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PCT/ AU97/ 00498 : PURI FI CATI ON OF

| MMUNOGLOBULI NS FIELD OF THE | NVENTION 5 This invention relates
to the purification of immunoglobulins from i mmunogl obul i n- cont ai ni
material, andVP2F¥Pul arly but not exclusively to the pFGHALA048% of
innunoglobullns fromplasma and pl asna fractlons A particular obj ective
of the present invention is the purificatiog i mmunogl obul ins to provide
a product which is suitable for intravenous adm nistration to humans. 10
BACKGROUND OF THE | NVENTI ON | mmunogl obul i ns derived from human

pl asma are used in the treatnent of a nunber of clinical conditions such
as primary agammagl obul i naem a, |ITP and Kawasaki Syndronme. There is a

growi ng denmand for the pr oducﬁuﬁ‘%lm&qmmg@wmf{N§f studies are
au

finding that it has application Tn many other nmune conditions. At
present, inmunogl obulins are purified from pl asma by the Cohn
fractionation erocedu e which separates plasma proteins by differential
preci pi tation FEL®R E'(EHEWENT'Q&ohn et al., 1946). 20 The Cohn

fract | onat | on, pr ocefs iendg WIS tothe Bl AASEROAARRUnogipbulhs frord | 15 N0t

anenabl e to automati on I ses a potent zar dous
chenmical, et hanntnpnmginbhim-cmumhmgomtphaimnd pamcular!y butewi gxr;luszﬁel)’ato the| t
exposes the | mun cond t I ons af fect .t

function of anf’f‘Bfo‘%t'gg of fém%'“mg'ﬂg“""s ffoin'g aé’?’ﬁ agd p \ATaﬁWﬁr% %’EUI4 Reticy &
rel atively | owobjedfNé of the present inventibh &4 t‘ﬂfe%ﬁflcakmrdf nhﬁwﬂo?@ﬁdllﬁﬁb prdvide a

efficient process for the recovery of 30 inmunoglobulins (1gG at |arge
scal e. product which is suitable for intravenous administration to humans.
10
BACKGROUND OF THE INVENTION
Immunoglobulins derived from human plasma are used in the treatment of a
number of clinical conditions such as primary agammaglobulinaemia, ITP and
Kawasaki Syndrome. There is a growing demand for the product as an increasing
15 number of studies are finding that it has application in many other autoimmune
conditions. At present, immunoglobulins are purified from plasma by the Cohn
fractionation procedure which separates plasma proteins by differential precipitation

with ethanol. (Cohn et al., 1946).

20 The Cohn fractionation process has a number of disadvantages:
1. it is not amenable to automation;
2. it utilises a potentially hazardous chemical, ethanol, which impacts on plant
design;
25 3. it exposes the immunoglobulins to harsh conditions which may affect the

function of antibodies; and

4. the yield of immunoglobulins is relatively low (~40%).

Therefore, there is a need for an efficient process for the recovery of

30 immunoglobulins (igC) at large scale.
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nunber of chromatographi c processes for the production of pure 1gG for

i ntravenous adm ni strati on have been described. Initially, ion-exchange

resi ns suchw@8Hs68OEAE- Sephadex were enpl oyed | argel y for PCEAET00438"

pur poses such as the renoval of aggregates from Cohn fractionation
derived product (Bjorling, 1972; Hoppe et al. 5 1973). However, integrated
chr omat ogr aphi ¢ processes for the recov-@y of 1gG from pl asma were
subsequent |y described. Condi e described a chronmatographi c process

yi el ding 1gG which was safe for injection (Condie, 1979; Condie 1980). One

of the nej or i s/sueﬁnbéh@ftchmstegrabaxchﬁo@eiwsdaﬁmd praductibe opplrengG dor
fouling of resins by popr ot el ns present In this process,

fumed col | oi d@tragenq%ad'(nnesfttaslpn)hambeqod%ehecl dﬂ F é'ﬁbv@iﬂ%bsw&m s¢
pl asma pri or b?{\gggpﬂaw W%‘{%B@:gé& \drk t(f)(#ro'eﬁeég%gu pur po@%¥ﬁﬁs ME' rémoval of

treatnment resu In a nar crea ass ‘under
chosen condi t agpnegateEHiomn Gbhme fractiocation dersvezli mbduct!mB]odmgl, 3972; |h1npm| dtyl

11 on was &1 1 eHowsVer, MARAY PG SRR BIPCPsseh st Vi ferQure of Qe
processing of |'a%gevet9@waa@®eﬂtl aésdrmaunmhei@taels&.tféatmﬁoma{o@rdpﬁlc probds

subsequent |on exchange chromat ography step was carried out using a

QAE- Sephadex weldmmlg@twbiahwas safietfor mmwau&@%éﬁiﬂe Gontliect980). @neaftheoni c
strength of 6.15 nS. t,h LQns ant d t hat
there woul d bE2NdRE 38‘ 'ﬁ?f'ﬁg%w Bséfgewﬁs ﬁh \A%Sgﬁl ééﬂll'n%()éar%ﬁ?hg resin

| eadi ng t Olip&stoRntt préseAv@rplasma) 1P EHi$ proxces) iurﬁéﬁl&fdﬂoi&ﬂhﬂcé)(a\drm;?ﬁ&s of

| gG3 and IgG4 whi ch have 20 a rel atively anodal, charge rel t|ve to ] gGlL and
| g&@. In ad8i vsediio remave ironspteimirem alasgia prior i Heshipmatogiaphis fiacienalioer

buffer s equi fgilelé: hRy e%pg.ﬁh unw%mﬂedgaéc?ea\s@m G3 suBLIH JridePiid v add
to costs. jorlin a

as resent procedur e or I sol ation of
gamma gl obul i chdsen co@ditides. Tbmaltetedctubehassrd:kmbum s xlihizalfeundesvalsie dgaaphy on

CM Sepharose CL6B E- Sephar,0o B (Botlin 1985).
However, in b%%“?ﬂ@gﬁﬁ&%'seafﬁﬂﬁ EE'@W remov '@ﬁ%ﬁﬂ&%@@{)oﬁ@e&&ri ed z)ut at
or near pH 7. GentiiigationwHicH iPRotEMEableXdItRe pittessing sfdage bleHeasfove. The use

of a cation-exchange step under caonditions where 1gG.is bound woul d
require t helsuyemynos{eb-é"twr%mmaa i Fhegibeaquenicdnasyehange chromatogiardly step

under condi t | gag cHhgASuPil § EIXESURBALCoiBRAE i BWiniRHAEolehdht Bl

at an ionic strength of 6.15 mS. Under these conditions, it would be anticipated that
there would be increased interaction between immunoglobulin and the resin leading
to reduced recovery. In particular, there would be losses of 1gG3 and 1gG4 which have
20 a relatively anodal charge relative to tgG1 and 1gG2. In addition, the use of imidazole-
containing buffers or other buffers required to perform the process at pH 7 would

significantly add to costs.

Bjorling has presented a procedure for isolation of gamma globulin from
25 defibrinated serum by ion-exchange chromatography on CM-Sepharose CL6B followed
by DEAE-Sepharose CL6B (Bjorling, 1985). However, in both these cases the anion-
exchange step is carried out at or near pH 7.0, which would be undesirable, as
described above. The use of a cation-exchange step under conditions where IgG is
bound would require the use of more cycles than if anion-exchange resin was used

30 under conditions where only contaminating proteins are bound. The binding of IgG
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use of cation-exchange chronmat ography would also result in greater |oss of
material than with the use of ani on-exchange chromatography_under

condi ti ons wh¥WP&8/0568¢ ont ani nating proteins are retained andPFHAUNPOSBuUI i ns
are unbound. 5 Ani on- exchange chromat ography has al so been
performed on DEAE-Trisacryl at pH 8.4 (Tousch et al 1989). Under these
conditions it would not be applicable to-dse pl asma or plasma fractions
such as Cohn Supernatant 1 (SNI) as all proteins would “bind thus
limting the effective capacity and through-put. Therefore parti al
purification witlythealse of cationiexabarigerchveraatpgrapiawbyldaisc iesulbin greateeloss of

| bumi n. Under ¢t 0 t hi di ti th | d_be..bi ndi
o 100 o the raene than G BT e RidnrexE R e Ratb e ey Vit danSghiheS
of protein and @pmEMiANiMSstoRIH-#¢ AR%fined afti FAmuMEbbSIMs are unbound.  Fri esen

and co-workers described a process for the purification of 15
i mmunogl obulin (IVIG using anion exchange at | ower pH values. Thus, plasm

oit , ‘ g _
DA S B oty ARGt heOaoEaRRO RGO BEo bedtEpdHoniibl P DEA R oY
1985; Friesen, pH 8u9FayschEnel TIBAE-hajen thess eondit omdbAkobidnet| besipplisable teuse

however carried out in 70 mM and, 20 mM acetate re ctively, and at  pH
5.2 and 6.0. | Plasma onRjaMafraignssush a5, CeoB pUBRMARPE] ,'3‘! H’é§§ P%‘BFPF‘ér"%O not

represent opti rehg GREGMitiRE heldfective &Eg& GhRRBhpub HhifeksilpaRial Blrification
i mmunogl obul i n. Bergl of a o-wor kers | ater incorporated Fast
Fl ow Sephar ose kyuppur fractionatidnewas initiajy pedersned toiramove albyminy r these

ToBs) . T o N sRiugaBie 8o woHd RN FabE of i B, 3 ol "

than optimal canbst ikélgireswit idreduted Pscoveyof protein and compréized slib-plagicess
i nvol ving i on-edxcthgntge chr omat ography for purifying an
istribution.

