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METHOD FOR THE PURIFICATION OF ALPHA-1 PROTEINASE
INHIBITOR (a1PI)

FIELD OF THE INVENTION

[001] The present invention relates to a method for the purification of alpha-1
proteinase inhibitor (a1Pl) from protein fractions. More specifically, the invention
relates to an improved method for the purification of alpha-1 proteinase inhibitor
(a1Pl), wherein the vyield of a1Pl can be increased by thawing the starting

material and incubating it for several hours before subjecting it to a washing step.
BACKGROUND OF THE INVENTION

[002] Alpha-1 proteinase inhibitor (a1Pl), also named alpha-l-antitrypsin (AAT),
is a glycopeptide inhibitor of proteases, and is found in human serum and other
fluids. Protease inhibition by a1Pl is an essential component of the regulation of
tissue proteolysis, and a1Pl deficiency is implicated in the pathology of several
diseases. Individuals who inherit an a1PI deficiency, for example, have increased
risk of suffering from severe early-onset emphysema, the result of unregulated
déstruction of lung tissue by human leukocyte elastase. The administration of
exogenous human a1Pl has been shown to inhibit elastase and is associated
with improved survival and reduction in the rate of decline of lung function in
a1Pl-deficient patients (Crystal et al., Ain. J. Respir. Crit. Care Med. 158: 49-59
(1998); R. Mahadeva and D. Lomas, Thorax 53: 501-505 (1998) for a review.)

[003] Because of its therapeutic utility, commercial a1P| production has been
the subject of considerable research. Much progress has been made in the
production of recombinant AAT in E. coli (R. Bischoff et al., Biochemistry 30:
3464-3472 (1991)), yeast (K. Kwon et al., J. Biotechnology 42: 191-195 (1995);
Bollen et al., U. S. patent 4,629, 567), and plants (J. Huang et al., Biotechnol.
Prog. 17: 126-33 (2001)), and by secretion in the milk of transgenic mammals (G.
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Wright et al., Biotechnology, 9: 830-834 (1991); A. L. Archibald, Proc. Natl. Acad.
Sci. USA, 87: 5178-5182 (1990)).

[004] However, isolation of a1Pl from human plasma is presently the most
efficient practical method of obtaining a1Pl in quantity, and human plasma is the

only FDA- approved source.

[005] A number of processes for isolating and purifying a1Pl from human
plasma fractions have been described, involving combinations of precipitation,

adsorption, extraction, and chromatographic steps.

[006] Most published processes for a1Pl isolation begin with one or more
fractions of human plasma known as the Cohn fraction 1V precipitates, e. g. Cohn
fraction IV-1 or fraction IV1-4, which are obtained from plasma as a paste after a
series of ethanol precipitations and pH adjustments (E. J. Cohn et al., J. Amer.
Chem. Soc., 68: 459-475 (1946)).

[007] M. H. Coan et al., Vox Sang., 48(6): 333-342 (1985) describe a method in
which a1Pl was purified from frozen Cohn fraction IV-1 paste by polyethylene
glycol precipitation and DEAE-Sepharose chromatography. R. H. Hein et al., Eur.
Respir. J. Suppl., 9: 16s-20s (1990) also used Cohn V-1 paste as starting
material for commercial production of a1Pl in a similar process as disclosed in

Coan et al..

{

[008] WO 95/35306 discloses—a_method-starting—from—Cohn-fraction—\V.4+1\V4-
precipitate obtained as described therein, which is subjected to a polyethylene
glycol / ZnCl,-precipitation. Said precipitation is followed by another ZnCl,-

precipitation before the re-solubilized precipitate is applied to a QAE-column.

[009] WO 98/00154 teaches a process wherein a washing step has been
included subsequently to Cohn-fractionation and before subjecting the a1PI-
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comprising material to further processing steps. In this method the IV,+|V4-paste
is suspended in water or saline solution. Soluble proteins including albumin,
globulins such as alpha-1-globulin and beta-globulin are then separated from the
insoluble proteins comprising a1Pl by filtration, centrifugation or the like. The
residue is washed with water or saline solution to remove additional soluble
protein physically trapped in the insoluble paste. Similar as described in WO
95/35306, the material is then subjected to PEG- and ZnCl2-precipitations and

applied to an ion-exchange chromatography step.

