WD 98/ 00154

PCT/ US97/ 11256 _ PROCESS FOR SEPARATI NG

ALPHA- 1- PROTEI NASE | NHI Bl TOR FROM COHN FRACTI ON
[V[err] + IV[err%{WPASTE 5 FI ELD OF THE | NVENTI ON T
present i nvenM b ates to an inproved process for the purf$VERIRBAES of
al pha-1 - proteinase inhibitor (alpha- 1 -antitrypsin). 10
BACKGRCIJND CF THE | NVENTI ON Al pha | - proteinase inhibitor
("[err]-1I- or "al pha I

[err]- antltryp5| n, is apske(?(-’tflrgn Fbﬂo @gﬁﬁﬂ‘l %I %OFEFN ht of
52,000. Al pha-1-Pl is m“é‘s ﬁ%&ﬂz@@%@“@b‘dﬁld‘d&'uPﬁ%ﬂgsent in the
serum at 5l evel s between 150 and 350 ng/dl (equi val ent to 30-80
[err]-M when standards. 15 A pha-1 -Pl
functions in thef#ungwgq‘?%ﬁl I't neutrophil el astase, seri ne protease,
whi ch in |af P’&B“d’ht“?"t"?‘%@ rElfes|te 29 improyebprggess f?}db? Birifisation af alpha-1-
al veol ar wal | gprottinasethibiar aiphat Lbagitcypdiha- | - Pl provides nore than

90% of the anti-neutrophil elastase protection in the |lower respiratory

tract. |- ncy i s an autosomal, recessive

her edi tarl9 di %%QWM@&&M@D& nunber of aI lelic variants

and has been char aAtpbaqlmdemnﬂeommwh'léh+lcPI&roran'glphsm¢PI'Udsi-egr)atm &aown as

the protease i P, S

basi S of the f%‘%ﬁ% I8 horit %‘?ﬁg@fﬁﬁﬁaﬁ?&”&%ﬁﬁﬁﬁwgﬁg PrrOrLie

i ndi vi dual s. izqd i, the by and.is presens, ipthe setyrm at levels betweep o5 b mg/d)

al pha-1 - Pl (nd¢%¢ﬂﬁnhm3ﬁmwweémtdeb$rgmmdas havi ng a Pi MM

loherwt ers 500 Ipah-i1 PI fitictioizdh Wedthfds So thilibh reGirophillaglase, 4sé?iéxe Iplaxedff vitich
ess an 0 Vi )

been desi gnat élg %Hﬁm\ﬁﬁﬁ%}&g?ﬁa% ﬁeﬁfgéﬁe(iﬁ%uﬁgwﬁ%ﬁﬁl|[g§§§ln§"ﬁ§\}‘é“g’ phia-1-

undet ect abl e 3V prryides morg thap 80 ofithe ﬁm-veuyepmmlﬁms’@tqcﬁm in Yo dower wespiratgben

desi gnat ed as thasyi ng a Pi (nuI 1) (null) phenotype)

Al pha- 1 - Pl def i o gl o Sh nABRAY M HeldBlby B3N AASIHPL targe
def i of enddi ﬁ.*\vmaraquﬂﬂ&v 6 Rhhas Degh ptagle 9@36";’}1"&8 i amafggment designated as
enphysema. Thltb%m?morﬁ?ﬁds@mab& aligles hawié been groupedwicthe Risisif thepiipha-1-Pl

Pi Z(nul'l) and 1&4&5&'&&&%&%&&@% indWitiaR N oPhatlifvid@dls hdve Qorral Yarumy

mani fests in d divi, [,S e th|rd o fou cades of
e levels of aghs 161 Formah ot ye. Beely sibabidsios bhibidf Pinind wiR Bt
devel ops as a Defisigntindividyalschav¢ serim alpha-1-Pl levels of bﬁﬁdhk!!lﬁ% eﬂhemagamm lavnl

t he | owersr esihesd dividuaRGavd Beenrahs@iatedrhemhﬁﬁphm RabHEe. Nulladdiniduile hive

i vi dual o wiPscabR e ok e LTI iflich e} ef AL G EPhaving

agai nst t he néJi@yaylD) @P‘E@D@S)e rel eased by the neutrophils in their
| ower respiratory Alphatl-Pldeficienaylistimracteriedd tyr lotvesaruen (heso than 358% offavérageiormal
-1- levels) and lung levels of alpha-1-P1. These deficient individuals have a high risk of developing

30 panacinar emphysema. This emphysema predominates in individuals who exhibit PiZZ,
PiZ(null) and Pi(null)(null) phenotypes. Symptoms of the condition usually manifests in
afflicted individuals in the third to fourth decades of life.