Friesen and co-workers described a process for the purification of
15 immunoglobulin {IVIG) using anion exchange at lower pH values. Thus, plasma
cryoprecipitate was applied onto DEAE-Sepharose CL6B at pH 5.2, followed by DEAE-
Biogel at pH 6.5 or DEAE-Sephadex A-50 at pH 7.5. {Friesen et al. 1985; Friesen,
1982}). The DEAE-Sepharose and DEAE-Biogel steps were however carried out in 70
mM and 20 mM acetate respectively, and at pH 5.2 and 6.0. In the light of data
20 presented herein, these buffers do not represent optimal conditions for

chromatographic purification of immunoglobulin.

Berglof and co-workers later incorporated Fast Flow Sepharose supports in their
process, using the sequence DEAE-Sepharose-FF, Q-Sepharose FF, CM-Sepharose FF
25 (Berglof and Eriksson 1989). This process has low capacity capabilities reflecting the

less than optimal configuration of the process.

Another process involving ion-exchange chromatography for purifying an
immune serum globulin fraction from crude plasma (Samo, 1991) employs cation
30 exchange on CM-Sepharose FF at pH 5-6, followed by anion exchange on DEAE-



| mmune:serum gl obulin fraction fromcrude plasma (Sano, 1991) enpl oys
tation 30 exchange on CM Sepharose FF at pH 5-6, foll owed by ani on exchange
on DEAE- WD 98/ 05686

PCT/ AU97/ 00498 -4- Sephar ose
FF at pH 7.9Wo88/8568¢'The process however requires an initi al POEAU00498

sol vent/detergent clean-up step of the Cohn fraction | + 1li + Ill starting
mat eri al . Furthernore, it would be expected that the high pHin the

ani on- exchange step woul d result in.josses of 1gG through adsorption to
the resin. 5 The processes descri bed above therefore incorporate
many undesirabl e features. These include the follow ng: a. Cohn
fractionati oBeparbSerF dtHHPOL8. Of THe![6€esh hOwERH @8quifes A MMEAL FEGLbUN n from
10 I mmunogl obul ins. This prevents the devel opnent of an integrated
conpl etely solvent/detergent siranouprsigrhefdhe Cebe dractiomle+ gt exdli piattingiraterd!. t he

I mmunogl obul i | : | I

resul t i n gr EarhbArt dPpuld be expectdthi? 1Bk ol FRGE GRBLAAMEE SeB' Gkl
avoi ds the neesilttin |dssasofaghnieough adgoyption to the resinl unogl obul i n enri chnment

step. 15 b. The use of cation-exchange chromatography invol ving
condi ti ons %hi ch pronot e bi ndi ng of i mmnoglobulins would limt
t he through-put o ; d that
|96 rocovery woul 4B rgece depcriel A6 Rerclore WRUOLAL Fipr} SrBURREIET

depl eti on of featunesoGheseundludesthefollawisgs whi ch coul d 20 limt the
clinical acceptance of the product. C. Wher e ani on- exchange
chromat ogr aphy has been used, conditions of pH have been chosen

whi ch have | gd t oCoHRadtidhatiBR iise8n mostSf tHese prodesBNE s@fardtB AIRIAABRHES 1S
there recognition that the degree of |oadin he resin can

af fect thelQgM coimewnogipbelins. ribisaweyents ﬁbp@guglgp;eatrpfimﬂotegmd completely
chromatographic process. The precipitation of the immunoglobulin fraction
followed by resuspension would also result in greater loss of 1IgG when
compared to a process which avoids the need to have a preliminary
immunoglobulin enrichment step.

15
b. The use of cation-exchange chromatography ini'olving conditions which

promote binding of immunoglobulins would limit the through-put of the
process. It would also be expected that igG recovery would be reduced and
there could be selective depletion of immunoglobulin sub-classes which could

20 limit the clinical acceptance of the product.

C. Where anion-exchange chromatography has been used, conditions of pH have
been chosen which have led to sub-class depletion.

25 d. in none of the processes is there recognition that the degree of loading of the
resin can affect the IgM content of the recovered product - an important

parameter in defining the clinical usefulness of the final product.



paranmeter in defining the clinical useful ness of the final product.
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Processes exi st where plasnma has been used directly as the [

material for WO9M0S68 £ 5ctjonation, however this is undesi?‘é@f@%g?s

| i poprotein content can pronote col um fouling. f None of
t he processes have recogni sed the advantage of macro-porous resins 5

for the production of purified inmunogl obfiFins. In the work

| eading to the present invention, it has been found that chr omat ogr aphi c
processes for the purification of immunoglobulins from plasm

and .ot her
i mrunogl obul i necont Bfogksses existavhese plasma hpsbesihused stirest)y astae startipg material %,—
macr o- porous 10 ani gn-exchan [ esi 1 n L&l on, s .t |
mat eri al contains Iﬁﬁ%ﬁn&{a ’g@?”evgr tﬁﬁe's 5'&%4 |%|§t ?so“ ?%g'gs%&e%gg‘# g@gbm%e
enhanced by i ntrodugélogndoiligi r eat ment step wherein |ipoproteins are
renoved by adsorption prior to application of the starting material onto
t he chromat ogr gphy col unm

: 15 SUMVARY O:.Té:AE II\I\/EI\I‘I’IO\If .
Accordingly, the prBoBRET fheEAcestHs Nave (reqauised theadantess of MRCrBRPIYs L& 7%n
or recovery of i giRosloaietidn st durifiedl rhaRRBglobulsher
i mmunogl obul i n- cont ai ni ng material; which conprises the step of: 20

subj ecting the plasma or other inmunogl obulin-containing material - to

Cecover an | mmunog BHTEVEk SRERTE 3 AF Bt B infrh s SR TeuFnke ! 1 (1

the starting nehimabgrashipprsoassed for Aidpirifidation of invbuhoglolauditis dlom plgsraa and
mat eri al which contains |jpoproteins, the Qiet hod of theﬁ'bnvent'on

preferably i ncIQﬂ@ﬁéé‘“munﬁglﬁ ehin-eentaipie raaterialasen Be ANanced Py use AL BRETRATBY
by adsor pti ofy RhidAexcRardigdfesin. In addition, where the starting material contains lipoproteins,

the purification processes can also be enhanced by introducing a pretreatment step
wherein lipoproteins are removed by adsorption prior to application of the starting

material onto the chromatography column.

15 SUMMARY OF THE INVENTION
Accordingly, the present invention provides a method for the purification or
recovery of immunoglobulins from plasma or other immunoglobulin-containing

material, which comprises the step of:

20 subjecting the plasma or other immunoglobulin-containing material to
chromatographic fractionation on a macro-porous anion-exchange resin to

recover an immunoglobulin-containing fraction therefrom.

Where the starting material is plasma or other immunoglobulin-containing
25 material which contains lipoproteins, the method of the invention preferably includes
a pretreatment step wherein lipoproteins are removed by adsorption prior to the

chromatographic fractionation step.



chr omat ogr aphi ¢ fractionation step. WD 98/ 05686

+PCT/ AU97/ 00498 -6 -

Optionally, and preferably, viral inactivation of the recovered product is
effected, for exanple by subjecting the i mmunogl obulin-containing fraction
to past ewoios/eds8ON. 5 DETAI LED DESCRI PTI ON OF THE | NVENITAUIU00498
Particularly preferred starting materials for use in the nethod of the

pr esent i nvention are plasm, or plasma fractions obtained by the Cohn
fractionation process, such as Cohn-&upernatant | (fibrinogen depleted
pl asma) or solubilised and clarified Fraction Il + 111. 10

Where the starting material is plasma or other immunogl obulin-containing
mat eri al contai ni pghtibhMBR bR pelsrablyLidifal atacBvaRnNs teaiecdyverbd prdduppisr ot ei ns
are preferabl renoved fromthe starting material by adsorption under
appropri ate @%ﬁ@ed,if@wwle by subjecting theimmenaglobyn-rentainigg f Byl obul i n
or of specifi éstéﬁWs'a%ﬁsses thereof. A 15 particularly preferred adsorbent
material for PA¥&"iA accordance with the pr esent invention is a finely
di vided silicon dioxide (silica) adsorbent such as Aerosil, for exanpl e
having a particle size in the ranie of fro 13_50 nm Whil st the use of
Aer osi | SOHIANED BESCREAIQN QL HQ(!J@MF'H@E? can result in the |oss of

i mmunogl obul i n or : b s httf fesaritni C
strength have beeﬁg%lgg%??ﬁéef%’rﬁnﬁtiﬁpgmxi m@gggg@gg@gf@;&f&d SFe B

Removal of | iipaption ereyslasma,ar plascarftetionstabtained by theecohmiractiosatipreeresess,

St ar i ng. mat PP o s el TPiogen soP ehes Bt o Bhib e a7 BBt 01 '

adsor bed |i pgpic@bRiINSG11.25 The choice of the appropriate grade of
Aerosil allows the use of filtration in preference to centrifugation
for the retbvery of delipidated material and renders the process

amenabl e for |arggyg&alse ﬁ?r%k iddri is J1RnR S Sth@imbdifogibiRiliRlcof@imag | 1 0
material containing lipoproteins, such as Supernatant |, the lipoproteins are preferably
removed from the starting material by adsorption under appropriate conditions to
avoid or minimise the loss of immunoglobulin or of specific sub-classes thereof. A

15 particularly preferred adsorbent material for use in accordance with the present
invention is a finely divided silicon dioxide (silica) adsorbent such as Aerosil, for
example having a particle size in the range of from 5-50 nm. Whilst the use of Aerosil
or other divided silica adsorbent can result in the loss of immunoglobulin or of specific
subclasses, conditions pH and of ionic strength have been identified which maximise

20 recovery.

Removal of lipoproteins in accordance with this aspect of the present invention
prior to chromatographic fractionation of the plasma or other starting material prevents
column fouling due to the accumulation of adsorbed lipoproteins.