[010] As mentioned above, several other processes for a1Pl from human

plasma fractions have been described in the art.

[011] However, while a1P! is an effective treatment for emphysema due to
alpha-1- antitrypsin deficiency, treatment is very costly (currently about $25,000
per year), due to the limited supply and a complex manufacturing process. There
remains a need for more efficient and cost-effective methods for isolating human

a1Pl from plasma. The present invention addresses this need.

SUMMARY OF THE INVENTION

[012] The invention is directed to an improved method for the purification of
alpha-1 proteinase inhibitor (a1Pl) from protein fractions, wherein the yield of
a1Pl can be increased by thawing and incubating the protein fraction at an
ambient temperature of 2-25°C. The method for the purification of alpha-1
proteinase inhibitor (a1P1) from protein-fractions-comprises-the-steps of-providing-
a frozen protein fraction comprising a1Pl, thawing it at an ambient temperature of
2-25°C until the protein fraction has reached ambient temperature, and
incubating the thawed protein fraction for at least 4 h at an ambient temperature
of 2-25°C before subjecting it to a washing step. According to the method of the
present invention the yield of a1Pl can be increased significantly due to a

reduction of a1P! loss during the subsequent washing step.
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BRIEF DESCRIPTION OF THE FIGURES

[013] Figure 1: a1PI yield (mg a1Pl/liter plasma) in the extract of IV-1 paste
obtained by using filtration as separation method and after washing at pH 6.0:

influence of thawing time at 4°C

[014] Figure 2: a1PI yield (mg/ml) in the extract compared to the a1P! content of
the wash supernatant (mg/ml) and the specific activity of the extract (mg a1Pl/mg
protein) of IV-1 paste obtained by using filtration as separation method and after

washing at pH 6.0: influence of thawing time at 4°C

[015] Figure 3: a1Pl yield (mg a1Pl/liter plasma) in the extract of IV-1 paste
obtained by using centrifugation as separation method and after washing at pH

5.5: influence of thawing time at 4°C

[016] Figure 4: a1PI yield (mg/ml) in the extract compared to the a1P! content of
the wash supernatant (mg/ml) and the specific activity of the extract (mg a1Pl/mg
protein) of IV-1 paste obtained by using centrifugation as separation method and

after washing at pH 5.5: influence of thawing time at 4°C

[017] Figure 5: a1P! yield (mg a1Pl/liter plasma) in the extract of IV-1 paste
obtained by using centrifugation as separation method and after washing at pH

6.0: influence of thawing time at 4°C

[018] Figure 6: a1P1 yield (mg/ml) in the extract compared to the a1PI content of
the wash supernatant (mg/ml) and the specific activity of the extract (mg a1Pl/mg
protein) of V-1 paste obtained by using centrifugation as separation method and

after washing at pH 6.0: influence of thawing time at 4°C
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[019] Figure 7: a1Pl yield (% of total paste) in the extract compared to the a1Pl
content of the wash supernatant, the a1PI content of the PEG supernatant and
the specific activity of the PEG supernatant (mg a1Pl/mg protein) of IV-1 paste
obtained by using centrifugation as separation method: influence of thawing time

at 4°C and pH of the washing step

[020] Figure 8: Recovery of a1Pl (mg a1PI /liter plasma) in the extract compared
to the recovery of a1PI of the wash supernatant, the recovery of a1P| of the PEG
supernatant and the specific activity of the PEG supernatant (mg a1Pl/mg
protein) of V-1 paste obtained by using centrifugation as separation method:

influence of thawing time at 4°C and pH of the washing step

[021] Figure 9: Total Protein yield (% of total paste) in the extract (determined
by bicinchoninic acid (BCA) assay) compared to the total protein content of the
wash supernatant, the total protein content of the PEG supernatant and the
specific activity of the PEG supernatant (mg a1Pl/mg protein) of IV-1 paste
obtained by using centrifugation as separation method: influence of thawing time

at 4°C and pH of the washing step

[022] Figure 10: Thawing curve of a frozen 10 kg block of Cohn IV-1 paste

DETAILED DESCRIPTION OF THE INVENTION

[023] Theinvention relates to a method for the purificationof alpha=1-proteinase
inhibitor (a1Pl) from a protein fraction comprising the steps of providing a frozen
protein fraction comprising a1Pl, thawing it at an ambient temperature of 2-25°C
until the protein fraction has reached ambient temperature, incubating said
thawed protein fraction for at least 4 h at an ambient temperature of 2-25°C, and

subjecting it to a washing step.
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[024] The protein fractions can be derived from various sources. Useful sources
include plasma, a1PIl produced by recombinant methods, or any other source

comprising a1Pl.