_The emphysema associated with alpha-1-PI deficiency develops as a result of insufficient
alpha-1-PI concentrations in the lower respiratory tract to inhibit neutrophil elastase, leading to

35 destruction of the connective tissue framework of the lung parenchyma. Individuals with
alpha-1-PI deficiency have little protection against the neutrophil elastase released by the
neutrophils in their lower respiratory tract. This imbalance of protease:protease inhibitor in
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35 SUMMARY OF THE INVENTION
The present invention is directed to an improved process for purifying alpha-1-P. The
process comprises providing an impure brotein fraction, preferably Cohn Fraction IV +IV,
paste, which comprises alpha-1-PI. The impure protein fraction is suspended in cold water or
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trapped in thp/, paste at less than about 15°C and at a pH of about 6.0 + 0.2 for at least about one hour.
Soluble proteins, including albumin, alpha-2-globulin and beta-globulin, are then separated from
the insoluble proteins, including alpha-1-proteinase inhibitor by filter press, centrifugation or the

35 like. The residue is washed, at less than 15°C with about 5 original paste volumes of water or

saline solution at pH 6 + 0.2 to remove additional soluble protein physically trapped in the
insoluble paste.
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duri ng Vi | nactfz}\?%qr?ogﬁnfcfﬁ‘e&seg’?ut IQIT. 1S mtxed at 30 15 5[err]C until
the sucrose is di ssol vedYirallnactivation by Solve L containing sol ution
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The alpha-1-Pl-containing solution is virus inactivated by solvent-detergent treatment.
A solution of 10 = 1% wt/v polysorbital 80 and 3 £ 0.3% wt/wt tri-n-butyl phosphate is added
to the alpha-1-PI solution to a final concentration of 1.0 £ 0.5% wt/v polysorbate-80 and 0.3 +
0.15% wt/wt tri-n-butyl phosphate. The solution is then incubated at 27° + 3°C, pH 8 £ 0.5 for

35 not less than 6 hours to inactivate any viruses which may be present in the alpha-1-PIL.

It has been found that the presence of sugar, e.g., sucrose, as a stabilizer during viral
inactivation by solvent-detergent treatment increases the yield of alpha-1-Pl in units as compared
to a control, i.e., alpha-1-PI solution viral inactivated by solvent detergent without sugar as a

4



0.15% wt/wt tri-n-butyl phosphate. The solution is then incubated at
27[err] [err] 3[err]C pH8 0.5 for 35 not Iessthan6hoursto
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col | ect ed for @Wﬂeﬂ’f fyrther PLOcEsiipe- After the renoval of

al pha- 1| - t he anAfertlexreahevabef alphatil 1Pl thesanidneaxohabgb mediasiis plganed thip washing with,
phosphat e o RSB B B B e LUy g e
aqueous ggl ut iPEHE géngﬁ‘g gf%wcﬂﬂﬁ Qﬁ@tﬁenanaque us uqqnéMqtp 'Flrl}g%aOH
chr omat ogr aphyndfidalinWiFs Thecohramategsaphly megivjreis thenGtopediin Ra().2 MNaClke20 = 100nM)

sodi um phosphqjg,&mﬁ;ﬁo@hgﬁr gi1. Tr eat ment
of Al pha 1 Pl - Cont ai ni ng uat,ﬁ_ atment.o . -cont al ni ng

al pha-1 - is conmbined and tr bent oni te
f or about an hour Hhe elupte-copaining alphar B! isrrombined fand trspied avi %11 dp i-0% (wi/wt)
pref er abRy t o beswdaite for about ah héaur of hroed toReddie 1y ambust d kpdlipo prain iprefedatdin b eSS s

t han about O. 0 har

by filtration, prrmé eragf}‘%;nltl)1 %D?“Pé ?Fo aboutoopﬁpkrﬁ'lg&ﬁgﬁ%t%lﬁgd In
"Jeta Plus C Sekipale isremeed b lt@mnw fesgbi by FunoB)fitaron. do sfor.q’serap kssewgbed in
herei n by ref @Zeta®tus® C Series Filldn &edixsm/! iyl Cumodnd. whichris incorporatediereirt Bydrefeyence.

li Bt r af 't ! ; rati gﬁ.e @@dﬁhﬁ@@gwﬁ@ﬁ is coﬁéaguﬁé@wuéﬁﬂu@ﬁﬁéﬂmrsﬂe .%91 the a.lp%a-thI laety
et T W S i by e N
t hen Pl anova frémeeeany pagicplategmaster; | Thealphatl ljis then Planova filtered to remove virus, sterile
filtered through a 0.22 micron filter to be dispensed into vials and lyophilized for storage.
Alpha-1-Pl is stored at 2-8°C.
The lyophilized alpha-1-PI may be redissolved in sterile water for administration to
35 patients.

Alpha-1-PI Activity Assays
A chromogenic assay may be used to detect alpha-1-PI activity of the reconstituted alpha-
1-PL. The assay utilizes a trypsin sensitive chromogenic substrate which releases p-nitroaniline
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filtered through a 0.22 mcron filter to be dispensed into vials and

| yophilized for storage. Al pha-1-Pl is stored at 2-8[err]C

The | yophilized al pha-1-Pl may be redissolved in sterile water for

adm nistration to 35 patients.

Al pha- 1- PIW@2800}54 y Assays A chronogeni ¢ ZSTE$IMMALS6be used
to detect alpha-1-Pl activity of the reconstituted al pha- 1-PlI. The
assay utilizes a trypsin sensitive chronpgenic substrate which rel eases

p- ni troaniline ) 98/00154 | . . .

