Met hods for Purification of Al pha-1-Antitrypsin and Apolipoprotein A-l
CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains the
benefit of priority of U S. Provisional Application No. 60/935,527, which
was filed August 17, 2007 and is incorporated herein by reference inits
entirety. FIELD OF THE | NVENTI ON [ 0002] The invention relates to protein
separation and purification nethods for both al pha-1-antitrypsin (RAT, also

known as al pha- roteinase jnhibitor, APL, and Ai-Pl)._ and ol i poprotein
AT Capoac | NSt R riiagion SARRaARIrFI and Arsipraraa Al T
certain enbodi ments, the invention provides nethods for separating AAT from
ApoA-1 at the jtudl f iLfLcat i at the sane starting

mat eri al can%&%é@Fﬁﬁ%ﬁpcggLéﬁkﬁcA#gF&ﬁ?h . The nethods further
pﬁrtal nto prcimti} ng dcrtrf@ @;spm:amﬁcllaﬁ}s%ﬁa banetit of pﬁ?}ﬁé\of u_ssfl.!nrah_bianélor

phar maceutic use a i.tabl e for rge-scal e rification.
DACKGROND. CRPRIGECoRENT0 BRE BROCRT b s Sl Siavsh 6 2908 asHia MeTRIRtEd al s ar e
i sol ated fr oheleinBreférbacd.its éntirdty.m t ed supply of the raw material human

pl asma, whic | i, al n voluntary bl ood donation, conbined with

t he gener al |€'§@J’E§ﬁ@ﬁ¥§ﬁw high fragility, and limted yield in

p]chr i f id cati on[ocn‘odzc;:c ?od T]lhbawagtiblﬁ edigteb %o mlffﬁn %Bﬁarammhémbumﬂdago@fnemdd@ cl asa
of nmedi canments,djfficult expensi ye. There is thus a. need taq i ove the
of 110 ency P REPHARIE-SEnfGRST (o GlrodmoBR A gha:d R BrEea o fHinar a
many nmedi cal and AelRevand Apdlipbpiotsin Asl (APBAH piremcidh eRempleph &iaetibrf 6fHundre sane
sanpl e of h;ﬂan Bl asma in the highest yield achi evable. [0004] Protein

separ ati on o4 'P?'F‘?cﬁ‘t‘?%ﬁ"b?@@_%@g@gtsf e ‘ﬂ!ﬁfﬁ'ﬁ"ﬂ%‘éﬁ’}%“ 'BPH\_PQF pr esent

uni que chal | paegingPAT Roimlrporar atahy ififal Blage @f parifidalien Ve thbf e Rafier € Of
possi bl e contanmi nants. and/ %r i HBUI’I ties associated w 1._{11 each protein

prepar at i on,StaHBY fenal C3R bESRY A8 ¢ SOHTGSTGE ROt RIRGIS | e, sifyithere
product i on qfe_rhirﬂ@f‘[ﬁbmg_ld:bhfp@bﬁioné:‘WMT aAd bPAPSAL BOIALN f PheERAGTeutiE

i nvol ve a series of pujpi |%gt'| on steps _¥y|th the objective of isolating a
singl e prot 57 AGrAIe SUItaRle Kt latoBIs5ale-PYAIFRtCPpsi n (AAT) and Apol i poprotein
A-1 (ApoA- | ) BACEGRGUND ©F THENNVENTRONS™ protei ns that can be manufactured
into bioph uticgls. t.hqds . purify these proteins using dedicated
bur 11 oat s 0RO BPaEes s daankpB HEdRsas Sl Biacek S 2 SPEt RO bIMARat | on No.
\5/\¢)8g18628§8d¢m_ a'btma litnitedrsupply Jf L ralv rAgeRsis! ﬁl?ﬁarﬂﬁl'ﬁrs]ﬁ:@dwhicﬁ-rel%%tp@iﬂjallvo];

, , escr S e purificatiqn o -1, eac rocess starting from
munan’ bl 60 VAR Pl Gnation doatined withihe sens 5o R GPecalen it oaucy
fragility, and limited yield in purification of blood plasma proteins make the

manufacturing of this class of medicaments difficult and expensii/e. There is thus a
need to improve the efficiency of methods of purification of blood plasma proteins,

so that as many medically relevant proteins as possible can be isolated from the
same sample of human plasma in the highest yield achievable.

[0004] Protein separation and purification processes for human plasma
proteins present unique challenges due to the variety of proteins, the varying nature
of possible contaminants and/or impurities associated with each protein
preparation, and the large quantity of protein usually needed for the production of
biopharmaceuticals. Purification technologies generally involve a series of
purification steps with the objective of isolating a single protein target.

[0005] Alpha-1-antitrypsin (AAT) and Apolipoprotein A-I (ApoA-|) are
examples of human plasma proteins that can be manufactured into
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[ 0006] W& have now devel oped nmethods allowi ng the purification of AAT and
ApoA-|I starting fromthe sanme fraction of human plasma. These nethods are
suitable for large-scale purification, thus providing the basis for
industrially applicable manufacturing processes. The invention provides
met hods for separating AAT from ApoA-1 at the initial stages of
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and A-11, Angl: 3 Qs
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aRd Lerch ef0&pP9] PI sofxa(aiieim_oépdrifli?adpet&dhemu% fmyﬁmoiAgd]avetbeien dévélored.

t her apeutic r ot i - .. Lelate to

t he pPepar at[?gﬁ:?)f aipailgg)@re %{%ﬁtﬁé & oﬁ&?ﬁﬁ 8?1}%&;3?%8’%%%%"0388%5%%m
cont ai ni ng Wisp tiraseefrifugatigoirhondebta isalat vet byreaseparatvinpiftApodsl B and
|V of I i i . I terial
for produc ﬁg@%@;%&% i’“%.%'é.fg"@3?@@?‘3?@@%%&@?%@%?%@éf% RF ="
concent r at i inedudingpsalvandlekiyastionhUlracentgifugatiors tsl areery tinfescorsuatngimetitadng

cont am nant r £&L I i lized in guanidine hydrochl oride,
which is su g%ﬁ%ﬂ@lsﬁﬁ?@%@@gﬁgﬁ%%ﬁgkgpﬁIatzl on orgdi afil trat%/on. An

ani on- exchat@@! thr onddehedpusing lasmasas stattind exnteral thatdiot s inobusteani nant s,
whi |l e the Qg%béntﬂgrgéﬁ&w EM&MQ@be@PBéQ&?@EB%P ExdrmiplB! 898.?%%&?%@2“6“ rate

ApoA-1 by sorpti onto a second 1on exchange resin. ~31wW9807751
al so repor t Butifisstiers Rags $.dn-etrbhRarjé chramategreghiaplyifi¢ation of apolipoproteins

A-l and A-ll 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-! using gel-filtration HPLC,
IJBC, 1, p. 169-166 (1994)). Other methods that use fractions from cold ethanol
fractionation of human plasma as the starting material have also been published



the isolation of ApoA-1. [0 O 14] Al pha-1-antitrypsin (AAT), a mmjor serine
endopeptidase inhibitor, is present in human plasm at a concentration of
about 1.9 to 3.5 g/lI. This glycoprotein of about 53 kDa is produced in the
l'iver and inhibits neutrophil elastase, an enzyme involved in the

proteol ysis of connective tissue especially in the |lung. AAT has three

Nl-gl ycolsyl a'é i(Beitsshtebal. &k pan#ta:atla:gmw'adca‘er dptglﬁoﬂfﬁ:teu&ia | aﬂdﬁx-ﬂlél}xnalydmxhhar e

gl ycosyl at e and triantennary glycans. This
results in mil °“g}“§‘ ﬁ? ?g?%g?i%%)%g i soel ectric points in the range of
4.0 to 5.0. F@Q)i%]ase ll:'tﬁﬂ?m%i)ﬁ)tb BytkM'Eshfmr@rzmmdratbncmrmmsﬁaﬁdamleﬁshe

regul ation o rQ AAT .def CY IS i cated.in the
pat hol ogy of szRté< jer ?Eégl %ﬁatfqﬁ‘d’?rﬁ FHBB‘F@GW# g@’rpteuhﬁ«% CEPEILS ency
for hexarrpl e, usa\womeslﬂlolr Ehsd] 36 ;SM(?@?MQ&Q)I. fuyatén@theqﬁvﬁaren@mbfby ﬁnset
enphysens, t. 0 ul at estructjon of lung tissue man
eukocyte. el A0RRBRreding hottiAtns e pont blsdatontaiis ingsrokit Bal,
shown to i nhplblicatidresstper tten grécipitatsd® aad 8dofré bdsldlelﬂ’mrmV&dctbuémn/ﬁﬂocesw a

(Grystal et g 6o et algimaAButior MRl BhoAT Uk S et qulBl (00 R °
Mahadeva andcc[ntammgmsgh dthanalxxob&eritiohs) mplidPDIg withcan argaaMseWe)\t f¢gr0O O 1

The. subj ect RPoRsRRIERRnS . the biborfER 37 bbubeh A n The

producti on diydr@tﬁmloienwhtchmubseqﬁentmmo@w bBigstfilationadr didfiltratlBinoAhemi stry

(1095) Bonci e oxiahoe tERHatbdtapYBRe cBlyusd s o bRl wole~ 2°

Bi ot echnol . the dgoAd passes BBoUghO Oplipnallyritds pyopeeed & cancentratelApani-1 by of
transgenic chnol ogy, 9:830-834 (1991); A L.
Archi bal d, Proc. “PGQ’& %g‘%}t"ég Q{E‘Rggé‘% 176 5187 (1990)). However, the

i sol ation ofl0ORAB]f r orYQRARIT7H1 alseuepartyihesisaof ipntérchange chybfriatigeaphy for

practi cal s F LRirng AAT in quantity, and human plasma is the only
FDA- appr ovgg %%glra@éng A%Ri 6] A nunber of processes for isolating and

puri fyi ng AMOf#bm hufiaha-1sardiyasin (A8T), ersajheseineesndogeptidasbdnhibitanviel vi ng
conbi nati on t d r omat ogr aphi c
steps. Most %r@%Pp@ﬁglgpéﬁr @%g@géég]g%%& | sofé{)él%ﬁ egl nq‘@n Tﬁgone or nore
fractions of mgmtﬁlfppéewtﬁﬁd@ii ia pradusedirhtheflivacandinhibits peetcondiit at es, e. g.

Cohn fracti i 1V1-4 as
wel | as pregl I }ég’tg’ieg&ﬁ? ﬁﬁlb& r?:;;ﬁ'se o{ebﬁgfssl?gg?ﬁ%/%cg}/fﬂ% éasiter'g ich are
obt ai ned fr thﬁ lpnasMT has H‘rp%lb‘t@ym@lﬂoa sites atea,spéfagmm@ﬁmueﬁﬂécm)lanatl ons

and pH adj 5475
(1942) o U%gﬁmléh é% g'%°°s§%m§jcﬁ’tngﬁg”re§/§§céqﬁkx b%? 4%%2"?’?@8’%? (001
71 G aser et This resuitsdp aultinle AABiisefaens, havipg :@ewyugmm@mm) range ot ¢ 0ies a
met hod for 590paiibag nﬁﬁfﬁntfoﬁ A@?ﬁ& Jﬁ%%freh%l cb?e@oﬂéﬁttcﬁmérh%uﬁh%f' s stirred

in a phosphate buffer at . I n or ctrvat which is
largely i nat'ﬁﬁuﬁé’cr@féoly?'stwMTcsiefl@eﬂcselﬁmeWd in the@atbelngyfaf sevérahat i on.
After dial Y&béas%@dlrﬁﬁmda'lg \Hﬁé‘fdh‘éﬁt ah MTSdHﬁﬁﬂéHé& %Feka%ﬁé'ma%gta‘ﬁd to two
rounds of anion exch anf? hr omat ogr aphy at pH 6 an t pH 8.6,

fol | owed bynEigaseFiskn ing fraphsevers Baibsensed earhysemaghampuitofpH 8.0, to
produce AATudrB%tﬂQ@the%tra&@rfo?ur?d ﬂlssﬁb%'quun{é?\ l@uﬂo&}é—égéﬁge% Chen, in US.

Pat ent No 285, describ purification proCess that enploys an

initial an.admre»saramef HogeRelAaRm PAJthas, beuemah@wedow%@lasms@aemge
chromat ogr aphiycigled itk Riprevsl $VIVAIIHICa ?édher&{ A eatew‘f aéamn@amfthAT from

pl asma and plasma fractions. The cation c romatgg t akes advant age of

the fact ter'E‘Ctti’é‘t"i‘ PA Tadeficient patipnts frmvatal et aihém R@)‘é@'l’raﬁn"@feca@)ﬂ/'ﬁﬁn under

these condi5gfts59'(H do8).RBIRMNAMNE AR Y. &oRfas, trﬁsrlawysrmdmaggésﬁ ofAT and
albumin, are retajned. [0019] Coan, in U S. Patent : 3, describes

a method fGrreviethat i ng
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AAT from various Cohn plasma fractions conprising the renoval of ethanol
and salts froman AAT-containing fraction, followed by ani on-exchange
chromat ogr aphy on DEAE cellulose or a simlar material under conditions so
that the AAT is retai ned on the col um whi l e undesired proteins are el uted.
Coan al so describes "pasteurization"” at about 60C or nore for about 10

hours, whi ch[0815] at edBddaube oﬁwsf ft'ﬂeﬁdﬁéﬂhc Liflity, ROFRherBiRPAAT ol @ddéhéh‘ﬁﬁ
non-i nf ect i v% 2%4?%2 g in Anal. Biochem, 124:364-371 (1982)
and also in °Bf g}? P ?ﬂ”sﬁ?ﬁ?t?'%é‘ﬁeéFFfEM“Gh@qurﬁ%hammﬂ%'%‘B@er al
;/ﬁr |t ations Oprdﬁuﬁﬁdm@ﬁef:@h?in(&ﬁd Q%T ﬂ'gEiAe‘bT i (R B%hﬁ&h@g{élr iB‘&“ddh@Huét 3(}9&%2&'— pitate
at conpris S 0 i ssol vin aste i
(b) filteri ngi—/% Efggjbd téﬁdﬁ’q’ﬂ 8 alsdchio Y 4449 ﬂ?ﬁﬁ?%%ﬁ)p‘?@'l?ﬂ%g
denat ured pr al&USSPmdnhN@WBQQ%B'VﬁlpHn@é@ H%ﬁééfalet&&échrﬁﬁﬂfrbgbﬁi 78233
vari ation mg@&g E is carried out in epresence of
2. 5% AERCS! LAU0F Dnaed &Y P?“c’ﬁ“%‘ﬁt g "’("5 opFraesasnicareBmal (h Vgo% Selir at ed
?er)nl um sul Bmei:hna%QQVQEBSO-Q?4 m'ﬁfﬂ)\ﬂtsLaﬁrcﬁlb@@ #%od. Nc?‘tl/aﬁcédl; QCE‘QJ?%%}SG?;CG of
e silica, ation factor was i ove abou 0 aser
states that egaéé]g %64 ; @W@Bﬁh%@ﬁ@%ngégér%hw@ﬁwl@smaﬁﬁa- and
bet a- | i popr opresestly the Gkt mteasp@bn@h methdt MfQbtAaRNg wml ) cg‘:hnR@ kg (2001),
and in PCT Publi ca tion &EB 21, US Patent No. 6,974, 792 and U.S.
7

Pat ent Publ |'&‘fﬁ"’|"rbﬂ asv§27 ARPEPVEISOUE et hod for i sol ati ng AAT from
Cﬁhn fracti goo16]t hat Qn e s p&ihchesal foprsam.ﬁg bAd prNym@rANﬂerm&hmﬁh)‘ETh |

chr omat ogr aph) adsqr ption_chronat.ogr n roxyapatj te e latter
step is repo?%séﬁa? Oéﬁg\?@e bﬁﬁﬁtdleyér%%ﬂ‘lﬁ“’%pﬁél ('Wd}lag'oB? ég&@f: PRI very hi gh
speci 1;] ic aCtadsntgtlpny\éumi&tlor&i,(mﬂrcﬂirmgatbgratphfc stassemﬂdst ﬁublls&ed@%de@sé%r

enri chment sof or s 4.4 sa

present in %ﬁr%olﬁt'aﬂ 58’“"{'@4 %}9@3}‘8‘}?; aﬁupr%gf W%plﬁﬁmﬁ@oﬂptasq%‘bOZZ] Key
et al. in P@bhﬁﬂﬂatloaﬂvprec\MtaﬂsﬂbO@@S%hdlfmch@s&s oanmuved bpetificarly frseticﬁilk/mg AAT

from AAT conpr,i actio ref er ent rom Cohn fracti
suspendi ng Hﬁ\df : T\'gft“ﬁsn‘?'ﬂga%‘s@f:' ?ﬂteﬁf’%? !ér—&ﬁscg?nmﬂ%ﬁp m"i’(tﬁ(ﬁrlf i t| ons
t hat perm t whigh @&aPbtainédfrdmgdadmads agastesaftdragseriee of ethahdl prgcipitetipassi on

the r educed e STLATRAFERE YR b pEay S flreh, Gt et BRRg HRtodb P e

renovi ng i n¥atiehlHe SriNischmben,fYonSare, Euw@mm(tsﬁz))‘ urther to be conbi ned

chr omat 00r a0y, | D023T FAPLTGH: BN ARG Sie® Q76 Bgecrinss

descri be a metlmstfor ISD‘&DIthMg fréra CohmdfrationtV 4| pasteribieqiaste Krstimedin ani ti al

P et ve. ARGOSHRE: Horfhr b pHiePs h GREPCaBABRG e AR Wi THeR er t ¢t e
buf f er. Theinactvated byrthee;bH a8 2templopddiindie Cohbérammmoﬁmfréﬂdt’alws éhd o nosor b
1M o2 SV BEhfialiOl, 848 sGRL B 8 s bERRG 1o o FRBERBR S Blacnon- ol trat e

buffer, the ani oA exch €Cact i nactive
AAT" t O pas@mmm@aphyAath 6.8tte 7aIbhdat pHBsﬂoémﬂoWedcbyffurtherubsequent el ution

2 cat on- exthanBiodadi BboBERAF AER T wiThe A9 7 3 Brolle APTCh aRRHAC o1 2

di sul fi de- r@Heovatpliadgitht . The process is stated to provide AAT with a

duct f 9 9 { i AAT d
mant act ur 1685 o veor AT b Uil PaRiNG, 80 obo BeRibdY | 0T Conn
Fraction | \Aurqﬂc@tmmcmthamrpalpw e linitial @vionadxchangs qﬂpmatﬁmnapmmemt of
ApoA-1 and iy @V{:?tmaéxchgﬁéerﬁ% rgﬁﬁ)f%g?\ﬂ H 484 lgl/vtlbﬁ'i? sgr% N | ow and

capaC| ty dur| ng p I catlon ort reat nment ptrotein
m xt ure suspeifishemanAAT frare p&bmaearrcbmasmaé@ct'i¢riqm’rbercehmafhroa‘g?é@graphyenoves

éﬁgf\l cati E)SQ% %@%@%ﬁﬁ%&? ﬁﬁ‘%‘ %%?P%éfggﬁ?%#ﬁﬂ t?‘rétéé:'f?)édr?g nE)pr eferably

fraction V-1, the renoval of contam nating substances (i.e., |ipids,

| i poproteins and other proteins), and separation of active frominactive
AAT by sequential chromatography steps-4-Bauer does not mnention that
purifying ApoA-1 would be desirable; to the contrary, Bauer points out that
ApoA-1 inhibits colum flow and reduces capacity during purification and
proposes to renove the contam nating ApoA-1 by binding it to fumed silica
(Aerosil Tm). Bauer neither discloses whether ApoA-1 can be eluted from
fumed silica nor suggests that this would be desirable. [0025] Wile AAT is
an effective treatnent for enphysenma due to al pha-1- antitrypsin
deficiency, treatnment is very costly (currently about $25,000 per year) due
tothe limted supply of protein and the conpl ex manufacturing process.
There renalns a need for nor e eff|C|ent and cost effectlve nethods for
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[0026] In al nost all purification nethods for AAT di scussed above,

| i poproteins, including ApoA-1, are discarded as a contam nant, usually
being still bound to a lipid renoval agent. On the other hand, published
purification methods for ApoA-1 discard AAT in a m xture with nmany ot her

pl asma prot ei ns. [0027] Purification of both AAT and ApoA-1 fromthe sane
fraction of I¢alwam mmmeselndmbys whibe cmtenhnatlng peoteibsMeciadihg dehbttredNo.