25

The choice of the appropriate grade of Aerosil allows the use of filtration in
preference to centrifugation for the recovery of delipidated material and renders the
process amenable for large scale application. In addition, the use of Aerosil in

combination with a filter aid such as Diacel, assists in the recovery of delipidated



conbination with a filter aid such as Diacel, assists in the recovery of
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material by filtration. This greatly facilitates the application of tshe
met hod to t heWO9B¥8¢essing of |arge vol umes of material. FPCTAUS70498
accordance with a further preferred feature of the present invention, the
5 chromat ographic fractionation of the delipidated material prepared as
descri bed above may conprise the furthdr steps of:

fractionation of the delipidated material by ani on-exchange chromatography
to produce a first inmmunogl obulin-containing fraction;

[ and 10
purification ofmatadalibiyfitratiommThisggrestin fecilitases the applicatipn of themesfoditastie ond
ani on- exchan hr 0 .G Step using a macro- porous
ani on- exchange R qsﬁf‘goggrg% VotiiRes n'ﬁgg'é%idance wi th this chromatographic
fractionation procedure, the 15 delipidated starting material is firstly

fracti onated by ani on-exchange chro togr?phy under conditions of pH and
i oni ¢ strength whi ch geaeedance “ﬁthr?af”'?‘ﬁﬁ'l preferedifeatyrg of thepresent HIVPBF'P%*P{h i s
anmenabl e furt hEdaRiRt-le QR aniens ?d'ﬁgé‘d ;

Pref erably, tﬂgtrhcrfge}ﬁ %tgéﬂggﬁgé&%%rn?glo‘?&eea}?@ | te?gtgﬁggﬁggagj@ﬂéfg%&%%d Abbve
eugl obul in dep} edrepriserthefurther §tepscaft onat i on by ani on- exchange

chr omat ogr aphy usi ng DEAE- Sephar ose FF under conditions of |oading, pH
and ionic strength which maxi m se the purity of inmmnogl obulin (crude

1 gG obtained at thigcddriBion thHéQfe}libfd&ieﬂr mate SIS aniocBBahgOcHioRafigFphly e

maxi mal separation of transferrin fromimunogl obulins even 25 though the

physi co- cheni cal pr opeduce adirgfimmuneglobulingortaining fjadiepr 88¢ nat e t hose of

I mmunogl obul ZQS The generation of a relatively pure imunogl obulin
preparation this step is inportant to the overall process as it
facilitates the subseefientonusehefirseimmunoglobulin-containing fraction by a second anion-

exchange chromatographic step using a macro-porous anion-exchange resin.

In accordance with this chromatographic fractionation procedure, the
15 delipidated starting material is firstly fractionated by anion-exchange chromatography
under conditions of pH and ionic strength which generate a partially purified
preparation which is amenable further purification by anion-exchange

chromatography.

20 Preferably, the delipidated material is diafiltered, pH adjusted and euglobulin
depleted prior to fractionation by anion-exchange chromatography using DEAE-
Sepharose FF under conditions of loading, pH and ionic strength which maximise the
purity of immunoglobulin (crude 1gG) obtained at this step. In particular, these
conditions ensure the maximal separation of transferrin from immunoglobulins even

25 though the physico-chemical properties of transferrin closely approximate those of
immunoglobulins. The generation of a relatively pure immunoglobulin preparation at
this step is important to the overall process as it facilitates the subsequent use of a
second anion-exchange step to generate the pure final product under conditions of pH
which ensure that the loading capacity of the resin is adequate for a practical

30 commercial process and that sub-class recovery is appropriate.



second:+ ani on- exchange step to generate the pure final product under

tondi ti ons of pH whi ch ensure that the |oading capacity of the resin is
adequate for a practical 30 comrercial process and that sub-class recovery
IS appropriate. WO 98/ 05686
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The second ani on-exchange chromat ographic step conprises purification of

t he i mmunogl obul i n-contai ning fraction with nacro-porous ani on-exchange
resins under condi ti ons of | oading, -i8oenic strength and pH which generate
a highly purified product wi th intact sub-class distribution, |ow IgA
and 1 gM concentration and anti-A and anti-B 5 levels within accepted

phar macopoei di al  [Theistcondlamtoraesahbegs ctHrbmamgra@hic step compnses purification of the

|nnunoglobulln cont |n|n fraction significantly depleted, of contam nating
oroteins. . IMEREQRiPRen R FRRtioR Vit HAGEMROMOYS PiomEYRDRE (o Ungs
Furthernore, <pRficht8NRaling, nonfc%‘fr'eH%th%B pwwh;&cgm@w ¥ highly 5&:7%%&5@
total |oading and protein concentration of | oaded sol uti'on have been

i dentified whivithirsact auteclasqdlaubumm, lwweem lgvhcongentratioreandiantbA endantidl | y
accept abl e

t th th
por e si zngSYe g}“’é‘Bt ea(ra‘:%lF?fﬁﬁ pll’ﬁ&? OF%} tf\mn@? r O‘ﬁ?’@%ﬁl&@{{'ﬁ:sz\rMep Qa
Poros HQ Q imrfiitioldh-coftaitigg fiadtRm s'i%hlf%éhﬂ?hiéplétehlcﬂhoﬁﬂﬁﬁﬁﬂhlg\@ot‘éﬁ@ac| ty

for contam nating prot ei ns (especi al transferrin). Qh
non- macr o- porlmp@rtrcelbarh@néﬁfﬁmbrqn P@\ﬂé‘ﬁ approa ehha@rticals Fumhermongycondiyians obn t he

practicality r%gmtéﬂ% Ppir Qgﬁéﬁg(lﬁpqérﬁ Q%ﬁ?@?ﬁtal ll:é?ms andﬁrotemTéBﬁéentl‘d?loﬂ%?

aspect, the pres nvent1 on és a c
comerci al |y Ioadealsiition fave Ibleen ixbhtnﬁedmbfohl ensmmamgd:ttdahbnmesrtbmgeabnama af rom

pl asma or pernatant | (fibrinogen depl.et dpla It has
Deon T ecootD SRRt ACERAITHLS Bieich SECURee thpts dl A4 BOORR RSNt BP & o
chromat ogr aphyife bf téaﬂaﬁh@cﬁbABuemma%.mésmtmsabw@lac_fzqvarbm '4% to the
accurul ati on of adsorbed oproteins. This is preferably achieved by t

use of a f lviegryDM) mmfarrgd tq ar&twegdvsemsormwsfcep@mmfommtarglratlpart i cI e

360 The use WPieigh EbepRlly rakAp). OURFRbh A bskoli bt e T 07 o1

specific s uchtamaexﬁSs whizhensy impaeneh tHeqmractichlity@fitlee chrosatogrepihic pravessbeen
I dentified which maxi m se recovery. Furthernore, conditions have been
i denti fiedhich allow the process to incorporate filtration to recover

del i pi dat ed Thus, in one aspect, the present invention provides a chromatographic process

for commercially recovering a clinically useful immunoglobulin preparation from

plasma or Supernatant ! (fibrinogen depleted plasma).

20 it has been recognised that delipidation of these materials is required prior to
chromatographic fractionation in order to prevent column fouling due to the
accumulation of adsorbed lipoproteins. This is preferably achieved by the use of a
finely divided silica adsorbent, preferably having a particle size of 5-50 nm, such as
Aerosil, particularly Aerosil 200 or Aerosil 380. The use of Aerosil can result in the

25 loss of immunoglobulin or of specific sub-classes, however, conditions of ionic
strength have been identified which maximise recovery. Furthermore, conditions have
been identified which allow the process to incorporate filtration to recover delipidated
immunoglobulin-containing material which makes the process amenable to large-scale
application. Preferably, the delipidation step is performed at a pH in the range 5.2-7.2

30 and at a conductivity of between 6 and 12 mS/cm. The delipidation is preferably



I mmunogl obul i n-contai ning material which nmakes the process anenable to

targe-scal e application. Preferably, the delipidation step is perforned
at a pHin the range 5.2-7.2 30 and at a conductivity of between 6 and 12
nS/cm The delipidation is preferably WO 98/ 05686

PCT/ AUD7/ 0040 385686 - SCTAUSTI008%, 1 i ed

out using Aerosil 380 adsorbent. Preferably also, a filter aid such as

Di acel is used in combination with the Aerosil adsorbent. As
previ ously described, the delipidated nat &ri al may be diafiltered, pH 5
adj usted and eugl obulin depleted prior to fractionati on by ani on-exchange

chromat ography (for exanpl e on DEAE- Sephar ose FF?. Condj tions of | oadi pg pH
and i oni ¢ stoaBiegtavt 5N AseasH 38@adsorpertd Rrgfewaklynalsa, @ifdier aidsuphps PYacst is

i mmunogl obul i n used {nc&gg lgét%ﬁ)%ﬂm,@ Q&gsiﬂ#m&t.ﬁ ep. The generation of a

relatively pure T mmuno préeparation at this step is integral to
the process as it facilitates the subsequent use of a 10 second

ani on-exchange step to generate the pure fipal product upder .conditjons of
pH whi ch ensures AFPP&%"_'?‘F?B’ ‘B%ﬁﬂb%"&%&@i‘ ajechaterial may ﬁd_faé'?téﬁgqﬂ'é'te f or
Prof or bl y, 13 oTp e anceltpilin GePRI Rt RS gondl T by BBk BT .
material is ef fosearaatognapby (b dxaSpidham DEAESEPharbsentF). Conditipks &f IRading phi ansd

conductivity of, 0.5-1. /cm 15 .. . The .i nogl obul i n prepag.ation
gener at ed 11 oG srriedh ey Bienddentiisg e peimir G BSE S U e g
purification bychdssaHobdIhelahths sepC ok g@ﬁérﬁﬁor@iiﬁzh@?ﬂﬂe%&ﬂhmun@%lobulin
macr o- por ous ani on-exchange resin. [t has been found that the use o

macroporous  PrepArstiongtitifs step by iategral do Bie nipesss ay it fagilitates wsubsasmnigsen{@r o

Prep HQ Mac il . '

