. The precipi-
tates are solubilized in guanidine hydrochloride, which is subsequently removed
by gel filtration. An anion-exchange chromatography step is included to bind the
contaminants, while the ApoA passes through.

JP-A-08003198 to Chemo-Sero-Therapeutics Research Institute relates to
preparation of Apolipoprotein A-I from human plasma by incubating apolipo-
protein A-l containing plasma with a lower aliphatic alcohol, centrifuging the
culture mixture obtained, and applying the resulting supernatant to a hydro-
phobic chromatography resin in the presence of a lower aliphatic alcohol.

WO-A-93/12143 to Pharmacia & Upjohn (formerly Kabi Pharmacia AB)
relates to preparation of the dimer of Apolipoprotein A-IM from blood plasma
collected from Apo A-IM carriers as well as from solutions containing Apolipo-
protein A-IM produced by recombinant DNA techniques. The dimers can be
produced from blood plasma by isolating the high density lipoproteins (HDL)
particles and separating the dimer by use of one or more gel filtration steps, or by
purifying the monomers on Thiopropyl-Sepharose and thereafter converting said
monomers to the dimers.

There are presently several methods known for purifying plasma-derived
ApoA and ApoE. There is, however, a need for an additional quick, sensitive and
reliable method for preparation of plasma-derived ApoA and ApoE on a pilot-
plant and maustrial scale. It is the purpose of the present invention to provide

such a method.
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SUMMARY OF THE INVENTION

The present invention relates to a process for purifying apolipoprotein A
(ApoA) or apolipoprotein E (ApoE) from human plasma, by obtaining a fraction of
human plasma containing said ApoA or ApoE, prepurifying said fraction in at
least one step, binding said ApoA or ApoE to an anion-exchange chromatography
gel, and thereafter eluting said ApoA or ApoE from said anion-exchange chroma-
tography gel. The thus produced ApoA or ApoE can be used for the manufacture
of a medicament in the treatment of atherosclerosis and cardiovascular diseases, or
peripheral atherosclerosis and sepsis as well as in a method for treatment of
atherosclerosis and cardiovascular diseases, or peripheral atherosclerosis and

sepsis when administered in a therapeutically effective amount.

DETAILED DESCRIPTION OF THE INVENTION

An object of the present invention is to provide an efficient purifying
process for prbducing ApoA or ApoE from plasma with a low enough content of
impurities to obviate the need for further purifying steps.

A further object of the present invention is a process providing a high yield
of plasma-derived ApoA or ApoE, i.e. a process with a minimal loss of product.

Another object of the present invention is to provide an efficient process,
where the biological activity of plasma-derived ApoA or ApoE is essentially
retained.

Still another object of the present invention is to provide a purified ApoA or
ApokE from Cohn’s fraction IV.

The objects above are met by the present invention, which relates to a
process for purifying apolipoprotein A (ApoA) or apolipoprotein E (ApoE) from
human plasma, by obtaining a fraction of human plasma containing said ApoA or
ApoE, prepurifying said fraction in at least one step, binding said ApoA or ApoE
to an anion-exchange chromatography gel, and thereafter eluting said ApoA or

ApokE from said anion-exchange chromatography gel.
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Anion-exchange chromatography where ApoA or ApoE is bound to the gel
preceded by prepurification in at least one step provides another dimension for
purifying ApoA or ApoE derived from human plasma, since additional separation
criteria are utilized compared to those already ﬁsed. Thus, a substantial amount of
impurities, such as various proteins, can be made to pass through the anion-
exchange chromatography gel, while ApoA or ApoE remain bound to the gel
surface. This is quite surprising, since conventionally, if an anion-exchange chro-
matography step is utilized, the impurities are bound to the gel while ApoA or
ApoE passes through the anion-exchange gel. With the present invention, ApoA
and ApoE can be simply and efficiently separated from the impurities found in
various fractions of human plasma, thereby providing an apolipoprotein with a
purity in excess of 95%.

The present invention also relates to use of ApoA or ApoE produced
according to the inventive process for the manufacture of a medicament compris-
ing the ApoA or ApoE in the treatment of atherosclerosis and cardiovascular
diseases, or peripheral atherosclerosis and sepsis.

The present invention further relates to a method for treatment of athero-
sclerosis and cardiovascular diseases, or peripheral atherosclerosis and sepsis by
administering ApoA or ApoE produced according to the inventive process in a
therapeutically effective amount.

The valuable components of human plasma, mainly proteins, can be separa-
ted by various fractionation methods, e.g. cold ethanol fractionation such as the
Cohn or Cohn-Oncley process (Cohn et al, J. Am. Chem. Soc. 68, p. 459-475 (1946)
and Oncley et al, ]. Am. Chem. Soc. 71, p. 541-550 (1949)). Plasma fractions suitable
for use in the present invention can be also be produced by variants of this original
process, e.g. the Kistler-Nitschmann process (Nitschmann et al, Helv. Chim. Acta
37, p- 866-873 (1954) and Kistler et al, Vox Sang. 7, p. 414-424 (1962)). The cold
ethanol fractionation processes, such as the Cohn process, are based on the simple
principle that certain proteins are made insoluble in each step of the fractionation.
These precipitated proteins can be separated from the rest of the solution through

e.g. sedimentation, centrifugation or filtration. In the cold ethanol fractionation
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processes, ethanol is used for making the proteins precipitable at low tempera-

tures. Typically, the ethanol concentration is gradually increased from 0% (w/w)
up to 40% (w/w) and the temperature varied between 0°C and -10°C. The result of

the process is at least five different fractions, designated I to V.

Fractions of human plasma suitable for use in the present invention can be
any fraction containing ApoA or ApoE, including cryo and serum. Human serum
Is a supernatant obtained by increasing the ethanol concentration to about 8%
(w/w), thereby precipitating fraction I containing e.g. fibrinogen. Fractions II + III,
obtained by increasing the ethanol concentration to about 25% (w/w) can also be
used. It is, however, preferred to use a fraction obtained by increasing the ethanol
concentration to about 38 up to about 42% (w/w), preferably about 40% (w/w). If
the conventional Cohn process is used, such an alcoholic solution of human
plasma is denoted Cohn’s fraction IV.