Pat ent 6, 093, ed that ApoA-1 can be separated from AAT
by adsorpti Orﬁ%and@ﬁ%t %I c%@é&%us calciumsilicate and subsequently
eluted with 00818] NaO-Cdmm‘ ar ©.S. \Rdtére Nod dy@e31008adeguribes asnetbod fdr idatatimgt

di scl dh t de AAT. ApoA- | b bt d
rom a puri 1 LR og Rl €M Bidbimmtal e Bintac Hetmave! 5 BLRRO G | on.
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Pat ent 6, 093Slﬁﬁeiemmaermr@ehaﬁgts viruked noreindective.onnent of about pH 13. 69 t hat

Jonnson A QUG Shrashiet B IR et R A5 S8R BR BRI STl o

i rrever si bl eEdrepaan Patanohpplksatsbn &mﬁﬁrﬁé%tdesmnzesmatdl yaliations ohleei r

bi ol ogi cal I i eactions
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of purifi cat§ters ef{al disselviag lthes paste ima pHich5 buffert (h)rﬂte&iw\/wmﬂdmg & Bighiol

| NVENTI ON here %tqem Aating AAT
from ApOA- E%ﬁ%a-r%e I n:é[”F’ZP; %'{tegg r*gocﬁbur%t@:éégftﬁ émg\?\ﬁth {N%P esg}gg{rre st gl’tl ng
materi al carBlpeenri&l descibesong variation lfbwhhh meetfeftmgvltﬁlrﬂrﬁmmw ot ifi thet her
purify the Fih ity. In

ot her wor dsﬁﬁ%@%ﬁg%xﬁnvenﬁzgﬁm | sc oseéﬁmﬁg)tr%&@laft'gm‘gtﬁr#d#{u ng ApOA- |
and AAT conpaiuaied ameoriveysyifgte. Recoyeryof A@Tw@@rgqmmwesurmhecorrprl si ng
ApoA-1 and ge, AAT
cont ai ni ng ?@gﬁ%ﬁﬁﬁ@%@&&uﬁa tﬁgﬁﬁnﬂcaﬁgﬁ?ﬁt&l% r@w utl catf ar aofe purity
from the Ap&Haserséeathet ﬁgrqswlé@@ur@av bexueed lmme pmcesytwgrrw alpha- and

phar maceut i gala- gj@?&emgrl ty fromthe AAT containing fraction [0030]By

"phar naceuti cal ?rade purity” in the sense of the invention a purity of
nore than 7§9@2pl ef erhéﬂ'ttﬁ?saﬁtla} ifoYex BagLIgs & 29BE(28A1hend ipPEfTerenti al | y

nore than 9pYpiicatiBR RO osl48e2}] E@@&@ﬁtb@cﬂ% §’if4 #9%ad @tlﬂa‘?éht'iﬂdﬂ)hﬁ@téﬁ

deam dation_and denaturation. This na e achi eve dg@ keepi ng t pH bel ow

13. 69, at ofOPRIPBRL2NY, digcloges B@I“ﬁb\?qf@f isplating AAT temdyphmfragtioa ¢ thatt ep of
the purificatbRas efhabef &e@bﬁétﬁid‘%n%ﬁ ex@ﬁér@er@\tréﬁ‘agioﬁradﬂy”ém Zadeplidie tine

the proteins are incubated at a pH hi ghe one enﬁgdl ment, the
deami dat i onciRmaiRaaRhM en hl‘ﬁf%)rap,&ﬁt?AT heéﬁﬁ?r Al&p '%éﬁ’f)%@drﬁ) f@fﬁﬂ‘zﬁetﬂabtyveensurl ng

that the pHaAF, hloQidling alpradgcmma i/é}9|h¥{:jii é&c.’h% achﬂtya%fdﬂeécﬁi@iﬁgre the pH

rangelsfrom8u to and includin et anot her enbodi irent the pH

range is fr'BH‘?@Oifp'stq}‘eatﬁdh? geriehn OiéAT rapwith pf valuggief hdandidst t i ng

exanpl es of g4t gmm] of ApoA-|
and AAT, i nscl uggﬁbtlfésprbbéﬁt Wbme%@éﬂﬁ ﬁfp'r%fééé’ﬁ@g%ib%hqg?{ éaéhm oint in

the speci fil0@8%%n th&evreéfabﬂfsp% Ff%"?fﬁ”r‘@@a‘?"rﬂ@ 2§ disslpsena metb@qi rt aught

above, thesgolg AATm ART Worigrisilg fRIBAS préfeRerdiBf) fom[C¥W2LteN PPLl ng the
deam dati on of roteins | eads to | ess denaturation

suspendnng he AAT-containing protein mixture in a buffer under conditions that

permit the AAT to be dissolved; contacting the resulting suspension with a disulfide-

reducing agent to produce a reduced suspension; contacting the reduced
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and reduces the risk that the resulting biopharmaceutical drugs will be

I mmunogeni c. [0033] The i nvention teaches specifically four different

nmet hods of achieving this separation and purification of AAT and ApoA-|
all of which are suitable for |large-scale purification. Suitable for

| arge-scal e purification in the sense of the invention neans purification
starting frosuspersiofwiki damgfsaMBle(ﬁro@uSé@sfdrblﬁ@ nfmérﬁaﬂla&id rehelingSnsoldbleran

I f t f | tart m 50 ki f h
Dl s 1 1 act [GHeq D a BF BushaeRha bitdac ol composd M iceanae = "
chtirety. Unioss der ned of E%“r'°““®'¢ '“‘e’w“”i‘a"hn""““@“ g Pentilic Lorms used
entire n
her ei n Kave t(ﬁ(?%ﬁ %ﬁjﬁpﬂ@ re%‘?ﬁrﬂh{"sé éﬂ@@ %’Po@ggg@%l‘?@s%\becﬂ @Pﬁ@g‘;
sk} Il in tﬂem&olwrtgdhwlmmbvdl loF ﬁpddﬂmlem{slf@ﬁ} &etrmiwprotélﬁ@aé;}&{s_?ﬁt\ﬁf B i T"
refers to hupap i sol a Jrom er um e termis
bt ended t o i el oA sty oy naeie AT o EbiPy rifcan sy
\(/«'ilrg i86§;1§s (seexo‘lmngenqurﬁw:tBraZcﬂtrém b%feﬁﬁhf Ilﬁi}ﬂlilre&wovbmben?é(ﬁatéd@d\be 13- 3|1 ¢ ed
r 0A- rs una 0A: | gener i sol ate
from huran JEFSOCahe & BF fRRE st fiod wohels Pus g tariaboTsgr it
ef }‘ fect ive napmsadxde/ofca:mrr mtra@ bufier,ahé anlol['a@iaﬁéqﬁml ediafm isikdd 4ctive AtA‘le a[]t
mat er s . sinm|ar, or equivalent to those
\c/imescr?Eg&eﬁle\rﬁgé’%n&@%n%én ‘Tc‘ﬁ tt%Ba?:f‘rthE%ggeA&trﬁ%ﬂBuﬁ?régéﬁ?cﬁeﬁ{}tgﬁtion, and
such equi val subissquaerd eimrbermrﬂétb AAT fremithit: laniont dxehssgomediun, Iaad ial‘soefbt I'agen. hThe
nbodi t Qvi.ded_b a t he
ccope of "t ettty ioR b Bl dl B, Ra A iR B St
de;cii bte_d. I [mag]amwﬁdqawdubmgmgsnb(fr tie pradesp isostatedto poovids AAﬁgvna a Corial
subst anti a o a eria
for AAT and Fﬁpgagd@:pug%rdﬁéga gﬁ%@? +fatﬁé11§ {fﬁe«fﬁﬁ?ﬁggﬁﬁga@e é'&-bn%“gaesent
i nventi on. Acaufadtaing s;calmglekilstuﬁé?ﬁ%nR,alstt«#reamrofmmcbtd&pcmmI:atmrﬁractmmg
rotein mxt
Bart i cul arl ;w? ?r?%a%ﬁgg?mﬁ?@ﬂ%“_ﬁ%étog’?%%ss'q@%tahpgm%Efwr}it%g'rc\% ért'tloé'rtﬁ of
hg{r:inngljats) rréhatéhlﬁcbwpd%e@etanymgttamlongmmﬂe\maau capacityi dhiring pAAiTcaillog ﬁ\g(r)f;u )
0
enbod nent & DT EPtnar FefindRbrnd oARER FRARC REMcholo A BXEBre M LEL P
use of si nmi Imantiphed itipid remnviabagerit'sreomveeApbéatled to be within the scope of

the present &bﬂ%ﬁ?%?f\aamﬂétdﬁp%}%éf"aemé Btdf @hﬁ%?ﬁdrﬁp'#ﬁ BOGic3Hbn 9\{6 not

limted to cont alr ni ng ions, precl at es
from Ki st | ePSPRT&2Jretanming @upedlﬁaneathhmfrectmsl preferably draction N—n the

trom pl asmn S qeob e lrbifa Sttt S, A IEPRRIERA AR 0] Pyl
conmon st epandseparatien olbamtive frorhisadtived®T by sequartiiat chrbmatogranhytepsa
fraction isg Eag’ad%qrrent O?lgn ﬂwa%ﬁn@m?tw-rl RO RO shrafl totmépl Ca%rpb' I zed.

[0039] I n one enbo separation an pur on of
Bauer points out that ApoA-I inhibits column flow and reduces capacity during

purification and proposes to remove the contaminating ApoA-l by binding it to
fumed silica (Aerosil™). Bauer neither discloses whether ApoA-l can be eluted from
fumed silica nor suggests that this would be desirable.

[0025] While AAT 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 of protein and the complex manufacturing process. There
remains a need for more efficient and cost-effective methods for isolating human
AAT from plasma and other complex protein mixtures containing AAT.
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AAT and ApoA-1 can be achieved by adjusting the pH and the concentration of
a lower aliphatic alcohol in the AAT/ ApoA-1 suspension so that ApoA-I|

preci pitates whereas AAT renmains in solution. The precipitated ApoA-1 can
be separated fromthe AAT containing solution. The invention provides novel
and advant ageous conditions for precipitating ApoA-1 from suspensions.

Al t hough t he [6P26] e. g. InRémesttalinypificativhi noeth&dROPB2 BT Hiscaisgeeabevel hat t he

precipitatio =1, w.th |ower aliphatic alcohols mght be suitable for
| ar ge- scal e apgérgégfsﬁ&clﬁn%%oﬁﬁa d’[sﬁir ed aﬁﬁcFé’qu'WBa%toﬂﬂﬁ"?’gﬁg‘gtsé'gght in
the art, oAolungteez lipid rerhegal tagget. Derthavother AATd, piblshedtgigifiyatintmethodh\T
decreasesAgn q% ils .Huar i .tagigna tiv ed.r T epgt)es:ntm?‘r{genti on gol ves

t he probl em g?%eéér%%%@ﬁdﬁf 'F'?(gﬁ? Wi%"\‘/ﬁﬂyloé AR BRSPS ng | 0ss and

i nact ijvati on[@%ZNAT wHanifisatiar @ftb'ot‘rgAAm@AdﬁpﬁAﬂW&%ﬂdEﬂi@f@%@rﬁﬁumth h
MI' and ApoA- é,a tg]ap[eog{!?pitaﬁi n .A&QA-I W t | Py, i I ohol s at
concentrati ohs bet weal? 365 ?ﬂ?%ig NS B9 ARd aﬁo' I?tg %@n ‘f-l FQites
[004]9] Cer t ai statgutbdt Amﬂd Scadf bé b%érateﬂﬁtdnﬁAAU‘Q@ﬁdsU&ﬂibﬁd@?Qi/nmeﬂ@hﬁfrb@@ and
purification_ gf: . - | ein the t AAT/ ApgA-1 sol uti on,
which is tr e:?‘?éa%ﬁfﬁ%?eaﬂ%'gbﬁ-efu%ﬁhﬁ"ﬁtﬁdé{"é@ﬁ{g &r[\daﬁ%peggetﬂ{ ed optionally
with DTT, i sdewijsisaetpmoesdiag. [t4podt disdloseishdvophdrmadpotfeal pbiitp djrade AGENL .
Exanpl es of 50 _lp' i agent s i ncl ﬁ furr%d silic p- ‘.y@rAerosi | Tm ,

li pid renova aégn% %%gkg%f) or spoerEi%fqug' %;'c?ﬂ-qm%eisﬁcﬁt?{gné f’&%‘&&% SE"Re

Ci bacron bt ukurnvaniplesmatfiagtien.(ICif4,) 3 |aTariapplication domvthiisaese dpgplioamtt i ¢) or VHH
anti body fr |leeC I LE V.. ipent ApPOA- |
can be boungﬁrﬁg&?apm S|'B%g’a%tpbgkﬁ%ngg%%éﬂég}n@gggﬁ ?@R%atﬁ%%g@% ar at ed
fromthe AATS oehsuilahlerfgr Bugesstaie peaparationaspesificaliyt ppntigodt thatdhe bestreddut ed
the funed ST avipein 8 K@) bateh BRSSOy oABRAL br RIS 1488 " ECl o
12, or at orPreegssinglof sopgesmaterialdo the ranpe df afaw kijograresi nventi on teaches a
met hod of s ion Iy, fei i £ sl i - e

AATI ApoA 1S90 aelon. | Merueh stictagBatiutfo SRONABR SR U, o
(Aerosi | 38datent 6:0R3%804 erastestachigh alkalineenvirpomenthofabeus pHTIBS Sthatiwlile

AAT/ ApoA- | figAChHitRS Ssﬁiﬁg@gafegt&ﬁ@é&g n@gégﬁdﬁ%ﬁgt‘ gbggg i%ef %Hgﬁgon A etal.,

silica/lcontamnating p Ins y ai ni ng
super nat ant Biogheam BioRbya- 1963 268(1):1376r86) @nd fpoesiblyito irreéversikie deaatyeation.

" . ; . % CI .
chronat ogr a@'&hé’ﬂ?ﬁrﬁﬁfz%%@%%ﬁﬁqgg)’r lBQs@t@H%%%cW%M@’sg ta:r%hﬁ:{n%%' on

chromat ogr aphy st ep. y vari ous enb nts, en eaches a
net hod of séligiing imsaungegnisuepetonstii daamidatedandiod depatpretivthareisa need to

ARTI ApOA- | - 88kdibp RiftneP mRATRRMS lfifiln &t SBLAe8Y GPAGYENSAIHER, &t

condi ti ons where neither 0 e 1 on-exchange col um,
the flow t hBHYIRABYiQf T HON, contacted with a hydrophobic
i nteraction chromat ography (HLC) columm under conditions such that ApoA-I

can bind anfhdAi] can Therdurensileition distosedmdtRoSL R LB AdtING ARTARM- | in the
flowt hroug&&;’&gcgghon... [0043% ft,(?r t he sel_f)ar ation of AAT and ApoA-I, the
respective - ALthRJal stags YTRURIRRfioRe R Hab Hie $aMye plarting materalrancees sed by
any of the wstduyls séureesor both pRotéihs ah® matiiddsab futheriputifahé eBpatsd ALHI ar |y
by net hods alcgﬁad% nown to be suitable ffr Eurlf mg of AAT or ApoA-I.
[0044] I n cefe P& 13EReeutiGa grade Uty (N YReCYRISS tBe AuisentigyardiPhed duri ng
or after thdsqhogsel mepiodifbi s@if%liﬁg ApoRHardesaT chafrising RS stbps bei avatidde
purified proteins cakg .ble steri |%§Afnd %Rrrr{ul ated, in Bhar maceut i cal
sui t abl e stHPEFLISTRPERICORAIISIG MRIAT FHHANT 19 saPYRtaRR ARYAA Sontaiing
f ormul at i orfeactib@G4hi 4% AR cohiattihg frabtimt iy maifyng ApEMans ppesnadeuticdiecone
apparent from . . o ’

grade purity from the ApoA-I containing fraction; and

iii) purifying AAT to pharmaceutical grade purity from the AAT containing fraction.
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the follow ng detail ed description. The detail ed description and specific
exanpl es are given for illustration only since various changes and

nodi fications within the spirit and scope of the invention will becone
apparent to those skilled in the art fromthis detail ed description.
Further, the exanples denonstrate the principle of the invention and cannot
be expected [003Peci f iByephyrmddeltidal gtRietgifityd RPiheCtink® Bf ik itvtintioh B\Rifity on t o
all the exam&!es ergpt will o viouskﬁmég ful to those skilled in the
orior art. BHIER o PEEERT AT RS ] S¥en FRre PreTRIenAlY ateam

i I lustrati ngthan 9spbisdhemnt of the separation of ApoA-I and AAT as descri bed

in detail in | e DETAI | E SCRI PTI ON. OF THE | NVENTI 0047] The
current i nve[t%)ﬁ%gppro&bﬁ&et@é#%gdggWanmpFﬁ eﬂ!&‘&q}/'PBﬁP afuraffon; he
initial stagEhiomaybd ddhieed®y,keepinghiad pHRIcwAN® 68 &rdribe@wres, et bAbeléan be

used for both, proteins. The.invention, also _provides nmethods to further
purify the s g{g{grdbé&w@@aem;{_ep O?H‘ed?’rﬁ\ﬂ tLoé\iﬁdri 1 PIgrelRROhurity at |arge
scal e r espeddlievedtively Tinimiingotie tinfe thB protaivie ard PrRUDAtBH &t 2 pHAsFAIT sladighen. and

denaturation, This can b chj eved by keepi ng the bel ow 1 9, at or
el o 1" otin ghdictiigR, B el il s TRoatly S 4l Anday Ak A4 can BE
puri ficati orminfmiked by phedriigrthatahe pH S oL 7 upty and clidiigM®. tihenbtHee t he

