WO 2012/ 158109PCT/ SE2012/ 050519 Low pH Protein Purification Process

TECHNI CAL FI ELD The invention relates to nethods for purifying bile

sal t - sti rmbavediskiopase (BSSL), said nethods conprising troe/sSEs®2050519

hydr ophobi ¢ i nteracti on chromat ography at | ow pH and, optionally,

ani on-exchﬁgﬁﬁaﬁ&; omat S%r ﬂﬁh A a&, | ow pH. BACKGROUND ART 5 The hunman

| actati ng TOLeR yux aﬁgﬂ F&HES8S produce a lipolytic enzyme, bile
salt-stinulated |ipase (BSSL), also referred to as bile salt-activated

| i pase (BAL) or carboxylic ester |ipase (CEL). BSSL is a nmjor conponent of
pancreatic EﬁﬁﬂﬁﬁéﬁbFléLEesponS|ble for the hydrolysis of chol esterol
esters as well as a variety of other dietary 10esters. The enzyne exerts
its function in duodenal juice, is activated when mxed with bile salts,
and pl ays %eilﬁmflb@fﬁlatés)ﬂoanéthodshﬁr Pl gl tole salft-stimukatddali pasé) (BESIOKid | nf ant s
(for a review, see e. VWang & Hartsuck (1993) Biochim Bio hys Acta 1166:
1-19) . Bssmeﬂwd@r?pmﬁalﬁg 4 %eaﬁayﬁ@ﬁhﬂalbaﬁ@a@w qhmatagéahwr PYingHanhd

characteri ] M%R% Kﬁﬁ@ Bi ochem 105: 398-402);

Bl ackberg Eﬁaefﬁ§1%ﬁ§§8§%%ﬁ%3 3 é%%g?p? 221-225); Wang & Johnson
(1983; Anal. Biochem 133: 457-461); Wang (1988; Bi ochem Biophys. Res.
Comm 164: 1302- The cDNA sequence of hunman BSSL was identified by

Ni | sson (1@9%‘?1%§§§)%i%ﬁem 192: 543-550) and disclosed in WO 91/ 15234
and WO 91/18923. 20 However, it has not been previously disclosed that BSSL

can be purified by nethods involving hydrophobic interaction chromatography
and/ or ani (Trlneélxluharhzg:eatmgnmmm@grgmndvﬂmcleampmﬂ@emlnmimm@nmnhy resinis

washed at for ved ods. for, ..t he rification
o e e LS iR SRR T S bR 85 B e O g B e
such as hosghrberylic G lPhis CHIGARSSING yor Wbihb&nedt of fidceafi®jdidddndgs ve a

hi gh yield of product. WO 20 2/ 158109PCT/ SE2012/ 050519 BRI EF DESCRI PTI ON

OF THE DRAVESRGSSiFe dorrthe hydmbiats afisbolgsteiphesters ahvst ag e verighy of ethes dietgy ng) i n
product,s obtajn ?ﬁ g&%ﬁ{ e%”f»t?g @%8@81{‘91%0 &9 gegrsazf%:]x ¥at%5)E‘h%§ nﬁxeq With

pUI’IfIC&tIOI’l nme respective ures e error

bars i ndi caile s&ltsea@cbplhysdzﬁnm@drﬂahmleah tﬁ@&%ﬁmfdfdﬁnﬂat inaxealbbm ity @or2
shows the anmount of DNA ( Hfoducts obtained after DEAE. 10 Figure

3 shows t h@ §YIEVgSEERS. (Wa%S%L aeﬂ%? Rydr Bisrist- @I?RhYér%tU&é ¢Pbmat ogr aphy

(HIC). Figure 4 shows the anount of host cell proteins (ng/ng) in products
obtai ned after HIC. 15 Figure 5 shows the anount of DNA (pg/ng) in products
obt ai ned afBSSLsHkdd hirngumelkGind howsn phecrydseiase bégn piifiBS3hd ahdrecteriiedFasand H C

in combi nation. 7. sh t he | Qg eg N of host ¢ I roteins
i prodicr SeigBied il taRo g asher ioe i Rbnk Rakfn & Brgl £l novs
the | og requsyigscrain, PN Jon- 2%&} %S\N%hﬁdoﬂe{@@f tagtal. BrAdReAN A3 HI G714 1),
conbi nation. 25 DI SCCOSURE OF THE |

Wang (1988; Biochem. Biophys. Res. Comm. 164: 1302-1309). The cDNA sequence of

human BSSL was identified by Nilsson (1990; Eur J Biochem, 192: 543-550) and

disclosed in WO 91/15234 and WO 91/18923.