6. 0.6 6 prolier iy iokiahal Rebtd oo e prbt (MR isherFonBiloR of pH
for cont ag} nalt iwlgclpemsu;eésﬂtb?t the headingatapacity of e resinois adquuase;ﬁona p_eadtiic?iinrocesls
PR SR CRRRE A X E NS T e R
capacity for copligdafat é@oﬂflﬁ%p‘l@ted’ﬁﬁ&?iﬁi isleffettBs ohAIEAE-SEPHARGE ¢P biun
preparation 25 derived fromthe initial fraction by ani on-exchange

chr omat ogr aphy.at pH 32 @nil t & aendugtivity off G&dr0 pSicm.here i s a progressive

depl etion of fubcl ass lgderr]. It has also been found t hat the anpunt
of crude IgG1 oaded onto the second ani on-exchange col umm determ nes the

| gM content of the flheaahmuhegiobulin frepaRpo® pénarited frowethedirstlaaRm-axghirae step

is subjected to final purification by passage through a second anion-exchange column
of macro-porous anion-exchange resin. It has been found that the use of macroporous
resins with a pore size of greater than 1000A (such as Macro Prep HQ, Macro Prep Q,

20 Porous HQ, Q Hyper DM, Hyper D HQ) at pH of 6.0-6.6, preferably about 6.5,
provides adequate adsorptive capacity for contaminating proteins. Other non-
macroporous resins exhibit unacceptably low capacity for contaminating proteins. At
significantly less than pH 6.2, even macroporous resins exhibit a diminished binding
capacity for contaminating proteins present in the crude immunoglobulin preparation

25 derived from the initial fraction by anion-exchange chromatography. At significantly
higher pH, there is a progressive depletion of subclass IgG,. It has also been found
that the amount of crude IgG loaded onto the second anion-exchange column
determines the IgM content of the final product. An appropriate level of loading has
therefore been identified to minimise igM flow-through. Conditions of temperature and

30 concentration of the crude IgG solution at which loading is performed, have also been



t herefiore been identified to mnimse IgMflowthrough. Conditions of
st enperature and 30 concentration of the crude I1gG solution at which | oading

is perforned, have al so been WO 98/ 05686

PCT/ AU97/ 00498 - 10-

i denti fi ed wo9sssisni se the capacity of the resin for trankGaVy8049he maj or
cont am nati ng protein in the crude 1gG preparation. Preferably, in
purification of imunoglobulin fromthe crude 1gG preparation, the
macro-porous resin is equilibrated in-d0Ffer of pH 6.0-6.6 and

conductivity 0.7-1.5 nS/cm In this purification step, the crude 1gG 5
preparation is preferably also adjusted to pH 6.0 to 6.6 and conductivity
mai nt ai ned  dehgfisLRMEkirmistbe tafacipot the resis faTtebkferrd-the majbecqmtarninateg i on
I s undertaken at a tenperature between and 20, eryc usi n E’b [iotei n i
concent r at i oBroggin insthe aryde8Sergparation. %’ﬁf %rig REFIRRNON Qf ABHTO8 g Bde 19G

preparation ok, tﬁégﬁﬁg'h%@ p?ﬁfeé ionOt El:fro-pohe RUsFeGh 1§ é?ﬁl'ihﬂ?bterm b &FdrIbf pil0

| n anot her aspec ntlon ere t starting material is
resol ubi | i sed.0-6.6 Bnd.conductivity 6.7-1.5 mS/crot i this purificatjpo istep; thesoidedghi ng

material which is alread | I Ot e rtiall urified,
the materi al Pfeé’a?ﬂﬂbl'ip@é&}h% 'éga 'b’StIe ﬁ%PE' %S‘Ejgdﬁﬁ'@dﬁq‘)@f{%‘i}‘ydﬁﬁ?w‘*
through the BQMé@noo;faﬁmeqngeﬁptmeembﬂnawqh@pg@ndaaahn.c, @fdeHakdaiesar i bed
above. Preferably, the final purified G pr oduct I s subj_ect ed

to viral inatempemtiterbetween 4 and 287G usinga preseie epnesntration of lessibapabenicy a
orot i n conc M TLEILN P FfhEdl upf g raparsiof REF&ReRling a0 BT u‘?tesa

of the pr eseppotmn\p@ﬁtmm"f régie nore fully described in the fol |l owi ng
Exanpl e(s) . IS to be understood, however, that this detail ed description
S |nc1QJded solely for the purposes of exerrpl I fying the present
invention, and shp WRAHRKISH AR Rerk n@EtirifE Ynd&ri if RSdIbbifikdPn on
t he broad descri ptlor%tﬂ(}a?tas%eg Pﬁ@gntlor{ as 25 set ou%a bove. l In

t he acconpanyractjonitlawil ogsther immunoglobulin-containing material which is already
lipoprotein-depleted and partially purified, the material is simply subjected to final
purification by passage through the column of macro-porous anion-exchange resin as

15 described above.

Preferably, the final purified igG product is subjected to viral inactivation, for
example by pasteurisation of the product at 60°C for 10 hours, preferably in the
presence of a stabiliser, at a protein concentration of not more than 3%.

20

Further features of the present invention are more fully described in the
following Example(s). It is to be understood, however, that this detailed description is
included solely for the purposes of exemplifying the present invention, and should not
be understood in any way as a restriction on the broad description of the invention as

25 set out above.

in the accompanying drawings:

Figure 1 is a comparison of the filterability of Supernatant | by leaf-

30 filtration through beds composed of Diacel filter-aid and Aerosil 200 or Aerosil 380;



Figure'l I's a conparison of the filterability of Supernatant | by | eaf-
30 filtration through beds conposed of Diacel filter-aid and Aerosil 200 or
Aerosi| 380; WD 98/ 05686

PCT/ AU97/ 00498 - 11 -

Figure 2 i WO g8/0588hari son of |ipoprotein renoval capabil i t§F4YS1Rp498

Supernatant | of Aerosil 200 and Aerosil 380; Figure 3 shows
the flowrate of Supernatant | during leaf-filtration at 5 various ratios

of Aerosil 380 to Diacel filter-aid (arrows indicate the start of flushing
of the filter cake with 0.4% w v sodi um chl ori de); Figure 4

shows the effect of the ionic strength of the equilibration buffer on
the resol ution of t Figwseadrri nisRraompryen of lipsprateinpersewr capabikiyfehat ant |
t hrough 10 DEAE- S r i 4 t.h (a) 10mM sodi um acetate, pH
5.2 and (b) Zoﬁ{flpgm;gggl?ufrrg%gsgﬁ%{%de%n%%@g&#d' Figure 5 shows
the purity of recovered i mmunogl obul in assessed by capillary

el ectrophoresis followi ng fracti onatjon of pernatant, |. on E-.Sephar ose
15 FF equilibrated #guse 8a) 1 Sé%h?ﬁﬁrﬁﬁé‘f g’t‘%‘?’"?’f?‘“&."’é’"&ﬁ&ﬁﬁ”ﬁ'@ﬂﬁpsodi um
acetate, P! \RriBus ratios of Aerosil 380 BB filter-aidRoWS Ritfidall P GthrsfAfushidg of
foll ow ng | oadi ng o? cruge ?gé onto var i ous ani on-exchange resins

equi | i brat ed withéfizémddks edihui hoetvabdiunpéhléride)( Por os 20 HQ Macro-Prep Q

and Q Hyper DM are macro-porous resins; arrows indicate appear ance of
transferrin in flowthrough material);
Figure 4 shows the effect of the ionic strength of the equilibration buffer

on the resolution of transferrin from IgG following passage of Supernatant | through
10 DEAE-Sepharose FF equilibrated with (a) 10mM sodium acetate, pH 5.2 and (b} 20mM

sodium acetate, pH 5.2;

Figure 5 shows the purity of recovered immunoglobulin assessed by
capillary electrophoresis following fractionation of Supernatant | on DEAE-Sepharose
15 FF equilibrated with (a) 10mM sodium acetate, pH 5.2 and (b) 20mM sodium acetate,
pH 5.2;

Figure 6 shows flow-through profiles following loading of crude I1gG onto
various anion-exchange resins equilibrated with 20mM sodium acetate, pH 6.2 (Poros
20 HQ, Macro-Prep Q and Q Hyper DM are macro-porous resins; arrows indicate

appearance of transferrin in flow-through material);

Figure 7 shows the effect of temperature on transferrin drop-through
following the loading of crude IgG containing transferrin onto Macro-Prep HQ resin;
25
Figure 8 shows the effect of the protein concentration of the crude 1gG

preparation loaded onto Macro-Prep HQ on transferrin flow-through; and

Figure 9 shows the effect of the degree of loading of crude 1gG onto
30 Macro-Prep HQ on IgM flow-through.



Figure 7 shows the effect of tenperature on transferrin drop-through
«follow ng the | oading of crude 1gG containing transferrin onto Macro-Prep

HQ resin; 25 Figure 8 shows the effect of the protein
concentration of the crude 1gG preparation | oaded onto Macro-Prep HQ on
t ransf er ri nWI9885486r ough; and Figure 9 shoRETHERETWBact  of
the degree of |oading of crude 1gG onto 30 Macro-Prep HQ on | gM

fl owt hrough. WO 98/ 05686

PCT/ AU97/ 00498 -12- -12 -

EXAMPLE 1 The use of Aerosil for delipidation of

I mmunogl obul i n-contai ning materi al such as Cohn Supernatant | has been
i nvestigated as descri bed below. 5 EXAMPERDI e | illustrates the
ability of Aerosil 200 to adsorb Ii popr oteins from Super natant |.