PCT/ Usg7/ 11 Shggpresence of trypsin FF“PHI\é’Qp'?Ye@@H’éeCW"Eaﬂ ¥19s oh St Loz Misgowsd) Jhsna
Cheni cal @emitrodnilbe released is ddterteiat 4935 nifih alpha-1-Pl inhibitsrthe release ofi pasitromtiimesed i s
det est ed Fonfhe sibStraid! PR abavily draliAliler imlee %@é&@fs efmitied rr&?x@h«%é 8% °
fromthe sub t%al%ﬁ'lpfe activity of alpha-1-Pl.in the {¥o ygt eterm ned
by ref er efeRIgrealpha-1-Flactivity girye, (fhrompgeniq 2 y‘gé‘f‘i"OW"‘g P .‘z"éﬁiﬂgﬁﬂg ni c
assay of peaperedtacconding toydp rabpye procedspthaws -aPspecific activipyr efat tedstaghout didng t o
t he aboveuaiwm“ﬁé_ shows a specific activity of at |east about 1.0
unit/ODerr]. Administrati Adm ni stration
10 Al pha-1-Pl may be_inf‘u‘g%ﬁlﬂt!%ﬂg&a atient at a rate of about
0. 08181 / kg bodylPhiil JHmaybe infused into 4patiens at drate of @beyt 08 mikgbadytweight pér t he
pati ent g(ﬂﬁﬁutﬂﬁir tiexrer 1 0anidates N tith pReientidoéd not biperiénzt eny'dstomfort, the fAR may

i ncrease | 0 e ne

pat | ont ey pcp el Bftrudd 1 RYGEEl, Bec P AR, o B MDA IR ABE |
shoul d be higbefirated liadversrevents gesubths ssteshpyld be prdiged of the infusion ingparupteryptiing
subsi de. Tiheesymyftorss subsiday Thdinfusioe m®sthenebe esungedran b eateviaihich is solérated batled by
the 16  ph@dntent. If large doses are to be adm nistered,

several reconstituted vials. of .alpha-1-Pl be. . opled i n an enpty,
Sterife | V. i f et A AP b8 aiutged seyerd consimipd;viels of aphs]-#1'ma be
Exanpl e 1 padled in darempity/fsterile]l. Vi infudien edntaines using $ticgchhiquen Cohn fracti onati on
schenme was suspended in 1800 nL water at 5[err]C at pH of 6.0

w t hout any titration for one hour. on ltg’g?rrpl etion of suspension, the
suspension was filtered through 10 ﬂ‘"l“f. er (Cuno) by filter press. The
filtedte KadVediVadeate (600 g) from Gohy fiastipnationyschepe way suspended ip| 1)805 pécvaterc
activity @B5%C )at pHbf@&I withdut denstritionafor GftChonmn Ul einiglétivh of suspensio te

gfgfg]r gdéﬁg&g%ﬁi p;fﬁerk&‘ﬁugd "16CPHIER i fmmﬁgswm fﬁ{?&g Wras iuepper at

rate s ¢ol |l ect cedure ated four
Tore tinm 1P iATEY spesific activity (5.4 4 padEoicy] dooat 5t 260 o (NS sapin)
speci fi c aerd mieasaredS, The)pastadn GE[fiter press wes washed with &40 nillef @B@r gt 5°C and  of

resubsi ng fikagt Svadedllediédi TRIY prod@urélwaIrefRatell \inlr Ymate dinfePlafa ali EREs Hebe t he
process sa

les, i s scrided.l. e faollow ng Tahle 1. 0
Tabl e 1: ,&Euﬂ‘f&%{lc ﬁsel{efiymg,ﬂq’%mcﬂ%aﬂﬂﬁa (%DA.) and dl?zgon,,?were measured. f’he 350¢
of wat er WAtdsuHingpaste Wanebtained. The A1PI activity and ODygq,, . of all the process samples is
described in the following Table 1.

30 Table 1: A1PI activity and O.D. 280 nm
of water washed fractions. .

Sample Volume(ml)  AlPI(wml) Total A1PI(u) 0.D. 280nm S.A.(wWQOD)
wash 0 1450 0.06 87 222 0.003
wash1 600 0.1 60 29.9 0.003

35 wash2 600 0.08 43 255 0.003
wash3 600 0.04 24 13.0 0.003
wash4 600 0 0 . 4.8 0
washS 600 0 0 3.0 0



~Sanpl e Vol une(nL) APl ([err]/m) Total AIPI(u) O D. 280nm

S. A (u/ D) ~ wash 0 1450 0.06 87 22.2
0. 003 wash 1 600 0.1 60 29.9
0. 003 35 wash 2 600 0.08 48 25,

0. 003 WREMS4 500 0. 04 24 PCT/US97/11256

13.0 0. 003 wash 4 600 0 0

4.8 0 wash 5 600 0 0

3.0 0 - 6-

VO 98/ 00154 Example 2

PCT/ US97/ 11258he resulting 350 g of paste from example 1 was resuspended in 1050 mL of watergtphhp£8.9
The resustin gat&Eﬁn@e:@ﬁxmisec fisrdrhonrsargolié This wasadded wsfiull €shckitratioh f MA-mdA