20

However, it has not been previously disclosed that BSSL can be purified by methods

involving hydrophobic interaction chromatography and/or anion exchange

chromatography, wherein the chromatography resin is washed at low pH. There is a

need for improved methods for the purification of BSSL, which methods are capable of

25 efficiently removing impurities such as host cell proteins (HCP) and DNA, while at the

same time give a high yield of product.



It has surprisingly been found that bile salt-stinulated |ipase (BSSL) can
advant ageously be purified by hydrophobic interaction chronmatography (H O
even at |we2pHaskmpurities, exenplified by host cell protceisEso1ehEdR)s and

DNA, are efficiently 30renoved with this nmethod and a nore pure product is

obt ai ned, ' [ i [ ined. In particular, the invention
provi des a%ﬁﬁﬁ@ﬁﬁéﬁéfﬁ@mﬂ?ggas "Met hod A", which is useful
for the purification of BSSL. Method A conprises a conbination of (a)

ani on- exchange chromat ogr aphy, conprising washing the colum at WD

2012/ 158109wre $Ekoroihgs0BLot didwspesllaptaterisung/mg) Bssiodagts pPeigingfiaftend (b)
hydr ophobi ¢ _i nt er i ongt, 0 1 CONMPr I sin I col umm at

| ow pH. Co(r%lgfé)gueéﬁl%% ,egﬁrr?%%{?%q%shp%a)?%e tbyt%gglc%taé/nelﬁfﬁgﬁmé?%va%ggs a process
for receverespgctanet, Ipdpiky il g tHel drior datstinditatetieadoatidéicpamervaBSSt) in a
solution which contains inpurities, said process conprising the steps:

(i) applyi sgnfstegee teyel. hydr ophobi ¢ i nteraction chronat ography (H C) resin;
(ii) renoving inmpurities by washing said HHC resin with a wash conposition
having a pHin the range from3.5 to 5, preferably from3.5 to 4.5, and
nor e pref effadiry 2abowt thetnbddt ofdDNA (pglnig)iin preeioon ebiangdBESE DEAGN sai d HI C
resin. The term "hydrophobic interaction chromatography (HOC" is well
known in the art and refers to a separation technique that uses the

pr oper tj,es mfuby dhORDARIVEIE Yoo 8f BSPRLALEPHIHRLRI AR rAHONRRMaRROANG - | N
this separation, a buffér with a high ionic strength is initially applied
to the col ChNd to the sanple. The salt in the buffer causes protein
conf ormance changes and exposi ng of hydrophobic regions that are adsorbed
to the nedium To elute the proteins, the salt concentration is decreased.
20The ter MFigFpUishbwethe anRIuBT Sf Hddt QAN frbeitsqhg/hik) MPplodaek bbRimel aftesHANd DNA
fromthe cells used for production of the target protein and which wll be
present in the cultivation broth. The said BSSL is preferably human BSSL,

o7 oduccd by Y AGHE R Rean el Y apoe) B RO PR n

reconbi nant Chi nese hanster ovary (CHO cells, as described belowin the
experinmental sectjon. Alternati veIgL reconbi nant BSSL can be produced in

ot her knowh8%ppsbavyiiesiadd e okBehl g DEAE and HIE igcombimianby Hansson et
al. (1993) J. Biol. Chem 268: 26692-26698; or Pichia pastoris, as

di sclosed in WD 96/ 37622. 30 In a preferred formof the invention, the BSSL
puri fi cati diigyre Gehess thenpg reslestianofdmsiore!lgratean ge podnasrabagred pftyr BEAR
wherein BSSL is washed an eluted at | ow pH, such as pH 4-5. Consequently,