P pocure | o AAOEHRRRG Mt forltl i§ oty S ol Founiigch G Tel SR o a0 pr
V%Ij ugs at orenatinalira erptmébHs’angléFfrmm gevpae@dgmmm@aa Sﬁhxe dpecitionmut | ]
enbodi nent s, Line at .pH ues a r .above,pH .11 .shou not exce 1 h.
ot her " erinshnufitd BxdthpiBt bt §fitisfinad bR oG R ferb BT ot
exceed 30 ApoA-land2BAT, intlude pH0, 18511920,48.5,r 15 18 apd dbb] At arppsiat v the nes

Fonger . pr oderseyen bR BRE PR AEAT BFRY s Ry BRI PP ae 00 7

consi der abl yangessandespetific pH mointaatogppdt | y reduces the risk that the

resul ting bi mac L i)l i i I n i ment ,

t he deam dak?@%fgnd %ggﬁlrngﬁ ﬁ%%g%ﬂdﬂggﬁsﬁih%&% q%%dns tgges% oﬁqn%@%@orby
ensuri ng t handréducpsithesrisk that thewgsultingdidphiaroiacditiogl digs Wil baot her

enbodi nent, {rﬁrﬂﬁnﬁé@rﬁ@nge. is from8 up to and including 11. In yet another
enbodi ment e pHrange is from9 up to and including 10. Sone specific,
but non-1inf@AY exanidlessvarttiop teaches epedificaily fvuridifferentdeethbdsof anhievirg

denat ur ati og,; - . Wd‘ld , : ] 10. 5,
and 11. [Ooﬁléﬁo%ndép %&Jﬁﬂ}ﬁ'er@égr;qoxnt ure o?n%rﬂggég’naslﬁ%&q!% %ﬁensgl “gblg ﬁ 'stanti al
anount of large-seale ppdfivation.Huitableforldrgessaals parifidatign irethesense bithe AAT and
ApOA-1 puri £ j j . { on.
Accor di ng t'%b%ﬂ?ngﬂn%%ﬁ%ﬂic,gﬁi%akﬁg f@ﬁ%@&%?&?ﬂog&%ﬁ,{s %‘Ffﬁﬁﬁﬁa'b‘* g’t\ég%ﬁr?" m xture
can be sel estcbasta buman plasota foactibn ofer bxamaple starting fropad kilograang ¢r mpem pl asma
Cohn fract imﬂ‘%gﬁéﬁ"ﬁ'f&&‘ﬁ“ ai n enbodi nents, Cohn Fraction |Vl paste is
the starting nmaterial, but the use of simlar plasma fractions is

cont enpl at d@03&#t]be wiAllipuhlications sog patent aprlicpliersesnecificalymefesanced hezreinat i ve
starting F el L4 = d

ApoA- | con?gérgi'%?r%%rh{r%%f e}(;lf_elt?gélcse,ai F’g’?ée]gﬁ[”f}!’%{ft Gé@%fS % g%ﬁ%bgéfpéﬁﬁ’%@chmnn
super nat anttechmieal andisciertifia tegns aned Nenegthaverthe seme rBaang ag cammoniy

(1962)), a POTOSY gg@g' i X i bed by
Schul t ze e?ﬂ]glg. In ﬁyﬁ%ﬁé’éﬁ%ﬁa "@tgg%ﬂg‘ﬁy“@‘fno@i@fg’ﬁﬁﬁfbr@@%on 1V1 paste
can be prefd@P8§lby cdbe tetm Wifanefersioruman AAT wenpelintiselateddromebumanC to 2C
and adj usti it f Ig; t hanol to
2 Concent rSera DA nidhdgd B onbrts Pratmapofaloal AU seRENE e T
about -4C togcedngyaparisi(gne fer exaraplecBrantiyet plorAm. J. MedBdsy “t3&h renoved
by centrifqg@ég)gn or filtration. The filtrate or supernatant fromthe above
procedure can then be adjusted to about a pH of about 6.7 to 7.1 and cold

et hanol can be added to a concentration of about 18 to 22% (v/v). The
tenperature can then be lowered to about -7 to -3 C, and the m xture again
subjected to centrifugation or filtrati+®n. The precipitate that forns now,
called Fraction Il + 111, can be renoved and used to purify other proteins.
This second filtrate or supernatant can then be adjusted to a pH of about
5.0 to 5.1, the ethanol concentration adjusted to about 20.0 to 22. 0%
(v/v), and the tenperature adjusted to about -6C to -3C. Fraction IVi now
preci pitates and can be renoved by centrifugation or filtration, and stored
until needed in the formof a paste. Fraction IV, paste contai ns AAT,
ApoA-1, as well as other contami nating proteins and |ipids. [0050] The

met hods of the invention for purifying ApoA-1 and AAT are



suitable for large-scale purification. Suitable for |arge-scale
purification in the sense of the invention neans purification of ApoA-I and
AAT in high yield and purity even when starting fromtens of kil ograns of
starting material for exanple fromtens of kilograms of a human pl asma
fraction. In sone enbodinments, purification starts fromnore than 50 kg of
a human pl asHB0BBAct i oFhe tenmsdpeA¢etats tremirsan ApoAd igeaératly) isilated $robr om nor e

vor ume. of hutsheny SO T nh f o EhEreckUBRuE bR SRR o “human

pl asma in th@afhuﬂb'eodﬁetrweenanaﬁlso and 4000 Liters or nore can be used for

t he net hods T, rjfi ccorgdi o t he present
i nvention hagé% ri t;ﬁg)%b%ggg thglei\ree‘&drln%ﬁgr C‘ﬂ?et ﬂﬁag%grtrpgagngdﬁatena
i mrunol ogi caISlf@i@saysqtsvaimtae thlsIeSi@sombeddpﬂmhmmewseaqutr@adrlam;ceadmlué 79 to

99% of the p HRLn a 90O e recov based
on the funct f)énfgrfﬁvact Pv%m%%ﬁl‘! u“% n?s g're(ﬂ%rqgﬁé)g ?? B'H 'P&t'] © pee pz?o?f él40 to
60% or appr okivaatias. he(emhmdm%tsﬂesdmed@etmj arecmdmdnéd byway wbexarhpieoaly,

[ 0051] ApoA- | f on h purity of at
| east 75% u??%é”ecée‘:??%?’ﬁ&%n@’%g'&? ﬁ&%{\ﬁ%@ etpa cﬁu é(pe anoamgatﬁl gher than
85% The vyi eflesdribedt | east 15% Using certal n enbodl ments, the yield is at
| east 30% as ar ed

enbodi rren(;s [of e i n\é\tg Jngenf%?e)&é(#ué h'%[?";"rc'ié E'or%f\ﬁgga[ ?%b%an'%émogﬁg)proA I
can be achi &4 6!39 ApePdsanrhg lﬁeé gsta stadmgmatemicferrvMﬁtamim\poA-la)uInfian

al i phatic al Haned ApoA- |
precipitat esg&mﬁglgagnﬁz'lmégna nsth|e Fbs@ﬁtlﬁlé%—ﬂéﬂ.]ﬁbéor H?% ﬁ‘ oipmﬂt can
be separ at edhe Advh-eRd ARai-leontaining ngatglmrmxtumcarﬂmsaeat@a fioepa frasticrhaft

A_
O oc: pi tati ourarERa At ad s RO OBt RiTRBSIVBERR, ThERCRRCn |
t he concent r{thuBIRS Ahs r@fwemwwss@sa:sfysiantnog\mat@rialpﬁatelmgammod Apoder t he
conditions apighedbprovify SOGZABRPoISNACEMPBhAMS FrofPRfsha dfh Bdtaf cad to 2

separation of ApoA and al so concom tant” 1'08% And
i nacti vat i orffngodifrentpdCehneFragtior \ornasteotandhg thatsitarting materpalirtiut theatseosf net hod

for bot h pr Gl plashPictBht WehsmAbERANBS witid 8 %838 & B frbsedinvent | on

means al i phatic _al cohols wt exanp et hanol ,
propanol andveatigmdilter Q%@S&}%W”m@@t%@{ﬁ inelude wtrfp'ﬁlnﬂ h@ltgd foouther AABtand a pH

of 4.5 to 6A50An%n{a.mﬁ@@ohﬁfr@&ﬁ&asoblé&ﬁp%te%tfr&ﬁme} Nﬂ&?l’f?ﬁ%\r{’f a_| ower

al i phatic al coho hanol | ow as appr oxi mat 0 25% (v/v)

while M r eﬁﬁ??rgaﬁaﬁt%fgpuﬁ it bif?- éﬁ*fdlefé*ﬂ 8- rwtsph@aa@,t\mn $gng. |h4%ﬁ~a4 M), nent s,
the pHis 5aﬁ@aﬁwmdrf"urﬁ%ﬁkﬁb?r&ﬂﬁ%é‘ﬁ&%%a%a§@@§&ﬂ%ﬂ %bé%@uf?{e Loxeh

al i phatic al cohol is about to 15% (v/v certain e Iments, the

concentr at i gr>-dTateBNe- 334181 %CQEF'BBT\étePth af testhods ‘Pfdh&wowfvbs thatt hi gher
pH e.g. a@@’r@ﬂﬁaﬁpla%ﬁ@r‘a@hé@k't%té&‘ m@%@ﬁ‘a'v}/!)) thabRATGRHGRA-1 at a

| ower pH egg Pel ow 4 T will increasingly be precipitate as weII At
a | ower contdHRiizad: on of a Iovver aliphatic alcohol, e.g., lower than 5%

(viv) et han[mio:{mncenuﬁ 8hé @ﬁlbé&%dt\éﬂhle |H\Q,tntn8ﬁ %p@két%eandmﬁ-#séﬁan%f hi gher

concentrat Ir{&g_g wer aliphatic al coh at ethanol concentrations

hi gher tha -Lcan B 29 h'?"ﬁ&’r*’é’ﬁ”ﬁﬂf‘? ﬂtfép'ﬁra@éltb? fenqengatian gea | . | n

vari ous enbeﬂenamnc bieehsISERS ART/ADoAUrdusBerdiéh B et AbbALIippEcisitRPd S) can
be kept bel ow abo 1OC 0055]I.n addition_ to allowi ng the separation of

ApoA- 1 and KACTERYAADFEREIS; IR golulier: BiePrerRtatrd APPAr Gon bersaparated from
pr eci pi t at ithg W%ntalnmbeomﬁbﬁoﬂwé)ﬁvéﬁt@nlp?d\ﬁd@é REVEP BAY ad@mtagdBise

econoni cal vva rec%‘goé? Q\%P ApoA-I with | ower ali Bhatl ¢ al cohol s t han
suggest ed |Cr?” 8“‘7’ 89, ram susRedsoas Aaushitmarae-gr Batgnk to the
use of | ommppq@mmzmngeos safggtabt@ thaiRé pAdcidiaadm @fA?ngn?Aﬁglkg?ée}il |to I0t ;?:Ng;]

costs in the conpstr the uf acturing unit

st ep. [005@?3 g\tpqtgralq#@ @5’%?158?? Ui AgeREFCINACYGHHN. it wagourd dbar at el y
purified in one or nore processing steps to pharmaceutical grade purity.
After the separation of MI and ApoA-1,-Bhe AAT- and ApoA-1 containing

sol utions can be further processed by any of the nmethods known in the art
for protein purification, for exanple, nethods already known to be suitable
for purification of AAT or ApoA-I respectively. [0057]1n sonme enbodi nments
of the invention, Cohn Fraction |Vl can be



resuspended in about 50-150 MM Iris, 0-30 mM NaCl, at a pH between about
8.0to 10.0 and stirred for at least 1 hour at about 0 to 10C. In various
enbodi ments, the pH can be between about 8.8 and 9.6. In certain

enbodi ments, the solution of resuspended Cohn Fraction IVl can be stirred
for about 2-3 hours. About 6 to 18 kg, or 12 to 16 kg of buffer can be used
per kg of Cohndértae tomfitidnéltaudia imthecht, iA@oALI pfsécﬁ;atatteb wasihar &th AAT. Wisel, d t he

Tris buffer S can be hea t.o a.t era f about 40 to 45C
Tor o er t o RaR et RAT Brarel B58 AATiE BrielEBRCR A% 205 AT vortogar n.
[8058] gge Tr E%Vémﬁhbqrrotsmnﬁ@ép@’@tnﬁ@Ap&NﬁﬂoWﬁD%ﬁé’aisﬁ pae\teentrﬁ@ro%tslaha of
about to

, en be itated b ustj the spensi on
of ApoA-1 an§oiAF ?BOEA%HW”&;SBHE&“ 98\ 8"6’0@ ﬁ‘HH ‘]é’("FPJ Radt tPati on
gf p?;/% te ;)erldr;’/ar(d/ApéA iE?IpSetﬁﬂlatlﬁé PPOA-| QAth lmr?nallghmﬁcol‘;dgi ?mi X ac??t?gfu??g:’l ng
to the Tris H%ghgrbcgag"?dy/ap%%a& Hé?‘r’&l‘vf ‘Eﬁég i on can be added over
a per7 iCod gf [@lﬁmﬂ] 30 Certeh émmnmenesﬁmbemt@nmrteéwmai@dso&k@?cbrét%nabogt 0C
to -7C and the ese cQ mai nt ai n r ripd of .about 2 to
hours. 1 n SPRITETHAAT aREReShT ufiste Pt e AN TRPARE Ay

filtrati on whith ist tezated dnth suo’lpoasl Kidig agext dpd maldiesl trazted optomallytwithe can

e b S BEE € AR AR B o NN B BT 02,

preferenti aIAgoA:lt bihding rageatsf:mdlmcmffumeeisﬁhcaAbIgerAmbsuﬂé) ypldtrlamova1$gleubl e

Tty ate or CRALARY B80S RBDRY BlhoMa CRBUE bie EPecl oty e ORleRdgE, ¢ hen
be further puiszineatbrivativesdReonaetivddi Whit antibothefragients!(ThaBme kfﬁmt;be adj ust ed

Lo about O PRl cABBieE Aba i oI U koo BT T o0
then be m x&gundto tipwmd silta eanbehsrpesatad frabotbe AAT cort@idingwhlutien madiin ai ni ng
2t 2 concent P oh 8RS b ehHBd rdRERe Suib SER Kb RrBEC Shhebiigiis D 1
pl asma cont ApeArdgapdsst eluteddom the. fufied silioa pba piHoof lesmthah @hl 13:6$tat or ed for at
| east 30 m n the pH range of about 8.8 to
9.6. In sorrgBFogﬁﬁtatgP?&?wolzt 8&{)&&:‘6@#&?'& stirred for about 1-4 hours. At
this stage [@%d1hi ng Inspme emeadimentshthedpventivh teashes @anethod df separation
suspensi on t : B

silica, for%d EHMUE etg\gﬂ%@%/\ {;lgﬁ'%rtsag\ HEWA%A_PE&%%BF@% n s@’ ution,
can be sepadml@mrewo{)fﬁ)‘t"ﬁ@qdrfemep|snh_aaéelemadréap)@tlcoodltlamiwb@netrmiﬂmati ng
C1000, yi ol Phoney ot g iR ARPIABAS flah )< orRbite ot b ch o | 0
can be aboutun&wu@f/cqntammatm progeins Slieldéﬂg QJTAAde AgioA-eentaimingar i ous
enbodi ment sq RELE . e filter press
until the de |rec}§{hzve é?gcpg&'%ﬁef{fﬁg a| ne %‘dg&?ﬁan&dénbodl ment s

descri bed b@lrgmatqgﬁ@pfm and-saperafad doufing snbsawgp tleydsaphabic ipterastiomange

chr onat ogr agpy¥m r?lfg)f)y lgh salt gradient elution. The chromat ography

col um can cont al anion exchange resin that consists of a porous resin
support matlfGi0dadlo whir varsysiembasinertsaihgdrvegtion trachee adoethedat | y at t ached.
W Eh N on O A M A AR OB D ve o
net negati \[@Séﬁféﬂg’@ll@h ap peiopiexghangrcayump ah gomditiqnsrwhergmetherdAnai-t mer | EC
col um.  Cond bt gk Bh%x%h%é‘é’dbrﬂﬁ %btﬂbmhmugn%&wssgu&ﬁ@rge can pass
t hrough the ani on exchange resin colum w thout "bi ndin exit with the
col umm ef f |GgBtactediwigh a 'ngﬂpaﬁblﬁa@tief?@t"e@ sorematography (Y BPicalymngindes col um
are then sepALRbRSshEPNat nsoﬁed\za.w.narmw c8h HrhaiR solllbfe & Larf@@ICent rati on
can be gradually 1 ncreased he column is eluted in order to rel ease
sequenti al |syp@'f?éed/&@mo‘t;§/’phatt%¢ fewttirgughfractiund to the resin. [0062] The
AAT final filtrate can be applied directly onto a chronmat ography colum
contai ning an ani on exchange resin equidbrated with an | EC equilibration
buffer (approximately 50 nM Tris and a pH of about 8.6-8.9). The col um can
be | oaded to approxi mately 50-70% of a pre-determ ned protein capacity with
the AAT final filtrate. Contam nants can then be renoved fromthe col um by
washi ng the colum with an | EC wash buffer (for exanple, approximtely 50
mM Tris, about 25- 65 nM NaCl, and pH about 7.1-7.7), and AAT can be
subsequently eluted using an 'EC elution buffer (for exanple, approximtely
50 nMIris, about 70-120 nM NaCl, and pH about 7.1-7.7).



[0063] I n certain enbodi nents, described bel ow, the AAT-containing eluate
fromthe | EC columm can be subjected to hydrophobic interaction

chromat ography ("HLC'). This type of chromatography enpl oys a support
matrix to which noieties are covalently attached. In an aqueous
environment, these hydrophobic noieties can bind reversibly to hydrophobic
nol ecul es, sl@A43} t heAftartheiserarationgofAASt @ichApoiietherespettivet AeT bRE el uat e.