771 s Siaeffd s NOLYEL seb AR o of'150 b S L Kl

added to a fiPelyelpmealyioh (TR I810) 1ab addor ina Tigh) Soacematian el S5 (v ) and was
Pol yet hyl ene gixedat 1§RHGr GRSd)r. B rehiting prm;ﬂtafelmlremmd bntitterd press vith 106CP

et e VBB W kU o e o BREU y,
t he supetthat affntaining Séﬁ‘f"i‘”‘l J\i-zs‘fF F\iii B?’ %@%ﬁ%‘?&\é@ﬁ@&%?‘ﬁiﬁqﬁ@’
sol ution 10 (filtraterwese erinslynetlc Theveswit isPEGN3EZA in the folldwing Bableehd 150 M Nadl .
The filtrate and postwash filtrate were conbined. The result is

summari zed in the foll ow ng Tabl
Tabl e 2: PEG 3350 Precipitation Ta b%ez ng F%Premp‘t%qnurre( m.) Al PI(u/mn)

Total A1PI (u)Sample O D Valeme(mh) 1PI(w ecorR.D. 280 nm HA.(WOD) 1. 063
1488 15  recon.13.32400 O. G)?)GB 1488fPE|G 13.32465  0.07980. 513

1265 2.16 5 iltrate

Exanpl e 3 20 EGTo t he recovereg %EG 33‘:;‘)(95f| ltrate f2r%36m exarr1:?[237 ,

ZnCl [err] was fira%ed to a final concentration of 2 MM the pH was

adj usted to 7.5, and the tenperature was cooled to 5C to precipitate crude
AlPlI. After one hour's mxing, the crudg gvas filtered through Prostak

resol ubiTl zedraereRuEBA REGORS0 Fise r%wi oy %'d Wi 34 o] ngenttio e
fol | owi ng Tabof@ B8M, thepH was adjusted to 7.5, and the temperature was cooled to 5°C Tajecipiate crude
ZnC [err] pregipit AfePbne hour's mixABPthe crude AW?"I% fllidlell through Ploslak Hilhtion R} 2l
'8‘1 (F)) ;_(53) Q gconczze%ganr})rx? > ée ‘e%@@ssuspensmn wgsf x%%% ilized with N r s%tluetion. %’%9 (r)esult

is summarized in the following Table 3.

25
Table 3: ZnCl, precipitation
Sample Volume (mL) AlPi(wml) Total A1PI(u) 0.D. 280 nm S.A.(wW/OD)
Prostak
filtrate 2200 0.0159 35 0.15 0.106
30 NaEDTA
recon. 264 4.305 1065 13.72 0.3138

Example 4
Sucrose in an amount of 16.7% (wt/wt) was added to the NaEDTA resolubilized solution in
35 example 3 and mixed at 18°C until sucrose was completely dissolved. To this solution,
polysorbate-80 in a final concentration of 1.0% and tri-n-butyl phosphate in a final concentration
of 0.3% were added. This solution was incubated at 27.5°C for not less than 6 hours to
inactivate any possible contaminating lipid-enveloped viruses. After incubation, the solution was
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30 . NaEDTA recon. 264 4. 305 1065

13.72 0. 3138 Exanpl e 4
Sucrose in an anmount of 16.7% (w/wt) was added to the NaEDTA resol ubilized
solution in 35 exanple 3 and m xed at 18C until sucrose was conpletely
di ssol ved. WP@809154 sol uti on, pol ysorbate-80 in a frcraisyunessentrati on
of 1.0% and tri-n-butyl phosphate in a final concentration of 0.3%
were added. This solution was incubated at 27.5C for not | ess than 6 hours
to i nactivate any possi bl e contam nati ngl | i pi d-envel oped viruses.
After incutRisdte, 5°phg\d§gq PH isadiugted to 8.0. As a control, the above procedure was repeated

;3 ZZ:I'/ o7/ except that no si€oskt09 Adiéd. The stability of A1PI during solvent detergent (SD) trea'am:n{'c3 0
. r . I to,8.0.

As & Sont rib e presence of 167AMGEE (5B, K6 dnk Sl hfSsdleobo P phafEfa ne

sucrose walollguedablede stability of APl during sol vent detergent (SD)

treatnent 5 In the presence of 16. 7% sucrose (SD AlPlI) and w t hout

sucrose (control) is presentegih §G6ility of A1PI Sng®M N Tabl e 4.