Aerosil 200 was added to Supernat ant at various ratios of total

protein. After m X‘rﬂhgusg A%PostBH?éﬁ)lé’atnoﬂ[o?r&h@noﬁ%bhlﬁ“ SatedinguRaenatsast

was recovere y centrifugation he major |ipoprotelin conponent
of plasna, 10as Cohn Supkmudtarsd has beemintestigatedqudesdribad delawy nephel onetry or
|nnunoelectrophore5|s It can be seen that increasing amounts of
Aerosil res I n increased renoval of | i poproteins and t hat
removal is prgm)t ethblé 1 PH 5.ilustrbfis ﬂ@é)ﬁldliﬁ/tdf\hie?osdcﬁo{)ttbedsorb lipoproteins from
Supernatant | is 9.0 nS/cm 15 Tabl e 1: The Effect O  Aerosi

|
Concentration On Lbynesasantiln Areasd\280 was@gded to Supernatant | at var%@twgpgmtol _
Aerosi | Conc. protROARBPREARSR 30 HilBledlt 4oC, delipRAtdARBEALGWAS (mo/ L)

+
recovered by centrifugation. The major lipoprotein component of plasma,

10 Apolipoprotein A, was quantitated by nephelometry or immunoelectrophoresis.
It can be seen that increasing amounts of Aerosil result in increased removal of
lipoproteins and that removal is promoted at pH 5.2. The conductivity of the
Supernatant | is 9.0 mS/cm.

15 Table 1: The Effect Of Aerosil 200 Concentration On Lipoprotein Removal From
Supernatant |.
Aerosil Conc. Apolipoprotein A (mg/mL)* Apolipoprotein A (mg/mL)+
pH 7.2 pH 5.2 pH 7.2 pH 5.2
20 | No Aerosil 1.04 0.99 1.65 0.84
50 mg/g protein 0.90 0.67 - -
100 mg/g protein 0.64 0.30 - -
150 mg/g protein 0.42 0.25 0.7 0.09
200 mg/g protein 0.29 0.25 0.36 0.03
25 | 250 mg/g protein 0.25 0.25 0.085 0.02

Apolipoprotein A was measured by nephelometry * or by immunoelectrophoresis +

Under the conditions described above, exposure of Supernatant | to less than
30 200 mg Aerosil 200/g protein present in Supernatant | results in less than 5% loss of
immunoglobulins. At 250mg Aerosil/g protein an approximately 10% loss was
observed.



pH 7.2 pH 5.2 pH 7.2 pH 5.2 20 No Aerosil

1.04 0. 99 1.65 0.84 50 ng/ g protein
0.90 0. 67 - - 100 ng/ g protein

0. 64 0. - 150

0. 42 W"W’%g‘ 0.7 0. 09 %@ﬁ&@'ﬁﬁt ein
0. 29 0. 25 0. 36 0.03 25 250 ng/ g protein
0. 25 0. 25 0. 085 0.02 Apol i poprotein A

was neasured by nephel onetry * or by i mndel ectrophoresi s+

Under the conditions described above, exposure of Supernatant | to |ess
than 30 200 ng Aerosil 200/ g protein present in Supernatant | results in
| ess than 5% oss of i mmunogl obul ins. At 250ng Aerosil/g protein an

ng'FI)'; z)élgg?t)gg)gl 819 % | opgs sh RSk r%govery of lmmumlcﬁﬁ{!ﬂ?ﬁﬁ%évmg exposure, of

Table 2 shows 3upatnatade bioekerosif Zoonmrfomtmdefllmcfsmédguw ﬁ@p&ma)mﬂdwmsof
Super nat ant to Aergsil 200.is a func f ionic stre Super nat ant |
was (i al yaalvsec 3 ek p Bchigvi e cQuduathres indiace JolowBB Rl cat oq.

foll ow ng pH 55 0 i
5 d|| sgrg%h& %ﬁtg@gﬁtvﬁggﬁ ét‘fefc%‘@l%hﬁ@aﬂg?, 6?!‘})%#?50 and Diacel 150

clarification, Aerosi g protelin and
0.3g/g protein was adfcBg/grptain hncbOﬁygl-‘mbiebV\ﬁvagaddediragpectively. Followiog ntiging

i nutes, the mxt trif |
Tesured | n-the supdPhad Mty e S i R ek S oeiobuh SopiPiation
Conductivity and pH rﬁéhsh@G;RWmaﬁmkbw«eﬂw&aéw.ll

Treatment OF Supernatant 1.

10 Table2: The Effect Of Conductivity and pH on 1gG Recovery Following Aerosil

Treatment Of Supernatant |.

IgG (mg/mL)
pH { Cond.(m5/cm) Initial | After Clarification By | % After Aerosil 9,
Centrifugation Extraction

7.2 2.0 5.62 5.81 100 5.81 100

15 1.2 4.34 4.35 100 2.59 60
| 0.6 4.47 4.03 90 2.31 52

5.2 9.0 5.59 5.40 97 5.27 94

1.6 3.95 4.00 100 3.7 94

0.8 4.2 3.78 90 3.40 81

20
Losses of IgG increased markedly at lower ionic strengths. This was attenuated if the

Aerosi| extraction was performed at pH 5.2.

b Table 3 illustrates the effect of Aerosil 200 exposure on subclass
25 distribution. At levels greater than 200mg/g protein there is a marked effect on

1gG, content. There is no pH contribution to the effect of Aerosil on subclass

distribution.



1 gG (ng/ mL) pH Cond. (nS/ cm Initial After Carification By %

After Aerosil % Centrifugation
Extraction 7.2 9.0 5.62 5.81 100
5.81 100 15 1.2 4.34 4. 35

- 100 wQ 958636 60 0.6 4. 47 PCT/AUI740458
90 2.31 52 5.2 9.0 5.59 5.40
97 5.27 94 1.6 3.95 4. 00
100 3.7 94 -14- 0.8 4.21 3.78
90 3. 40 81 20 Losses of 1gG increased markedly at | ower
lonic strengths. This was attenuated if the Aerosil extraction was
performed at phkbie32.  The Bifect Of Kahisﬁ 280 Concentiatibu$biawing Bdrecteif@tt of
Aerosil 200 exposure on subcl ass di stribution. At levels greater
than 200mgy/ g protein th%’fpéfﬂaéa'ﬁ‘ﬁﬁpklgdz and 8k on lgd err]
content. There is no pH contribution te—t+he—effeet—of—~Aeroshl on subcl ass
di stribution. WD 98/ 05686 Subclass Distribution (%)

PCT/ AU97/ 00498 Aerosil Conc. pH 4 14 -

Tabl e 3: The Effectf O Aerosil 200 Concenration|fFollzowijng Extraction
o . . . IURelRRE ant | Atf PHEG(. 2] and.eo. 2. 5256
Subcl ass Distribution (% eTRSIT [Con
pH g6, [ 353 | | ok 5.2
No Aer osi | lgg err] g 60 £9 p5.6
lgd err] 35.5 34.1 igGy 3.9 3.6
lgd err] 6.0 J-5Bmg/g protein IgGy 4.3 55.2

I8Goy 36.3 35.7
18G5 5.5 5.4
18(34 38 3.7
100mg/g protein 18G4 54.9 55.1
1gG2 36.0 36.3
1gGy 5.2 5.0
18G4 39 3.6
200mg/g protein 18G4 55.6 56.9
1gGy 38.4 37.1
igG3 20 23
18G4 4.0 3.7
250mg/g protein 18G4 5.8 574
IgG, 39.0 38.0
18G3 1.0 0.9
1gGy 4.1 3.7
d. Figure 1 presents the results of a study examining the effect of Aerosil grade

on filterability of Supernatant I. Aerosil 200 or Aerosil 380 at 0.18g/g protein
together with Diacel 150 at 0.3g/g protein was added to 200 mL of Supernatant
I. Following mixing for 30 minutes at 4°C, the suspension was applied to a

5 laboratory scale leaf-filtration apparatus .

Flow was effected with compressed air to 2 bar. When filtrate clarity was

attained, flow-rate was monitored. The plot of the data shows that when Aerosil



| g err] 3.9 3.6 50ng/ g protein

I'gd err] 4.3 55. 2

lgd err] 36. 3 35.7

lgd err] 5.5 5.4

lgq err] WOPB@ESEss 3 7 100mg/ g pr ot BFffAUS7/00458

g err] 54.9 55.1

lgd err] 36.0 36. 3

lgd err] 5.2 5.0 -15-

lgd err] 3.9 3.6 200ngy/ g protein

lgd err] 55.6 56.9 _ i ]

| gd err] 38. 4 380 wagpsed complete filtration of the material was achieved by 21 minutes,
| 93 2.0 ng'ugerar il 200 onl roximatel 40° he material had ogeg%oug‘}‘[s@/
3.7 TR IhERES y 40% offhe m3 3 4
lgGerr] 39.0 thls'iﬁn@and ﬂow~rate had slowed down marked ly. Complete filtration was not
lgd err] 1.0 0.9 . .

lgg err] 4.1 achieved uptil 224 minutgs. Figure 1 presents the
results of a study examining the effect of Aerosil grade on
filterability of Supernatant |I. Aerosil 200 or Aerosil 380 at 0.18g/g
protein e. t ogetteaapaditytof Dieaditidreritftades 0DAGYSiGtoprmore lipepstes deth

to 200 nL of Supernatant . .. Fol.l.ow n Xi n or,

4C, the suspension V\él ARt Lyt 8xa<5"'neé ?erOs'lﬁ%?'%?@r‘ﬁ?rS 'xg‘ééﬁ"g’ SUpbitafie
leaf-filtration appaga. 1.2, 0.4, 0.6 and 0.8% (w/v) together Vit 2 s/ Dieel, dteriniNing
conpressed air to 2 bar. Wien filtrate clarity attained,

flowrate was nonit ofasc30 THBUSS Bt 43¢ th@ese}ﬁ?‘ﬁs WMGPW&!E%@W AeplirenroteinA

\é\g.l_?itg??gg 49 concentration in the supernatant was measured by immunoelectrophoresis.
Figure 2 shows that Aerosil 380 exhibited a greater capacity for lipoprotein
removal than Aerosil 200. Between 0.2 and 0.6% Aerosil there was a 30% to
64% improvement in delipidation respectively. At 0.8% Aerosil residual
lipoprotein is present after extraction with Aerosil 200 but none was detectable

15 with the use of Aerosil 380. These data indicate that equivalent delipidation to

Aerosi! 200 can be achieved with less Aerosil 380,

f. In order to further improve the flow-rate of Supernatant | through an
Aerosil 380/Diacel bed, the effect of different ratios on flow-rate were examined.
20 As Aerosil 380 exhibits a greater capacity for lipoproteins than Aerosil 200 less

can be used. This has the potential to enhance filterability.

