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I nvention relates to a process for preparing a solution containing al pha-1-
antitrypsin (ALAT), and to an ALAT. AlAT is a glycoprotein having a25-Jan-2007
nol ecul ar wei ght of about 55,000 Dalton and belongs to the famly of
serine-protease inhibitors. ALAT can inhibit the activity of a nunber of
prot eases, for exanple, trypsin, on which the nane of the inhibitor is
based for historical reasons. Physiologifcally, elastase is a target
protease which is both involved in espeC|aIIy tissue and matrix
reconstruction and ] cells such as
granul ocytes and is ; 0 T e . The duration
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| n addi t i omptitnypsia(MaAT),yant casARAT. are initiated and/ or pronoted. A known
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| ocal tissue degradation In the lung with acconpanying inflamuatory
phenomena, AliATcls ghgopeateinehgvihgadmderutar weight pé abeut3s,000 Daltsn and
acconpani e 1 th.a i rte significantly,. Limt ung. . f.unction, .ln the
final st agg’e ‘{nﬁFstO[h}ﬁ fngﬁléaf qfose[ﬂg-%'g aéﬁt’x@bﬁg ﬁﬁ%?aéﬁ "@émt ﬁéﬁ %Il Went ed
ul ti mat el y ofrd ynubyber bfiipgotietsets poand@inpme, trispsin, pat meidts thefizne fafothel acki ng

AL1AT or AlATIlmte |n| s functi,on. The n|b|tor i's normal | roduced
and secr et PG & g@?%l or | histgrcalfRaseas. b?h\’q‘l‘éog'lc?%re'éﬁ@s& ﬁscg 'e%ﬂ'%%t in the

bl ood pl asmppotieBsé Q\Hﬁéh Ve bpthiilbIeN e BEpetidINNEssU@ ahd Rhtdix FRBRRGARNMI ON 1S
1.3 ng/m ). In addition, physiologically effective and sufficient

concent r at apAsdegradation Rrecessemand Telarsed hyarells siugheas Arapulpaytenanduisg
fluid (epi thed ifloNddiMInfidHirdtoryObrdtesddshyrhaeaitagion! bf blistasel&kivity is

concentration is
limited in time and space and regulated essentially by the inhibitor A1AT. The

dysregulation of such an activity leads to the quick degradation of tissue and
may have pathophysiological consequences. In addition, inflammatory processes
are initiated and/or promoted. A known example of a reduced or lacking control
of elastase is the progressing local tissue degradation in the lung with
accompanying inflammatory phenomena, which progressively leads to an
emphysema and is thus accompanied with an, in part significantly, limited lung
function. In the final stage, this may lead to the patient's death, which can be
prevented ultimately only by a lung transplantation.

Such patients suffer from lacking A1AT or A1AT limited in its function. The
inhibitor is normally produced and secreted in relatively large amounts by the
liver and circulates in the blood plasma in relatively high concentrations (a
typical concentration is 1.3 mg/ml). In addition, physiologically effective and
sufficient concentrations of A1AT are found in the organs, especially in the lung
fluid (epithelial lining fluid), of healthy people. If this A1AT concentration is
significantly reduced or if the A1AT present is limited in its function or inactive
(inactivated), there is an uncontrolled degeneration of lung tissue with the above

mentioned consequences.
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significantly reduced or if the ALAT present is |imted in its function or

I nactive (inactivated), there is an uncontrolled degeneration of |ung
tissue with the above nentioned consequences. CONFI RVATI ON COPY 25-238kani2007
2 The reasons for |acking ALAT or AlAT reduced in its inhibitory function
are mainly genetic defects. The so-called "Z" nutation, especially in
honmozygous (PiZZ) individuals, results In polynerization of the ALAT

nol ecul es already in the <cells synthesizishg them Accordingly, the ALAT can
no |l onger reach the circulation, or only so in very small anmounts. This
results, on the one hand, in a lacking inhibitory activity, which is
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According to current estimations, the prevalence of the PiZZ mutation in the USA |
is on the order of 1/1600 of the population; accordingly, the number of carriers
of the mutation is significantly higher, of which presumably only 10% have been
identified.