The temperature of the fractions of human plasma suitable for use in the

present invention can be in the range of from -10°C up to 0°C, suitably in the range

of from -8°C up to -2°C. The pH of the fractions of human plasma, suitable for use
in the present invention can be in the range of from 5 up to 7, preferably in the
range of from 5.5 up to 6.5. |

Apart from ethanol, other lower aliphatic alcohols are conceivable for use in
the cold fractionation. Thus, use can be made of any straight or branched alcohol
with one to six carbon atoms. It is, however, preferred that the alcohol is metha-
nol, ethanol, n-propanol or isopropanol, n-butanol, sec-butanol, isobutanol or tert-
butanol, more preferably ethanol.

The proteins of human plasma can be gradually precipitated also by use of
other chemical substances. Thus, apart from lower aliphatic alcohols, ethers,
ammonium sulfate, rivanol (2-ethyl-6-9-diamine acridinelactat) and various
polyethylene glycols can be used to advantage for obtaining fractions rich in
ApoA or ApoE, and therefore suitable for use as starting materials in the present

invention.

The matrix of the anion-exchange chromatography gel can be selected from

various hydrophilic matrices e.g. agarose matrices such as a wide variety of
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Sepharose® matrices sold by Pharmacia Biotech of Uppsala, Sweden, organic
polymer matrices such as TSK-gels sold by Tosoh Corp. of Tokyo, Japan, or highly
porous organic polymer matrices sold by Per Septive Bio-systems of Boston, USA.

The matrix is preferably an agarose matrix. Suitable agarose matrices in the pre-

sent invention are, apart from Sepharose®, Minileak® sold by Kem-En-Tec A/S of
Copenhagen, Denmark and Bio-Gel A sold by Bio-Rad, of Brussels, Belgium. Pre-
terably, the matrix is cross-linked allowing for a fast flow (FF) and thereby high
production capacity.

The matrices of the present invention can be soluble or insoluble in various
common solvents, e.g. organic polymers soluble or insoluble in water with or
without ethanol. Matrices also include e.g. filters to which anionic ligands have
been coupled.

Anion-exchange chromatography gels useful in the present process are e.g.
DEAE agarose gels, especially DEAE-Sepharose®, and Q agarose gels, especially
Q-Sepharose®, both types sold by Pharmacia Biotech of Uppsala, Sweden. Further

examples of anion-exchange gels that can be used in the present process are Super

Q-650 and Fractogel EMD DEAE-650 sold by Toso Haas of Tokyo, Japan, and
DEAE Hyper D or Q Hyper D sold by Biosepra S.A. of France. More preferably,

the anion-exchange matrix is DEAE-Sepharose® FF.

The ionic strength of the buffer used to equilibrate the anion-exchange gel
betfore applying an aqueous solution containing ApoA or ApoE to said gel as well
as the ionic strength of said ApoA or ApoE solution can be in the range of from
about 0.01 up to about 10 mS/cm, suitably in the range of from 0.1 up to 6 mS/cm,
and preferably in the range of from 0.5 up to 4 mS/cm.

The concentration of total protein in the aqueous solution applied to the
anion-exchange gel can be measured by absorption at 280 nm (A,,)). Using this
measure, the concentration of total protein in the aqueous solution applied to the
anion-exchange gel can be in the range of from about 0.01 A, units up to about
100 A, units, suitably in the range of from 0.1 up to 50 A,,, units, and preferably in
the range of from 0.5 up to 10 A,,, units.
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To achieve high capacity on high-resolution chromatography steps, such as
anion-exchange chromatography steps, the starting material has to be as pure as
possible. Therefore, the present process involves at least one step for prepurifying
the fraction containing ApoA or ApoE for increasing the purity of the ApoA or
ApoE before the anion-exchange chromatography step.

If the ApoA or ApoE-containing fraction of human plasma contains preci-
pitates, and in particular if the precipitates contain ApoA or ApoE, it is preferred
to prepurify said fraction by separating the precipitates from the liquid, e.g. by
filtration, centrifugation or sedimentation, to obtain a starting material rich in
ApoA or ApoE. It is suitable to use filtration, preferably in the presence of a filter
aid which facilitates the passage of the liquid through the filter. The filter aid can
be of various origin, e.g. granules of inorganic material such as SiO, or an Orgarnic
polymer, of one or more sizes, in optional mixture and/or sequence. The inorganic

material may contain at least 70% of SiO,, suitably at least 80% of SiO,, and prefer-

ably at least 90% of SiO,. Suitable examples include Celite™ 560, with a median
particle size in the range of from about 40 up to about 70 um, suitably in the range
of from 50 up to 60 um, and Hyflo™ Super-Cel, with a median particle size in the
range of from about 10 up to about 35 pum, suitably in the range of from 15 up to 25
pwm. Celite™ 560 and Hyflo™ Super-Cel contains 89.6% of SiO,, 4.0% of ALO,and
1.3-1.5% ot Fe,O,. Celite™ 560 and Hyflo™ Super-Cel are marketed by Celite Corp.
a World Minerals Inc. of Lompoc, CA in the U.S. Preferably, Hyflo™ Super-Cel is
used in a mixture with Celite™ 560, wherein Hyflo™ Super-Cel is added before

Celite™ 560.