Using the method above for deriving the data described in Figure 1,
Supernatant | was mixed with the following amounts of Aerosil and Diacel :
25 a. Aerosil 380 0.18g/g protein, Diacel 0.3g/g protein
b. Aerosil 380 0.09g/g protein, Diacel 0.3g/g protein
C. Aerosil 380 0.15g/g protein, Diacel 0.4g/g protein

Following passage of the supernatant the filter cake was flushed with

30 0.4%(w/v) Sodium Chloride. The flow rates achieved are detailed in Figure 3.



- 15 - 380 was used conplete filtration of the material was

achi eved by 21 m nutes. Wth Aerosil 200 only approximately 40%
of the material had flowed through by this time and fl owrate had
sl owed down nmarkedly. Conplete filtration was not achi eved until
224 i nut es WO $/05686¢, The capacity of the diffe®EAAUGY/OM8E of
Aerosil to renove |ipoproteins from Supernatant | was exam ned.
Aerosil 200 or 380 were m xed with Supernatant | at 0.1, 0.2,

0.4, 0.6 and 0.8% (wv) together with 1-1©@9w v) Diacel. After mixing

for 30 mnutes at 4[err]C, the sanples were centrifuged and Apol i poprotei nA
10 concentration in the supernatant was neasured by

i nunoel ect r ophor esi s. Fi gur EXAMPIER t hat Aerosil 380 exhibited
a greater capacity for rosil 200.

|.i popr ot ein. . renpval than
Between 0. 2 and 0 SAPREEER A YR aBloRyreegaing HadiorkY ANion:<Sckngn
in delipidati QhrdrRsBEaphy 8diNg DEAESeiardRr Fhds be6® irwé&tzgated as described below.
| i poprotein is present after extraction with Aerosil 200 but none was

detectable 15 with the use of Aerosil 380. These data indicate that

equi val ent i pi da{ ] L I i Ss
Aer osi | 380% 1% ."bgﬁe& 3 the us§ %f 18r'3@f§0t%§d+ G%%%%ﬁ%ﬁ%?é@%%ﬁ%\? ?gihg of
Super nat ant | Solfuri retare pH5.2 (1.7mS/ée) oRithe 380IUtloaasf|prixeths ihhike dbvethtough
different ratios . on flowrate were exaﬁgqi ned. 202% As. Aerosil 380
exhibits a gr dRClen regayered ?fof"tﬁ DEABSBPRAresefd qalunn xas sxaminedo | ess

can be used. This has the potential to enhance filterability.

Usi ng the met hod above for deriving the data described in Figure 1,
Supernatant | was W g@dnlicolumrhef fesin (Ml RE.armodnwas pdckéd vaish [DEadebepharosd. :

25 a. rosil 380,0.1 8g/g, protei i acel .0.39/ g, progein

b, ner osi 10 8H5% sy Riaben Wit Crclels oy iipidhief gl "kl depleted
Aerosi| 380 0.Supefiagan®1041€inS/crd) 6| Ioddét/ag aPflOwRatB of 60cmvhr with an amount
Fol | owi ng passage of the supernatant the filter cake was flushed with 30

0. 4% W v) Sodiegkivelenbici4feng oftpecteingirr 8 4f sing En exrerietigneofdeading, doe ealumngyase
?I;CT / AUO7/ O Ox\gg?ﬁﬁgo%%ﬁ equilibration buffer until absorption returned to base line. The study was
performed at room temperature.
15
Figure 4 illustrates that under low conductivity conditions the resolution of the
transferrin peak from immunoglobulin is increased. Analysis of the immunoglobulin peak
by capillary electrophoresis revealed a marked improvement in 1gG purity at low
conductivity due to improved resolution of transferrin (Figure 5).
20
EXAMPLE 3
Investigations into optimisation of the second anion-exchange chromatography

step for the purification of immunoglobulins are described below.

25 The experiments were performed at a column volume of 60ml. Loadings were
performed at 5mi/min. The protein concentration of the crude 1gG was 5.92mg/ml. I1gG

content was 76%.

a. Figure 6 illustrates that the resins Macro-Prep Q, Poros HQ and Q Hyper
30 DM designated as macro-porous, exhibit a flat drop-through profile reflecting only



- 16- = EXAMPLE 2

Ceneration of a crude i mmunogl obulin-containing fraction by ani on-exchange
chr omat ogr aphy usi ng DEAE- Sephar ose FF has been investigated as descri bed
bel ow. 5 The effect of the use of 10 nM Sodi um Acetate pH 5.2

(0. 8nB/cn) veVOSEOHB v Sodi um Acetate pH5.2 (1. 7nS/ cn) BRIAHE/00498
resolution of proteins in the flowthrough fraction recovered froma
DEAE- Sephar ose FF col unm was exam ned. A 60 nmL colum of resin
(12 x 2.5 cn) was packed with DEAE- Sephar-dde. 10 Fol | owi ng equilibration
Wi th acetate buffer, delipidated and eugl obulin depl eted Super natant 1

(1.2nS5/cm was | oaded at a flowrate of 60cnihr wth an anount )
equi val ent to 40ng ofmmeragidbulipdlovgthaughaest retergioncaf ighsferrion Viith theanthergesinhe
col um was washed_with equilibrati.qn ffer until tion.r r to
base |ine. The study®wad uqf)%kwg‘f%e%fc{%?f??f@nﬁcgﬁﬁ%%?‘ gfcggé%l@' afu"ﬁ%’tﬂ'rg gegﬁe

illustrates that undgradsentienaBowd thut dthibueibik {0 ieirauridgtobiuéia dlow-thesughf t he
transferrin peak frominmmunogl obulin is increased. Analysis of the
i mrunogl obul i n peak by capillary el ectrophoresis reveal ed a narked

i nprovenent in I gG puri ty“ ﬁ%oﬂe‘éwidentiﬁggmé?ﬂwie\ﬁinbyovgﬁ'5ertfc9’rn4-aﬂ£’é 8MRd n{a‘éﬁ%ﬁk}ﬁfg

of transferrin (Figure 5)
3 | nvest i gasinomveréomies the limitatians ofmonfmadreparenoredinaias euggestedh ap glee

chr omat ogr aphy ste or the Buri figation of | mTPno&‘l obul i ns, are f
described bel ow.  2%N Dempigreqliginn. ; The gquatipn idestifies,ihabigsig perfoppanpgeflects

volurme of 60n . Load}3asuiRfé from RFSilRpRck & {H& dtagn K84 E ki stationa
concentration of the cruée IgGrOV\%s 5.l92;nr§/ m .m%ﬂG cgon{ﬁg%t vaas 76% nary

a. Figure 6 i | | pase.atreresink af lovhponeszierdiffigiay is timr epinQnechanisn eiranster of

Hyper 30 DM desj gnat ed .as cro-paoraous,, exhibit. a flat. drop-thr h
profile refl elcot i ng O%cﬁ\?te. e]dms % & Sow pr%cess and can restIt in msuffciléler% mass t&n?félg In
macro-porous resins there is significant intraparticle flow and solute is efficiently

transferred to-the stationery phase by convective flow.

b. Further optimisation work was undertaken with Macro-Prep HQ to
15 examine the parameters which maximise the capability of the resin to remove

contaminating proteins and in particular transferrin from a crude 1gG preparation.

Flow-through experiments showed that for adequate retention of transferrin
to occur chromatography on Macro-Prep HQ should be undertaken at greater
20 than pH 6.0

A specific example is presented in Table 5 comparing the retention of transferrin
by Macro-Prep HQ at pH 6.2 and 6.5 and illustrates the pH effect on transferrin
adsorption. Resin was packed to 10m! in columns and equilibrated with 10mM Sodium

25 Acetate buffer at pH 6.2. Crude IgG adjusted to pH 6.2 and 6.5 at a concentration of

3.4mg/m! and containing 0.41mg/m| of transferrin was loaded at 3.5ml/min.
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i mmunogl obul in flowthrough and retention of transferrin. Wth the ot her
resins an earlier drop-through of transferrin occurred as

I ndi cat ed bwa9siosesher i ncrease I n adsor ption aFeTAUTIEHIB
attributable to i nmunogl obulin flowthrough. 5 It has been
identified that the inproved perfornmance of the nacro porous

resin overcones the limtations of non--ri@croporous resins as suggested by

t he van Denpter equation. The equation identifies that resin
performance reflects mass transfer from nobil e phase through the
stagnant phas®&able 5t:he sThat EffseaOf pH On Transfegiin &rop-Through Foliewilg Lardingosfea
size diffusion is the rraig ér&ghani smof transfer o 0 solute. This
is a slow process and ceN9¢ &85 Preppiatiop ontg Marierire transfer. In
macr o- por ous [est ' o ' Tl o Trhngterrin

effiCiently transf err epg—+o {hTD{'dtIUHCIy Tase b}l eovecty
f1ow. b. Volume of Crde 18Gier  ppt i ni salioh wor k whs under B&®En wit h
Macro-Prep HQ to 15 loadedml) examijpe the paraneters whi ch naxinise the

capability of{the resin to renovg Transferrin (mg/@ilf 2M hat | PEndidrd @ighdty andf i n

i S

(

particul ar trpnSTerTIM,FToma crude 190G PRgpar ation Ni

Fl ow-t hr ough gxperrments—showed—tHat—for fequateTgtentTomrof—transfefrin
to occur chro v Rrep—HOShou-d—be—pdertakel—at—greatpr 20
than pH 6.0 52 A specific exam'® js presented in 'thble 5

conparing tHe|retentioeo of transferrin .0185 Macro-Prep HQ awnilpH 6.2 aphd
6.5 and illusfrates thg, pH eftecf on trapsserrin adsorptiQn. Resin was

packed to 10n{—TTr—Totf UpTS anmd—eqgpitT bra[qj P10 Sodromm 4 Acetare]
1.

buffer at pH p—2—Grude—-go—adiusted—t-o—pH-b—2~aRrd—-p—b—at—a—econcent+at{ on
of 3. 4ny/ mM-and con®@ining 0 M1 ng/nd 9385t ransfetrin was Nhaded at
3.5m /mn.
15 c. The effect of temperature on the capacity of Macro-Prep HQ for transferrin
was examined. A 10 mL column of resin was packed with Macro-Prep HQ (1.6
x 5 cm) and equilibrated 10 mM Sodium Acetate pH 6.5. Crude 1gG containing
3.1mg/ml of transferrin was loaded at a flow rate of 3.5ml/min at 4°C and 15°C.
Transferrin concentrations in the drop-through fractions were determined by
20 immunoelectrophoresis.
Figure 7 shows that as the loading of the resin increases, a temperature effect
becomes evident, with an increased capacity for transferrin evident at 15°C.
25 d. Figure 8 shows the drop-through of transferrin is a function of the protein

concentration of the crude 1gG preparation loaded onto the resin. The data
shown was obtained by the procedure described above to examine the effect of
temperature. The protein concentration of the concentrated and dilute crude IgG
was 18 and 3 mg/mi respectively. The transferrin concentration in the

30 corresponding samples was 3.1 and 0.51 mg/ml.