[025] There are many methods known in the art for precipitating proteins from
solution, such as by the addition of salts, alcohols, and polyethylene glycol, often
in combination with cooling and various pH adjustments. The separation of the
precipitate from the solution may be accomplished by centrifugation, filtration or
the like. If filtration is used as separation method, a filter aid may be used. One
useful filter aid is CELPURE, which comprises 96 — 98% SiO,

[026] The present invention will be applicable to most a1Pl-comprising protein
precipitates containing recoverable a1Pl activity. The term "protein fraction" as
used herein refers to a1Pl-comprising protein precipitate prepared by one or

more of these known methods.

[027] Protein fractions useful for the present invention include ethanol-
precipitated plasma fractions such as, for example, Cohn fraction 1V, such as
Cohn fraction V1 and/or Cohn fraction V4 Cohn fraction 1V1+IV4, and Cohn
fraction IV-1,4. The protein fraction can further comprise a composition of rhore

than one plasma fraction.

[028] In an embodiment of the present invention, the protein fraction is of human

origin.

[029] Protein fractions may be stored frozen at ambient temperatures of > —
20°C, for example at 4-8°C until further processing. According to an embodiment
of the present invention, the frozen protein fractions include portions of about
0.05 kg of Cohn paste in the form of a block with a size of about 4 x 4 x 3 cm3;

portions of about 0.6 kg of Cohn paste in the form of a block with a size of about
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8 x 8 x 9 cm?®. The protein fraction may also be stored in 10 liter plastic containers

with a size of about 32 x 21 x 15 cm3.

[030] According to an embodiment of the present invention, the frozen protein
fraction is thawed at an ambient temperature of 2-25°C until the protein fraction

has reached ambient temperature.

[031] As used herein, the term “thawed” protein fraction relates to a protein
fraction which has reached ambient temperature. Accordingly, the term “thawing”
relates to the process of incubating the frozen protein fraction at an ambient
temperature above the freezing temperature until the entire protein fraction has

reached said ambient temperature.

[032] Examples of useful ambient temperatures for thawing the protein fraction
includes temperatures not exceeding 15°C, not exceeding 8°C, and not

exceeding 5°C. One useful ambient temperature is about 4°C.

[033] In an embodiment of the present invention, thawing may be accelerated

by crushing the frozen protein fraction.

[034] The time period required until the protein fraction has reached ambient
temperature depends on several parameters, such as the mass of the protein
fraction, the form of the frozen protein fraction, the temperature in which the
protein fraction has been stored before thawing, as well as the ambient

temperature in which the protein fraction-is thawed:-

[035] The thawing may be monitored by placing temperature sensors on the
protein fraction. The sensors may be placed on the surface as well as inside of
the protein fraction. The information resulting from the temperature sensors may
be used to determine the time periods for thawing and incubation of the protein

fraction.
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[036] In an embodiment of the present invention, the protein fraction is
incubated for at least 4 h starting from that point in time when the protein fraction
is thawed, i.e. has reached ambient temperature. In a further embodiment of the
present invention, the thawed protein fraction is incubated for at least 8 h. In
another embodiment of the present invention, the thawed protein fraction is
incubated for at least 15 h. In another embodiment of the present invention, the
thawed protein fraction is incubated for 16 h to 19 h. According to a further

embodiment of the invention, the incubation period may last up to 52 h.
[037] Subsequently, the protein fraction is subjected to a washing step.

[038] The term “washing step” as used herein refers to a process in which other
proteins, such as albumin, globulins, and/or other impurities are removed. The
washing step according to the present invention includes suspension of the
protein fraction in water or saline solution. The water used for the washing step
may be purified water, such as water for injection (WFI). The saline solution may
be, for example, a NaCl solution from about 0.05 to about 0.15 M. The amount of

water or saline solution may be 5 x 2 parts per part of protein fraction.