Table 4: Stability of AlPI d’llritg:% SD

Treatment in the Presence of 1%aBIRILM thePresencepffugrose v yre( i)

ALPI (19 ni)Saimplel AVdlommL) YAYEPIGimED FotBDOPI(W)  %A1PABin NaETITA

g- ?g S%Qﬁl?l 311 3933-2 1042 Control 97893

Ekarrpl e 5 (.:Lgl%ml To %9ﬁe resul ti n&%D AlPI 6%%I ution of 8§<’grrpl e 4, 31 1 g of
distilled water was added to | ower ionic strength before | oading

onto a QAE columm. This sol ution wasExaagkd onto 300 nL of

1 : , : : h
Col iy ol né fealihe SO ATKARAAGE B L) ‘.”’Ef%ff oatd ot %@%ﬁ?ﬂé@wﬁse| "
20 MM NaH2¥ength, befors loading ontg . QAE columpy Mu uvaxgloggednonto 300 rak of 5| | ne
phosphat e preéduilibritéd QAENbiNaxdhangs@oluinNait? RO4Tatepdd 12Gnl/midut) The column wadhe

:\ga Jexe hagﬁgsh%g%ﬂ% Vet s&lhﬁ%@%hgcx bﬁ@?ﬂ??‘g:wbiabl,irz@ W%i iMﬂ%SrThezo mvi
: i .
nedi um WasAlgI was gﬁ?f&%%ﬁfﬁﬂﬂ% osphyie ‘f’rﬁie\fﬁ@hgﬁ%ﬂ aﬁh o) P do%éd
fract3lons &8htai ning APl was 25 assayed and the result is presented in
the foll ow ng Tabl e 5.
The ion exchange medium was cleaned by washing with in sequence: 2M NaCl. 20 mM
NaH,POy, pH 8.0, 500 mM NaOH, and Distilled water. The chromatography medium was
stored in 2 M NaCl, 20 mM NaH,PO,, pH 8.0. The pooled fractions containing A1PI was
25 assayed and the result is presented in the following Table 5. '

Table 5: QAE lon Chromatography

Sample Volume(mL) AlPI(w/mL) Total A1PI(u) 0O.D. 280nm S.A.(WOD)
Eluate 1500 0.62 930 0.58 1.058
30
Example 6

To the pooled eluate resulting from example 5, 3.0 g of depyrogenated bentonite was added and
mixed at 20°C for one hour. The bentonite was removed by Cuno filtration. The filtrate was
concentrated by ultrafiltration. The concentrate was Planova filtered and sterile filtered in series.

35 The filtrate was dispensed into vials and lyophilized for storage. All the process samples were
assayed and the result is presented in the following Table 6.



Table 5: QAE | on Chronat ography Sanpl e Vol ume( i)

Al1PI (u/ L) Total AIPI(u) O D 280nmS. A (u/CD El uat e 1500
0.62 930 0. 58 1.058 30

Exanpl e 6 To the pooled eluate resulting fromexanple 5, 3.0 of
depyr ogenat edMSMO¥# t ¢ was added and m xed at 20[er r‘]@"‘f%’f’"&%e

hour. The bentonite was renoved by Cuno filtration. The filtrate was
concentrated by ultrafiltration. The concentrate was Pl anova filtered and

sterile filtered in series. The filtrate was dispensed into vjals and
|yophi|izedf§ﬂ@£oraq¥91—‘“¥(ﬁ3he prfé&é@éﬂ-‘fs)aiﬁﬂé&éé'ge —9%?’-5-28 %@QJ

the result i sCpuceSlent elf1dn the fol I ng TalBB®: 6. 0.385 1.351
per Use7] 11p5EnecntmiéO 7%/ ggrlrgﬁe e e o) ALPI (olal) Torgl
u
ALPI (u) ogﬂlb%o Mh S. A (u/ op) 24 ogh flit. 17%égTL 1810
0.52 885 0. 385 1.351 5 concentrate 75
31-46- 8270 The present invenflor39 8ot limited tokhélspécific embodimbmspivei! | IKwilPwe obvious

s 6,225. . .1.510. Th

Cnventi on i o Rpe pRlainthe o i Slions ip e xatesials, wen, and prossss PerHnRET RO ghose
obvi ous 10 deseriped inthe preferrediembpdimentg hareip may be nsed arithguideparting omahenractice |
steps, and pr efbsiavaton Mdcordingly thepiesea inviftion is e dmténdod t berlinhiked to thefvarrkiag

enbodi nents h ' Péﬂ%o L tRAHL: B Bk P e fifvRRidd IS aPE R :
of t he inventi%ﬁ?“ggg%% |ér3?51 Y, t\#é pr es’eﬁlt Ql&:qventgﬁeén |m§ not mtﬁgi#lg%cfdthc}mg%
limted to t h&2sr ki ng enbodi nents descri bed above. Rather, the
scope of the invention is defined in the foll ow ng claims. 15

20
25
30

35
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PCT/ US97/ 11256 WHAT | S CLAIMED IS: 5 1. A ptocess fdr 5 *
purifying al pha-1-Pl conpri sing: provi ding an inpure
protein fr¥38®NSdonpri si ng al pha-1-PI; PCTUSYHE1I8Mdi ng t he