In a suitable embodiment of the present invention, a washing solution is
used to remove macromolecular impurities, such as proteins, from precipitated
ApoA or ApoE, preferably in the presence of a filter aid, to obtain a precipitate of
high specific activity for further processing. Thus, by selecting suitable conditions
in the washing step it is possible to make the ApoA or ApoE stay on the filter aid,
while the impurities are dissolved and washed away. The washing solution may

be water or a washing buffer, preferably a washing buffer. The washing buffer
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may contain organic acids, such as citric acid or sodium acetate, suitably citric
acid. The washing buffer may also contain inorganic compounds, such as phos-
phates, suitably disodiumhydrogenphosphate. A combination of citric acid and
disodiumhydrogenphosphate is preferred. |

The temperature of the washing solution can be in the range of from about

0°C up to about 90°C, suitably in the range of from 1°C up to 50°C, and preferably
in the range of from 2°C up to 10°C.

After adding the washing solution to remove impurities from precipitated
ApoA or ApokE, the resulting aqueous solution is mixed for a period of time in the
range of from about 15 min up to about 10 hours, suitably from 1 hour up to 5

hours. After mixing, the dissolved impurities are allowed to separate from solid
ApoA or ApoL, e.g. by sedimentation, for a period of time in the range of from
about 5 min up to about 5 hours, suitably from 15 min up to 3 hours.

If ApoA or ApoE mainly exist as a precipitate in the fraction of human
plasma used as the starting material for the present process, it is suitable to solubi-
lize the precipitated ApoA or ApoE separated e.g. by filtration, centrifugation or
sedimentation, in an extraction buffer. The extraction buffer should contain a com-
pound capable of essentially disrupting, suitably completely disrupting, protein-
protein interactions, e.g. a surfactant or a compound containing two or three nitro-
gen atoms bonded to a carbon atom, or a mixture thereof. Suitably, a compound
containing two or three nitrogen atoms bonded to a carbon atom is used for solu-
bilizing precipitated ApoA or ApoE separated in a filtration step, preferably after
a washing step used to remove impurities.

The compound containing two or three nitrogen atoms bonded to a carbon
atom is suitably selected from the group consisting of urea, arginine, guanidine
hydrochloride, benzamidine and mixtures thereof, preferably urea.

Examples of surfactants which can be used to advantage to solubilize the
precipitated ApoA or ApoE in the present invention are various bile acids and
esters and salts thereof, such as deoxycholic acid, deoxycholates, cholic acid and
cholates. Specific examples include sodium deoxycholate and sodium cholate.

Also, non-ionic surfactants, e.g. zero-net-charge surfactants such as polyoxyethy-
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lene sorbitan fatty esters, block co-polymers and alkyl ethoxylates, can be used to

advantage in the present invention. Examples of polyoxyethylene sorbitan fatty
esters are polyoxy-ethylene-(20)-sorbitan monolaurate, e.g. Tween® 80, and poly-

oxy-ethylene-(20)-sorbitan monooleate, e.g. Tween® 20, both sold by ICI of Great

Britain. Examples of the block co-polymers are combinations of polypropylene-
glycol and polyethyleneglycol, e.g. Pluronic® sold by BASF in Germany. Exam-

ples of alkyl ethoxylates are Triton® X-100 and Triton® X-114 sold by Union
Carbide in USA.

The concentration of the compound containing two or three nitrogen atoms
bonded to a carbon atom can be in the range of from about 0.5 M up to saturation
at the prevailing conditions, suitably in the range of from 1 M up to 8 M, and pre-
ferably in the range of from 3 M up to 7 M.

It lies within the competence of the skilled person to arrive at a suitable con-
centration for surfactants used to solubilize the precipitated ApoA or ApoE.

The temperature of the extraction buffer can be in the range of from about

0°C up to about 90°C, suitably in the range of from 2°C up to 50°C, and preferably
in the range of from 4°C up to 20°C.

After adding the surfactant or compound containing two or three nitrogen
atoms bonded to a carbon atom to solubilize ApoA or ApoE, the resulting aqueous
solution is mixed for a period of time in the range of from about 15 min up to
about 10 hours, suitably from 1 hour up to 5 hours. After mixing, the resulting
precipitates are allowed to separate from the liquid, e.g. by sedimentation, for a
period of time in the range of from about 5 min up to about 5 hours, suitably from
15 min up to 3 hours.

In a preferred embodiment of the present invention, the fraction containing
ApoA or ApoE is prepurified by filtering for recovering precipitated ApoA or
Apok, washing for removing impurities from said precipitated ApoA or ApoE,
and thereafter solubilizing the washed ApoA or ApoE.

In another embodiment of the present invention, the fraction containing
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ApoA or ApoE is prepurified by adding a compound enhancing precipitation of
especially high-molecular weight proteins and fatty compounds. In this way, the
impurities, mainly other plasma proteins, can be precipitated while ApoA or
ApoE remain essentially dissolved. Suitable examples of such precipitation enhan-
cers include a wide variety of polyethylene glycols (PEG), e.g. PEG 4000 marketed
by Merck & Co., Inc. of New Jersey, USA, ammonium sulfate and rivanol (2-ethyl-
6-9-diamine acridinelactat).

A particularly preferred embodiment of the present invention, comprises
obtaining a fraction of human plasma containing ApoA or ApoE, prepurifying
said fraction by filtering for recovering precipitated ApoA or ApoE, washing for
removing impurities from said precipitated ApoA or ApoE, thereafter solubilizing
the washed ApoA or ApoE, and subsequently adding a compound enhancing pre-
cipitation of especially high-molecular weight proteins and fatty compounds.

The concentration of the precipitation enhancer can be in the range of from
about 1% (w/w) up to about 50% (w/w), suitably in the range of from 3 up to 20%
(w/w), and preferably in the range of from 5 up to 15% (w/w).

After adding the precipitation enhancer, the resulting aqueous solution is
mixed for a period of time in the range of from about 10 min up to about 5 hours,
suitably from 30 min up to 3 hours.

The temperature in the resulting aqueous solution obtained in the precipi-

tation step can be in the range of from about 0°C up to 50°C, suitably in the range

of from 2°C up to 15°C.

The pH of the washing buffer, the extraction buffer, and the aqueous solu-
tion resulting from the precipitation step can be in the range of from about 2 up to
about 10, preferably in the range of from 3 up to 7.