[039] According to an embodiment of the present invention, the washing step is
carried out at a temperature of less than about 15°C and for a duration of at least
about 1 h.

[040] According to one embodiment of the present-invention;—the—pH—of-the--
washing suspension is subsequently adjusted to about 5.5 £ 0.2. According to
another embodiment of the present invention, the pH of the washing suspension

is subsequently adjusted to about 6.0 = 0.2.

[041] It could be shown that a1PI loss during the washing step could be reduced

by adjusting the pH to a lower level following suspension in water. By thawing
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and incubating the frozen paste before subjecting it to the washing step, it is not
necessary to lower the pH level of the washing step, as the a1PIl loss can be

reduced.

[042] According to one embodiment of the present invention, the soluble
proteins, including albumin, alpha-2-globulin and beta-globulin, are then
separated from the insoluble proteins, including alpha-1-proteinase inhibitor by

filter press, centrifugation or the like.

[043] In one embodiment of the present invention, a filter aid may be added.
One useful filter aid is a high purity, high-performance diatomite fiiter aid
comprising 96 — 98% SiO2 such as CELPURE.

[044] In a further embodiment of the present invention, the washing step as
described above may be conducted several times to remove additional soluble
protein physically trapped in the insoluble residue. According to one embodiment

of the present invention the protein fraction is washed twice.

[045] If a filter aid is added, it may be added at the end of the first washing step

before start of filtration.

[046] According to an embodiment of the present invention, the washed protein
fraction is subjected to subsequent purification steps until a final pharmaceutical

preparation.

[047] The subsequent purification steps used according to one embodiment of
the present invention is a polyethylene-glycol (PEG) precipitation, followed by a
ZnCl,-precipitation, a viral inactivation by a solvent-detergent treatment, an
anion-exchange chromatography, and a post-treatment of the a1Pl-comprising

eluate.
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[048] The PEG precipitation may be carried out by resuspending the insoluble
protein residue in about 5 £ 2 volumes of water at pH of 8.5 + 0.5 per volume of
residue at a temperature of about 15°C + 5°C for preferably about 6 hours,
although shorter or longer times may be used. Solid Tris is then added to a final
concentration of 10 + 5 mM and solid NaCl is added to a final concentration of
150 £ 20 mM and the pH is adjusted to 8.0. Polyethylene glycol 3350 is then
added to a final concentration of 15 + 5 % wt/wt and is mixed at about 15 + 5°C

for about 1 hour to precipitate alpha-2-globulin.

[049] The PEG precipitate which forms is removed by a filter press. The filter
press is washed before and after filtering with a solution containing 150 + 25 mM
NaCl and 15+5 % wt/wt PEG at a pH 8.0 + 0.5. Alternatively, the precipitate

may be removed by centrifugation.

[050] The ZnCl, precipitation may be conducted by adding ZnCl, (100 + 10 mM)
to the PEG supernatant to a final concentration of 6 + 5 mM and the solution is
adjusted to pH 7.5 £ 0.5. The solution is cooled to about 5 + 5°C and mixed for at
least about 1 hour. The ZnCl, precipitates crude a1Pl. The crude a1PI is
concentrated by filtration, for example, by Prostak™ filtration, as described in
"Prostak Open-Channel Modules" by Millipore Corporation, which is incorporated
herein by reference, or by centrifugation and the filtrate is removed. The

concentrated suspension or precipitate may be frozen for future processing.

[051] For viral inactivation, the crude alpha-1-P! is resolubilized in about 50 mM

NaEDTA-through-Prostak_by._recirculating._A_sugar, for_example, sucrose, in an

amount of about 15 + 5 % wt/wt (or about 0.25 + 0.05 M Nascitrate) is added as a
stabilizer during viral inactivation. The solution is mixed at 15 + 5°C until the

sucrose is dissolved.

[052] The a1Pl-comprising solution is virus inactivated by solvent-detergent
(SD) treatment. A solution of 10 % 1% wt/v polysorbital 80 and 3 + 0.3 % wt/wt tri-
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n-butyl phosphate is added to the a1Pl solution to a final concentration of
1.0+ 0.5 % wt/v polysorbate 80 and 0.3 +£0.15 % wt/wt tri-n-butyl phosphate.
The solution is then incubated at 27 + 3°C, pH 8 + 0.5 for not less than 6 hours to

inactivate any viruses which may be present in the a1PlI.