I mpure protein fraction conprising al pha-1-Pl in an agueous
solution at a pH of about 6 for a tine sufficient for soluble proteins to

di ssol ve; filtering the suspension and recovering
I nsol ubl e M@@I&CL&WEDB resuspendi ng the insoluble protein
I n an aqueous sol ution; addi ng PEG to the resuspended

i nsol gibl e grot g{ r&@ss@érgﬁhﬂ';ﬂgaaﬁrhﬁwlleﬂrck pristhgbul i n;

recovering the's pernat he ,PEG pr ecCi |tat|%n, erein the
super nat ant Pro¥idiie; 28 JUPUIF Beieig fggtion comprising alpha-1-P addi ng
ZnCl[err] to the supwspendingnthe timpwe qudtpint ﬁm@on rcouhprising latphd-1FRT; in1dn agueous
recover i ng séiifordt dPFI o¥laBé\it 6 ¥or time sufficient for soluble proteins to dissolve;
filtering the suspension and recovering insoluble proteins;
10 resuspending the insoluble protein in an aqueous solution;
adding PEG to the resuspended insoluble protein to precipitate a-2-globulin;
recovering the supematant from the PEG precipitation, wherein the supernatant
comprises alpha-1-PI;
adding ZnCl, to the supernatant to precipitate crude alpha-1-Pl;
15 recovering the crude alpha-1-PI;
solubilizing the recovered crude alpha-1-PI;
applying the solubilized crude alpha-1-PI to an anion-exchange medium; and
recovering a fraction comprising purified alpha-1-PI from the anion-exchange

medium.
20
2. A process as recited in claim 1 wherein the impure protein fraction comprising
alpha-1-PI is suspended in from about 3 to about 7 volumes of aqueous solution for each part of
impure protein fraction comprising alpha-1-PI.
25 3. A process as recited in claim 1 wherein the aqueous solution is selected from the

group consisting of water and solutions containing NaCl in a concentration of from about 0.05
to about 0.15M.

4. A process as recited in claim 1 wherein the pH of the aqueous solution containing
30 insoluble protein is adjusted to about 8.5.

5. A process as recited in claim 1 wherein the PEG is added to a concentration of 10%
to about 20% w/w.
35 6. A process as recited in claim 1 wherein the pH of the supernatant from the PEG

precipitation is adjusted to about 7.5.
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tsglaugi): :.If): Iningageciﬁgcew:lr Sﬂa?lrijgf ?Lpgﬁ- zli;lrl);rrexchange medi um Iumllﬁmn“" Iml " |“|

recovering a fraction conprising purified al pha-1-Pl fromthe *

ani on- exchange medi um 20 2. A process as _recited
in claim1 whef@rMifte | npure protein fraction conprising PCTDSNN1256

al pha-1-Pl is suspended in fromabout 3 to about 7 volunes of aqueous
solution for each part of i mpure protein fraction conprising

al pha-1-PlI. 25 ess.as re i n where
aqueous sol ution i’s seﬁé’é?ceas ?sr%'% Bl%c mm]wgere’éﬁh‘h%"d(&lérlfs&gf# E’]ga {é %’h
sol uti ons congbguhil tyabeat] 1 miyl. a concentration of from about 0.05

about 0.3% 5M . A process as recited in claim1l wherei n

the pH of the aqugpus R
adj usted to about ) R‘}lrb'éésé’& £aRhh Qiagﬂ %ﬂ.gm cé)rgé%l&gllre%ug%&:e%gﬂe 1-P1
V\/nerel n the PBSW%"%@Q}E&WL@%E’Eﬁﬁ’@m"ﬂé‘ﬂ”éﬁ“@ﬁeaﬂbwﬂ contaminagty, ahout 20%
ww. - 35 ) A process as recited in claim1l wherein the pH of

the supernatant frgom t RrdoEssas recited in el B hiRkdifine Qhdk Siphell-F }s%i%g Wi Qbivent

7.5.
WO 98/ 001%4  and detergent.
PCT/ US97/ 11256 7. A process as recited in claim1l

wherein the ZnC1 [ eor ] Asprﬁgéﬁqs bited &P BaMNor WhdrQR R crude alpha-1PPGq4 tredted With
about 11 nmM cess as recited in clal m 1l further

conprising t I’gcl:l{llbﬁal PW%%HQR’?WW@‘% recovered fromthe

ZnC [err] precipitation to inactivate any viral contam nants. _
9. A pigcess as J1eci Agflodess 45 radited $n vWaiRd @ ivhereid@heénidiealpaPRBE id trited ith 0.15

treated with so e t 0. A process as
recited in cl goléngp\%er en bu@ﬁéog@fagerﬂﬁ'ﬁ 31I5-°HVNPOI¥ reatte sé Wi th

12. A process as recited in claim 1 further comprising adding bentonite to the eluant
containing alpha-1-proteinase inhibitor.
20
13. A process as recited in claim 1 wherein the purified alpha-1-PI has a specific
activity of about 1.0 unit/ODyg,,.

14. A process as recited in claim 1 wherein the purified alpha-1-PI has a yield of at
25 least about 1 unit per gram of Fraction IV + IV, paste.