t he i nV&nt iaBﬁng?d@Fﬂ@ 3t ocess as described above (conprising HIC) and in
addition conprising the steps: WO 2012/ 158109PCT/ SE2012/ 050519 (1)
applying BSSL to an ani on-exchange resin; (ii) renmoving inpurities by
washi ng saifdgue B showxdiedogeednetginofPNN A 1a preaksibts ebtapiedi afico PEAdandgHEC pH i n
the range from4 .to 5 preferably fromabout 4.4 to about 4.6, such as pH
4.4 or 4. 5;C°Iélﬁ]ﬂlag??'i i) recovering BSSL by eluting said ani on-exchange resin
with an eluant. Preferably, the said eluant has a pHin the range from4 to
5, preferably fromabout 4.4 to about 4.6, such as pH 4.4 or 4.5. The term
"ani on-%xc@é@é%Wd%éNyENﬂpﬁ() is well known in the art and refers
10t o a separation techni que which involves binding of negatively charged
am no acids to an i mmbilized cation surface. Nornally, bionolecules are
rel eased f molmastshgrdimghnbeex chanighit tile sehatigiuhged lygsd@$SIr) caanposi tion, such
as increasing the i%i c strength wth sodiumchloride. It is g?rti cularly

preferred RHRNAg5RULY, PeAVEehnRiraphosiq igtegagtion shrogptogsephyy (HIG) e¥RE Aty C
step, i.e. [ V, : o= MERIAN - R e L 15bei ng
2pol | ed” o TRE LR UERRAN BITEARY hOS T ey BReP P BN AR it

i nventison, réethevedS&ith thir methodbhnda npre pesprodict beobpinxeleshile pfaauctedeltios as

"Method A" in the anpl es and. conprises. the fallqgw ng steps: (i) applying
BSSL Lo an TARPEHEETE ARG 2Bt HveBBT b idemb N N BACHY (AShi g Sald
ani on- exchanggnhdes® ikt i (ReARER 1eOpRERLEHPBf BSSL. Method A comprises a

combination of (a) anion-exchange chromatography, comprising washing the column at



having a pHin the range from4 to 5, preferably fromabout 4.4 to about
4.6, such as pH 4.4 or 4.5.; (ii1) recovering BSSL by eluting said

ani on- exchenge/rsegbn with an el uant, preferably havi ng acpldERc2bis19 ange
from4 to 5, and nore preferably fromabout 4.4 to about 4.6, 25such as pH
4.4 or 4.5; i appl vi BSSL obt ai in step. (iii).to a hydrophobic
tteracti ol RRERGNaIRSI Aoy HEEATE) M SPistbbrakor sl amiieeb ity

washi ng saicgmblhg}ng%gmn%\hﬁgb@mgnowmosi tion having a pHin the range
from3.5 to 5, preferably from3.5 to 4.5, and nore preferably about pH
304, and (vi) recovering BSSL fromsaid HHCresin. It will be understood
by the skil on [ kional .S . i d |

purificati odr?%?ree u%%%’s 1%%?%%3?‘%3{ ﬁhtl)s 1trrl Wl"ent]iomjg(?l\?l&%%& %érsg?(%lrg (gOrY(e:}el?g %%g or nore
addi ti onal pWEX2Rd Bil L B 1R TFESERAEZBOSOHhS silwtfamh whkioh benthing Inisledies nsaidvet hod
A" either before the AlEX, between the AIEX and the HC, or after the H C
Exanpl es ofPresgehcossiistieghapteBt eps i ncl ude virus reduction steps,

of 1 ocombi tAAPPNEE Ik BB Rkl Hra T Py | G eoe o

r econbi nant(iiGenoesg iposties byowashyngl f CHIY resel with aovishicompgsidombotied £ aci d

expressi on system conpri sj he nucl epti de_sequence encodi ng human BSSL
accor di ng 5! &t %ﬂ&sgﬁa%%gg%?epg?@@ﬂyeﬁw, TS, %ﬂféﬂn@mqjs@gue%eet codi ng
full -1 egaoth BBESL i ncluding the | eader sequence (as described by N lsson et
al, 1990; EUr J Biochem 192: 543-550) is obtained from p5146 (Hansson et
al, 1993; JliBiredoveingWSlegonp86dAICE698) and cl oned into the expression 15
vect or pAD-CW 1 (Boehringer Ingelhein) - a pBR-based plasm d that includes
CW pronot er/ SV40 pol yA signal for gene expression and the dhfr gene for
sel ecti on/ ameliér GRUdrEPhobictifefaltion SABMEYrBEPHIOAR G KBSHh in Seldhemdused
for transfection of DHFR-negative CHGOss cells 20 g)lz;)ehri nger Ingelheim -