[053] it has been found that the presence of sugar, e.g., sucrose, as a stabilizer
during viral inactivation by solvent-detergent treatment increases the yield of
a1Pl in units as compared to a control, i.e., a1Pl solution viral inactivated by
solvent detergent without sugar as a stabilizer. The increase in yield may be at
least 10%, at least 20% or at least 30%.

[054] After said incubation, the treated a1PI solution is cooled to 0 - 10°C. and
the pH is adjusted to 8.0 £ 0.1.

[055] Anion-exchange chyomatography is carried out by diluting the SD treated
solution with about 1 volume of water per volume of SD treated solution. The
diluted solution is then applied to a pre-equilibrated QAE chromatography
medium or other similar anion-exchange medium which binds a1PI, allowing
other proteins to be separated from the a1Pl. Either batch or column
chromatography rhay be used. After a1Pl has been absorbed onto the medium, it
is washed with a buffer comprising 20 £ 10 mM NaCl and 20 + 10 +mM sodium
phosphate (NaH.POs) at a pH of 8 £ 1 to remove unbound material, including
beta-proteins. a1Pl is then eluted from the anion-exchange chromatography
medium with an elution wash comprising 100 + 50 mM NaCl and 20 + 10 mM
sodium phosphate, at a pH of 8 + 1. The eluate which includes a1Pl is collected

for further processing.

[056] After the removal of a1PI, the anion-exchange medium is cleaned by
washing with, in sequence: an aqueous solution comprising 2 + 0.2M NaCl,
20 £ 10 mM sodium phosphate, pH 8  1; then water for injection (WFI); then an
aqueous solution comprising 500 mM NaOH; and finally WFI. The
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chromatography medium is then stored in 2 + 0.2M NaCl, 20 + 10 mM sodium
phosphate, pH 8 + 1.

[057] Post-treatment of a1PIl-Comprising eluate is conducted by combining the
a1P-comprising eluates and treating them with 0.1 to 1.0 % wt/wt bentonite for
about an hour or more to reduce the amount of apolipo-protein, for example, to
less than about 0.01 mg/ml apolipo-protein A and less than about 0.01 mg/mi
apolipo protein B. The bentonite is removed by filtration, preferably by Cuno®
filtration, for example, as described in "Zeta Plus® C Series Filter Medium" by
Cuno Inc. which is incorporated herein by reference. The resulting solution is
concentrated by ultrafiltration until the a1P! activity is at least 21.5 mg active
a1Pl/ml. The concentrated product is then filtered through a 0.45 micron filter to
remove any particulate matter. The a1Pl is then Planova 15N filtered to remove
virus, sterile filtered through a 0.22 micron filter to be dispensed into vials and

lyophilized for storage. A1P! is stored at2-8 ° C.

[058] The Iyophilized a1PI may be re-dissolved in sterile water for administration

to patients.

[059] a1Pl activity of the reconstituted a1Pl may be determined by a
chromogenic assay. Such an assay utilizes a trypsin sensitive chromogenic
substrate which releases p-nitroaniline in the presence of trypsin (supplied by
Sigma Chemical Co. of St Louis, Mo.). The p-nitroaniline released is detected at
405 nm. a1PlI inhibits the release of p-nitroaniline from the substrate. The activity
of-a1Plin_the_product_is_determined by reference to a standard a1Pl activity
curve. Chromogenic assay of reconstituted lyophilized a1Pl prepared according
to the above process shows a specific activity of at least about 1.0 unit / OD280.
In one embodiment of the present invention, the a1Pl activity is determined by
measuring the inhibition of porcine pancreas elastase (Boehringer Mannheim)
using succinyl-(alanine)s-para-nitroanilide (Bachem Fine Chemicals) as substrate

as described in E. H. Mattes et al., Vox Sang., 81: 29-36 (2001).
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[060] The total protein content can be determined with Coomassie Blue

according to Bradford.

[061] According to an embodiment of the present invention, the final
pharmaceutical preparation may be infused into a patient at a rate of about 0.08
ml/kg body weight per minute for the first 10 minutes. if the patient does not
experience any discomfort, the rate may be increased as tolerated. If tolerated,
subsequent infusions to the same patient may be at the higher rate. If adverse
events occur, the rate should be reduced or the infusion interrupted until the
symptoms subside. The infusion may then be resumed at a rate which is

tolerated by the patient.