AAT is relati = 10hi f L Qrid f .the AAT can

1 ow thr ugh’ Yoo BARIINGEABARR, fiay B0 RIHebbiocelel®s PR Ao Bletidsfc o whi

the nore hydKBpWd B beaotfoapiotein putfigation,gianicutasiydiyrméetbodslalreadyi@oonltate. The

colum ef fl ugp; i t i fied AAT. In practice, AAT has been
Sttatl 168 pRRl EAAT bl f

found to have a rrcertain H C colum nmedia, and in such
cases furthelO@44k i on Inicettais emtodiments,wires reductiors ktepafchr be peyfomedlesi r abl e

i d t 0 Eall ye al. f i 2origipally. lied
sarpl e [ 006d] TRkt g Rt feldhFhunticBlion dopt dEschbetih bolp BEloH, IRy ©
addi ng ammonPi9RiRsICdmmbe stedlizeds antforrodatedrin phaimaceoficaippitable stetaje/bulfeds t o

1.1M The solpd b : Iq ied to a hydrophobic
i nteraction col uﬁ%f%{\@?@ﬂgﬁ&gﬁeégnésggﬁﬁ ’?Eﬂ‘é’?@‘ﬁ*sw th a H C Wash Buffer
(e.qg., approddQfeilel y Sthervbirdts feathsstandMdxantegesiwillhdcbetessppakéra roat

7.3-7.5). T . , it hi . - 75
oL or e falowiy SRS Ekanbriol R gAY dbctrb RS oot Safilipt 9 T
hydr ophobi ¢ ¥8I9iHeR fakillustiatian @niv sives vanioos ghanges andl medifications hithioahel et i on
of the |Oad1sﬂ#ﬂ%H’§@o%@_Ofﬁ€%@nﬂ§? Wil E%g%%rﬁgé myge%%n?% V&W@&ed of f

t he col um using the H C Wash Bu I ned col'um hrough and
subsequent iE¥h Nindetgiled dercantiomt Berthsy, theexamplestdemanstratedhel pdnciplelafer ed

into a phos Rhéﬂrf?ehﬁ’érf &id &é‘H?BPlBe %%péﬁ\é@%dédé@ﬂ.@&&%?%@lta?% ﬁg?agg;p@ét%id?%@ y a

pH between 7.2-7. GMThe fina concentratio r no greater

t han 7% pr otRY&Rtion gpalbiharaxamplascomhera dh will ehwpugly F‘$¢fl1&9tﬂ"@$ skillgdsn &re ar e
required topriepgh the desired level of purity and activity, the MI sol ution
can then beﬁ%aggentrat ed and sterilized. In various enbodi nents, the MI can

be at a phart LRE%%'R‘PJ'QE'&E)F% BIGURE| of purity and activity after the
hydr ophobi c {0467 act i mgueh: ¢16% QLA iusRitthgt aABbdinabs tﬁ% %Qﬁae J B¢

necessary. I n %OITE enbodi ITEI’I'[_S, (;once_ntratl on can pe acconpl1s
ul trafiltraf¥ef-@sd i dtess Bgsaiibas jrsdetall in examnleR. (diaffitration). In these

t echni ques, i ved salts and small nol ecul es are passed

t hrough a fpﬁqjéyf%%&gﬁig I%JHFQ}W@NTHQNa nore concentrated protein
sol ution. ROWATI ng Setcur@ntingsMidn proviess hshdds foNeeparaingi AMBRbML | on can
t hen be excga@gﬁd&ﬁ\{l t.h.% gl ffefr ent. buffer q%% continuous addition of several
vol unes of TR NEWNGIRHRSaqe efpurifiealiane 6o that the-sarme atasing matedakenshennt
product vol user! foybetarproteinel Sthe ipasitibA @lssProlid@NmietidRidad frthr pank thenbr ane.

[ 0066] The MI can tt&gq_ be R ov? ded with a_cgrar maceutically acceptabl e

buf fer, and>SREHEH AT 3G AP faRhaImMege ticat 9gs PNrEY; 3tdargB yoa'et hods known i n
tEe art, fae]csaemmlyezThbynétﬁbdé%gﬁthW _tib@nmnfw‘ dedphigalicW af eloari ng Mr

t herapeutic fornulatigns. ] Proteins .isglat ro mral i an sour ces
may cont ai nderg'gh{a{ﬂhi 15 Gan ?%B‘%ﬁ’%ﬁ’% RERING &‘?ophsge{%’n{n%g&@éﬁ Pgibe! % o
rlvgdﬁcg or f edtimbfabwdambt G:Oﬂsélaml:ﬂat ie@bh bt@ﬁﬂﬂ&ﬁérfp@mf_taitiiﬁrabf &‘&Hﬁﬂﬁéflhis @RS.

t hods o iral. reducti.an are.known to .those o in the rel evant
arts. The tFHb%?'éf&HF%P%ﬁFd"T%%J%p@S%W E%P%“qafsﬂi flea Bgé’égﬂtorihfﬂ'i'@ﬁti on
in::l ude}dbatheadwaﬁmtoflthisieb@obudr_e,is_mmwmka?j ?.g., in Eérédlh @MbdBiments the )
sol vent / det; nt, treat ment i Si ction iltration, and treatnment wt
supercriti 'gffeg%ptﬁ &%’Pg%gﬁfeﬁhf’)’ﬁé’{ﬂﬁgh‘?”?‘? pebexeeRt malR than gar B &8MBut, for
exanpl e, dbyendmdiratlerttis,[]tgeainwaﬁtwl vale@ésamrcabowb ph amwwg%mmﬁé@nml. SAr \?\:ot an
ester and tgi 0 { see Patent No. 4 . see a
95/ 35306 f 8!'{33%%08’3?‘?@%}}5? %F%ea%ri’étj Yaies &' 4 AbRXS pkﬁﬁﬁ%ﬁqufq Bet ‘3"05?3 3t ect i on
of a protein solution can be carried out by exposing the solution to a
sol ubl e pat hogen inactivating agent, for exanple as disclosed in US Patent
Nos. 6,106,773, 6,369,048, and 6, 436,344,- or by contact with an insol uble
pat hogen inactivating matrix, for exanple as disclosed in US Patent No.

6, 096, 216 and references therein. Filtration can be through 15-70 nm
ultrafilters (e.g., VirAGardTMfilters, A/ G Technol ogy Corp.; PlanovaTm
filters, Asahi Kasei Corp.; Viresolvem filters, MIlipore Corp.; DV and
Oregarmfilters, Pall Corp, as well as hollow fibre filters from GE

Heal thcare) Irradiation can be with ultraviolet or gamma radi ati on; see for

exanpl e US patent 6,187,572 and references therein. Inactivation of viruses
by treatnment with supercritical fluids is described in US



Pat ent No. 6, 465, 168. Pasteurization of a protein solution can be
acconplished by heating within the limts dictated by the thermal stability
of the protein to be treated. In the case of AAT, pasteurization can
usual |y be acconplished by heating to about 60-70C. In some enbodi nents,
descri bed bel ow, viral reduction of the AAT concentrate can be carried out
by pasteuri zamm@nz&w Al higladritempatatwres aCdephitié expigupdiitnés YRSevearshdrendded

to protect th her mal radation. durin h asteurization step,
as di scl osed or e%gé.ﬁlfg%%{”ir?? %GB%%&?X%&" @%ige&r@%séreé{ﬁﬁ iM%t assi um
acetate can Weamdtitidn abthetpblelriszebs pusifict lchés ﬁi@iusldezaﬁtdy 1884 demhtutdtien can

t hen be past about 6 t redu e Vi.r tion. The anount
of sucrose cgﬂé Feeagy %%ngtglﬂ%%qggﬁp h@é@?u WypRio “5‘88%‘{ 'Cé s Wilkbyht . Use
of |ess thanlm%egmmsle dnaseniteseiimé oty the de@nf@bhtanurdeuatd@@ﬁdna&fl/@dAeivel s of
aggregation e anmunt f ot ass acet.ate can a ast 4% at
| east 5% orgﬁ by %&%y’“iﬁéﬁ"éﬁ y Fﬁ‘ﬁg@th?%? pgiittﬁﬂon}gaag FB&'"CFW@QAAT

sol ution can1?ptn mthéryenhtmdﬂnémtt e i chngelis fraii8 Getoeghd ihbledingericangent r at ed

d steril t | d AAT-
ggncénte ;Iat Iez%qajor%h?rhegﬂb%&%ﬁyotb%pl'af'?ggefs fhcfrB %rtbtai;]-@ﬁ Jadjpg §8 Lrsgh]nflcip%cif'ﬁ sone
enbodi nent s, bt nopdiptiting exanpléd obpivkdeluesﬁath&napﬂzep@&a&nidaﬁmﬂ&dﬁémdawn

Por i ect i of ARt i ARE TORG bRl e.0 Fam O TR il 'O ghdad™\i s o Tt

reconst it util®®48lt h sAeyiuhpunifedenixturd bEprateing corddiningla suistanitisl apmnted

caui 1§ bt at ed o Eh AR an el e A e R P S0 B Ao RGBT "

a pH of abOLﬁCCBK@QBfO%\e nﬁt@Mfdhmpl&sehhaMonoAapqnﬂwvgltumxneleyntﬁﬂuﬁé}% of a

Bre then renmyba T MpEPasintdr el i cah B selectod i = b ERGACH °
buf f er (appresiateriesmagriguiany fsom @Iasma Q@lrﬁtr')acmhms{@lastearid cpitaiabout
7.1-7.7 t

(appr OXI) matf1 %@%%ﬁ?@mﬁﬁ nga%gqunﬁ ﬁa%ﬂa%&gﬁ%ll—k& the Bsggﬁg'g{'l%

[ 0069] The f iPlasIME Bagtionais eantemnplatetidodedvithin thescepe af therma$er\lmweohorst ep(s)

| ect ed th
AT 15 1o bo olmils e meRAsI o GIThN 1t ng trifld IEIRIAAE B0 ApRel e
AAT can be §P®faB¥nggoln f@@imm p@émtt@mﬂ@m Kigtlgr-Nitschmaon sapsu@pamsAmn The
conposi ti onagf (I@sﬁb’r%n@%@ﬁm?ﬁﬁ %@ééwAjT@{mggggﬁz'»o & 3PhriShiuch Qirstg 2! e.

a nom nal content per dose o ar am i rate, and

0. 001 ng ci Pracipitgtasdronsplasma 350¢Qﬁtjrlb@¢ bY\SFEUle&lettabllreUf%rPatﬁmtaNtat| on

adm ni strat s@pqgyedescribed in U S Patent No. 5,780,014, either with a

met ered dose |nhaler or with a pul monary delive device such as is

di scl osed i PA4Y. patCain frgstios Mamsipean p@gmpm%mmqlmgéummmm@ to the
present i nVgpdrhGstalife b@tv@éh' Q%:sz%ggr(@ aéﬁ%s I?{o”é%%@ag%l g and

i mrunol ogi cal assays such as ELI SA or ne y about 79 to

99% of the itgniaddig meﬂ@nabtpla@ncentr%tmm@boam 1@’@%/Vm lowesuery based
on the funchibeam (Jaéﬁétlﬁé% ¥BoATe @m@fa &Bc.ma cgn@d:ﬂaeﬁoa Vé f{)ﬁné@% 40 to

60% or 20 to 40 ared to the original content 1n
[0071] The ARS" FRIPPYGCERY egntifpatianenibiption. ding f#ﬁtﬁ@aswwaaﬁan #omdhew i s not

enriched i rhﬁo% p'r@d@”dﬁFe Yar thed bla sté’d%éﬂbuﬂ&l—ﬁ& %%FB'?QS‘? 1 }caﬁ’di cﬁéa”pl e,
in US Patent 974, 792. [007 Purified describ

i nvention c?é'f'la"t% CF'EBPﬁﬁ!dé?@éP 7 GPRCYHRtiam ebalouwt 4B tp LR alvaw Jﬁg tqeraperature

t her apeuti GaWgRen E@%v@#éd td ssbuarpiei-pe Caé{né)ﬂ\eq‘h&ﬁﬂé\éﬁgm'émbfé&@%t i onal
physi ol ogi calﬁgﬁlqﬁhggatl e agueous buffer solutions to which there may be

added, opti§ filkadien i aPresRiats Bt forms newe Galles %ﬁﬁ?%’éé‘dt‘a cal
prepar ati oran beQ8mdl/Stahd DBad RE@IHY bir pfAsihs eTRisaRdofX fiticest S as wel | as

sui tabl e
supernatant can then be adjusted to a pH of about 5.0 to 5.1, the ethanol

-12 -



pharmaceutical fornulations are well known in the art (see, for exanple,
"Phar maceuti cal Formul ati on Devel opnent of Peptides and Proteins", Frokjaer
et al., Taylor & Francis (2000) or "Handbook of Pharnaceutical Excipients”,
3rd edition, Kibbe et al., Pharmaceutical Press (2000)). In particular, the
phar maceut i cal conposi tion conprising the polypeptide variant of the

i nventi on cagoneentretion hdjusted itp abgui 2010 102200%1(v/8), @bt ¢he tempedatiicer adjustdéd can
be lyophiliz i et hilized
formul ati ons@r%ﬁrtgscg@t ?tdut P;cfc%?g}re‘q#’o %reg'ggm?ﬁ Eg'&b? %mov e or nore
phar maceut i cewtyfugah@porafﬂlrmom Iaucéatosedsmmfh naeded‘ iortheefoaumpdf @, pasteer Friaetiavat er

for injectio +4] For tions
of the composy st Sirtaifs RATRAHRY AleR oG Sikthinalis aishine SRA s

phar maceut i cB1980]sui t é’lbbemtbadsoﬁﬁeaﬂmnﬁmrstorabnfwmgw loarsd MTlaveery syst enms
are known an t ent
foute. The c%‘#ga%g% 1o P pEHEN: LS o BIDE P RAER Y, BRRERR T
For systeni cofd @lnvpntnreinlesnaf)umﬂwatwmviahpo/bha@MEﬁen highmidldaed ptmﬂy even
parenteral (g r

i ntraperitone ?n sﬁaﬁ{?‘ af@)\é,r?e 3‘? kﬁé@%ms%??%H%grﬁgfefxglﬁgﬁ%lnﬁle frgm &epgr?gder mal )
or enteral (F@'ograma)efaa humagpmma fm'ctlo&ctrastqmeiehboémenés:(porlﬁhaﬂgntstarts

convent i onal fdiR ke $harl 50 & Bfghﬂmgﬁﬁfél cion! n?scﬁrﬂé'teﬁﬁoa m&? i ni stration
are intravenous, subcut ane or | nonary 1'ons can be
adni ni st er ecPWifpationers ?omynrprﬁfth@ 60|k9|0f EohivGragtion hy = the letter tsumg:

formul at Onsec@%%m?éé sﬁJr@'(V]& VB8 %eh deréE %fé‘%ma[&%éhfé’db ﬂﬁ&orﬂéé‘%a t he

present i nventi on can m ni stere alents In a therapeu
ef fective doSlmesefiumpreplagsa in thetrange beﬁ/weecﬁ@ﬁ@ ang 490@@@@@ qrmora@sn r ed

ef fect (s), Weﬂ)é%@tfbﬂﬁe%eth@@sg@ﬂhé‘%vbhﬁorﬁem'pEMféHa&B ﬁgito% tdagsenendi tion

or indication bei ng treated Wt hout reaching a dose that pro uces
i nt ol er abl e IRYPPEPR Bag aParibraf=96% aseternined %s@%@@ﬁ@@ddﬁmﬁﬂﬁ@gﬁabt ors

such as, e gdsaystiRhid3E198AIR 'ﬂepﬁél&mé{r?t T?ﬁlcal@‘ogﬁblﬁfm%g [ sDA ﬁtﬁ@ﬁhﬁféd and

has to be determned in preclinical an nical trials for eac
i ndi cat i on. AAJ0?@LH¥R onAveragedboyt g%%prT(S\WG@EVGéY hasadoen e fundignply an

i ndi vi dual astid RAT @amtehpm CoHrEaklicH V]9 hsduR38Mo @vaTapp?&.Mﬁiény fétoot her
indications in which the therapeutic use of MI nay be beneficial’,

exanpl e, enfRyseithe aammalpenieat nhumean glasmhe net hods conpri se adni n| st ering
to said indjoosivpl a Adua- %%U%H)er@ftf)% br‘é%eﬁﬂﬁ%ﬁtloﬁfha%-rpur@ of at

phar maceut i caI copposition of the invention can b dmnistered al one or in

conj unct i on/&fst fP%6t Ksing srsteipembrdimegissthe purfeebARRAChisshighar than B%%or por at ed
as part of Theyeae a@lh%rsWS%UtUs‘ﬁ& cerldiPErmbbMineRes iild FieRNH atieABNid, g5 t he

i nvention the preC| pi tat ed ApoA-I as obtained by the nethods described
above can bEPTRFEALP theApPaA- éHO’!ig”HB?@sﬂl?ed bel ow. [0078] ApoA-1 can be

extracted fpoggdjhe pnﬁgemeteaﬁ@d@ﬁér@tsaf:ﬁ‘ehuvédﬂiaubﬁdawioa ddSRPREAtUR G 2
human pl as groteln fraction at about to - at a pH of about 5 to 6 at

concentr at i agf APORgh &N bg ?chyaﬂdd‘bwﬂg th%Pﬂ a“déf'?lﬁ?l'éﬁe“tréf'o’bﬁb%t 8 to

14 %in a hu%eanmﬂvalc&hmge@b@maﬁw :ﬁ%IAAﬁApéAwbbmﬁoﬁsé thalﬁpmrl about 2 h
to maxi mal nbodi nents, the

Ib(E/I ate g@\er ature (f
pH of the P?sggatggwhséeag t regnagins Eﬂoﬁq ‘d)tf?é?l I-V‘e %?'Bﬁatggﬁﬂﬁﬁé @RI can be
added at a sparfed frain the AXNT ednesihing-sblubn] EP0323605 PbAY thdt PPoA-I can

et T gl yodte RepitalEg fom tRLapeyER TP SR robia iy Mor basian i oni ¢

det er gent s ¢wetalipebdaitdholgWi tt ergent TM can be added. Dependi ng on the

fol |l ow ng det ents ca ved or rtiall
diafiltrat ﬁ@ﬁgéﬂ abs@iﬁgﬂﬁv&ﬂ%@agr‘*&?g?o%?@qeéggﬁ%"s(%'%‘éég&n@x\s o“F’ooso] The
buffered suspardiphaticaboling uatier theonditiordas adclosed MBRO3Zb60E td h,

precipitate ApoA-I do not lead to a separation of ApoA-l and AAT and also lead to a
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and then filtered or centrifuged. ApoA-I as contained in the filtrate or
supernatant can be further purified by nethods described bel ow. [0081] The
pH of the filtrate or supernatant can be adjusted appropriately and et hanol
added until the mgjority of high nol ecular weight contam nants are
precipitated while ApoA-1 remains in solution. In certain enbodi nents,
ApoA-|1 can beopcauitgit iast ehd dractipationxof 2806 4ribare tﬁér%orémbwéunabt@afaﬂb , PH 3.5

the pH to 5 parfopon efRdor patfitcinst TouRe Al Pl s isssengt okl °°' ™
(v/v). [008%ventien fneabéeliphatit aizdhals eathdl 13do 4, tdnex@mg&ememm_rettmaw _
ApoA-1 can bﬁ{)qpéﬂéﬁé{ﬁﬁ{ﬁﬁ?@ut he fi !trat e or supernatant by precipitation

with for exa | phat e:  Anmoni um sul phate can be added to the
ApoA-1 extraf@0%4] a sdt lha:hrmwaeerasmprimaglylfcmnedh@ttal@bwof 415&@6 53Ap(6¥-\-ii nal