Of the patients who suffer from lung functional disorders (progressive
emphysema) based on A1AT deficiency or A1AT reduced in function, not all can
be treated currently since A1AT for the treatment and/or prophylaxis is not
sufficiently available as an approved medicament. An established treatment is
based on. the intravenous administration of A1AT-containing solutions prepared
from donor plasmas. The established and currently recommended dosage is
60 mg of A1AT per kg of body weight per week, which corresponds to an
average consumption of 16-20 grams of A1AT per patient per month. This in
turn corresponds to a quantity which is contained on average in 15 liters of
plasma. Considering that only part of the inhibitor contained in the starting
material plasma is obtained in a pure form as a preparation, a multiple of the
15 | of normal plasma is required as a raw material for one patient per month.
The total volume of plasma required as a raw material for recovering A1AT and

thus for the permanent treatment of patients is correspondingly large.



aver age consunption of 16-20 grans of ALAT per patient per nonth. This in
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wi th |l on-exchangers. For exanple, adsorption
Various methods for preparing a more or less pure A1AT preparation have been

described. The use ion-exchange chromatography for the enrichment of Al1AT,
especially by means of anion-exchangers, has been reported repeatedly (Gray et
al., 1960; Crawford et al.,, 1973; Chan et al.,, 1973; etc.). However, this
preparation step alone does not yield an A1AT preparation having a purity which
corresponds to the state of the art. Therefore, other preparation steps are
employed, in part in combination with ion-exchangers. For example, adsorption
or precipitation methods are used, such as incubation with polyethylene glycol
(US-A-4,379,087), with zinc chelate or heparin adsorbents (US-A-4,629,567) or
others. These methods are used for the (further) purification of A1AT, but in
each of them a more or less large loss of product yield must be put up with. In
principle, the product loss increases as the number of preparation steps
increases. In addition, this is often accompanied with an extension of
preparation time, which both may detract from the integrity and activity of A1AT
and increases the production cost.

In addition to the protein preparation steps, so-called virus inactivation steps or
depletion steps are an essential part of preparation processes for protein
products prepared from plasma. In addition to the so-called 5D
(solvent/detergent) method, which inactivates corresponding viruses by



or precipitation nethods are used, such as incubation wth polyethyl ene
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detergents are added as active agents for virus inactivation which must be
removed in the further course of the preparation process by suitable methods.
For this purpose, adsorption to hydrophobic matrices, such as chromatography
with immobilized C18 chains, has become established. Such chromatography is
again accompanied with product yield losses and included the above mentioned
drawbacks of each (further) chromatographic step in a method. In addition,
these matrices are used repeatedly as a rule, i.e., cost-intensive and time-
consuming matrix regeneration steps are required.

Accordingly, an alternative, effective and quick method for the qualitative
removal of detergents which dispenses with a chromatographic step has been
described (WO 94/26287, US-A-5,817,765). Thus, the detergent-containing
protein solution is brought to superphysiological concentrations (= 0.5 M) of a
salt, for example, Na citrate, to form detergent-containing particles which can be
separated off simply by filtration, for example. In the following, this method is
referred to as "detergent/salting-out” method.

In the examples of WO 94/26287, the “detergent/salting-out”-method ist applied
to three isolated proteins in solution, which are transferrin, antithrombin III and
albumin. In the examples, the process leads to a recovery of protein activity of
95%, respectively, and to the reduction of the detergent concentration. If the
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product as ef AtATisholid riUthe affected negatively and the detergents should be removed
to levels which are acceptable for medical preparations.
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It was another object of the invention to provide a method for the purification of
solutions comprising A1AT, during which other protein components are removed.
Preferably, the A1AT solution should also be depleted of other components such .
as lipids or viruses.

The object is achieved by a process for preparing A1AT from A1lAT-containing

solutions, comprising the steps:
(a) subjecting an A1AT-containing solution to ion-exchange chromatography;

(b) adding detergents and optionally a solvent for inactivating lipid-enveloped

viruses;
(c) followed by increasing the salt concentration to salt out the detergents.

Furthermore, the problem of the invention is solved by the embodiments as
defined by claims 1 to 19. The process for preparing A1AT from A1AT-containing
solutions, for example, from the reconstituted plasma fraction IV1 (Cohn), in
principle consists of only two very efficient process steps in terms of its



qui ckly as possible. Preferrably, during the process the activity and/or the
quality of ALAT should not be affected negatively and the detergents shoul d
be removed to levels which are acceptable for medical preparations23-fan-
anot her object of the invention to provide a nethod for the purification of
sol utions conprising Al AT, .during which other protein conponents are
renoved. Preferably, the ALAT sol ution should al so be depl eted of other
conponents such as |ipids or viruses~ Phe object is achieved by a process
for preparing ALAT from ALAT-containing solutions, conprising the steps:

(a) subjecting an AlAT-contai ning solution to ion-exchange chronat ography;