The precipitated impurities may be removed by methods conventional per
se, e.g. centrifugation, filtration or sedimentation, separately or in a sequence. Suit-
ably, in the present process sequence, use is made of centrifugation followed by

filtration.
In one embodiment of the present invention, an aqueous solution contain-

ing ApoA or ApoE eluted from the anion-exchange chromatography gel is subse-
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quently applied to a gel-filtration gel capable of separating a mixture of macro-
molecules and equilibrated with a compound capable of reducing, suitably essen-
tially disrupting, and preferably completely disrupting, protein-protein inter-
actions. |

The gel-filtration step may follow immediately after the anion-exchange
chromatography step. It lies, however, within the scope of the present invention to
make use of one or more intermediate process steps, for example ultrafiltration or
diafiltration.

The gel-filtration gels of the present invention relate to gels capable of sepa-

rating a mixture of macromolecules from each other. Gels intended for buffer

exchange or desalting, e.g. Sephadex® G 25, are not suitable for use in the present
invention. More particularly, the gel-filtration gels of the present invention should
be capable of separating a mixture of macromolecules, especially proteins and
polypeptides, with a molecular mass in the range of from about 10,000 Da up to
about 600,000 Da. Suitably, the gel-filtration gels of the present invention are
capable of separating a mixture of macromolecules with a molecular mass in the
range of from 15,000 Da up to 450,000 Da, and preferably in the range of from
20,000 Da up to 300,000 Da.

The matrix of the gel-filtration gel can be selected from a wide variety of

matrices such as agarose matrices. Preferred agarose matrices are highly cross-

linked agarose matrices such as Superdex®, Superose® and Sephacryl® matrices
sold by Pharmacia Biotech of Uppsala, Sweden. The matrix of the gel-filtration gel

can be selected also from e.g. TSK-gels and Toyopearl and Fractogel matrices sold
by Tosoh Corp. of Tokyo, Japan. Suitable gel-filtration gels include Superdex®

200, Superose® 6, Superose® 12, TSK-gel G 300 SW, Toyopearl HW- 55 and
Toyopearl HW-65.

In the embodiment where a gel-filtration gel step is used after the anion-
exchange chromatography gel step, it is a prerequisite that the buffer used for
equilibrating and eluting the gel-filtration gel contains a compound capable of

reducing, suitably essentially disrupting, and preferably completely disrupting
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protem-protein interactions before applying the ApoA or ApoE solution. A com-
pound capable of essentially disrupting protein-protein interactions tend to
disrupt nearly all non-covalent interactions in and between native proteins, such
as ApoA or ApoE. The presence of a compound capable of reducing or, even
better, disrupting protein-protein interactions in the equilibration buffer, there-
fore, facilitates separation of ApoA or ApoE from the remaining impurities.

The compound capable of reducing or disrupting protein-protein inter-
actions can be e.g. surfactants, especially anionic ones, and compounds exhibiting
a chaotropic effect, such as compounds containing two or three nitrogen atoms
bonded to a carbon atom. The ability of a compound, e.g. a salt, to make a solvent,
e.g. water, less polar is called the chaotropic effect. The compound containing two
or three nitrogen atoms bonded to a carbon atom is suitably selected from the
group consisting of urea, arginine, guanidine hydrochloride, benzamidine and
mixtures thereof, preferably urea. The compound capable of reducing or disrupt-
ing protein-protein interactions is suitably an anionic surfactant, preferably
sodium dodecyl sulfate (SDS).

Many ionic surfactants will exhibit anionic or cationic overall charge,
depending especially upon pH, temperature and ionic strength of the solution at
issue. Therefore, many surfactants may be used to advantage in the present inven-
tion by selecting a suitable combination of pH, temperature and ionic strength of
the equilibration bulffer.

Examples of surfactants which can be used to advantage in the present
invention include bile acids and salts and esters thereof, such as deoxycholic acid,
deoxycholates, cholic acid and cholates. Specific examples include sodium deoxy-
cholate and sodium cholate. Reference is here made to the Merck Index, 11th ed.,
Merck & Co., Inc., Rahway, NJ, USA, p. 342 and 455 (1989).

In the present invention, surfactant also includes various lipids, which can
be natural or synthetic compounds consisting of acyl carriers, such as glycerides,
sphingosine, cholesterol, or derivatives or mixtures thereof, to which one or more
fatty acids can be bonded. The lipids can, depending on their polarity, be divided

into non-polar, polar and amphiphilic lipids. Examples of non-polar lipids are
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monoacylglycerides, diacylglycerides, triacylglycerides, and cholesterol. Examples
of polar and amphiphilic lipids are phospholipids and glycolipids. Suitably, the
polar and amphiphilic lipids are bilayer forming, such as phosphatidylcholine
(PC), phosphatidylinositol (PI), phosphatidylglycerol, phosphatidyletanolamine,
phosphatidylserine, sphingomyelin, or mixtures thereof. The natural lipids can be
produced from e.g. soybean oil, maize oil, soy lecithin and egg lecithin. Other
suitable examples are synthetic and saturated or unsaturated PC:s, such as
dipalmitoyl phosphatidylcholine (DPPC) and dimyristyl phosphatidylcholine
(DMPC).

The concentration of a compound capable of reducing or disrupting
protein-protein interactions in the buffer used for equilibrating the gel-filtration
gel can be in the range of from about 0.001 up to about 10% (w/w), suitably in the
range of from 0.005 up to 2% (w/w). The concentration of a compound capable of
reducing or disrupting protein-protein interactions is preferably in the range of
from 0.01 up to 0.5% (w/w).

The concentration of total protein in the aqueous solution applied to the
gel-filtration gel can be measured by absorption at 280 nm (A,,;). Using this mea-
sure, the concentration of total protein in the aqueous solution applied to the gel-
filtration gel can be in the range of from about 0.1 A,,, units up to about 100 A,
units, suitably in the range of from 1 up to 40 A,,, units, and preferably in the
range of from 5 up to 15 A, units.