4 M.a i
can b i nouboode Prtiaieacsopechulighe B £l5uieF Stbals hohd. Fiay elfetol &S "
preci pitat eleWapprbXIarately)ﬁ te 26%e/vi ahlle snEdelpginsiih solatioroandretains its
centrifugati Qﬁwlt{loﬂpfc%]nfélé}n?%mpe td él—t{'i O§}°Oé~)<§ﬁ%| - Lm %'%ﬁﬂ?t’ henésl; achi eved

by met hods known’i n e ar %l uting
ApoA-1 fr om @mtoeotnathnrofamwmhphaﬂmaaigmm &sabosit 7 iy d5%plabhi h ¢certadr acti on

matrices, grng%cﬁﬁgpﬁof‘% éo%%é&gatf?% cfg %?éﬁﬁxc{%@csghggﬁ ?oggéé? g%( t(g/a L permt

themtomtera onic an
condi ti ons aAt highertp, @eg. ealraivedils lgred;nhtﬁensuliAbbAd wilhb¢ heduaet, whereaata

nbodi t that
cati o ani okt o, & BBl A% ARTION RS BN be oS BRAELEE it B obdl o
m xed node r@@ﬁﬁ@tratt@omﬂﬁtlowwsalmpews alcofsol,i g4 hoavelr thoam $%r(eiyybthianalct i on, and
th j it t { Iy,
ADOA T can YooRbertpdt foﬁ’ﬂg&?}”lf\ﬁm n‘agefe%ltgfé‘ﬁ\’ﬂvﬂ?r%? %Pﬁngh@?¢dhcek9%%ﬂc9% :im‘%%f‘ y
and/ or Li pi clipbatinaicohaleng., @Lﬂl\ml cvomrt!rammﬁehlahsr)than 26% &P diAT willl i gand

adsopt i on tqmcrgagn ly Qel?ﬁ&d]ﬂ{ﬂﬁb %blo ﬁ&dsve‘?x%@gﬁt)s ytéﬁ??&?ur

derivatives (Prome or VH ragnents I n|

Conpany) . EIdHf'P@)H‘QJﬂ’feﬂﬁtiﬁthn steris Pafbé% entrbelavgalidri0sCcan be perforrred
with, for e d é“dé?& i agen h pH, in
certain enb)(gg??ré}ralts gﬂie1 (gﬂﬁ%h%?%g'ﬁggﬁe% or nq{?/ﬁ;wl\gl atA%r bgl ow 12, or
at or bel owPleventing @éﬁﬁﬂﬁchﬁh%t'mww“l[mss'}m@'@ml‘hpqﬂrf ithe awethastefr di ng t o

the present tHéN@é}’itloﬂrer\%e@ Wrbte\éoﬁﬂmﬁél W@ﬁpr@éé&%t%mﬂ 1 Witllo@er than

85% I n sone_enbodi nents yl e I's at ared to the

ApoA- | cont &lighatig aﬁﬂoaglﬁetﬁam ﬁusmsm iR thertbatpdert Alsa, ke sﬁdefpad pyplagion east 30%
as corrpar edphgarl '&‘ée%’% useccﬁ‘%\ﬁéﬂcdn@eﬂ'rﬁ%ﬁgof ﬁ\%qg\%lllé’l Yalié Qféﬁhglr[@ gent S,

ApoA-|1 can be subjected to at | east one viral reduct n step escrib
above for ARwercogs i therqonstsdctianehiihe mendiasiering éaitfor thwwmﬁa@m BteR. can be

fornul ated jogsp] After the precipitation step AAT and ApoA-I can be separately purified
in one or more processing steps to pharmaceutical grade purity. After the
separation of AAT and ApoA-l, the AAT- and ApoA-I containing solutions can be
further processed by any of the methods known in the art for protein purification, for
example, methods already known to be suitable for purification of AAT or ApoA-I
respectively.
[0057] In some embodiments of the invention, Cohn Fraction IV, can be
resuspended in about 50-150 mM Tris, 0-30 mM NacCl, at a pH between about 8.0
to 10.0 and stirred for at least 1 hour at about 0 to 10°C. In various embodiments,
the pH can be between about 8.8 and 9.6. In certain embodiments, the solution of
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pharmaceutical preparations for therapeutic use. The purified protein can
be di ssolved in conventional physiologically conpatible aqueous buffer
solutions to which there can be added, optionally, pharmaceuti cal
excipients to provide pharmaceutical preparations. Such pharnmaceuti cal
carriers and excipients as well as suitable pharmaceutical formul ations are
wel | known i FesuBpengded Q@‘HeFlfaotloreWanph be'sPhied fox@boui 2-3lhoko: rAbcmt bdm 18

Devel t t | i
(2000) or "+ a0 4B Yer Byl O6et € e e Kb 3 EoBh oron Y WRln bR
al ., Phar rracet&prttamaxmee AATAGE0 e Tmmbqffartsuspﬂrmrqn ddmd:qitr@temmemt i cal

conposi tion ent

forrprrul at ed |%?rf&(r)p@%]r zebg%t E)@Sc%@%ﬁ[f’ofjga¥%d spé%uft Ag%iél Ao u&% tbgmf‘g‘ﬂg#)‘t i zed

by a vari et yabﬁut@rtod@&mragarnknomn in the art. Lyophilized formulations can

be reconst t[‘btd%% rio f pol

phar maceut : cally ]gcbe&p %gﬁrg%g‘“%%% gné}g'gﬁ&l‘ Q\%n]fboergoe%)feaaﬂ%l mgoteée}tbrl'e Ofvvat er

f%r) Id nj ectr oFbait p;&,@mmcé APyl odmtiieodle pratipitated by atjusting the suepensfron of f

enbodi nent s, g o

Feconst tut e, ATk RboF 0.0 A5 ARG Panehbadortyr e} 8

galngur ni 3 39‘9‘(% (7e). THisadjestmdnd 088b&achiavert, |fwres<ampxlmrb|ysaddgtg@oA- ca]h be

elivere o

i 1 st 1 at (o RAEs SHEnDYE ctRol BIELERCH Scokl sk el A SRR )

?ﬂm ni ster tTh't§ M@?@E}ﬁﬁ%@nbﬁ harehanotecid iselution oan be aded evera merewmfdr ment s,
e conposi or

Systen 6 userorha? o ST RIM AN B el e s AL e B AP T B et

par ent er al (tkesg corditions wemmaintaisem fonaesiod of abeutr2aefslatirar In order to

| ntraperi t ongaftate gtrbgéaferlrﬁgéaéranarn&rmmgﬁrteémh 4 f fl%’?%&@lsucﬁ 5805666 M8l ) or

enteral (e.g., oral rectal |vg?35/ according to conventi onal
met hods. | n c8Bhe asksda@n gixtgsanithes be serdsfor uriatnup 0”15 minytese

adni ni ster eq‘hb@br@veemv%bma;nTrtgeﬂtrQrereé'naaé &Jb%réta@ er?n @ L@t@h 59A-1

continuously by infusion or bol us 1 njection. gornu at1 ons enconpass

sl ow r el eas 8@ birdi itra&sammfeaera@rluuw&hgoa filkes Pﬁ?%eﬁfemfﬁvém theringalublpe

adm ni st er edpbA-IRRdtEAACENID: s%pgkbeécggﬁgéﬁtg@bgymef fective dose, neaning a
dose that is sufficient_to produce t desired effects, preventing or

| esseni ng t HO2®eri tAADIN @Sféb?(ﬁe o suneenateaf theyabeye dasaribed senarafisinng
treated w thaiod mbﬁﬁe%r@%‘r%uhﬁ@d Iﬂrs%%#:&ﬁbb&ﬁfélng ald @A’ﬁﬁl‘ﬁ%’iéﬁarﬁbge

effects. The exact dose depends on many factors, suc

i ndi cat i on, a¢igstedtaepeyt 0° §r§f Crﬁﬁﬂea gH Qiéﬁp'#i &8 tapibo rﬁ@rﬁcﬂ"’#ﬂlﬂugﬁ‘ebb DTT

det erm ned ¢4h & agléd'icCaborAtralidnbiCaout 15-HoSmMT TIRAOTT WrRaRRGHir e can
i ndi cation. [0089] The invention also provides a nethod of treating a

i ndi vi dual ®EPeMixgd ferahopbatq i’f&PU@étraé’P@rQ:Sp H° Capdiite mainfaining) the it @it her
i ndi cat i onsabdut 88 ©M0.6NThen tiREPHIRH tdh BSEdId ORAESbILEEM als cohs@nttatior] OF

exanpl e, atherosclerosrs cardi ovascul ar di sease, cerebral vascul ar

di seases (Pl FPPEXIMRIE)Y 16.Z gflepipamasouivaiest Brihe Rfasmacontajaing pRateal vascul ar

di seases, Vfpsdtivh arrhdlsaeaaeroiﬁééipthaﬁ ®d stirbd ot A Raise 80 ﬁﬁnm@é bt ASoutloregni ¢ and
ses an i nhi_hition of excessive coagul ation. The

fI
?r;tj thgdl Qom‘?‘ Fegﬁtﬁtﬁrntt‘ Etrér‘%a akput 8i& o096k {n same embedisients dee saltign

ef ficient agetiéd fr aB@QH-h heurd. Hlthis| kuﬂ@#ﬁmeybrﬁ@lwmw tions
of the inventign aniﬂ?ﬁgg adm ni st er one or In conjunction with other

d a
t her apeut | C2RJEM © %e'b?b%ﬁqu@ﬁﬁ Sb‘Ea'r wigh Hl?r“afPEHS aorecipifate;s A he sane
phar maceut ifgskd sflie8rbt émmgétﬂen@sﬁﬁbﬁdw&m@ AATE wHisteRIn£ims prsavitidas a

nmet hod of aratio rificatio AT and A-1 wherein the pH of
. ARTI Apo/Bi BBGEREI RS METEHP RIS AL el R KL (oM ne RGP Bl ded
ApoA- | bi ndusm@ @fietpress) opticially bRér &idPa Alted AdEKe €1 bquér@mg puﬁ@éd)5| ™),

Li pi d rerm or spe ific 0A- L gands

Ci bacron bI ﬁt@n'{/‘éﬁA %[?gd (5(‘31989) CHTYS FBD g@r"’lb\%t Sgg f%w&‘ﬂat"’r’@ K§r VHH
anti body fragnments (The Bio Affinity Cor;rspany) In some enbodi nents, the
fumed silica is the ApoA-1 binding agentd- ApoA-1 bound to funed si | | ca can
be separated fromthe AAT-containing solution and then ApoA-I can be el uted
at a pH of less than pH 13.69, or at or below 13, at or below 12, or at or
below 11 fromthe funed silica. In one enbodi nent, ApoA-I can be eluted at
a pHof 7 up to and including 12. In another enbodi ment, the pH can be 8 up
to and including 11. In yet another enbodi nent the pH range can be 9 up to
and including 10. Sone specific, but non-limting exanples of pH val ues
that ApoA-1 can be eluted include pH 8.0, 8.5, 9.0, 9.5, 10, 10.5, and 11.
After the separation of AAT and ApoA-1, the AAT and ApoA-I-containi ng

sol utr ons can be further processed by any of the rret hods knovvn |n the art
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yield, the Iris buffer suspension can be heated to a tenperature of about
40 to 45C for a period of about 1 to 1.5 hours, then cooled to about 0 to
10C. [0093] The Iris buffer suspension can then be treated with
dithiothreitol (DTT) and funed silica. DIT can be added to the Tris buffer
suspension at a concentration in the range of about 15 to 50 nM The

sol uti on can of fupmedsiliczt. ilnwedodmmbodﬁnﬁhﬁume@swn &éh bé radireslald about O
enbod ments, the solution is

to 10C at a t 9.0 to 6., l.n ce

stirred for QES%h%‘ Bﬂrre§s Ulﬁll@h?ﬁ?&{nga @%%%9 @48 hen be adj ust ed

toI a pH of Tﬁmmop 5 ulo e?nb&d]gmmgdemi{beebamw &}e fatrgtvggdahe"réwé[]@xbrégm tgdagl d

sol ution. silica (for e si | Tm t hen be added at

appr oxi mat el ;F/onleé@sg PR @rra%éggg )e"éff J P‘i‘le"t‘{l@ aﬂ’fsna cont ai ni ng

fracti on. Thehmumpegraponcatann iche Bot@insdr am@de)f(@fangé ré@@ﬁat@@nél@t@@@s at | ow
odi nent s

suspensi on cBoBe P AN et i iRy GheraeR HofRacroSPIPIElth as CLO0O
el Gt AN Bl kbl T Be SL Lo Tt B of Sout % i nut es.
Thegsol ubl e é&% %é&’??ﬁ'ﬁﬁiﬁo‘f%e%c %ar ated fromthe precipitated funed
si |l i ca/ ApoA-0C&id contAadT, aad btr@rprcﬂeaas trat haveng nat heddtiee chagpsat tyd pHAfNg t he
ATt LA o M i e ol SR pEhe BV HES, o
Al t er nat i velgr,noApegAative bioarge cao pbasrthdo@ﬂ the anioarexblarsgep@sint edurhy without
“noubat i on 1-nd 2t &R Qi bl e onl S ar indple Paliler o

about 9.5. AT'M@O tbepaluan argth@ﬂ'sepaﬂab&pcﬁu&m thebAhbpyrtdiemelutian. Themalti i ed

further for a%WcBH b%e%r dua ﬂ?c?ggéegea% tfélgg%{lﬁmn[lg gl%’]]!‘% ﬁg‘eﬁguri fication

enbodi rrents I nventl o es a net separ
of MI and Aﬁ@'Aa'ﬁe mtla")etheA(Aﬁbumnrmdmsmhuanecbmund to theatesih. wi t h

et ther pr ot SPS2E] ntis A" TR flrere iAok dHdadf RS o SARINAGERBN o
from the pr&elupineandaining@ascanidn exchaoge tesin amlflbrrgteprvmtfeamEECyewlhbragoran MT
and ApoA- | C(Bﬂ?fﬁr'r(%hgt xittE! %trﬁgﬁns%% %Eﬁ PBBAut 8. 63b b%’he o% JHGh cBypLT 1 ed by

i on exchange c ograp separa during a hydro I'C rnteraction
chr onat ogr aweétt@pppl‘f)@mq—ly $0viAY% ofia pameidrmmd Qrcuélntdwamtw\em thenAA R

F | V. 150
2 O Vi COoREARRERAR ) BABRTEH BB I Bty 80,
m ni mum of ¢olHBGWity am)['p@@ash hugﬁﬁﬁr%mimnp@xlmm@lypﬂe oM Trite abasi2nsi on
buffer can pg g ’h rf%gg&'t P77 arﬁPAA '% ?&%ﬁ%@%ﬁe{nﬁgn el ﬁgﬁ &Rsi on

can be stirred for hea unt o range rom6to
18 kg's (or'EQE'EBO'RQU@%f (frsexagpist approxipaie!yn@0 raldnkris, abowt 70- 520 liNer action
I V1). The Té,l‘éppléfbggf7§%ﬂen$ on can then be heated to a tenperature of 40

to 45C for a erlod of to 1.5 hours, then cooled to 0 to 10C.
[0063] In certaln embodiments, 'described below, the AAT-containing eluate

from the IEC column can be subjected to hydrophobic interaction chromatography
("HIC"). This type of chromatography employs a support matrix to which moieties
are covalently attached. In an aqueous environment, these hydrophobic moieties
can bind reversibly to hydrophobic molecuies, such as the contaminating proteins
remaining in the IEC eluate. AAT is relatively non-hydrophobic. Therefore, the
maijority of the AAT can flow through the column during the elution of the column
with buffer, while the more hydrophobic contaminating proteins remain bound to the
column. The column effluent thus contains the purified AAT. In practice, AAT has
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[ 0096] The Iris buffer suspension can then be treated with dithiothreitol
(DT1) and fumed silica (AerosilTm. DITT can be added to the Tris buffer
suspensi on at a concentration in the range of about 15 to 50 nM The
solution can then be stirred for at |east about 30 mnutes at a tenperature
of about 0-10C at a pH of about 9.0 to 9.6. In some enbodi nents, the

sol uti on canbben &undrtetat®a shgra affinity 4ortvertad. HIChmldramedkdia, land an é@cl'gcases