Transferrin  was analysed in the drop-through fractions by

immunoelectrophoresis. Fractions from the loading of dilute material were
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The Effect OF pH On Transferin Drop-Through Foll ow ng Loadi ng of a

Crude 1gG Preparation onto Macro-Prep HQ
g‘f‘bﬁﬂﬂ‘ﬁﬁ“

Conc. of Tran Vol une of Crude 1gG Pc'ﬁﬁé’.gi‘m“s
pH6.5 5 | oaded(m) Transferrin
(mg/ mL) Transferrin (nmg/ ) 28

Ni | Ni | -19- 40 Ni |
Ni | 52 . 0185 Ni |
10 60 . 0185 il
77 concentrated £-10 fold, before analysis. it can Reseen that when cruJél Igg 45

. 0234 in dMute ¢ there is greater réention of transferrin by the resin when

. 0286 loaded in &H? ormiS e(r:e 1S greater reten 'The ef fect ofy tenperature

on the capacity of Maompadety Bquivalent feadinigsr with concentrated wiade dg@riThugl the
10 nL colum of resin s .packed wi.th, r o- Pr 1.6 . 5
and equilibrated 10 Hﬂﬂ%&ﬁﬂnﬂ%f"g% 'gﬁﬁ%."é‘??%?‘m?g f?aé'go%hst less,thag 1% f 1l

3.1mg/ m of transfer ghikfdhAs chRRABSIH préseht Pihé alulle WG SftérTbddihg oPé7 g 6f Erife
and 15[err]C Transferrin concentrations 1n the drop-through

fracti ons were deter igthéul of resdn in a dilute formmddowexer ophesy ewids 18G is loaded in a
Figure 7 shows th i esi n. 1.ACk ; e
of Fect pec SORERBIE SR 4,1 Fop Gt B Do REHT T i, SBAR o
transferrin evident abtmghbleThds€resultimditate thatfhetoreeBiration of loawde igGdoaded onto
drop-through of transferrin_is a function of the protei{R )
concentration of thetheMagoPeR 5B san HEnidrantlyaB4'eiigntiy affect thecapsfily ofdhg
shown was obt g ned byesgmr%,qsq&qH_re descri bed above to exam ne the effect
of tenperature. e protein concentration of the concentrated and
dilute crude 19gG was 18 and 3 ng/m respectively. The transferrin
(rzrgln%ent ration | ré.t hel-‘?ggre 9 alsd gﬁo%vss%padfop Qxeseﬁwlo?ﬁ\e%gre%'ojf Eo%ggwg%f éljude igG
onto Macro-Prep HQ on IgM drop-through. The crude 1gG was loaded in non-

concentrated form. It can be seen that if more than 53 mg of crude 1gG per mL

15 of resin are applied to Macro-Prep resin a significant increase in IgM flow-through
OCCLITS.
EXAMPLE 4
20 Chromatographic purification of IgG derived from Fraction Hi +1Il.

This example illustrates the capability of the chromatographic conditions
described to produce purified IgG from resolubilised Fraction Il +1ll. The resolubilisation
process may be carried out as follows. Starting material IgG enriched Fraction i +1li,

25 which is derived from human plasma using the Cohn method of plasma protein
fractionation, was solubilised at 0-4°C with buffers at a pH range of 4.0 to 8.4 and a
conductivity of 0.9 to 14.0 mS/cm. The buffers used may include 0.025M Tris-HCI
pH8.4 and 0.02M sodium acetate from pH4 to 5.2. The volume of buffer for

resolubilisation of Fraction 1l + it paste may range from 5-30ml/g of paste. The typical



Transferrin was analysed in the drop-through fractions by
i munoel ectrophoresis. Fractions fromthe | oading of dilute material were
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concent r at ed¥89805686| d, before analysis. It can be seen thBET/AE®N048ude | gG
IS | oaded in dilute form there is greater retention of
transferrin by the resin when conpared to equival ent | oadi ngs
with concentrated crude IgG Thus the -20- transferrin concentration
in the drop-through fractions is less than 1% of the 5 transferrin

concentration present in the crude 1gG after |oading of 67ng of crude

lgG /m of r esVialdsmtaitﬂihrbdjslbcfasnrdistribbﬂmefrIg@rdynived trden regritubidisddofrdettbn ih+ Hi
concentrated for Yo dr.op-through of transferrin is evident at a | oading
of 28y WW“'W @gé%results indi cate that the concentration of
crude 1gG | oaded onto the Macro-Prep resin can significantly can
significantly affect the capacity of the 10 resin for transferrin.

e. Figure 9 al so shows data for the effect of the degree of | oading
of crude 1gG onto Macro-Prep HQ on 1 gM drop-through. The crude

| gG was | oaded in non- concentrated form It can be seen that if
nore than 53 ng of crude 1gG per niL 15 of resin are applied to
Macro-Prep resin a significant increase in IgMflowthrough

occurs. EXAMPLE 4 20

Chr omat ogr aphi c purification of 1gG derived fromFraction Il + 111

This exanple illustrates the capability of the chromatographic conditions
described to produce purified IgGfromresolubilised Fraction Il + Il1l. The
resol ubilisation process may be carried out as follows. Starting
material 1gG enriched Fraction Il + 111, 25 which is derived from human

pl asma using the Cohn nethod of plasma protein fractionation, was
solubilised at 0-4[err]Cwith buffers at a pH range of 4.0 to 8.4 and a
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The table indicates that substantial yields of 1gG (60% are recovered with
maxi mal enrichnment using the buffer 0.02M sodi um acetate pH 5.2 in the

rati o of 10wW0984056825 ni /g of paste. At this pH a signifieanaugmmodsst of

non-1gG protein renai ned i nsol ubl e. Subcl ass anal ysi s studies
indicated that the distribution in resol2kilised 1gG 5 was conparable to
t hat of published plasma val ues. The sol ubilised Fraction I
+ 111 solution was clarified by passage through a Lochem filtration

apparatus foll ow ngdenealﬂeimditalm tiat Bulzstapitial Yieldsr afdgGelb0th) soé uedovared with
was further clarifi f||trat|ont 2[err e .
(11 porey . riiaxred eafins e 1o it i Sords FReldlt 4 fhecatio gf 10-

necessary as thg rlnI/EQW[%El@' NAE BHiS Y, aOEIE ,ﬁésﬂt%durﬁ%l non-IgGFﬂSr%fetm P8mbihed
11 was found to be ecronatograplcRE@rlflcatlon

of the recover woh@baambclassymlwggudees mdlcat%&wabthedepnbmjoom\ cesRat)lised 18Gm
(Phar maci a 26/ 20 b I repar ed and equili brated
with 0.02M ;ngl i a?@ggp}éeot Eﬁ%(’g%ﬂf‘ﬁ%‘ %fi‘)ﬁsg\aﬂva BTuti on (vol une 660m s,

total protein 6.29) was adj usted to pH 6.5 and diluted with PFWto a
conductivity value gqual to that of the eqU|I|brat|ng buffer (2.7n6/cm
The sol ution waBe salehilised Feacignt it Bugmutipne was e asifigd doxspewqerﬁ*vwahea s

(MI11lipore) an I r he
chr omat ogr ap hyqag@ggg?g&ngpcﬁa P?‘?us fgllggrﬁng tH{%d:ﬁé%r?‘cif Ijg%?%lc 3‘3‘3’%"8’? ngd:ﬁg:dg'sosn |Ive
pool ed fracti omes Gurthea sladfiedivefiltratidac tramsghdi s 2amidiliter Ovillidore)g Ghe use obBemisited
{D(él'r} Z&g?ogﬂgg tcgcri |p|c5n?e he solu%rgg \cv/nas Ingt rTecl?elssary7as the lipoprotein cozgent o? resolubqllﬁggE v

Recovery of | gGdcgbh AW INwRYEdd ©dd 18w, of Fraction Il + |11 purified by

For the chromatographic purification of the recovered resolubilised I1gG, a
Macro-Prep HQ (BioRad) column {Pharmacia XK26/20, bed volume 60mis) was

15 prepared and equilibrated with 0.02M sodium acetate pH 6.2. The protein solution
{valume 660mis, total protein 6.2g) was adjusted to pH 6.5 and diluted with PFW to

a conductivity value equal to that of the equilibrating buffer (2.7mS/cm). The solution

was then filtered through 5um and 0.5um filters (Millipore) and loaded onto the
column at a flow rate of 5mi/min. The chromatography was performed at 20-25°C.

20 The recovery of successive pooled fractions and associated subclass distribution of 1gG

obtained following this treatment is shown in Table 7.