(b) addi ngedettehestnosAaaT; ﬁ&hewnéiﬁokha@o%@bhﬁfbfy reans BAEhHIandr-BEchanger,
| i pi d-envel oped viruses; (c) foll owed increasing the salt concentratlon

to salt oufNf P Ydusrigart\e '°"FEI'PPHB?'?FDW$ 'T'f@"p?‘dkﬂoeﬁﬂéfﬁtﬁ?e fPUﬁ)’é#ﬁ ib¥n i s
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preparing ALAT from ALAT-contai ning solutions, for exanple, fromthe

reconstituted plasma fraction IV1 (Cohn), in principle consists of only two
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i nacti vat i BhALAESPREIAINGSPILIPPSt on X- 100 and TnBP, fol l owed by salting out
the virus inactivation agents. It has been found that the | ast nentioned
step can also be used_very effectivel i n Al%cont ai ning solutions. The
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Sur prisingly, under the process conditions, rocess step not only can

be Surprisingly, under the process conditions, this process step not only can be

used for removing detergents for virus inactivation, but additionally has a

significant purification effect with respect to the separation of any protein,

lipoprotein and lipid impurities present without adversely affecting the yield of

A1AT. In combination with the above mentioned anion-exchange

chromatography, essentially an A1AT product is obtained which has a purity of

> 90%, preferably > 95% and contains A1AT in its active form. The process step

. of solvent detergent treatment and salting-out recovers active A1AT at a yield of

> 80 %. If reconstituted paste IV1 is used as the starting material for instance,

the process of the invention allows the purification of A1AT due to removal of a-

2-macroglobulin, haptoglobin, a-1 acidic glycoprotein, IgG, IgA and IgM from

solutions comprising A1AT. In specific embodiments of the invention, the A1AT-

comprising solution after the salting-out step recovers < 10% of a-2-

macroglobulin, < 40% of haptoglobin, < 10% a-1 acidic glycoprotein, < 10%

1gG, < 10% IgA and/or < 10% IgM, referring to the A1AT solution prior to the

Solvent/detergent treatment, which is for instance the eluate of a prior anion-

exchange chromatography. In preferred embodiments of the invention, the

initial A1AT comprising solution comprises up to 50, up to 20 or up to 10 %

(w/w) of other proteins. The initial solution preferably comprises at least 1, 2 or

5 % (w/w) of other proteins.

Even further, it was also observed that surprisingly the process of the invention
is also useful as a virus inactivation and/or depletion step. Even though A1AT is



used for renoving detergents for virus inactivation, but additionally has a
significant purification effect with respect to the separation of any
protein, lipoprotein and lipid inpurities present w thout adversel 25-Jan-2007
affecting the yield of AlAT. In conmbination with the above nentioned

ani on- exchange chromat ography, essentially an ALAT product is obtained
which has a purity of > 90% preferably > 95% and contains ALAT in its
active form The process step of solvem detergent treatnent and

sal ting-out recovers active ALAT at a yield of >_ 80 % If reconstituted
paste N3 is used as the starting material for instance, the process of the
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concentrations, which nonetheless might still be too high for pharmaceutical
products, and in which all proteins and other components except the detergents
are recovered at similar rates. Therefore one would not assume that the process
of WO 94/26287 would be useful in the purification of a protein from other

proteins.

The use of hydrophobic (interaction) chromatography (HIC), for example, on
'Phenyl-Sepharose®, is desirable if an A1AT product having a still higher degree
of purity is to be achieved. The performance of this step suggests itself, in
particular, subsequently to detergent/saiting-out treatment, since the protein
binding to a hydrophobic matrix or ligands is usually mediated in the presence of
superphysiological salt concentration. The elution of bound proteins is then
effected, for example, by reducing the salt concentrations. Correspondingly,
after the removal of the "salted-out" detergent directly of after a reasonable
decrease of the salt concentration (by dilution or ultrafiltration/diafiltration;
UF/DF), the AlAT-containing solution can be contacted with the hydrophobic
matrix and the chromatography performed as familiar to the skilled person.

In addition to the SD treatment of the A1AT-containing solution, at least one
further step for virus inactivation, virus removal and/or prion removal can be



the virus-inactivation, especially of non-lipid coated viruses, in solutions
conprising ALAT. The finding that a "detergent/salting-out" nmethod as
described in WO 94/26287 is applicable in the present case, |eads £35713p-2007
renoval of detergent to |levels acceptable in nedical preparations, and
furthernore results in a highly specific enrichnent of AIAT, is surprising.
One woul d assune that the nethod of WO 94/26287 would result in products
whi ch have reduced detergent concentragi ons, which nonet hel ess m ght stil
be too high for pharnmaceutical products, and in which all proteins and

ot her conponents except the detergents are recovered at simlar rates.
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for virus inactivation, virus renov an grlon renoval can

25- Jan- 200prioss. The virus removal might be |mproved y the addition of ammo aC|ds,
preferably at a concentration of 0,1 M for each amino acid. In a preferred
embodiment glycine is added at a concentration above 0,2 M. A preferred

method is described by Yokoyama et al. (2004, Vox Sanguinis 86, 225-229).