The pH of the buffer used for equilibrating the gel-filtration gel is suitably
in the range of from about 2 up to about 10, and preferably in the range of from 5
up to 8.

The temperature of the buffer used for equilibrating the gel-filtration gel
and of the aqueous solution containing ApoA or ApoE applied to the gel-filtration

gel can be in the range of from about 0 up to about 90°C, suitably in the range of
from 10 up to 50°C, and preferably in the range of from 20 up to 30°C.
The total ionic strength of the elution buffer from the gel-filtration gel can

be in the range of from about 0.01 up to about 150 mS/cm, suitably from 0.5 up to
50 mS/cm, and preferably from 5 up to 15 mS/cm.
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In the present invention, the gel-filtration step may follow immediately
after the anion-exchange chromatography step. It lies, however, within the scope
of the present invention to make use of one or more intermediate process steps, for
example ultrafiltration.

In the present invention, the anion-exchange chromatography step can be
repeated, to give totally two, three or even more anion-exchange steps in a purifi-
cation sequence. The same is valid for the prepurifying step as well as the gel-
filtration step. The use of several anion-exchange steps, several prepurifying steps
and /or several gel-filtration steps can reduce the content of impurities further,
and at the same time increase the concentration of ApoA or ApoE. These and
other advantages, of course, have to be weighed against the increase in apparatus
costs. If at least two anion-exchange steps are used, they can be used with or with-
out intermediate process steps.

The ApoA or ApoE obtained by the present process are suitably treated to
inactivate or preferably, remove, any virus present. A suitable method for remov-
ing the viruses is the virus-filtering method disclosed in WO-A-96 /00237 to Phar-
macia & Upjohn AB (formerly Pharmacia AB), which is hereby incorporated by
reference.

Each process step can be continuous, e.g. performed on a column, or batch-
wise.

Apart from the starting material of the present invention, i.e. the fraction of
human plasma containing ApoA or ApoE, the aqueous solutions of the present
invention should contain less than about 30% (w/w) of alcohol. Suitably, the
aqueous solutions contain less than 10% (w/w) of alcohol, and preferably less than
5% (w/w) of alcohol. More preferably, the aqueous solutions of the present inven-
tion are essentially free of alcohol. The alcohol is conventionally ethanol, but can
also be one or more other lower aliphatic alcohol, e.g. those mentioned in
connection with the cold fractionation.

The present invention is used for purifying any apolipoprotein A (ApoA) or

apolipoprotein E (ApoE), or analogs thereof, obtained from human plasma.
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In the present invention, an analog of ApoA or ApoE is defined as a poly-
peptide having an amino acid sequence substantially identical to that of naturally
occurring ApoA or Apr but differing from it by the addition, deletion or substi-
tution of one or more amino acids while retaining the biologiéal activity of natu-
rally occurring ApoA or ApoE.

In the present invention, the terms ApoA and ApoE include any preform or
fragment, or any truncated, extended or mutated form. Preform relates e.g. to the
249 amino acid Met form of ApoA-I as disclosed in WO-A-88/03166 assigned to
Sirtori et al. Other preforms are the proapolipoprotein A-I's disclosed in US-A-

0059528 to UCB as well as EP-A-308336, JP 216988/1984 and JP 252048 /1987 all to
Mitsubishi Chem. Ind. Fragment relates to a part of ApoA or ApoE containing at
least one a-helix, e.g. as disclosed in WO-A-93/25581 assigned to Innogenetics
S.A. of Belgium. Truncated and extended forms relate to ApoA and ApoE mole-
cules where one or more amino acids are missing or has been added, respectively,
at the N and /or C terminal ends of the molecules. Suitably, from two up to eight
amino acids are missing or have been added, preferably from three up to six
amino acids. Mutated forms relate to ApoA and ApoE molecules where one or
more amino acid has been substituted by another amino acid, e.g. ApoA-IM as
disclosed in WO-A-93/12143 and WO-A-94/13819. Other mutated forms are
ApoA-ISeattle (Deeb et al (1991) J. Bio. Chem. 266:13654-13660), ApoA-TYame
(Takada et al (1991) J. Lipid Res. 32: 1275 ff) and a yet unnamed mutated form of
ApoA-I (Matsunaga et al (1991) Proc. Natl. Acad. Sci. USA 88:2793-2797).

Known ApoA’s are e.g. ApoA-I, ApoA-II and ApoA-IV. In the present
invention, suitably, the ApoA is ApoA-I, or analogs thereof. Natural plasma
ApoA-l is a single polypeptide chain of 243 amino acids, whose primary sequence
is known (Brewer et al. (1978) Biochem. Biophys. Res. Commun. 80: 623-630). The
ApoA can also be a mutated form of ApoA-I where at least one Cys residue has
been substituted for an amino acid residue, e.g. an Arg residue, making formation
of disulfide-linked dimer possible. In the amino acid sequence of natural human
ApoA-I, Arg residues are located at positions 10, 27, 61, 83, 116, 123, 131, 149, 151,
153, 160, 171, 173, 177, 188 and 215. Of these, substitutions are preferred at one or
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more of positions 160, 171, 173, 177 and 188, i.e. at positions within the same o-
helix. More preferably, the Arg residue is substituted at positions 171 and/or 173.

| Human ApoE and variants thereof, are disclosed in "Human Apolipo-
protein Mutants III", ed. by C.R. Sirtori et al (1993) Nato ASI Series, Springer
Verlag, Berlin, II 73:81-96.

The following Examples are provided for purposes of illustration only and
are not to be construed as in any way limiting the scope of the present invention,

which is defined by the appended claims.

The percentages and parts are per weight, unless otherwise stated.

EXPERIMENTAL

Materials and equipment
Cohn'’s fraction IV precipitate was obtained from the Plasma Department of

Pharmacia & Upjohn in Stockholm, Sweden.