t oget her wirefisrsde atsepaiatiactesmqustthigluaenithe ppBREES P BydRpleobyatyclodepRjateor
neonyci n resi.s 0 t f 1] Cj ' esi. st. - 10 generate
R, poldi ¢ PReSHEEERO R EHRE il RREbhY DG RERLRET Sl 57,

cul tured uneieslleapptiiet tothe cahithsarl @ thosatpde e shiairgde bgffantautésgsotein r NBSSL.

For exanple, cells fromthe master cell bank (MZB) are thawed, expanded in
shaker f| asreformangichangss apdpxpose afbyfiorholie Fredrisghat s idserdsd e Yleucose
(SAFC) | at t g £ ] foll owed by growth in
15 and 100 ed [ o'%ﬁ@?%rtggp@é%‘gsr g{%%gc@gﬁgﬁn?ﬁgogﬁgﬁ % SeE' producti on

bi oreactor where BSSL is constitutively expressed and produced in a

fed- batch ocess,. Harvested material fromt cel.l culti i on can be
clarifi®dd dilFRIM HiPrHElfy rﬁf%ESo‘Hiﬂaﬁ‘acPlarSﬁo E?St a@vate&wﬁd@%ﬁw 9%%€Ps, or
by 30cent riykipfl bRRBuctidh of 1HE 'tafl_gj%é_li_?%télﬁ 88 vBRI-wIINRE flegdnfh O c@RvaYGhange

chr omat ogr aphy 2012/ 158109 SE2012/ 050519 C arified harvest froma CHO
cell cul tubeotbxpressing BSSL was diluted (about 1:1.2, from 17 to 9 nS/cm
with Tris buffer (10 MM pH 7). The diluted harvest was | oaded onto a DEAE
Sepharose FFTM ani on exchange columm (CGE Healthcare). Following an 5

initial wasithe(aMBdBLLis)profetably THunSanBE 1€ m dré Pretblableconddinart AEmER BEIN.. Was
washed ("Wash 2") with a buffyer conprising 25 nM sodi um acetate (pH 4.5)

and 50 21V Seapihingn lsmagdB SHsein by odyaeg by mgteerstkngrntimghectt. (oRinstpnds a
buf f i sing. 25 i . 0 _
Chacti var of Rl GTITM GROLUTE QR EhE Bl bl CAO) R A o

i n the DEAmm fleakpwaseialcskedse thlfetnadyv8ybiecadblintntdBSSIE caqpl hecprodudd@ln ofhkt 2. 5.
After 60 m._n incubati on, J[oH was, i ncreased to.6.3 b additi?n of 0.5 M

5
di basi ¢ sodPAW! SKhBSHAL Wstenl sych assi 1404y aptrspiiked; byt Hanseen el (AP Ghdt Bl aphy

After Vvirugy b He! it : hyi ty of about
240 sl o Ry e ot RO ReGHCSE AR A hORRHol R BRIy hare (ph 6) .

The fimal sodium 20chl oride concentrati on was about 1.75 M The sanple was

| oaded on ?n I;rf)(raer}grlred form of the invention, the BSSL purification process comprises an anion-
exchange chromatography step wherein BSSL is washed an eluted at low pH, such as
pH 4-5. Consequently, the invention provides a process as described above (comprising

HIC) and in addition comprising the steps:

3



Sepharose FFTM hi gh substitution colum (CE Heal thcare). The col um was
washed ("Wash 1") with a buffer conprising 25 mM sodi um phosphate (pH 6)
and 1. 75 wo=othisgr0ehl ori de. The col utm was then washed @EEWsEbk012/03050 t h 25
mM sodi um acetate, pH 4, and 1.75 M sodiumchloride. The colum was finally

washed ("WE " \s%éﬁ;%)sae 25 sa buffer as in "Wash 1" (25 nmM sodi um
phosphat e, éﬁp%yn& nl\ﬂné%]d?’if U6 'de). BSSL was then el uted by

| owering thg) I%Q{Wl-ﬂ;g imputiMed BPwaMiSOH LR ettt Eresithviel a wash Epdsitieat | on

of BSSL (Method B for conparison) 30 BSSL was purified by "Method B" which
was i dent i daving@ p¥bintibel range Aoy fo axpeefprablynfaem ahgutit Hto gyt #rciugdesptot h i n
t he ani on %‘ﬁgr%gﬁﬁt ep and in the H C step. Further, during anion exchange
chr omat ogr ap was eluted at pH 7.2, using Tris buffer. WO