I ded |y, 16. 7 t,

Sautval ent | e EeOE WAR B e el iBeS SLVEThutiet Fisl S8 FEab B RS can ¢ hen
be stirred fogcoser i@a&atntualboaltof&ﬂe Mﬁun?fe@ﬁgniduw:gpﬁbd serfle, whi | eI t

t . one. enbo ution can
e st rred r PSHouL IR SHIP EoRPe e sPL i CaRA PirestergBbHIGRY Bt aea
a (r]I at iho of ?bmmonmrpaulfateio hfgﬁlf@hdeﬁtmtlﬁﬂﬁfQWF?XIW@O 9I05195ﬂoln11c;ﬁM fhewei ght ,

t a S ed for mu ahou

ot ubl e wat, BT Bed be iien 90 Befaf W Boaftit brpelimidie e
si | i cal cont andsbeemenuiiiboated ndth o 9IC WashBlutfer (esd.n@pprokimately 5p e Srisyi el d| ng
i1t ca, or 2o uMEARmonlnP e ] doth % B e oA 25 0o Bl o8t Apon 1
can be furt h&uthlparraﬁgesdf atmu@SWﬁrgrmslpmtge/Lo@ramtyaﬁet@ecﬁmls;n amduigytdemobl c
. . o
ke actLon £47 908 R B, B3 ST AE o A g g4 SIS, o
w th wat er aAttbe completias obtherioavasmbdumimAWremammgas hhépdhed oohmm cem ng 50
g'(\)/lntl)lr InZd coI um%ﬁgﬁr&ftjﬁe o%ﬁ‘%n%aﬁﬂﬁéu s@léu\g,% % Z"Ir‘!ge %%ﬂ%gg P %3%-&'
ul tra-filtrdhioggh aad@um%crueht waédcammcwqﬂnt;smdauwlty&iﬂftmo(xeamtmafdteredvl
sodi um phos gh@atLo héte%f@gg%?%ﬂyﬁo fvFadd i/@m eqhBQ&wafté%% xﬁﬂ&gl ca‘Fﬁt lon is

preferably no great rotein. utes naceu gr ade
purity frombehiean G2d66) nihe frad 88T Aoogentration é me&!ablmmgremedhsnm’/ca can
then be furthgeipurified as described above. [00991In some embodi nents,

the inventi on grow des a nethod of separation
After such additional purification steps as are required to reach the

desured level of purity and activity, the AAT solution can then be concentrated and
sterilized. In various embodiments, the AAT can be at a pharmaceutically
acceptable level of purity and activity after the hydrophobic interaction
chromatography, and no additional steps may be necessary. In some
embodiments, concentration can be accomplished by ultrafiltration followed by
dialysis filtration (diafiltration). In these technigues, solvent and dissolved salts and
small molecules are passed through a filtering membrane, leaving behind a more
concentrated protein solution. Remaining salts and small molecules in the protein
solution can then be exchanged with a different buffer by continuous addition of
several volumes of the new buffer to the product, while maintaining a constant
product volume by continuously passing solution through the same membrane.
[0066] The AAT can then be provided with a pharmaceutically acceptable
buffer, and stored either in liquid form or lyophilized by methods known in the art,
for example, by methods known to be suitable for preparing AAT therapeutic

formulations.
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and purification of AAT and ApoA-1 wherein an AAT/ ApoA-I solution is
treated with DIT and funed silica and then passed through an ani on-exchange
col um under conditions where neither ApoA-I nor AAT bind to the

i on- exchange colum, the flow through being contacted with a H C col um
under conditions so that ApoA-1 binds and RAT remains soluble and is
separated fr(0OGPDA- | Rrotelrisdsdlhed-ftdm magimdliaacbures miy @ntdih pathepaniat i on of
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precipitate that forned (Frac I on was renoved I on or

filtration.59-g0W.1Insomerpmbedimants. eé‘?”@d[ﬁ?@r‘qmwgﬁtfeﬂﬂ@tmmﬁéh%lbéﬂ'e procedur e
was adj ust egbric@ntra8Qah Hetéfrich o@"tg,'/ ﬁ%&téﬂ:rﬁéﬁlﬁﬁ&*d yeanigdesd $Qbhzi

concentration of approxinatel he tenperature was tﬂgn | ower ed

to 5C, and qsltivesganibe aﬂg§dé@ame<§d'm é6 é@"! theamnahdegradationiduigatheon or
filtration. paieurRa@sH %Baésed;&,aased fF @ﬁ&nﬁl&ﬁ@ﬁs Pakeht N&. 4,876 2WSs§ﬁbs@S' de

for other pur oses. ltrate or supernatant fromt bove

pr ocedur e F&Hﬁ%‘i’@d’cf’@teac ﬁd%%?%§@%¥@ﬁya | the statilized AT solaties

concentr at i i thes ba phselifgbd & abbik 6890/t reJmh't?é \Puﬁh’FE@ﬁt@FﬁMa%oWaﬁ h@@n%ﬁfn?d to
-5C. The preC| pitate that formed (Fractlon V-1) was renpved

cent ri f ugatdf SHCGEE £aN PR & fe5st 4014 atI8REPOinOr AbARRISE by weight. M?Prﬁf!ﬁssa
paste. Thi shim 6% sudrds¥. has%%h@o&%lb&bé\ﬁt M'ﬁdeéiﬁé?b% |eve%%f\é‘@b}etg§ﬁon of

contam natin g otelnsadll ds. : Purificati

AAT i nvol vi ?'BPP%W (S’Ht"’tf'ﬁ‘“ﬂbég(st?tezcal‘ @e%d?%ﬁt i4dh aieagheik. pr alPRPtAAT
6% by weight.

and
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2.1.1 Fraction IVi extraction and precipitation of the ApoA-I fraction [O
010 5]The fraction IV1 material was suspended in a suspension buffer (100
mM Tris, pH 9.6) and stirred for 2 hours at 2-8C. The anount of buffer used
was 15 kg's of buffer per kg of the plasma-containing fraction. The
suspensi on was then cooled to approxi mtely 0C and an anount of an et hanol
and sodi um ad@PaBe/ acehiter viral idectian, thenAATR solatierechrt Opttdnallyl'be thheldi fipd

t H.of 5

concent ati og UG vBHIR BN AR AR B Sg oy silel" 1h0eR it
?ﬁr i OIO—IV OI h30 AfiTacardaining cbheerttmh?eamﬁmn@emm:ge? G@Ifdrm mmpravmﬂab?dlygt- 4C. .

e et han ver.e ar, e filter ai
01008 was ad %88?%%8886 %%!V?MPZGWKBO% erean e [:gﬁpz]lr "br;@m’%l tate. The
m xture was sbdinmsgtiaspbatef 45 mdb diaCl, B3 manuitets Th'EI“c&JmmsltbbhesMBIm erial
i trati on wevst B iiBh ical o8 Tootiict B8 #reu prifese g airinl,
puri fi cati onregonsittich ®RitH stedlei wateat i on with DIT and Silica [0 0 1 O 6] As
the t t F te th
bt of the 11 10 AR frafmifiueis pbAfntBly AP g Py UERD Confrigiy
adj ust nent , @T#NignSxabktge resineqoidincded with ao HEQfeqB8libratibn BoffeDTT- t r eat ed
filtrat | t I I t
a pH of ea?%m%@‘?’fxﬁé%%%ﬁéﬂ. Froatt SePl Rk Lol Lol R
sol ution at aPriexowialy 80760 offa piepdaterimivedprpte® capayity withabedAddinatal ent i n
the plasma- Cmf?&t%' 'Ed?xgarﬂiﬂéhé Jréﬂ%dr%&ovl{i‘ﬁoﬁu”tﬁ@%ﬂ@kﬂ-ﬂwgsﬁ Eﬁﬂ}eséoufrﬁr?d tor

approxi matel y 1 hour n? rature o
appr oxi mat el“y'trQan'E(TM@Sh |b|uffer appxo1ai0ly SAasMakitte dbout 25- Gfani\/bNaCl andgts/ kg

of fumed i ldtue 7a0A7} R HAY Wik P%@@gﬁh%h?éﬁ}&s‘ﬂ%pgﬁﬁ’iﬁ@’élu%ﬁ%k#erliS m nut es.

The sol ubl e AAT produCt was sepa ecipitate uned silica

and cont am r(ﬁPPW@j'"?ﬁ‘%'V@prfﬁMuBISnQb@tfml-'t?@rmwr“é%cs‘l apd eHoheyt THe?. AT fi nal
filtrate. TW@OS@?pe”S‘rR fi H‘Q?o(nﬂﬁétfoﬁ%tﬁ‘ﬁ@ﬂe“%@ﬂ%mrrahﬁg&fn{]attﬁﬁ sRipfss until

the desired | eve llarity was obtal ned
Chr onmat ogr ap§iectes andithg mtendedympde phadministration eDmgndaup@pn e\dnemar g MTonto a

chromat ogr apdg E@é%lﬁ&@m%ﬁ&lo—gwggaﬁ I @ﬁfs%ﬁpolr tcgﬂéél nk %ﬁﬁd cg]?ten-}dl EC

equi libration buffer
appr oxi nat el@y 36‘5%’6‘?@%@“{5‘#6@9’?%'%&’fﬁécﬁuﬁpewqm Theecomppoditionedf Fdryt r at e.

Cont am nant %o%é?fo’frﬁﬂiéﬁ@ﬁfd‘rﬁrﬂ@léﬂ%ﬁ c%ﬂ'ﬂé”fbr@(a @h%%él'&oﬂfén*ﬁéj%@h and

buffer (50 mM Iris, approxinatel mV Na appr oxi mat

AAT was sub8BGdénd fAd) 01088 mg:s um@@raéﬁ,uﬁnddh Lifrigegitric asisk oSuqlm ely 50 nmM
Iris, about f&ﬁmu‘lﬂ‘!ﬂoh‘@&wté@b‘ @PWhQ@tlHﬁta@h\Yms?traﬂlbn a8 &sérnﬁé@xﬁqucﬁﬁt&qt N
Interactlon Chr onat ogr ap % ﬁé{ﬁ 0 8] The eluate fromthe é)columﬁ
was prepar ed 6801 @%lf*i cﬁ'ﬁ'@ted %%W@'@FP&W@“ auimenary detiven denieaat i on of
appr oxi mat ekychladvs distfosealinU.9rpPest Nd&)1dd béered and applied to a

hydr ophobi c_j nteraction col unmm (GE. Heal t hcare Phenyl Sepharose high sub),

whi ch had bE¥N Yqui | iA apwiiegiacsonding WB%PWP@F‘V?@@"MS‘I% puyity of X96%moni um

Sul fate, p"las?lﬂ@tl’eﬂ?ﬂnﬁattﬁ'SD§ Pébe aﬁb%ﬁﬂhﬁ@@:c‘é@éséa?@@@% as Eay gxi matel y 40
grans protei nll’[lf?ngfFVIt | oad, AAT did not bind to

Pha hyar ophRe YR a0 73 DGR o BTk AA L i atgie. on avevage

about 90%. The recovery based on the functionally active AAT content of Cohn

Fraction [V is about 40 to 60% or 20 to 40% compared to the original content in

human plasma.

[0071] The AAT purified by this method or any method described below is

not enriched in the isomer with a pl of 4.3 to 4.4 as described, for example, in US
Patent No. 6,974,792.
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At the conpletion of the | oad, unbound AAT remaining in the packed colum
was washed off the colum using H C Wash Buffer. The conbi ned col um fl ow

t hrough and subsequent wash were concentrated by ultra-filtration and
diafiltered into a phosphate buffer (40 nM sodi um phosphate, pH
approximately 7.4). [0 0 1 0 9] The product was found to be >96% pure ART as

determ ned by0B@R2h SDSurfRgeAAINEs HEFBMDEH ADihaaihvatina:an DeGbmasatsl irftd or

hel try, d wa 93% no I on HPLC. The recovery
baced on-t he AARERS S ies AyeRRERIS orAPoreBREBriocor THEHOM BB ArOtPRATAERE |V past o

was 40 to 60%’88Dlva@}irrcrmvﬁaﬁcﬁﬂa}’pﬂﬁblél@glé@%d@hd@ﬂbl@@quﬁb%B@ffé?@ﬂﬁ!ﬁ&ﬁs tdOn
a.range of 79-99% was

average, 89%pf. tﬁgre.lp:gmf efgd%rqui %%{@?érin]a\{%pcg&*ﬁa %’@dﬂ'féﬁt & PevVERanpl e 2 (g

typically observe
Prot ei n/ L Pl pbammadeatichl pkspaeatiomen t pH Et hanol Precipitati on DTT/ Aerosil

Treated Filt f(%ﬁ]l EC I%ucﬁtp(:f"narmalccel%.lftlfc:éll carrtlerls_| Ialrc!:d excipients as well as suitable

pharmaceutical formulations are well known in the art (see, for example,
“‘Pharmaceutical Formulation Development of Peptides and Proteins”, Frokjaer et
al., Taylor & Francis (2000) or “Handbook of Pharmaceutical Excipients”, 3
edition, Kibbe et al., Pharmaceutical Press (2000)). In particular, the
pharmaceutical composition comprising the polypeptide variant of the invention can
be formulated in lyophilized or stable liquid form. AAT can be lyophilized by a
variety of procedures known in the art. Lyophilized formulations are reconstituted
prior to use by the addition of one or more pharmaceutically acceptable diluents
such as, for example, sterile water for injection or sterile physiological saline
solution.

[0074] Formulations of the composition can be delivered to an individual by
any pharmaceutically suitable means of administration. Various delivery systems
are known and can be used to administer the composition by any convenient route.
The compositions of the invention can be administered systemically. For systemic
use, proteins of the invention can be formulated for parenteral (e.g., intravenous,
subcutaneous, intramuscular, intraperitoneal, intracerebral, intrapulmonary,
intranasal, or transdermal) or enteral (e.g., oral, vaginal, or rectal) delivery
according to conventional methods. In certain embodiments, the routes of
administration are intravenous, subcutaneous, or intrapulmonary. The formulations
can be administered continuously by infusion or by bolus injection. Some
formulations encompass slow release systems.

[0075] AAT according to the present invention can be administered to
patients in a therapeutically effective dose, meaning a dose that is sufficient to
produce the desired effect(s), preventing or lessening the severity or spread of the
condition or indication being treated without reaching a dose that produces
intolerable adverse side effects. The exact dose depends on many factors such as,
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0.678

e.g., the indication, formulation, mode of administration, and has to be determined
in preclinical and clinical trials for each indication.

[0076] The invention also provides a method of treating an individual
suffering from a familiar deficiency of AAT, as well as other indications in which the
therapeutic use of AAT may be beneficial, for example, emphysema and cystic
fibrosis. The methods comprise administering to said individual a therapeutically
effective amount of AAT. A pharmaceutical composition of the invention can be
administered alone or in conjunction with other therapeutic agents. These agents
can be incorporated as part of the same pharmaceutical.

[0077] In specific embodiments of the invention the precipitated ApoA-l as
obtained by the methods described above can be further purified as described
below.

[0078] ApoA-| can be extracted from the precipitate obtained by incubating a
suspension of a human plasma protein fraction at about 0 to —2°C at a pH of about
5 to 6 at concentrations of a lower aliphatic alcohol, e.g., ethanol, of about 8 to 14
% in a buffer comprising about 20 mM Tris at pH of 6 to 10 for about 2 h to
maximally 24 h at a temperature of 0°C to 50°C. In some embodiments, the pH of
the buffer can be about 8.0. Optionally, water soluble salts can be added at a
concentration of about 0—1 M.

[0079] To improve the solubilization of ApoA-I, non-ionic detergents (e.g.,
polysorbate, Brij, octyl-glycosides), ionic detergents (e.g. bile acids), or zwitterionic
detergents (e.g. CHAPS™, Zwittergent™) can be added. Depending on the
following steps, detergents can be removed or partially removed by, e.g. diafiltration
or absorption to appropriate resins (BioBeads™).

[0080] The buffered suspension can be stirred, incubated for about 1 to 4 h,
and then filtered or centrifuged. ApoA-| as contained in the filtrate or supernatant
can be further purified by methods described below.

[0081] The pH of the filtrate or supernatant can be adjusted appropriately
and ethanol added until the majority of high molecular weight contaminants are
precipitated while ApoA-l remains in solution. In certain embodiments, ApoA-! can
be precipitated at approx 45% (35 — 55%) (v/v) ethanol , pH 3.5 (pH 3 — 5), 10 - 200
mM NaCl. ApoA-I can also be precipitated by increasing the pH to 5 (pH 4 - 6) and

the ethanol concentration to >50% (50-60%) (v/v).
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0.274 99. 7% T0O70230 0.690

[0082] In a further method according to the present invention, ApoA-I can be
isolated from the filtrate or supernatant by precipitation with for example ammonium
sulphate: Ammonium sulphate can be added to the ApoA-| extract as a solid or as
a concentrated stock solution at a final concentration of about 0.6 — 1.4 M at a pH
range of 6 to 9. The suspension can be incubated for about 2 to 24 h at about 0°C
to 30°C, and the precipitated ApoA-I fraction can be collected by filtration or
centrifugation.

[0083] Further purification of ApoA-I can then be achieved by methods
known in the art, including, for example, binding and eluting ApoA-I from cation- or
anion-exchange resins, hydrophobic interaction matrices, and mixed mode resins
(e.g., resins having properties that permit them to interact with ionic and
hydrophobic sites) under appropriate conditions as can be determined by those
skilled in the art. In some embodiments of the invention, conditions can be
selected so that in cation-, anion exchange resins, hydrophobic interaction
matrices, and/or mixed mode resins; conditions ApoA-| is in the flow through
fraction, and the majority of contaminants remains bound to the resin.

[0084] Optionally, ApoA-I can be further purified by binding to fumed silica
(Aerosil™) and/or Lipid removal agent (LRA™; World Minerals) or by specific ligand
adsoption to, e.g., Cibacron™ blue derivatives (Ciba), Triazine derivatives
(Prometic), or VHH antibody fragments (The Bio Affinity Company). Elution of
ApoA-I from these binding agents can be performed with, for example, detergents,
ethanol, chaotropic reagent, high pH, in certain embodiments below pH 13.69, or at
or below 13, at or below 12, or at or below 11, or combinations thereof.

[0085] ApoA-I purified according to the present invention has a purity of at
least 75%, typically higher than 85%. In some embodiments, the yield is at least
15% as compared to the ApoA-I content in plasma. [n certain embodiments, the
yield is at least 30% as compared to the ApoA-I content in plasma.

[0086] In various embodiments, ApoA-l can be subjected to at least one viral
reduction step as described above for AAT.

[0087] Purified ApoA-I as described in this invention can be formulated into
pharmaceutical preparations for therapeutic use. The purified protein can be
dissolved in conventional physiologically compatible aqueous buffer solutions to
which there can be added, optionally, pharmaceutical excipients to provide
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0.604 0.477 0.339 0.337 0.252 99.9% * AAT potency assay interference was
sonetinmes observed at this step. 2.3 Further Purification of ApoA-1 [0 0 1
1 O] Approxi mately 50 g of ApoA-I Precipitate obtained as described in 2.1
were suspended with a seven-fold amount of Tris-HC, pH 8.0, buffer and
stirred for proximately 2 h at roomtenperature. The suspension was then
filtered thr @ggmm@eut‘nal prepseationst Sucle phsrethceutidal Earriery arad ekc{piaits e Wll574) .