The chromatography gels used were DEAE-Sepharose® FF and Superdex®
200 prep grade, both of which were obtained from Pharmacia Biotech of Uppsala,

Sweden.

Sartoclean CA-filter with pore size 3+0.8 pm from Sartorius in Germany.

All of the chemicals were of analytical reagent grade.

Analytical Methods and Calculations

A radioimmunoassay (RIA) was used for quantitative Apo A-I determina-
tion and yield calculations. The procedure has been developed by Mercodia AB of
Uppsala, Sweden. The method which is named Mercodia Apolipoprotein A-I RIA
Is a competitive radio-immunoassay, where apolipoproteins of the sample

compete with a fixed amount of “I-labeled Apo A-I for the binding sites of specific

monoclonal antibodies attached to a solid phase, micro-Sepharose®. After incuba-
tion and separation of unbounded proteins the radioactivity is measured in a
gamma counter. The radioactivity is inversely proportional to the concentration of

apolipoprotein A-I in the sample.
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Example 1

The effect of various washing and extraction buffer compositions on the
yield and purity of Apo A-I as target protein were studied. The starting material
was taken from the filter in the fractionation process where Cohn’s fraction IV 1S
collected.

The following conditions were used in all tests in Example 1:

1. 6 g of the starting material (filtered fraction IV precipitate and filter aid) was
put in test tubes of 50 ml.

2. When a washing buffer was used, it was poured into the tube up to the 50 ml
mark and mixed on a rocking machine for three hours. The temperature was +4°C
in all Examples unless otherwise stated. Centrifugation at 500 rpm and 15°C for 20
min, was used to separate the supernate which was discarded and the rest of the

fraction IV mixture was used in the next step.

3. An extraction buffer was poured up to 50 ml, including the fraction IV mixture.
The incubation time was two hours at +4°C on the rocking machine. After centri-
fugation at 500 rpm and 15°C for 20 min, the supernate was analyzed to establish
the content of Apo A-L

The results are evident from the following Table.

TABLE ] _

Influence of washing and extraction buffer compositions on the
specific activity and yield of Apo A-I

Washing Extraction

Test No. buffer buffer

Specific

Apo A-]
activity (mg | yield (%)
Apo A-1/

Aggo)

water pH = 2.4 0.0435 62

water pH =6 |waterpH =24 813  0.0393 64
water pH = 6 413 0.0963 87




CA 02274241 1999-02-19

WO 98/07751 PCT/SE97/01393
19
TABLE I (cont.)
Washing Extraction Specific Apo A-1

buffer

Test No. buffer Total A, | activity (mg | yield (%)

Apo A-1/
A
1 M Nad(l], 0.02
M phosphate,
1% Triton 54.6 0.142 15
X-100
pH =4.0
1 M Na(l, 0.02
M phosphate,
WEDS 1% Triton 615 0.0105 13
X-100
pH = 5.3
1 M Na(l, 0.02
M phosphate,
WES6 1% Triton 0.301 36
X-100
pH=7.5
0.1 M glycine
-_--

0.2 M Nad(l,
- 0.02 M 0.0531
. phosphate,
pH=53 |
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Washing
Test No. buffer
0.2 M Na(l,
WE9

0.02 M
phosphate,

TABLE I (cont.)

Extraction
buffer

Specific Apo A-I
activity (mg | yield (%)
Apo A-1/

Aaso)

Total A,

53

pH = 6.0
0.2 M Nad(l,
0.02 M

8 M urea 513 0.0517 53

phosphate,
pH =6.5

0.2 M Nad(l,

0.02 M

8 M urea

52

phosphate,
pH=7.0
0.2 M Nad(l,
0.02 M
phosphate,
pH=7.5
0.2 M Na(l,
0.02 M

8 M urea 43

8 M urea 46

phosphate,
pH = 8.0
1 M Na(l], 0.2
M phosphate,
pH =5.4

WE14 8 M urea 863 0.0530 92
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TABLE I (cont.)
Washing Extraction Specific
buffer | buffer Total A,,, | activity (mg | yield (%)
Apo A-1/

1 M Na(Cl, 0.2
M phosphate, 8 M urea
1 M Na(l, 0.2
M phosphate, 8 M urea
1 M Na(l]i, 0.2
M phosphate, 8 M urea

Asgo)
790 0.0514
|
793 0.0491

1 M Nad(l, 0.2
M phosphate, 8 M urea 697
pH=7.5

1 M Na(l, 0.2
M phosphate,
pH = 8.0
0.07 M citric
acid, 0.08 M
Na,HPO,,
pH = 4.0
0.07 M citric
acid, 0.08 M

0.0565

712 0.0532

279 0.165

Na HPPO,,
pH = 4.0, 20°C

8 M urea 255 0.155
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Washing
Test No. buffer

TABLE I (cont.)

Extraction
buffer

Specific
Total A,,, | activity (mg | yield (%)

Apo A-1/
Amo) |

0.07 M citric
WE22 acid, 0.08 M 20% (v/v) 20 0.0128 1
Na,HPO,, ethanol
0.07 M citric
WE23 acid, 0.08 M 40% (v/v) 15 0.0240 1
Na,HPO,, ethanol
pH =4.0
0.07 M citric
acid, 0.08 M 60% (v/v) 24 0.0263 1

ethanol

Na,HPO,,
pH = 4.0

As is evident from Table I, Apo A-I can be prepurified with a wide choice of

o e St ey .

extraction buffers. However, in order to obtain a high yield in combination with a
high specific activity it is preferred to use a washing buffer followed by an

extraction buffer containing e.g. urea or Triton X-100.