2012/ 15810%1?@Té@581ﬂﬂg2139§105§£91u41ngBhiﬂiahidhaéﬂcl@z[hg@fresﬁsﬁhih(aiﬁldh@d Peeft@bly,

conpari son) BSSL was purified by "Method C' which was identical to Method
A, above, dkcw elpyit htahé pﬁdmﬂamaﬁ%e gpwpgkto %@re)ferahlmfﬁgn abeus - R AR Ao

chr omat ogr 2" and elution steps were carried out at pH 7.2,
using Tri S%ﬁ&?’?seﬁﬁ'ﬁ (||) during HC, "Wash 2" was carried out at pH 6,
usi ng sodi um phosphate buffer. Tabl es I and I'l, below, sumarize the

di fference et ween. net hods A, B and 10a n exch e
chr omat ogr§&ﬁ§erah&nmnéxc @yﬁec@f?%tp%rap HALER s QLE%%% E%glaﬁ%rfé?régraphy

of BSSL( CYo 7 s&kdtin t¥<91|an%%)hl&\fpltnbQﬁile§51%Hm§'~bfffn@%atl%f§/%9rg(e@eﬁmﬂ a4 Rt e
(cm'h) ALL Equilibration mM Tris anpl'e application 10 nM

Tris, pH 7.aRim8®biEed catigisutface. Normally, biomolecules are released from the anion
exchanger by changing the buffer composition, such as increasing the ionic strength
with sodium chloride. It is particularly preferred that the anion-exchange step is carried
out prior to the HIC step, i.e. BSSL is recovered from the anion-exchange resin prior to

15 being applied to the HIC resin.

In a particularly preferred form of the invention, the BSSL purification process is the
process referred to as “Method A” in the Examples and comprises the following steps:
(1) applying BSSL to an anion-exchange resin;

20 (i1) removing impurities by washing said anion-exchange resin with a wash composition
having a pH in the range from 4 to 5, preferably from about 4.4 to about 4.6, such as pH
440r45,;

(iii) recovering BSSL by eluting said anion-exchange resin with an eluant, preferably
having a pH in the range from 4 to 5, and more preferably from about 4.4 to about 4.6,

25  suchaspH4.4o0r4.5;

(iv) applying BSSL obtained in step (ii1) to a hydrophobic interaction chromatography
(HIC) resin,

(v) removing impurities by washing said HIC resin with a wash composition having a
pH in the range from 3.5 to 5, preferably from 3.5 to 4.5, and more preferably about pH

30 4,and

(vi) recovering BSSL from said HIC resin.

It will be understood by the skilled person that additional steps can be included in the

purification methods according to the invention. For instance, one or more additional



25 MM Tris, pH 7.2 3 250 A Wash 2 25 mM NaAc, 50 nM NaCl, pH 4.5 7 250
Elution 25 mM NaAc, 350 nM NaCl, pH 4.5 3 250 B Wash 2 ( Excl uded)

El uti on 2AsoreM2se®9 350 mM NaCl, pH 7.2 3 250 C Wash 2 26Tskbiiziosasid0 niv
NaCl, pH 7.2 7 250 Elution 25 nM Tris, 350 nM NaCl, pH 7.2 3

steps can be included in “Method A” either before the AIEX, between the AIEX and the
HIC, or after the HIC. Examples of such additional steps include virus reduction steps,

ultrafiltration and diafiltration (UF/DF), etc.