15. A process for purifying alpha-1-PI comprising:

providing an impure protein fraction comprising alpha-1-PI;

suspending the impure protein fraction comprising alpha-1-PI in an aqueous
30 solution at a pH of about 6 for a time sufficient to dissolve soluble proteins;

filtering the suspension and recovering the insoluble proteins which comprise

alpha-1-PI;

resuspending the proteins in an aqueous solution at a pH of about 8.5;

adding PEG to the aqueous solution containing resuspended insoluble protein to
35 a concentration of from about 10% to about 20% wt/wt to precipitate a-2- globulins;

recovering the PEG supernatant, wherein the superatant comprises alpha-1-PI;

adjusting the pH of the supematant to about 7.5;

adding ZnCl, to the supematant to precipitate crude alpha-1-PI;

-11-



“tri-n-butyl phosphate and pol ysorbate 80. 15 UIH“HMH'QHHIHI “|
recited in claim9 wherein the crude al pha-1-Pl is treated

to 0.45% w v tri-n-butyl phosphat - O-5to-1-5% w v pol ysorbate 8

12. A process as recited in cl aiﬁﬂg W{rﬁﬁs @g- i sing adding bentonite to
the eluant  WO9BOS{ Lt oj ni ng allpha- | AEPAGEDNase i nhi bi t or . PEA/USIV11256

13. A process as recited in claiml wherein the purified al pha-1-Pl has a
specific activity of about 1.0 unit/CD[err] 14. A
process as recited in ¢l

of at 25 | east abolfFP nﬁﬁh golr"gfﬂqg‘?ﬁh rlflpﬁaohﬁ%[aélraﬂm'ex Fasge ¥{h§’|“d

15. A proces@‘df or purifying al pha-I-Pl conpri sing:

providing an inpure preésveting & Sattioncongpiising Pufifedihiphei P fom the anion-exchange
suspendi ng the mﬂure protein fraction conprising al pha-1-Pl in an agueous
30 sol utlon at a pH of about 6 for a tine sufficient to dissolve soluble
pr ot ei ns; filtering the suspension and recovering t he
i nsol-ubl e pr ot ei n21whi & lpraxesyp for decreasing the yialdpinaunits [if ;a protein in a protein solution

BRSO St Bt Sl B B o,
addi00 RS Lot ticaus oL o Soml e ) saeneniRd Laoel bl Coly ol
preci pi tat e [issgtivation by sobight detergent treatment. recovering the PEG
supernat ant, wherein the supernatant conprises al pha-1-Pl;
adj usting the pH th rn

- e < oerHEE e i duRin nekex s puop lptioPl

addi ng ZnCl2 to th€ superna &h

-11- WD 98/ 00154

PCT/ US97/511256 23. A process as claimed in claint Howhefdin thg siaeisaddedao ae[picteih-sblutiby
prostak filt rﬁtah%]gﬁﬂldof‘h%ﬁmqi&l@t' 1'0%%%90&1*26% al pha-1-Pl in an
aqueous sol ut eat| ng the resol ubilized crude
al pha-1-PI with solvent and detergent to i nactivate any viral
cont am nant s; 24. A process as claimed &pgihim 2igwlienen the lswganis sderoser gent treat ed
crude al pha-1-Pl to an anion-exchange medi um

|GCOVer 149 2 11 ahLon £ oL R el i o A R O
bentonite to adsorp ap?éﬂinsbpm@m@ﬁ%ﬂw protein solution;
contacting the bentonite with the protein solution for a time sufficient for the
bentonite to absorb apolipo proteins; and
removing the bentonite from the protein solution.
25
26. A process as claimed in claim 25 wherein the bentonite contacts the protein
solution for at least one hour.

27. A process as claimed in claim 25 wherein the amount of bentonite added to the
30 protein solution is from about 0.1 to about 1.0% wt/wt.

28. A process as claimed in claim 25 wherein the amount of each of apolipo protein
A and apolipo protein B remaining in the protein solution after removal of the bentonite is less

than about 0.01 mg/ml.
35
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conprising treating the recovered fractionsl5* conpr g’ ul

t heysol utiggnspeptwpojAgy purified al pha-1-Pl. A process
as recited in claim16 further conprising |yophilizing the uItraf| | tered
solution containing purified al pha-1-PI 20 18. A process as
recited in clai m lipphtieg the aqtdoas pelutidn eftradediphat1Pl th@sardors-pehahgemedium;
activity ai{é about 1.0u/ODerr]. 19. A process as recited
in claim wherein the purified al pha-1-Pl has a yield of at | east
abodit |.ou/g of Frigeevesing|a/fraetiqn commysing pusifies alphed-Pl from the anion-exclgmge A
process frédipmri fyi ng al pha-1-Pl conpri sing provi di ng

an inpure protein fraction conprising al pha-1-PI;
suspending the inpure protein fraction in an aqueous solution at a
_ tenperature adl. A procespHbuincrehsiag kyfidld iin esitabhHaiphar] -Plip asoRitionatontainiag d

bet a- pr ot giyas1 -pf WhRH isS8bjebkd kd 'vﬂﬂ 1ﬁ£¢ﬁﬂ%ﬁ$ B sol%@nt-deteﬁent trea ebnt comgxasmg