The A1AT-containing preparation according to the invention is obtainable, in
principle, by a process which is characterized by a combination of the following

steps:

(a) subjecting an  AlAT-containing solution to  anion-exchange

chromatography;

(b)  optionally heparin affinity chromatography and/or hydrophobic interaction
chromatography (HIC);

() adding detergents and optionally a solvent for inactivating lipid-enveloped

viruses;
(d) followed by salting-out these chemicals and protein impurities;

(e) subjecting to at least one more virus inactivation and/or removal step.



integrated in the process, for exanple, a thermal virus inactivation of the
AlAT- containing solution. These steps can be perforned, in particular, in
solution directly follow ng the process step of salting-out since 2hdan-2007
anounts of salts contained in the solution, especially sodiumcitrate,
serve as stabilizers during the thermal treatnent. As another possibility,
the thermal treatnent of the |yophilized product suggests itself.
Alternatively or in addition, any suitalde filtration nmethod for the
renoval of viruses or prions nmay be included. Especially nanofiltration is
famliar to the skilled person and may be integrated in the process

pr ef er abl y @drfebalyOstRILH yAf;\war:dre%ﬁB;[ Soii@ibrs BBt AT oS A 'if N 2

range of from15to 20 nm or suit tratron to renove Viruses

and/ or pr |frm‘§onsrﬁerenommnal@trﬁrvtaansgreghalhbexpnewedxbmny the addition of am no
acids, preferably at a concentration of 0,1 Mfor each amno acid. In a
preferred enbodr ment glycine is added at a concentration above 0,2 M A

preferred IRé prsferred GE@@ﬂI"Bé’éF ofythequegessatha paste IV2(Cohnyiscresansiituteds 86,
225-229) . Thith Wbed GOB! RirfrBd RARR, ThoRDRRGALE Afin! P J0EM rrs%hrferéd' S

obtainable, 1n principle, by a protess aracteri
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25- Jan- 2007ncréasing the ion strength. Virus inactivation is effected, for example, by the
method according to EP-A-0 131 740. The optional addition of stabilizing agents
is followed by the addition of virus-inactivating agents, preferably Triton X-100,
Polysorbate 80 (Tween 80), TnBP and/or caprylic acid/caprylate, preferably to
final concentrations of > 0.1% (w/w) Triton and Tween 80, > 0.03% (w/w) TnBP,
2 0.1 mM caprylic acid/caprylate. After an appropriate incubation time,
preferably > 0.1 hours, more preferably 2 1 hour, at 2 4 °C, more preferably at
> 15°C, the salt concentration is increased, especially to a concentration of
> 0.5 M, especially with citrate. Particles formed thereby are removed, especially
by filtration. Rewashing the filters or the separated particles can lead to an
increase of A1AT yield. This may be followed by a further virus-inactivation step,
preferably pasteurization in the presence of > 0.5 M sodium citrate, amino acids,
sugars or mixtures of these substances. The subsequent lowering of the
concentration of the added substances is preferably effected by ultra-
/diafiltration. More preferably, the subsequent separation of virus particles is
effected by means of nanofilters, preferably by means of filters having pore sizes
of 15-20 nm. The A1lAT thus obtained can be stored as a liquid or frozen
preparation, or freeze-dried by methods familiar to the skilled person.

The A1AT of the invention as defined by claims 12 to 17 is different from
preperations of the state of the art. The preparations of EP436086 and DE
4407837 do not have the high purity of the preparation of the invention and an
I1gA content of < 1mg/ml.