5 EXAMPLES

1. Expression of recombinant BSSL

Human BSSL can be produced by expression from recombinant Chinese hamster ovary

10 (CHO) cells containing a nucleic acid expression system comprising the nucleotide
sequence encoding human BSSL according to standard procedures. Briefly, the 2.3Kb
cDNA sequence encoding full-length hBSSL including the leader sequence (as
described by Nilsson et al, 1990; Eur J Biochem, 192: 543-550) is obtained from pS146
(Hansson et al, 1993; J Biol Chem, 268: 26692-26698) and cloned into the expression

15 vector pAD-CMYV 1 (Boehringer Ingelheim) — a pBR-based plasmid that includes CMV
promoter/SV40 polyA signal for gene expression and the dhfr gene for
selection/amplification — to form pAD-CMV-BSSL.

pAD-CMV-BSSL is then used for transfection of DHFR-negative CHOss cells

20 (Boehringer Ingelheim) — together with co-transfection of plasmid pBR3127 SV/Neo
pA coding for neomycin resistance to select for geneticin (G418) resistance — to
generate DHFR-positive BSSL producing CHO cells. The resulting CHO cells are
cultured under conditions and scale to express larger quantities of thBSSL. For
example, cells from the master cell bank (MCB) are thawed, expanded in shaker flasks

25 using Ex-Cell 302 medium without glutamine and glucose (SAFC) later supplemented
with glutamine and glucose, followed by growth in 15 and 100 L bioreactors, before
inoculating the 700 L production bioreactor where BSSL is constitutively expressed and
produced in a fed-batch process. Harvested material from the cell cultivation can be
clarified either by using a combination of depth and absolute filters, or by

30 | centrifugation.

2. Purification of BSSL (Method A)

Anion-exchange chromatography



250 15 Table Il Hydrophobic interaction chromatography of B S SL (CV =
Col um vol unmes) WO 2012/ 158109PCT/ 5E2012/ 050519 Met hod Step Buffer Length
(CV) Fl owoave/sermwbh) ALL Equilibration 1.75 M NaCl, 25paiviskaii2opidis 4 250
Sanmpl e application 1.75 M NaCl, 25 mM NaP, pH 6 250 Wash 1 1.75 M NaCl,
25 mM NaP, pH 6 2 250 A Wash 2 1.75 M NaCl, 25 nM NaAc, pH 4 7 250

Clarified harvest from a CHO cell culture expressing BSSL was diluted (about 1:1.2,
from 17 to 9 mS/cm) with Tris buffer (10 mM, pH 7). The diluted harvest was loaded
onto a DEAE Sepharose FF™ anion exchange column (GE Healthcare). Following an
5 initial wash (“Wash 17) with Tris buffer (25 mM, pH 7.2), the column was washed
(“Wash 27) with a buffer comprising 25 mM sodium acetate (pH 4.5) and 50 mM
sodium chloride. BSSL was step-eluted from the column with a buffer comprising 25

mM sodium acetate (pH 4.5) and 350 mM NaCl.

10 Virus inactivation

For low pH virus inactivation according to known methods, pH in the DEAE pool was
decreased to 3.5 by addition of glycine-HCI, pH 2.5. After 60 min incubation, pH was
increased to 6.3 by addition of 0.5 M dibasic sodium phosphate, pH 9.

15

Hydrophobic interaction chromatography

After virus inactivation, BSSL was conditioned to a conductivity of about 140 mS/cm
by addition of 4 M sodium chloride/25 mM sodium phosphate (pH 6). The final sodium

20 chloride concentration was about 1.75 M. The sample was loaded on a Phenyl
Sepharose FF™ high substitution column (GE Healthcare). The column was washed
(“Wash 17) with a buffer comprising 25 mM sodium phosphate (pH 6) and 1.75 M
sodium chloride. The column was then washed (“Wash 2”) with 25 mM sodium acetate,
pH 4, and 1.75 M sodium chloride. The column was finally washed (“Wash 3”’) with the

25 same buffer as in “Wash 17 (25 mM sodium phosphate, pH 6, and 1.75 M sodium
chloride). BSSL was then eluted by lowering the conductivity (10 mM sodium
phosphate, pH 6).

3. Purification of BSSL (Method B for comparison)

30
BSSL was purified by “Method B” which was identical to Method A, above, except that
“Wash 2” was excluded both in the anion exchange step and in the HIC step. Further,
during anion exchange chromatography, BSSL was eluted at pH 7.2, using Tris buffer.