separating,l nsol ubl e elns, inclu om so

or o1 ng Adding 16 the alphd] % solution PF%"s‘Gs‘}B“egRJ SEivgenh beems FHEBE 18 HAMOPA
agueous sufficiént to piarkaseibie yigldelalplea-t B followmg said sdlwdrit-aletergenetredtmentie
tenperature and pH of the solution and concentration of PEGis selected
to precipitatg [err]-2 proteins without precipitating alpha-I-Pl
recovering t hé2supb PrSesas claimagip plainpovhereis the sugar 6rﬁd§?£t°éhélpmelzﬁdlupeﬂr]

wher ei n 315an amblbigt dfqimewduﬂng%ataqumfyo wbetsol ution and concentrati on of
the, ZNCl2 is selected to precipitate crude al pha-1 -PI;

recovering the precipitated crude al pha-1-Pl and di ssol vi ng the crude -
al pha- 1- Pl 23.  Ajprocess asglaimed irselhim 2 bwherein the sugar is sucrose.
-12- 28873PCT/ WPC/ A97 appl yi ng

t he aqueous sQlutipn of crude al, t 0. an ani on- exchan

and 341" Rlpndess tor ad e Apelipo-proieiac 91 PR PFHD B prra Bigtein

al pha- 1 - I§bluhnm cohtanizgamrlipe pedteingk and apolipo proteireB) uhmprocess comprising the steps 21.
A pypcesgefor increasi ng ayield in units of alpha-1-Pl in a solution

cont ai ni ng pha-1-Pl which is subjected to viral inactivation
by sol vent - det er geﬂ@m{grbﬁaﬁ%gﬁtm theppeteig;splytion; 10 adding to the al pha-1-PI

sol ution prior to dohtactifg Vg berleti®y @RAtthd pRAIAROIutdN FUH A ftinkd) seficiRAD Wi the
bentonite to absorb apolipo protein A and apolipo B; and
removing the bentonite from the protein solution.
25
- 25. A process as claimed in claim 25 wherein the bentonite contacts the protein
-/ solution for at least one hour.

26. A process as claimed in claim 25 wherein the amount of bentonite added to the
30 protein solution is from about 0.1 to about 1.0% wt/wit.

27. A process as claimed in claim 25 wherein the amount of each of apolipo protein
A and apolipo protein B remaining in the protein solution after removal of the bentonite is less

than about 0.01 mg/ml.
35
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.sufficien?to i ncrease the yield of alpha-1-Pl follow ng said

sol vent - det ergent treatnent. 22. A process as cl ai qu -
claim 21 wherein the sugar is added to the protein solution % gl
anmount of from about 10%to about 20% wt/wt. 15 ‘%"«

process as clai tddCF claim ZYOMWWMWPW@%Wr ose.
oot el ' ienatatio £ RHTIR TR il e Givbigs e BB %Mﬁw %EAHW

B, the piBvIsssatioslReitlamificationd :St eps 20 (11) Ii¥ésational Publication Number: WO-95/00154

addi ng hentLg1Kt 3R/00pCoOTIE 14810t €i n sol utji AN
contacti{ng the bentonite with the prdtei 1“@6‘!‘?5‘!'?‘?5‘”"?‘?5‘?“%??‘?‘@ sﬁ*‘f%@“w’”

for the bentonite to absorb aP o protein A and a1pol I po h and
r enovi g COETTAFILPIIT NEHHEL he  HEBPETAIS) (BH Prigpeiet S i Al 412 e o
A pr OCes@naierhiiial iy bate: C| i MPfaneipz2babrf e beg, ) s, me'ctvmi &P, MREE) L GLLR, LR

solutiop for at I east one hour. LS, LT28J, LV MUWCMNM

in clai e ej.n the amount of bentonitje adc%d"&@o't%s SE' N Tﬁgz'(gﬂ'

sol utloﬁ I'S %aﬁout Qauly 1596 0aB@E)t 1. 0%svft / W .KE, LS, MW, SD, SZ,UGZW)Euns patent

process|as cl ai in claim?25 \/\herel n the amn%@m@ﬁ ?%d!ﬁ?@ nmfgtﬁggf.
protein % Ere " CM. GA' GN.
sol uti opart %m"'.%wfgg RATHEN gxfe%ﬁ] 1L,s 5? m;Is';qm"-rpgL an about °'0 %1%
my/ m . 35 Boulevard, Ls Angeles, CA 90032-(US).
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(54) Title: PROCESS E@R SEPARATE@J.G ALPHA-1-PROTEINASE INHIBITOR FROM COHN FRACTION IV; +IV4 PASTE
(S7) Abstract

The present invention is directed to a process for purifying alpha-1-PI. The process comprises providing an impure protein fraction
which comprises alpha-1-P1. The impure protein fraction is suspended in an aqueous solution at pH 6. Insoluble proteins are recovered
and resuspended in aqueous solution at pH 8,5. PEG is added to precipitate -2 proteins. To the PEG supematant precipitation, which
comprises alpha-1-Pl, is added ZnClz to precipitate crude alpha-1-PI. The crude alpha-1-PI is resolubilized and spllied to an anion-exchange
medium. A fraction comprising alpha-1-P{ is recovered from the anion-exchange medium. Alpha-1-P1 purified by the process has a specific
activity about 1.0 units/ODa2go.