Generally suitable are ALAT-contai ning sol utions obtained fromplasm and
its fractions or reconbi nant or transgenically expressed ALAT. In a
preferred enbodi nent of the process, the paste Ni (Cohn) is reconstiXsutgcog7
with water or a buffered solution, nore preferably with a 20 nM
Tris-buffered solution to reach a ratio of solution to paste of > 3:1
(preferably > 10:1), subsequently contacted with an ion-exchange gel,
preferably an ani on-exchange gel, in a preferred enbodi nent a DEAE
Sepharose(r) (Amersham, nore preferébﬂg DEAE- Sephar ose" Fast Flow, the gel
I s washed, and Al1AT is eluted by increasing the ion strength. Virus
inactivation is effected, for exanple, by the nethod according to EP-A-0
131 740. Theheophlhapredhst: ithus opbiaingd | ¢3n nbe agdmiristared f @s| @nespljon he

addi tion ofs Welitafeb Gt i | S rabl y. Trj t on, Xz 1,00 orbate
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concentration of 0.5 e cially wwth citrate. Particles formed thereby
are renoved?’elggﬁ)%%ri‘%?% orm@p{ﬁép?lbwpn washing the filters or the
separated particles can lead to an increase of ALAT yield. This may be

fol |l oned by t | ys-1nact i |0 tep, refera asteurization in
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In another preferred process which may include the above mentioned HIC,
chromatography on immobilized heparin, preferably by means of heparin-
sepharose or heparin-fractogel, is performed. Thus, the A1AT-containing solution
is contacted with the heparin gel in a column or in a batch process. Enriched
A1AT passes the column unbound, or is found in the supernatant after gel
separation. This process step is preferably performed before or after the above
mentioned ion-exchange chromatography, or after the salting-out of the
detergent and reducing the ion strength of the solution, for example, by dialysis.

Also claimed according to the invention is a medicament containing an A1AT
according to the Invention as a sole active ingredient or in combination with anti-
inflammatory agents, preferably steroids, NSAIDs, and the use of the AlAT
according to the invention for preparing a medicament for the treatment of A1AT
deficiency, degenerative phenomena in the lung, such as lung fibrosis and

emphysema.



preperations of the state of the art. The preparations of EP436086 and DE
4407837 do not have the high purity of the preparation of the invention and
an |gA content of :5 1ng/m . 25-Jan-2007 - 10 The AlAT product tgg
obt ai ned can be adm ni stered as a solution subcutaneously, intranu [ﬂ@%%097
topically or as an aerosol, preferably intravenously. As a dried material,
it may al so be used for inhalation in a powder form Application in

adm xture with other solutions, for exanple, for intravenous application,
is possible. A possible dosage is, for étanple, 60 ng/ kg of body weight per
week, or 250 ng/ kg per nonth. Another preferred process includes HC in
addition to the.process steps nentioned above, preferably H C by neans of a

phenyl nat r$uitabie applicabiby fafrhe bf tEDALABRbARIMNING MediBament Efengeroéé kifdwn
vi ruci dal referably, a

ents ot her urities, as set forth above
negative p tlhreééﬂ {égrpqrgorbeﬂnfr%rﬂgdar, 3!l pplicatipn {pamsAor eroteinssarasuitableaT
passes the &Bl,paRemars ﬁcé’fﬂirfs' htrEVeAs or ﬁﬂgla%?ea%rﬁi%@tﬁatzoﬁgbsmnces are

bound and thus renoved ﬁ om the process solution. I n another preferred
process whi ch may include the above nmentioned H C, chromat ography on

| mobi | | zedTHee paddeBs decefdiiciith Yty inVeatien ¢4 iR iiNstrRtR) dyOff %Howmg
hepari n- fr\?\#@ﬁ'%ﬁﬁ I's perfornmed. Thus, the AlAT-containing solution
e

cont act ed heparin gel in a colum or in a batch process. Enrlched
ALlAT passes the colum unbound, or is found in the supernatant after gel

separation.;Thia qrocess step is preferably perforned before or after the
above nent% n-exchange chromatography, or. after the salting-out of
the detergent and reducing the ion strength of the so|lution, for exanple,

by dialysi Al | d di
contar ni no 7N Rt RurFiRE T 1A petve ool b S T PL AR g en

or in conbiweéghoratisi 6fL:8nkith stirring for 3 hours at alkaline pH.
Anion exchange chromatography

A preferred chromatographic material for this process step is DEAE-Sepharose
FF (Fast Flow), although the conditions may also be adapted by the skilled
person for each anion-exchange material. A packed DEAE-Sepharose FF
chromatographic column is equilibrated with a 20 mM Tris solution (pH 8.0).
Thereafter, dissolved Cohn IV1 paste is applied at pH 8.0. Washing is effected
with an equilibration buffer, followed by a washing step with a buffer solution.
The A1AT bound to the matrix can then be eluted by washing the column with
20 mM Tris, 0.075 M NaCl, pH 8.0. The specific activity of the thus obtained
A1AT solution is about 0.5 PEU/mg of protein (PEU: plasma equivalent unit;
corresponds to the amount or activity of A1AT which is found on average in one
milliliter of human plasma). The column is eluted with a high salt buffer (e.g.,
2 M NaCl), and the chromatographic gel can subsequently be regenerated by per
se known methods.