B (Excl uded) C 1.75 MNaCl, 25 mM NaP, pH 6 7 250 ALL Wash 3 1.75 M
NaCl, 25 mM NaP, pH 6 3 250 Elution 10 nM NaP, pH 6 3 250 5. Results from
Met hods AwG 200p/BB10exchange chromat ography 5 Table |11 sirowsER@SM05dSS f rOom
purification of BSSL by anion exchange chromatography, including |ow pH

Vi rus |nact| ati.on. As in t colum "Yield" nost product was
recover ed, af %td?'bﬁfﬁwh*‘)&f“rdgﬁ for FOMPARIN - vash 2" was excl uded.
However, Tabl e III al so shows that nore product is recovered with Method A

("Wash o" at ﬁn 10 4.5) than with Method C ("Wash 2" at pH 7.2). Table |11
Resul ts frdh Wmtés&ﬂdém g Methedravdephapsidysidabie Mfsfép@lmamve except for

the following steps:

5 (1) during anion exchange chromatography, the “Wash 2” and elution steps were carried
out at pH 7.2, using Tris buffer; and
(1) during HIC, “Wash 2” was carried out at pH 6, using sodium phosphate buffer.

Tables I and II, below, summarize the differences between methods A, B and C during

10 anion exchange chromatography and HIC, respectively.

Table 1
Anion exchange chromatography of BSSL

(CV = Column volumes)

Method  |Step Buffer (Lg‘ogth (Fcll‘::/vh;ate
Equilibration 25 mM Tris, pH 7.2 4 250
ALL Sample application 10 mM Tris, pH 7.2 ~35 250
Wash 1 25 mM Tris, pH 7.2 3 250
Wash 2 25 mM NaAc, 50 mM NaCl, pH 4.5 7 250
A Elution 25 mM NaAc, 350 mM NaCl, pH 4.5 3 250
Wash 2 (Excluded) - -
b Elution 25 mM Tris, 350 mM NaCl, pH 7.2 3 250
Wash 2 25 mM Tris, 50 mM NaCl, pH 7.2 7 250
¢ Elution 25 mM Tris, 350 mM NaCl, pH 7.2 3 250
15
Table IT

Hydrophobic interaction chromatography of BSSL

(CV = Column volumes)



DNA SE- HPLC
57353 1.0 1.50.105 4.41.104 2.1

ng/ m. ng/ng LRV pg/nmL pg/ng LRV Main Peak (%9 A 73% 195000
84.9 B 82% 236000 76129 0.8 1.80.106

5. 81. 105 Wo20 58108 67% 186000 PCT/SE2012/050519
Method | Step Buffer (Lg‘ogth (Fcll‘::/vh;ate

Equilibration 1.75 M Na(Cl, 25 mM NaP, pH 6 4 250
ALL Sample application 1.75 M Na(Cl, 25 mM NaP, pH 6 - 250
Wash 1 1.75 M NaCl, 25 mM NaP, pH 6 2 250
A 1.75 M NaCl, 25 mM NaAc, pH 4 7 250

Wash 2 (Excluded) - -
C 1.75 M NaCl, 25 mM NaP, pH 6 7 250
Wash 3 1.75 M NaCl, 25 mM NaP, pH 6 3 250

ALL

Elution 10 mM NaP, pH 6 3 250

5. Results from Methods A-C

Anion exchange chromatography

Table III shows results from purification of BSSL by anion exchange chromatography,
including low-pH virus inactivation. As shown in the column “Yield” most product was
recovered, as expected, with Method B in which “Wash 2” was excluded. However,
Table IIT also shows that more product is recovered with Method A (“Wash 2” at pH

10 4.5) than with Method C (“Wash 2” at pH 7.2).

15

Table 11T
Results from anion exchange chromatography
HCP DNA SE-HPLC
Method | Yield
ng/mL ng/mg LRV | pg/mL pg/mg LRV Main Peak (%)

A 73% | 195000 57353 1.0 | 1.50-10° 4.41-10 2.1 84.9

B 82% | 236000 76129 0.8 | 1.80-10° 5.81-10° 0.9 80.6

C 67% | 186000 43256 1.1 |2.70-10° 6.28:10° 0.9 82.0

Table IIT and Fig. 1 show the host cell protein (HCP) content in the material obtained

from anion exchange chromatography. From these data, Methods A-C appear to be

similarly effective with regard to HCP removal. However, analysis on SDS-PAGE (not

shown) revealed that bands, representing proteins of sizes and charges different from
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(“Main Peak”, corresponding to full-length BSSL) is obtained with Method A than with

Methods B or C.