Example 2

The purifying effect obtained by precipitating macromolecular impurities
followed by filtration was studied using Apo A-I as target protein. The starting
material was filtered fraction IV precipitate with a filter aid, washed and extracted
in accordance with test WE 20 in Example 1 but on a larger scale. It was further
prepuritied by precipitation of macromolecular impurities, such as various lipo-

proteins, with 10% PEG 4000. The precipitation was followed by centrifugation for
15 min at 2,000 rpm and 15°C. Subsequently, the resulting solution was filtered
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using a Sartoclean CA filter with pore size 3+0.8 um. The yield of Apo A-I was
unaffected by the filtration step. The results after each step are evident from the

following Table.

S5 TABLE 11

Influence of washing, extraction, PEG precipitation and filtration

on the specific activity and yield of Apo A-I

Specific activity | Apo A-I
(mg Apo A-1/ yield (%)

Prepuritica-

tion step

1.19 x 10" 0.104 “

8.06 x 10° 0.154

10
As is evident from Table II, the specific activity is almost doubled after PEG
precipitation and filtration while the overall Apo A-I yield is essentially main-
tained throughout the prepurifying sequence. For example only 10% of the initial
Apo A-IA is lost in the washing step.
15

Example 3
The purifying effect of an anion-exchange chromatography gel was studied

using Apo A-I as target protein. The starting material was retrieved after the

filtration step in Example 2. The gel used was a DEAE-Sepharose® Fast Flow.
20 a) Small-scale test

Conditions used in the small-scale experiment:

¢ Bed volume: 10.2 ml

* Equilibration before sample loading: buffer containing 30 mM Tris, pH = 7.5,
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1onic strength = 2.8 mS/cm
* Sample loading: buffer characteristics pH = 7.5, ionic strength = 1.7 mS/cm
 Elution 1: 3 column volumes (cv) of equilibration buffer
* Elution 2: 2 cv of buffer containing 0.075 M NaCl and 30 mM Tris, pH = 7.5, ionic
5 strength = 10.7 mS/cm
* Elution 3: 5 ¢v of buffer containing 0.10 M NaCl and 30 mM Tris-HCI, pH = 7.5,
ionic strength = 13.0 mS/cm
* Total elution: 4 cv of 2 M Na(l
* Sanitation: 5 cv of 1 M NaOH
10 e Pump flow: 6 cv/h
The results after each step are given as DEAE 16 in Table IIL.
b) Large-scale test
A scale-up experiment of DEAE 16 was performed. A gel volume of 900 ml
was used, which means a scale-up of about 90 times. Buffer and sample amounts
15  were adapted to the new gel volume. The experimental conditions used in the
scale-up experiment b) were identical to those in the small-scale experiment a)
with the following exceptions:
* Gel volume: 900 ml
* Elution 2: ionic strength = 10.3 mS/cm
20 e Elution 3: 3 cv of the buffer
* Elution 4: 1 cv of the buffer used in elution 3
* Pump flow: 5.1 cv/h
The results after each step are given as DEAE 27 in Table III.
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TABLE 111

Influence of three or four elution steps after binding of A;:;o A-Ito

an anion-exchange chromatography gel on the specific activity

and yield of Apo A-I

Test No. Prepurifica- Total A, opecific Apo A-l yield

(%)

tion step activity (mg

Apo A-1/ A,)

DEAE 16 Sample 57.3 0.127 (100)
loaded

Elution 3 9.44 0.492

DEAE 27 Sample 2,780 0.118 (100)
loaded

DEAE 27 Elution 1 724 _ ——

DEAE 27 Elution2 | 271 0.159

13
DEAE 27 560 | 0.405 69

As is evident from Table IIJ, it is possibie to use the present invention com-

Total elution

prising prepurifying Apo A-I followed by binding of said Apo A-I to an anion-
exchange chormatography gel and obtain a purified product with a high specific
activity in combination with a high yield. This holds true in small scale as well as

on a larger scale.
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Example 4
The purifying effect of a gel-filtration gel equilibrated with an anionic

surfactant was studied using Apo A-I as target protein. Eluate 3 from the scale-up
expériment of Example 3 (DEAE 27) was concentrated using a Millipore UF-
system with a cut-off of 10 kDa. This concentrated DEAE eluate 3 was used as
starting material. For comparison the same starting material was applied to the
gel-filtration gel equilibrated without a surfactant.
a) Small-scale test without a compound capable of reducing protein-protein
interactions (Comparative test)
The gel was Superdex® 200 prep grade; gel volume: 100 ml; bed height: 48 cm.
* Equilibration buffer: 0.1 M NaCl and 30 mM Tris, pH = 7.5, ionic strength = 12.6
mS/cm
e Sample loading: 1 ml of the concentrated DEAE eluate 3 with A =2.18
corresponding to a concentration of 0.94 mg Apo A-I/ml
e Fraction 1 was collected
* Pump flow: 1 ml/min

The results are given as G1 in Table IV.
b) Small-scale tests with sodium dodecyl sulfate (SDS) in equilibration buffer
In this test the bed height was 65 cm. The experimental conditions used in this
experiment were identical to those in a) with the following exceptions:
* Equilibration buffer: 0.1 M NaCl and 30 mM Tris, 0.1% SDS, pH = 7.5, ionic
strength = 12.6 mS/cm
* Sample loading: 1.0 ml DEAE eluate 3 with A, = 2.18 corresponding to a con-
centration of 0.94 mg Apo A-I/ml
* Fractions 1-4 were collected
* Pump flow: 1 ml/min

The results are given as G15 in Table IV.
c) Large-scale test with sodium dodecyl sulfate (SDS) in equilibration buffer

The gel-filtration step was scaled up 50 times, which means that a gel volume of

5,000 ml Superdex® 200 was used. The experimental conditions used in the scale-

up experiment c) were identical to those in the small-scale experiment b) with the
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following exceptions:
* Sample loading: 48 ml DEAE eluate 3 with A, =2.18 corresponding to a
concentration of 0.94 mg Apo A-1/ml
e Fractions 1-3 were collected
5 e Sanitation: approx. 5 cv 0.5 M NaCl
e Pump flow: 1.91/h
The results are given as G18 in Table IV.