[062] If large doses are to be administered, several reconstituted vials of a1PI
may be pooled in an empty, sterile I.V. infusion container using aseptic

technique.

EXAMPLES

Example 1

[063] 100 g aliquots of IV-1 paste obtained by Cohn fractionation using filtration
as separation method and by using CELPURE as filter aid were thawed for 16, 8,
4 or 0 hours at 4°C and then washed in parallel with 249,1 ml of WFI at 5-7°C,
stirred for 10 min., adjusted to pH 6.0 with 1 M NaOH and stirred for another 10

min. After centrifugation at 5000 rpm at 4°C for 15 min samples of the

supernatant were drawn and the remaining paste including CELPURE was
extracted with the 5.5 fold volume of WFI at 17.5°C, stirred for 30 min, adjusted
to pH 8.8 and stirred for another 15.5 h at 17.5°C with pH adjustments after 1, 2,
3, 5, 7 and 8 hours (after first pH adjustment to pH 8.8). After a further
centrifugation at 5000 rpm at 4°C for 15 min, the supernatant was decanted and

samples were drawn.
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[064] Figure 1 shows an increase in a1PI yield in the extract with increasing
incubation duration. Without thawing and incubating the frozen paste, 8% of the
plasma a1PI could be recovered in the extract, whereas after 4 h of incubation at
an ambient temperature of 4°C, the yield increased to 22% of plasma a1PI, after
8 h incubation to 24% and after 16 h to 27 %. The a1Pl content of the extract
increased from 107 mg/L plasma without incubation to 282 mg/L plasma after 4 h
incubation, to 311 mg/L plasma after 8 h and to 352 mg/L plasma after 16 h

incubation at ambient temperature.

[065] Figure 2 depicts the increase in total a1Pl content of the extract from 0.33
to 0.95 mg/ml with increasing incubation time. Correspondingly, the total a1PI
content in the wash supernatant decreased from 0.42 to 0.09 mg/ml. The specific
activity of the extract increased slightly from 0.084 to 0.112 mg a1P! per mg total

protein.

Example 2

[066] 50 g aliquots of IV-1 paste obtained by Cohn fractionation using
centrifugation as separation method were thawed for 16, 8, 4 or 0 hours at 4°C
and then washed in parallel with 350 mi of WFI at 5-7°C. stirred for 10 min,
adjusted to pH 5.5 or pH 6.0 with 1 M NaOH and stirred for another 10 min. After
addition of 21.2 g of CELPURE and stirring for further 10 min, centrifugation at

5000 rpm at 4°C for 15 min was started. Samples of the supernatant were drawn

and the remaining_paste_including_ CELPURE was_extracted_with_the_5.5_fold. ..

volume of WFI at 17.5°C with pH adjustments after 1, 2, 3, 5, 7 and 8 hours (after
first pH adjustment to pH 8.8). After a further centrifugation at 5.000 rpm at 4°C

for 15 min, the supernatant was decanted and samples were drawn.

[067] Figure 3 shows an increase in a1P! yield in the extract with increasing

incubation duration followed by a washing step at pH 5.5. Without thawing and
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incubating the frozen paste, 35% of the plasma a1P! could be recovered in the
extract, whereas after several hours of incubation at an ambient temperature of
4°C the yield increased to up to 42% of plasma a1PI after 19 h incubation. The
a1Pl content of the extract increased from 459 mg/L plasma without incubation to
506 mg/L plasma after 4 h incubation, to 531 mg/L plasma after 8 h and to 570
mg/L plasma after 19 h incubation at ambient temperature.

[068] Figure 4 depicts the increase in total a1P| content of the extract from 1.42
to 1.68 mg/ml with increasing incubation time. Correspondingly, the total a1PI
content in the wash supernatant decreased from 0.27 to 0.07 mg/ml. The specific

activity of the extract was not significantly affected.

[069] Figure 5 reveals also an increase in a1PI yield in the extract with
increasing incubation duration, even followed by a wash step at pH 6.0. The yield
increased from 19% of plasma to 35% of plasma a1P] after 19 h of incubation.
The ai1Pl content of the extract increased from 248 mg/L plasma without

incubation to 461 mg/L plasma after 19 h of incubation at ambient temperature.