Solvent/detergent treatment

The thus obtained eluate is concentrated by ultrafiltration. Subsequently, a
premixed solution of Triton X-100, TnBP and water for pharmaceutical use (WFI)
is added to reach a final concentration of 1% (w/w) Triton X-100 and 0.3%



i nfl ammatory agents, preferably steroids, NSAIDs, and the use of the AlAT
according to the invention for preparing a nedi canent for the treatnent of
ALAT deficiency, degenerative phenonena in the lung, such as lung fy9rRSIG)7
and enphysenma. 25-Jan-2007 - 11 Suitable application fornms of the
ALlAT- cont ai ni ng nmedi canent are per se known to the skilled person. In
particular, all application forns for proteins are suitable, e.g.,
parenteral applications, intravenous qrqhnhalatory adm nistrations. The
process according to the invention is further illustrated by the foll ow ng
Exanpl e: Exanple 1: For reconstitution, frozen Cohn Ivi paste is dissolved

in 20 mM Tr,i i at_a rati .9 with stirring for 3 hours
at al kal i ne(“gﬁjoﬁﬁﬁon ﬁbe\éﬁgﬁpgﬁ%tpﬁ PE{BﬁQJTﬂr&@PHﬁ &4 dhr gﬁﬂf"bd’?@phl c
mat eri al f atirdig.s process step i s DEAE- Sepharose FF (Fast Flow), although
the conditions may al so be adapted by the skilled person for each

ani on- exchange material. A packed DEAE- Sepharose FF chromat ographi c col um
i's equilibrsdlteeg-outh a 20 M Tris solution (pH 8.0). Thereafter, dissolved
Cohn 1V1 paste is applied at pH 8.0. Washing is effected wth an
equilibration buffer, followed by a washing step with a buffer sol ution.
The A1AT bdondrenoovihg thet ISDX reagleﬂtbeahd)qared:lpitaﬂwdf)wmhhﬂg bEdnosdnyimy Wi th

20 MM Tris, 0. 07 I HB8.0. T ecific agtivity . t ethus obt ai ned
AT S0l ut 1RAteTE, s Ay -ebaling, seltinf Bt GtedoRth 2 salHan otalch LoBrmn | |
correspondsy, Swtébﬁlmﬂ’at@ran@CQb\khMYTﬂ§ aNAiSH\WIU;hThé dduitish @B avetrage in
one milliliter of_ human plasna The colum is eluted with a hlq‘-i%h salt

buffer (e.goncentrafiala@f) 1 Mnis terf@cm YL ofh dgFftc 1geimiBLieSs WHE RIERRGY be

regener at edshteRdntly, the process solution is incubated for at least one hour with mild
stirring. The whitish precipitate formed is subsequently separated off by
filtration. This decreases the concentration of SD reagents to below 10 ppm, and
undesirable accompanying proteins and denatured A1AT is also separated off.

After this production step, the specific activity of A1AT is at least 0.8 PEU/mg
(PEU: plasma equivalent unit; corresponds to the amount or activity of A1AT
which is found on average in one milliliter of human plasma).

Nanofiltration

After the removal of low-molecular substances by means of UF/DF, the solution
thus obtained is filtered through filters with a nominal exclusion size of 15-
20 nm, such as DV20 filters of the company Pall, in order to further increase the
virus safety of the A1AT product.

Resuits:

The concentrations of Triton X-100 and TNBP in the product after filtration were
below 5 ppm. The amount of A1AT and other protein components in the product
was determined and compared to the amounts determined before the

solvent/detergens-treatment. The following recoveries were calculated:



se known net hods. Sol vent/detergent treatnent The thus obtained eluate is
concentrated by ultrafiltration. Subsequently, a prem xed sol ution of
Triton X-100, TnBP and water for pharmaceutical use (W) is added 25elan€fOh
a final concentration of 1% (ww Triton X-100 and 0. 3% 25-Jan-2007 - 12
(ww TnBP. The SD treatnment is perforned for 4 hours at 20 Cwith mld
stirring. Salting-out For renoving the SD reagents and precipitating
undesi rabl e acconpanying proteins, thelAlAT-containing solution is diluted
with a solution which contains 1.5 Msodiumcitrate and 20 mM Tris at pH
7.0. The addition to a citrate concentration of 1 Mis effected over at