TABLE IV

10 Influence of an anionic surfactant in equilibration of a gel-filtration gel
on the specific activity and yield of Apo A-I

Test No. Prepurification Total A, Specific

Apo A-]
y1€1d (O/o)

activity (mg
Apo A-1/ A,,)

0.429 (100)
0.429 (100)

56
1.08 0.757 87
Fraction 4 0.18 0.275 5

Sample loaded 105 0.429 (100)

step

G1 Sample loaded 2.18
Fraction 1 | 1.72
2.18

0.278

||

O O
IHII'II'IHI.

G 15
G 15
G 15
G 15
G 15
G 18

Sample loaded
Fraction 1

Fraction 2

Eraction 3

Fraction 2 30.9 0.113 _
G 18 Fraction 3 57.7 0.753

As is evident from Table 1V, the preferred embodiment of the present
invention where a gel-filtration chromatography step follows the anion-exchange
15 chromatography step, gives an improved specific activity at a high yield of Apo
A-1.
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CLAIMS

1. A process for purifying apolipoprotein A (ApoA) or apolipoprotein E (ApoE)
from human plasma, characterized by obtaining a fraction of human
plasma containing said ApoA or ApoE, prepurifying said fraction in at least one
step, binding said ApoA or ApoE to an anion-exchange chromatography gel, and
thereafter eluting said ApoA or ApoE from said anion-exchange chromatography
gel, wherein the ApoA or ApoE in the prepurifying, binding and eluting steps is in

aqueous solutions containing less than about 30% (w/w) of alcohol.

2. A process according to claim 1, wherein said fraction is Cohn’s fraction IV.

3. A process according to claims1or2, characterized by prepurifying said
fraction by filtering for recovering precipitated ApoA or ApoE, and thereatter

solubilizing the ApoA or ApoE.

4. A process according to claim 3, characterized by filtering in the presence

of a filter aid.

5. A process according to claims3or4, characterized by washing witha
washing solution before solubilizing the ApoA or ApoE, for removing macro-

molecular impurities from the precipitated ApoA or ApoE.

6. A process according to any of claims3to 5, characterized by solubilizing
the ApoA or ApoE by adding a surfactant or compound containing two or three

nitrogen atoms bonded to a carbon atom, or a mixture thereof.

7. A process according to claim 6, ¢ haracterized in that the compound

containing two or three nitrogen atoms bonded to a carbon atom is selected from
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the group consisting of urea, arginine, guanidine hydrochloride, benzamidine and

mixtures thereof.

8. A process according to claims6or”7, characterized in that the concen-
tration of the compound containing two or three nitrogen atoms bonded to a
carbon atom lies in the range of from about 0.5 M up to saturation at the prevail-

ing conditions, suitably in the range of from 1 M up to 8 M.

9. A process according to any of claims3to 8, characterized by further pre-
purifying the solubilized ApoA or ApoE by adding a polyethylene glycol (PEG)

for precipitating macromolecular impurities.

10. A process according to any previous claim, characterized inthat the

anion-exchange chromatography gel is a DEAE agarose gel.

11. A process according to any previous claim, characterized in that the
ionic strength of the buffer used to equilibrate the anion-exchange gel before
applying an aqueous solution containing ApoA or ApoE to said gel as well as the
ionic strength of said ApoA or ApoE solution lies in the range of from about 0.01

up to about 10 mS/cm, preferably in the range of from 0.5 up to 4 mS/cm.

12. A process according to any previous claim, characterized by subse-

quently applying an aqueous solution containing ApoA or ApoE eluted from the
anion-exchange chromatography gel to a gel-filtration gel capable of separating a
mixture of macromolecules and equilibrated with a compound capable of reduc-

ing protein-protein interactions.

13. A process according to claim 12, characterized in that the compound

capable of reducing protein-protein interactions is an anionic surfactant.

AMENDED SHEET



10

15

20

25

30

PCT/SE9T7 /01553
14 -07- 1998

e l“, - %" D) - -
#ﬁ! * e . » . e .l.\- » ‘.-‘
v

3 B

- “——— - X -~ o 5 K X - *==_ -

(”‘ CA 02274241 1999-02-19
g

30

14. A process according to claim 13, ¢ haracterized in that the anionic

surfactant is sodium dodecyl sulfate (5DS).

15. A process according to claims 13 or 14, characterized in that the
concentration of anionic surfactant in the buffer used for equilibrating the gel-
filtration gel before applying the ApoA or ApoE solution to said gel lies in the
range of from about 0.001 up to about 10% (w/w), preferably in the range of from

0.01 up to 0.5 % (w/w).

16. A process according to any of claims 12to 15, characterize d in that the
the gel-filtration gel is capable of separating macromolecules with a molecular
mass in the range of from about 10,000 Da up to about 600,000 Da, preferably in
the range of from 20,000 Da up to 300,000 Da.

17. A process according to any of claims 12to 16, characterized in that the
matrix of the gel-filtration gel capable of separating a mixture of macromolecules

is an agarose matrix.

18. A process according to any previous claim, characterized inthatthe

ApoA is ApoA-I, or analogs thereof.

19. A process according to any previous claim, characterized inthatthe

aqueous solutions contain less than 10% (w/w) of alcohol.

20. A process according to claim 19, characterized in that the aqueous

solutions contain less than 5% (w/w) of alcohol.

21. A process according to claim 20, characterized in that the aqueous

solutions are essentially free of alcohol.
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22. Use of ApoA or ApoE produced according to any of claims 1-21 for the manu-

facture of a medicament comprising the ApoA or ApoE in the treatment of athero-

sclerosis and cardiovascular diseases, or peripheral atherosclerosis and sepsis.

23. A method for treatment of atherosclerosis and cardiovascular diseases, or
peripheral atherosclerosis and sepsis, characterized by administering

ApoA or ApoE produced according to any of claims 1-21 in a therapeutically

effective amount.
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