00111]S h ed 0 the 0A- | _caont ai ni
1Li ltrate t1) ?Ig %glltéycg(;ﬁce rawc(%ngt)tr%f’}ggsrés,ag%. kf°(‘5vn 'EA&Z& e fgr ﬁ?fa""f‘ﬂg pH of
each suspensifharmasewtitplsoreulationiRevetopment 6f Be’pdndés and Fhetefisy, [leaa@'ra were

t hen i ncubat t t. rature befor.e t 4 €ci pi tates

were finall ygge"f roe'{g%‘eF aﬁgﬁfwfqd;g? %#@?P%Sgﬁ YMaLPRa Eémf’ﬁef‘ coated with

Cel i t eTm 574editibn,dfiblke et al{ G’hérrﬁacfbmluﬁ iRngsst (060 )ijre trpattidparAthe pr epar ati olns of
armaceutica

Sr gg(ral tpﬁr |OI yb’rﬁ’ar@%c&%@a\"g&ﬁ ur ﬂaﬁ &i‘?‘?'ﬁwg (P RB@frB\gstP n\gfsr' ; {%Ofﬂg? HH ﬂttﬁ%rb?%’[ I on

of ApoA-1 t ob¢ tommdlatéd indgophilized or stable liquid form. ApoA-| can be lyophilized by a
variety of procedures known in the art. Lyophilized formulations can be
reconstituted prior to use by the addition of one or more pharmaceutically
acceptable diluents such as, for example, sterile water for injection or sterile
physiological saline solution. In some embodiments, purified ApoA-I can be used
therapeutically in the form of reconstituted HDL like particles (rHDL) as described in
Lerch et al., Vox Sanguinis 1996; 71: 155-164.
[0088] Formulations comprising ApoA-I can be delivered to an individual by
any pharmaceutically suitable means of administration. Various delivery systems
are known and can be used to administer the composition by any convenient route.
In certain embodiments, the compositions of the invention can be administered
systemically. For systemic use, the proteins of the invention can be formulated for
parenteral (e.g., intravenous, subcutaneous, intramuscular, intraperitoneal,
intracerebral, intrapulmonary, intranasal, transdermal) or enteral (e.g., oral, vaginal,
rectal) delivery according to conventional methods. In some embodiments, ApoA-|
or reconstituted ApoA-| can be administered intravenously. The formulations can
be administered continuously by infusion or by bolus injection. Some formulations
encompass slow release systems.
ApoA-| according to the present invention can be administered to patients in a
therapeutically effective dose, meaning a dose that is sufficient to produce the
desired effects, preventing or lessening the severity or spread of the condition or
indication being treated without reaching a dose that produces intolerable adverse
side effects. The exact dose depends on many factors, such as, e.g. the indication,
formulation, and mode of administration and has to be determined in preclinical and
clinical trials for each respective indication.
[0089] The invention also provides a method of treating an individual
suffering from familiar deficiency of ApoA-l, as well as other indications in which the
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3.1 Separation of ApoA-1 and AAT: Binding to funed silica [0 011

3] Fraction IVi paste was suspended in a suspension buffer (100 mMIris, 20
mM NaCl, pH approximately 9.6) and stirred for approximtely 2 hours at
approxi mately 5C. The anpunt of buffer utilized was approximtely 12 kg's
per kg of the plasnma-containing fraction (Fraction IVO To naximn ze AAT

yi el d, the TriherapedticarsexigypeAdioan baasseh&a‘o:erlekmlammmmsmensyl 43gcfo[oao .
eriod of a | ; h R Xi mat e '

1 The- | o aary Beb ot adeste Cbiehral itk dbefler G STRBIY. BibPrlied o1 ca
( Aer osi | TM 38&eperfusipT-injures, pedplteralvashealat dissadesf Vasculausisease assoalated with

concentrati og; ; t.] lrred far. approximately 2

hours at app???%ﬁ%%l%e@% g%rélz%ﬁ'd}?gﬁédéﬁﬁprﬁgﬁ?ﬁ@séﬁe&a@%m%@ Pt eat ed

extract was EKeassigjcasg@dtiorn Hirmmethpdompiings adminisieringtpdaitintividual aci d

sol uti on. _Thenehsyeeflcsi) difdedtARiaRt bAbGEOY, ws then added at approxi matel y
pl as equ n e

16.7 grans/Liter I'valent "I pl asira contai ning paste fraction.
The suspensi BPMs st iTheqhafaceyipaloompmsiibys ¢f theunveatiompan bai mat el y 5C at

H7.5to 8. ) ' : | 0 _of parts
filter aid tgd%ﬁ?t%g?%]aﬁel | 8'3?"@9’1‘%}@?‘g‘;’ﬂ{h%tﬁﬁh?'%gggn“%%e?’és{%@esgtaugff’ﬁ%sd f or
15 m nut es. GebeHcamosated s pegof thersames pharyacattidl.f r om t he preci pit at ed

el ding thamRtri nal 71T of Bodicrl i v Ehan ol 8 ridtddhe f S0 ey
while the futRed"aioniand auedeation gired #d ApaA-abetsil theatbaf JAATIApORET .
Dur 158 by e 48k A OB A Aol B g Lo
chr omat ogr afftfy A $xawele: fusaer silicap(e0. Aapsil TM)2LiBId remanalagent (RATMcett | on of
AAT accor di ngetific Ap8ARIndnddigantd iké\eietdn heRv!defiviives Fibaeftazing/ L)
derivatives (Prometic) or VHH antibody fragments (The Bio Affinity Company). In
some embodiments, the fumed silica is the ApoA-I binding agent. ApoA-I bound to
fumed silica can be separated from the AAT-containing solution and then ApoA-|
can be eluted at a pH of less than pH 13.69, or at or below 13, at or below 12, or at
or below 11 from the fumed silica. In one embodiment, ApoA-I can be eluted at a
pH of 7 up to and including 12. In another embodiment, the pH can be 8 up to and
including 11. In yet another embodiment the pH range can be 9 up to and including
10. Some specific, but non-limiting examples of pH values that ApoA-I can be
eluted include pH 8.0, 8.5, 9.0, 9.5, 10, 10.5, and 11. After the separation of AAT
and ApoA-|, the AAT and ApoA-I-containing solutions can be further processed by
any of the methods known in the art for protein purification, for example, the
methods known to be suitable for purification of AAT or ApoA-i.
[0092] In certain embodiments of the invention, Cohn Fraction IV, paste can
be suspended in a suspension buffer, e.g., about 50 to 150 mM Tris, 0 to 30 mM
NaCl at a pH between about 8.0 to about 10.0, and stirred for a minimum of 1 hour
at about 0 to 10°C. In some embodiments, the pH can be between about 9.0 and
9.6. In various embodiments, the suspension can be stirred for 2-3 hours. The
amount of buffer can range from 6 kg to 18 kg (or 12 kg to 16 kg) per kg of the

plasma-containing fraction (Fraction IV4). As an optional step to maximize AAT
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H C Concentrate Condition APOin Cake (g/L) APOin Filtrate (g/L) AAT in
Filtrate (g/L) Eluate (g/L) AAT

yield, the Tris buffer suspension can be heated to a temperature of about 40 to
45°C for a period of about 1 to 1.5 hours, then cooled to about 0 to 10°C.

[0093] The Tris buffer suspension can then be treated with dithiothreitol
(DTT) and fumed silica. DTT can be added to the Tris buffer suspension at a
concentration in the range of about 15 to 50 mM. The solution can then be stirred
for a minimum of about 30 minutes at about 0 to 10°C at a pH of about 9.0 to 9.6.
In certain embodiments, the solution is stirred for about 2-4 hours. The DTT-
treated extract can then be adjusted to a pH of about 7.5 to 7.8 using, for example,
a dilute hydrochloric acid solution. The fumed silica (for example Aerosil™ 380)
can then be added at approximately 16.7 grams/Liter plasma equivalent in the
plasma containing fraction. The suspension can then be stirred for at least 30
minutes at low temperature at a pH of about 7.5 to 8.0. In some embodiments, the
suspension can be stirred for about 1 to 4 hours. A filter aid such as C1000 can be
added at a ratio of about 3 parts filter aid to one part silica, by weight, and the
mixture can be stirred for a minimum of about 15 minutes. The soluble AAT
fraction can then be separated from the precipitated fumed silica/ApoA-I and
contaminating proteins using a filter press, yielding the AAT final filtrate. The AAT
filtrate can be processed further while the fumed silica ApoA-I precipitate can be
collected for further purification. Alternatively, ApoA-I bound to fumed silica can be
separated by centrifugation. Elution of ApoA-I from fumed silica is achieved by
incubation in 50-100 mM Tris at a pH of 9 to 10, preferable at a pH of about 9.5.
After separating AAT and ApoA-I, both proteins can be purified further for example
with methods described above.

[0094] In some embodiments, the invention provides a method of separation
and purification of AAT and ApoA-| wherein an AAT/ApoA-| solution is treated with
dithiothreitol (DTT) and fumed silica (AerosilTM) under conditions where neither
protein binds. The soluble AAT/ApoA-i fraction can be separated from the
precipitated fumed silica/contaminating proteins yielding an AAT and ApoA-I-
containing supernatant. AAT and ApoA-| can be further purified by ion exchange
chromatography and separated during a hydrophobic interaction chromatography
step.

[0095] In various embodiments of the invention, a Fraction IV, paste can be
suspended in a suspension buffer (e.g., 50 to 150 mM Tris, 0-30 mM NaCi, pH
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0.472 0.568 0.579 0.461 100% TO70229 Absorption at pH 7.8;

between 8.0 to about 10.0) and stirred for a minimum of 1 hour at 0-10°C. [n some
embodiments, the pH of the suspension buffer can be between 9.0 and 9.6. In
certain embodiments, the suspension can be stirred for 2-3 hours. The amount of
buffer used can range from 6 to 18 kg's (or 12-16 kg’s) per kg of the plasma-
containing fraction (Fraction IV4). The Tris buffer suspension can then be heated to
a temperature of 40 to 45°C for a period of 1 to 1.5 hours, then cooled to 0 to 10°C.
[0096] The Tris buffer suspension can then be treated with dithiothreitol
(DTT) and fumed silica (Aerosil™). DTT can be added to the Tris buffer
suspension at a concentration in the range of about 15 to 50 mM. The solution can
then be stirred for at least about 30 minutes at a temperature of about 0-10°C at a
pH of about 9.0 to 9.6. In some embodiments, the solution can be stirred for about
2-4 hours. The fumed silica (e.g., Aerosil™) can then be added at approximately
16.7 grams/Liter plasma equivalent in the plasma containing paste fraction. The
suspension can then be stirred for at least about 30 minutes at about 0 to 10°C,
while maintaining a pH of about 9.010 9.6. In some embodiments, the solution can
be stirred for about 1-4 hours. A filter aid such as C1000 can be added at a ratio of
about 3 parts filter aid to one part fumed silica, by weight, and the mixture can be
stirred for a minimum of about 15 minutes. The soluble AAT/ApoA-I fraction can be
separated from the precipitated fumed silica/contaminating proteins, for example,
using a filter press, yielding a AAT/ApoA-I filtrate. Alternatively other modes of
separating the fumed silica, for example, centrifugation, can be employed.

[0097] AAT and ApoA-| can be further purified using ion exchange
chromatography and hydrophobic interaction chromatography as described above,
except that, during the hydrophobic interaction chromatography (HIC) step, ApoA-I
is finally eluted with water after AAT has been washed out with a wash buffer
comprising 50 mM Tris, 7.5 M ammonium sulfate at a pH of about 7.3 to 7.5. The
AAT combined column flow through and subsequent wash are concentrated by
ultra-filtration, and diafiltered into a phosphate buffer (about 40 mM sodium
phosphate and a pH of about 7.2-7.6). The final AAT concentration is preferably no
greater than 7% protein. AAT elutes in pharmaceutical grade purity from the HIC

column.
[0098] ApoA-l as eluted from fumed silica can then be further purified as

described above.
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Extract Not Heated 0.596 ND 0.395 0.541 0.468 0.358 99. 6% 1070232
Absorption at pH 8.0; Heated Extract NT 0.280 0.774 0.775 0.589

[0099] In some embodiments, the invention provides a method of separation
and purification of AAT and ApoA-I wherein an AAT/ApoA-| solution is treated with
DTT and fumed silica and then passed through an anion-exchange column under
conditions where neither ApoA-I nor AAT bind to the ion-exchange column, the flow
through being contacted with a HIC column under conditions so that ApoA-| binds
and AAT remains soluble and is separated from ApoA-l in the flow-through fraction.
After the separation of AAT and ApoA-|, the AAT- and ApoA-l containing solutions
can be further processed by any of the methods known in the art for protein
purification, for example, by methods known to be suitable for purification of AAT or
ApoA-I.

[00100] In certain embodiments, Cohn Fraction IV, paste can be suspended
with buffer as described above, treated with DTT and Aerosil™, and filtered. The
pH of the AAT/ApoA-| filtrate can be adjusted to about 7.1 to 7.7, for example, by
the addition of a dilute hydrochloric acid solution. The conductivity of the AAT/
ApoA-I filtrate can then be adjusted to approximately 15 mS/cm at 22.0°C by, for
example, the addition of a 2 M NaCl solution. The pH/conductivity adjusted
AAT/ApoA-| filtrate can then be applied directly onto a chromatography column
containing an anion exchange resin equilibrated with an equilibration buffer (e.g.,
about 50 mM Tris, approximately pH 7.4, about 15 mS/cm conductivity).
Contaminating proteins can be bound to the column while AAT and ApoA-I flow
through.

[00101] The AAT/ApoA-I flow through can then be prepared for HIC by adding
ammonium sulfate to a final concentration of about 0.9M to 1.1M. The solution can
be filtered and applied to an HIC column that has been equilibrated with an HIC
wash buffer. Initial elution during the load can provide an AAT-containing effluent,
and elution with additional wash buffer can remove any AAT retained in the column.
The combined effluent and washes can be concentrated, for example, by
ultrafiltration, and diafiltered into a phosphate buffer. In some embodiments, the
final AAT concentration is no higher than 7% protein. Once the AAT fraction is
removed, additional impurities can be washed off of the column with a 0.1 to 0.2M
ammonium sulfate solution, and then the ApoA-! can be eluted from the column
utilizing water. AAT elutes in pharmaceutical grade purity from the HIC column.
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0.432 99.8% 1070233 Absorption at pH 7.5; Extract Not Heated NT ND 0. 292
0. 458 0.336 0.280 99. 7% 1083017 Absorption

ApoA-l and AAT can be further purified, for example, using the methods described

above.

EXAMPLES

Example 1: Preparation of the Cohn Fraction IV, Precipitate

[00102] Human plasma was cooled to about 0°C and adjusted to pH of about
7.2. Cold ethanol was added to a concentration of about 8% (v/v), and the
temperature was lowered to approximately —2°C. The precipitate that formed
(Fraction |) was removed by centrifugation or filtration.

[00103] The filtrate or supernatant from the above procedure was adjusted to
about pH 6.9, and cold ethanol was added to a concentration of approximately
20% (v/v). The temperature was then lowered to 5°C, and the mixture was again
subjected to either centrifugation or filtration. The precipitate that formed (Fraction
I} +111) was set aside for other purposes.

[00104] The filtrate or supernatant from the above procedure was adjusted to
a pH of approximately 5.05, and the ethanol concentration was adjusted to 21%
(v/v). The temperature was adjusted to -5°C. The precipitate that formed (Fraction
IV4) was removed by centrifugation or filtration and stored until needed in the form
of a paste. This Fraction [V paste contains AAT, ApoA-I, as well as contaminating
proteins and lipids.

Example 2: Purification of ApoA-l and AAT involving precipitation of ApoA-|
2.1  Separation of ApoA-l and AAT:

2.1.1 Fraction IV, extraction and precipitation of the ApoA-I fraction
[00105] The fraction IV, material was suspended in a suspension buffer (100
mM Tris, pH 9.6) and stirred for 2 hours at 2-8°C. The amount of buffer used was
15 kg's of buffer per kg of the plasma-containing fraction. The suspension was
then cooled to approximately 0°C and an amount of an ethanol and sodium
acetate/acetic acid solution was added to the Tris buffer suspension to yield a
suspension having a pH of 5.4 and an ethanol concentration of 12% (v/v). The
ethanol/acid solution was added over a period of 30 minutes as the temperature
was cooled to approximately -4°C. The pH/ethanol conditions were then
maintained for 2 hours. The filter aid C1000 was added at 100 grams filter aid/Kg
of Fraction IV precipitate. The mixture was then stirred for about 15 minutes. The
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at PH 7.8; Extract Not Heated 0.540 0.060 0.254 0.410 0.313 0.246 99.5% NT
= Not Tested [0 O 1 1 6] The product was >96% pure AAT as determi ned by both

SDS- Page and i mrunol ogi cal assays and is >93% nonomer by size excl usion

HPLC. The recovery based on the functionally active AAT content of the Cohn
Fraction IV paste was 40 to 60% or approximately 20 to 40% of normal plasm
content. On asoeblagAT Sﬂ%naf(mFunmé)fW%e%ktw&omhémluMé ApoAlrange of

7] Ao “ﬁiaé*%&‘f%* L RBRGH R Tareaet UioE Bkt pondi ng the
Further purification of AAT

2.2.1 Purification with DTT and Silica
[00106] As the temperature of the AAT Filtrate was adjusted to approximately
5°C, the pH of the filtrate was adjusted to around 9.4 using 1 M NaOH. After pH
adjustment, DTT was added to a concentration of 30 mM. The DTT-treated filtrate
was then mixed for 2 hours at approximately 5° C while maintaining a pH of around
9.4. Fumed silica (Aerosil™ 380) was then added to the solution at a concentration
of approximately 16.7 g/L plasma equivalent in the plasma-containing paste
fraction. The suspension was then stirred for approximately 1 hour at a
temperature of around 5°C and a pH of approximately 9.4. The filter aid C1000
was added at a ratio of 3 kg's/kg of fumed silica, and the mixture was stirred for
approximately 15 minutes. The soluble AAT product was separated from the
precipitated fumed silica and contaminating proteins using a filter press, yielding the
AAT final filtrate. The suspension was recirculated through the filter press until the

desired level of clarity was obtained.

2.2.2 lon Exchange Chromatography

[00107] The AAT final filtrate was applied directly onto a chromatography
column containing TMAE Fractogel equilibrated with an IEC equilibration buffer (50
mM Tris, pH 8.8). The column was loaded to approximately 65% of its protein
capacity with the AAT final filtrate. Contaminants were removed from the column
by washing with an IEC wash buffer (50 mM Tris, approximately 45 mM NaCl, pH
approximately 7.4,), and AAT was subsequently eluted using IEC elution buffer
(approximately 50 mM Tris, about 95 mM NaCl, pH approximately 7.4).

2.2.3 Hydrophobic Interaction Chromatography (HIC)

[00108] The eluate from the IEC column was prepared for HIC by adding
ammonium sulfate to a final concentration of approximately 1 M. The solution was
then filtered and applied to a hydrophobic interaction column (GE Healthcare
Phenyl Sepharose high sub), which had been equilibrated with HIC Wash Buffer
(50 mM Tris, 1 M Ammonium Sulfate, pH approximately 7.4). The column was
loaded at approximately 40 grams protein/L gravity settled resin. During the load,
AAT did not bind to the hydrophobic column matrix and flowed through the column.
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fumed silica separated from AAT in step 3.1 in 50-100 mM Tris buffer at pH
9.5. After subsequent separation fromthe funmed silica by centrifugation
or filtration ApoA-I may be further purified as described in 2.3. Exanple
4. Purification of ApoA-1 and AAT by Ion Exchange Chronmat ography and

Hydr ophobi ¢ I nteracti on Chromat ography 4.1 Separation of ApoA-I and AAT [O
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purified AAT%OQ%WV%?%“FI%‘;%%%‘%%g% © e%é@é%@?%ﬁ lﬁ’y observed.

2.3 Further Purification of ApoA-!

[00110] Approximately 50 g of ApoA-! Precipitate obtained as described in 2.1
were suspended with a seven-fold amount of Tris-HCI, pH 8.0, buffer and stirred for
approximately 2 h at room temperature. The suspension was then filtered through
a cellulose filter coated with filter aid (Celite™ 574).

[00111] Solid ammonium sulphate was added to the ApoA-I containing filtrate
to final concentrations of 0.8, 0.9, 1.0, 1.2 and 1.4 M. The pH of each suspension
was adjusted to between 7.0 and 7.5. The suspensions were then incubated for at
least 2 h at room temperature before the precipitates were finally separated by
filtration through a cellulose filter coated with Celite™ 574 filter aid.