| east 15 mayatres with stirripggooSubsequently, the process solution is

i ncubated for at |east one hour with mld stirring. The whitish precipitate
formed i s subyBeerealobylinepar 5tk¥off by filtration. This decreases the
concentrat it flosi r eagent scigpopel ow 10 ppm and undesirabl e acconpanyi ng
proteins and denatured ALAT is also separated off. After this production
step, the spéécidicgiycopretein sf10RAT is at least 0.8 PEUng (PEU. plasnma
equi val ent Igai t; corresponds<t1cbo} he anmount or activity of ALAT which Is
found on avérage in one mllIT11ter of human pl asma). Nanofiltration After
t he renovallgAf | ow nol ecul ar<sifl¥st ances by neans of UF/ DF, the solution

t hus obt ai rie@ is filtered tth]tsbg filters with a nom nal exclusion size of
15- 20 nm “8tch as DV20 filters 8f the conpany Pall, in order to further
increase the virus safety of the ALAT product. Results:

The results show that the in the product A1AT was recovered specifically in high
amounts, whilst the product was depleted significantly from other protein
components. This is further illustrated by figure 1, which shows the result of an
SDS-PAGE of the solution before the solvent/detergens treatment (lane 2) and
after the salting-out step (lane 3). The A1AT corresponds to the broad band
slightly above 50kD (in comparison to the molecular weight marker in lane 1).
The various other protein components clearly detectable in the starting solution
are reduced significantly.

Example 2

Modifying the process as described in Example 1, the A1AT-containing eluate
from the ion-exchange chromatography is contacted with heparin-sepharose.
The A1AT passes the heparin-sepharose column without being bound. If batch
operation is employed, the A1AT remains in the supematant. The further
processing of the column eluate or of the supernatant from the batch variant is
effected as described in Example 1. The thus obtained product is characterized
by increased purity.

Figure 1 shows the result of an SDS-PAGE under reducing conditions, gradient
4-20%, Coomassie staining, 5 ug protein/lane. Lane 1: Molecular weight marker;
lane 2: probe of a solution according to example 1 before the solvens/detergent-



The concentrations of Triton X-100 and TNBP in the product after filtration
were below 5 ppm The anount of Al1AT and other protein conponents in the
product was determ ned and conpared to the anmpunts deternined bef or&-{age2007
sol vent/detergens-treatnment. The follow ng recoveries were cal cul ated:
25-Jan- 2007 - 13 AlAT > 80% a-2-macroglobulin < 10% haptoglobin < 40%
a-1 acidic glycoprotein < 10% 1gG < 10% I1gA < 10% IgM< 10% The results
show that the in the product ALAT was-rééovered specifically in high
anounts, whilst the product was depleted significantly fromother protein
conponents. This is further illustrated by figure 1, which shows the result
of an SDStraGheat; ahe Xoprobe@f dsdlotien abeordinigvienéxatepler Defter theesditiegt (| ane
2) and afte %he salting-out step (lane 3). The ALAT corresponds to the

br oad bandouglseé‘ntly above 50kD (in conparison to the mol ecul ar wei ght
marker in lane 1). The various other protein conponents clearly detectable
in the starting solution are reduced significantly. Exanple 2 Mdifying the
process as described in Exanple 1, the ALAT-containing eluate fromthe

i on- exchange chromat ography is contacted with heparin-sepharose. The ALAT
passes the heparin-sepharose col um w thout being bound. If batch operation
is enployed, the ALAT remains in the supernatant. The further processing of
the columm eluate or of the supernatant fromthe batch variant is



effected as described in Exanple 1. The thus obtai ned product is
characterized by increased purity. Figure 1 shows the result of an SDS- PAGE
under reducing conditions, gradient 41 0% Coonmassie staining, 5 g 75 jaN 2007
protein/lane. Lane 1: Mol ecul ar wei ght rker; lane 2: probe of a solution
according to exanple 1 before the sol vens/detergent 25-Jan-2007 - 14
treatment: |ane 3: probe of a soluti@RAWMSording to exanple 1 after the
salting- out step. 15 2 5 JAN 2007 CLAIMS 1. A process for purifying ALAT
from ALAT- cont ai ning solutions fromother protein conponents, conprising
the follow ng steps: (a) subjecting an AlAT-containing solution to

i on- exchange chromat ography; (b) addi ng detergents and optionally a sol vent

f or i nattA pratéssgot btprifying ANRE Ifoped 1 ATcostaing dottiohofrbvsiterpyoteincr easi ng t he

sal t conocentrafsl 8” e h f@f.lt thﬁ detergents. 2. The process according to
cl ai m 1°°VHTEFE %@'?55%1 ¢ IIOMNE FFPR) sol uti on has been obtained from bl ood
pl asma or its fractions, preferably froma reconstituted plasnma fraction

| V1 (Cohn), @y sutﬁeamgla\ﬁmm&;ntamhg%@mbm@%h éx@fangéanﬁa@%g}abmw expr essed
MAT preparation or a fernmentation supernatant. 3. The process ‘according to

claim1l and/or 2, wherein ion-exchange chromatography is performed on an
ani on- exchan@ageing deteegestssdndomtienglySephieant & inactivatinDiipE- SeytenadsdUsgs; Fast