[070] Figure 6 shows the increase in total a1PI content of the extract from 0.79
to 1.30 mg/ml with increasing incubation time. Correspondingly, the total a1PI
content in the wash supernatant decreased from 0.60 to 0.18 mg/ml. The specific
activity of the extract varied slightly from 0.10 to 0.18 mg al1PIl per mg total

protein.

Example 3

[071] The same procedure as described in Example 2 has been conducted
using 600 g aliquots of IV-1 paste and with the modification of using filtration
instead of centrifugation for the separation of the pre-washed paste.
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[072] Figure 7 compares the relative a1Pl yield increase [in % of total paste]
after 16 h of incubation followed by a washing step at pH 5.5 (left hand part) with
the a1Pl yield increase after the same incubation period followed by a washing
step at pH 6.0 (right hand part). Whereas the yield without incubation and a
following wash-step at pH 6.0 is significantly lower than the yield after a washing
step at pH 5.5, incubation of the paste for 16 h increased the yield to similar
values due to a drastic reduction of a1P! loss in the wash supernatant.

[073] Figure 8 shows said comparison for the total a1P! recovery in mg per L

plasma.

[074] Figure 9 depicts the corresponding comparative diagram for the total
protein yield.

Example 4

[075] 236 kg of IV, paste (Vienna, NG pathway) obtained after centrifugation
and collected in 10kg plastic containers (32 x 21 x 15 cm?®) and stored at < -20°C
were thawed and incubated for 52 h at 5°C. After 24h the inner core of the 10 kg
container had reached ~2°C (Figure 10). The paste was suspended in 7 volumes
of water at 5-7°C, intensively stirred for 10 min, adjusted to pH 6.0 and stirred for
further 10 min at 5-7°C. After addition of CELPURE as filter aid the water washed
paste was separated on a filter press containing CUNO 10-CP filter layers. The
water washed paste was gained from the postwashed filter press, dissolved in
5.5 volumes of water, adjusted to pH 8.8 and stirred for 6 h at 15-20°C.
Accompan.y.ing~proteins_were_p[ecipitated_af.ter_addi.tion-o,f_saI,ts_by_1_5.%_EEG~at
pH 8.0 and removed by filter press equipped with CUNO 10-CP filter layers. The
filtrate containing crude extracted a1Pl was precipitated by addition of 2.5 mM
ZnCl2, concentrated 10 fold using a PROSTAK ultrafiltration unit and finally
dissolved in 50 mM EDTA solution at pH 8.0 and 2-8°C.
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[076] a1PI yield in the ZN/EDTA concentrate could be increased by ~20%

compared to routine production with frozen paste, paste crusher and washing at
pH 5.5

Step Specific Activity|  a1P! yield alP! yield Specific Activity
with prethawing | with prethawing with prethawing of routine process
[mg a1Pl/mg] | [% of extract] | [% of routine process]*| [mg a1Pl/mg]
Wash filtrate 0,01 12 40 -
pH 8.8 extract 0,07 100 - 0,06
Zn/EDTA 0,26 76 121 0,33
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What is claimed is:

1. A method for the purification of alpha-1 proteinase inhibitor (a1Pl) from a
protein fraction, comprising the steps of

a. providing a frozen protein fraction comprising a1PlI,

b. thawing it at an ambient temperature of 2-25°C until the protein

fraction has reached ambient temperature,

C. incubating it for at least 4 h at an ambient temperature of 2-25°C,
and
d. subjecting it to a washing step.
2. A method according to claim 1, wherein the frozen protein fraction

comprising a1Pl is derived from plasma.

- 3. A method according to claim 1, wherein the frozen protein fraction
comprising a1Pl comprises at least one Cohn fraction selected from the group
consisting of Cohn fraction IV, Cohn fraction [V4, Cohn fraction IV1+1V4 and

Cohn fraction 1Vq4.

4. A method according to claim 3, wherein the Cohn fraction is obtained by
using filtration as separation method and wherein the Cohn fraction comprises a
filter aid.

5. A method according to claim 4, wherein the filter aid comprises 96 — 98%
SiO7.._
6. A method according to claim 1, wherein the frozen protein fraction

comprising a1Pl is derived from a1PI produced by recombinant methods.