Macr o- Prep HQ chromat ogr aphy. SAMPLE Vol .

Tot al | gG SUBCLASS DI STRI BUTI ON %

fract.(m) I gG (my) 1gGL Ig&x | gG3 | g4

Pr e- Macr o- Pre 660 4229 52.4 35.1 6.3

6.3 Frac ?8 568620 170 899. 3 59. 3 FPCT/AYI7/§0498 6
1.4 Fraction 21-41 210 fé194.9 57.1 34.1

6.8 2 Fracti on 42-62 i 1304.1 55.9 .34
6.7 3.4 Fraction 63-80 100 372 53 34

7.3 57 Recovery % . ... 89.2 . Capill ary
el ectrophoresi s SABHE és orﬁe&PYerbd’tﬁllég EP”%’ﬂgoﬂ‘é”ff%H?%é’?(gbacf‘ﬁﬁt”"t Wep‘l"{deabY
recovered was honobgeneous g hus denonstrates a
practical process by whi cthcé%PEegnﬁ?ea}rgégf%taﬁh sed 5 fromFraction Il +
1l and purified to honpbgeneity by a single chromatographic step.
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PCT/ AU97/ 00498 SAMPLE Vol. Total I1gG SUBCIASS DISTRIBUTION %

Ref er ences: Bergl of J.H , Erfrdact@dn |S. BC (19897 T ACT Tqnar L on

by Chromat ogr aphy of Al bumin and 1 g¢_™Mg gﬁée’chm?gg@ of 'gé?ae gG¥

Protein. Stoltz JPrEMachPr¥ fi0C. Edsggo  1Gabd oqte 4$NSERM1145 R015206. ¢4

Bjorling H (197gy—* ug.i 9 aet--oRratert—Metheds—used+h °‘“91:‘““ Me—SangP 3

18- 25. Fractlon 1-20 170 899.3 59.3 333 6 1.4
Fraction 21-41 210 1194.9 57.1 34.1 6.8 2
Fraction 42-62 210 1304.1 559 34 6.7 34
Fraction 63-80 100 372 53 34 7.3 5.7
Recovery % 89.2

Capillary electrophoresis studies on all pooled fractions indicated that the IgG

recovered was homogeneous.

This example thus demonstrates a practical process by which |gG can be resolubilised

5 from Fraction 1l + Il and purified to homogeneity by a single chromatographic step.
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CLAI Ms: 1. A net hod forthe-purification or recovery of

i nmmunogl obul i ns from pl asna or )i mmunogl obul i n- cont ai ni ng
material, which conprises the s\“‘&m‘l‘“ﬁ“ ““subj ecting the plasma or
os * '

ot her i mmunogl obul j n- cont ai ni ng chro C
fractionatioﬁmﬁﬁ%ghﬁacro-porous ani on-exchange resin to EIEIrB‘%"a}‘%?%?cover
an i nmmunogl obul i n-contai ning fraction therefrom 2. A net hod
according to claim1l1, wherein said nacrdiadrous ani on- exchange

resin has a pore size of greater than 1000A 3. A nmet hod accordi ng
toclaim1 or claim2, wherein said chromatographic

fractionation i SLABA% ed out at a pH of 6.0 to 6.6. 4, A net hod

according to claim 3, wherein said chromatographic fractionation is
carried out at a conductivity of 0.7 to 1.5 nS/cm 5. A net hod
according to any. of Alnstin for the plirifichttoreomretineerp bhismmaumnglatitios from plasma or

I mmunogl obul i n-contai phing starti .Jmaterial contains, lipoprotein

wher ei n _ S%tlﬂar ﬁﬁ“ﬂﬁ‘ﬁ?gioggh@ca?témﬂ_ £y W&ﬂﬁfﬁﬂ“&'ﬁe"pﬁ%g{éﬁ oof
sai d chromat ogr aphi Csubjecting the plasm@t bP Nethérimmunogloblin-contéinifiyt hedlerial to
according to claim5, wherein said |lipoproteins are adsorbed on a

finely divided silicénouategraphicaffagianation opr afrezcapPgrona\AnipN-exchangs s &9 ze

in the r f f . & | pi dat ed

mat eri al 7. " R apifilingeloBufikcBifintie PAREH e (21 G
adsorption of |ipoproteins is carried out at a pHof 5.2 to 7. 2.
8. A net hod according, to claim6 or .claim7,. wherein said adsorption of
| i poproteins is?car r’f‘éﬁgeﬂ‘?aé@@ﬂ"&dﬂ&[?é@ibivt@ﬁr@f’ 5814 1Jagro-porgysANion-exchange

resin has a pore size of greater than 1000A.

3. A method according to claim 1 or claim 2, wherein said chromatographic

fractionation is carried out at a pH of 6.0 to 6.6.

4, A method according to claim 3, wherein said chromatographic fractionation is

carried out at a conductivity of 0.7 to 1.5 mS/cm.

5. A method according to any of claims 1 to 4, wherein the plasma or other
immunoglobulin-containing starting material contains lipoproteins, and wherein
said lipoproteins are removed by adsorption prior to said chromatographic

fractionation.

6. A method according to claim 5, wherein said lipoproteins are adsorbed on a
finely divided silicon dioxide adsorbent, preferably having a particle size in the

range of from 5 to 50 nm, to produce delipidated material.

7. A method according to claim 6, wherein said adsorption of lipoproteins is
carried out at a pH of 5.2 t0 7.2.

8. A method according to claim 6 or claim 7, wherein said adsorption of

lipoproteins is carried out at a conductivity of 6 to 12 mS/cm.
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nmet hod according to any of clai H“I“Llﬂ!ﬂ I"!I IMeIsz n the silicon dioxide
adsor bent having |i poproteins adsorde ereto-1s renoved by filtration,
pref er abl y W@ 9%0$686pr esence of a filter-aid. 10. ICTAI9RB#%%iccor di ng
to any of clains 6 to 9, wherein said delipidated nateri al S
fracti onated by ani on-exchange chronatoé®aphy to produce a first

I rmmunogl obul i n-cont ai ni ngfraction, prior to said chromatographic
fractionation on a mnacro-porous ani on-exchange resin. R
A net hod accor®i ng A enashed aecording\iRearwi of elaims Bdpithiwhgrewr thet ehican diogide

diafiltered, pH adjalé%r%gntangi ql ?) H;t. ins CL%QJH &4n Je&ooris trgmg%éj by filtration,
an of—exc 0 ogr aphy. ff. A

fractionation by ahge C

met hod accor di ng t Greferibiy ibthe plegérmiervf adil@dr-bidact i onation of said
del i pi dat ed, eugl obulin depleted material is carried out at pH
5.2 and a conductivity of 0.5 to 1.0 nBS/cm 13. A

met hod accor di g t O ARihoBlacEr@ingRo anj 8f d&ims ' £ iiher@hdaid BBHBRARAHAERa!
containing material 1s plasnma. 14. A met hod according to any of
claims 1 to 12, whds efractioaatddi byruamigh-ekcHange chromatography t¢onpraidnceca first

material is a plasma fracijion obtai ned by the hn ,f ti ti . .
or ocess. P ekt P NECas BT ead §h At st coptiat
fraction is Cohn  4n 3 macro-porstilfidabaRbnge resin. 16. A nmet hod accordi ng

to claim 14, wherein said plasma fraction is resolubilised
Fraction I'l + I11.

11. A method according to claim 10, wherein said delipidated material is
diafiltered, pH adjusted and euglobulin depleted prior to said fractionation by

anion-exchange chromatography.

12. A method according to claim 11, wherein said fractionation of said delipidated,
euglobulin depleted material is carried out at pH 5.2 and a conductivity of 0.5
to 1.0 mS/cm.

13. A method according to any of claims 1 to 12, wherein said immunoglobulin-

containing material is plasma.

14. A method according to any of claims 1 to 12, wherein said immunoglobulin-
containing material is a plasma fraction obtained by the Cohn fractionation

process.

15. A method according to claim 14, wherein said plasma fraction is Cohn

Supernatant 1.

16. A method according to claim 14, wherein said plasma fraction is resolubilised

Fraction {l + lil.
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met hod according to any of clai IMI“IIHW'WII]IM“LI n said chronat ographic
fractionation on a nacro-porous anifontex®hahge resin is carried out at a

t enperat ure O MW&Been 4 and 20[err]C. 18. A net hod P5CPHHE t o any
of clains 1 to 17, wherein said chromat o%[aphi C fractionation on
a macr o- porous ani on-exchange resin is C ried out usi ng a

protein concentration of |ess than about 3ng/m . 19. A nethod
according to any of claims 1 to 18, wherein said chropatographjc )
fracti onati on ofA’a nmAonethpdrotxdiagiteany ok plaifae! tedPrwhereihsaid srogiaosidthly a
| oadi ng of i mmunogl opul.in-cont ai ni 1 lal disaD 2RO ed SOOI
of macro-porous resi ﬁacnonaﬁgrQ(S’% 4 'ﬁgcr?g?hg{é'sgécné%? |%ﬁ§% asﬁy Io? clainms 1 to
19, wherein the puri fdn@isbrature of betweeni srmenzefiobul i n- containing fraction is

subjected to viral inactivation. 21. A nmethod according to claim
20, wherein said viral, inactivation conprises a past euri sati on
step. 18. A method according to any of claims 1 to 17, wherein said chromatographic

fractionation on a macro-porous anion-exchange resin is carried out using a

protein concentration of less than about 3mg/ml.

19. A method according to any of claims 1 to 18, wherein said chromatographic
fractionation on a macro-porous anion-exchange resin is carried out using a
loading of immunoglobulin-containing material not exceeding about 50mg/ml

of macro-porous resin

20. A method according to any of claims 1 to 19, wherein the purified

immunoglobulin-containing fraction is subjected to viral inactivation.

21. A method according to claim 20, wherein said viral inactivation comprises a

pasteurisation step.