Flow. 4. The process according to any of clains 1 to 3, wherein said virus

Porysor bat o 6o/ ELR? BbieasRadhs SlpdpetaiBhis falthindne by eRbafS, ol

preferably at final concentrations of z 0 1%(vv/vv) Triton and Tween 80, >
0.03% (ww TnBP, z 0.1 mMcaprylic acid or caprylate, with an incubation
time of ? 0.1 hours,

2. The process according to claim 1, wherein said A1AT-containing solution has been
obtained from blood plasma or its fractions, preferably from a reconstituted plasma fraction
IV1 (Cohn), oris derived from a recombinantly or transgenically expressed A1AT preparation
or a fermentation supernatant.

3. The process according to claim 1 and/or 2, wherein ion-exchange chromatography is
performed on an anion-exchange gel, preferably DEAE-Sepharose® or DEAE-Sepharose®
Fast Flow.

4. The process according to any of claims 1 to 3, wherein said virus inactivation according to
step (b) is effected with Triton X-100, Polysorbate 80 (Tween 80), TnBP and/or caprylic acid
or caprylate, preferably at final concentrations of 2 0.1% (w/w) Triton and Tween 80, 2 0.03%
(wiw) TnBP, = 0.1 mM caprylic acid or caprylate, with an incubation time of 2 0.1 hours,
preferably 2 1 hour, at = 4 °C, especially at = 15 °C. '



preferably z 1 hour, at a 4 C, especially at z 15 C. 16 25JAN 7.007 5. The
process according to any of clains 1 to 4, wherein the salt concentration of
the solution is brought to > 0.5 Min Is%ep (c) and particles formed thér ghyl07
are preferably renmoved by filtration. The process according to any of
claims 1 to 5, wherein chromatography on hydrophobic chronmat ographic

mat er i ab.sThepromss aceeding To afhef animsdsts 4awbeneih thg shib camentrbtia afi the sdlutian 6,
vvhereln t fratlon a _material which
cont ai 118 DHBERRT PR Mln 6 ey SRR BTG Rh et R, 5. The
pr ocessfilaatoor ding to any of clainms 5 to 7, wherein a further virus

i nactivation step is per f or med aftervvards preferably pasteurization in the
presence of ? 0. 8d| um C|t ate, anino acids, 8ars or m xtures

t her eof®- g€ F’f?lc@sﬁlaﬁ% 89 4. 80Y o 9‘@]”‘?6 gy Waeren %ﬂr%at faphg oniyeroRNAbIE he i on

st rengt&hr@haﬁog@pﬁmrﬂétb@gsqssperﬁ,rnﬂg@r ably reduced by ultra-/diafiltration, 10.
The process according to any of clainms 1 to 9, wherein a separation of virus

particles is perforned, preferrably by nanofiltration, tgreferabl y wWth
filters/ Hdei mgcqséraéccyiilﬂeéo any afclgimsine 6, wmeremtrpatﬁmtgf eddrdraegtaitingany of

clai ms d, 4i8n Hh 2MSER Mﬁcdﬂa‘}ﬂs ﬁéﬁb%'u‘?gn HRBLIRRR fofn (Rdp3Fifdefs @ |1 quid,

frozen or reezewﬁr|e pr epar at
performed.

8. The process according to any of claims 5 to 7, wherein a further virus inactivation step is
performed afterwards, preferably pasteurization in the presence of 2 0.5 M sodium citrate,

amino acids, sugars or mixtures thereof.

9. The process according to any of claims 1 to 8, wherein the ion strength of the solution is

preferably reduced by ultra-/diafiltration.

10. The process according to any of claims 1 to 9, wherein a separation of virus particles is

performed, preferrably by nanofiltration, preferably with filters having pore sizes of 15-20 nm.

11. The process according to any of claims 1 to 10, wherein the A1AT fraction obtained is

stored as a liquid, frozen or freeze-dried preparation.