Hydrophobic interaction chromatography

15
As shown in Table IV (“Yield”) and Fig. 3, the product yield was similar with all three
methods. Nevertheless, Method A surprisingly achieved a slightly better product yield

in comparison with Methods B and C.

Table IV

Results from hydrophobic interaction chromatography

HCP DNA SE-HPLC

Method| Yield
LMW |Monomer | HMW

ng/ml | ng/mg  [LRV[  pg/mbL | pgfmg |LRV T 710 00 )

A 75% 19700 4283 1.3 2.70-10° 587 120 3.7 95.5 0.9

73% 58300 13558 0.9 1.60-10* 3720 | 23 | 4.1 95.0 1.0

C 70% 48500 11548 0.7 1.70-10* 4050 | 24| 5.0 942 0.7

20
Table IV and Fig. 4 show the host cell protein (HCP) content in the material obtained
from hydrophobic interaction chromatography. The data shows that Method A was
superior to Methods B and C with regard to removal of HCP. The same results were
obtained with SDS-PAGE (not shown).

25



pg/ mL pg/ ng LRV LMV (% Mononmer (%9 HWV (% A 75% 19700 4283 1.3 2.70.103
587 2.0 3.7 95.5 0.9 B 73% 58300 13558 0.9 1.60.104 3720 2.3 4.1 95.0 1.0 C
WO 2012/158109 PCT/SE2012/050519

Table IV and Fig. 5 show DNA content in the material obtained from hydrophobic
interaction chromatography. Again, Method A showed to be superior to Methods B and
C in removing DNA from the product pool. With Methods B and C, the amount of
residual DNA per amount of product is more than 6 times higher than the corresponding

5 amount with Method A. Further, Table IV shows that according to SE-HPLC analysis,
the highest amounts of monomeric BSSL, as well as least amount of low molecular

weight (LMW) material, were obtained with Method A.

Conclusions
10
When the results from anion exchange and HIC are combined, it is shown that there was
no significant difference between product yields obtained with Methods A, B and C
(Fig. 6). However, log reduction values (LRV) for the contaminants HCP (Fig. 7) and
DNA (Fig. 8), were superior with Method A in comparison with Methods B and C. The
15 Log Reduction Value is the logarithm (log10) of the ratio between the total amount of
impurities loaded into the step and the total amount of impurities after the step (in the

intermediate pool).

In summary, “Method A” for purification of BSSL comprises a combination of (a)

20  anion-exchange chromatography, comprising washing the column at low pH and eluting
BSSL at low pH; and (b) hydrophobic interaction chromatography, comprising washing
the column at low pH. It has it has surprisingly been found that with “Method A”,
impurities, exemplified by host cell proteins (HCP) and DNA, are efficiently removed
and a more pure product is obtained, while product yield is maintained.

25
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20 6. The process according to claim 5 wherein the pH of the wash composition is 4.

7. The process according to any one of claims 1 to 6, said process in addition
comprising the steps:
(1) applying BSSL to an anion-exchange resin;
25 (i1) removing impurities by washing said anion-exchange resin with a wash
composition having a pH in the range from 4 to 5; and

(iii) recovering BSSL.

8. The process according to claim 7 wherein BSSL is recovered by eluting said anion-

30 exchange resin with an eluant having a pH in the range from 4 to 5.

9. The process according to claim 7 or 8, wherein BSSL is recovered from the anion-

exchange resin prior to being applied to the HIC resin.

11



10 2. The process according to claim1 wherein the BSSL is human BSSL.

3. The process according to claim2 wherein the BSSL is reconbi nant human
BSSL. wO2012I13e10pr ocess according to clai m 3 wherei n Prhg/SEe@onkisnant
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range from 4.4 to 4.6.

13. The process according to claim 10 wherein pH in the wash composition in step (v)

20 is from 3.5 to 4.5.

14. The process according to claim 13 wherein pH in the wash composition in step (v)

is 4.
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