[00112] Using this method ApoA-| preparations of a purity of up to 89% were
obtained which corresponds to pharmaceutical grade purity.
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4.2 Further processing of AAT Table 3: Average process yields from each
step with 50 kg Fraction 1V1 as starting material Fraction |IV-1 Extract
(g/L Plasnma) AAT/APO A- 1 Filtrate (g/L Plasma) |IEC Eluate (g/L Plasma) HI C
Effluent (g/L plasma) H C WFI Wash (g/L Pl asma)

Example 3: Purification of ApoA-I and AAT using adsorption of ApoA-l to

fumed silica

3.1 Separation of ApoA-l and AAT: Binding to fumed silica

[00113] Fraction IV, paste was suspended in a suspension buffer (100 mM
Tris, 20 mM NaCl, pH approximately 9.6) and stirred for approximately 2 hours at
approximately 5°C. The amount of buffer utilized was approximately 12 kg's per kg
of the plasma-containing fraction (Fraction IV4). To maximize AAT yield, the Tris
buffer suspension was heated to approximately 43°C for a period of approximately
1.5 hours, then cooled to approximately 5°C. '
[00114] The Tris buffer suspension was then treated with DTT and fumed
silica (Aerosil™ 380). DTT was added to the Tris buffer suspension at a
concentration of about 30 mM. The solution was stirred for approximately 2 hours
at approximately 5°C at a pH around 9.4. The pH of the DTT-treated extract was
then adjusted to about 7.8 using a dilute hydrochioric acid solution. The fumed
silica (Aerosil™ 380) was then added at approximately 16.7 grams/Liter plasma
equivalent in the plasma containing paste fraction. The suspension was stirred for
approximately 1 hour at approximately 5°C at pH 7.5 to 8.0. Celpure™ C1000 filter
aid was added at a ratio of 3 parts filter aid to one part silica, by weight, and the
mixture was stirred for 15 minutes. The soluble AAT fraction was separated from
the precipitated fumed silica/ApoA-I, and contaminating proteins using a filter press,
yielding the AAT final filtrate. The AAT filtrate was processed further while the
fumed silica APO A-1 precipitate was collected for further purification.

3.2  Further purification of AAT:

[00115] AAT was further purified by ion exchange chromatography and
hydrophobic interaction chromatography as described in 2.2.2 and 2.2.3.
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H C Concentrate (g/L Plasma) AAT 0.71 0.562 0.556 0.450 NV A 0.450 APO A-1
0.70 0.466 0.340 None Det. 0.387

Table 2: Purification of AAT according to example 3

DTT/Aerosil Step IEC HIC HIC Concentrate

APOin | APOIn | AAT in AAT
Run Eluate Effluent SDS-

Condition Cake | Filtrate | Filtrate Yield
(g/L) {g/L}) Page
(g/L) (g/L) (gL} (giL)

absorption
atpH 7.8;

TO070228 NT 0.06 0.472 0.568 0.579 0.461 100%
Heated

Extract

Absorption
at pH 7.8;
TQ70229 0.596 ND 0.395 0.541 0.468 0.358 99.6%
Extract Not
Heated
Absorption
atpH 8.0;
T070232 NT 0.280 0.774 0.775 0.589 0.432 99.8%
Heated

Extract

Absorption
atpH 7.5;
T070233 NT ND 0.292 0.458 0.336 0.280 99.7%
Extract Not
Heated
Absorption
at PH 7.8;
T083017 0.540 0.060 0.254 0.410 0.313 0.246 99.5%
Extract Not

Heated

NT = Not Tested
[00116] The product was >96% pure AAT as determined by both SDS-Page

and immunological assays and is >93% monomer by size exclusion HPLC. The
recovery based on the functionally active AAT content of the Cohn Fraction IV

paste was 40 to 60% or approximately 20 to 40% of normal plasma content. On
average, 89% of the purified AAT was active, while a range of 79-99% was typically
observed.

3.3  Further purification of ApoA-!
[{00117] ApoA-I was released from the fumed silica by resuspending the

fumed silica separated from AAT in step 3.1 in 50-100 mM Tris buffer at pH 9.5.

-32.



None. Det Exanple 5: Purification of ApoA-1 and AAT by negative node

| on- exchange chr omat ography fol |l owed by hydrophobic interaction

chromat ography 5. 1Purification with DIT and Silica [00122] Extraction of the
Fraction I'V-1 and purification with OIT and silica were perfornmed as
described in exanple 4.1. 5.2. lon Exchange Chromatography [00123] The AAT/
ApoA- | final Aftensubsequert sapgratidrefiomdhefupteéd siliogebyodentrifogation. of filtiagion he

addi ti on of I chl oL.i I ut The conductivity of the
AAT/ ApoA-1 fﬁp(%rlaag q%@”ﬁ%ﬂ%‘f%‘%a?geg%ﬁ ?rgtel y 15 nS/cmat 22.0C by the
addi ti on of Emeel\I&CPwmcatmnM Aploa- lpdﬂd:AAmhytlme)gcmd'gasted AAT/  ApoA-1
final filtrate was ap | rec Q. a C r.aphy, col um c ai ni ng
t he ani on exchange re 'I?ﬁ%’ Eyépgg-{ygég?h%%%gctaﬁ] #PB‘I’%? grwq&]

equi libration buffer (50 mM Tris, pH 7.4, 15 nS/cm conductivity).

Cont ami nat i riy!pr SiesianationptApoArd@ndcAATe col umm whil e AAT and ApoA-I flowed

through dur e g | 0fle FTAiOAV odRORad SEQRALRINA sLORIGE P BROCO! U

fl ow through fraction was process I ndi cat'e S paratlon

of ApoA-| araMAKEs, 2Ppék BpRbipHeanniedmately %ﬁ)m@tnfewagr apbnyrﬂate AAT/ ApoA- |

| EC flow thr I final
éﬁﬁ%&s%ﬁ?ﬁr@aﬁﬁd %86nt'ﬂf§u#é’rtlﬂ1 @Bﬂ ggargk éé'g 1H3 d;Sét? g@a

concentration of 1 hi s so utl on was
hydr ophobi c df meéplaémamntainlmvﬁa@gmdﬁrgﬂﬂ@@Imeb@ErlH@aﬁeWPénmwyﬁ

Sephar ose h'r&@teﬂ%g)apfp%&m%ﬁ/@ﬁé'fbwpéﬁ&dof'd?o H%@nog@sf%mcfo‘?éd {0 M

Tris, pH 7.4, 1M Ammonium Sul fate nitiral elution ing the | oad
provi ded an aRR'FB@H?@IYrﬁﬁb ef fl uent and elution with additional wash buffer

(50 mM Tri s ophl18y4, ihé\ﬂraérmr%ﬁéﬁswﬁas fHRRNREE AR :%T a{n@tf@meed in the
colum. The c¢ombi ned ffluent and washes were concentrated

ul trafiltratsieh (Agrasti a380)+ BF&vasradsied t%ﬁ@smsawf%awr@ns'%@ the AAT

fraction Wa%oﬁ@ém\éﬂgn oﬁgﬁlhﬂ\n omnAd sblﬁﬁéﬁ whé Qﬁrré/éﬁfo? 2‘4@%?@& éﬁp@oﬁuﬂéteﬁ%*@m with
a0.1to 0.2 Mampnium,sulfate sol ution, A-1 was el uted

fromthe co?h%‘?*‘t&fl%@r%&f‘%ﬁe y %bﬂ@eﬁ”m?@/ﬂ‘%@%f?ﬂ ﬁ§89} wgs F'lﬂ'?sad%ééf ding to
exampl e 5 Gppiingdtely 6.7 grams/Liter plasma equivalent in the plasma containing paste

fraction. The suspension was stirred for approximately 1 hour at around 5°C, while
maintaining a pH of approximately 9.4. Celpure™ C1000 filter aid was added at a
ratio of 3 parts filter aid to one part fumed silica, by weight, and the mixture was
stirred for about 15 minutes. The soluble AAT/ApoA-I| fraction was separated from
the precipitated fumed silica/contaminating proteins using a filter press, yielding the
~ AAT/ApoA-! final filtrate.
[00120] AAT and ApoA-l were further purified by ion exchange
chromatography and hydrophobic interaction chromatography as described in 2.3.2
and 2.3.3, except that during the hydrophobic interaction chromatography step,
ApoA-l was eluted after the AAT wash step with water.
[00121] The AAT combined column flow through and subsequent wash were
concentrated by ultra-filtration and diafiltered into a phosphate buffer (40 mM
sodium phosphate, pH approximately 7.4. The product was >96% pure AAT as
determined by both SDS-Page and immunological assays, and was >93%
monomer by size exclusion HPLC. The recovery based on the functionally active
AAT content of the Cohn Fraction IV paste was 40 to 60% or approximately 20 to
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1 Extract Fraction 1V-1 Filtrate I EC Fl ow Through H C Ef fl uent H C WFI

H C Concentrate AAT Yield (g/L Plasma) 0.715 0.691

40% of normal plasma content. On average, 89% of the purified AAT was active,
while a range of 79-99% was typically observed.

4.2  Further processing of AAT
Table 3: Average process yields from each step with 50 kg Fraction IV, as starting
material
Fraction IV-1 | AAT/APO A- HIC WFI HIC
IEC Eluate HIC Effluent
Extract 1 Filtrate Wash Concentrate
{g/L Plasma) | (g/L plasma)

i (g/L Plasma) | (g/L Plasma) (g/L Plasma) | {(g/L Plasma)
AAT 0.71 0.562 0.556 0.450 N/A 0.450
APO
A 0.70 0.466 0.340 None Det. 0.387 None. Det

Example 5: . Purification of ApoA-l and AAT by negative mode ion-exchange
chromatography followed by hydrophobic interaction

chromatography
5.1  Purification with DTT and Silica
[00122] Extraction of the Fraction IV-1 and purification with DTT and silica

were performed as described in example 4.1.

5.2. lon Exchange Chromatography
[00123] The AAT/ ApoA-I final filtrate was adjusted to a pH range of about 7.4

by the addition of a dilute hydrochioric acid solution. The conductivity of the AAT/
ApoA-I filtrate was adjusted to approximately 15 mS/cm at 22.0°C by the addition of
a 2 M NaCl solution. The pH/conductivity adjusted AAT/ ApoA-| final filtrate was
applied directly onto a chromatography column containing the anion exchange
resin EMD TMAE Fractogel 650 (m) equilibrated with an equilibration buffer (50 mM
Tris, pH 7.4, 15 mS/cm conductivity). Contaminating proteins were bound to the
column while AAT and ApoA-I flowed through during the load. The AAT/ ApoA-
containing ionic exchange column flow through fraction was processed further as
indicated.

5.3. Separation of ApoA-l and AAT: Hydrophobic Interaction Chromatography
The AAT/ ApoA-l IEC flow through was prepared for HIC by adding ammonium
sulfate to a final concentration of 1 M. This solution was then filtered and applied to

a hydrophobic interaction chromatography column (GE Healthcare Phenyl
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0.505 0.116* N A 0.415 APO A-1 Yield (g/L Plasma) 0.758 0.715 0.636 0 0.572
0O AAT Potency interference at the HC Effluent. N A = not applicable as
AAT is present in fraction, but the wash with "water for injection" (WlI)
is a waste fraction and AAT is not recovered fromit. [00124] The product

was >96% pure AAT as determ ned by both SDS-Page
Sepharose high sub) that was equilibrated in an HIC wash buffer (50 mM Tris, pH

7.4, 1M Ammonium Sulfate). Initial elution during the load provided an AAT-
containing effluent, and elution with additional wash buffer (50 mM Tris, pH 7.4, 1 M
ammonium sulfate) removed any AAT retained in the column. The combined
effluent and washes were concentrated by ultrafiltration and diafiltered into a
phosphate buffer. Once the AAT fraction was removed, additional impurities were
washed off the column with a 0.1 to 0.2 M ammonium sulfate solution, and then the
ApoA-l was eluted from the column using water.

Table 4: Average yields of 6 runs according to example 5

Fraction IV- | Fraction IV-1 | IEC Flow HIC HIC HIC
1 Extract Filtrate Through Effluent WFI Concentrate
Wash

AAT Yield R
(g/L Plasma) 0.715 0.691 0.505 0.116 N/A 0.415

APQ A-1

Yield 0.758 0.715 0.636 0 0.572 0

{g/L Plasma)

*AAT Potency interference at the HIC Effluent.
N/A = not applicable as AAT is present in fraction, but the wash with “water for

injection” (WFI) is a waste fraction and AAT is not recovered from it.

[00124] The product was >96% pure AAT as determined by both SDS-Page
and immunological assays and was >93% monomer by size exclusion HPLC. The
recovery based on the functionally active AAT content of the Cohn Fraction IV
paste was 40 to 60% or approximately 20 to 40% of normal plasma content. On
average, 89% of the purified AAT was active, while in 6 runs, a range of 79-99%
was observed.

[00125] Throughout this specification the word “comprise”, or variations such
as “comprises” or “comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of elements, integers or

steps.
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and i nmunol ogi cal assays and was >93% nononer by size exclusion HPLC. The
recovery based on the functionally active AAT content of the Cohn Fraction
|V paste was 40 to 60% or approximately 20 to 40% of normal plasma content.
On average, 89% of the purified AAT was active, while in 6 runs, a range of
79-9996mas observed. [00125] Throughout this specification the mord
"conprise", HWOV2A6] at ilbisdo baauhderstdoddhatniasiosd akteratiorenpradsiitiog$ mayidd be

uncer 1204, bt i BBl Be SR SHBhECL AR o L S5 oL,

el enent, |nt§§awesmﬂ$hapnomr group of elenents, integers or steps. [001
26] It is to be understood that various alterations or additions nay be made
to the parts previously described w thout departing fromthe spirit or
anbit of the present invention. CLAIMS 1.A nethod for purifying

Apol i poprotein A-1 (ApoA-1) and Al pha-1-Antitrypsin (AAT) froma single
starting human plasma fraction containing both proteins conprising: 1)
treating a starting human plasna fraction conprising ApoA-1 and AAT to
separate an ApoA-1 containing fraction froman AAT containing fraction;

ii1) purifying ApoA-1 to pharmaceutical grade purity fromthe ApoA-|
containing fraction; and iii) purifying AAT to pharmaceutical grade purity
fromthe AAT containing fraction, and wherein the nethod conprises: a)
treating the starting human plasnma fraction which is used as the starting
material such that both ApoA-1 and AAT are solubilized; b) precipitating
ApoA-1 fromthe solution at a tenperature at or bel ow about 10C by adding a
| ower aliphatic alcohol to a concentration of 8-14%v/v and adjusting the
pH of the solution to a pH of 5 to 6 so that ApoA-1 precipitates and AAT
remains in solution; c) separating precipitated ApoA-1 fromthe solution
cont ai ni ng AAT; and
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d) separately purifying ApoA-1 and AAT in one or nobre processing steps to
pharmaceutical grade purity. 2. The method according to claim1, wherein
said nmethod is used for large scale purification. 3. The nmethod according
toclaim1l or claim2, wherein the starting human plasma fraction is

sel ect eg) fAig@ one or nore of Cohn fractions |V, precipitates from

Ki stl erN tschmann supernatants A and A+l, and ammoni um sul fate
precipitates. 4. The nmethod according to claim3, wherein the one or m)re

hn f rdl
ol o ms 1 to 4 methaddich YR BbaRpraten A7 (SO R BL A% TApliRse 6 %8 o
above. ﬁomm@lngdetsmﬂtmmlmc'MrUplagnacfraahrqn cmmaalmlhg bbtalpme'mstcow@nsm@erel 3 AAT and
- b cordin
any one of cPareatRg 3 Harkifle fufieh Blasiia PActR RifiRriing MBS AT and A E HStrer o of
12 or above. a8 ApTAd caelami feantion ffiomgart AATBYntainsgdfactibmi s 1 to 7, wherein

AAT and ApoA-1 are not exposed to a pH of 11 or above. 9. The rret hod
according to any one of clainms 1 to 8, wherein the starting hunman pl asma

fraction is iauwifiing Apef-hto ftaepacdutical gradeipdriy fromnthe iApbAd cah@itingdPactioh, "M
Tris and aboyty0-20 mM NaCl at a pH of about 8.0 to 10.0.

iii) purifying AAT to pharmaceutical grade purity from the AAT containing fraction,
and wherein the method comprises:

a) treating the starting human plasma fraction which is used as the starting material
such that both ApoA-l and AAT are solubilized;

b) precipitating ApoA-I from the solution at a temperature at or below about 10°C by
adding a lower aliphatic alcohol to a concentration of 8-14% v/v and adjusting the pH
of the solution to a pH of 5 to 6 so that ApoA-l precipitates and AAT remains in

solution;
c) separating precipitated ApoA-I from the solution containing AAT; and

d) separately purifying ApoA-l and AAT in one or more processing steps to

pharmaceutical grade purity.

2. The method according to claim 1, wherein said method is used for large scale
purification.
3. The method according to claim 1 or claim 2, wherein the starting human plasma

fraction is selected from one or more of Cohn fractions IV, precipitates from Kistler-

Nitschmann supernatants A and A+l, and ammonium sulfate precipitates.

4. The method according to claim 3, wherein the one or more Cohn fractions IV is Cohn
fraction 1V;.
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10. The method according to any one of claims 1 to 9, wherein the |ower
aliphatic alcohol is ethanol. 11. A nmethod according to any of the
preceding clains further conprising a viral reduction step. 12. The net hod

according to claim11, wherei n the viral reduction step conprises
13. The rdi.n i m 13, wherein

asteuri.zati at thod a cl
ltOhe pasteuri ?ﬁ?i ?ﬁﬁ%‘fa‘bwr n%g’r?nye‘&“%ﬁf[ ?JWS ‘flﬂ %ﬁ”%@hﬁ?m%ﬁﬂﬂqé?@ Befst
40% w wespusedse apihbofalt3. 8%e@rstboddo W w pot assi um acetate. 14. The net hod
according to claim11l, wherein the viral reduction step conprises
filtration through a filter that can renove viral particles.

6. The method according to any one of claims 1 to 5, wherein AAT and ApoA-I| are not

exposed to a pH of 13 or above.

7. The method according to any one of claims 1 to 6, wherein AAT and ApoA-| are not

exposed to a pH of 12 or above.

8. The method according to any one of claims 1 to 7, wherein AAT and ApoA-I are not

exposed to a pH of 11 or above.

9. The method according to any one of claims 1 to 8, wherein the starting human
plasma fraction is solubilized at step a) in a buffer comprising about 50-150 mM Tris and
about 0-20 mM NaCl at a pH of about 8.0 to 10.0.

10. The method according to any one of claims 1 to 9, wherein the lower aliphatic alcohol

is ethanol.

11. A method according to any of the preceding claims further comprising a viral

reduction step.

12. The method according to claim 11, wherein the viral reduction step comprises

pasteurization at about 60°C.

13. The method according to claim 13, wherein the pasteurization step is carried out on a

solution comprising at least 40% w/w sucrose and at least 4% w/w potassium acetate.

14, The method according to claim 11, wherein the viral reduction step comprises

filtration through a filter that can remove viral particles.

-38-