7. A method according to claim 1, wherein the frozen protein fraction is of

human origin.
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8. A method according to claim 1, wherein the frozen protein fraction is
crushed.
9. A method according to claim 1, wherein the frozen protein fraction is

thawed at an ambient temperature of about 4 °C.

10. A method according to claim 1, wherein the thawed protein fraction is

incubated at an ambient temperature of about 4°C.

11. A method according to claim 1, wherein the thawed protein fraction is

incubated for at least 8 h.

12. A method according to claim 1, wherein the thawed protein fraction is

incubated for at least 15 h.

13. A method according to claim 1, wherein the thawed protein fraction is
incubated for 16 h to 19 h.

14. A method according to claim 1, wherein the thawed protein fraction is

incubated for up to 52 h.

15. A method according to claim 1, wherein the washing step comprises
suspension of the thawed and incubated protein fraction in water or saline

solution at a temperature of less than about 15°C for at least 1 h, subsequently

adjusting the pH of the washing suspension to about 5.5 or 6.0, and separating

the soluble proteins from the insoluble proteins by filtration or centrifugation.

16. A method according to claim 15, wherein the soluble proteins are
separated from the insoluble proteins by filtration and a filter aid is used for said

separation.
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17. A method according to claim 16, wherein the filter aid comprises 96 — 98%
SiO;.

18. A method according to claim 1, wherein the washing step is conducted at

least twice.

19. A method according to claim 1, wherein the washed protein fraction is

subjected to a SD-treatment for vival inactivation.

20. A method according to claim 5, wherein a sugar in an amount of about 15

+ 5% wt/wt is added to the washed protein traction.

21. Use of a sugar during SD-treatment of a protein fraction containing a1PI

for increasing the yield of a1P1 upon SD-treatment.
22.  Use according to claim 21, wherein the yield increase is at least 10%.
23.  Use according to claim 21, wherein the yield increase is at least 20%.

24.  Use according to claim 21, wherein the yield increase is at least 30%.
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ANY REFERENCE TO FIGURES 1-10 SHALL BE
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INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2006,/007899

CLASSIFICATION OF SUBJECT MATTER

NS E67K1a/81

According to international Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Co7K

Minimum documentation searched {classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, BIOSIS

Electronic data base consulted during the international search (name of data base and, whete practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to, claim No.
X M H COAN ET AL.: "Preparation and 1-24
properties of alpha-l-proteinase inhibitor
concentrate from human plasma"
VOX SANGUINIS.,
vol. 48, 1985, pages 333-342, XP002940191
CH S. KARGER AG, BASEL.
cited in the application
the whole document
A WO 98/00154 A (ALPHA THERAPEUTIC 1-24
CORPORATION) 8 January 1998 (1998-01-08)
cited in the application
the whole document
A WO 95/35306 A (ALPHA THERAPEUTIC 1-24
CORPORATION) 28 December 1995 (1995-12-28)
cited in the application
the whole document

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :
*A" document defining the general state of the art which is not
considered to be of particular relevance

earlier document but published on or after the international
filing date

document which may throw doubts on priotity claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

document published prior to the international filing date but
later than the priority date claimed

g

).

o

pr

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merrlﬂs, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

21 November 2006

Date of mailing of the international search report

28/11/2006

Name and mailing address of the 1ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Masturzo, Pietro

Form PCT/18A/210 (second sheet) {April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2006/007899
Patent document Publication - Patent family Publication
cited in search report date member(s) date
. WO 9800154 A 08-01-1998 AU 726233 B2 02-11-2000
AU 3683197 A 21-01-1998
BR 9710107 A 10-08-1999
CA 2259499 Al 08~01-1998
CZ 9804356 A3 12-05-1999
EP 0944392 Al 29-09-1999
IL 127774 A 31-08-2005
JP 2000514647 T 07-11-2000
KR 2000022480 A 25-04-2000
PL 330934 Al 07-06-1999
PL 188873 Bl 31-05-2005
PL 188874 Bl 31-05-2005
us 5616693 A 01-04-1997
us 5981715 A 09~-11-1999
WO 9535306 A 28-12-1995 US 6284874 Bl 04-09-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

